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Foreword

In mid-2009the Department of EnergyPpOE) issued a funding opportunity announcement

6Ch! 0 awSaz2dz2NOS ! aa SlavalTréhymissidn yrlysis g Siaddggy y S O G A
DEFOA0000068, funded by the Americé&ecovery and Reinvestment Adt2009 (ARRA).

PJM Inérconnection, LLC (PJM) was selected as the recipient of the Topic A portion of this FOA

for the Eastern Interconnection and subsequently entered into a cooperative agreement with
5h9Qa blaA2ylf 9ySNHeE TReWwsrkdthifidhdigopdoruditNis G 2 NB 0
divided into two phaseg Phase 1 and Phase 2. Phase 1 focuses on the formatioreoy a
diversestakeholder group (Stakeholder Steering Committee) and its work to model public

L2 f MiadzNS &3¢ (G KNRdzZAK G KS dza Bis fissfpha¥eexaMiBesS €ighty 2 YA O Y
futures chosen by the stakeholder group. The final work in Phase 1 is for the stakeholder group

to choose thredutures scenarios to pass onto Phase 2 of the projectva Qa -6 NRX 59
OEO0000343, entitled Eastern InterconneatPlanning Collaborative (EIPC) has reached the end

of its first phase. Ais report describes thefforts and result®f Phase Dbf Topic Aof the

Eastern Interconnectioportion of thelnterconnectionlevel Transmission Planning and

Analysis (ITPA) pgoam The project's initial meeting was July 2010 and/as intended to

facilitate thet NSBaA RSy (1Qa 3I2Fta NBfFGAy3a G2 Of Sty StSC
adequate electricity delivery system

The report was prepared by eight membergtod Eastern Interconnection Planning
Collaborative (EIPC) who have contracted as Principal Investigators for this pEifeGvas
formed in early 200@nd comprises 26 of the major eastern utilities

This project has been carried out in close intem@ttvith the Eastern Interconnectiohopic B
recipient of DH-FOA0000068, theNational Association dRegulatoryUtility Commissions
(NARUGQG)and their award, the Eastern InterconnectiStates Planning Council (EISFE2PC
comprises regulatory represeatives from the 39 states of theasterninterconnection along

with the District of Columbigand the City of New Orlean&Vhile the detailed report on the
EISPC work will be published as a separate document, this report includes results provided to
EIPGs required for use in th&opic Awork scope The work has also benefited from close
interaction with a Stakeholder Steering Committee representing a wide range of inte2SE

is additionally supportinghe ITPA program througlvork at selectechationallaboratories The
EIPC is grateful to DOE and to all the above participants for their contributions.

Phase 2f this project will focus on conducting the transmission studies on the threrarios.
This work will include a number of studies regagdgrid reliability as well as studying the
various options for transmission expansion. Rhsse 2vork will be conductedhroughout
2012 Concurrentwitt® L t woR&a 9 Ls{udiels &ndwhitepapers work will continue during
2012 and into 203 with anticipated completion of aktudies andwhitepapers by mid 2013.
Reports on eacktudy andwhitepaper, along with angtudy deliverables, will be released to
DOE, EIPC asthkeholders upon completion and approval by EISPC.
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Phase 2f this project is dweduled for completion by December 2012, following review of
Phase Efforts andauthorization by DOE to proceed Rhase 2

A listing of acronyms used in this report is provided for the reader in Appé&ndix

This report orPhase Df the project is a rquirement oft Wa Q& 02 2 LJS NJwiihA @S I I NB
DOE. EIPC has invited the SSC and EISPC to provide comments on the report. SSC members

and EISPC have provided extensive comments and suggested numerous additions to the report.

All comments may be found attp://eipconline.com/Resource _Library.htmiSome of those

comments and proposed additions have been accepted as pertinent to thePBH3E Teport.

vi
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Executive Summary

Executive Summary

The North American eledtral power grid has evolved in five separate systems\Wastern,
TexasFastern, Alaska, and Quebktterconnections, which together serve more than 300
million people through 200,000 miles of higbltage transmission line<Of these five, the
easterninterconnection in the Wited Satescovers the largest area, serves over 39 states with
70% of the B population, has the largest number of utility companies, and contains six of the
eight North American Electricity Reliability CorporatibieRChegiors.

Growth in electricity use and the facilities needed to generate and transmit electricity to
consumers represent continuing planning challenges for electricity companies, even with the
present economic slowdown and projections for expansion of eneffgyiesicy and demand

side load managementAcross the United States, states and planning regions are taking action
to ensure a reliable, cosdffective andincreasingly domestienergy supply to fuel the

O2dzy i NE Q& 3INRGUGK | yR Celdndelice. IPrattiveliléhgranges I NR Sy SN
planning is an essential component of theseodl. In early 200 a group of Planning
Coordinatos' in the east formed the Eastern Interconnection Planning Collaborative (EIPC),
with the goal of improving joint planningf interregional grid developmentEIPC is the first
planning collaboration ever undertaken for the eastern interconnection, and membership now
totals 26Planning Coordinatordlany advantages are anticipated from EIPC, including support
for the best inérests of electricity consumers in the further expansion of reliable electricity
supply while addressing environmental goals

Shortly after the formation of EIRthe Department of EnergfDOEY)eleased dunding

2L Nl dzy Al e | yy 2 dzy O8e$Syient adddritercanBectidemet & 2 dzZNO S
Transmission Analysis and Planiing -F&AD000068, funded by the Americdecovery and
Reinvestment Aadf 2009 (ARRA) ¢ K Bbje@ive!wssdo support development of grid
capabilities in the interconnection by gparing analyses of transmission requirements under a
range of alternative futures and develop interconnectwide transmission expansion plans
The FOAlsonoted that robust transmission and distribution networks are esserdami

matter of nationalinterest,to enable the development, integration, and delivery of new
renewable and other lovecarbon resources, and the use of l@arbon electricity to displace
petroleumbased fueldrom the transportation sectar

PJM Interconnection, LLC (PX3Jpmitted a proposabn behalf of EIP@r the Eastern
InterconnectionTopic Aportion of the FOA PJM was selected and entered into a cooperative
FANBSYSYyl 6AGK 5h9Qa bl A2yt 9ySNHeé& ¢SOKy2f?2
Interconnection Planning Cabborative, award number DBE0000343 A subgroup of nine

EIPC membemgreedto perform the work. At the same time DOE accepted propo&al

! PlanningCoordinatorgformerly known aslanningAuthorities until redesignated in NERC Functional Model
include RTOs, government power authorities and electric utilities who have taken on the responsibility of
coordinating, facilitatig, integrating, and evaluatirtgansmission facilities under the NERC Functional Model

vii
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Topics A and B in the &8tern and Texamterconnections and a proposal from the National
Association of Regulaty Utility Commissioners (NARU@)the Eastern Interconnectiomopic
Bwork®d b! w! / Qa O2 2 lidSitked thieEa3tBrn Interddih&ctoSigies Planning
Council (EISPCEISPC is comprised of the 39 States in the Eastern Electric Transmission
Interconnection (Eastern Interconnection or El) plus the District of Columbia and the City of
New Orleans as well as the eight Midwestern and eastern Canadian Provinces.

Please note that the information and studies discussed in this report are intendavale

general information to policynakers and stakeholders but are not a specific plan of action and
are not intended to be used in any State electric facility approval or siting processes. The work
of EISPC does not bind any State Regulator in atg @toceeding

TheTopic Awork scope comprises 12 tasks divided into two phalseBhase lan early
requirementwas the formation of a Stakeholder Steering Committee (SSC) representing the
states and a balanced selection from industry and interestatypsectorghat would provide
guidance to EIPCThe SSC structureakes decisionBy consensu$.State SSC members are a
subset of EISPC, whasteucture isalsobuilt around collaboration and consensstyle decision
making® EIPQGhen, for the firsttime, developed a combined grid model for the

interconnection basedonareizld 2 F GKS YSYOSNEQ SELITh&aA 2y LI |
Planning Coordinatongndertook a reliability analysis of the ralp of the regional plans and
found no significanteliability issues Such a finding isoteworthy as it is indicative of the fact
that the respective regional plans are not causing burdens that would manifest themselves as
unsolved reliability violations elsewhere in the Eastern Interconnectidns malel served as

the basis for EISPC and the Stakeholder Steering Committedd@86)t as a Stakeholder
Specifiednfrastructure (SSI) Model incorporating an extended timeline to 2030 together with
some revisions to future generation and transmission s<9eIPC chose Charles River

I 3a2 OA I {iR&Natiodal (MRN) macroeconomic model and the North American
Electricity and Environment Model (NEEM) to develop information on eight futures with nine
sensitivities per future, for a total of 80 modelnst The futures were designed to be
significantly different from each other and accordingly had multiple differences in their input
assumptions, constraints, and objectivda.contrast, the sensitivities were designed to
comprise only one change to amput assumption from the base future to which it was
associated.This approach allowed the stakeholders to attribute the difference in results to the
single change in the input assumptions.

The MRN model is a macroeconomic model of the entire econantythe NEEM model is a
generation resource model that indicates the amounts, types and general locations of the most

>The SSC developed a bagkvoting $ructure in the event consensus could not be reached.

]I fK2dAK 5h9Qa Ch! YR 9L{t/ Q& &aGNHOGdNNB aiGNRy3Ife Syoz
O2yaSyadzazr 9L{t/ Ifaz2 RS@GSt2LISR I aol Opfewtindésit@&B G Ay 3 & G NJ
been used.

viii
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efficient generation to meet the load growth and energy/environmental policy conditions
specified by the model user§he SSC provided thieputs to the MRN and NEEM models.

The SSC created working groups to develop the eight futuitbs/2 sensitivitiesand to specify
the detailed inputs for the MRN and NEEM modélke Scenario Planning Working Group
(SPWG)vorked in the fall/winter 02010 to develop narrative descriptions of the eight futures
and to determine what sensitivities would be studidBelow is a brief description of the eight

futures.

Tablel: SSC Alternative Futures

Future Descriptiors

Futurel: Business as Usual

Continuation of existing conditions includj load growth,
existingRenewable Portfolio Standard®RSg and currently
proposed environmental regulations.

Future2: National Carbon
Constraint¢ National
Implementation

Reduce economyide carbon emissions by 42% from 200
levels in 2030 an80% in 2050achievedby utilizing a
nation-wide/eastern interconnectiorwide implementation
strategy

Future3: National Carbon
Constraintc Regional
Implementation

Reduce economwide carbon emisens by 42% from 2005
levels in 2030 and 80% in 2050; achieved by utilizing a
regional implementation strategy

Future4: Aggressive 1iergy
HficiencyDemand
ResponséDistributed
Generation'Smart Grid

Aggressive implementation of energy efficiedEf)demand
regponse (DR) distributed generationDG)and smart grid
technologyNB a dzf GAy3 Ay RSOfAyYyS

Future5: National Renewable
Portfolio Standard; National
Implementation

aSSi om: 2F GUKS yliAz2yQa ¢
renewable resources by 2038¢hievedby utilizing a nation
wide/eastern interconnectiorwide implementation strategy

Future6: NationalRenewable
Portfolio Sandard¢ Regional
Implementation

aSSi om: 2F GUKS ylLiAz2zyQa ¢
renewabk resources by 2030; achieved by utilizing a regic
implementation strategy

Future7: Nuclear Resurgence

Significant nuclear facilities developed in Eastern
Interconnection

Future8: Combined Federal
Climate and Energy Policy

Reduce economywide carlon emissions by 50% from 2005
levels in 2030 and 80% in 2050 combined with meeting 3
2T GKS ylriaAazyQa St SOGNRKOACL
resources by 2030 and significant deployment of energy
efficiency measures, demand response, distributed
generaton, smart grid and other lowgarbon technologies;
acheved by utilizing a natiewide/eastern interconnection
wide implementation strategy.

In order to construct computer simulations for each of théseires, many assumptions and

data inputs were studi@, debatedc often vigorously , and agreed upon by EISPC and the SSC.
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Once all of the assumptions and inputs were determined, EIPC provided EISPC and the SSC with
GKS 2L NldzyAde (G2 OKIySFgaaysd oayiedz s Kk OK @R YA
implications of that changed input on the entirety of that spedifiture. For example, if a

future was modeled using a $4 natural gas priceerssitivity on thatfuture could be modeled

changing just the natural gas price to a higher or loprreto see what impact it would have

on the modeling results.

Sensitivities common to several futures included high and low load growth, and changes in
naturalgas prices.This combination of futures and sensitivities ensured that a very wide range
of possibilites was considered in the evaluations leading to the three final scenarios to be
studied in thePhase 2f the project. The variation in future inputs and outputs from the

model included:

¢ Additionalhardenedtransfer capability needed h@een NEEM regionsnging from
0 GW to 64 GW

e 2011-2030 growth rates ranging fror22% to +41%

Installed coal capacity in 2030 ranging from 12 GW to 267 GW

Installed renewable capacity in 2030 ranging from 104 GW to 467 GW

Average gas costeom $2.61/MMBtu to $10.23

Additional hardened transfer capabilities ranging from 0 MW to 64 GW

Total Esterninterconnectiontransferred energy in 2030 nging from 276 TWh to

1,268 TWh

A proprietary MultiRegion National (MRN) economic model and the North American Electricity
and Envionment Model (NEEM) were ugdor the macroeconomic studiesn the NEEM

model theEasterninterconnection is modeled as a simplified set of regions (bubbles)
connected by a simplified network of transmission (pip&3he key assumptidrof the NEEM
modd is that transmission constraints between the bubbles are an irgnd the model
normally locates generation in the most cost effective location based on all inputs including
those transmission constraintdn this study effort, the pipewere allowed b expand for
specific futures and sensitivities to test whether ceffiective generation would be located
differently if the transmission system were expanded; these were known as soft constraint
runs. For each of these cases, the SSC reviewed the stsdits from the soft constraint runs
and made a decision as tioe size ofthe transmission pipe® usefor subsequent analyses.
These soft constraint runs were completed as the initiaktiity runs for the applicable
futures, with the SS&electedtransmission pipe sizing being utilized for the purpose of all
additional sensitivities for each futurdf the transmission pipes were larger than the original
pipes thePlanning Coordinatonsorked together to determine what type of added
transmission wuld be needed to meet those pipe sizes and developed a high level cost

* A second key assumption that will impact the Phase 2 work oPthening Coordinatoris that, within the NEEM
GodzoofSae¢xr AG Aa FaddzySR GKFG GKSNB FINB y2 GNayavYAaaiz
occur within the bubbles will be identified and transmission may be needed to alleviate those constraints.
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estimate for that added transmissiorin addition to the transmission, the NEEM model
provided numerous outputs including generation retirements and additions by fuel type and
regionfor review by the stakeholders.

In addition to the direct outputs from the NEEM model and the information provided by the
Planning Coordinatorsn additional needed transmission, the SSC requested additional cost
estimates that did not come directly ouf the model. These included costs for significantly
increased energy efficiency, demand response and distributed generation andasestsated

with maintaining higher levels of reserve generation to integrate conventional generators and
renewable genertors. Highlevel estimates of such additional costere provided by thd { / Qa
Modeling Work GrougMWG)

The SSC formed a Scenario Task R&TEjo review the outputs and choose the three
scenarios that will be used in tlighase Z&nalysis.The STFand ultimately, the SSC, agreed that
the main purpose foPhase 2vas to analyze a range of transmission buildouts that reflect
distinct policy scenarios of interest to stakeholdefss articulated by the STF in a
memorandum to the SSC summarizing thecommendations on the objectives, proceasd
criteria for scenario selection:

G¢KS YIFAYS 3IdZARAY3I 202S00APS T PNdsdi2is® aSt SO
end up with a set of scenarios that are defined by different policy drivers,@nd t

determine what different transmission buildouts may be needed to support these policy

RNA OGS NE ¢

The process developed for selecting fPlease Zcenarios necessarily reflected the complexity
of the decisions to be madelwo concepts discussed duringgtMay 2011 SSC meeting were
particularly influential in the design of the scenario development and selection protéss.
FANRG A& K INidmemUs individ2a® anf setérsiexpressed a désirscenarios

that represent significantly differérbookends, both in terms of the policy futures they

embody, and the transmission buildouts they would likely requiree second key concept is
GKFG 27 o Ofhasd MaSKNFmgcEbéconidrifiGanalysis results based upon similarities
in their likelytransmission requirements and other key variables, in an effort to ensure that the
final scenarios selected f&®thase Znalysis would result in robust transmission buildouts, and
would share some key features with other cases of interest.

The cluster aalysis tool was made available to all stakeholders so that all could examine the
clustering of the variables that were most important to thedn example of the cluster
analysis below shoswclusters resulting from comparing energy flows and percentage of
renewable generation.

Xi
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2030 Max Inter-Region Flow during Peak (GW) vs 2030 El

Generation By % of Total-Renewable
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Figurel: Energy Flow vs Generation Byercentof Total¢ Renewable

The cluster analyses discussed by the STF included expansion requirements, policy

implementation options, and other variables of interésading to identification of the three
FAYLFLEAaG aOSyFNARz2a (GKFG FEAIYySR gAGK GKS ao2?2
criteria. Principal metrics used were generation type, 2030rrggional flows to indicate

transmission buildout, 2030 G@ductions, and cost of the generation and transmission

buildouts.

The final three scenarigas shown in Tabl2, were provided for EIPC to develop as full
interregional transmission expansion models in the second phase of the work, following
approval by DOEThey are considered to be balanced in terms of policy goals, levels of
implementation, transmission baibuts, and total cost. The second phase of the work is
scheduled for completion and reporting by December 2012.

Xii
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Table2: Senarios forPhase Studies

ScenariaDescriptions

Scenario 1: Nationalymplemented
Federal Carbon Constraint with
Increased Energy Efficiency/Dematr
Response

(Based on F8S7)

Reduce ecoomy-wide carbon emissions by #2from
2005 levels in 2030 and 80#62050 combined with
YSSGUAY3I om: 2F GKS yI (A
from renewable resources by 2030 and significant
deployment of energy efficiency measures, demand
response, distributed generation, smart grid and othe
low-carbon technologies; &eeved by utilizing a natien
wide/eastern interconnectiorwide implementation
strategy. S7 is a sensitivity that has flat Jices after
2030, more wind in MISO_W, and the MISO combin
cycle plants and MISO eastern wind are dispersed
throughout the MI® regions and has hardened
transfer limits.

Scenario 2: Regionall;nplemented
NationalRenewablePortfolio
Standard

(Based on F6S10)

aSSi om: 2F GUKS ylLiAz2yQ
renewable resources by 2030; achieved by utilizing ¢
regional inplementation strategy.S10 indicates this
was a run of the base case with hardened transfer
limits.

Scenario 3: Business As Usual
(Based orF1S17)

Continuation of forecasted load growth, existing RPS
and currently proposed EPA regulatior&l7 referdo
adjustments made to intrdISO combustion turbine
distribution and SPP intermittency percentages and
hardened transfer limits.

The three scenarios chosen represent additional transfer capability needed between the NEEM

regions ranging from 0 GV@ 87 GW:

1. Scenario 1: NationaHynplemented Federal Carbon Constraint with Increased Energy

Efficiency/Demand Respongs&7 GW
2. Scenario 2: RegionalljnplementedNational Renewable Portfolio Standag®-4 GW
3. Scenario 3:Business as Usuab GW

Beloware graphs showing the generation mix and loads for the Eastern Interconnection for

each of the three scenarios chosen
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Figure4: Scenario 3:Business As Usual (F1S17)

This report describes the work perfaed in the first phase of th€opic AEIP(Qroject. While
some conclusions of th€opic Bvork by EISPC are documented, in particular those on which
subsequent work by EIPC depended, the detailed descriptidiopic Bivork will be provided in
9L {t /al®port@tihg¢ end of thir project.

The results of th@opic APhase Wwork reported herein are intended to provide information to
stakeholders, including policy makers, on the combinations of generation (including type of
resource and location) anddh level transmission transfer increases needed between the
NEEM regions to support those generation resourdewill be apparent that any transmission
expansions indicated from the macroeconomic studies do not provide a transmission plan, and
the geneic transmission infrastructure upgrades and high level cost estimates associated
therewith as part of théPhase Janalysis do not represent likely project solutions; rather, such
information was developed as a data point to assist the SSC in determieinigréde scenarios

to be analyzed during thBhase &tudies. The choice of transmission line types and voltages

for expansion of the pipes is standardized and does not reflect regionally optimal chGicsts

of substations, transmission upgrades (espkyg of lower voltage systems), financing, rights of
way and routing, are details that are not include@llso, a comparison of the estimated
expansion costs to the potential system savings to determine cost effectiveness was not
considered.In Phase 2f the work a more detailed transmission analysis will be developed for
the three selected scenarios, but even with the additional detail the results will be indicative
only and not representative of project solutiondgain many details such as transnossi
upgrades or expansion below 230 kV will not be considefattlitionally, although the results

will be consistent with NERC reliability criteria, the studies will not include requirements for full
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compliance with NERC Standardis.all cases, any spécisolutions will require study and
integration in approved regional or interregional plans.

Following the completion dPhase bof the project, it is possible to draw some initial
conclusions as follows:

This project represents a unique dialog with mahfferent stakehaler groups on

public policy andnterconnectionwide transmission analyses to increase understanding
of alternative policy futures and the generation and transmission that might be needed
to support them. It does not require one sizés allprojects or solutionsnor does it

make any conclusions regarding market driven versus vertically integrated utility
models. It does show how to accommodate differing stakeholder chosen policy futures.
The experience will help guide future and radocused efforts in addressing seams
issues.The EIPC analysis will continue to be a valuable contributor to both the utility
and the regulatory functions in their efforts to efficiently advance the electricity
industry.

Although previous experience tife participants has been in transmission planning
exerciseghat are generally more limited in geographic scope and involving fewer
participants than the analyses conducted by EIPCTtpc Aproject work involving a
larger team over the full easternt@rconnection is proceeding well.

The interaction betweeiTopic Aand Topic Bparticipants also appears to be developing
well into a communication capability that will serve the nation well in the future.

We expect that the participants will use the exmarce for continuing and enhancing
future joint planning studies and that all of these efforts will help guide the U.S. in
considering and establishing potential national goals for energy.
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Introduction and Background

1.0 Introduction and Background

The Eastern Interconnection Planniggllaborativg EIPreceived funding from the U.S
Department of Energy in 2010 to initiate a brebdsed, transparent collaborative process to
involve interested stakeholders in the development of policy futures for transmission analysis
Although thisanalysis focuses on a timeline beyond t@eyear horizon considered in existing
regional planning processes, the effort required to perform this analysis is in line with the core
function that EIPC envisioned when forminhis report describgthe workperformed in the

first phase of this analysis.

Regional, multregional, and Interconnectiewide studies and planning provide the potential
for improvements in reliability and signifisaeconomic benefitfor ratepayers. They also
providethe following:

¢ Increased opportunities for states and federal agencies to work cooperatively on
planning, siting, and construction of new (or upgraded) infrastructure to better ensure
that necessary infrastructure is constructed in a timely manner.

e Expanded opportuties to work with Plannin@€oordinatorsand other stakeholders on
routine planning matters apgafrom contested proceedings.

Throughout the Eastern Interconnection, entities listed on the NERC compliance registry as
Planning Coordinatonmianage their indiidual local and regional planning processébe
foundation of these local and regional planning processes is built upon input and feedback
garnered from the stakeholders @ach of theindividual regions The product of their effort
generally resultsn a regional expansion plan for eaelanning Coordinatohrea These

regional expansion plans serve to provide insight on how the transmission system will evolve
over alO-year horizon The EIPC was initiated by a coalition of regiétahning Coordirtars

and represents a firsdf-its-kind effort to involvePlanning Coordinatorthroughoutthe Eastern
Interconnection to model the impact of various policy options determined to be of interest by
state, provincial and federal policy makeasid other stakholders on the entire Eastern
Interconnection Thework of the EIPQvill build upon, rather than replace, the current local
and regional transmission planning processes implemented b ldening Coordinatorand
associated regional stakeholder groupghm the entire Eastern Interconnection

The recent past has seen significant increases in intermittent resources built far fromdoad

well as new uses for electricityll of these additional and expanded uses and sources for

electricity were not ensioned when the exigtg transmission network (gridvas built in

RSOFRSa LI ado CKIG Aa y2G G2 ale (KIFIdG GKS 3N
expansions to electricity service well. In fact, the grid has performed well (barring unforeseen

and unavoidable natural disasters, etcl) 2 § SOSNE G2RIFI&8 Q& St SOGUNAROAGE
Interconnection as a whole is generally being used at, or near, full capacity. That means that

the time is now to start thinking about the size and type of grid thay be needed in the
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future, especially if newenergy ancenvironmental laws, such as a natiof@newable Portfolio
Standard RP$or a national carbomeduction law, are enacted.

1.1  DOE Funding Opportunity AnnouncemeqQtOverview and Purpose

In June2009, the United States Department of Energy (DOE) issued a Funding Opportunity
Announcement (FOAPEFOA0000068 whichprovided fundingto prepare analysis of
transmission requirements under a broad range of alternative futuidsee DOEOA covered
two specific topics Topic A was to fund Interconnectidavelanalysis anglanning workwhile
Topic B was to fundooperationamong States orlectricresourceplanning andpriorities.

DOE anticipated issuing three awards under each Topic corresponding tioree geographic
areas served by the thremajorinterconnections (Eastern, Western, and Texas).

In Augus®009, thePlanning Coordinatons the Eastern Interconnection reached agreement
through a formal contracbn the formation of the EIRGJnder he collaborative, the NERC
registeredPlanning Coordinatorsy G KS 91 &G SNY Ly {SNpeafiayeOiAzy )
and, as needed, enhantleeir respective regional expansion plamkich weredeveloped

under their FERC Order 890 approved regioratmhg processes to form a model of the
Eastern InterconnectianThis modeivas intended tgorovide a basis for interconnectiemide
analysis that would feed information back into regional planning processes and allow EIPC
members tocoordinateregional pans while also allowing members to identggtential
opportunities for transmission enhancements to iease the ability to move power t@duce
costs The core objectives served as the foundation for a proposalRldst Interconnection,
LLC (PJM), orehalf of EIPGubmitted in August 2009 to perform the Topic A work under the
DOE FOAAII 26 EIPC membetsupport the work prescribed for Topic &ightof the 26
members are designated as Principal Investigdtats bearadditional responsibilities ith
respectto projectexecution,managementand reporting PJM serves as the lead Principal
Investigatorfor the project

TheEastern Interconnectiofopic Acooperate agreement awarded to PJM,-DE0000343, is
titled the Eastern Interconnection Plamgj Collaborative (EIPCRIP@hose toretain Whiteley
BPS Planning Venturdd Cto support project managemenfrhe Keystone CentéKeystone)

® Fundingmade available under th@merican Recovery and Reinvestment Act of 2009 (ARB%)

® As of December 1, 2011, the EIPC Members inohicea Power Generatindmerican Transmission GBuke

Energy Carolina&lectric Energy IncEntergy ServiceBJorida Power & LighGeorgia Transmission ColESO,
International Trans. ColSO New EnglandEA LG&E/KUMAPPCORMidwest ISQthe Muricipal Electric Authority

of Georgia (MEAG), NBSO, New YorkP3M|nterconnection,PowerSouttEnergy CoogProgress Energy
CarolinasProgress Energy FloriddouthCarolina Elec. & GgSantee CoopelSouthern Companygouthwest

Power Poolnd Tennesse ValleyAuthority (TVA).

" Principal Investigators for the project include Entergy Services, 1ISO New England, MAPPCOR, Midwest ISO, New
York 1ISO, PJM Interconnection, Southern Company, and TVA. American Transmission Co. is also a subrecipient to
the DOEcooperative agreement.
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to support stakeholder process facilitatipgind Charles River Associates (CRA) to support
macroeconomic anass and production cost studies.

Ly NBalLRyaS G2 5h9Qa Ch!xz (G4KS o {dFrGdSa Ay (K
of Columbia and the City of New Orleans, came together to form the Eastern Interconnection

States Planning Council (EISP®)s Was the first time that all of the Eastern Interconnection

States had come together as a body to focus onamtively studying the future of its energy

grid. The National Association of Regulatory Utility Commissioners (NARUC) applied to DOE, on
beht £ F 2F 9L{t/ X F2NJ Fdzy RAy3 dzy RSNJ 4KS Ch! Q& ¢ 7

¢CKS 9Fa0SNYy LYyGSND2yySOGA2Y ¢2LIAO . O22LISNI (A
project, DEOEO0003186, is titled the Eastern Interconnection States Planning C(iis?C).

Similar application and award negotiations occurred for both Eastern Interconnection awards.
TheEastern Interconnectioopic A and B recipienstrive tocoordinate their efforts

Before this effort, the full complement ofaBterninterconrection States have not had the

opportunity to come together facéo-F I OS +a | o062R& FyR £ SINY | 062 dz
challenges, nor have the States had the need to come together to focus on the tasks set forth in

the cooperativeagreement. This, iand of itself, has proven to be beneficial for all members to

gain a greater understanding of whsiaites in other parts of the Eastern Interconnection are

facing and to gain a greater understanding of resource and transmission planning processes and
methods. The same may be said for the opportunity that the States have had to come together

with the PlanningCoordinatorsand Stakeholders to gain a greater understanding of their views

and challenges and, in turn, be able to impart the St@tesvs and ch#nges along with

working collaboratively on thetudy tasks.

Once created, EISPC and 8takeholder Steering Committe8%{each created their own

internal organizational structures, as well aslBys governing meetings, communications,
governance andollaboratve decisioamaking processed-urther information regarding

9L{t/ Q& 2NBIYAT I (A 2g%didn2 heNditOiepaNS A a LINE JARSR

1.2  Statement of Project Objectives

t WaQa | yR b leachincddpdratéSeaterNdriaf Project Objedves (SOPO)ach
applicant to the FOA submitted a dr&OPQhat, following selectionwas revised during
awardnegotiations The SOPO provides project objectives, tasking, and required deliverables.
ThenegotiatedSOP® areincluded in Appendicesand 2of this report.

Two objectiveswere stated in theEIPGGOPO
1. Establish processes for aggregating the modeling and regional transmission expansion

plans of the entir€Eastern Interconnection angerform interregional analyses to
identify potential onflicts and opportunities between region3his interconnection
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wide analysis wuld serve as a reference case for modeling various alternative grid
expansions based on the sceiws developed by stakeholders.

2. Perform scenario analysis as guided by bratakeholder input andhe consensus
recommendations of a stakeholder committee formed under the proposhke analysis
would serve to aid federal, statand provincial regulatorsas well aother policy
makers and stakeholders in assessing interredioptions and policy decisions.

1.3  Scopeof Work

The scope of work proposdyy the EIP@ the SOPO walividedinto 14 tasks withn two
phases Phase included the following tasks:

e Task (; Project Management and Planning
e Task I Initiate Project
o Meetwith EISPC to discuss interaction between entities and to gather feedback on
Stakeholder Steering Committee (SSC) structure.
o Facilitate the formation of the SC and any necessary subgroups.
e Task Z Integrate Regional Plans
0 Generate Rolup Model using reignal plans for year 2020.
o Perform interegional analysis on Ralp Model.
o Indentify conflicts between plans and/or opportunities for regional plan
improvement.
e Task 3 Production Cost Analysis of Regional Plans
o Perform production cost analysis on Ropp Model
e Task & Macroeconomic Futures Definition
0 SSC to reach consensus on efgitires pachfuture having up to ningensitivities
totaling 80model runs(8 futures + 72 sensitivities)]
e Task & Macroeconomic Analysis
o Perform macroeconomic analysis@report on eacHuture andsensitivity.
o Produce highlevel transmission cost estimates for each of gightfutures
e Task & Expansion Scenario Concurrence
0 Assist SSC in selecting three scendased orthe Task 5 work as options for the
transmissiorexpansion, analysis, and costing worlPhmase 2f the project.
o0 Produce interim project report of*hase Hctivities.
0 Present a draft(s) oPhase Xeport, respond to questions, and solicit input from
stakeholders.

Phase 2f the project proposedievelgingand analyzing transmission expansion options for
the three scenarios selected by the SSC in Task 6 at the €&theé 1 For each of the three
scenarios selected, the work thase 2ncludesthe following tasks:

e Task 7 Interregional Transmissio@ptionsDevelopment
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o Modify powerflowmodelsbuilt in Task 2 to create interregional transmission
expansion models for each scen&rio
e Task & Reliability Review
o Perform reliability analysis consistent with NERC reliability criteria on each scenario.
e Taskod ¢ Production Cost Analysis of Interregional Expansion Options
o Perform economic analysis using production cost modeling for each scenario.
e Task 1@; Generation and Transmission Cost Estimates
o Perform high level cost estimates for transmission expansjatioas for each
scenario.
o Develop osts associated with resource additions and retirements for each
scenario.
e Task 1k Review of Results
0 Produce a draft report on th&hase 2ffort.
0 Present the results of the analysis, respond to questions, and soljmit from
stakeholders
0 SSC to provide consensbased comments on the draft report.
e Task 1% Phase Report
0 Review the input received from the SSC and address it in the final report.

There have been two core changes to the SOPO initiated by then8SGpmported by DQE

The first change wsrelated toTask 2 regarding the development and use of the-BoModel
Following study of the detailed aspects of the various regional plans that EIPC utilized for the
Rollup Model development, the SSC reqtezkthat EIPC revise the Rald Model to construct

an SSModel. Through a process initially led by EISPC, the SSC agreed to a revised set of
transmission and generation assets that would servehasbisis foa revised Rollip Model for
2020 This newSSModel replaced the Relip Model and served as the starting point for all of
the remaining DOE project work.

The second change to the SOPO related to the production costing work that was planned under
Task 3 ilPhase Df the project Under the orignal proposal, a production cost analysisuld

be performed on the integrated regional plans that served to create the 2026uRMbdel.

With thereplacement of the Rollip Model by a stakeholder derivedSModel as the starting

point for further anaysis, and with the decision to consider a 8925-yeartime horizon rather

than the 1Qyear horizon assumed in the integrated regional plans used to derive theiRoll

Model, the SSC agreed that this work was no longer provideaningfulvalue to the poject.

At the request oPJM in May 201, DOEdeleted Task Irom the SOPO.

® This activity isritended to provide higHevel interconnectiorwide expansion analysis and rtotsubstitute for
regional planning processes or state, local or provincial siting proceBsesnodelsvill not identify specific
routing, siting, environmentabr other related issues associated with any potential enhancements to the grid
coming out of this task.
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The Eastern Interconnection Topic B proj&SPChas aSOP0ncluding objectives, scope and
tasking.

Per the SOPO, the objective of EISPC is to provide for cooperatiomgatates on electric
resource planning and prioritieNARUQuiIll facilitate dialogue and collaboration among the
states in the Eastern Interconnection and thus enable them to develop more consistent and
coordinated input and guidance for the regionaldanterconnectionlevel analyses and
planning that will be done under the Topic A award for the Eastern Interconnection

9L{t/ Qa &a02LIS AyOfdzRSa GKS F2fft2¢Ay3Y

Identify Eastern Energy Zones of particular interest for-lomno-carbon electricity
generaton; e.g., renewablgich areas with suitable topographic and other

characteristics for either variable or baseload generation, including but not limited to
nonterrestrial areas particularly suited to offshore wind and ocean power technologies,
areas withgeology or other characteristics particularly suited to carbon capture and
sequestration (CCS), or areas otherwise particularly suited to other forms -obitove-
carbon electricity generation. The Recipient will allow for regional diversity and
determine how the identification of Eastern Energy Zones could best serve the collective
interests of the affected states.

Conduct studies on key issues related to reliable integration of variable renewables into
the Eastern Interconnection, studies on availipibf baseload renewables and other
low-carbon resources, as well as other studies needed to better enable member state
participation in regional and interconnectiemide analyses and planning.

Develop other inputs as needed to go into the interconneclevrel analyses prepared
under the Eastern Interconnection Topic A work.

Provide insight into the economic and environmental implications of the alternative
electricity supply futures and their associated transmission requirements developed for
the Easterrinterconnection under Topic A.

Demonstrate (and develop if necessary), a process for reaching decisions and consensus
appropriate for an interconnectiowide entity representing all of the states and

provinces in the Eastern Interconnection so as to pavéte in the development and
updating of the longerm interconnectionlevel plan under Topic A. This process shall

be open to all relevant technologies and afford ample opportunity for participation by
state governors, provincial ministers, their desgs, and state or provincial utility
regulatory officials.

9L{t/ Qa SAIKG dGFralta INB Fa F2ft206ayY

Task 1¢ Organizational development and project management
Task? ¢ Reactconsensus decisions anK S wS OA LA SY G Q& inwigsa@nd G A 2 Y
assumptions/ia expansion of transmission planning knowledge base
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e Task X Assemble data for analysis B&stern Interconnection TopicRoltup
Integration Case anctach consensus on feedback and input into Baestern
Interconnection Topic A

e Task 4 Conduct stuees to facilitate further refinement of the modeling inputs and
future scenarios

o Task & Preparation of whitepapers

e Task & Reach consensus 6hK S w S QdsitidhsSoyf theXdture scenarider
macroeconomic analysie be conducted byEastern Inteconnection Topic A Recipient

e Task ¢ Reach consensus 6hK S w S QdsitidhsSoyf tietr@nsmission buildout
scenarios to be conducted Iblye Eastern Interconnection Topic A Recipient

o Task & Participate inEastern Interconnection Topicaitivities.

EISP@asks will be discussed after each of their counterpart EABKS with the exception of
EISPC Tasks 4 and 5. Thiasks are EISREasks. As such, they are outside of the scope of
this EIP®hase Yeport. EISPC will report separately on Bagland 5 at the conclusion of
thosetasks.

1.4  Overview of Project Schedule

The DOE FOsgpecified thathe project workisto be completed by June 30, 2018he
restructured EIPC proposal that was submitted in February 2010 call@&hé&se wvork to be
complete by June of 2011 and fBhase 2vork to be complete by June of 2012, well ahead of
the June 2013 deadlinéA revised schedule was issuednid-2011 that moved completion of
Phase Dof the project to December 2011 and completionRifase 20 Decentber 2012, still

well ahead of the original June 2013 deadline set in the DOE FOA

Theextension tathe original schedule was the result of EIPC support of SSCsdfiareate

the SSModel, extensive stakeholder education regarding the operatihand input
assumptions needed fothe macroeconomic modeland by the additional time necessary for
the SSC to reach agreement on the futures and associated sensitivities for the Task Bheork
modifications to the schedule were supported tne DOEandby the SSC as thegrved to

allow theEISPC an8SC to make decisions essential for supporting the stakeholder process
EIPGnticipaies nofurther delays in the project schedylat this point Even in the event of
modest schedule changes during theraining work, EIPCdsnfident that the original June
2013 deadline spelled out in tH2OE FO&an be met

1.5 Unique Study Characteristics

e This is aifst of its kind effort for the Eastern Interconnection.

e Complexity and differences among the regionsuigtidoe accommodated

e Stakeholders shouldbosiderPhase In context of overalproject ¢ to develop
transmission alternatives

e Phase Isnot an end unto itself
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e SS@rovidedmodificatiors to theroll-up as a starting point for resource analyses.

e SSC nedmted input assumptions need to be placed into context

e Macroeconomic models are used for many broad ranging stuplesre proposedto
assist stakeholders to determine the final thresenariosg not as an end unto
themselves

e Because of the complexityf éactors involved in this type of study, there was never any
AyaSyid G2 2Z2UIMWAT SpatcSheinads

e Stakeholder consensus process was somewhat unwieldy but wevkido the extent
that needed decisions were eventually made

e Proces has led to a better understanding of regional similarities and differences and to
the degree of complexity involved in an analysis of such a broad and diverse.region

e Process has provided all participants with a great deal of information that should be
useful if similar studies are done in the future
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2.0 Study Results by Task

2.1 Task I¢ Initiate Project

The Statement of Project Objectives provides the follovanigtaskgegardinginitiating the
projectwithin Task 1:

Subtask 1.4 Adjust structure of SSas needed.

Subtask 1.B Commissiorihe SSC.

Subtask 1.G Select SSC members.

Subtask 1.[q Establish SSC Bgws, elect officers.

Subtask 1.E Project task and scope development.

Subtask 1.E Develop process for selection of NGOs and Conséweocate (CA) groups.

The SSC was formed in a fatep processl) assessmen®) development of the SSC

composition and role, 3) development and implementation of the SSC selection process, and 4)
development and adoption of the SSC CharfEne formation othe SSC was a significant
milestone as the first time that stakeholders from all major interest groups across the Eastern
Interconnection came together to discuss letegm resource options and related infrastructure
needs in the 3%tate region, the Disict of Columbia, the City of New Orleans, and the Eastern
Canadian provinces.

In parallel with the development of the SSC, EISPC established its own governance structure
and decisiommaking processes described latersection 2.1.6.1 EIPC and EISPCéav
collaboratively coordinated meeting schedules, work products, and deeisaking.

2.1.1 AssessmenfPhase $eptember 2009 February 2010)

The Keystone Center (Keystone), the subcontractor responsible for managing the stakeholder
processdeterminedthat anassessmenshouldbe conducted to fully develop the SSC make

and its process for engaging a wide range of stakehold&esing for EIP@eystoneconducted

an initial round of interviews with known stakeholders active in the energy and transmission

fields ¢ KSAS AYOISNWASGEA LINPRAZOSR 020K AYTF2NXIFGAZ2Y
as well as additional names of people who were knowledgeable and had a stake in the

development of the transmission system in the Eastern Interconnec#osecondound of

interviews wascompleted with a subset aftakeholderscurrently participating in each of the

BPC Planning CoordinatoFEERC Order 890 transmission planning processes.

As part of the assessment pha&PG@nd Keystong@lanned and hosted two wenars to
inform interested parties abouts evolving work plan and the ovall objectives of the project
EIPGeviewed theplan of workset forth in the bid documentduring the Octobe2009
webinar and answered a number of questiorisach webinar waattended by over 200
participants
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EIPCreateda Web site(www.epiconline.comat this early stageand Keystone later took over
management of the sitéo provide stakeholders with eagnd timelyaccess to information
aboutall aspects of the projectListservs were established for edgisteredstakeholders to
receive notification of project events and postings

2.1.2 Development of theStakeholder Steering Committé®mposition andRole (February
2010¢ August 2010)

Based orthe results of stakeholdenterviewsand analysis ahe FEROrder890 stakeholder
committee processs, in coordination with EIP®&eystonadrafted a straw proposal for
composition of the SS&Keystone also designedproposedprocess for fairlyand
transparently selectingindividuals to serve othe SSC Guiding principles for the stakeholder
process and the SSC included the following:

e The stakeholder process should be inclusigéhe interests of all relevant stakeholders
should be represented withiaachsector.

e The praess should build upon the existing stakeholder FBRIEr 89Gapproved
processes.

e TheSSGhouldbe a manageable size and allow decisions to be made through
consensus

e There should be balancedpresentation among the sectors.

e State representativewill have at least onehird of the total SSC seats

e Thereshouldbe ongoing communicationamongSSC members and their interest group
sectors.

This proposal for composition of the SSC and its voting process was reviewed by DOE, EIPC and
interested parties fran the relevant sectors proposed to comprise the &6@rioustimes

during this period The proposal was presented for comment during two webinars in March

2010 Finally, the proposal was discussed at length during the April 2010 Stakeholder meeting,
and finalized through a series of open conference calls

Thefinal SSC structur@pproved in April 201,0vasas follows

e Transmission Owners and Developer§hreemembers See eligibility criterian page
2 at http://eipconline.com/uploads/EIPGSC Description_FINAL.pdf

e Generation Owners and Developer§hreemembers; minimunone renewable and
onenon-renewable

° As the Topic B awardee, EISPC representation in the SSC was predetermined by DOE contract to constitute one
third to one-half of the total SSC membership, with the significant role of coordinating the input of 39 states, the
District of Columbia, and the City of New Orleans and working collaboratively with other SSC sectors to provide a
coherent stakeholder voice to suppdtte research, modeling, and deliberations of the EIPC project
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e Other Supplierge.g.,power marketers, energy storage, distrileat generation)Three
members; minimunone demandside resources representative

¢ TransmissiorDependent Utilities, Public Power and &ps (e.g.,municipal utilities,
rural coops, power authorities)Threemembers; minimunone public power or
cooperative tansmissiordependent utility (TDU)

¢ Non-Governmental Organization@NGOs):Threemembers

e End Userge.g.,small consumer advocates, large consumeid)reemembers;
minimumone state consumer advocate agency

e State Representativeappointed by EISPTenmembers

e Canadian Provincial Representativappointed by Canadian ProvinceSnemember

2.1.3 Development andmplementation of the SS&lectionProcess(May 2010¢ July 2010)

A key principle fothe SS& S Y 6 $&ld&ti@nprocesswasto include all interestd
stakeholders Tomeetthis objective EIPC directedeystoneto undertakea number of
activities to communicate with the stakeholder community addition to istservs andhe
Web site Keystonanstituted a monthly newsletteriammarizing decisionsw posted
upcoming events for distribution to the listsereated an online process for selection of
Sector Caucus and SSC memjeend hosted a webinar to

explain the selection process Eastern Interconnection
Regions for Selection of

The SSC selection process was designed in two phases Caucus Members

First, e@h region of the Eastn Interconnecion (see ext
box)selected three representatives from each of four
sectors (Transmission Owners and Developers, Generat ~ Midwest Independent System
Owners and Developers; Other Suppliers: and TDU, pur, ~ ©perator (MISO)

Power andCoops). The End User and NiGsectors Mid-Continent Area Power Pool
selected their representatives from across tBastern L)

Interconnection These individuals were the designated New York Independent System
Sector Caucus membergEISP@evelopedits own Srelp i)

PJM Interconnection (PJM)

selection process to appoint the state SSC members. Independent System Operator of
New England (ISONE)

To begirthe Sector Caucus selemti processKeystone Southeast InterRegional

askedsectorsto appointcoordinatorsfrom each region SETTE PR PIEEEes (2 M)

(sevenregions anceightsectors or 56 coordinators, with Southwest Power Pool (SPP)

some being responsible for more thane sector and/ or Florida

region) Their contact information was postedn theEIPC
Web sie to allow the broa@r stakeholder community to
learn about and participate in the process viaail and/or
communicatewith the sector/region coordinator.

Eastern Canada

In addition tosectorcoordinatedcontact information, each region and secgurbmittedits
procesfor selectingrepresentativesthe SSC candidatedates and times fovoting/ decisional
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meetings, and/oting and consensus rules and procedur€®ncerns andbjections to the
process wereequired to beresolved fefore voting could take plac® Regonal/ sector
representatives were encouraged thostpreparatoryforumsto allow interested stakeholders
within each sectoto discuss any issues apdsequestionsalthough such forums were not
uniformly held dueto tight timeframes.

During this periodEIPQrafted additional guidance on the Sector Caucus member selection
process, includinthe following

¢ Information to be supplied by candidates

e (Candidate eligibility for a given sector or sei¢., definition of a material interest in the
region

e Voter eligibility

e Transparency procedures

e Qeation of a ranked voting system for the-ine process

e Procedure for subsector voting

e \oting contingenciese.g, tie votes, interpretatbn of results when no one votes
procedure for unfilled caucus sesa

e The role ofproxies or alternates

e Process for selecting replacements when $ecaucus or SSC members resign.

e Process for addressing stakeholder objections

The process for voting was then detailed in Btepby-Stepdocument and~requently Asked
Questions (FAavailable onlinat http://eipconline.com/SSC_Resources.htriilhe final voting
for SectorCaucus members took place between June 15 and 16,. 2TiOresults were
verified and postedo the EIP@Veb siteon June 18, 2010

After Sector Caucus members were selected,gbeondstage of the process begarselection
of the SSC members by the Sector Caucuses.

The stakeholders had agreed earlier that criteria for SSC candidacy shdubtkithe following:

{SYA2NRAGeZ &adlFddzNBE FyR ONBRAOAfAGE GAGKAY
¢ Demonstrated ability to represent the interests of multiple organizations within the
sector.
e Broad support of organizations and constituency groups within dutos.
e Ability to keep sector participants across thastern Interconnectiomformed about
SSC activities and to solicit input throughout the praject
e Demonstrated ability to work collaboratively with others with whom one disagrees

“The principles and guidelines for the selection process were enforced by responding to complaints from sector
stakeholders. Very few complaints were received and required investigationeantlition
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e Strong understandingf resource and transmission planning in the electricity industry,
including technology and policy considerations
¢ Time, commitmentand resources for full participation

EachSector Caucus could seleast SSC member from within its ranks or select songefsom

outside the Caucus by mutual agreemefector Caucus members interested in being

considered for the SSC completed a candidacy application that was gostesl EIPC Web site,

and \oting took place odine, by phone or email, or in persoifhe sane requirements for
transparency and inclusiveness applied so that any stakeholders could observe the process and
submit objections if thewere concerned aboutligbility or fairness requirementsEach

subsector elected its own subsector SSC member®rsnstance, the Renewable Generation
subsector of the Generation Owners held a separate election for their SSC representative

After the voting results were tabulatedby Keystoneand verified by EIP@e SSC member
names werepublicized and postedn-line on July 1, 2010

2.1.4 Development ad Adoption of the SSC Chartdtgbruary 201@ October 2010)

Concurrent with active stakeholder outreadhringthe fall of 2009Keystonebegan to compile
potential resources for an SSC Charter or rules of govemadased on a review of other
steering committee charterdseystone worked witlEIPQo developa straw proposal for
consideration by stakeholders in advance of the April 2Baétern Interconnectiomwide
Stakeholder meetingln a May 14, 2010 memandum developed collaboratively through
conference calls and written commesta number of governance issues were decided,
includingthe following

e The purpose of the SSC

The role ofSectorCaucus members after the selection process
SSC roles and respontiti®s.

Possible role of a chair or chairs

The role of work groups.

At the first SSC meeting, a number of outstanding governance issues were discussed and
ultimately assigned to a Governance Task Force composed of one representative from each
sector. Unresolved questions includetie following

e SSC leadershgnd ®lection of Chair(s)

e Term limits of SSC members

e Termsfor f ( S Naftandarka Q

e Meeting gound rules.

e Decision making for nesubstantive issues
e Communication outside of SSC

e Creation andole ofwork groups
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Otherimportantissues were resolved between the first and second meetmguding
selection and rolefor SectorTable Representativetable arrangements at th8SGneetings,
andguidance orsufficient notification and distributin of materials prior t&sSG@neetings

After several monthef facilitated calls, th&overnance Task Fa& presented its
recommendedCharterto the SSC, which was discussed, amended and adopted by consensus at
the Octoberl2-14,2010 SSC meeting

Two key elements of the Charter were the selection of a chair or chairs and the process for
making decisions in the event consensus could not be reachikdalternative to consensuis
aformula for 'backstop votingjin which 19 SSC members must first &gtteat consensus
cannot be reachedOnce it is established that consensus cannot be achieved, 23 members
must vote in favor of a proposed resolution to the issue under debBRtevisions were also
made to ensure that two sectors alone could not blockeagnent on an issuelt should be
noted that over the course oPhase Ihe backstopvoting processvas never formally invoked

On October 1214, 2010, the SSQeeted by closed ballot a chand vicechair. The SSC

Charter instituted a rotating schedrbf service, so that the Chair and Vice Chair retained their
respective offices fo months and then changed positionéfter the second-month term
wascompleted the SSC agreed it would consider how to continue and whether to alter the
system for chosing or retaining Chair leadershiphe SSC did address this issue at the end of
the twelve months and decided that the ChairAiChair system works well and should be
retained.

TheSS@greed to meetn person approximately every other mdnto accomplshthe Phase 1
tasks Later, thismeeting schedulevas amended to includscheduling o5SC webinars in the
nor-meeting months to attend to any issues that needecbnsensus decision, and akso
providework group updates foSSC members

2.1.5 Creation othe WorkGroups

Initially, threework groups were establishegdRoltUp Work Group (RUWS), Scenario Planning

Work Group (SPWGandModelingWork Group(MWG) The SSC drafted and approved the

charge to eachvork group and agreed that theork groups wold develop recommendations

for the SSC but had no independent decisioaking authority Each sectoappointed upto

three representatives to each work group, in addition to theofficio members from DOE and

EPA and an EIPC liaison. Esachor was als allowed as many neB8SC/nofSectorCaucus

participants (e.g.technical experts) as necessary to assist in the work group activigesh

work group selected a chair or-ohairs to serve as the primary point of contact for the SSC and
EIPCEISPC alscreated counterpart workgroups, using the same workgroup names as created

0 UKS {{/ X O2YLINRASR 2F 9L{t/ YSY0OSNEZ YSYoS
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Over the course dPhase 1the Governance Taskifi€e reconvened to address proposed
changes in the Charter and a new task force was created, the Scenario Task Force, to develop
recommendations on the three scenarios to be analyzed duRimase 2

2.1.5.1 RollUp Work Group (RUWG)
The SSC charged the RUWG wthfollowing responsibilities:

¢ Liaise with and provielfeedback to EIPC as EIPC develops the integration of the existing
regional transmission plans and addresses potential enhancements identified through a
gap analysis of theasterninterconnectionwide 2020RollUp IntegrationCase. These
activities are identified as Task 2 in the Statement of Project Objectives; however, the
group expects that its charge will extend to other tasks ifrbleup plan affects either
the economics or reliability of mameconomic futures or transmission buildout
scenarios.

e Establish a close interface and coordination with 8f#&/N/Go that the conclusions and
results of theroll-up study effort are understood in connection with futures
development and scenarios planning

2.1.5.2 Scenario Planning Work Group (SPWG)
The charge of th&6PWGvas gproved by the SSC in July 2010.

¢ Recommend to the SSC a set of diverse macroeconomic futures for selection, and if so
directed by the SSC, make recommendations as to the eight fututes amalyzed and
up to nine sensitivities to be used within each.

e Fully develop the eight macroeconomic futures and the sensitivities selected by the SSC,
a2 GKIFIG GKSe YSSG /w!Qa ySSRao

e Recommend to the SSC which three scenarios should be assefdeaba2. '

The SPWG objectives were established as follows:
e The portfolio of eight macroeconomic futures will represent a wide range of forecasts.

e The portfolio will consider factors such as state and federal public policy objectives,
reliability mandates, andconomic considerations.

" Subsequently, the ESelected to assign the task of recommending the three scenarios to be analyzed during
Phase 2 to the Scenario Task Force
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e The SPWG will effectively coordinate with the MWG as the purposes of these groups are
interrelated and outputs will be informative to one another.

e The portfolio of macroeconomic futures will be recommended to the SSC as the
consersus position of the SPWG. If the working group is unable to reach consensus on
eight recommended macroeconomic futures, a range of opinions or additional futures
may be presented.

e The SPWG will inform and receive input from the SSC throughout the psaadsshat
the SSC endorses the portfolio proposed by the SPWG, or alternatively, will find that the
SPWG has helped the SSC to substantially narrow the range of issues to be debated by
the SSC in sufficient time to meet the overall EIPC schedule.

e The SPWiill fully coordinate and collaborate with EISPC, since EISPC ultimately can
decide four of the macroeconomic futures and one of Bfease Zcenarios.

e The SPWG will coordinate with the RUWG as needed.

2.1.5.3 Modeling Work GroupMWG)
The SSC defined the purmosf the MWG as the following four functions:

e Develop a better understanding of the capabilities, inputs and assumptions, and outputs
of the CRAMRNNEEMmacroeconomic) model that will be used to evaluate #ght
macroeconomidutures and sensitivitieand the GE MAPS (production cost) model that
will be used to analyze thmll-up plan and the finathree transmissiorbuildout
scenarios.

o ldentify concerns or issues, seek answers, make recommendations and refiwet to
SSC regarding tidRNNEEMand GBVIAPS modeling to be performed.

¢ |dentify with CRA the matrix of specific required inputsNtRNNEEMo be provided
by SSC and advise the SSC and SPWG on model inputs, outputs, processes and
limitations to assist them in the development of tkgyht macroeconomicfutures.

o Coordinate with the RUWG to identify any issues that could impact model inputs,
assumptions, modeling, or results.

¢ In coordination withand within the parameters set bthe SPWG, make
recommendations to the SSC on the values for thetmpnd assumptios to be used
for modeling the eightnacroeconomidutures.

o ldentify as appopriate data or analyses need.
o Work with resourcese.g.,DOE nationallaboratories.
o Collaborate withCRA to ensure model consistency.

e Review outputs and resultsf MRNNEEMand GE MAPS modeling and provide a repor

on the interpretations to SSC.
¢KS {{/ Ita2 RANBOUGUSR (GKS a2D FyR {t2D (42 &2N.
are interrelated and their outputs will be informative to one another, particlylas they
determine how to proceed with developing the assumptions and inputs for the macroeconomic
Y2RSt d¢
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2.1.5.4 Scemrio Task Force (STF)

TheSSC created this task fortelead the effort under Task 5 to develop recommendations to
the SSC for the three fahscenarios for transmission analysis unélbase 2 The following
guidelines were adopted by the SSC to govern the membership and work of the STF:

e [Each sector has one designee, except EISPC, which hasThese individuals
represent their sectorgh any decisiormaking undertaken by the task forc&IPC also
has a liaison to the task force.

« All recommendations made by the task force will be subject to approval by the entire
SSC.

o Task force calls and meetings are open to the participation ofteliested SSC
members and other stakeholders.

2.1.6 EISPCaslsl1,2,and 8

2.1.6.1 EISPC Task;XOrganizational Development and Project Management
9L{t/ Q& TANdulbubtagsksi { Ay Of dzZRSa ¥

e Subtask 1.4 Form an Executive Committee.

e Subtask 1.8 Develop EISPC orgaational structure and operating protocols

e Subtask 1.G Hire EISPGtaff andset up ofoffice space

e Subtask 1.[g Identify key stakeholderghat need to be involved in the collaborative
effort, revise and maintain the Project Management Plan, asssesesssuch as the
ability to obtain and protect confidential information among the Eastern
Interconnection Topic A and Topic B Recipients required to conduct the studies.

In anticipation of DOE fundingtate representativebegan developin L { rjaQzational

structureto includethe 39 States within the Eastern Interconnectimdthe District of

Columbia. EISPC determined that each State would be allowed two voting members and
encouraged the States to consider designating one member as a reprasertéits state

SYSNH& NB3IdzE I i2NE O2YYAdarzy YR GKS 20KSNJ YS
Office. Because of its unique jurisdictional arrangement, the City of New Orleans petitioned to
become a member separately from the State of Louisiana 9 L {t / O2Yy &aARSNBR (K
and decided to allow the State of Louisiana to have one member seat and the City of New

Orleans to hold the other member seat. Also, because of the close eleesgtitice ties

between the Midwest and eastern Catian Provinces and some or most of the northern

States, the eight Canadian Provinces were invited to join EISRD-asting ex officio

members.
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Once the membership structure was set, EISPC turned to formulating its governing structure. In
order to ensue that states in each of the five regions within the Eastern Interconnection (the
Northeast, MidAtlantic, Southeast, Southwest and Midwest) are represented, EISPC
determined that its governing Executive Committee should be comprised of five members with
each member from one of the States in each region. EISPC also used this regional balance to
set up a Nominating Committee which nominated candidates from each region for the

Executive Committee as well as the offices (President, Vice President, Sedretasyrer and
At-Large Member) whin the Executive Committee.

EISPC next turned its attention to determining how it would represent itself on the SSC. By
agreement with DOE and EIPC, EISPC is allowed ten voting members on the SSC. EISPC decided
that five of those seats would be held by the five Officers on the Executive Committee and five

of the seats would be elected from the membership with one seat elected from each of the five
regions. This arrangement ensured that each of the five regions of Bi&Ptwo

representatives per region on the SSC.

After these membership arrangements were set, a regiodadlianced Governance Committee
was formed to develop Blyaws covering, among other aspedsmmittee duties, meeting
structures, attendance, dec@i-making and voting. The Byws were discussed and revised a
number of times until the EISPC membership approved them bgiommaus consent early in
2010. Along with the Bytaws, other documents were crafted regarding the protection of
confidential dateand operating and reporting agreements between EISPC and NARUC.

EISPC also began searchingsfaff to assist in its work. Per treoperativeagreemen, EISPC
was allowed to hire aitector, aneconomist, @ransmissiorengineer, and anadministrative
assistant. NARUf@tainedhalf of the aiministrativeassistant position to hire a halfime
budgetassistant and NRRI, the subcontractor to NARUC that assisted in structuring EISPC,
retainedthe other hdf of the administrative ssistant position to h& a halftime webmaster

T 2 NJ 9Wed sité KIRRI hiredhe EISP@irector andeconomist during the fall of 2010.
EISPC found that tHaudgedsalary for theransmissiorengineer position was not competitive
with the maket and was unable to hire amgineer despite many candidate searchés.the
summer of 2011, NARUC approached DOE soliciting contraatgaeering expertise to assist
EISPC in completing its taskather than continuing to attempt to hire a fttilme engineer
NARUGubsequentlysaied a Request for Proposdb provide such rgineering assistance to
EISPC. As of October 21, 2011, six proposals have been submhtedeview of these
proposals will seeto garner the most focused and efficieatigineering assistance for EISPC as
it enters the complex and detaild@hase 2ransmission planing studies.

2.1.6.2 EISPCTask® S| OK O2yaSyadz 2y (0KS wSOALASY(iQa
assumptions via expansion of transmission planning knowledge base

EISPC spent significant time aftbrt during all EISPC meetings in educating its members on
the various and complex aspects of resource and transmission planning. This education was
essential to the membefinderstanding of the work of this projecs some State
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Commissions are nonger involved with either type of planning due to legal or other
constraints. EISPC hedtexpertson varioustopicswho gavepresentationshat provided not
only technicalnformation, but focused on targeting thaudienceso they couldyain an
understarding ofeachtopic® importance and context in the overaloject.

EISPC collabated with EIPC and the SSC to identify key stakeholders, maintain the Project
Management Plan, and develop plans to protect confidential data required for the project
Addtionally, EISPC surveyed state energy efficiency and dersigedresource information and
assisted in establishing costs to be used inRhase Wwork by EIPC, the SSC and EI&RRer
examples of collaboration in the development of the costs, inpaitd assumptionsre
discussed throughout this report.

2.1.6.3 EISPC Task ®articipate in Eastern Interconnection Topic A activities

EISPC participates closely and actively in all aspects of SSC work. As discussedER®Ce in

Task 1, EISPC has ten seatskoft { { / @ 9L{t/ Qa G4Sy {{/ wSLINBaSsS,
all SSC meeting®-person ancelectronically} Y R | OGA @St & I ROG20F0GS 9L{t/
EISPC makes a concerted attempt to prepare for each SSC meeting in order to takeshileader

role in discussions and decisions by the SSC.

Each of the SSC Sectors named one of its SSC representativeSTddhd EISPC named three
representatives from its roster of ten SSC members. STenet during the summer of 2011 to
examine process and methods to assist the SSC is making its seledfitins final three
scenario® 9 ledresent@ti@es regularly apprised EISPC of the Qv&Xl&in order to assist
EISPC in the same regard. With the assistan&d Bfnd the EISPC and S&&k groups, EISPC
recommended tahe SSC its selections of the thraenarios in the fall of 2011.

9L{t/ LINIGAOALI GS& O2ff 62 RUMVGMNG{aBdSBWANK G KS Y
the myriad of complex details underlying the work of EISPC and theERSIEC representatives
servingonthe SSAMWGwere involved irformingd 4 de& I Ya¢ G2 RS@OSt 2L GKS |
inputs for the MRN/NEEM model.

In addition b the work mentioned above, the Executive Committee aiadf of EISPC meet
weekly with EIPC andSleadership to coordinate schedulemddiscuss upcoming work,
meeting logisticsagendas, task schedulesd deliverable positioningThisclose coordination
is beneficial anavill continue throughout the remainder of the projest

2.2  Task2 ¢ Integrate Regional Plans

The Statement of Project Objectives provides the following summary of regdedingthe
integration of regional plan® be performed within Task 2:

SubTask 2.A, Develop a study guide for documenting interregional analysis processes
that refine the NERC Muitegional Modeling Working Group (MMWG)
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modeling and regional plans as needed for ®Rplintegration Case
analysis

Suliask 2.B; Conduct interregional transmission analyses for-Bplintegration Case
and identify potential tansmission conflicts/opportunities among regional
plans; e.g.,gap analysis

Suliask 2.@&  Develop transmission options to address reliability impacts associated with
potential conflicts among regional plans

Suliask 2.0; Document and communicate ressiffor consideration in regional planning
activities and post the analysis on the EWE€D site

Suliask 2.&5  Develop flowgates

In Task 2 thélanning Coordinatonstilized the most recenvintageNER®/ulti-Regional
Modeling Working GroupMMWG) modelrepresenting the study year selected by the
stakeholders 2020 Thismodelwasrevised and updated to reflect an aggregation of regio
plans- plans which wergrovided by participating’lanning CoordinatorsKey inputs to this
work were the NERC MMWZB20 Summer Peak model, as developgdhe NERC MW@ its
2009in its vintage set of modelsind regional plansas known in 201@yhich had been
subjected to the regional planning requirements of FERC OrderB&resultant 2020 model
would be used a the basis for both the interregional analysis required by the project and the
future analysis which would be chosentine SSC in coordination with EISPAS noted in the
above subtasks, this modeiasknown as the 2020 Relp Integration Case.

The pincipal products of Task 2 are the 2020 Ripllintegration Case model, the interregional

analysis of the model and transmission expansion optidrigs2020RoltUp Integration Case is

an integrated model of theombinedexpansion plans for the Eastemtdrconnection as they
SEA&GSR AY HamnzZ y2iG | &AyY 3fTHs case praz8esidbalvedii ¢ F 2 N
power flow modeling suitable as a starting point faarismission analysis on an

interconnectionwide basis.

2.2.1 The RoWJp

The roltup results represented a significant firsif-its-kind effort by thePlanning Coordinators

to review each entit@regional plan at an interconnectiewide level Although interregional

coordination activities argvell establishedand required under applicablEERC precedent, this

effort provided a first opportunity for a much higher interconnectiarde view of the plans

and a check as to their consistency across the regidhis effortyieldsan important body of

information that can be utilized by poliecgakers, thePlanning Coordinatorsind their

a0l 1SK2ft RSNB Ay SIOK SyGdAadeQa adznaSljdzsSyd NBIA
In addition to the uniqueness of the effort, the ralp produced some notable results.

ThePlanning Coordinatorsndertook a reliability analysis of the ralp of the regional plans
and found no significant reliability issueSuch a finding isoteworthy as it is indicative of the
fact that the respective regional plans are not causing burdens that would mariiesiselves
as unsolved reliability violations elsewhere in the Eastern Interconnectibrs is one
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important goal of the NERC reliability standar@mpliance with this goal was clearly
demonstrated on an irdrconnectionwide basighrough the roltup and provides an important
analysis that could be utilized in the future

On a more granular level the ralp revealed both commonalities and differences in the
specific planmg inputs used in each regioffhe differences are expected and, in fact,ueqd
given the diversity in the form of regulatiothe diversity in market design throughout the
interconnection and the differingopography and characteristics of eakanning
Coordinatorselectric transnission system throughout théastern Interconection The Rolt

Up Report ahttp://eipconline.com/uploads/EIPC_Rdllp Report 201D3-07.pdfon the EIPC
Web sitedescribesin detail the data submitted by each of the EF@nning Coordinators
explairs differences in thePlanning Coordinatofs NB & LISOG A @S  kifd bsgistthey 3
SSan understanding what is contained in t2020RollUp Integration Case

2.2.2 Stakeholder Specified Infrastructuf®SI)

The 2020 RolUp Integration Case as presentedttee SS@ November 2010 was based on
variousanalyticaltools that had beerutilized by Planning Coordinatons order toassess
reliability requirements, interconnection and transmission service requests as whk aged
for economic and market enhancementRegional plans contained in t2©20RollUp
Integration Case were developed in accordance with FERC Order 890 regional planning
requirements These Order 890 regional planning requiremdmse established &msparet
processes that eacRlanning Coordinatancorporateswhichprovide for the inclusion of
stakeholders within their respective areas.

Even though th020RollUp Integration Case was an aggregate product of Order 890 regional

planning processeis the Eastern Interconnectiostakeholders including the statesxpressed

LINE

O2yOSNya NBfFGAGS (2 GKS adliddza yR GNBlFaz2ylo

transmission facilities found in the model which were projected to come into service through
2020 FERC Order 890 allows foegional differencesin planning criteria and processes
Therefore the 2020RollUp IntegrationCasereflectedregionaldifferences irthe relative
certainty of generatiorand transmission facilitieslevelopment depenihg on such factors as
the degree of state approval authority over such generatiod transmissiomlevelopment, the

degree to which generation is developed under a competitive market model, as well as differing

regional needs and requirements associatathwenewable portfolio standardsAs a result of

theseconcernsthe SSC agreed to develop an alternative approach to determining which of the
planned generation and transmission would be included as the starting point for the analysis to

be performed inTask 5 of the projectEISPC also embarked on a similar task.

The SSC adopted a tvgtep approach for determining whether a planned generation or
transmission facility would be included in the modslthe starting point for the Task 5 analysis
To male it unique from the2020RollUp Integration Case model, the el which evolved
under the SSGpecified criteria became th&takeholder Specified Infrastructur8) model
¢tKS (g2 adasSLla Ay (G0KS {{/ Qa RS@St2LISyd 27
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1. Define criteria by Wich generation and transmission additions from 2@20RollUp
Integration Case would be tamatically included in the SSI.

2. Develop and implement a process by which exceptions could be mate twiteria in
the first step to (i) include generation ar@insmission not reflected in th®ll-up or not
automatically included and (ii) exclude facilities automatically included.

The criteria utilized by the SSC for inclusion in the model were:

¢ All generation and transmission that were due to bes@rvice pior to January 1, 2016
were automatically included

e All transmission to be operated at a voltage level less 2&0kV and with an irservice
date inclusively between the years 2016 and 202G automatically included

e All generation currently under corrsiction with an irservice date inclusively between
the years 2016 and 2020 were included.

9L{t/ Q& NB @& g0 A2yF Q@RKSLIWR2{YOS gAGK 9L{t/ Qa {hth
followed very similar criteria to the SSC procebs.address the nekfor anexception process

to these criteriaEISPGE 2 N dzf F i SR | LINRPOSRAzZNE Ay BHKAOK Iy S
formalized such that projects that were excluded by the criteria could be incjudedrojects

included by the criteria could be exded. While this was an EISPC addendum to the SSC

criteria, it should be noted that representatives of the SSC from each sector were invited to

partidpate in the discussion of thexeeptionprocess and the SSC ultimately approved the SSI

model that resited.

In the EISPE&Xceptionprocess, lh exceptions were presented and, if not adopted by

unanimousconsert, were voted on by EISPThe results were then presented to the full SSC

on its conference call held on January 18, 20Iie SSC reviewed théSPC results and

approved them along with one additional transmission faciltyk S { { / Qa | LILINRE 3SR
facilities became known as the S$he following informatiorshowing the formation of the SSi

is foundon the EIPC Web site:at

e Projected new failities common to both the 2020 RaJlp Integration Case model and
the SSI moddbund at:
http://eipconline.com/uploads/Stakeholder_Specified Infrastructurest 1021811 .xls

e Projected new facilities contained in the 2020 Rl Integration Case model but
removed from the SSI model as a result of the EISPC exception pimoedsat:
http://eipconline.com/uploads/Stakeholder_Specified Infrastructure List 021811.xls

e Projected new facilities contained in the 2020 Rl Integration Case model originally
removed from the SSI model but-nestated as a result of thel&PC exception process
found at:
http://eipconline.com/uploads/Stakeholder_Specified Infrastructure List 021811.xls
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The SSmodel was prepared solely for thanalyses to be performed within this DOE project
and has not been subjected to either a reliability evaluation or the regional planning processes
provided for in FERC Order 88d therefore should not be used for any other purpose

The SSI model diffe in many respects from th2020RollUp Integration Case model in that
many of the additional generating resources and transmission facilities that were included in
the 2020RollUp Integration Case model were removed from the model in accordance wath th
stakeholder exclusion/inclusion criteria

When the inclusion/exclusion outcome of projected generating resources and transmission
facilities for the SSI model had been determined according to the SSC critepawbe flow
model was then modified ahtested for its ability to reach a load flaswlution*? and was used
in the remaining portion of Task&hd in subsequent tasks within the projedhis model was
not tested to determine if it met the planning standards or criteria of any ofRfening
Coordinator C9w/ hNRSNJ ydpn LINRPOSaasSao

2.2.3 Transmission LimitsoBe sed in Task 5 Work

To complete Task 5, specific transfer limits between regions to be used by CRA in its NEEM
model were developedDetermination of the transfer limits for thanalysid dza A y MRN w! Qa
NEEMmodel¢ see Task 5 anIRNNEEM Modeling Assumptions and Data Soufoesd at:
http://eipconline.com/uploads/MRNNEEM_Draft 126-10.pdffor a description of the mode}
NBIjdzA NBR ARSYUGATAOIGAZ2Y 2F GKS aLIMERBEMI YR a0
model, the North American interconnected power system is modeled as a set of regions
connected to each other by a network otenregional transmissiongths/transfer limits The

set of regions, their connectivity and transfer limits are udefined inputs Figure5is a

diagram of the regions that wenesed for this assessmenThese regionarethe regions
originallycontained in the NEEM model withe exceptions that some of the regions were
combined, particularly in the New York area, and thalro Quebec (H@rea Maritime

regions were added because the NEEM model doesncaide those regions.

2 A 500 kV HVDC line in the Manitoba area wasstated in the model to facilitate solution of thease
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Figure5: NEEM Regionand Transfer Limits

The NEEM limitare reliability limits thatwere developed using thgakeholderdevelopedSSI
model, the2020RollUp Integration Casenodel developed by th@lanning Coordinatorfer
the Eastern Interconnection, historical transfenits, and analysis completed by thidanning
Coordinators Where transfer limitsvere needed the involvedPlanning Coordinators
collaborated on the approach and tlwoice of number used in NEEYM The description of
how each Planning Coordinatdetermined their particular limits is contained in ttiellowing
file, NEEM Transfer Limits Input Descriptions FINBi12found at:
http://eipconline.com/uploads/NEEM_Transfer_Limits Input Descriptions FINBd112xIsx

In addition to the regions showin Figure 5for some futures the regions were grouped into
GsuperrS 3 A 2 Théseudperregions were used in theegional futures (Future:National
Carbon Constraint Regional Implementation and FutureNational RnewablePortfolio
Sandard¢ Regional Implementation) and theansfer limitsbetween thesuperregions were
not allowed toincreasen those regional futuresThe implcations ofthis modelingdesignare
further described under Task 5.

3 The transfer limit values for th&takeholder Specifielhfrastructuremodelcan be found at:
http://www.eipconline.com/uploads/NEEM_Transfer_Limitsput Matrix FINAL -2-11.xIsx
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Ontaria/IESO

MNYISO
A-F

h‘.on-RTOi

Midwest
AL

Figure6: NEEM Geographic Regions

HQ and Maritimesre not represented by economic and power sector models in MIEEN
therefore, the generating resources in those reggwere modeled aspseudegenerators.”
Thesepseudaegeneration models were used to represent expansion in those regions that would
be exported to othe NEEMrepresented regions

As mentioned earlier in this sectiorhd interregionatransfer limits inANEEM areeliability

limits, not the actual capacity of transmission projeci&hen these limits are expanded via the
analysis described in this repothe actual transmission capacity of projects will be much
greater than thepower transfer capabilitgue to reliability constraints and parallel loop flows
inherent in networked alternating curreffAC)systems

2.3  Task X Production Cost Analysis &egional Plans

The projectSOPGQnitially called foreconomic analysis of the integrated regional plassg
production cost modelingThe poduction cost analysisould assess all hours of the future

year and wuld forecast energy production costs, constraints limiting dispatch and interregional
transactions, anticipated emissions, renewable energy pradactind other pertinent

information. In addition, theproduction cost analysiwould use a modehat simulates the
hour-by-hour operation of the transmission and generation system in the Eastern
Interconnection, incorporating transmission reliabilityde@nvironmental consideration®ne

of the key inputs for Task ®&as to includehe results from Task 2 development of tBastern
Interconnectionwide model based omtegration (roll-up) of the existing regional plans'he
subtasks defined in the SOR® Task 3vere:
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Subtask 3./ Perform production cost modeling for the Raj Integration Case.
Subtask 3.8 Document and communicate results of production cost modeling and post
the analysis on the EIR@eb site

As the initial work on Task 3 beg&iPC concluded that thresults from the analysis
contemplatedwould beless valuable due to the changed direction of the SSC regarding the
analysisand its decision to use the SSI model rather than2020RollUp Integration Case
model and the startingoint for such analysisOn that basisPJMapproached DOE with a
recommendation to eliminate Task 3 arelallocatethe relatedresources to other tasks, most
notably Task4 and5. DOE agreed with this modification and iss@eevised SOPO
acknowledingthe change.

2.4  Task 4Macroeconomic Future®efinition

The Statement of Project Objectives provides the following subtasks regarding macroeconomic
futures definition within Task 4:

Subtask 4./ Complete initial macroeconomic sensitivities definiigo
Subtask 4.8 Coordinate and conduct initial stakeholder regiomaeting(s) to develop
CONSEensus on resource expansion scenarios.

2.4.1 Futures Definitions

The principal task of thEPWGvas to agree upon and develop narratives of eight futures and
the snsitivities that would go with each futurel'he futures were designed to be significantly
different from each other and accordingly had multiple differences in their input assumptions,
constraints, and objectives. In contrast, the sensitivities werégtesl to comprise only one
change to an input assumption from the base future to which it was associated. This approach
allowed the stakeholders to attribute the difference in results to the single change in the input
assumptions.Following SSC approvdigse eight futures were then passed on to thiéVG

which would develop the representative data inputs for the CRA model for each future and
sensitivity.

2.4.1.1 Coordination with Modeling Work Group

The SPWG began coordination with the MWG early in the prafedsveloping recommended
futuresto ensure that the MWG would have a good understanding of the futures being
developed The MWG was responsible for developing the detailed quantitative inputs to the
CRAVMRNNEEMmModels that would reflect the futures argénsitivities The SPWG and the
MWG held joint meetings in thiall of 2010 to discuss the futures, sensitivities and the input
data that would be usedThese efforts are described in more detail in the Modeling Work
Group section belown Section 2.4.3
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2.4.1.2 Coordination with EISPC

Throughout the process, the SPWG coordinatledelywith the EISPCWhile EISP@riginally
had the option toselectfour of the eight macreconomic futuresthe SPWG and EISP&tead
madejoint recommendations to the SSC eading the eighfuturesand the 72related
sensitivities This is bubne example of the collaborative efforts of EISPC and thel&8©
this project to date.

2.4.1.3 Futures Development

TheSPW@egan working in August of 201(hitial discussions includeti¢ process by which
the group would develop the futureDifferent processes were discussed including:

e . dZAf RAY 3 TFdzidzNBa FNRY (KS o0200G2Y dzLJ 6a5S¢t 2
o ldentifying four to five key drivers of transmission development
o Developing ranges of plausgboutcomes for those drivers
o Combining those drivers into plausible and internally consistent futures
o0 Testing the futures to ensure they cover a full range of plausible futures
e Shellapproach
o ldentifying focal question
o ldentifying two key drivers of theugstion
o Building 2x2 matrix resulting in four futures
e Building off existing futures
o Locating and reviewing existing futures that have been developed by others; e.g.,
Western Electricity Coordinating Council futures
o Customizing those futures for this appalimn
e Hybrid approach
o ldentifying key drivers
o0 Identifying futures ideas
0 Iterating between driver discussions and futures discussions until futures began to
emerge

There was discussion of the criteria for choosing futui®sme suggestions were:

Diversiy in forecasts/outcomese(g.,y 2 0 2dzad F .a3INB Sy ¢ Fdzli dzNB 0O
Diversity in key dvers

Diversity in tansmission outcomes

Diversity inpolicy drivers/outcomes

Plausibility (affordability, consumer acceptance)

Ease of communicating the results

Time commiment required

Likelihood of achieving consensus with method
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e 2 KSGHKSNIJ agaAy3atS odzAf £t SG¢ TFdzidzNBa &aKz2dzZ R 0S5
form a future.

Ultimately, the SPWG decided to take the hybrid approach described abbveSPWGegan

to brainstorm drivers and futures in Septeml®#010, met faceto-face in early October 2010
andhadsubsequent conference call§heSPWGeviewed drivers and futures that had already
been developed and added futures ideakhese futures ideas were groupand prioritized

and theSPWGplit into smaller groupgo develop the futures ideas more fullfFutures ideas
ultimately included:

Businesss usual

Carbon capture

National RnewablePortfolio Sandard (FPS)

Nuclear resurgence

Transportation eletification.

Aggressivenergy efficiency&B.

Distributedgeneration(DG)

Canadian imports

Commercial storage

High coal retirements

Regional implementation of RPS aratbon capture

National RP®ith imported hydralectric

Rapid technology developent and offshore wid.

Shale gas worksacludinglow-cost natural gas, high availability

Balanced/diversified/economic fuel mixcludingregional RP&nd EEdemand response

(DR proliferationand DGand gorage

¢ Commercial storagwith aggressive EE/DRvsirt gridcombined withnational RPS

e Aggressive EE/DR/smart gadd accelerated penetration of small DG near customer
load.

e Nuclear resurgencaendregional implementation of RPS and carbon reductwith
increased imports of Canadian low carbon power

¢ National RP®iith accelerated retirements and no new builds of cplais
transportations electrification

e Carbon constrainedith national RP®ith nuclear resurgencandincreased Canadian
low carbon power.

e BAUenhancedroll-up.

e Enhancedtoragefuture.

e Increasedconsumerawareness

e Significant increase in interregional transfer capacity

e Multiple policy future

¢ Newstoragecapacitydevelopment

e Transmissiomight.
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e Path to 80% reduction in carbon emissions by 2030.

Key drivers were identified that wemnsidered important for all futuresThese key drivers
included:

e Policy goals of the future

¢ Policy implementation approach
e Economic performance

e Load growth

e Technology performance

¢ Fuel prices and availability.

A template was developed that identfi the centrafuture idea, provided a more detailed
narrative of the idea, identified the performance of the key drivers infthiare, and provided a
list of sensitivitysuggestions

The six futures presented were:

Business & UsualBAU)

NationalCabon Constraih¢ National Implementation

NationalCarbon Constratrg Regional Implementatian

Aggressive Energy Efficiency/Demand Response/Distributed Generation/Smart Grid
National RnewablePortfolio Sandard¢ National Implementation

National RnewablePortfolio Sandard¢ Regional Implementation.

ogkwhNE

The SPWG reached consensus on the six futures listed above but could not reach consensus on

the final two futures. The SPWG and EISPC developed and presented four additional futures for
consideration byhe SSCSomefdzii dZNB ARSI &4 6SNBE O2YO0AYSR | yR (K
futures, which relied on a single idea or technology, were included with dtheres. For

example, thefuture ideas ofconsumerawareness an@ctivism andransmissiorlight were

combined as were thenixed policyfuture and the 80% CQ@eduction by 280 future. The

{t2D |f&az2 G221 Femadininglies Thekefutukearepreseintéd$ere in

order of the rank they received in the straw poll:

Nuclear Resurgence

Gombined Federal Climate and Energy Policy

Consumer Market Awareness and Activism/Free Market/Transmission Light
Environmental Moderation

PN PE

The SSC choseclearresurgence and theombinedfederalclimate andenergypolicyfutures
as the final two tacomplee the package of eight futuresThe SSC also decided that the
consumermarketawareness anactivism/free market/transmissioright (CMAA/FM/Tfuture
would be captured by defining at least two sensitivities to the B&Ure that would
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approximate somef the conditions in CMAA/FM/TLThe SSC also decidbdt the
environmentalmoderation future would be captured by using four sensitivities to the BAU
future.

2.4.2 Sensitivities

As futures were developeduggestions for possible sensitivities wailsodeveloped Each

future was origindy allocated nine sensitivitiedater, it was learned that the sensitivities were
interchangeableand there was more flexibility in how to allocate the sensitivities as long as the
total numberof sensitivitiedid notexceed72.

There was conversation within the SPWG about whether to have a core set of sensitivities that
would be the same in all futuresThe reason for this was to provide for more comparability
among the results of the futuresSensitivities that apgar in several futures include high and

low load growth and high and low natural gas pricetimately, the SSC chose to have high

and low load growth in several futures and to include changes in natural gas prices in.several
Sometimes this meant highaturalgas pricesand sometimes it meant lower natural gas prices.

The SPWG and EISPC presented a list of sensitivities to the SSC at the December 2010 meeting
There were many areas where the SPWG and EISPC agreed and some areas where the two
groups dffered. Decisions on some sensitivities were made at the Febr2@iy SSGneeting

and the results of those decisions were posted on the BVl site The SSC decided delay
choosinga few sensitivies,so decisions could be made as results becanalable from the

initial CRAMRNNEEMuns. The concept was to keep some sensitivities available to develop
information that might be helpful inletermining the threePhase Zcenarios

2.4.3 Data Inputs; Modeling Work Group Activities

2.4.3.1 Modeling Work GrougFormation ofSub Teams

For Task 4, th®IWG formed severaubteams to consult with CRA and the ott&8Qvork

groups to provide advice and recommendations on the numerous data inputs required for the
MRNNEEMmModelandto most effectively represent thdesignated futures and their

respective sensitivitiesThese suddeams wee:

Existing Generatian

New Generation

EnvironmentaPolicy.

Load Forecasts/Demand Response/Energy Efficiency
NEEMRegionsTransmission

Fuel Prices/Emissions

General Equilibrion ModelParameterdMRN Inputs
Canadian Parameters

gegeegeeee
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In thefall of 2010 EIP(repared an extensive document describing MBNNEEMmodels
andtheir operation and published a matrix containing the default data inputs and assumptions
EIPC held a serie$ webinars and meetings #e request of the SS@ork groups to provide
further explanation and to answer stakeholder questioi®ie MWGworking with the SPWG
submitted a series of modeliaglated questions that CRA and EIPC posted responses t@on th
EIPGNeb site As a result of these activities, the MWG became more familiar with the models
and input requirements and, through their stiams, began further exploration into certain

key areas that were needed to model the energy futures under devedoyp by the SPWG and
the SSCAdditional information on th&YIRNNNEEMmodels is providean the EIPC Web sisg:
http://www.eipconline.com/Resource_Library.html

2.4.3.2 SSC Interaction with the Mod® Work Group

The SSC reviewed the work of tM&VGin several facéo-face meetings and in conference calls
and webinars beginning in January 2011 and continuing until fall.Z0h& MWG began with

the BAUfuture andobtainedSSC approval far majorityof the assumptionsluringthe SSC's
February2011meeting This allowed CRA to begin model developmeéltie SSC provided
feedback either agreeing with the MWG recommendations or asking the group to refine some
recommendations.

As CRA completed modelifiigures, they presented the results to the SSC for reviéive

initial BAUfuture results were presented in Mar@011 At that time, the SSC asked the MWG
to revisit the environmental assumptions because EPA had issuedeldéag to certain
prograns that were significantly different than had beanticipated Natural gas costs were
also a significant issue for the S&Some stakeholders waat to ensure that lower natural
gas costs were included and some regeelstxtra high natural gas costs

In March2011, the MWG presented consensus recommendations on the vast majority of inputs
needed for all futures and many of the sensitivitié®here there was no consensiube MWG
presented options for consideration by the SS0me of these nowonsensis areas included
plug-in hybrid electric vehiclePHEYlevels, friction charge@@s defined irsection 2.4.3.0NEEM
RegioriTransmissiol and offshore wind incentivesThe SSC reviewed all items and made
decisions on both theonsensusrecommendations ad the norconsensus itemsand

identified remaining questions and decisions.

In subsequenESCGneetings CRA presented results of the model runs that had been

completed and the results were reviewed and discussed including apparent anomalies in the
resuts. The MWG presented three transfer limit hardening approaches to tha@i$€Cused in
establishing changes to pipe transfer limits as a result ofsioét constrainty SG K2 R2f 2 3 & ¢
sensitivities for certain futuresThe SSQ@ltimately decided to use m average of all three

approaches going forward~or information on thesoft constraint methodology and the

transfer limit hardening process, see sections 2.4.4 and 2.5.2.2 as vwigipasdk 3.
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Overall a significant amount of work was done by the MVWW@iewed and approved by the
SSCand consensus was ultimately reached on all the inputs to the moddlsre were many
in-depth, detailed discussions by the group as they worked to understand the iasddbeir
implications and mdan informed decisionFor more detailed explanations of the issues and
resolutions refer to the EIPC Web sitghttp://www.eipconline.com/), SSC page, particularly the
meeting memos and summaries from February through May 2011.

2.4.3.3 Key hput Data Assumptions

The input data assumptions for the CRA models were reviewed and investigated by the
appropriateMWG subkteams, which then provided their recommendations to the MWG and
ultimatelyto the SS®or decision

2.4.3.4 Existing GeneratioBubTean

Inresponseto EIRLA SELX Iyl A2y GKFG GKS a2dzNOS F2N SE)
FTNRY (KS +SyiGeéE &9y SiNatbeseruSits aréxtiesi aggregked bytypé, &S | v
size, heat rate, etan their models, the MWG expressed a desoeerify that input data

Accordingly, CRA organized a webinar with severatesaim members who were also licensed

for access to the Ventyx database for this purposéimately, the SSC agreed to use the

Ventyx database for existirgeneratingunits.

2.4.3.5 New GeneratiorsubTeam

Thedefault source for new generation information wB©E's Energy flormation
Administration'sAnnual Energy OutloolAEQ 2010 report At the time the AEO 2011 data

was to be issued shortly and could be utilized to updateNliE=M inputs The subteam spent

a great deal of time exploring various data sources for capital cost and operating characteristics
of new unitswith a focus on wind generation and to a lesser extent, new nuclear and coal
technologies The subteam alsareviewed the AEO assumptions for transmission

interconnection costsand the SSC agreed to use a uniform transmission interconnection cost
for all technologiesndto use the AEO 2011 as the source for the cost of new generating
capacity for all of the tdmologies in the modelGeneration technologies that were not
LINS@A2dzat e F@FAfFofS | & 2L ashydéokinkt, eie@P® a Qa OF LI
storageé”, andnatural gas combined cyclBlGC¥with carbon capture and storag€C$could

not be addel. This sukteam also reviewed windeneration outputshape data from various
sources and recommendeahat touse in the NEEM model&inally, this sulbeam also

devoted significant efforts to establishing recommendations for the inputs related to wind
generation e.g., capacity factor, resource potential, contribution to planning reseiases
penetration rate limits Although the factors that impact integration cost and curtailment rate

1 Existing pumped hydroelectric storage (PHS) was included in the model, but new storage capacity-BhiGnon
technologies were not available as options in the capacity expansion.
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(interconnection costs, system flexibility, tcould not be dectly captured, the penetration

level of variable generation from wind and solar was capped at a fixed percentage of the total
load in an given intermittency region to ensure the plausibility of modeling restlie

definition of these intermittency regns is discussed below Section 2.5.2. The learning rate
assumptions for generation technologies were also based to a large extent oB0AEO
assumptions, but these were applied @gernalcost reductions independent of deployment
rate. The SSC uhately approved the characteristics to be utilized for the various NEEM
regions relying primarily upon the recommendations from Blanning Coordinator®r their
respective regions, especially for inputs related to system reliability such as renewablece
contribution to reserve margins

2.4.3.6 Environmental IssueSubTeam

The subteam reviewed and developed inputs related to EPA regulations, national and state RPS
policies, and carbon policiegor state RPS policies, the galam, in conjunction wih CRA and

state stakeholdersaggregated information on state RPS policies and merged it into modeling
tools applied to each NEEM regioNational andregional RPS policies usedrutures 5, 6and

8 were modeled according to scenario design

The subkteam devotedefforts to the modeling for the EPA necarbon regulations and, through
discussions with CRA, arrived at a recommended methodology that was approved by the SSC
and used in the first three sensitivities of the BA®ortly after the initialthree BAU
sensitivitieswere run, the EPA issued proposed air and water regulations that were significantly
different from previous expectationsAccordinglythe SSC directed the MWG to work with
EIPGind the EPA to modify the initial assumptions to moreusately reflect the new proposed
regulations That wascompleted,and the new methodology was approved by the SSC for use
in all of theremainingfuturesand sensitivitiesas appropriate.

The subteam also explored in detail the modeling to be useddpresent a national carbon
policy. Based orEIPGecommendationgor the MRNNEEM model, the suteam
recommendedand the SSC approvgtie use of a carbon tax to achieve the targeted
reductionsof 42%in carbon emissions in 2030 and 80% in 205&utares 2, 3and 8 EIPC
gaveCRA the flexibility to iterate their models to determine the carbon tax needed to reach
these target levels as closely as possible.

The subteam also reviewed modeling assumptions for thertheast and MidAtlantic states'
Regimal Greenhouse Gas InitiativeGRB) regions.

2.4.3.7 Load Forecast/Demand Response/Energy Effici@ayeam

The subteam reviewed the load forecast assumptions provided by the Bl&@hing
Coordinatorgn the 2020RoltUp IntegrationCaseincluding the demad response and energy
efficiency assumptionsBecause the demand response, energy efficieany distributed
generation could not be chosenternallyby the model, the deployment levels of these
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resources were specifiegkternal to the modeby the stkeholders The default assumptions

GSNBE |faz2z NBOGASESR YR 9L{t/ LIN®REBIRSR RSGIATS
response/energy efficienayoals for considerationBecause load growth and economic output

are directly coupled in MRN through the autanous energy efficiency improvement (AEEI)

parameter, the equilibration between MRN and NEE¥ discussed in Seat 2.5 was not

performed inFutures4 and 8where the deployment of energy efficiency exceeded BAU levels

In these futures, the MRN outputgere frozen at the analogous leanergy efficiencyutures 1

and 2, respectivelyso that demanekside resources would not be mischaracterized as

reductions ingross domestic producGDB.

2.4.3.8 NEEMRegiow/TransmissiorBubTeam

The subteam initially revigved the revised NEEM regions and transfer limits provided by the

Planning Coordinator®r the models As a result of discussions with tRé&anning

Coordinators several modifications were mad&hePlanning Coordinatoralso providedhe

subteam withthe wheelingD K NHES & NBLINBASYy (Gthi4/IAA FHOKI NEIX 2 NDE
transactions and friction hurdle rates representing economic inefficiency of trading across the

seam between two markets with imperfect knowledg&hese wheeling charges andtion

hurdle rates wereeviewed and discussd within the subteam. The Planning Coordinater

inputs wereultimately adopted by the SSC.

This subteam worked withEIPGnd northeastern stakeholdets develop a method to
represent Maritime and HQ resowes in the adjacent NEEM bubbjease Appendix -
Modeling Electricity Flows from@and the Maritimes The subteam also developed
recommendations on howotdifferentiate regionaland rationalimplementation ofpublic
policy futuressuch as a renewableoptfolio standard

A major effort of this sutbeam was devoted to exploring the soft constraint methodology

proposed byEIPQo address the transmission expansion issue for Tadkially it was

envigoned that the soft constraint methodology would lised for many sensitivitiehowever,

the stakeholders instead wanted to use information from the soft constraint methoddtogy

set fixed pipe sizesThe followon work for the suteam was to develop a methodology for

analyzing the soft constraintoutizic RF GF Ay 2NRSNJ 2 RSGSN¥YAYS (¢
apply to select futuresAdditional informationon the soft constraint methodologg provided

in sections 2.5.2.2 and 2.5.2aBd in Appendi8.

Finally, the sulleam reviewed the higtevel transmission cost methodology developed by the
Planning Coordinatorf®r application in Task 5.

2.4.3.9 Fuel Prices/EmissioSaibTeam
Thissubteam focugd on coal and natural gas pricesheMRN model derives coal pricés

use in the NEEM modbhsed upon eenomic parameters The subteam recommendegdand
the SSC agreetb utilize this feature for the studiesNatural gas prices were a major focus of
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thesubll SI YQa SFF2NIa airAyoS Al sdnificankdyvér bfthe LI § SR (K
resource expnsions for many of the futuresAfter considerable debate and analysis by the

subteam, the SSC agreed to use the AEO 2011 gas prices as the base assumption and a hybrid

of AEO 2010 and 2011, developed big fubteam,for the high gagricesensitivites

2.4.3.10 General Equilibrium Mod&arameterdMRN InputsSubTeam

The subteam focused on a review of the economic assumptions utilized in the MRN model and

how they interact with other parts of the model3he factors reiewed by the sulteam

includeddiscount rate, GDP deflatorspéfficients of elasticity and substitution factors as well

as tax rates The subteam also reviewed how the assumptions fialanced budgets, labpr

and GIP were developed by themodel¢ KS { {/ F3aINBSR Gamlt dziAf AT S (K
assumptions for these factors.

2.4.3.11 Canadian ParameteiSubTeam

The subteam provided input data for several Canadian regions regarding such factors as load
forecasts and shape, wind output, and other economic parametéhss susteam was also
instrumental in providing data on new generation expansiompléor the Canadian regions

and, in consultation with the NEEREgionslransmissiorfub-Team, modelingrossborder
hydroelectrictransactions into thenortheastern US regions.

2.4.4 TransmissiomThea 2 T / 2yaiNI AyliG aSiK2R2f238¢

TheMRNNEEMmModels utilized for the Task 5 analysis are primarily resource expansion models
which represent transmission through the use of transfer limits betwibenvarious regions or
bubblesincluded in the model These mdels do not explicitly model the transmission system

or include transnssion capital costsTo address stakeholder questions and ithéesire to have
more information regarding the potential transmission implications of the various resource
futures as iput into their deermination of the final three @enarios for detailed analysis in

Phase fthepN2 2SO0 X 9Lt/ RS@OSt 2 LRl 7 Kbdefithie T4 O2y a i N
methodology was designed to provide information to stakeholders regarding the likelst

locations for potential increases in transfer limitssked upon the economic signats shadow

prices provided as outputs from the NEEM modé&lollowing several presentations and
stakeholder discussions, it was agreed tB&#PQvould implement ths methodology for the

Task 5 analysid-or each of the eight futures, the SSC would determine whedthetilize one

or more sensitivities under the soft constraimethodologyand the SSC would then make a
subsequent determination whether to utilize ireased transfer limits fothe remaining
sensitivitieswithin that future based upon that informationAdditional information on the soft
constraintmethodology is providednder Task 5 anoh Appendix3 ofthis report.

Finally, as described in more détander Task 5, thBIEEM Region$fansmissior8ib-Team
developed a methodology for SSC approval to analyze the soft constrainibdadgtermine the
increasecdhard transfer limits to apply to subsequent sensitiviti@hePlanning Coordinater
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then devebped a procedure to provide higlbvel estimates of transmission facilities and costs
to approximate those increased transfer limits.

2.4.5 Final Eight Futures

Future 1: Business as Usu@lontinuation of existing conditions including load growth, existing
Renewable Portfolio Standards (RPSs), and currently proposed environmental regulations.

Future 2: National Carbon ConstragiNational Implementation Reduce economwide
carbon emissions by 42% from 2005 levels in 2030 and 80% in 2050; achievediby atiliz
nation-wide/eastern interconnectiorwide implementation strategy.

Future 3: National Carbon ConstragiRegional ImplementatianReduce economwide
carbon emissions by 42% from 2005 levels in 2030 and 80% in 2050; achieved by utilizing a
regionalimplementation strategy.

Future 4: Aggressive Energy Efficiency/Demand Response/Distributed Generation/Smart Grid
Aggressive implementation of energy efficiency (EE), demand response (DR), distributed
generation (DG) and smart grid technology resulfing RS Of AyS Ay f2FR FTNRY

Future 5: National Renewable Portfolio Standaidational Implementation Meet 30% of the
YIEGA2yQa St SOGNROAGE NBIdZANBYSyda FTNRY NBySsl
nation-wide/eastern interconnetion-wide implementation strategy.

Future 6: National Renewable Portfolio Standaiegional ImplementatianMeet 30% of the
YIEGA2y Qa St SOGNAROAGE NBIdZANBYSyidia FTNRBY NBySsgl
regional implementation strategy.

Future 7: Nuclear Resurgenc8ignificant nuclear facilities developed in Eastern
Interconnection.

Future 8: Combined Federal Climate and Energy PdReguce economwide carbon

emissions by 50% from 2005 levels in 2030 and 80% in 2050 combinedeeitimgn30% of the
Y6IEGA2y Qa St SOGNAROAGE NBIdZANBYSyia FTNRBY NBySsgl
of energy efficiency measures, demand response, distributed generation, smart grid and other
low-carbon technologies; achieved by utilizing dimawide/eastern interconnectiorwide

implementation strategy.

Ultimately, EISPG Y O2 YLJ Al yOS 4 A (iaikd t8eIS$Q ahyreed, by chnisemsus; | a1 ¢
to thesefutures. Inadditon9 L { t / NBLINBaSy il G6A0BSa aSNBAYEE A
to develop the required data inputs for the MRN/NEEM model.
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2.5 Task 5 MacroeconomicAnalysis

As discussed in Task 4, stakeholders develepgu futures and 72 sensitivés, for a total of

80 model runsto be analyzed in Taskusingmacraeconomic modelingModels were used in
Task 5 to project the electricity generation expansion and corresponding electricity flows that
would take place in th&astern Interconnection underachsensitivity To perform this
analysisthe MRNNEEM modeling framewoxkescrbed belowwas used

2.5.1 MRNNEEM ModeDverview

The MRNNEEM model combines two statd-the-art economic models: the MulRegion
National (MRN) model and the North American Electricity and Environment Model (NEEM)
This integrated modeling approach proggla framework for examining electricity sector
specific impacts in detavhile also reflectinghe economywide impacts of specific climate
policies An MRNNEEM solution is a general equilibrium solution, meaning that all markets in
the economy are a¢quilibrium SeeMRNNEEM Modeling Assumptions and Data Soyrces
found at:http://eipconline.com/uploads/MRNNEEM _Draft 1@26-10.pdf for a more detailed
description of theMRN-NEEMmodel.

The primary reason that a general equilibrium solution is desirable in assessing energy markets
is that significant policie®.g., carbon policiegan affect energy demand growth and relative

fuel prices Because energy is an input to most protiuin the economy, a carbon policy

ripples through the entire economy affecting relative pricBEEM is strictly a model of the

electric sectoyso it cannot assess these macroeconomic dynafoica particularffuture when

run as a stanglone model Shce running the MRMWEEM model involves running NEEM and
MRN in succession until convergence is achieved between the two models, it is helpful to
conceptualize and dcuss the models separately

2511 MRN Model

The topdown component of the integrated MRNEEM model is tailored frorthe Multi-

Region National (MRN) modéVIRN is a forwardooking, dynamic computable general
equilibrium (CGE) model of the United Statétss based on the theoretical concept of an
equilibrium in which macrdéevel outcomes arériven by the decisions of setiterested
consumers and producerd he basic structure of CGE models, such as MRN, is built around a
circular flow of goods and payments between households, firms, and the government, as
illustrated inFigure?.
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Households provide Firms purchase goods and
labour and services from each other
investment to firms
Taxes Taxes
Firms Firms
Households ” “ {local and {local and
international) international)

Subsidies Subsidies

J

Households receive goods Firms determine the level
and services, and wage of production by
ingcome from firms maximising profit

Figue 7: Circular Flow of Goods and Services and Payment
2.5.1.2 NEEM Model

TheNEEMs a flexible, partial equilibrium model of the North American electricity sector that
can simultaneously model both system expansion and environmentgbliance over a 3Qo
50-year timeframe

NEEM was developed to analyze the impact of environmental policy and major economic
drivers on the electricity sectot KS Y2 RSt Ol t-Odz8b (88t dzE82¢ESHada
while complying with environnmgal policies and meeting resource adequacy requirements and

major transmission constraints

NEEM can be used to model both regional and national environmental policies including direct
taxes on emissions, emission caps, command-control policies, as @il as renewable

portfolio standardgRPSs)In addition to forecasting zonal electricity and emissions prices,
NEEM optimizes retirements, environmental retrofits, and construction of generating capacity.

The model employs detailed udivel information on all of the generating units in the United
States and large portions of Canada general, coal units of 200 MW or greater are
represented individually in the model, and other unit types are aggregated within each NEEM
region NEEM models the evoligih of the North American power system taking into account
demand growth, currently installed generation, future available generation technologies,
pollution control technologies, and environmental regulations both present and future

The North Americamterconnected power system is modeled as a set of regiefesred to as
NEEM regionthat are connected by a network of transmission pathEEEMregions are shown
inFigure8. ¢ KA a LJ N¥ RAIY A& | f ar2 ANBITES NBIEBRibblePA ISHa 1«
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model Transfer limits ee specified between the NEEM regiod$EEM is a loaduration curve
model, with 20 load blocksotaling to 8,760 hoursmodeled in each year
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Figure8: NEEM Regions
2.5.1.3 MRNNEEM Integration Methodotyy

The MRNNEEM integration methodology follows an iterative procedure totltop-down

and bottomup models The method utilizes an iterative process where the MRN and NEEM
models are solved in succession, reconciling the equilibrium prices amditipgbetween the

two models The solution procedure, in general, involves an iterative solution of theltn
general equilibrium model (MRN) given the net supplies from the bottgnelectric sector
sub-model (NEEM), followed by the solution of thkectric sector model (NEEMJ he two

models are solved independently using different solution techniques but are integrated throug
iterative solution points To speed solution times, the met$ are solved for every fifth

modeling yeare.g., 2015, 202®025
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In addition to theNEEM RBgionsdiscussed in Section 2.5.1far some futures the regions we
grouped intodsuperregionsé¢ Thesesuperregions as shown in Figur® were used in the
regionalimplementation futuresFuture 3 National Carbon @straint¢ Regional
Implementation and Future:@National RnewablePortfolio Sandard¢ Regional
Implementation as a means to represent a regional, rather than national, approach to
implement the policy mechanisms that defined those futurés implemat the regional
approach in the model, the transfer limits between theerregions were not allowed to
expand in those regional futures.

Figure9: NEEMSuper Regions

In all of the futures, the regions were also grouped iGitdermittencyregions" The
intermittencyregionconcept was intended to represent the geographic area within which the
intermittent output from certain generation resources could be sharaad it formed the
geographic basis for imposing an upper boumdloe penetration rate for variable energy
resources (VERS) such as wind and sdlae model capped the generation from these
resources at a specific fraction of the load in a given intermittency region, thereby providing a
proxy for the interregional aardination that can facilitate VER integration by leveraging
geographic diversity of the resourc&he NEEM regions that comprised tl@ermittency
regionsdiffered depending upon whether the future wasational orregional policy
implementation future National policy implementation futures had fquargerintermittency
regions while theregional policy implementain futures had seven, smallertermittency
regions consistent the grouping duperregions For Futures 14 and 7 which weraeither
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specifically national naregional, theintermittencyregions were congruent with the NEEM
regions.

2.5.2 Modeling Methodology

Using the stakeholdeapproved input assumptions described in Task 4, NNEEEM model runs
were completed for each of thituresand nsitiviiesusing the following modeling steps.

2.5.2.1 Macroeconomic Baselirfer Each Future

The integrated MRMNEEM modelvas usedo maintain ma&roeconomic consistency among
eightfutures. For theinitial model run, obasecaseof eachfuture, the keymodeling steps
were as follows:

1. Future I BusinessAs Usualinput assumptions were developed by the stakeholders to
apply in the MRMNNEEM model (see Task 4he intent was to use the Business As
Usual future as the starting point for all other futures.

2. For Future 1BusinessAs Usual the MRNNEEM model was calibrated to yield a
macroeconomic baselin@r basecase basedlargely on theAEO2011 (Early Release),
modified by stakeholders with respect to certain electricity sector assumptesgs
electricity demandand natural gas pricesThebasecasegeneration expansion results
for thisfuture are from the NEEM output from this MRIEEM model ruft®

3. Using Future 1 as a starting poiot feach subsequerftuture, changes to the MRN
NEEM input assumptits werethen madefor a specific futuren accordance with tht
futureQ @efinition.

4. A new MRNNEEM model run was then performed to establish the macroeconomic
baseline or basecase for that future, including GDP, electricity demand and natural gas
prices, along with capacity expansion in the electricity setfoFhebasecase
generation expansion results for ttieture are from the NEEM output from this MRN
NEEM model run.

!% Seehttp://eipconline.com/uploads/MRMNEEM _Draft 126-10.pdffor a description othe modeling input
assumptions used in all of tHatures andsensitivities. The Task 5 results presented herein use modeling
assumptions deeloped by EIPC, stakeholders, and CRA in Task 4 for purposes of EIPC capacity expansion
modeling. As such, these results do not necessarily reflect the opinions or views of CRA or any individual
stakeholder.

'® As noted in the Task 4 summary, modified E&Ilations were incorporated into the Future 1 Base Case to
establish a new Base Case from which all subsequent futures and sensitivities were developed. This case, Future 1
- Sensitivity 3 (later this is further refined in Future Sensitivity 17),erved as the baseline for comparing all
subsequent case results.

" per stakeholder decisions, Futures 2 and 3 were based on the saméNEERM macroeconomic baseline as

were Futures 5 and 6ruture 1 was used as the macroeconomic baseline for FutueieddFuture 2 was used as

the macroeconomic baseline for Future 8. For these pairs of futures, differences in results for the Base Case of
that future result solely from differences in NEEM input assumptions regarding the electric sector.
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2.5.2.2 Sensitivities for Each Future

The sensitivity cases for eaftiture used the MR-NEENMBase Casas the starting pointor
that future. Changes in input assumptions from the Base Clasexamplehigh load were
then run through the NEEM model on a staaldne basis to capture the impact of the
sensitvity on the electric sectorFor mostfutures, soft constraint sensitivities were first
conducted in NEEM to help stakeholders assess the amount of transfer path expansion
between NEEM regions in tiigastern Interconnection thahight be economic for théuture.

Using the stakeholdedeveloped transfer limit expansions betweEastern Interconnection
NEEMregions derived from the softonstraint sensitivities, the remaining additional

sensitivities were then conducted for eafiiture. In mostfutures, this included evaluating the

imL- O 2F AyONBFaAy3a GKS GNIryatSMItAYAdGa | a |

Initially the model was run with the transfer limits developed by Bianning Coordinators
This was referred to abe baserun. Then a sensitivity used to test expansmfrthe transfer
limits was run referred to aghe soft constraintrun. In thesoft constraintmethodology,
developed by CRA and EIPC and approved b83#@&an additional overload pipe is added to a
constraint in addition to the baseline pipdhe oveload pipe has unlimited transfer capacity
subject to a wheeling charge\erload charge) set proportional to the shadow prices in the
baseline run of the modelThe NEEM model would first choose to utilize the baseline pipe as
there was no overload chaegapplied for the use of that pipeThen, to the extent economically
justified, NEEM wouldise the overload pipe for any further desired energy transf&se
http://www.eipconline.com/uploads/Transmission_in_ MRNEEM New FINAL -BP-10.pdf
for a presentation on an early versiontbk soft constraintmethodology TheSSGgreed to

set the overload charge for each constraint to either 75% (OL75) or 25% @lt2&)average
base run shadow prices for that constraitite greater the reduction of the shadow price, the
greaterthe increase in energy transfer©nce the soft constraint sensitivities were run, an
analysis was needed in order to translate the smiihstraint sensitivity energy transfers into

Y Sg &KLl NR Sig S condtdineifuse of unlimited capacity pipes needed to be
converted tonew fixed pipe sizesThesehardened pipe limits were then used in the NEEM
model to run the remaining sensiities for the particular future in questionThe hardening
process is described belowheSSGhen determined which level of pipe sizesuld be used

to run the remaining sensitivities for a particular futuréae original limits determined by the
Panning Coordinatorghe hardened limits using the 25% soft constraint ranthe hardened
limits using the 75% soft constraint run.

Modeling runswvere performed for the hardeningensitivities. The originalntent was to
proceed with the sensitivitiewith transfer Imits selectedthrough thesoft constraintand
hardered limit methodologies, which indicated the location and size of interface expansions
suggested by the modeHowever,without performing a model run with the new transfer

®For Futures 1, 4nd 7, the transfer limits were not increased, thus no hardened limit sensitivity was conducted.
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limits and noother changes to input assumptions, attribution of the results could not be
definitively associated with the input assumption change or the new transfer limits.
Accordingly, some of the budgeted sensitivities were reserved for futures in which stakeholder
expanded the transfer limitsWith respect to transfer limits, the following was performed for
each future:

1. Base casdor the future wasrun with the Planning Coordinatesteveloped transfer
limits.

Soft constraint sensitivitiesvere run when specifiedby the SSC

Hardening methodologyas performed on the soft constraint runs.
Stakeholderghose thetransferlimit to be usedor the remaining sensitivity runsf
that future.

5. Remaining sensitivitiesere run with the chosen limit.

Hown

2.5.2.3 Expansion of Transférmits:Stakeholder Choices and Results

Below is aescription of the soft constraint decisions for each futuiiée decision on which

soft constraints to run and to harden was based3f&onsensus, considieg suchfactors as
ensuring a range of trangission buildout results, value of additional buildouts, and consistency
between similafutures, e.g, between regional and natiwal implementation of the same

Federal policy.

e Future 1 Business As Usuallwo soft constraint sensitivities were run, omgth
shadow prices set to 25% of their level in thesecase (OL25) and one with shadow
prices set to 75% of their level in tlhhasecase (OL75)These sensitivities ultimately
were not used and the transfer limits were set at the original levels detexthby the
Planning Coordinatorsecause there were no significant changes in the resource mix
Setting the pipe limits to the original levels set by #lanning Coordinatonmieans that
no additional transmission is needéétween the regiongver and abve what was
included as part of th&Smodel.

e Future 2 National Carbon ConstraigtNational Implementatiorg Two soft constraint
sensitivities were run with shadow prices set to 75% of their level il#secase
(OL75) and 25% of their level in thasecase (OL2B" The hardened version of the
OL75 result was used for the remaining sensitivitessiling in an additional40 GW
buildout of firm transmission interface capacity betwesgions

e Future 3 National Carbon ConstraiqtRegional Implemeition ¢ One soft constraint
sensitivity was run with shadow prices set to 75% of their level itbésecase (OL75)
to be comparable with Future.2The hardened version of this result was used for the

®The SSC elected to run Futuresn?l 3 with the OL75 and Futures 5 éhdith OL25 to observe the results and
the effects on transmission expansion and higyel cost estimates for two significant buildouts from two different
policy drivers.Consistent soft constraint overload between Fugsi2 and 3 and between Futures 5 éhdias
considered important when comparing the results of implementimgplcy natonally verss regionally
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2.5.3

remaining sensitities. As mentionedn Section 2.2.2the pipes between super
regions were not allowed to expand in this model, only pipes within the super regions
were allowed to expandThis process resulted imadditional5 GW buildout of
transmission.

Future 4 Aggressive Energy Efficiency/Demdesponse/Distributed Generation/Smart
Grid¢ No soft constraint sensitivities were run and the original transfer limits
determined by thePlanning Coordinatonsere used for the remaining sensitivities
because transmission expansion was not expected dulee@ggressive energy
efficiencylowering load No additional transmission buildout was specified.

Future 5 National RnewablePortfolio Sandard¢ National Implementatiorg Two soft
constraint sensitivities were run with shadow prices set to 75% af taeel in thebase
case (OL75) and 25% of their level in Hasecase (OL25)see footnote 13) The
hardened version of the OL25 result was used for the remaining sensitivities
resulted in @ additional64 GW buildout of transmission.

Future 6 National RnewablePortfolio Sandard¢ Regional ImplementationOne soft
constraint sensitivity was run with shadow prices set to 25% of their level ibabe

case (OL25p be comparable to Future.5The hardened version of this result was used
for the remaining sensitities. As mentioned above thpipes between super regions
were not allowed to expand in this model, only pipes within shperregions were
allowed to expand This process resulted imadditional3 GW buildout of

transmission.

Future 7 Nuclear ResurgenaeOne soft constraint sensitivity was run with shadow
prices set to 25% of their level in tlhasecase(OL25) Stakeholders chose to use the
basecaselimits for this future, resulting in no additional transmission buildout.

Future & Combined Federal Climate and Energy PaliBgth the OL25 and OL75 soft
constraint sensitivities were run and the stakeholders chose the OL75 run to set the
hardened limits, resulting innaadditional37 GW buildout of transmission.

Modeling Resu$

The results obtained from the modeling runs will first be described from albigh

perspective The overall effect ofachfdz(i dzZNE Q& | aadzyLJiA2ya 2y 3ISySNI
is compared and discusse#ollowing the higHevel summary discussias a summary of key

findings for eacliuture.

2.5.3.1 HighLevel Summary of Results

Detailed model outputsautput reports) were provided to stakeholders for each of tB@
model runsanalyzed and are summarized belovl he outputs were provided by modelingar
(everyfifth year) from 2015 through 2040 by NEEM region for the following parameters:

New capacity builds by type.
Capacity retirements by type
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Generation by type of capacity

Emissions and emissions costs by type of capacity
Fuel andO&M costshy type of capacity.

Capital costs for new capsy builds by type of capacity
e Energy flows by transfer path

A number of other parameters were reported as Wéllheseoutput reports are posted at
http://www.eipconline.com/Modeling_Results.htmICRA provided an overview and
interpretation of the key results for each case to the SSC on agoong basis as the cases were
analyzed These presentations are also posted at
http://www.eipconline.com/Modeling_Results.html

2.5.3.2 Installed Capacity in 2030

One key output of eacfuture/sensitivity was the amount of installed capacity in thastern
Interconnection irsewvice in 2030 byapacity type These results are summarized for all
future/sensitivity runsin http://www.eipconline.com/Modeling_Results.htmITable 3 shows
eachfuture's starting poinresultsthat reflect the transfer capabilities between NEEM regions
upon which sensitivities were builResults for thebasecase for thefuture are shown for
Futures 1,4 and 7 as the transfer limits between NEEM regions were not expandbdsa t
futures Results for thédnardenedlimit sensitivity results are shown for Futw®, 3,5, 6and8,
reflecting the expansion of transfer limits between NEEM regions seléstdte SSC

%% Seehttp://www.eipconline.com/uploads/EIPC_MRNEEM_Output_Reports_Framework23-11.pdffor an
overview of the information comtined in the output eports. Dollar figures in the output reports were provided in
2010 real dollars.
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Table3: Installed 2030 Interconnection Capacity (GW) by Capacity Tgp&ey Starting Point Cases
Installed Capacity in 2030 |

Total F1 F2 F3 F4 > F6 F7 F3

2010 Base Hard Hard Base Hard Hard Base Hard
Coal 272 199 31 39 172 179 178 199 10
Nuclear 100 105 131 134 105 105 105 129 134
CcC 133 202 226 252 138 166 157 174 208
CT 120 132 112 105 69 140 134 134 66
Steam Oil/Gas 75 36 29 18 3 38 38 34 4
Hydro 45 45 51 52 45 51 52 47 50
On-Shore Wind 19 68 317 197 54 217 159 68 261
Off-Shore Wind 0 2 2 2 2 2 38 2 2
Other Renewable 4 14 13 13 12 13 37 14 12
New HQ/Maritimes 0 0 3 5 0 6 1 0 5
Other 17 17 17 17 17 17 17 17 17
Total w/o DR 783 818 932 833 617 933 916 818 770
DR 33 71 71 71 152 71 71 71 152
Total w/DR 816 889 1,003 903 769 1,003 987 889 923

As shown, installed coal capacity is significantly reduced by 2030 relative to 201fuiinral
under the input assumptions developed in Taskithefutures with climate constraints (Futures
2, 3 and 8) reduce the amourof coal capacit in place more substantiall\Nuclear capacity
increases somewhat from 2010 levels in these same climate constwéimeés and also in

Future 7 Nuclear ResurgenceCombined cycle (CC) capacity increases substantially by 2030
from 2010levels in alfutures except Future:4Aggressive iiergyHficiencyDemand
ResponséDistributed GenerationSmartGrid, and increases most markedly in faéures with
climate constraints Steam oil/gas capacity is reduced from 2010 levels ifutites,particular
the futures with climate constraintsHydrcelectriccapacity is not significantiynpactedin any

of the futures

Onshore wind increases from 2010 levels irlires, particularlythosewith climate
constraints and/or RPS requirements (s 2, 3, 5, gand 8) Offshore wind capacity does
not increase significantly from 2010 levels except in FutuidaBional RnewablePortfolio
Sandard¢ Regional ImplementatianOther renewable capacife.g., solar, landfill gas,
biomassincreasesomewhat from 2010 levels, mosignificantly in Future .6The amount of
additional HQ/Maritimes capacity installed to export to thastern Interconnectiors either
zero or relatively smaih all ofthe futures?! The amount oflemandresponse (DR) isianput
assumption and is significantly higher by 2030 than in 2010 fatales, particularly so in
Futures 4 and &

21Assumptions regarding the potential expansion of the Maritimes and HQ systems to export additional

hydroelectridwind power to these neighboring regisrwere developed bthe SSCThis expansion potential is

modeledin NEEM- & G LA SYAR®RI 2 NBé GKIF G O2 dz depeddBg djacordnfigesidet £ & O2 y &
of the neighboring NEEM region to reflect the expansion of these exports.

*The SS@evelped an estimate of the demand resporiseterms of GV in each NEEM region for use in this

study.¢ KS 5w Ay SIOK b99a NBIA2yIIMSNIZRENISRIRIG bRI9&A H AKA I K
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The total amount of installed capaciariesbetweenall of the sensitivitiegs a function of the
electricity demand for thduture (seeTable 4 and also as a result of the amountwairiable
resources (wind and solar) installednder the input assumptions developed in Task 4, these
variableresources have reserve margin contributions of 30% or less of their installed capacity
value. As suchandall elsebeingequal, asvariableresource installations increase, the more
total capacity will baneededin aggregate to meet planning reserve requirementsach
future/sensitivity.

2.5.3.3 Generation by Capacity Tygeemandand CQEmissios

For these same kesensitivitiesfor eachfuture, Eastern Interconnectiogenerationas a
percent ofEastern Interconnectioenergy consumptiom 2030is shownin Table 4or six key
capacity typesCC, coal, nuclear, onshore wind, offshore wind, laydroelectric facilities Also
shown are theEastern Interconnectioenergyconsumptionand Eastern Interconnectio®@Q
emissionsn 2030 for these same cases.

Table4: 2030 Eastern Interconnection Generation as Percent of Easketgrconnection Demand for Six Key
Capacity Types, 2030 Eastern Interconnection Demand, and 2030 Eastern Interconnecti@miXdions

BAU F2 Hard F3 Hard F4B F5 Hard F6 Hard F7B F8 Hard

CcC 25% 26% 37% 16% 15% 13% 19% 26%
Coal 38% 1% 2% 41% 32% 33% 39% 0%
Nuclear 22% 31% 32% 27% 23% 23% 27% 35%
On-Shore Wind 5% 30% 18% 5% 20% 13% 5% 27%
Off-Shore Wind 0% 0% 0% 0% 0% 4% 0% 0%
Hydro 5% 7% 7% 7% 6% 6% 6% 8%
Total 96% 96% 96% 96% 96% 91% 96% 96%
Demand (TWh) 3702 3248 3248 3008 3609 3609 3700 3008
Change from BAU -12% -12% -19% -3% -3% 0% -19%
CO2 (MilMetricTons) 1716 296 408 1367 1310 1316 1650 264
Change from BAU -83% -76% -20% -24% -23% -4% -85%

As shown, the supply of energy from each of the six key capacity types varies considerably by
future, but in aggrega, these six types supply more than 90% of Eeestern Interconnection
energy in alfutures. Thefutures that include carbon constraints (Futures 2ai3d 8) drive the
share ofEastern Interconnectiogeneration from coafired facilities to nearly zerby 2030
Onshore wind generation as a share of total energy demand increases significantly in the
carbon constraied and RPS futures (Futures 2, 3, baréd 8)

Relative to the BAU, electricity demand in tBastern Interconnectiom 2030 falls by mre
than 12% in the carbon constra&d futures (Futurs2 and 3), and by nearly 20% in Future 4
Aggressive iergyHEficiencyDemandResponséDistributed GenerationSmart Grid and Future

applied ($750/MWh) Thus this DRwill generally not assish meetingenergy demand but willeduce the need for
capacityexpansion.
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8: Combined FedetaClimate and Energy PolicRelative to the BAUZQ emissions in 2030 in
the Eastern Interconnectiodecrease by roughly 20% in the R&t8res (Future 5 and 6), and
80% in the carbon constraad futures (Futures 2,,3and 8).

As part of the selection process used to identify the three scenarios tailelé transmission
analysis, aetailedcomparison of a number dey resultdor each of the 8Gnodel runswas
prepared by stakeholders using tbhatput reports.

2.5.4 Future by FutureKey Findings

Captured below arsome of the keyconomicfindings in @chfuture. In assessinthese
results it is important to understand that each model ruashperfect foresight about the
future; i.e., future gas prices, new capacity costs, demands, Bte model will retire/build
units to minimize costs, even if tleavings are smalWith uncertainty, these decisions would
not necessarily be made in the same vilayhe real world Sensitivityanalyses are useful to
help assss the impact of uncertainty

2541

Futurel: Business As Usual

Future 1 BusinessAs Usualincorporatespolicies already in place or expected to be in place in
the nearterm, but does not include any additional policies such as climate change legislation
Model run findings are as follows:

e Base Case

o

In the BAU, the relatively logas price foregstin comparison to the high prices

incurred several years agoakes new gafired capacity economically attractive in

comparison to older, existing coal units with high fixed O&M and relatively high

variable costs

In addition, nany coal units face adltbnal costs by 2020 for cooling water, coal ash,

scrubbersselective catalytic reductiorSCRsystens, and mercury control$o

achieve compliancander new EPA regulation8ased on the BAU input

assumptions95% of largdzastern Interconnectionoalplants require at least one

retrofit, and many require multiple retrofits.

BAU assumptions for forcegenerating unibuilds(specific unitsiot existing but are

already planned to be placed in servid@R and load growth arsuch that even

with no econanic generation builds or retirements, thgastern Interconnectiors

longin capacity through 203(®6 GW long in 2015 and 48 GW long in 203he

model will seek to minimize total costs, and will retire units no longer needed to

meet reserve requiremeist

The combination ofdw load growth, high DR, and high forced builds combine to

make both coal and oil/gas steam units economically retire in significant numbers.

A As shown in Table, & addition to the forced retirements of 12 GW of coal and 2
GW of seam oil/gas under existing plans, 55 GW of coal and 35 GW of steam
oil/gas units economically retire in tHeastern Interconnectioby 2015
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Another 15 GW of codired capacity retires by 2020 as thecentEPA
regulations come into place.
A Most of the alditions in 2015 represent forced in capacit#s shown, by 2030,
CCs are the dominant economic expansion choice in the BAU with onshore wind
expansion also contributing

Table5: BAU: New Builds and Retirements by Capacity Tiqgrehe Eastern Interconnectiorg 2015, 2020, and

2030 (GW)

2010 In- ---- Additions ---- ---- Retirements ---- 2030 In-

Service 2015 2020 2030 2015 2020 2030  Service
Coal 2719 8.5 0.0 0.0 66.8 14.8 0.0 198.8
Nuclear 99.8 2.7 45 0.0 0.0 0.6 15 105.0
CcC 132.7 30.7 17.7 26.2 55 0.0 0.0 201.8
CT 120.3 4.7 4.4 4.4 2.2 0.0 0.0 131.7
Steam Oil/Gas 745 0.0 0.0 0.0 37.6 04 0.4 36.1
Hydro 44.6 0.0 0.0 0.0 0.0 0.0 0.0 44.6
On-Shore Wind 18.7 22.2 121 14.8 0.0 0.0 0.0 67.8
Off-Shore Wind 0.0 0.5 0.0 1.1 0.0 0.0 0.0 1.6
Other Renewable 3.6 2.3 3.3 4.5 0.0 0.0 0.0 13.7
New HQ/Maritimes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other 17.1 0.0 0.0 0.0 0.0 0.0 0.0 17.1
Total 783.3 71.6 421 50.9 112.1 15.8 1.9 818.2
DR 33.1 -1.3 16.8 22.1 70.7

e SoftConstraint Runs

o Two soft constraint sensitivities were run the BAU one with shadow prices set to
25% of their level in thbasecase (OL25) and one with shadow prices set to 75% of
their level in thebasecase (OL75)

o Based on the results of the BAldsecaseandsoft constraint runs, no inteegional
transmission expansion was applied in the remaining Future 1 sensitivities

o Inlarge part, with low gas prices, new gaed plants which can be constructed
almost anywhere in the &terninterconnection are usually the economic new
generation choiceéherebylimiting the need for aignificant interegional
transmission expansion in theastern Interconnection

e Additional Sensitivies(Seehttp://eipconline.com/Modeling_Results.htrfdr further
details)

o With high load as in Future 1 Sensitivity(B1S4)most of the additional capacity
installed is comprised of gdsed CG andcombustion turbines@T$. With Low
load (F1S5)o0al plant and steam oil/gas retirements increase and fewer CCs, CTs
andwind are constructed.

o With high gagrices(F1S6)¢oal retirements decrease and additional new coal and
wind capacity is comsicted. Fewer CCs and CTs are constructed, and more steam
oil/gas retires With extra high gasprices(F1S7)2030 results are fairly similar to
F1S6as gas prices are the same by 2030.

o With extralow renewablecosts (F1S8h2 GW of additional onshomeind is
installed and 3 GW of offshore wind is installed in VAGAtRer renewable builds
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o

are essentially unchangedVith low renewablecosts (F1S11)esults are similar in
direction to F1S8

With Increased EE/DR and RPS (FTE®and CT installatioase reducedecause

of lower overall demandEastern Interconnectiowind and other renewable
installations increase by 8 GW to meet the higher.RR®h reduced EE/DR and RPS
(F1S13)esults includancreased CC and CT installations in response teehig
demandandreduced wind builds in response to lower RPS

With high PHEV (F1S1QCs and CTs are installed to meet the additional demand.
With new EPAregulationsdelayed (F1S12¢oal plant retirements decrease by 15
GW, offset by increased steam gi#fs retirements and reduced CC installations
With afive-yeardelay innew EPAregulations (F1S14there is a modest reductioof

4 GWin Eastern Interconnectionoal retirements.

With production tax creditRTGexpiration and noRPS (F1S1%astern
Interconnectiononshore wind construction is reduced substanti&ijy30 GW Only
forced onshore wind installations of 23 GW take pladéth PTGxpiration and ro
RP&nd highload (F1S16)esults are similar to F1S15 femnd. CC and CT capacity
is canstructed to meet the additional demand.

Future 2 National Carbon ConstraigtNational Implementation

In Future2, carbon prices are implemented to reduce LC® emissions by 42% by 2030 and
80% by 2050 from 2005 level€anadian NEEKgions facehe same carbon pricedn
addition, Eastern InterconnectioNNEEM regions are aggregated ifiboir solar/wind
intermittencyregions, each withrmintermittent generation limit eqal to 35%of the loadin
that region Model run findings are as follows:

e Base Case

o

Achieving the 80%missionreduction in 2050, absent earlier year banking, requires
a significant increase in carbon pricélhe CRA iteration process to match the 2030
and 2050 targets yielded a carbon price that \8a3/ton (2010%) in 2015 risg to
$140/ton in 2030, and then increasing to $3& by 2040 and further thereafter
The CQprices and the feedbacks between MRN and NEEM mdsuthanges igas
prices and electricity demand between the BAU (F1S3) and Fuhase2ase.
A Higher dectricity prices and lower GDP reduglectricity demand in th&astern

Interconnectionby 12% by 2030
A Gas prices increase as CCs are built in the early yedwes Fature 2 base case

But as Cgyprices increaséurther, CCs become uneconontierebyreducing

gas demand and yielding a significant decrease in gas prices.
In comparison to the BAUdditional coal plants are retired in the early years and
replaced largely with CCgater, wind expansion becomes dominant along with
nuclear At these C@prices, newintegratedgasificationcombinedcycle with
carboncapture andstorage (GCC w/CGglants and CCS retrofits are minimal as
these options are uneconomic in comparison to CCs in the ezalg yand later to
wind/nuclear. TwentysixGW of offslore wind is constructed in 2035, but little prior
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to that time. Biomass similarly begins to be constructed in significant amounts in
2035

The mix oEastern Interconnectiogeneration as a percent &astern
Interconnectionload changes considerablyfn the BAU to Future.2The CC share
increases rapidly while cbs reduced significantly.ater, onshore wind and nuclear
become dominant

Soft ConstrainRuns

(0]

(0]

Twosoft constraint sensitivieswere run with shadow prices set to 75% of their
level n thebasecase(OL75)and 25% of their level in theasecase (OL25)
Compared tahe Future 2 base casemore wind is added in F2S1 (75%) and F2S2
(25%) largely in place of C@dso more CTs are added/less stearmgai retired to
meet reserves whemmporting more wind energyF2S1 and F2$astern
Interconnectionbuilds are not dramatically different as wind is reaching
intermittency limits In 2030,Eastern Interconnectiowind generation is 25% of
Eastern Interconnectioenergy demand ithe Future 2 base case30% in F2Sand
32% in F2S2.

TheOL75 case was chosen to create hard limits to apply in the remaining Future 2
sensitivities This resulted inmadditional40 GW buildout ointerregional
transmission

¢ AdditionalSensitivitiegSeehttp://eipconline.com/Modeling_Results.htrfor further

2.54.3

details.)

(0]
(0]

Hardlimits (F2S11) yield overall expansion similar to F2S1 (75%)

In comparison to F2S1tbw gas (F2S7) andw CQ prices (F2S9)igld more CCs and
less wind by 2030Fifty percent fiction (F2S3) does not change the overall builds
much.

With wind/solar regional intermittency limits increased from 35% to 50%re

wind is constructed.

With carbonprices after 2030 remaining constantreal termsCCS retrofits are less
economic leading to more coal retirements yielding less coal and more CCs

Future 3 National Carbon ConstraigtRegional Implementation

In Future3, the carbon constraint is implemented regionalljhe same canmn prices derived in
Future 2 areapplied in NEEM in Future Jhekey input assumption difference between Future
2 and Future 3s:

In Future 2 Eastern InterconnectioNEEM regions aggregated irftur solar/wind
intermittency superregions, each witla 35% limit All transfer limits can be expanded.
In Future 3 Eastern InterconnectioNEEM regions aggregatedo sevensolar/wind
intermittency superregions, each with a 35% limiTransfer limitgannotbe expanded
between superegions.
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Key findigs are as follows:

e Base Case

(0]

Compared tahe Future 2basecase less wind and more CCs are addetha
Future 3basecaseby 2030 With sevenintermittency regions in Future 3, the 35%
intermittency limit is more binding on the best wind locatiorsy, the Midwest ISO
intermittency region is separate from PJM in Future 3

Inthe Future 3 basecaserelativeto the Future 2basecase, PJIM_ROR separate
super regionhas more wind MISO wind is reduced arndcatedmore to theWest,
to MISO_W and MAP _US, and SPP wind is reduced.

With the same Cghprices, the U.Selectric sector C@emissions irthe Future 3base
caseare somewhat highethan in Future ase caséecause there ikess wind
generation but the difference is less than 5% or so of EX®emissions

e Soft Constraint Run

(0]

(0]

One softconstraint sensitivity was run with shadow prices set to 75% of their level in
the basecase(OL75)

The generation builds ithe Future 3basecaseand F3S1(OL75)uilds are not
significantly different asransfer limits between theevensuperregions cannot be
increased to allow for greater importation of power

F3S1 (OL75) was used to create hard limits to apply in the remaining Future 3
sensitivities As mentioned above thpipes between super regiongere not

allowed to expand in this model, only pipes within the super regions were allowed
to expand This process resulted in a 5 GW buildout of transmission.

e Additional SensitivitieSeehttp:// eipconline.com/Modeling_Results.htfol further

details)

(0]
(0]

2544

F3S12HKardlimits) builds are close to F3S1 (75%)

Low gas/low C@increase CC builds anelduceswind builds High nuclear cost
swaps CCs for slear. High Canadian hydedectricimports donot change tle
overallEastern Interconnectioresults materially.

Additionalother renewables are constructed in exttew renewable costs inuture

3 (unlike kture 2).

With wind/solar regional intermittency limits increased from 35% to 50%re

wind is constructed.

With carbonprices after 2030 remaining constant in real terf@&S retrofits are less
economic leading to more coal retirements yielding less coal and more CCs

Future 4 Aggressive Energy Efficiency/Demand Response/Distributed
GeneratiolSmart Grid

In Future4: Aggressive itergyHficiencyDemandResponséDistributed GenerationSmart Grid
implementation is assuntein comparison to the BAlsignificantly reducing forecastéthstern
Interconnectionelectricity demand Key findings are dsllows:
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e Base Case

(0]

(0]

The assumed reduction of 19% in tostern Interconnectiodemand by 2030 in
comparison to the BAWields less total capacity installed thanplace in2010

Most of the reduction from the BAU is in new CCs and CTs, along withaoalrand
steam oil/gas retirements

Most of the new builds are the forced builds included in 8&®model

e Soft Constraint Run

(0]

Given the projected decline in electricity demand, soft constraint sensitivities
were runin thisfuture and the originatransfer limits determined by th@lanning
Coordinatorsvere used for the remaining sensitivitieds such, a additional
transmission buildout was specified.

¢ Additional Sensitivitie€Seehttp://e ipconline.com/Modeling_Results.htfar further

details.)

(0]
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Compared to the BAU, tot&lastern Interconnectiodemand in these cases are 17%
to 33% lower by 2030As in thebasecase new builds are minimal and retirements
are significant

Future 5 National RRnewablePortfolio Sandard ¢ National Implementation

Future 5 has a national RPS target starting at 7.5% in 2015 and reaching 30% in 2030 (MWh
basis), with hydrelectric wind, biomass, solar, geothermal and landfill gas energy counting
toward the RPS Key findings are as follows:

e Base Case

o

The inclusion of theational RPS and the feedbacks between MRN and NEEM result
in changeso gas prices and electricity demand betwee BAUand Future SHase
case Eastern Interconnectiorlectricity demad decreases by 2.5% by 2030 in
comparison to the BAUBeginning in 2020, gas prices decrease somewlaein
Future 5 base caseelative to the BAU as more renewables are installed in place of
CCs.

Forthe Future Sbasecase additional orshore wind isonstructed to meet the
national RPSRelative to the BAU, the additional wind replaces new CCs and coal
Onshore wind continues to dominate the renewable options, as its economics tend
to be more favorable than other renewable types in a national. RPS

TheFuture Sbasecasehas more generation from wind than the BAU, but less than
the Future Zbasecase Onshore wind and hydedectricare the key capacity types
meeting the national RPS requiremenfaiture 5 basecasehas lower U.Selectric
sector @, emissions than the BAU, but not as low as the national carbon futures

e Soft Constraint Runs

o

Twosoft constraint sensitivieswere run with shadow prices set to 75% of their
level in thebasecase (OL75nd 25% of their level in theasecase (OL25)
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(0]

(0]

In F5S1(OL75)and F5S20L25) the overall builds doat change significantly from

the Future Shasecase except less total wind capacity can be built to meet the same
wt { | &£wind I8catiors bin be reached.

In F5S1 an&5S2, wind moves towafd K S a0 SGGSNE f 20F GA2ya
same RPS target$n F5S2, NE (SIRRbraska) sees a large increase and MISO_W a
large decreasePJM_RORees an increase back to BAU levels, as the MISO and
PJM_ROR wind decreases.

The hardened version of tHe52 (OL25 result was used fothe remaining

sensitivities This resulted in a 64 GW additional buildout of transmission.

¢ Additional Sensitivitie§€Seehttp://eipconline.com/Modeling_Results.htrfor further

details.)

(0]

2.5.4.6

F5S10Hard limits) builds are close to F5$&2A. 5. Hard limits are used in F5S3
through F5S10F5S10hard limits moves some wind from SPP_N to MISO_W relative
to F5S2 (25%).

The use 060% hurdles (F5S8) does not change the oveaaliern Interconnection
builds by type significantjyout does movesome wind to Nebraska relative to F5S10
hard limit.

Cleanenergystandard (F5S5) of 70% by 2030 increases coal retirements, reduces
wind builds and increases CC and nuclear builds relait#®S10.

Future 6 National RnewablePortfolio Sandard ¢ Regional Implementation

Future6 is a regional implementation of theational RPSIn Future 6, eacindividualsuper
regionhas anRPS target starting at 7.5% in 2015 and reaching 30% in(R086 basis), with
hydroelectric wind, biomass, solar, geothermal and landfill gas energy counting toward the
RPS In Future 5Eastern InterconnectioNlEEM regionare aggregated intdour solar/wind
intermittency superregions, each with a 35% limand dl transfer limits can be expandedn
contrast, in Future 5, th&astern InterconnectioNEEM regionare aggregated intseven
solar/wind intermittency superegons, each with a 35% limit anchnsfer limitscannotbe
expanded between supeegions Key findings are as follows:

e Base Case

o

o

In comparison to Future Basecase on-shore wind is replaced with offshore wind
and other renewablef the Future 6basecase

In Future 6 basecase onshore wind decreases in MISAde&SPP and increases in
PM_ROR in comparison tbe Future Sbasecase

e Soft Constraint Run

o

o

One soft constraint sensitivity was run with shadow prices set to 25% of their level in
the Future 6basecase (OL25)

In F6S1 (25%), the overhlililds do not change significantly fraitme Future 6 base
caseas transfer limit expansion between seipegions is not permitted ikuture 6.

In F6S10OL25Y)elative tothe Future 6 basecase wind builds move from SPP_N to
$FP_Snd NE.
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0 The hardened version ¢6S1 (OL 2%as used fothe remaining sensitivities
Agan, only pipes within the supeaegions were allowed to expand his process
resulted in & additional3 GW buildout of transmission.

e Additional Sensitivitie§€Seehttp://eipconline.com/Modeling Results.htrfar further

details.)

0 F6S10Hard limits) builds are close to F6S1 (OL25

o0 Relative to Future 5, more offshore wind and more other renewables are installed.

o Cleanenergystandard (F6S4) of 70% by 2030 increases$ mements, reduces
wind builds and increases CC and nuclear builds relative to FB&H0imits).

o Wind builds by region are relatively consistent across the cases in this regional RPS
future.

2.5.4.7 Future 7 Nuclear Resurgence

In this Future, 12 newutlear plants with of 23,124 MW of capacity by 2020 are forced in the
model This compares tthree new nuclear plants with 5,734 MW of capacity in the BAU
additional nuclear build limits are increased from the BAU @& nuclear unit base overnight
capital coss are decreased by 2Q%ey findings are as follows.

e Base Case
o Inthe Future 7 base casgrelative to the BAU, the additional nuclear power largely
replaces CCs
o Aside from the additional forced in nuclear units, the additional amountuafear
units buit in comparison to the BAU is relatively small given the relatively low gas
prices and the lack of a carbon constraint
e Soft Constraint Run
o One soft constraint sensitivity was run with shadow prices set to 25% of their level in
the basecase(OL25)
o As inthe BAU, the F7S1 soft constraint run does not materially changetilme F
base caséuilds.
0 As suchthe SSE€hose to use théasecaselimits for this future, resulting in no
additional transmission buildout.
e Additional Sensitivies(Seehttp://eipconline.com/Modeling_Results.htrfdr further
details.)
0 Nuclear builds increassubstantiallywhen carbon prices are applied in the electric
sector (F7S3).
0 SMR assumptions do nogsult in additional economic nuclear builds by 2030 (F7S4)
There is a small increase after 2030.

2.5.4.8 Future 8 Combined Federal Climate and Energy Policy

In Future8, the national carbon implementation and carbon reduction targets in Future 2 are
combined with the national RPS policy in Future 6 with an RPS target of 25% in 2030 instead of
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30% In addition, electricity demand in Future Aggressive iiergyHficiencyDemand
ResponséDistributed GenerationSmart Grid is used resulting in a 19% decreasgdatricity
demand from the BAU by 203®&ey findings are as follows:

e Base Case

o The carbon prices and gas pricesha Future 8 basecaseare nearly identical to
those inthe Future 2base casgas the added RPS in Future 8 is not binding given the
amount of wind built in response to carbon prices

o Inthe Future 8 basecase lower demand and higher DR reduce the CC and wind
builds relative tahe Future 2 basecase

e Soft Constraint Case

0 BothOL25 and OL75 soft constraint sensitivities were run

o0 In F83 and F8S2 relative the Future 8 basecase more wind is constructed in
MISO_W and SPP as transfer limits are relaxed.

0 F8S1 (OL75) was used as the basis for the hard limits for F8S3 anddt®#v) in a
37 GW buildout of transmission

e AdditionalSensitivities (Seehttp://eipconline.com/Modeling_Results.htrfdr further
details.)

0 In comparison to F8YDL75) both thelow renewablecost (F8S3) andigh RPS
(F8S4) cases increase wind buildplate of CCs.

0 In comparison to FBJDL75)the increased wind builds in F8S3 and F8S4 are largely
in MISO.

0 In comparison to F8S1 (OL75), both F8S5 (OL75, flat carbon prices after 2030) and
F8S6 (OL75, flat carbon prices after 2030) yielded higher @iS,bawer CT and coal
capacity. Wind builds were slightly lower, and located more predominately in
eastern MISO, and less in MISO_W.

o In comparison to F8S1 (OL75), F8&ard limits, flat carbon prices after 2030) has
higher CC builds, but a similar améwf wind builds. In addition, F8S7 also has
more wind builds in MISO_W, and the MISO CCs and MISO eastern wind are
dispersed throughout the MISO region.

2.5.5 HighLevel Transmission Cost Estimates

As notedin Section 2.5.4stakeholders developed increagesthe transfer path limits between
NEEM regions for Futures 2, 3, 5afd 8 to use in sensitivity analysis &ach of thoseutures.

To support the SSC in assessing the results of the macroeconomic analysischimrea
consensus on the threriture scenarios of interest, the EIPC developed an approach which
employs generic, higlevel transmission expansion cost estimates for use in comparisons
among the macroeconomic scenariddecause generic cost estimates are needed to develop
and select scenars of interest prior to specific modeling and detailed power flow analysis to
be performed inPhase 2f the project, theywere intended only for use by the SSC in
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guantifying levels of transmission impacts among the many uncertain future expansion
scenaios being considered relative to each other

The approach applied in developing the highel cost estimatewasto utilize generic

transmission linduilding blocks in a consistent manner by each ofRtenning Coordinaton®

approximate the SSC regstedincreases in transfer capabilibetween regions represented in

the macroeconomic scenario€IPGlsocompiledr O2 &id YIFIGNRAE 2F LI I yYAY:
YAt Sé Saida Yl high doltageakdrnaipgicitrentVAGvoltage levels among the

Panning Coordinatorsit was determined that the NEEM regions represendg@dugh

geographic diversity to warrant differences in regional co3tserefore, the cost matrix was

developed to provide the cost per mile ranges for typical transmission linageotypes by

applying a range of regional multipliers to the base cosetmh NEEMegion

These generic building blocks and cost estimates do not represent likely project solutions and
were not intended to reflect specific facility cost$he absalte dollar values of these generic
estimateswereintended only to assist the SSC in selecting scenarios of interesayandt
applicable for other purposes or in any way indicative of actual transmission expansion costs,
which must be developed througtetailed local and regional assessments of specific expansion
requirements Examples of costs not considered include substation costs, upgrades to existing
transmission systems, financing costs, speadgjist of way ROW routing requirements, etc
Theprocedure and cost matrix can be foumdTask 5 High Level Cost Madrix F 2 dzy R | G Y
http://eipconline.com/uploads/Task 5 High Level Cost Matrif08l1.xIsx

As part of the process the followingproachiassumptions were utilized

1) Existing system capacity between NEEM regwasfully utilized andcould notbe
relied upon; therefore, only new transmission enhancememése utilized to obtain
the requestedncrease in transfer capability

2) To representhe increases in transmission capacity between NEEM regions, EIPC
utilizedgreen feld, generic transmission linmuilding blocks

3) To represent contingency capabilithe approachncluded redundant circits; e.g,
for a L000 MW increasea minimum oftwo 1,000 MW circuitavere used withthe
second circuit accouirtg as areinforcement to support the contingency loss of the
first.

4) Planning Coordinatordetermined thetermination pants for the transmissn line
building blocks based upon knowledge of their local system(s)

5) No power flow analysesere performed

6) Local impacts to the sending and receiving ends of the proposed ciwriésnot
specificallyaddressed

7) The integration of remote resoues and large blocks of resource additiovesre
considered as needenh a caséyy-case basis

8) In some limited locationdigh voltage direct currenHVD(solutions vere
considered in the higievel analyses
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In the development of thdigh-leveltranamissionanalysis solutions, coordination between the
Planning Coordinatonesulted in the identification of building blocks that approximated the
SSC requested irease in transfer capabilityn some cases where a substantially large
increase in transfecapability was requested, tHelanning Coordinatorsicluded additional
transmission infrastructure to account for internal consideratiohgheir respective regions

The resultof applying this procedure teach of thefuturesselected by the SS& Task 5 are

shownat éResults for Task 5 Production Cost ModdlingT 2 dzy R 2y GKE&IP® Lt / 2
Modeling Resultsfound at:http://eipconline.com/Modeling_Results.htmITable 6 below

provides a summary of the estimated maximum and minimum cost developed forfeauate.

This exercise did not evaluate the cost effectiveness of the transmission expansiorskes

no comparison of the estimated expansion costs to the potential system sawvinigsermine
anticipated net benefits. Further consideration including a more detailed analysis of system

and subsystem costs and impacts in the respective regions would be necessary to determine
which expansions may or may not be cost effective.

w»
(@]]

Table6: HighlLevel Transmission Cost Estimates for each Future (Total Eastern Interconnection)
Future Low High

Future 2 OL 75 Total Cost| $34,122,876,2(  $48,799,582,3(
Future 3 OL 75 Total Cost| $1,730,666,2( $2,674,747,3(
Futureb OL 75 Total Cost:| $39,191,496,2(  $58,332,337,3(
Future 6 OL 25 Total Cost| $2,069,929,2( $3,114,593,54
Future 8 OL 75 Total Cost| $36,684,818,2(  $51,054,582,5!

2.5.6 Additional Cost Estimates Requested by SSC

The SSC directed the MWG to develop Hegrel cost estimates associated with the
assumptions defined in some of the futures and a few sensitivities to capture costs not
accounted for in the MRINIEEM modelingThese costs are associated with an increase of
EE/DR/DG in Futures 4 and 8, nuclganate costs in Future 7, and an increase of intermittency
penetration limit beyond 25% for variable energy resources in all futures except the BAU
Additionally, the SSC also agreed that the MWG may develop integration costs for other
generation types, aappropriate The estimates developed by the MWG incorporated the best
information that could be assembled within the time frame allowddhese estimates should

be used in the context of the stakeholder selection process for selecting the three sceparios
be further analyzed from a transmission perspectivllrase 2 As such, these results only
provide an order of magnitude of possible costs and are suited only for comparing futures
rather, than predicating absolute costs.

The decision was made to $&athe cost estimates on generally acceptable, current, publically
available information The MWG worked with stakeholders and representatives from DOE and
national laloratories to identify and review available information on the required coftanges
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of cost estimates were provided to reflect the uncertaiatyd variabilityof the cost estimates
Below is a summary of the process and results of this effort

2.5.6.1 Energy Efficiency Costs

The objective of estimating the energy efficiency costs was to prdkielencremental costs of

energy efficiency in Futures 4 and 8 compared to the Business as Usual fliheeost

estimates developed reflect only costs associated with electricity savings studies were

deemed by the group to meet the criteria establed The studies were a 2009 Georgia
LyadAaddziS 2F ¢SOKy2f238 addzRé SyuiAidf SR a9y SNH
/| 2YLI ye addzReé SyiAdtSR 4! yODOYRYadeaySNAE 9FTFA

Both sources showed modest costs for energicediicy penetrations less than 28to33%

with cost estimates ranging from close to $0/MWh to $&00/MWh. For both studies, costs
increased dramatically once a certain penetration level was reaclibd McKinsey study
showed costs increasing to approxitaly $90/MWh at 28% of electricity reduction while the
Georgia Tech study showed prices increasing to approximately $160/MWh at 33% reduction in
electricity. The studies did not estimate costs beyond those levels an&8f@lecided to keep
the costs flaat those levels for electricity reductions up to 50%© accommodate uncertainty

in the estimatesthe stakeholders decided to create a range of estimates at the 50%
penetration level by adding 20% to the cost estimat€&his ultimate impact on the cts
estimates was zero or minimal because so little of the electricity saved was beyond the peak
points from the two studies

Table 7 presentthe presentvalues(P\) in 2010$for 20152030 for the futures studied:

Table7: NonNEB Estimated Energy Efficiency CosE910 Present Valuefor 20152030 in $Billions)

Future McKinsey | Georgia Tech | Average
BAU $5.4 $13.6 $9.5
F4 $43.4 $125.9 $84.6
FA4S3 $170.2 $289.7| $229.9
FAS3 $171.8 $290.4| $231.1
(+20% marginal costs @50% electricity reductig

2.5.6.2 Demand Respong®R)Costs

In order to estimate the cost of thBRprograms defined for the BAU, Futureahd Future 4S3,
an estimate oDRmarginal costs per megawatt avoided widesveloped and applied to the
megawatts of margial peak load reductions achieved throuDRprograms as forecast in the
F4, FAS3, and BAU NEEM futuriésture 8scenarios alsasal the same costs as the Future 4
analyses Below is a summary of the process and results

The estimate uses estimatedsts per customer ($/customer) f@Rprograms from recent
studies These are dividelay calculations of the potential peak load reduction per customer
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@2kO0dzaG2YSND FTNRBY COw/ Q& blraAaz2ylt !aasSaaySyi
Co9w/ Q& H n DRandadebiddes eteifyThe computed result osts per megawatt

potential peak load reduction ($/MWj).e., costs per megawatavoided This calculation

creates a range of estimates based on both the range of potential MW reductions/customer

and therange of cost estimates to achieve a MW of reduction.

Thesecost per megawatvalues are multiplied by themcremental peak load reductions per

year throughDRG K & aSNIIS a4 Ayldzia G2 GKS b99a Y2RSTt
produce costs oDRprograms per NEEM region per yearhePVof these costs are computed

and displayed as the final result€ost estimates were derived from the following sources:

1. Electric Power Research Institute: Estimating the Costs and Benefits of the Smart
Grid (2011)

2. KEMA, Inc.: California solar initiative: For metering, monitoring and reporting market
photovoltaic systems in California (2009)

3. Department of Energy: Recovery act selections for smart grid investment grant

awards by category (2010)

Energy Information Admistration: Form 861, File 3 (2009)

Federal Energy Regulatory Commission: National Assessment of Demand Response

(2009)

6. Federal Energy Regulatory Commission: Survey of Demand Response and Advanced
Metering (2011).

o s

Each of the sources had a high arldw estimate of the costs ddR Ultimately, the KEMA,
Inc, low estimate was recommended because it encompassed the widest range of the
estimates Below are the KEMA results for each of the three futures.

Table8: NonrNEEM Estimizd Demand Response Costs (Results in $Billions)

Future NADR | FERC| Average

Business As Usuall $1.2| $0.5 $0.8
Future 4¢ Aggressive EE/DR ~ $7.8| $1.6 $4.7
Future 4 S3+1% Increase $9.9| $2.0 $6.0

2.5.6.3 Distributed Generation (DG) Costs

TheDGincludedin the BAU was based on the AEO 2011 forecast, some behind the meter and
some utility scale For the aggressive renewable DG called for in Futueesd8, twice the BAU

DG was included, all of which are behind the meter with photovoltaic systéims estimated

cost of the renewable distributed generation for 202630 is $9®illion. This estimated cost

was based on a fixed charge rate of 11.38% assuming 20 years of operation and a discount rate
of 5%.

Thephotovoltaiccapital costs included in the 22011 were for utilityscale projects rather
than the smaliscale systemsConsequently, the MWG had to deviate from the protocol of
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using AEO for capital costBistead, &2010Lawrence Berkeley National Laboratory study
"Tracking the Sun [liywas ugd and the capital costs were assumed to be the weighted average
of the 25 kW and 510 kW system$£$8045/kW,) to reflect the most likely sized systems to be
installed to meet this aggressive godlhe learning rate assumptioyg0%aggregate reduction
from 2011 to2025with constant cost after 205 are consistent wittBS@ssumptions applied

to utility-scalesolar and other technologies.

2.5.6.4 Nuclear Uprate Costs

Both the BAU and Future 7 included nuclear uprate as part of their assumpiitesBAU

assumel 1,538 MW and Future 7 assumed 8,687 MWe costs of these uprates are not

captured in the NEEM outputConsequently, the SSC directed the MWG to estimate the cost of
the nuclear uprates based on $2,600/kWhe estimated costs for the nuclear upratae $4.8

billion for the BAU and $27 Hillion for Future 7 These estimated costs were based on the

same assumptions for new nuclear and include an 11.2% fixed charge rate assuming 40 years of
operation and a discount rate of 5%

2.5.6.5 Thermal Integration &sts (Contingency Reserves)

The cost information provided with the MRNEEM results does not incorporate the costs
associated with maintaining contingency reserves neddegower system reliability in the
event of the sudden loss of a large generat@ontingermy reserves are generally madp of
fast-acting resources that are hedt all timesin case darge generator experiencesfarced
outage and goes offlineBecause these costs are not being captured in the NIEEM, and
because the MWG recommada inclusion of integration costs for variable generation, including
the integration costs of large nuclear, coal, and natural@asgnits may allow greater
comparability of costs among different cases

Some stakeholders believe that the need to acddon additional contingency reserves is
SEGNBYSte dzytAa1Ste aAyO0S (KIiG ¢2ddZ R 2yt & 200dz
existing largest contingencyVhile these costs were developed to infoffhase Dbf this study,

the MWG recommends thaturingPhase 2he PlanningCoordinatorsadd new transmission

and generation units consistent with traditional planning methods that expand the system in a

manner with lowest costsThis often results in adding new transmission and generation in such

a manner that the largest single contingency remains unchanged, and therefore would avoid

any incremental costs.

¢tKS O02aid SaldAYFriaSa FT2N) OKSNXYIE AyaSaNt: A2y 4SS
Ancillary Services: Contingency Reserves and Reguyéatioo € 9 NA O | ANRG | YR N
Oak Ridge National Laboratoryhe study estimated the average cost of contingency reserves

across all generators at $2/MWHResults range from $4%75 billion depending on thiuture

and sensitivity.

“
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2.5.6.6 Variable Bergy Resource (VER) Integration Costs

The SSC directed the MWG to quantify the operational costs of integrating wind/solar
generationabove a 25% penetration ratdo be consistent with the other costs, theoposed
approach, described below, is to apply average integration cost l generation from

variable energy resourc€¥ER}in the BAU and to all VERs above the BAU penetration limits in
all otherfutures. Combined, this will provide the total integration costs for e&ature. These
integration costs are a higlevel estimate of operational costs only and do not include any
interconnection costs.

There are a wide variety of studies that attempt to quantify the incremental operational costs
of integrating large quantities of VEREhe Easter Wind Integration and Transmission Study
(EWITS)vas choserfior use given that it is the study that most closely matchesgHeC
geographic scope and is a relatively recent rep&¥ITS analyzes the operational impacts of
high wind penetration scenarsothat the SSC directed the MWG to reflect in this cost analysis.

EWITS analyzed wind penetrations o#2@30% across the Eastern Interconnectibnt
analyzed much higher penetration rates within individual regieng.,greater than100% wind
penetration in SPP for EWIT®nfigurationsl and 4 Some of themodelrunsalso reach fairly
high penetration levelse.g, 40.6% in PIJNVISO for F2S12There were four EWITS
configurationsdefined for studyin the determination of these integration costs

High capacityfactor,onshorewind, 20% penetration
Hybridonshore andbffshore wind, 20% penetration
Localwind with aggressiveffshore, 20% penetration
Aggressivenshoreand offshore Wind, 30% penetration

PN PE

Of the four EWIT8onfigurations Configuraion 1 (the AROnshoreConfiguration appeared to
provide the best comparison to the types of results in thiures. The EWITSonfigurationl
integration cost is $5.13/M\W(2009%$).

The MWG had significant discusssari the appropriate range of valuékat should be used to
capture the uncertainty around the cost estimateg®n one hand, the EWITS estimates do not
address the higher penetration rates of wind that were included in some of the futeshe
other hand, EWITS does not take into aguahe full range of resourcehat could be available
by 2030 to facilitate VER integratiofihis could reduce the integration costs of wind and
therefore the costs reported in EWITS could be overestimating the cost of reaching high VER
penetrations Giventhe uncertainty of the future integration cost at higher penetrations, the
MWG decided to bound the EWIT8nfigurationl costs by a minus 50% and plus 75% range
The EWITS VER integration costs were also adjusted to account for different levels af natur
gas prices between the EWITS and EIPC studies.
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ThePV of theEastern Interconnectiototal integration cost for the F1S3 BAU case was $15
billion with a lower range (50%) of $78lion and an upper rangely5%) of $26.3 billionThe
hardened Future scenario had a cost of $34 billion ($17 to $60 billion)

2.5.6.7 Summary and Implications

Overall, the development of tleecosts added $7and $470 billion to the total energy cost
estimate of $1.60 $2.4 trillion of cost§2010 present value of the costsemthe 20152030
period). On a percentage basite additional costs added between 4% and 27% to the total
costs depending on the future and range of costbe objective was for stakeholders to use
these costs to inform their choices for the three sagaos for detailed transmission buildouts
The costs were available for the stakeholders to review in the cluster anédgsig ask 6
description in Section 2)6

2.6  Task 6¢ ExpansiorScenarioConcurrence

The selection of thecenarios by the SSC follosva similar process to that employed for the
development of the macroeconomiatures (Task 4)At the May 2011 SSC meeting, the SSC
establishedhe Scenario Task Force (S@FRmall work groupo develop recommendationsn

the three scenarios to be subtted for detailed transmission analysif was intended thathe

Planning Coordinatorwill use theinformation from the scenarianalyses to inform the

regional planning mrcesgsand the structure of thesystem thereforez G KS { ¢ CQ&a 62 NJ
carefullyundertaken and monitored closely by many parties

Representatio on the STF was restrictedttiree people from EISPC aade person from each
of the remainingsevensectors to have a manageable group collaborating radhing
consensus orthe scenarbs. These individualepresentdtheir sectors in any decisiemaking
undertaken by theSTEFthen STFecommendationsvere provided to the SSC for adoption
Keystone facilitated th&TF'sneetings, which were open to all interested stakeholdensd
EIRC provided a liaison to th8THor coordination purposes.

At the May2011SSC meeting, important questions were raiseghardingthe purpose of
studying these three scenariosfhase 2

e How much do certain policy choices diverge in terms of the trassion buildout they
would require?

e What is to be gainedyoplanning transmission oBastern Interconnectiowide basis
versusthe current regionaplanningprocessor planning at thesuperregionlevel?

SSC members also discussed the importance of stgdgenarios that encompassed a range of
policy drivers and resulted in robust transmission buildouts

Based on this SSC discussion, the STF worked to develop recommendationsigeadtiees
criteriaand process that should guide the selection of theee Phase &cenarics. This was

Page63



Study Results By Task

considered a useful step to focus the work of the group and to ensure thaicdrarios

ultimately selected for study iRhase 2vould be selected based on sound criteria, through a
well-designed process, reflective 8K S I NP dzdQa y I BNB S Rdzf | G A2y 2F (K
purpose and objectives.

TheSTEFand ultimately the SSC, agreed that the main purpos@fase 2vas to seea range of
transmission buildouts thateflect distinct policy scenarios of interest to sthlolders As
articulated by the STF in a memorandum to the SSC summarizing their recommendations on
the objectives, process, and criteria faenario selection:

dThe main, guiding objective for the selection of scenarios to be studiBthase 2is to

end up with a set of scenarios that are defined by different policy drivers, and to
determine what different transmission buildouts may be needed to support these policy
driversg

The process developed for selecting fPlease Zcenarios necessarily refited the complexity

of the decisions to be madelwo concepts discussed during the M2811SSC meeting were
particularly influential in the design of the scenario development and selection protéss

first is that of bookends. Numerous individualsiasectors expressed a desfog scenarios that
represent significantly differenbookends, both in terms of the policy futures they embody, and
the transmission buildouts they wouldkelyrequire. The second key concept is that of
clustering thePhase Irask 5 macroeconomic analyssults based upon similarities in their
transmission requirements and other key variables, in an effort to ensure that the final
scenarios selected fdPhase Znalysisvould result in robust transmission buildouts, and webul
share some key features with otheaseof interest.

Examples illustrating the use of cluster analysis with resfpecarbonversustransmissiorand
energyflow versusgeneration bypercent oftotal renewableare shown irFigureslOand 11,
respectivey.
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2030 Max Inter-Region Flow during Peak (GW) vs 2030 EIl
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Figurell: Carbon vs Transmission

The STF recommended a pess that encompassed both the bookerahel clustering

concepts This process involved first developing a general, loose definition of the bookends,
and using that as a framework for selecting the scenardsxt, the STF condwexd a clustering
analysis of all th€hase Tuture andsensitivity cass, which would enabletakeholders to see
similarities and diffeences then identify clustersof transmission expansion requirements,
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policy implementation options, and other variables of interest to stakehold€reSTFRand the
SSC ultimately determidéhow to use the resudt of these analyses to select three scens
that would align with the bookenttamework, address the interest in robustness, and meet
any other criteria identifiedy the SSC

TheSTFRand SSC ultimately did not reach consensus on additional, spettéitacto apply in

the selection of scenarios, beyond the primary objective of achieving diversity in terms of the

policy drivers andikelytransmission buildoutsHowever, in STF and SSC deliberations and in

0 KS { ¢ apdumatu@®nvaRizing their recomandations, several additional considerations

were discussedThese included generation and transmission costs, achieving the right balance
0SU6SSY LA LFdzZAAGOATAGSE YR GlLMzaKAY3d GKS Sy@St 2L
comparability and greater vartg of information, and resilience/robustness tbie transmission

buildout.

The STF presented their proposed objectives, process and criteria for the selection of scenarios
at the July2011SSC meetingAlsoduring thismeeting, the SSC discussed bmokends

concept further and agreed that the bookendiagproach should yield the followirtgpesof
scenarios:

e One BAU scenarior ahigh EE/DR/DG/Smart Grid scengf@iher).
¢ One regionallyimplementedclean/green/lowcarbon policy scenario (Regional).
¢ One nationallyimplementedclean/green/low-carbon policy scenario (National

Some sectors expressed a preference for bookends defined in terthe tfpe of transmission
buildoutthey wouldlikelyyield,andacknowledged that these transmissiyased scendos
would likely aligrwith the policybased scenarios discussed above

Between July and Septemb2011, the STF held thresonference calls and/or webinars to

work through the scenario selection processdescribed aboveThed NB dzLJQ& 4 2sNJ R dzNA
period mainly focused on thelusteringanalysis This involved analyziral of thePhase 1
future/sensitivily runs, determining how they behaved across a range of variables, and
determining what the relevantlusters were This helped the group enseithat thePhase 1
model runsselectedto define the three scenaridsoth achieved the desired level of variation
across key variables and, ggpaopriate, were similar enougto other Phase kasedo indicate

a measure of robustness'he STF was able aocomplish the required clustering analysis
through assistance fror®ak Rige National Laboratoryp construct a database for all tHEask

5 model outputs from CRA so that they could be manipulated into graphs to compare across
futureg/sensitivities Acomparisons spreadshegtresented athe July2011SSC meeting, was
modified andupdatedregularly as each round afiacroeconomic modelingesultsfrom Task 5
wasreleased STF members wele to adjust and calculate new variables at{hé C Q a
request,such ag?Vof thetotal cost, cumulative emissions, and perceygaCQemissions

among otherfactors of interest to stakeholder
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TheSTRalso worked to incorporate costata into their discussions and analysis as it became
F @At of ST Agilével daRsinigsibn Gdedtima@analysds and thIWGQ &
estimates ofincreased EE/DR/D&hart gridin Futures 4 and &ndnuclear uprate costs in
Future 7 Additionally, thea 2 D @h@morandumto the STovered integration costs father
generation types, as necessaryrhese ultimately included thermal integration costs and VER
integration costs TheSTRvas able to take these costs into accobmased on technical
assistance provided b9ak Ridge National Laboratapdwasthen able to foldthe datainto

the total cost variable for thd ¢ @ia§sis

Cost data decisions were one of the more complex issues th&dTidealt with, especially

since a significant portion of such data only became available for all the futures toward the very
endofthef ¢ CQ& RS fAlkhou§hNite B AFhgtiaederved an important place for costs in
ultimate consideration of the scenarios, it did not use it as an explicit clustering variable due to
the timing associated with the availability of such data for all fesuiWhile the potential cost
F2NJ ONIyavyraarzy ¢l a AyOftdzZRSR Ay (KS {¢CQa
final recommendations to the SSC

Throughout the discussion of the clustering analysis, madegs were brought forward ohow
to organize the clusters, bulue tothe volume of information to interpret, th&THocused on
the variables listedbelowas keymdicators for clustering:

e Load growth patterns (high, low, etc.)

o Gas prices

e Emission reductions

e Generation type (high natutgas, high wind, etc.)

e Generation location

Generation costs (high, low, etc.)

Possible transmission bddut type

Transfer limits/transfer limit increases

Total energy transfers

Highlevel transmission cost estimates (high, low, etc.)

As a next stegSTF members narrowed down which metrics to use as measures of these
variablesand arrived at the following

e Generation type aa percentof total generation was used to indicate generation mix

¢ 2030 maximum interegion flow during peak conditiong{erface expansion signals
from the soft constraint runs) was used to indicate likely transmission buildout as the
OGN yavYAaaArzy 2 ¢ yrépNsalQugdestdd 2 LISNI G 2 NE Q

e 2030 U.S. electric sector gercentage emissions reductions from 2005 levels were
used b indicate emissions reductions

e PVlevelizedtotal cost/MW, as calculated by Oak Ridge National Laboratory, was used to
indicate total cost of the generation and transmission buildouts
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Though theSTF as a whottid not develop joint conclusions abotlte clustering analysisask
force memberaitilized the information individually and within their sectors to develop
proposals and/or formulate positions on those proposals

To expedite decisiomaking and limit the scope of its discussiaig STHirst narrowed 76
future and sensitivityunsdown to approximatelyne run per future or pebookendin the
case othe nationalfutures. Some sectorshenused the results athis discussion to develop
proposals for discussion ahin-personSTHneetingon September 122011 At this meeting,
the STHKeached consensus on three scenarios to recommend to the B&®CSSC then
approved these three recommended scenarios at its meatim§eptember 267, 2011 The
scenarios for transmission buildoutthase? are as follows:

1. Scenario I Nationally Implemented Federal Carbon Constraint with Increased EE/DR
2. Scenario 2 Regionallyymplemented National RPS
3. Scenario 3 Business as Usual

The three scenariogpproved by the SS€presentbookendswhich are badnced in terms of
policy goals, levels of implementatidikelytransmision buildouts, antikely total costswhile
achievwng significant diversity across these variables.

In fulfillment of their SOPO Task 7, EISPC representatives to the STF andk§8@ipgor
actively participated in all aspects of the scenario selection process and in the formulation of
the information provided in this section.
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3.0 Descriptionof Three Scenarios for Study Phase 2

Phase 2f this project will focus on representative$ EISPC and the SSC collaborating with
EIPGvho will conduct transmission studies on tlfieal three scenarios. This work will include a
number of studies regarding grid reliability and stability as well as studying the various options
for transmission gpansion. ThiBhase 2vork will be conducted during 2012 and is anticipated
to be completed by the end of 201During 20129 L { stdd@saandwhitepapers work will
continue with anticipated completioby mid-2013.

3.1  Scenario 1Nationally-Implemented Federal Carbon Constraint with Increaseddegy
HficiencyDemandResponse

The first scenario selected f&@hase Atudy is a national carbon constraint and demand
reduction scenario, driven by a nationaityplemented C@price, as well as significant
penetration ofEE and DRCosts of EE and DR are assumed to be partially offset by the CO
revenues

To define this scenario in terms of tRase Xutures andsensitivities, theSTHproposed a hew
seventhsensitivityto Future 8 Combined-ederalCimate and Energy Policyrhis sensitivity
F8S7includes a Cgprice that escalates annually to achiewd2% reduction in Cemissions
throughout the economy by 2030 as in FuturéNationalCarbon Constraing National
Implementation, but then becomeftat after 2030 The SSC agreed that the scenario should
include gflat carbon price after 2030 because the generation expansion results seemed more
realistic:

Like all Future 8 runs, F8S7 also includes the more aggressive EE/DR assumptions feofin Futur
Aggressive iergyHficiencyDemandResponséDistributed Generation'Smart Grid; however,

much of the reduction in demand is due to adjustments in demand from the higher energy
prices driven by the Crice signals The combined effect of the aggréss EE/DR and the

carbon price results in a 19%ckection in Esterninterconnectionwide demand by 2030 and
greater than 30% of energy delivered with renewable resourdde inclusion of these

features of Future 4 was deemed reasonable because compl&mnepolicies are likely in any
carbon reduction program and the actual load reduction is less than the low load sensitivity in
Future 2 F2S5

*The base case of Future 8 and the transfer limits from the soft constraint sensitivity (F8S1) used the original CO
price forecast that continues to escalate between 2030 and 2050

*As noted earlier, achieving an 80% econenigle emission reduction in 2050, absent earlier year banking,

required a significant increase in carbon prices after 2030, with prices increasing to $140 per ton by 2030, and then
increasing to $369 per ton 3040 and futher thereafter.
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Thisfirst scenario results in the most expansive transmission buildout of the three scenarios,
and is robust rough to accommodate the transmission needs under Futuidabional
RenewablePortfolio Sandard¢ National ImplementationFuture 2and Future 4

The F8S7 sensitivitgcorporates the hardened inteegional transmission buildout from F8S1,
which resuls in a transfer capacity of approximately 37,000 M\also simultaneously
addresses the generation concentration anomalies for wind and CC units as agreed to by the
SSC in F8S6.

The generation anomalies were addressed in the following manner:

e 90% of he in F8S1 wind generation in MISO_W, MAPP_US, SPP_N, SPP_S, NE, and
NYISO_+#, are forced into the model at F8S1 levels

e 90% of the wind generation in F8S1 eastern MISO NEEM regions is redistribdteds
reallocated based on available wind resouraes 20% is based on the MISG®GS
findings

e The high concentration of CC generation in MISO_WUMS and MISO_|IN is redistributed
based on the pattern of coal plant retirements in the MISO regi®pecifically, 90% of
the F8S1 CC generation in MISO_INMIisO_WUMS are reallocated throughout MISO
in proportion to total coal retirements

Two intermediate sensitivities (F8S5 and F8S6) were run to adjust the anomalous wind and CC
distributions and determine the resulting mix of generation and transfer dapaelowever,

these used the transfer capacity overload costs from the F8 base case with highc@®in

the outyears in conjunction with the soft constraint approadks a result, these sensitivities

built less transfer capacity and instead shifedtitional wind capacity to the eastern MISO
regions, inconsistent with existirgjanning Coordinatgulans The SSC decided that the larger
buildout from F8S1 was more approprias® F8S7 uses the 37,000 MW buildout with the
redistribution of wind and C as described above.
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Figurel2: Scenario 1:Nationally-Implemented Federal Carbon Constraint with IncreaseateEyy
HficiencyDemandResponse(F8S7)

3.2

The main defining characteristic of this scenario is

Scenario 2Regionallylmplemented National RnewablePortfolio Sandard

the deployment of significant amounts of

local renewable energyScenario 2RegionallyimplementedNationalRenewablePortfolio

SandardNBS | dzA NB&a GKF G o x’
the extent possible Thescenario assumes that a lo

2F SI OK NEBulkeRoyireedtof 2 R A
ad serving entity has the option to meet the

requirement by purchasing renewable energy credits from other entitidse definition of
gualified renewable facilities includes wind, solgeothermal, biomass, landfill gas, fuel sell

using renewable fuels, marine hydrokine@nd hydr
transmission expansion and investment

opower This future results in moderate

The greater diversity in supply mixith coal, gas, wind, nuclear, hygrower, offshore wind
and other renewable technologies generatjavas an important reason why the SSC selected
Future 6 The higher level of offshore wind seen in F6S10 was particularly important to some

SSC memberdn contrast, Future INationalCarbm
results in very significant coal retirements

Additionally, stakeholders supported the selection

Constraih ¢ Regional Implementation

of Future 6 because, in combination with the

other scenarios, it provides information about a wider range of policyeds Moreover, in
light of current economic and political circumstances, the SSC agreed that the enactment of
higher RPS requirements is more likely than additistetie-by-state carbon regulations.
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Description of Three Scenarios for Study in Phase 2

The SSC agreed that thegionalscenario should bélefined by F6S10), the hardened transfer
limit (OL25) sensitivityF6S10 and all Future 6 sensitivities are modeksdg seven super
regions, designed to enable regions to meet the RPS goals using regional resourcgsiest
regions are made up ohultiple NEEM regions and align in most cases with the regional
Planning Coordinatdsoundaries To implement this regional approach, transfer limits
between super regions were not permitted to expand.

The proposedegionalscenariq F6S10has a total tansmission capacity expansion of 3,100
MW, which is similar tolure 3 and implies a measure of robustness in terms of the
transmission buildout However, the different generation mix and location for these two
futures produce different transfer limitsetween the NEEM regions

The SSC noted that F6S10 resultechinrarealistically high concentration of géised CTs in
MISO_WUMS, but found that these CTs do not generate electricity in 2030, and therefore are
likely located by the model in MISO_WUSneet MISGwide reserve requirementsSince
redistribution of the CTs would not likely change the transfer capacity results, the SSC did not
see the need for a new NEEM ruim Phase 2the newly formedTransmission Options Task
Force(TOTFill redidribute the CTs before undertaking detailed transmission analysis

El Active Capacity El Generation
F6S10: Regional RPS Hardened F6S10: Regional RPS Hardened
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Figurel3: Scenario 2:RegionallyimplementedNational RenewablePortfolio Standard(F6S10)
3.3  Scenario 3Business as Usual
The SSC agreed that the third saga is Business As Usual (BAOin Future 1 BAU is

characterized by no new federal, stater regional energy or environmental policies or
programs Currently proposed EPA regulations including the Transport Rule, Utility MACT Rule,
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Description of Three Scenarios for Study in Phase 2

Utility NSPS Rul€oal Combustion Residuals Rule, and Cooling Water Intake Structures Rule
are assumed to be implementedPolicies and/or regulations with an expiration/sunset date

will be renewed on a cadey case basisFuel prices remain stable and there are no major
technological advances.

The SSC specified that the transmission expansion would be defined by projects currently under
construction or otherwise reasonably expected to be bullhese transmission projects were
selected by the SSC and designated asSBlemodel While the SSC decided not to expand

NEEM transfer limits beyond these projects, the BAU has a significant number of generation
retirements and new builds that will likely necessitate some transmission development within
the NEEM regions to enseicontinued system reliabilityAs such, the BAU will provide

valuable transmission information.

The SSC considered both theture 1and Future 4AggressiveikergyHficiencyDemand
ResponséDistributed GenerationSmart Grid for thisfinal scenario Once it was clear that the
policy goals of Future 4 could be accommodated withienario 1SSC members coalesced
around using Future 1 as a reference case for scenario analysis

The NEEM run to be used for tRhase 2nputs for this scenario i81S17.To arive at F1S17,

the SSC agreed to make two adjustments to Ff&3nost accurataepresentation of

currently approvedEPA regulationsFirst, thepost-adjustmentsensitivity designated F1S17

includes an increase in the SPP variable energy resaanatribution to reserves from 6% to

Mp: G2 YE1S Al O2yaraidsSyd sAl0K {ttQa NBO2YYSy
8. Second, the combustion turbines in the NEEM region MISO_WUMS are reallocated

throughout MISO based on each MISO NEEM répion 4 KI N 2F LISl {1 f2F R®

Below are graphthat depict resultantgeneration capacity and energpased orstakeholder
specified assumptions utilized in tiBusiness As Usual Scenario (FLS17)
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Description of Three Scenarios for Study in Phase 2
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Conclusionsind Observations

4.0 Conclusiongand Observations

This report summarizeBhase Df the EIPC proces&ey accomplishmentare as follows

e Stakeholders formethe SS@nade up of sectoand EISPf&presentatives from
throughout the interconnection and adopteslgovernance structure

e The EIP@lanning Coordinatorsndertook a formal rotup review of their respective
regional plans angerformedreliability testsconsistent withrelevant NERC criteria.

e Using various analytical tools provided through the Ei®ipeaative agreementthe SSC
developedeightinterconnectionwide resourcdutureswith 72 sensitivitiesto be
modeled

e TheSSCafter extended analysis and review, reached consensus on three fully
developed future scenarios to be utilized by tAkanning Coalinatorsfor purposes of
the highvoltagetransmission buildout to be undertaken ihase 2

The EIPCrpject is notable as a firgif-its kind Easternlinterconnectionwide transmission
planningeffort undertaken with the active involvement &tate govenment officials and
stakeholder representatives from throughout the Interconnectidrhe sheer size of the

Eastern Interconnection, consisting38 U.S states,sixCanadiarprovinces over 760,400MW

of generation and20,000MW of load underscores thecale of this effort ThePlanning
Coordinatorsote the considerable time and effort put into this project by stakeholders and by
the state representativesf EISPCThePlanning Coordinatothank all of the participants as

well as the stateepresenativesand DOHor their support for this effort EISPC would also like

to take this opportunity to express its thanks to all of the EISPC memdsgrscially those
memberswho served on EISPC Committees, represented EISPC on the SSC and participated in
BHSPC and S3@rk groups. EISPC is also grateful to Oak Ridge National Laboratory and other
stakeholdersas well as SSC members atakeholders who assisted EISPC in its wordate.

Phase Dof the EIPC process has allowed for the developmesigriiicant enhancements to
the analytical toolsand processessed by stakeholders and poligyakers to develop their
three scenarios which form the basis for work unédrase f the EIPCooperative
agreement Phase has also provided a valuable forum &iakeholders to interacand
considerthe respective priorities in their regionWork to datehas allowed for an exchange of
information among regions thathouldenharce the information considered itne regional
planning processes

It is appropriateto note important caveats governing tlighase Wwork product At the outset,

the EIPC effort wadesigned to provide higlevel analysis of possible transmission buildouts
associated with hypothetical future scenarioBhe inputs to this process resultédm a

substantial negotiation among diverse stakeholder interests spanning nearly the entire Eastern
Interconnection It was not intended to restrict these inputs to the botteap regional

planning inputs that are used to produce actionable transmisplans
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The intentwasto provide stakeholders and policy makers, within the limitations of the scope of
this project, with an advance view of possible impacts that could result from policy decisions
under consideration now and in the futurdhe end prduct of the effort will be aigh-leve
interconnectionwide transmissioranalysido be considered as appropriate generalpolicy
making and regional planning

The scenarios presented by the stakeholders are, by definition;lbigth and hypothetical

The actual impact of any of the scenarios on a regional oregional basis will depend on the
exact circumstances and could be significaathgctedby local conditions, events or policies
which are simply not capable of being modeled given the-teghl focus of the stakeholder
derived interconnectionwide futures As such, this effort isot intendedto be conveyed as a
specific plan of actioto fulfill any state policies or requirements anchist intended to be used
as specific evidende anyState electric facility approval or siting processes. The work of the
EIPCEISP©r the SSGloes not bind any State agency or Regulator in any $tatening
proceeding

In Phase 2he EIP®Ilanning Coordinatonsill be undertaking a higlevel analys of a

hypothetical transmission buildout associated witheta future scenarios The hypothetical
buildouts will model additionatransmissiorfacilities at the 230kVleveland above necessary

to support the resultant generation resource expansionduced by the scenarioThe scope of
this work will be consistent with the uncertain nature of the inputs and the length of the
planning horizon The scope will also be consistent with the Eastern Interconneetide and
interregional transfer focus ohe planning effort The analysis will not attempt to develop
solutions for every related upgradehich may be neededarticularly if system

reconfiguration and/or smart grid applications are not considered in fuaxiea high voltage
(EHV plans Thatadditional level of granularity would need to be developed at the respective
regional planning processesnsistent with actionable planning criteria and inputs that would
develop as elements of a posited future in a region over tilkhough thePlannig
Coordinatorswill be undertaking certain analyses to ensure that the hypothetical buildout at
the 345kV and above is consistent with NERC reliability criteria, the project does not anticipate
designing the transmission system to a level of granulésigddress local conditions or
upgrades that may be required to support assumed injectmmassociated transfers

withdrawals. Moreover, any new hypothetical transmission lines developed do not represent
specific transmission projectdhe analysis isiiended to provide information which may be
utilized in a mmber of state, regional, inteegional or interconnectiofwide forums For

example, this information may be uséalinform Planning Coordinators' Order 82®proved
regional processesAny projeets ultimately developed will arise out of those regional processes
where the appropriate level of study can be undertakém addition, any such projects will be
ddz02S0O0 G2 GKS FLWINRGIE LINRPOSaa o0& SFBK adlas
law.

The threescenariosvhich have beeselectedby the SSGn Phase Xepresent three distinct
standalone futures 9 @Sy (i K2 dz3 K Bugihsss AUsualf(F1813)heSSSClecided
to depart from the roHup of the approved plans of each thie Planning Coordinatorand
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remove certain generation and transmission projects that were part of those pMoseover,
the decision of the&sSQ@o utilize a forecast period through 2030 extended the baseding the
projects added or retiretheyond tre planning periodturrently utilized byPlanning
Coordinatosin the Eastern InterconnectionAt the time of the decision, thBlanning
Coordinatorsacknowledged thatvhile such action was certainly within the rights of t8&C,

such adeparturewouldmga G KIF & GKS a{ G 1 SKlliindI&der repiedehty S & a

a baseline of those regional plans which have been apprawedNERC complianiand are in

the process of being implementedrough the respective Orde890 approved processes$or
thesereasons, the stakeholdedriven SSimodelrepresents a disnct future scenariojn and of

itself, rather than a baseline of what projects would otherwise be developed by generators and
transmission planners within the respective regions of the Eastéendonnection As such,

each future is stan@lone and not incremental tanyother. As the project moves intBhase

2, it is important to recognize this distinction between the il of the existing plans and the

new stakeholdedrivenscenariogo awid making improper characterizations as to whether

any particulaoneis incremental to what would otherwise have occurred under the approved
Order 890 plans of the Eastern InterconnectiRianning Coordinators

Although these caveats are important to anderstanding of the limitations which, by
definition, govern a project of this magnitude, they shonéitherbe read as diminishing the
notable accomplishments of thelPC projedb date nor the significance of this entire effort
toward fostering inteconnectiorwide transmissioranalysis and communication among
stakeholders, regulators and plannerBhat accomplishment alone is omewhich all
participants can take credit and for whi€FOEdeserves praise in its vision and support for this
project

4.1  Process Topics

This section contains observationftiee way in which this study was crafted, its processes, and
its methodologies. These comments are not intended as criticism of this study nor the results
produced. They are included here for considienain the design of future study efforts. Itis
inevitable with a project of this magnitude and scope of analyses, conducted for the first time,
that there are a number of aspects that would be done differently if the project were to be
repeated. The urpose of this section is to capture some of those aspects. In many ways, the
experience gained through completing the study may be more important than the specific
analytical results. This is particularly true given that this is the first time an oneection

wide planning study is being conducted with such a broad array of participants with an
overarching goal to provide useful information to both the regiddahningCoordinatorsand

to energy policy makers.

4.1.1 Reserve a Significant Portion of ModeliRuns

Contractual arrangements around the macroeconomic analysis limited the number of modeling
runs that could be performed. As described earlier, these modeling runs were divided into
futures and sensitivities. TH&EPWGnitially intended to utilizehe entire allotment of
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sensitivities for gathering information from adjustments to input assumptioks the
macroeconomic analysis proceeded, it became apparenthibitinga portion of the
sensitivitiesin reservefor other purposesvould have had vae. An example of this was the
hardening sensitivities. The original plan was to proceed with the sensitivities with the transfer
limits indicated through theoft constraintandtransferlimit hardening methodologies. These
indicated the location andize of interface expansions suggested by the model. Stakeholders
learned that without performing a model run with the new transfer limits and making no other
changes to input assumptions, attribution of the results could not be definitively associated
with the input assumption change or the new transfer limits. Accordingly, some of the
budgeted sensitivities were reserved for most futures in which stakeholders expanded the
transfer limits.

4.1.2 Final 8lection

Another group of sensitivities were ultimatalgserved for selecting detailed scenarios to be
used inPhase 2 Stakeholderselected thethree final scenarios from approximately 80 choices.
The negotiations inherent to this process resulted in a desire to synthesize policy futures that
were not partof the originally envisioned modeling runs. Sensitivities were utilized at the end
of Phase o adjust input assumptions and to redistribute portions of anticipated generation
expansion. As a result of these adjustments, Pfiase Inodeling encounterd constraints in

the number of available sensitivities. Future efforts might be able to minimize similar
constraints by reserving more modeling runs earlier in the process.

4.1.3 Calibration

The conversion of some policy future goals into input assumpti@wsrauired the use of

allotted sensitivities. For example, the goal of reducing carbon emissions was achieved in the
model through a carbon tax mechanism. To identify the carbon price necessary to achieve the
desired emissions reductions, the model vitgsatively run under a series of carbon tax
estimations. Future macroeconomic analyses of policy futures would benefit from a
reservation of sensitivities for the conversion of goals into input assumptions.

4.1.4 Anticipate and Provide Clustering Analysithef Results

To facilitate the scenario selection process at the enBladse 1an analysis of the modeling

results performed to date became necessary. The package of results included scores of
spreadsheets, each containing thousands of lines of datah ¥e assistance of thBIWG,

especially the technical experts from the Oak Ridge National Laboratory, the results were

grouped into clusters. Graphical representations comparing two variables at a time were

provided to stakeholders. While this valuablesistance enabled the development of some

conclusions from the results, future efforts would benefit from a mudiriant analysis of the

results to identify optimal scenarios. Adequate provision for a clustering analysis will enable

greater levelsofp NIA OA LI GA2Y Ay GKS &aidl1SK2ftRSNJ LINRPOSa
comprehension of the results.
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4.2 Observations and Guidance for Potential Future Studies

This section contains observationitiee way in which this study was crafted, its processed, an
its methodologies. These comments are not intended as criticism of this study nor the results
produced. They are included for consideration in the design of future study efforts. It is
inevitable with a project of this magnitude and scope of analysasducted for the first time,

that there are a number of aspects that would be done differently if the project were to be
repeated. The purpose of this section is to capture some of those aspects. In many ways, the
experience gained through completiniget study may be more important than the specific
analytical results. This is particularly true given that this is the first time an interconnection
wide planning study is being conducted with such a broad array of participants with an
overarching goal tprovide useful information to both the regional planning authorities and to
energy policy makers.

4.2.1 General
4.2.1.1 Modeling Approach

As described earlier, thallotment of modeling runs was separated into futures and
sensitivities. The futures were designed tme significantly different from each other and
accordingly had multiple differences in their input assumptions, constraints, and objechives.
contrast, the sensitivities were designed to comprise only one change to an input assumption
from the base futwe to which it was associated.his approach allowed the stakeholders to
attribute the difference in results to the single change in the input assumptions. Future efforts
of this type would be well served to follow thiagadigm as closely as possible.

4.2.1.2 Working Relationship

The study process benefited from an integrated working relationship betweeR&mning
Coordinatorstheir consultantselSP@nd the SSC. Furthermore, tR&anning Coordinators

and their consultants were very caretol avoidinfluendngthe SSC in developing input and
strategic guidance for the study as envisioned in the SOPO. Givefatineng Coordinatotrs
experience with modeling and knowledge of their systems, additional integration of the
Planning Coordinatoradvice and gpertise into the process may have resulted in better
facilitation of the modeling and scenario development. For example, EI8®RQipon the
expertise of one of thé&lanning Coordinatoris its early work. During its early meetings, EISPC
received backgund information from a representative of one of tiéanning Coordinatorsn
resource planning processes, methpbsy R~ A y LJdz{ & & {AyOS Ylye 27
have experience with these topics, this unbiased background information was beneficial t
EISPC in its determination of required modeling scenarios and inputs. Drawing on existing
expertise and experience durirtige formation of large projectsuch as this would likely benefit
future studies.
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4.2.1.3 Integrating Generation and Transmission Analyses

The study design separated future generation resource expansion analiPsiase from the
transmission analysia Phase 2 This separation understandably resulted in limitations on
considering the interactions between generation choices and trarsamishoices.

Furthermore, the study design was not intended to provide optimized results for such a distant
point in time in the future. Nevertheless, some study participants expressed a desire for a
study process that considers generation and transioissimultaneouslyor iteratively, using
optimization techniques. The level of effort needed to provide for such results, the availability
of modeling tools, and the likelihood of being able to achieve the desired results on an
interconnectionrwide basisvould need to be assessed before deciding to initiate work on such
a study.

4.2.1.4 ElectricGas Interdependencies

An observation that is similar iategrating generation and transmission analysethat the

study scope was appropriately limited to the electransmission infrastructure to support the
generation resource expansion futures for this initial interconnectode effort. Accordingly,

the models used did not take into account potential natural gas infrastructure expansion needs
for the gas geneation projected in the various resource analyses. Accounting for those costs
and the likelihood of gas infrastructure development could result in generation location
changes, which in turn would alter transmission needs. Such an analysis of the gatural
infrastructure would require different types of models and expertise and would likely be a
major effort in its own right.

4.2.1.5 Structure and Sequencing

After modeling a number of sensitivities during the resource analyses, it became apparent that
many ofthe sensitivities made little difference in results. In retrospect, it would have been
better to have designed the study with additional iteratgdvetween crafting the sensitivities,
reviewing results, and crafting additional sensitivities. One speoifimple is that additional
transmission sensitivities would have been valuable to stakeholders. Changing the amount of
available transmission capacity at differentdéswould have provided interesting results in

terms of the effect on generation locath and type. In this regard, it is recognized that an
appropriate balance would need to be struck beemebudget and schedule concerasd a

process that would allow additional time for stakeholders to learn from initial results before
specifying all oftte future scenarios to be studied.

4.2.1.6 Refinement of Assumptions

The effects of EE and DR resources on the load forecast can influence transmission plans.
Almost all transmissioRlanning Coordinatons the Eastern Interconnection reduce their

overall laad forecasts to reflect the impact of EE. The assumptions surrounding the modeling of
DR vary more than the assumptions on EE. Developing additional information on these
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differences would require a separate study. However, that additional study iqaired to
perform interconnectioavide analysis of the transmission system. A potential modification to
the modeling effort could be to haeEand DRselected by the model as resources rather than
forced in.

42.1.7 Stakeholder Process

One of the challengesf the stakeholder process was that the policy agendas of different

groups may have driven positions based on desired results for purposes beyond the original
purpose of the study. Having neutral expertise available frorm#tenallaboratories was
veryhelpful to the group in providing a reasoned basisdecisions. Also, the consendoassed
structure of SSC governance, along with the ability to clearly caveat results and choices, helped
parties with disparate views reach agreement. Greater regibaknce on the SSC may have
helped in that regard as well. In some ways, views seemed to be dnesxby regional than

by sector differences. In additiofuture efforts would benefit from more equivalent levels of
participation and process engagemehtoughout all regions.

4.2.1.8 Load Growth Assumptions

Annual regional load growth assumptions in 2@0RollUp Integration @se varied from

-0.63% to+3% per year. The RaJp Report contains explanations of the different load growth
estimation processesources, yeargndvintagesalong with other aspectsDeveloping
additional information on these differences would require a separate study effort to explain
and understand the depth and breadth of the details that go into creating the regional load
growth assumptions. The level of effort needed to catalog and analyze those details and the
relevant history surrounding them would need to be assessed before deciding to initiate such
work. However, that additional study is not required to perform intercection-wide analysis

of the transmission system.

4219 Education

The studyhelped to educate the participants about the different planning processes,
assumptions, and methods used by transmis$tanning Coordinatoris the Eastern
Interconnection. Providingadditional depth to the education process would be beneficial in
possible future study efforts.

4.2.1.10 Choice of Model Year

A model of the year 2020 was developed by Blanning Coordinatordased on their
regionally developed plans for that yeais the stating point for interregional assessments of
transmission system capabilities as provided for in Task 2 girtiject. This model as
labeled as th&020RollUp IntegrationCasebecause it started from the regionally developed
plans, integrated them togther, and thenrolled them up into an interconnectiowide plan.
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The 2020 year model, developed using a 2010 base or vintage year, contained cumulative
generation and transmission expansion plans foriBeyear period.

Generally, projects that are focast more tharfive years beyond the vintage year of the model
may begin to lose some of the certainty associated with their implementation. Stakeholders
developed a criteria of reasonable certainty to which they would subject projects shown as
additionsto the model in the years 2018020. Projects meeting the criteria remained in the
model while those that did not meet the criteria were removed. This modified model became
known as theSakeholderSoecifiedInfrastructure §Simodel and served as theakis for the
resource expansion futes selected by stakeholders.

The use of a shorter time horizon, sucHige years, to establish a SSmodel would add
confidence orreasonable certaintythat the model is a better representation of future

conditions. However, it should be recognized that the process for developing the starting point
year is only applicable for the purposes of an Eastern Interconnection study process and will
have no direct effect on regional Order 890 planning processes or ongfaitegsiting

proceedings.

4.2.2 OQverload Charges

4.2.2.1 Uniform Overload Charge

As a high shadow price indicates greater economic value for transmission expansion relative to

a low shadow price, using a percentage of the shadow price may indicate more expansion in

areas with low shadow prices rather than ones with high shadow pricefsiture studies using

a uniform shadow price, or one that is not set relative to the magnitude of the shadow price,

YFe 0SUGGSNI IfATYy GKS Y2RSTt Qawithithe ©®nbomis ElGeito T 2 NJ
be gained through congestialleviatian. The use of aniform overload charge is a simple

mechanism that would not indicate expansion in areasofor shadow prices.

4.2.2.2 Congestion Energy Overload Charge

The overload charge degn utilized irthe Phase dInacroeconomic analgs couldbe reviewed

to determine if alternate approaches would yield results that align with different study
objectives Thecongestionenergy method for setting the overload charge, descrikathin

this section is based on the premise that overload charges should approach the shadow price
where energy transfers occur infrequently. This method calculates overload charges based on
simple area ($hr) calculations.
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Figurel5: Overload Charge

Ascongestion energyepresented by Area (Al) in Figure&is low, the formula yields an
overload charge that approaches the peak shadow price. As congestion energyrgfoes 2
(A2),representing no congestigiirea 1(Al)becomes smathereby reducing the overload
charge, which leads to greater interface expansiboture studies might consider modifyg
the equation to reduce the resulting overload charge by a given propartion

4.2.2.3 Overload Charge Floor

Anotheralternativeto the desgn of overload chargawat might be considereds the use of a
floor, or minimum valuebelow which transmission expansion would not be indicated.
Inclusion of a floor in the overload chargalculated in future studiesould incorporate the
principle that where congestion has not led to a significantly higadsiw price, the economic
valueof increasing the transfer limiwould not justify the expense.A floor is compatible with
both a uniform overload charge and the congestion energy methods desail@ee in
Sections 4.2.2.1 and 4.2.2.2.

4.2.2.4 Role of Transmission Costs and Production Cost Savings

Future studies might also consider evaluatprgduction cost savings enabled by transmission
expansion.Each modeling run, including basasesand sensitivies, providesesults on the

total cost of serving energy demantlVithin a particular future, where the difference between
modeling runs can be reduced to a single input assumption, the cost differential between the
basecaseand a sensitivity may providan estimate of the savings or incremental expense. By
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comparing two runs that have different transfer limits, but otherwise have identical input
assumptions, inferences may be made regarding the savings resulting from the expanded
transfer limits. If this savings is then compared to the cost estimate associated with the
transfer limit expansion, an approximation of ca&gfectiveness may be possibl&he details of
how this approach might be implemented have not been developed and would need to be
carelully considered before such a study is initiated.
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Appendix 1. EIPC Statement of Project Objectives (SOPO)
EIPC Statement of Project Objectives (SOPO)
PJM Interconnection, L.L.C.
STATEMENT OF PROJECT OBJECTIVES

Recovery ActEastern Interconnection &hning Collaborative (EIPC)
Topic A

A. Objectives

NOTE: Topic A involves the Interconnecii@vel Analysis and Planning. Topic B
includes the cooperation among states, with input from stakeholders, on electric
resource planning and priorities. Themk being performed under this Cooperative
Agreement is work designated under Topic A.

Theobjectiveof this project is to address the Eastern Interconnection Topic A efforts to
prepare analyses of transmission requirements under a broad range of atlieen

futures and develop lonterm interconnectionwide transmission expansion plans in
response to the alternative resource scenarios selected through the stakeholder
process.The process does not supplant the existing FERC @8@eapproved regional
planning processesatherthe information gained fronthis project shouldhelp inform

the 890 regional processes going forwaithe Recipient will perform analysis and
planning for the Eastern Interconnection in a transparent and collaborative manner that
is open to participation by state and federal officials, representatives from independent
system operators (ISOs) and regional transmission organizations (RTOs), utilities, and
relevant stakeholder bodies or negpvernment organizations (NGOSs), including
appropriate entities in Canagwith an approach to ensure consensus among
stakeholders on key issues.

This work will be completed and funded by a single Budget Period; two Phases will exist,
separated by a GO/NO GO Decision. Durimgse 1the Re@ient will establish

processes for aggregating the modeling and regional transmission expansion plans of
the entire Eastern Interconnection and perform interregional analyses to identify
potential conflicts and opportunities between regions. This intermmtionwide

analysis will also serve as a reference case for modeling various alternative grid
expansions based on the scenarios developed by stakeholders. In addition,
macroeconomic analyses will be performed by the Recipient to assist the stakeholders
in development of the scenarios to be analyze®rase 2 DuringPhase 2the

Recipient will perform transmission scenario analysis as guided by broad stakeholder
input and the consensus recommendations of the Stakeholder Steering Committee (SSC)
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to aidfederal, state, and provincial regulators; other policy makers; and other
stakeholders in assessing interregional options and policy decisions.

B. Scope of Project

This project will use a collaborative approactctmduct interconnectiorwide analysis
and planning.The Recipientalong with other Eastern Interconnection Planning
Authorities, createch new collaboratiorof planning entities called thEastern
Interconnection Plannin@ollaborative EIPC) Through the BIC, the Recipient will
prepareandyses of transmission requirements and develop logrgn interconnection
wide transmission expansion plan§o accomplish the objectives of this project, the
Recipient will:

¢ Give appropriatettention to the merits of alternative configurations of the
ini SNO2yySOiA2yQa 9EGNI | A3K +2f G138 691 +0
Current (DC) network;

e Establish a multiconstituency Stakeholder Steering Committe83that will
provide strategic guidance to the scenarios to be modeled, the modeling todls t
used, key assumptions for the scenarios, and other essential activities; at least one
third of the members of the SSC shall be state officials;

e Makeavailable to thepublicthe modeling tools and databases used and developed
under this project, and ogn all events and meetings of study groups;

e Provide resources to enable representatives of relevant-poofit NGOs to
participate in the development of interconnectidavel analyses and plans;

o Satisfy all reliability standards approved by FERC whilewangiand balancing the
following:

o Consider all available technologies (to the extent that they may become
economic) for electricity generation, energy storage, transmission;used
energy efficiency, demand resources, and management of transmission
distribution-level facilities;

o Satisfy all current state and federal requirements (as of the date of the
analysis underlying the plan(s)) for renewable energy goals, energy efficiency
goals, and goals for reducing greenhouse gas emissions;

0 Analyze the longerm costs of producing and delivering electricity to
consumers;

0 Analyze the overall lonterm impacts of electricity supply activities on the
environment; and

o Provide a path for efficient grid development; e.g., build fewer but larger
long-distance tranmission lines.

This project will aggregate modeling and regional expansion plans developed in the
annual regional processes for 2010, and will conduct base plan and scenario analysis to
identify potential impacts and interregional transmission expansigtonos. This
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project will provide the initial results of the analysis to stakeholders and the SSC and
complete a formal commenting process with stakeholders on the results. The resulting
Eastern Interconnection transmission model developed by integraliegegional plans

will be analyzed to identify opportunities for potential transmission enhancements to
regional expansion plans in order to increase the ability to move power or reduce costs.
In Phase 2the Recipient will provide the results of thdiedility and production cost
analyses performed for the resource expansion scenario(s) selected for further study,
including the interregional transmission expansion options identified and the associated
cost estimates. This project will facilitate mees with the associated regional

planning entities to provide this input for use in their subsequent planning processes.
This project will provide for an EIPC website to publicize analysis results, modeling, work
papers, and other materials, subject togable regulations associated with licensing
requirements and protection of Critical Energy Infrastructure Information (CEIll) and
Confidential Data.

C. Tasks and Subtasks to Be Performed
Task 0. Project Management and Planning

The Recipient will revighe Project Management Plan (PMP) to include details from the
final cooperative agreement and revised project schedule and milestone dates. The
approach, tools, and techniques will be revised as necessary along with project timeline
and milestones.

The Rcipient will revise the PMP periodically throughout this project as needed to
reflect the results of work completed and the changes necessary to accomplish
objectives in accordance with project delivery dates. Quarterly reporting on schedule
progress, daial expenditures versus budget, and revised expenditure projections will be
reflected in the PMP updates.

Phase 1

Phase Will focus on establishing group structures, methodology development,
macroeconomic sensitivity development, and interregional gsial of the regional
plans

Task 1. Initiate Project

The Recipient shall meet with the Eastern Interconnection Topic B Recipient and
stakeholders to assess potential adjustments needed in the process for selecting the SSC
or study team structures. The Recipievitl update or establish study processes as
required. The Recipient will facilitate the formation of the SSC, stakeholder working
groups (SWGs), and any necessary subgroups. The SWGs will be responsible for
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facilitating the interchange of information b&een the broader stakeholder
community, the SSC, and the Recipient.

The Recipient will conduct a series of regional stakeholder meetings to timely

O2YYdzy AOIF S GKAA LINRP2SOGQa &dGNHzOGdzZNB = LINE O
establishment of the SSd selection of representatives from multiple constituencies;

and initiate work toward consensus on scenarios for analysis. The Recipient will conduct
webinars and conference calls to facilitate timely input from the broader stakeholder
community and tle SSC regarding project tasks.

Subtask 1.A Adjust structure of SSC as needed.

Subtask 1.B Commission SSC.

Subtask 1.C Select SSC members.

Subtask 1.D Establish SSC-Bgws, elect officers.

Subtask 1.E Project task and scope development.

Subtask 1.F Develop process for selection of NGOs and Consumer Advocate (CA)
groups.

Task 2. Integrate Regional Plans

The Recipient, building upon the existing regional plans of the NERC Planning Authorities
within the Eastern Interconnection, will aggregate and update the modeling required to
perform Interregional Analysis for the entire Eastantefconnection. This modeling

will serve as the basis both for the Interregional Analysis of the existing regional plans
and for the expansion scenario analysis selected by stakeholders through the SSC.
Interregional Analyses will include contingency lgss, transfer analysis, and other

reliability assessments performed on an interregional basis to identify potential conflicts
among regional plans and opportunities for efficiencies in transmission expansion.

This integration and Interregional Analysidl assess compatibility among the regional
plans; which are developed to meet all current state, provincial, and federal regulatory
and reliability requirements; and will identify potential opportunities to enhance the
regional plans across regions. Kmyuts for Task 2 include the existing regional plans
FYR GKS 9FadSNYy LYyGSNO2yySOUuA2y wStAFoAf Al
a2RSfAY3I 22NJAy3 DNRdzLJQa daa2DQauv Y2RSft Ay3

Subtask 2.A Develop study guide for documenting Interregional Analysis
processeshat refine the MMWG modeling and regional plans as
needed for Rolup Integration Case analysis.

Subtask 2.B Conduct interregional transmission analyses for-Rplintegration
Case and identify potential transmission conflicts/opportunities
among regional plans; e,ggap analysis.

Subtask 2.C Develop transmission options to address reliability impacts associated
with potential conflicts among regional plans.
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Subtask 2.D Document and communicate results for consideration in regional
planning activities and post the analysis on the EIPC teebsi
Subtask 2.E Develop flowgates.

Task 3. Production Cost Analysis of Regional Plans

The Recipient will perform economic analysis of the integrated regional plans using
production cost modeling. Production cost analysis will assess all hours of the future
year and will foecast energy production costs, constraints limiting dispatch and
interregional transactions, anticipated emissions, renewable energy production, and
other pertinent factors. The production cost analysis will be performed for multiple
future sensitivitiessuch as high/low loads, high/low fuel costs, high/low carbon taxes, or
similar parameters.

The Recipient will perform the production cost analysis using a model that simulates the
hour-by-hour operation of the transmission and generation system in thedfa
Interconnection, incorporating transmission reliability and environmental

considerations. The analysis will quantify economic and environmental impacts under
multiple sensitivities including changes in costs, prices, emissions, and reliability. The
Recipient will utilize a model that uses a highly detailed database of generation and
transmission facilities in the Eastern Interconnection, which will be refined using input
from EIPC members and stakeholders. Any changes to this model may impact the
project performance, cost, and schedule. Key inputs for Task 3 include the interregional
modeling generated in Task 2.

Subtask 3.A Perform production cost modeling for the Ral Integration Case.
Subtask 3.B Document and communicate results of production cost modeling and
postthe analysis on the EIPC website.

Task 4. Macroeconomic Futures Definition

The Recipient will conduct meetings to generate strategic guidance from the SSC toward
developing a set of macroeconomic sensitivities that will be analyzed and compared.

The Macroeconmic Analysis will be conducted for up to eight different futures, with up

to nine sensitivities performed for each future. The selection of different futures to be
considered in the Macroeconomic Analysis will be determined by the SSC. The Recipient
will allow the Topic B Recipient to select a certain number of the eight futures for the
Macroeconomic Analysis.

The Recipient will assist and inform the SSC and SWGs to aid the SSC in reaching
consensus on these sensitivities. The SSC and SWGs will gatlsgnthesize input

from the broader stakeholder community on inputs and implications of the
Macroeconomic Analysis and other phases of the analysis. The Recipient will provide
resources to facilitate the ongoing interchange between the SSC, SWGs, dnddbter
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stakeholder community. For the Macroeconomic Futures, the Recipient will coordinate
with the SSC to identify and develop the various inputs needed to perform the
Macroeconomic Analysis and other modeling assumptions. The Recipient will inform
the SSC of the modeling tools and analysis methods planned for performing the work in
connection with the Macroeconomic Analysis, explain their operation, inputs and
outputs, and appropriately include strategic guidance received from the SSC.

The macroeconoiu sensitivities are intended to provide the SSC, stakeholders and
policy makers a forecast of how the interconnected electrical system might evolve for a
range of potential policy and economic futurelSor example, a set of macroeconomic
sensitivities skected by the SSC might be a 20% Renewable Energy Standard (RES) under
high, medium, and low fuel costs. Another set might be a 20% RES with $30 carbon
allowances under high, medium, and low fuel costsich analysis will show potential
renewable resoure development, impacts on loads, emissions reductions, energy
exchanges between regions, and other metrics of interest. These analyses will provide
useful information to the SSC in determining the expansion scenarios to be chosen in
Task 6. Key inputsifdask 4 include the SSC formation and stakeholder input, both
from Task 1.

Subtask 4.A Complete initial macroeconomic sensitivities definitions.
Subtask 4.B Coordinate and conduct initial stakeholder regional meeting(s) to
develop consensus on resource expansion scenarios.

Task 5. Macroeconomic Analysis

The Recipient will provide Macroeconomic Analyses for up to eight futures, with up to
nine sensitivities for each future to provide a hilgivel assessment of the outcomes of
numerous proposed scenarios to be determined by the &$ia& start ofPhase 2 To

help inform their decisions, the SSC will receive gkl results such as economics of
resources in various regions, impacts on renewable development, impacts on emissions,
impacts on economic development and demand, anceofiactors.

The Recipient will perform the Macroeconomic Analysis using a model that considers
impacts both to the electric power supply and to the other sectors of the US economy.
Because the macroeconomic approach accounts for all sectors of the egarmmot

just electric power, it also conveys potential impacts on electric demand and prices that
may result related to energy policy impacts in other areas of the economy. Any changes
to this model may impact the project performance, cost, and schedule

The Recipient will provide higlvel transmission analysis for the sensitivities of interest
indicated by the SSC. This analysis will not be detailed power flow analysis, but rather
conceptual assessments made by the Planning Authority enginepiaritial

interregional transmission expansion to support the magnitude of interregional energy
exchanges identified in the Macroeconomic Analysis sensitivities. The Macroeconomic
Analysis will provide the SSC with information regarding potential resstmcether

Pagedl



Appendices

regions and associated interregional energy exchanges that may be desirable under
OSNIFAY LRftAOe 2N SO2y2YAO ¥FdzidzNBa o YySe A
from Task 4.

Subtask 5.A Coordinate and conduct SSC meeting(s) to finalize consensus on
resource expansion scenarios.

Subtask 5.B Conduct Macroeconomic Analysis and higbel transmission
analysis.

Subtask 5.C Review results of analyses with the SSC.

Subtask 5.D Facilitate conference calls to review the results and provide for SSC
interaction and discussion.

Task 6. Expansion Scenar Concurrence

The Recipient will develop Expansion Scenario(s) of interest which provide a platform
for the SSC to consider higher levels of energy exchange between regions than may be
included in existing regional plans. The Recipient will developogexpscope

documents for the Expansion Scenario(s) based upon the input received from the SSC
during development and review of the Macroeconomic Analyses in Tasks 4 and 5. The
range of resource options that the SSC will choose from may include thosaréhaot
currently feasible but could become feasible in coming decadésse could include
additional energy efficiency; demand response; combined heat and power (CHP); clean
coal/carbon capture and storage (CCS); advanced nuclear; renewables sucH,as win
central solar, rooftop solar, geothermal (hydrothermal, g@essured, co
production/low-temperature, enhanced geothermal systems),-pmwver, water

(incremental and new hydroelectric, ocean, hydrokinetics, pumped storage); and other
storage technologie.

The Recipient will incorporate state and load serving entity inputs in developing the

level of external resources (imports) to be assessed for each area and/or the level of
resources sited within each area to be assessed for exports to other gs.input is

anticipated to be provided by state authorities consistent with state processes for

making resource selection®©ne state or regiorshallnot impose resource assumptions

on another state or region in developing the scope outside of a consearmong the

states The Recipient will review the proposed scope documents with the SSC to receive
strategic guidance and adjust the scopes as appropri@mee of the three Expansion

{ OSYIFNA2a gAftf YSSO GKS ¢2LIAO . wWSOALASY(Q

A draft Partl report will be developed by the Recipient and provided for SSC and
stakeholder review prior to the regional stakeholder workshop(s). The Recipient will
conduct regional stakeholder workshop(s) to present the results of the analysis, respond
to questiors, and solicit input from stakeholders. The SSC, taking into consideration the
input from the workshop(s) and other stakeholder venues, will provide consdresed
comments on the draft report. Key inputs for Task 6 include the Macroeconomic
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Analysis ad highlevel transmission analysis results from Task 5, individual state and
load serving entity resource guidance on the level of external resources (imports) to be
addressed for each region, and SSC inputs from Tasks 4 and 5.

Subtask 6.A Obtain Expansion Scenarior@urrence.
Subtask 6.B PreparePhase Report: Reference Case and Expansion Scenarios.

A GO/NGGO Decision will be made by tb®BEProject Officer based on the results of

the Phase ZEfforts. TheRecipient shall not proceed tBhase 2vithout written

approval of he DOEProject Officer.Within 10 days of receipt of thehase Report,

the DOE Project Officer will provide written notification to the Recipient of the decision.
In the event the project does not proceed beyoRbdase 1the maximum DOE liability to
the Recipient is the funds available in support of the project effort up to and including
Phase Jand closeout costs.

Phase 2

The Recipient will perform reliability and production cost analyses of alternative
transmission options to support the expansiaesarios selected duringhase 1 High
level cost estimates will also be developed for both the generation and transmission
expansion facilities for each scenario.

Task 7. Interregional Transmission Options Development

The Recipient will modify the Eastern Irdennection modeling developed in Task 2 to
build interregional expansion models. This task will focus on transmission
reinforcements to support the interregional energy exchanges for each of the Expansion
Scenario(s) from Task 6. The Recipient will gvFansmission expansion options
focused on the EHV transmission network (230 kV and above), and will also consider
operating options and other potential solutions. The Recipient will consider the
transmission facilities required to integrate new resoes within a region using a similar
high voltage focus, but will not attempt to resolve potential local transmission issues.
¢tKS wSOALMASY(dH gAatt fSOSNFr3IS GKS SELISNIAAS
voltage direct current (HVDC) and advanced texdbgies in developing expansion

options.

The Recipient will identify transmission expansion options for each Expansion Scenario
and the associated solved Eastern Interconnection modeling necessary to perform
reliability and economic analyses. The tramsion expansion options will align with

the future study period; e.g., 10, 15, or 20 years; selected for the Expansion Scenarios.
This project will not identify specific routing, siting, environmental, or other related
issues associated with any poteritenhancements to the grid.
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The Recipient will conduct stakeholder outreach and meetings to share preliminary
results of potential transmission reinforcements needed to support the Expansion
Scenarios and solicit input from the SSC and other stakehol#enginputs for Task 7
include the Expansion Scenarios from Task 6 and the Eastern Interconnection modeling
from Task 2.

Subtask 7.A Develop and/or adjust transmission reinforcements needed to
support the Expansion Scenarios.
Subtask 7.B Develop Eastern Interconnection modet fach scenario.

Task 8. Reliability Review

The Recipient will perform reliability analyses consistent with NERC reliability criteria for
transmission planning to assess in aggregate for the Eastern Interconnection the
interregional transmission options develapen Task 7. Key inputs for Task 8 include

the Eastern Interconnection models from Task 7.

Subtask 8.A Perform reliability analysis for each scenario.

Subtask 8.B Review Detailed Transmission Analysis results with the SSC and
stakeholders.

Subtask 8.C Develop flowgates.

Task 9. Production Cost Aalysis of Each Scenario

Economic analysis will be performed using production cost modeling for each scenario
based upon the power flow modeling and transmission expansion options developed in
Task 7. Consistent with Task 3, production cost analysiasséks all hours of a future
year and will forecast energy production costs, constraints limiting dispatch and
interregional transactions, anticipated emissions, renewable energy production, and
other pertinent factors. The production cost analysis wallgerformed for multiple

future sensitivities such as high/low fuel costs, high/low carbon taxes, and similar
parameters using the same analysis tool as utilized in Task 3. Any changes to this model
may impact the project performance, cost, and schedidey inputs for Task 9 include

the Eastern Interconnection models from Task 7 and flowgates identified during Task 8
analysis.

Task 10. Generation and Transmission Cost Development

During Task 10, the Recipient will provide Hig¥el estimates of the capital cissof the
interregional generation resource and transmission expansion options considered.
Transmission costs will be developed by the Recipient using generic playpeng
SadAYIFiSa NBEFTSNBYOSR (2 (0KS &addzRé &SFkN I yR
Gh®FAIKGE | dadzySa GKS FIFHOAtAGASA O2dzZ R o685
and does notnclude significant financing costs for construction work in progré€xssts
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associated with resource additions and retirements will be developed by theiBacip

and will be informed by SSC assumptions regarding technology characteristics and costs.
Key inputs for Task 10 include the Interregional Expansion Options (generation and
transmission) from Tasks 6 and 7, and Higel, generic cost information suels dollar

per mile estimates for transmission lines rather than detailed cost estimates based on
specific route selection and engineering designs.

Task 11. Review of Results

The Recipient will develop a drd&thase 2eport and provide it for SSC and stakeholder
review. The Recipient will conduct regional stakeholder workshop(s) to present the
results of the analysis, respond to questions, and solicit input from stakeholders. The
SSC, taking into consideration the input from the workshop(s) and other stakeholde
venues, will provide consensisised comments on the draft report. Key inputs for
Task 11 include results from Tasks 1 through 10.

Subtask 11.AReview results and develop first draftPhase Zeport.
Subtask 11.BReview results with SSC and solicit input on the draft report.
Subtask 11.CReview report during workshop with stakeholders.

Task 12. Phase Report

The Recipient will review the input received from the SSC and address it in the final
Phase 2eport. In addition to the final report, associated modeling, databases, and
other work producs will be made available electronically during this project through the
EIPC website, subject to legal and regulatory requirements for CEIl and treatment of
Confidential Information. Key inputs for Task 12 include the draft report and
stakeholder input fom Task 11.

Subtask 12.Alncorporate stakeholder feedback and prepare fiRhbase 2eport;
post report on EIPC website.

D. Deliverables

The periodic, topical, and final reports will be submitted in accordance with the
attached "Federal Assistance Reporting Chstldind the instructions accompanying
the checkilist.

In addition to the deliverables identified in the Federal Assistance Reporting Checklist,
the Recipient will submit the following reports to DOE within 30 calendar days of the
completion of the respecdte Task:
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Task 0.

Phase 1

Task 1.

Task 2.

Task 3.

Task 4.

Project Management and Planning

Revised, detailed Project Management Plan

Coordination document developed in concert with Eastern
Interconnection Topic B Recipient identifying coordination points
throughout the projects and coordination of dedirables involving each
Recipient

Initiate Project

Stakeholder Meetings MateriatsMeeting materials include items
prepared for the meeting such as agendas and presentations as well as
materials generated as a result of the meeting inclugagicipant lists,
minutes, formal decisions, etc.

SSC Blaws

SSC Roster

SWG Roster(s)

Project Task Scopes

NGO and CA Selection Process

Integrate Regional Plans

Study guide for Interregional Analysis processes

Roltup Integration Case

Interregional Trasmission Analysfer Roltup IntegrationCase
Transmission expansion options to aesls conflicts among regional plans
Documentation that results have been communicated to regional
planning authorities for use in future regional planning activities

Listof flowgates to be used in production cost analysis

Production Cost Analysis of Regional Plans

Production cost analysis results

Macroeconomic Futures Definition

Consensus from SSC on futures for Macroeconomic Analysis
Stakeholder regional meeting(s) meaals¢ Meeting materials include
items prepared for the meeting such as agendas and presentations as
well as materials generated as a result of the meeting including
participant lists, minutes, formal decisions, etc.
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Task 5.

Task 6.

Phase 2

Task 7.

Task 8.

Task 9.

Task 10.

Task 11.

Macroeconomic Analysis

e Macroecononic Analysis results for Resource Expansion Scenarios
e Highlevel transmission analysis

Expansion Scenario Concurrence

e Description oExpansion Scenarfooncurrence
e Phase Report

Interregional Transmission Options Development

¢ Interregional trarsmission expansion options to support Expansion
Scenarios

e Eastern Interconnection model for each scenario

e Stakeholder regional meeting(s) materigldeeting materials include
items prepared for the meeting such as agendas and presentations as
well as mateials generated as a result of the meeting including
participant lists, minutes, formal decisions, etc.

Reliability Review

¢ Reliability assessments of interregional transmission expansion options
that support Expansion Scenarios

e List of flowgates to be @sl in production cost analysis

Production Cost Analysis of Each Scenario

e Production cost analysis results

Generation and Transmission Cost Development

e Highlevel cost estimates for expansion option facilities

Review of Results

e DraftPhase 2eport
e SSC and stakeholder input on draft report
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Task 12. Phase Report

A FinalPhase 2eport
A Related work papers

E. BRIEFINGS/TECHNICAL PRESENTATIONS

The Recipient shall provide and make presentations on the results of this work at the DOE
AnnualReview Meeting tde held at either the NETL facility located in Pittsburgh, PA or
Morgantown, WV; or other location specified by the DOE Project Officer.

The Recipient shall provide and make presentations on the results of this work at the DOE Peer
Review Meeting to bedid at either the NETL facility located in Pittsburgh, PA or Morgantown,
WV; or other location specified by the DOE Project Officer.
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Appendix 2: EIPC Statement of Project Objectives (SOPO)

STATEMENT OF PROJECT OBJECTIVES
9Fa0SNYy LYyUGSND2YyYySOdIESPO){GlFGaSaqQ ttlyy
The National Association of Regulatory Utility Commissioners (NARIGRIC B

A. Objectives

NOTE: Topic A involves the Interconnecii@vel Analysis and Planning. Topic B
includes the cooperation among states, with input from stakehdgen electric
resource planning and priorities. The work being performed under this Cooperative
Agreement is work designated under Topic B.

Theobjectiveof this project is to address Eastern Interconnection Topic B efforts to
provide for cooperatioramong states on electric resource planning and priorities. As
part of this project, the Recipient will facilitate dialogue and collaboration among the
states in the Eastern Interconnection and thus enable them to develop more consistent
and coordinated iput and guidance for the regional and interconnectiemel analyses

and planning that will be done under the Topic A award for the Eastern Interconnection.

B. Scope of Project

This project will use a collaborative approach to facilitate coordinadioh consensus

building around interconnectiomvide transmission planning. The Recipient will create

and operate a new collaboration among state and provincial representatives, including
dziAfAdGe@ NB3IdzE | 62NB O2YYAaaAa 2 viliemployBRtafffic2z @S NJ 2
adzLILR2 NI GKAa O2ffl 02N GA2y> GKS 9FaGSNY Ly
and provide for their dayo-day operations. Through the EISPC, the Recipient will

facilitate dialogue and collaboration among the states amavjmces in the Eastern
Interconnection and thus enable them to develop more consistent and coordinated

input and guidance for the regional and interconnectiemel analyses and planning

that will be done under Topic A. To accomplish the objectivesi®ptioject, the

Recipient:

o Will identify Eastern Energy Zones of particular interest for-lomno-carbon
electricity generation; e.g., renewabtech areas with suitable topographic and
other characteristics for either variable or baseload generatiocluding but not
limited to nonterrestrial areas particularly suited to offshore wind and ocean power
technologies, areas with geology or other characteristics particularly suited to
carbon capture and sequestration (CCS), or areas otherwise partical#dyg to
other forms of low or no-carbon electricity generation. The Recipient will allow for
regional diversity and determine how the identification of Eastern Energy Zones
could best serve the collective interests of the affected states.
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Will conductstudies on key issues related to reliable integration of variable
renewables into the Eastern Interconnection, studies on availability of baseload
renewables and other lowearbon resources, as well as other studies needed to
better enable member state p#cipation in regional and interconnectiemide
analyses and planning.

Will develop other inputs as needed to go into the interconnect®rel analyses
prepared under the Eastern Interconnection Topic A work.

Will provide insight into the economic and eéronmental implications of the
alternative electricity supply futures and their associated transmission requirements
developed for the Eastern Interconnection under Topic A.

Will demonstrate (and develop if necessary), a process for reaching decisions and
consensus appropriate for an interconnectiade entity representing all of the
states and provinces in the Eastern Interconnection so as to participate in the
development and updating of the lortgrm interconnectionlevel plan under Topic

A. This procss shall be open to all relevant technologies and afford ample
opportunity for participation by state governors, provincial ministers, their
designees, and state or provincial utility regulatory officials.

C. Tasks and Subtasks to Be Performed

Task 1. Organizatonal development and project management

Develop the new organization including establishing decisiaking processes and
protocols, staffing needs, budget requirements, institutional arrangements to ensure
expert and infrastructural support of the nestaff, and methods to ensure the
accountability of the staff. Revise and maintain the Project Management Plan and
manage and report on activities in accordance with the Plan. Subtasks include the
following:

Subtask 1.A Form an Executive Committee.

Subtask 1.B Develop EISPCganizational structure and operating protocols.

Subtask 1.C Hire EISPC staff and set up of office space.

Subtask 1.D Identify key stakeholders that need to be involved in the collaborative
effort, revise and maintain the Project Management Plan, assess
issues such as the abjfito obtain and protect confidential
information among the Eastern Interconnection Topic A and Topic B
Recipients required to conduct the studies.

Task2. wSIF OK O2yaSyadza 2y (GKS wSOALASYGQa

assumptions via expansion of transmissigtanning knowledge base

The Recipient will, utilizing internal and external expertise in concert with newly hired
staff, expand the current transmission planning knowledge base to incorporate the
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diversity of the entire Eastern Interconnectionto enaBé& @St 2 LIYSy 4 2F 9L {t
position on initial inputs and assumptions. This will enable the Recipient to provide
pertinentfeedback onthe RellzL) Ly 4§ SANI A2y /A4S YR wSOALY
scenarios that will be based on a public policy standpoint.

Subtask 2.A

Subtask 2.B

Subtask 2.C

Subtask 2.D

Subtask 2.E

Subtask 2.F

Subtask 2.G

Subtask 2.H

DeFAYS NBO2YYSYyRIFIGA2ya FT2NJ 0KS at €y
30, 50 years; for the various scenarios.
5STAYS NBO2YYSYRIFIGA2ya F2Nthdt NI YS{§ S
may include the following
e RSO2YYSYRIGA2Yya FT2N) 0KS damtBeT SNByYy O8
WSOALIASY(d oAff O2yaARSNIAG (GKS a.
e At what point in the planning process the Recipient recommends
I NB&2d2NOS 6S AyOf dzZRSR Ay GKS aws
future case.
e Recommendations for how pending legislation otemnakings
daK2dzf R 60S FRRNR&aaSR Ay GKS awSTSN.
e TKS WSOALASY(liQa RSTAYAOGAZ2Y 2F OdzNN
energy zones in the Eastern Interconnection.
Compile energy and demand forecasts to be available for use by the
Eastern Interconnection 2 LJAO | wWSOALIASY (i AyOf dzRA
evaluation of the forecasts for credibility and consistency as well as
the various forecasting methodologies.
Assess such variables as fuel escalation rates, forecasted increases in
fixed costs associated wittonstruction of new facilities, forecasted
maintenance costs, forecasted rates of inflation and capital costs, etc.
Catalogue current demand side resources; i.e., demand response,
price response, and energy efficiency programs; and distributed
generation esources and their effect on energy and demand
forecasts and the attendant affects on production costing and
resource planning.
5SUGSNNY¥AYS wSOALMASYy(iQa LRairAdA2ya Oz2y
NGOy, SQ, mercury, carbon, and water; and catalogue erigtand
potential environmental exclusionary zones.
5STAYS GNBYySgloftSeé FyRk2NJ al f G4SNy G
O2yaraitasSyd GONBFGYSYyld Ay GKS wSOALIRS
Resource Standards for each state and make every effort to achieve a
consensd L2 aAdAzy 2y (GKS GNBFGYSyd 27
Ay (GKS O2yRdzOG 2F (GKS wSOALASYy(diQa 3
Determine Recipief @osition on the treatment of retirements of
resources; e.g., due to more stringent environmental rules, age,
condition.
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Task 3. Assemble dga for analysis of Eastern Interconnection Topic A Rgil
Integration Case and reach consensus on feedback and input into the
Eastern Interconnection Topic A

The Recipient will assemble data in preparation of receipt of theupdihtegration

Case andm®duction Cost Analysis from the Eastern Interconnection Topic A Recipient.
The Recipient will develop a consensus position on the Eastern Interconnection Topic A
wS OA LIA Suy integiatiow 2asd. The Recipient will refine tipeisition oninputs

and assumptions as necessatry.

Task 4. Conduct studies to facilitate further refinement of the modeling inputs and
future scenarios

The Recipient will complete several studmeskey issues related to reliable integration
of variable renewables into the Eastdmterconnection, studies on availability of
baseload renewables and other lewarbon resources, as well as any other studies
needed to better enable state participation in regional and interconneetise

analyses and planninglhe Recipient will firsgtegin the study to identify Eastern Energy
Zones of particular interest for lover no-carbon electricity generation. The Recipient
will conduct additional studiesThe list of potential additional studies includes the
following:

e Identification of stae-by-state potential for renewable or alternative
energy; e.g., wind, solar, biomass, landfill, hydro, etc.; as well as imports
from Canada.

¢ Assessment of the location of new nuclear facilities and uprating existing
nuclear resources.

¢ Assessment of coglotential including carbon capture and storage.

¢ |dentification of stateby-state potential for demanside resources
including price responsive demand, peak demand management (including
customerowned energy storage), and energy efficiency.

¢ Identificationof state-by-state potential for distributed generation.

e Assessment of statby-state potential for storage and waste-energy
facilities.

e Assessment of statby-state potential for rapiestartup fossil backip
generation.

o Assessment of gas and other fyeice issues.

e Other issues as identified by the Recipient.
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Task 5. Preparation of Whitepapers

The Recipient will prepare several whitepapers during this project to assist in the
development of its position on modeling inputs and evaluation of future scenafibs.
list of potential whitepapers includes the following:

e Renewable/Alternative Energy Whitepapef his whitepaper at a minimum will
attempt to estimate the potential Renewable Energy Values that the Recipient
will recommend be used in the formulatiai scenarios and the effect on
resource selection.

e Market Structures Whitepaper This whitepaper willdentify relevant market
structures on a state and regional basis (particularly in the economic context) for
new resource development. It may also dd@se transmission planning
processes and responsibilities used within each market context and evaluate the
potential impact on market development of an interconnectorde planning
and development.

e Power Purchase Agreements for Renewables Whitepaféns whitepaper will
investigate the financial implications for regulated utilities due to substantial
purchases of power from renewable or alternative energy sources.

e State, Regional, and Federal Policy WhitepapEniswhitepaper will catalog the
existing state, regional, and federal policies that may impact transmission
planning and development.

e Smart Grid Whitepapeg This whitepaper will identify the potential fonsrt
grid in the development of one or more scenarios.

e Plugin Hybrid Electric Vehel(PHEV) WhitepaperThis whitepaper will
describe the future potential for PHEVsS in one or more scenarios.

e Policy and Legislative Considerations Affecting the Economics of Infrastructure
Investment Whitepapeg This whitepaper will consider economic untzénties,
risk,and potential impacts on resource expansion plans, as well as state statutes
and rules that may ameliorate or increase uncertainties such as Construction
Work In Process/Allowance for Funds Used During Construction (CWIP/AFUDC),
recovery @ costs associated with emerging technologies such as nuclear and
clean coal, and statspecific economic incentives or disincentives.

e Incentives and Policies Driving Energy Resource Development Whitepajpisr
whitepaper will consider other incentivesd disincentives for resource
RSOSt2LIYSYyld AyOf dzRAY3I GiNIRAGAZYLFEE TSY
generation, transmission, renewable or alternative energy, derrsidd
management (DSM), energy storage, Smart Grid, etc.
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Task 6. ReachconsensusontheRedh Sy 1 Qa Ll2aAdArizya 2y GKS 7T
macroeconomic analysis to be conducted by Eastern Interconnection Topic
A Recipient

Utilizing information from the Eastern Interconnection Topic A Recipient, the Recipient
will achieve consensus on its positiooncerning the future scenarios for

macroeconomic analysie be conducted by the Eastern Interconnection Topic A
Recipient. The Recipient will consider changes in legislation, the economy, technology,
and external factors during the consensus process.

Task7. wSIF OK O2yaSyadza 2y (GKS wSOALRSoil Qa LI 3
scenarios to be conducted by the Eastern Interconnection Topic A Recipient

The Recipient will develop a consensus on its position for the final transmission build

out scenariogo be conducted by the Eastern Interconnection Topic A Recipient. The

Recipient will revise and finalize it positions related to the deliverables provided by the

9 a0SNY LYyGSNO2yySOGA2Yy ¢2LIAO !' wSOALIASYGQ
whitepapers and studies developed as part of this project to inform the evaluation of

scenarios. This will include reliability and economic implications of various resource

portfolio scenarios factoring in the potential for reduced reserve margins, reducing

congestion and losses resulting from potential new transmission, upgrades of existing

facilities, and enhancements of the underlying transmission systems; @mbaic

development related to manufacturing, construction, and post construction.

The Recipient W create a written report summarizing this analysis.
Task 8. Participate in Eastern Interconnection Topic A activities

Subtask 8.A The Recipient will participate in the Eastern Interconnection Topic A
Stakeholder Steering Committee.

Subtask 8.B ¢ KS w S O AhbiseSrnsraissio plagher will provide another
source of coordination between the two Eastern Interconnection
awards. Such coordination may include review, analysis, and
AYVOSNILINBGFGA2Y 2F GKS 91 adSNyYy LyaGSN
modeling and planning efforts an@@mmunication of this to EISPC
YR GKS WSOALASYGT |a ¢St & NBfI &
Eastern Interconnection Topic A Recipient.

Subtask 8.C The Recipient will coordinate with the Eastern Interconnection Topic
A Recipient and relevant stakeholders inchgicoordination of
deliverable schedules, outreach and communication, and efforts to
achieve common messaging and common delivery of messages.

Pagel04



Appendices

D. Deliverables

The periodic, topical, and final reports will be submitted in accordance with the
attached 'Federal Assistance Reporting Checklist" and the instructions accompanying
the checkilist.

In addition to the deliverables identified in the Federal Assistance Reporting Checklist,
the Recipient will submit the following reports to DOE within 30 caleddss of the
completion of the respective Task:

Task 1.

e Job descriptions of key staff

e Revised, detailed Project Management Plan

e Written process for handling confidential information between the Eastern
Interconnection Topic A and Topic B Recipients

e Written process and protocol for reaching consensus and making decisions

Task 2.
¢ Meeting materials; Meeting materials include items prepared for the meeting
including agendas and presentations as well as materials generated as a result of
the meeting including participadists, minutes, formal decisions, etc.
e LYAGALIT aS0i 2F NBO2YYSYRIUGA2YyAasT LI2aAdGAz2
/' aS¢ |yR FdzidzZNBE A0Syl NA2a
Task 3.

e Consensus feedback on the Eastern Interconnection Topic Aifrlsitegration
Case results

Task 4.

e Written report detailing the Energy Zone study
e Written reports for each additional study

Task 5.

o Whitepapers

Pagel05



Appendices

Task 6.

e Meeting materials; Meeting materials include items prepared for the meeting
including agendas and presentations as well as materials generated adtaofes
the meeting including participant lists, minutes, formal decisions, etc.

e Consensus positions on alternative futures for macroeconomic analysis

Task 7.

¢ Meeting materials; Meeting materials include items prepared for the meeting
including agendas and prexstations as well as materials generated as a result of
the meeting including participant lists, minutes, formal decisions, etc.

e Consensus positions on transmission bwild scenarios

e Consensus feedback on other Eastern Interconnection Topic A efforts

e Written report summarizing the analysis

Task 8.

¢ Meeting preparation and materials related to participation in Eastern
Interconnection Topic A Stakeholder Steering Committee meetings and other
activities¢ Meeting materials for this task include materials prephte ready
the Recipient for participation in Eastern Interconnection Topic A meetings and
activities, as well as materials generated by the Recipient as a result of the
participation in Eastern Interconnection Topic A meeting and activities.

e Materials deeloped in preparation for or resulting from communication and
outreach with Eastern Interconnection Topic A Recipient and relevant
stakeholders

e Coordination document developed in concert with Eastern Interconnection Topic
A Recipient identifying coordinath points throughout the projects and
coordination of deliverables involving each recipient.

E. BRIEFINGS/TECHNICAL PRESENTATIONS

The Recipient shall provide and present a technical paper(s) at the DOE Renieal Meeting
to be held at either theNETL facility located in Pittsburgh, PA or Morgantown, WV; or other
location specified by the DOE Project Officer.

The Recipient shall provide and present a technical paper(s) at the DOE Peer Review Meeting to
be held at either the NETL facility locatedRittsburgh, PA or Morgantown, WV; or other
location specified by the DOE Project Officer.
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Appendix3: a{ 2F0 /2yaiGNIMAY(l aSiKz2R2f 238
[. Overview

To identify which transfer limits to expand and the magnitude of the transfer limit expansion
for each regional interfacea methodology was developed by the EIPC and approved [§SGe
called thea @ft constraint methodlogy.é Thesoft constraintmethodologyestablished an
additional overflow pipe in the model for each transfer limit, for both flow directions, with an
unlimited capacity and an economic charge that would be applied to flows across this set of
overflow pipes This additional pipe allowed the NEEM model to exceed38nodel a
transfer limits when the energy price in two neighboring regions exceedextanomicvalue,
called theoverloadcharge

Theoverloadcharge is intended to represent the marginal value of increasing the transfer limits
between NEEM regions and is not intended to be a proxy for the cost of expanding the
transmission systemin orde for the model to indicate transfer limit expansion, the value of

the overloadcharge needed to be set at a value less than the difference in energy prices across
two neighboring NEEM regions, also known asstteowprice. TheSS@greed to set the

overload charge values at 75¢L75)and 25%OL25)f the shadowprice for each transfer

limit for the purpose of identifying which transfer limits that may be undersized in an
interconnectionwide, leastcost economic dispatch

Theshadowprices used irsetting theoverloadcharge values were based upon thase case
run. Once the soft constraint sensitivities were pamalysis was performed on the results to
determine the appropriate transfer limit levels against which the remainingisigities would

be run Thesehardened pipe limits were then used in the NEEM model to run the remaining
sensitivities for that particular future The hardening process is described\ppendix 3

Section 1.0, AThe stakeholders then determined which pipe simaild be used to run the
remaining sensitivities for a particular futur¢ghe original limits determined by thBlanning
Coordinatorsthe hardened limits using th25% soft constraint ruror the hardened limits

using the 75% soft constraint ruin summayy, the soft constraint methodology involved the
following steps

1. Run the basease for theuture with the Planning Coordinatateveloped transfer
limits.

Run the soft constraint sensitivities wimgpecified by thesSC

Perform the hardening methodologyn the soft constraint runs
Stakeholderghoose the base limits or new, hardenladits for the remaining
sensitivity runs in the future

5. Run the remaining sensitivities with the chosen limits

HwnN
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A. Transfer Limit Hardening Methodology

The MWGNEEM Region$fansnission Suflfeam used three different methodologies for
developing the hardened limits that would be used in each futdreese hardened limits were
then used in the remaining sensitivity runs for the futuehe methodologies were designed to
use the odput from the soft constraint runs and determine, based on that output, the level of
transfer limits that would be usedThree methodologies were developed and ultimately the
SS@lecided to use an average of all three methodolog@serall, the transfelimit hardening
methodologies resulted in transfer limior pipe, expansions that were approximately@to

21% of the maximum pipe expansion indicated by the soft constraint rliheprocess was
applied to all thepipes in the model and the resultingareases in transfer limits were used by
the Planning Coordinator® determine what additional transmission would need to be built to
accommodate those transfers and the hitglvel cost of that transmission.

The threeproposed transfer limit hardening nieodologies are based on the 2020, 2025, 2030
and 2035 data sets from the FutureBusiness As Usustft constraint data output The data

set contains the following information for each interface in both directj@pproximatelyl00
interfaces for eadt load block:

e Basecase flows over the baseline pipe
e OL75 flows over the baseline pipe and flows over the overload pipe
e OL25 flows over the baseline pipe and flows over the overload pipe
e Basecase shadow prices
¢ Marginal benefit of increasing the floly 1 MW all else being equal
e Overload charges for OL75 and OL25 cases
o $/MW charge applied to each flow over the overload pipe
o Overload charges set to 75% or 25% of the average annual shadow price adjusted
for load block size during only the congestealits.
e OL75 and OL25 shadow prices
o Always less than or equal to the overload charge.

This data was processed using the master transfer limit hardening methodology spreadsheet
developed largely bak Ridge National Laboratoryhat data seprovidesthe following
information:

e Fixed transfer limit increases for all pipes for each transfer limit hardening methodology
e Flow duration curves for both OL75 and OL25 sensitivities for each year and for the
combined years
e Pipe target capacity factezapacity cuves for both OL75 and OL25 sensitivities for each
year and for combined years
o Qurves show different pipe magnitudes for different target pipe capacity factors
assuming the OL75 or OL25 flows do not change
o (Gombined years target capacity factoapacity cave graphed
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e Average transfer limit capacity for each year and for each year and for the combined
years for both the total flows and the overload flaws
0o MWh flows divided by time period hours
e Average shadow prices for the combined years
o Qalculated by summing the products of load block hours by load block shadow price
and divding by either total hours ocongested hours

The following descriteeach of the methodologies in detail with possible benefits and
drawbacksf each methodology described.

B. Ruthven/Hadley/ChattopadhyayRHCMethodologyc Building to a Target Capackactor
by Shadow Price

The RHC methodology calculates an increased transfer limit based on the average pipe increase
developed from target capacity factors determined according tdsiw prices applied to both
total flows and overload flows.

1. For the total flow increase portion, RHC takes the total flows over a pipe (flows over the
baseline pipeandflows over the overload pipe) and develops a new pipe size according
to a target pipecapacity factor.

a. The target pipe capacity factor of a pipe is determined proportionally to its average
total shadow price.

i. The average total shadow price is calculated by taking the total marginal
congestion (shadow price for each load block times loadkbkmur summed)
and dividing it by the total hours.

ii. The average total shadow price is used as it is indicative of, all things being
equal, the amount of value that could be accessed over the course of the time
period if the pipe were increased HyMW.

b. Todetermine the target pipeapacity factoythe total flowcapacity factorshadow

price curve parameter (default value of 1) is divided by the average total shadow

price (average total shadow prices less thanpaeameter have a target pipe

capacity factoof 100%).

c. The pipe is then resized such that it can achieve that targetgapeacity factor
assuming the flow patterns do not chang€he pipe increase is assumed tozszo

if the resized pipe is less than the baseline pipe.size

2. For the overload flovincrease portion, RHC takes the overload flows over a pipe and
develops a new overload pipe according to a target overload pipe capacity.factor
a. The target pipe capacity factor of a pipe is determined proportionally to its average

total shadow price.

i. The arerage congested shadow price is calculated by taking the total marginal
congestion (shadow price for each load block times load block hour summed)
and dividing it by the congested hours.

ii. The average congested shadow price is higher than the averageshatdbw
price as it is calculated using a smaller number of hoBm@me participants
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believe it is more appropriate to only consider the congested hours when
resizing the overload pipeCRA uses the average congested hour shadow price
when calculatingverload charges

b. To detemine the target overload pipeapacity factorthe overload floncapacity
factor-shadow price curve parameter (default value of 1) is divided by the average
congested shadow price

c. If the above methodology results in a target ovedgape capacity factogreaer
than the maxmum overload pipecapacity factoparameter (default value of3%),
then the maxmum overload pipecapacity factoiis used
i. Allowing the overload pipeapacity factoto go above a certain value because of

low or no shadow pricesvould cause unnecessary downstream congestiQiRA

assigned pipes with no congestion a $0 overload charge in order to prevent the

soft constraint methodlogyF N2 Y Y2@Ay3d O2y3IS&EéA2Yy a2y S
when one congested pipe was expugad, all the congested energy that wast

quickly absorbed would move to the next pipe down that had previously been
uncongested Assigning a mamum capacity factovalue alleviates this concern

to a certain extent

d. The overload pipe is then resized Bubat it can achieve that target overload pipe
capacity factomssuming the overload flow patterns do not change.

3. The total flow increase and the overload flow increase are then averaged to give a total
pipe increase

a. Total flows are used to determine @&w pipe size as total flows give information on
where the pipe would like to expandParticularly for pipswith a lot of congestion,
overload pipes are likely to be used more than is shown in the overload flows as
new, resized pipes would not have an dead charge associated with their use
Only looking at the overload flows would likely lead to pipes being too small.

b. Overload flows are used to determine a new pipe size as they give specific
information on where the model would like to build generatiand increase
generation utilization If only total flows were used, a pipe could be expanded
significantly even if the model preferred to expand other interfaces more to access
cheaper generation potential.

C. NGO Methodology Building to a Target Flow Eation Threshold

The NGOs recommegd a solelyflow-based methodology that calculates a new path size
based on the flow duration curve that results from the sensitivity run{$le methodology
seleced a new pipe size based on the flow needed foeatept the last X% of hours of the
period. The value)X®s, is thecutoff, or thresholdvalueandcan be 5%, 10%, 20%, or even
higher, meaning thatmodelersbuild out to meet the flow needs for 95%, 90% or 80% of the
time, respectively The NGOs suggesta default value for %to be 20% for OL25 flows, and
10% for OL75 flowdf the flows at the cutoff pointvere less than the current path limit, there
wasno path size expansionThe NGO methodology is intuitively simple, avoiding unnecessary
complicationghat might provide little value to an undertaking of this si&y determining
increasedrom flow patterns, the methodology implicitly takes into acco@abnomic

Pagell10



Appendices

information, as the flows are a result of the economic choices made by the model
Furthemore, the NGO methodology avoids the complication of determining an appropriate
pipe capacity factor as pipe capacity factors are an output, not an input of the model.

The mechanics of the method are as follows:

1. For each of the 101 paths, the base flaMM{/) and overload flow (MW) valuegere
combined(by year, and by load block), for each of the applicable sensitivity @Iriz5
and OL75to develop a total flow parameter for each run.

2. The total flow duration curvevas createdor each path representinglledour years of
data; 2020, 2025, 203@&nd 203%by combining total flow data from the sensitivity runs
and sorting on the flow metric, largest to smallest valu@Xis value) Prior to sorting,
0KS GRdzNI GA2Yy ¢ 2N K2 dzNI Sowswasiradinddo Y SG NR O F 2 N,
subsequently construct the-axis duration value.

3. Athreshold or xaxis cutoff value (hourly duration percentitex LJF NJ Y SvasS NJ m £ 0
pickedfor each of the OL25 and OL75 sensitiuitysand the associated-gixis total
flow was deteminedby moving vertically upward from theaxis cutoff point to the
flow duration curve above.

4. If the associated total flowaslower than the current path limit, then no increase to
the pipe size for the pattvasrequired.

5. If the associated total flowashigher than the current path limit, then this flow value
representdthe total MW capacity of the increased paghpe size.

6. The resultswere screenedor anomalous conditionsChanges to the new pipe size
couldbe made by either choosing a differenttoftf point, or directly specifying a pipe
size based on other factors following discussion withNiieEM Region$fansmission
SQub-Team

D. Johnson Methodology Building to a Target Capacity Factor based on Average Energy
Transfers

The Johnson methodology an energy transfdnased methodology that filters pipes according
to average annual energy utilization of the existing baseline pipe and then resizes pipes
according to a desired capacity factor. If an existing baseline pipe is being used greater than
90% of the time, taking into account both baseline and overload flows, a pipe can benosed
than 100% of the timat then builds a new path size to a 75% capacity factor. In other words,
it recognizes that the existing pipe is nearing its annuat,limmdincreases iaccordinglyg and
proportionately¢ to the new flow from the sensitivity.

The methodology relies on the idea that the energy transfers from the OL25 and/or OL75
transmission sensitivities implicitly encapsulate the marginal cost afymtion and capital cost
differentials between NEEM regions.

Pagelll



Appendices

The mechanics of the method are as follows:

1.

2.

The average annual energy transfer (MW) for a pipe is calculated as total flows over a

pipe divided by total hours

The average annual capacity wd#tion is calculated as average annual energy transfer

MW divided by baseline pipe capacity MW

If the average annual capacity utilization is greater than the capacity utilization

threshold (parameter &, default value of 90%) then the pipe is considereddn

increase

Pipes considered for increase are upgraded to a target capacity factor (paramgter 2

default value of 75%)

a. Average annual energy transfer is divided by the target capacity factor to yield the
new pipe size

b. If the new pipe size is smaller th#he baseline pipe, then the pipe is not expanded

E. Methodology Demonstration Examples

RHC Methodology Steps Taken from F2 OL75 NE to MISO_W Transfer Limit

1.

Targetcapacity factor for total flow calculated = 60%

a. Average shadow price calculated fdrfeours = $12.28
i. $430,437.62 marginal congestion/880 hours $12.28

b. Maximum average total shadow price of any transfer limit from the base case
(MBTSP= $41.04

c. Calculate capacity factor usingtal flow shadow price parametef FB = 75%
i.  ((41.04*.75)12.28)/(41.04*.75) = 60%

Targetcapacity factor for overload flow calculated = 35%

a. Average shadow price calculated for all congested hours = $19.72
i. $430,437.62 marginal congestion/826 congested hours = $19.72

b. Maximum average congested shadow price of transfer limit from the base case
(MBCSP- $48.19

c. Calculate capacity factor usingerload flow shadow pricparameter(OFR = 75%
i. ((48.19*.75)19.72)/(48.19*.75) = 45%>Max overloedpacity factor CH of 35%

therefore overload flow CF35%

Calculateany increase in pipe capacity based on total flow target capacity factor

capacity curve =,254 MW

a. Total flows over line size X (assuming flow pattern remains identical)/potential total
flows over line size X = line CF

b. Total flow targetCFcapacity curvelsows at 60% CF, transfer limit should H853
MW

c. Actual baseline capacity is6D0 MW so an increase of254 MW

Calculate any increase in pipe capacity based on overload flow target capacity factor

capacity curve =,840 MW
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a. Overload flows over overloathk size X (assuming flow pattern remains
identical)/potential total flows over overload line size X = line CF
b. Overload flow targeCFcapacity curve shows at 35% CF, overload transfer limit
should be 340 MW
5. Calculate average of pipe increase due to kéiavs and average of pipe increase due to
overload flows = 247 MW

NGO Methodology Steps Taken from F2 OL75 NE to MISO_W Transfer Limit

1. Flow duration curve created using total flows for all hours of the combined years
2. Pipe size equal to a designatedtoff to upper end of flow duration curve
a. Flow duration curve target parameter = 20%
b. Flows at 20% target cutoff 248 MW
c. Since pipe increase is greater tha6d0 MW baseline capacity, pipe increased by
2,678 MW

Johnson Methodology Steps Taken from2’5 NE to MISO_W Transfer Limit

1. Average total MW energy transfers calculated for combined ye&5§81 MW
a. Total energy transfers = 328 GWh divided bgotal hours = 35040* 1,000 = 1665
MW
2. Capacity utilization threshold applied
a. Average MW energy ansfers divided by baseline capaafyl,600 MW = 161%
b. 161%greater thanthreshold interface utilization parameter (default value of 90%)
c. Since pipe passes threshold, pipe is considered for expansion
3. Pipe size increase calculated 841 MW
a. Average MW enmy transfers 581 MW divided by average capacity factor for total
line parameter (default value of 75%) 481 MW
b. Since new pipe size is greater than baseline Q600 MW, pipe increased by
1,841 MW
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Table9: Methodology Resilis ¢ Average of All TLH Methodologies for All Soft Constraint Runs

FIS1 F1S2 F2S1 F2S2 F3Sl F5S1 F5S2 F6S1 F7S1 F8S1  F8S2 F8Sb F8S6
OL75 OL25 OL75 OL25 OL75 OL75 OL25 OL25 OL75 OL75 OL25 OL75 OL75

MISO_W_2_PJM_ROR 0 0 12,420 31,421 0 1,285 9,362 0 0 19,066 36,654 6,400 11,217
SPP_N_2_ENT 0 0 13,843 16,272 0 3,981 7,440 0 0 5546 13,928 3,652 3,960
MISO_WUMS_2_MISO_MI 977 10,054 688 15406 1,323 7 49 830 235 195 4,604 29 19
MISO_MI_2_MISO_IN 0 1,456 0 8251 0 0 0 0 0 0 15 0 0
SPP_N_2_MISO_MO-IL 0 0 2019 7,084 0 49 263 0 0 1,954 4,885 339 648
MISO W_2_MISO_WUMS 0 0 38 5698 0 437 2,127 0 0 118 257 145 160
E_2 MISO_W 0 0 2489 5612 0 1,592 17,497 0 0 2014 3,662 1246 621
SPP S 2 ENT 0 0 1,992 5,132 0 1,825 4,282 0 0 3430 4,288 1810 2,066
MISO_W_2_MISO_MO-IL 0 0 122 4954 115 2,113 4,073 0 0 248 3,348 0 0
ENT_2 SOCO 0 0 1,900 4,497 0 0 431 0 0 0 2,466 0 0
MISO_MO-IL_2_MISO_IN 0 0 0 4104 0 3474 4,129 0 0 0 5121 1,178 351
NE_2_SPP_N 555 2,911 160 3,355 0 583 10,998 1,201 1,055 54 1,033 87 126
IESO_2_MISO_MI 0 0 751 2,904 0 0 0 0 0 1,285 4478 898 923
NYISO_A-F_2_NYISO_ G-I 507 1,059 1,435 2271 1593 658 638 507 742 1,016 1570 872 1,042
PJM_ROR_2_PJM_ROM 0 0 0 1,787 0 0 0 0 0 0 0 0 0
SPP_N_2 SPP_S 0 0 236 1,069 0 0 1571 0 0 0 0 158 362
NEISO_2_NYISO_J-K 82 57 315 825 347 65 90 70 203 608 934 195 76
PJM_ROR_2_VACAR 0 0 0 460 0 0 865 0 0 0 1699 63 87
IESO_2_NYISO_A-F 19 191 0 358 0 0 0 0 316 499 242 602 598
NYISO_G-l_2 NYISO_J-K 0 0 0 70 0 0 0 58 207 0 0 0 0
SPP_N_2_NE 0 0 0 64 2 0 0 0 0 0 0 0 0
NYISO_J-K_2_PIM_E 35 54 74 44 0 67 70 0 47 2 3 2 1
IESO_2_MISO_W 156 107 67 35 0 42 74 0 133 55 0o 4 4
SPP_N_2_MISO_W 0 0 337 32 0 0 0 0 0 250 1,35 52 67
MAPP_CA_2_MISO_W 0 0 0 1 226 0 o 18 0 0 261 0 0
SPP_S_2 SPP_N 0 320 0 0 0 0 0 383 0 0o 77 0 0
MISO_MI_2_MISO_WUMS 0 0 0 0 0 102 8 0 20 140 76 424 372
MISO_IN_2_MISO_MI 0 0 768 0o 21 0 81 0 0 490 14 0 0
IESO_2_MAPP_CA 62 48 0 0 0 0 0 0 3 7 5 0 0
MISO_W_2_MAPP_CA 227 2,341 0 0 0 0 88 15 1,947 0 0 0 0
MAPP_US_2_MAPP_CA 0 0 0 0 0 0 65 0 0 0 0 0 0
MISO_IN_2_PJM_ROR 0 0 261 0 0 0 0 0 0 0 0 0 0
MISO_WUMS 2 MISO.W 892 3,101 0 0 103 0 0 0 0 0 0 0 0
NEISO_2_NYISO_G-| 62 157 0 0 0 0 0 0o 27 0 0 0 0
NEISO_2_NYISO_A-F 0 19 0 0 0 0 0 0 0 0 0 0 0
PJM_ROM_2_NYISO_A-F 0 0 0 0 0o 32 0 0 0 0 0 0 0
MISO_MO-IL_2_MISO_W 167 0 0 0 0 0 0 0 29 0 0 0 0
MISO_IN_2_MISO_MO-IL 0 0 0 0 533 0 0 0 0 0 0 0 0
Total TX Limit Increase 3,741 21,876 39,916 121,706 4,263 16,754 64,203 3,082 4,963 36,978 90,758 18,192 22,699

F. Stakeholder Choices and Results

Below is a list of the futures and sensitivities where the shadow prices were reduced and the
limits were chosen by thesSC

e Future 1 Business As UsbaTwo soft constraint sensitivities were run, one with
shadow prices set to 25% of their level in ttesecase (OL25) and one with shadow
prices set to 75% of their level in tlhasecase (OL75)These sensitivities ultimately
were not used and the trasfer limits were set at the original levels determined by the
Planning Coordinators because there were no significant changes in the resource mix.
Setting the pipe limits to the original levels set by #lanning Coordinatonsieans that
no additional tansmission is needdaktween the region®ver and above what was
included as part of th&Smodel.

e Future 2 National Carbon ConstraigtNational Implementatiorg Two soft constraint
sensitivities were run with shadow prices set to 75% of their levitlarbasecase
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(OL75) and 25% of their level in thasecase (OL2F*°> The hardened version of the
OL75 result was used for the remaining sensitivitesulingin an additional 40 GW
buildout of firm transmission interface capacity betwesgions

e Future 3 National Carbon ConstraigtRegional Implementatiog One soft constraint
sensitivity was run with shadow prices set to 75% of their level ilb#secase (OL75)
to be comparable with Future 2ZT'he hardened version of this result was used for the
remaining sensitities. As mentioned in Section 2.5.2.2 fiipes between super
regions were not allowed to expand in this model, only pipes within the super regions
were allowed to expandThis process resulted imadditional5 GW buildout of
transmision.

e Future 4 Aggressive Energy Efficiency/Demand Response/Distributed Generation/Smart
Grid¢ No soft constraint sensitivities were run and the original transfer limits
determined by thePlanning Coordinatonsere used for the remaining sensitivities
because transmission expansion was not expected due to the aggressive energy
efficiency lowering loadNo additional transmission buildout was specified.

e Future 5 National RnewablePortfolio Sandard¢ National Implementatiorg Two soft
constraint sensitiities were run with shadow prices set to 75% of their level inbdse
case (OL75) and 25% of their level in Hasecase (OL25)see footnote25). The
hardened version of the OL25 result was used for the remaining sensitivities
resulted in & additional 64 GW buildout of transmission.

e Future 6 National RnewablePortfolio Sandard¢ Regional Implementatiog One soft
constraint sensitivity was run with shadow prices set to 25% of their level ibabe
case (OL25p be comparable to Future 5The hardened version of this result was used
for the remaining sensitities. As mentioned above th@pes between super regions
were not allowed to expand in this model, only pipes within shperregions were
allowed to expand This process resulted an additional3 GW buildout of
transmission.

e Future 7 Nuclear ResurgenaeOne soft constraint sensitivity was run with shadow
prices set to 25% of their level in thasecase(OL25) Stakeholders chose to use the
basecaselimits for this future, esulting in no additional transmission buildout.

e Future 8 Combined Federal Climate and Energy PaliBgth the OL25 and OL75 soft
constraint sensitivities were run and the stakeholders chose the OL75 run to set the
hardened limits, resulting innaadditional 37 GW buildout of transmission.

®The SSC elected to run Futuresr2l 3 with the OL75 and Futures 5 éhaith OL25 to observe the results and

the effects on transmission expansion and high level cost estimates for two significant buildouts from two tifferen
policy drivers.Consistent soft constraint overload between Fugsi2 and 3 and between Futures 5 éhdias
considered important when comparing the results of implementimmplcy nationally verssiregionally
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[I. HighLevel Transmission Cost Estimation Process for Task 5

To support the SSC in assessing the results of the macroeconomic analysischimjrea
consensus on the threiture scenarios of interest, the EIPC develdpe approach which
employs generic, higlevel transmission expansion cost estimates for use in comparisons
among the macroeconomic scenariddecause generic cost estimates are needed to develop
and select scenarios of interest prior to specific modglmd detailed power flow analysis to
be performed inPhase 2f the project, theywere intended only for use by the SSC in
guantifying levels of transmission impacts among the many uncertain future expansion
scenarios being considered relative to eachesth

The approach applied in developing the highel cost estimatewasto utilize generic

transmission linduilding blocks in a consistent manner by each ofRtenning Coordinaton®
approximate the SSC requestietreases in transfer capabilibetween regions represented in

the macroeconomic scenario€IPQGisoO2 YLIA f SR | O02ad YIGNRE 27
YAET Sé¢ SaildA Yl kigh doltageaksrnaiagrcitrRnEVAGvoltage levels among the
Planning Coordinatordt was determinedhat the NEEM regions representedough

geographic diversity to warrant differences in regional co3tserefore, the cost matrix was
developed to provide the cost per mile ranges for typical transmission line voltage types by
applying a range of regiohenultipliers to the base cost faach NEEM region.

These generic building blocks and cost estimates do not represent likely project solutions and
were not intended to reflect specific facility cost$he absolute dollar values of these generic
estimaeswereintended only to assist the SSC in selecting scenarios of interesayandt
applicable for other purposes or in any way indicative of actual transmission expansion costs,
which must be developed through detailed local and regional assessmokspecific expansion
requirements Examples of costs not considered include substation costs, upgrades to existing
transmission systems, financing costs, spedijist of way ROW routing requirements, etc

As part of the process the followingproachiassumptions were utilized
1. Existing system capacity between NEEM regions was fully utilized and could not be

relied upon; therefore, only new transmission enhancements were utilized to obtain the
requested increase in transfer capability.

2. To repreent the increases in transmission capacity between NEEM regions, EIPC utilized

green field, generic transmission line building blocks.

3. To represent contingency capability, the approach included redundant circuits; e.g., for
a 1,000 MW increase, a minimuohtwo 1,000 MW circuits were used with the second
circuit accounting as a reinforcement to support the contingency loss of the first.

4. Planning Coordinators determined the termination points for the transmission line

building blocks based upon knowledgktheir local system(s).

No power flow analyses were performed.

Local impacts to the sending and receiving ends of the proposed circuits were not

specifically addressed.

o o
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7. The integration of remote resources and large blocks of resource additiores wer
considered as needed on a cdsgcase basis.

8. In some limited locations, high voltage direct current (HVDC) solutions were considered
in the highlevel analyses.

In the development of the higlevel transmission analysis solutions, coordination eswthe
Planning Coordinatonesulted in the identification of building blocks that approximated the
SSC requested increase in transfer capability. In some cases where a substantially large
increase in transfer capability was requested, the Planningdaators included additional
transmission infrastructure to account for internal considerations of their respective regions.

The results of applying this procedure to each of the futures selected by the SSC in Task 5 are
shownat éResults for Task 5 Riaction Cost Modelingfound onthe EIPGNeb site at EIPC
Modeling Resultsfound at:http://eipconline.com/Modeling_Results.htmIThe table below
provides a summary of the estimated maximum andimum cost developed for each future.

This exercise did not evaluate the cost effectiveness of the transmission expansions. It makes
no comparison of the estimated expansion costs to the potential system savings to determine
anticipated net benefits. Fther consideration including a more detailed analysis of system

and subsystem costs and impacts in the respective regions would be necessary to determine
which expansions may or may not be cost effective.

Table10:High-Level Transission Cost Estimates for each Future (Total Eastern Interconnection)
Future Low High

Future 2 OL 75 Total Cost| $34,122,876,2(  $48,799,582,3(
Future 3 OL 75 Total Cost| $1,730,666,2( $2,674,747,3(
Future 5 OL 75 Total Cost| $39,191,496,2(  $58,33337,30(
Future 6 OL 25 Total Cost| $2,069,929,2( $3,114,593,5¢
Future 8 OL 75 Total Cost| $36,684,818,2(  $51,054,582,5!
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lll. Installed Capacity (GW) in 2030 for tligastern Interconnectiorby Capacity Type for each
Future

Installed Capacity in 2030
F1S3 F1S4 F1S5 F1S6 F1S7 F1S8 F1S9 F1S10 F1S11 F1S12 F1S13 F1S14 F1S15 F1S16 F1S17
Total Base High Low High XHigh XLow HEE High Low Delay LoEE 5YrDly NoPTC S15+ Fnal
2010 Case Load Load Gas Gas Rnw$ &RPS PHEV Rnw$ EPA &RPS  EPA NoRPS HiLoad Base

Coal 272 199 204 181 266 267 202 193 198 202 213 205 203 201 205 199
Nuclear 100 105 105 105 105 105 105 105 105 105 105 105 105 105 105 105
cCc 133 202 305 147 158 158 186 170 214 190 190 229 200 210 318 202
CT 120 132 165 112 121 119 137 122 141 136 134 161 132 129 160 132
Steam Oil/Gas 75 36 47 9 23 22 38 19 38 37 31 43 34 34 47 36
Hydro 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45
On-Shore Wind 19 68 79 55 92 93 120 72 69 108 66 54 68 38 38 68
Off-Shore Wind 0 2 2 2 2 2 4 2 2 4 2 2 2 2 2 2
Other Renewable 4 14 15 13 14 14 13 18 14 13 14 11 14 9 9 14
New HQ/Maritimes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Other 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
Total w/o DR 783 819 984 685 841 842 867 762 842 857 817 871 819 790 946 818
DR 33 71 85 58 71 71 71 109 73 71 71 32 71 71 85 71
Total w/DR 816 890 1,069 743 912 913 937 871 916 927 887 904 890 861 1031 889

Future 1: Business as Usual

Installed Capacity in 2030 |
F1S3 F2B F2S1 F2S2 F2S3 F2S4 F2S5 F2S6 F2S7 F2S8 F2S9 F2S10 F2S11F2S12

Total BAU Fed 75% 25% 50% High Low ExHi Low Hat Low ExLo Hard High

2010 Base CO2 Soft Soft Fict Load Load Gas Gas CO2 CO2 Rnw$ Limit Intm
Coal 272 199 29 30 30 30 69 16 83 22 12 34 33 31 28
Nuclear 100 105 133 130 129 132 136 127 135 105 127 114 134 131 130
CC 133 202 246 230 224 226 306 166 170 265 249 240 213 226 225
CT 120 132 106 115 116 112 128 100 113 120 114 119 113 112 112
Steam Oil/Gas 75 36 22 27 28 29 35 9 21 27 28 28 29 29 29
Hydro 45 45 50 51 52 51 52 a7 51 49 51 51 52 51 50
On-Shore Wind 19 68 282 313 315 320 385 232 348 243 312 279 357 317 349
Off-Shore Wind 0 2 2 2 2 2 2 2 2 2 2 2 3 2 2
Other Renewable 4 14 13 13 14 13 14 12 21 13 13 13 12 13 13
New HQ/Maritimes 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3
Other 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
Total w/o DR 783 819 901 927 930 934 1,147 731 965 866 928 898 967 932 959
DR 33 71 71 71 71 71 85 58 71 71 71 71 71 71 71
Total w/DR 816 890 971 998 1,000 1,005 1,232 789 1,035 937 998 969 1,037 1,003 1,029

Future 2: National Carbon Constraint, National Implementation
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Installed Capacity in 2030
F1S3 F3B F3S1 F3S3 F3S4 F3S5 F3S6 F3S7 F3S8 F3S9F3S10 F3S11 F3S12 F3S13

Total BAU Reg 75% High Low ExHi Low Hat Low Hi$ HICN ExLo Hard High

2010 Base CO2 Soft Load Load Gas Gas CO2 CO2 Nuke Impt Rnw$ Limit Intm
Coal 272 199 40 35 66 18 82 24 12 33 39 38 34 39 33
Nuclear 100 105 134 134 137 132 134 105 133 112 105 134 128 134 133
CcC 133 202 256 256 335 185 190 287 279 267 269 253 229 252 247
CT 120 132 104 105 128 84 104 118 108 115 116 105 107 105 106
Steam Oil/Gas 75 36 18 18 30 11 17 19 18 24 18 18 25 18 20
Hydro 45 45 52 52 52 49 53 50 52 51 52 51 53 52 51
On-Shore Wind 19 68 199 195 233 156 213 151 185 170 198 193 215 197 254
Off-Shore Wind 0 2 2 2 2 2 10 2 2 2 2 2 59 2 2
Other Renewable 4 14 13 13 14 12 33 13 13 13 13 13 26 13 13
New HQ/Maritimes 0 0 0 3 5 3 5 3 5 3 5 4 4 5 4
Other 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
Total w/o DR 783 819 833 829 1,019 668 857 789 821 807 833 829 897 833 879
DR 33 71 71 71 85 58 71 71 71 71 71 71 71 71 71
Total w/DR 816 890 904 900 1,105 726 927 860 892 878 904 900 968 903 950

Future 3: National Carbon Constraint, Regional Implementation

| Installed Capacity in 2030 |

FIS3 HB FH4S1 H4S2 HS3

Total BAU Aggr High HEV XtrHi
2010 Base EE/DR PHEV OnPk EE/DR

Coal 272 199 172 174 174 143
Nuclear 100 105 105 105 105 105
CcC 133 202 138 139 142 94
CT 120 132 69 65 75 38
Steam Oil/Gas 75 36 3 3 3 1
Hydro 45 45 45 45 45 45
On-Shore Wind 19 68 54 56 56 48
Off-Shore Wind 0 2 2 2 2 2
Other Renewable 4 14 12 13 13 11
New HQ/Maritimes 0 0 0 0 0 0
Other 17 17 17 17 17 17
Total w/o DR 783 819 617 617 631 504
DR 33 71 152 153 158 186
Total w/DR 816 890 769 771 789 690

Future4: Aggressie Ehergy HficiencyDemandResponséDistributed Generation/'Smart Grid

| Installed Capacity in 2030 |
F1S3 F5B F5S1 F5S2 F5S3 F5S4 F5S5 F5S7 F5S8 F5S9 F5S10

Total BAU Nat 75% 25% High High Fed Incr 50% OffSh Hard

2010 Base RPS Soft Soft Load Gas CES PHEV Hurd Wind Limit
Coal 272 199 177 175 174 192 224 103 180 181 179 179
Nuclear 100 105 105 105 105 105 105 116 105 105 105 105
CcC 133 202 167 167 167 235 153 215 170 161 166 166
CT 120 132 136 136 143 185 125 157 151 142 139 140
Steam Oil/Gas 75 36 38 39 39 47 22 43 40 39 37 38
Hydro 45 45 52 51 51 53 51 51 51 51 51 51
On-Shore Wind 19 68 236 220 216 284 216 163 224 216 197 217
Off-Shore Wind 0 2 2 2 2 2 2 2 2 2 20 2
Other Renewable 4 14 13 13 13 15 13 13 14 13 13 13
New HQ/Maritimes 0 0 0 6 6 6 6 3 6 6 6 6
Other 17 17 17 17 17 17 17 17 17 17 17 17
Total w/o DR 783 819 942 931 933 1,139 933 884 959 934 930 933
DR 33 71 71 71 71 85 71 71 76 71 71 71
Total w/DR 816 890 1,013 1,002 1,004 1,224 1,004 955 1,035 1,004 1,000 1,003

Future5: National RenewablePortfolio Sandard ¢ National Implementation
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Coal

Nuclear

CcC

CT

Steam Oil/Gas
Hydro

On-Shore Wind
Off-Shore Wind
Other Renewable
New HQ/Maritimes
Other

Total w/o DR

DR

Total w/DR

Installed Capacity in 2030

F1S3 F6B F6S1 F6S2 F6S3 F6S4 F6S6 F6S7 F6S9 F6S10

Total BAU Reg 25% High High Fed HICN Incr OffSh Hard
2010 Base RPS Soft Load Gas CES Impt PHEV Wind Limit
272 199 178 176 198 221 81 178 178 178 178
100 105 105 105 105 105 123 105 105 105 105
133 202 157 159 209 147 246 156 161 157 157
120 132 134 134 176 123 147 135 142 133 134
75 36 38 38 48 22 42 37 39 37 38
45 45 52 52 52 52 53 52 52 52 52
19 68 160 159 187 160 138 158 164 154 159
0 2 39 39 51 39 2 39 39 51 38

4 14 37 37 57 36 13 37 38 36 37

0 0 0 1 1 1 1 1 1 0 1
17 17 17 17 17 17 17 17 17 17 17
783 819 916 917 1,100 922 863 915 935 921 916
33 71 71 71 85 71 71 71 76 71 71
816 890 987 987 1,186 993 933 985 1,011 991 987

Future 6: National RenewablePortfolio Sandard ¢ Regioral Implementation

Installed Capacity in 2030

F1S3 F7B F/S1 F/S2 F7S3 F/S4

Total BAU Nuk 25% High CO2 SMR

2010 Base Res Soft Load Price  Nuk

Coal 272 199 199 197 206 63 199

Nuclear 100 105 129 129 129 191 129

cc 133 202 174 172 280 265 174

cT 120 132 134 137 162 118 134

Steam Oil/Gas 75 36 34 35 47 30 34

Hydro 45 45 47 47 47 52 47

On-Shore Wind 19 68 68 68 77 116 68

Off-Shore Wind 0 2 2 2 2 2 2

Other Renewable 4 14 14 14 15 14 14

New HQ/Maritimes 0 0 0 0 1 0 0

Other 17 17 17 17 17 17 17

Total w/o DR 783 819 818 818 981 866 818

DR 33 71 71 71 85 71 71

Total w/DR 816 890 889 889 1,067 936 889

Future7: Nuclear Resurgence
Installed Capacity in 2030

F1IS3 F8B F8S1 F8S2 F8S3 F8S4 F8S5 F8S6 F8S7
Total BAU CO2+ 75% 25% Low Hi 75%w 75%w Hat
2010 Base RPS Soft Soft Rnw$ RPS HtCO2 HtCO2 CO2
Coal 272 199 17 17 18 18 18 10 10 10
Nuclear 100 105 137 135 133 139 136 134 134 134
CcC 133 202 210 199 186 181 190 215 213 208
CT 120 132 61 64 71 75 69 56 59 66
Steam Oil/Gas 75 36 9 4 4 4 4 5 5 4
Hydro 45 45 49 49 52 51 50 49 49 50
On-Shore Wind 19 68 245 263 287 294 303 259 259 261
Off-Shore Wind 0 2 2 2 2 3 2 2 2 2
Other Renewable 4 14 12 12 13 12 12 12 12 12
New HQ/Maritimes 0 0 0 0 3 5 5 0 0 5
Other 17 17 17 17 17 17 17 17 17 17
Total w/o DR 783 819 759 762 786 799 805 759 759 770
DR 33 71 152 152 152 152 152 152 152 152
Total w/DR 816 890 912 915 938 951 958 912 912 923

Future8: Combined Federal Climate and Energy Policy
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Appendix 4. Modeling Electricity Flows from Hydro Quebec and the
Maritimes

. Summary

As the MRNNEEM model daenot have NEEM regions fidydroQuebedqHQ)or the
Maritimes, the MWG NEEMegionsTransmissiorSubteam, with assistance from the
Canadian Subeam and other participants, propoden alternative method of modeling
resources from these regions so theg placed on a level playing field with resources in
modeled NEEM regiong€xisting flowsincluding expected flows due to developments in the
SSlwere enteredinto the modelas fixed values (hardwirettased on historical and projected
levels. New HQ ad Maritimes resourcewere modeled using pseudgenerators.New
resources imported into neighboring NEEM regiomse only allowed to develop in cases in
which NEEM region transfer limitgere allowed to increase to ensure comparabilités for
increasea transfer limits between NEEM regions, increased transmission needed to access
potential generation in HQ/Maritimesascostestimated by the Rnning Coordinatc.
Detailed numbers are available in the MRIEEM Inputs documeptound at
http://eipconline.com/Resource_Library.html

Il. Existing Flows

e Existinglows includes all flows resulting from transmission and generation irstle

0 As theSSincludes expanded transmission between-N&w Engnd (Northern Pass
Line) and the Maritimedlew England (Northeast Energy Link) flows from these lines
wereO2 Yy AaARSNBR GSEA&GAYE

e Flows between Hlew Englandinclude flows over Phase I/I1,GD0 MW), Highgate

(220 MW) and Northern Pass,200 MW)

o All flowsover these linesveretreated using a 75% capacity factor created by the
lines delivering energy at full capacity for 18 hours a day and zero capacsiy for
hours a day derived from historical flow values
A 75% capacity factor based on historical and exee flows

o0 100% of the 220 MWcapacitywasavailable to satisfy reserve margins as the lines
were delivering energy during peak hours

o MRNNEEM treatdthe flows as fixed generation for New England

¢ Flows between MarimesNew Englandincluded existing flavs of approximatelyl,000

MW and flows resulting from upgrades in the NEL progget00 MW

o All flows over these lineseretreated using a 71% capacity factor created through
the development of a load curve for various types of generation technologies
derived from historical and expected flow values
A 71% capacity factor based on historical and expected flows

o0 100% of the 00 MWcapacitywasavailable to satisfy reserve margins as the lines
were delivering energy during peak hours

o0 MRNNEEM treatdthe flowsas fixed generation for New England

Pagel?1


http://eipconline.com/Resource_Library.html

Appendices

e Flows between Hew York include flows over Chateaugay,300 MW)

(0]

(0]

(0]

All flows over these lineseretreated using a 44% capacity factor created by the
lines delivering energy atd00 MW capacity for 16 hours a day ami@capacity
for eighthours a day derived from historical 20@910 flow values

80% of the 200 MWIline capacitywasavailable to satisfy reserve margins as the
lineswere delivering at least this amount of energy during peak hours
MRNNEEM treag¢d the flows as fixed generation into New York

e Flows between H@ntario Hydro(approximately3,000 MW)

(0]

(0]

(0]

All flows over these lineseretreated using a 9% capacity factor created by the
lines delivery energy at 400 MW capacity for 16 hours a day and zero cajpacity f
eighthours a day derived from historical 2010 flow values

0% of the line capacitywasavailable to satisfy reserve margins ag&io Hydro
longterm planning does not rely on interconnections to meet reserve requirements
MRNNEEM treag¢d the flows adixed generation into Ontario

[ll. New Development

e The overall goalasto allow the model to build additional potential HQ and Maritimes
generation similarly to the manner in which the model builds new generation in other
areas

e Exports from HQ and the Marties to New England and New Yarére modeled using
pseudogenerators

o

As in other NEEM regions, transmission necessary for the export of the power
produced by the pseudgeneratorswascostestimated by the Rnning
Coordinatos

¢ Pseudegeneratorswereidentical to regular generation for MRNEEM purposes

(0]

o

MRNNEEMwasable to select to build in New England an-N&v Englandpseudo

generator representing HQ hydro capacity imports into New England

As part of thepseudogeneration characteristics, a $7/MWh changasincluded to

account for hurdle rates/wheeling charges that would normally be present in flows

between NEEM regions

A The hurdle rate/wheeling chargeasbased on the hurdle rates and wheeling
charges for exports from Ontario to other NEEM regions

e Treament of pseudogenerators depened upon afdzi dZNS Q& Ay G Sy RSR

(0]

o

For a future basease the modelwasnot able to select pseudgenerators

A The baseaserepresents a case in which no transmission is built beyon®sie
therefore, no new flows from HQ or Maritimes would be possible

For a soft constraint sensitivity, the modehsable to select pseudgenerators

and the pseudegeneratorshada proxy overload charge

A This sensitivity represents a case in which transmission is built beyor&the
therefore new flows from HQ or the Maritimes would be possible
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A

The proxy overload chargeasset at either 75% or 25%f the average shadow

price on constraints between Ontario and other NEEM regidepending on

whether itwasan OL75 or OL25 sensity

e Therewereno shadow prices between HQ/Maritimes and neighboring
regions as HQ/Maritimes are not NEEM regions therefore Ontea®
serving as a proxy

The model economically selectpseudegenerators up to their level aksource

capacity given theapital costs, resource limits, hurdle rates/wheeling charges,

and proxy overload charges of the pseuglenerating units

As for all overload charggthe proxy overload charge is not representative of

the cost of transmission expansion between HQ/Maritimmas neighboring

regions. The cost of this transmissiamasaccounted for when the IBnning

Coordinatorscreatad their highlevel cost estimates of transmission expansion

cases

After the soft constraint runs, the SSC chose between B8tgansmission osoft
constraint transmission for the remaining sensitivities of the future

A

Whenthe SSC chose to uS&transmission for the remaining sensitivities, the

modelwasnot able to select pseudgenerators

e Thesewere cases in which no transmission is builiybed theSSltherefore,
no new flows from HQ or Maritimesere possible

Whenthe SSC chose to use the hardened soft constraint transmission for the

remaining sensitivities:

e The modelvasable to select pseudgenerators as this is a case in which

transmisti A 2y A& aodzAfidé G2 FOO2YY2RIGS

e The maximum capacity available from HQ/Maritimes psegdneratorswvas
set equal tathe maximum level utilized in the relevant soft constraint
sensitivity

IV. Pseudegeneration details

e Pseudegeneration unitfrom HQ consigtd of newhydroelectricity

0 Pseudegenerators from H@vereload following according to 2006 load shapes.
HQhydroelectricityhada totalhydro resource limit of 300 MW available for
export

(0]

A

A

Resource limitvasbased on forecasted excess wintapacity (HQ peak period)
available above baseline infrastructure flonwlsxcess summer capacitas
forecasted at 2600 MW by 2035

HQNew England HQ@New York and HQ@Ontario Hydro each hal a limit of 2500
MW of the 5300 MW total

HQhydroelectricity capital cost characteristics come from AEO 2011
HQ hydrelectricityhad a capacity credit identicab that applied for existing flows
i.e,, 100% in New England, 80% in New York and 0% in Ontario
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e Pseudegeneration units from the Maritimes consestof newwind and new
hydroelectric
0 Load patterns for wind pseudgenerators from the Maritimes/ere based on wind
load patterns in Maine adjusted to reflect a 35% capacity factor for Maritimes wind

A

A

A

Maritimes wind pseudayenerators hd a resource limit of 500 MWbased on

the New England 2030 Power System Study estimate of what might be available
from the Maritimes for export to New England.

Maritimes wind capital cost characteristia®re identical to wind capital cost
characteristics in NEEM regions

Maritimes wnd had a 15% capacity credit identical to wind within New England

0 Hydreelectricpseudoegenerators from the Maritimesvere load following according
to 2006 load shapes.

A

Maritimes hydrelectricpseudoegenerators hd a resource limit of 500 MW
based on regioal understandings of what is available for development and
export with the Maritimes and Newfoundland and Labrador

Maritimes hydrelectriccapital cost characteristicame from AEO 2011
Maritimes hydrelectrichad a 100% capacity credit identical to hyetectric
imports into New England
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Appendix 5:  Acronym List

Acronym Term

AEEI| Autonomous Energy Efficienapprovement

AEO Annual Energy Outlook

BAU Business As Usual

CC Combined gcle

CCS Carbon Capture and Storage

CGE Computable General Equilibrium

CMAA/FMTL Consumer Market Awareness and Activism/Free Market/Transmission |
CRA Charles River Associates

CT Combustion Turbine

DG Distributed Generation

DOE Departmentof Erergy

DR Demand Response

EE Energy Efficiency

El Eastern Interconnection

EIPC Eastern Interconection Planning Collaborative
EISPC Eastern Interconection States Planning Council
EPA Environmental Protection Agency

EWITS Eastern Wind Integratioand Transmission Study
FERC Federal Energy Regulatory Commission

FOA Funding Oppornity Announcement

GDP Gross Domestic Product

HQ Hydro Quebec

HVAC High Voltage Alternating Current

HVDC High Voltage Direct Current

IGCC Integrated Gasification Combined Cycle

ISONE Independent System Operator of New England
ITPA Interconnectionlevel Transmission Planning and Analysis
MAPP Mid-Continent Area Power Pool

MISO Midwest Independent System Operator

MMWG NERC MukRegional Modeling Working Group
MRN Multi-Region National

MWG Modeling Work Group

NARUC National Association of Regutay Utility Commissioers
NEEM North American Electricity and Environment Model
NERC North American Electricity Reliability Corporation
NETL National Energy Technology Laboratory

NGCC Natural Gas Combined Cycle

NGO NonGovernmental Organizations

NRR National Regulatory Research Institute
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Acronym Term

NYISO New York Independent System Operator
PJIM PJM Interconnection

PMP Project Management Plan

PTC Production Tax Credit

PV Present Value

RGGI Regional Greenhouse Gas Initiative

RHC Ruthven/Hadley/Chattopadtay methodology
RPS Renewable Portfolio Standard

RUWG RollUp Work Group

SIRRP Southeast InteiRegional Participation Process
SOPO Statement @ Project Objectives

SPP Southwest Power Pool

SPWG Scenario Planning Work Group

SSC Stakeholder Steering Canittee

SSi Stakeholder Specified Infrastructure

STF Scenario Task Force

TOTF Transmission Options Task Force

VER Variable Energy Resource
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