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Dear Chairs and Ranking Members:

In compliance with the requirements of section 16a-3a of the 2012 Supplement to
the General Statutes of Connecticut and as amended by sections 89 and 90 of Public
Act 11-80, An_Act Concerning the Establishment of the Department of Energy and
Environment al Protection and Pl ann.i,ntige
Department of Energy and Environmental Protection (DEEP) submits the 2012
Integrated Resource Plan (IRP).

DEEP is pleased to present this 2012 IRP as part of its mission to develop and
implement energy resource strategies that will ensure that electricity in Connecticut is
affordable, clean, and reliable. The 2012 IRP reflects the hard work of many people
throughout the Department and the valuable input of the Connecticut Energy Advisory
Board, the electric distribution companies, the Office of Consumer Counsel, and many
stakeholders.
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The 2012 IRP provides an in-depth asses s me n't of the stateods
capacity resources. It then sets forth a plan for meeting projected demand and lowering
the cost of electricity by utilizing a mix of generating facilities and efficiency programs.
The IRP presents numerous opportunitest o conti nue to i mprove Con
profile, and provides strategies to meet the needs of end-users in a cost effective
manner, while maximizing consumer beneftsand advancing the statebo
goals and standards.

If you have any questions regarding the enclosed report please contact me or my
legislative liaison, Robert LaFrance, at 860-424-3401.

Sincerely,
Daniel C. Esty

Commissioner

cc: State Librarian, Office of Legislative Research, Clerks of the House & Senate
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EXECUTI VE SUMMARY

The 2012 Integrated Resource Plan (IRP) for Connecticut presents a comprehensive plan for

i mproving Connecticutodos electric energy futur
the first developed by the Department of Energy and EnvironmentaicRoot (DEEP), pursuant

to section 16a of the Connecticut General Statutes. Based on analyses of projected future
electricity supply and demand, the 2012 IRP outlines a plasefturingresourceso meet the
stateds ener that wilhmeirendze tha cast ta Comnacyicut customers over time and
maxi mi ze consumer benefits consistent with th
strategies identified in the IRP will help to make electricity cheaper, cleaner, and more reliable,
while sypporting instate employment.

Forecast for Future Electricity Supply and Demand

T Connecticutds electricity C 0N s u atpnomio n dec
recession, and is not expected to exceed 2005 levels until 20@0er the next several
years consimptionis expected to grow atpproximatelyl% per year Slightly higher
growth rates are expected fibre annualpeak load(the electricity demanded during the
hour with the highest total demand)

1 Adequate generating resources will likely be availableni Connecticut to serve
electricity loads reliably through 2022 New Englandas a whole also will have
adequate resources alikely not need nevgeneration until 2022houghdepending on
market condition;iew generation could be needed as early as.2U0h8se findings are
based on reasonable assumptions about market conditions, the completion of planned
transmission projects, and generation retirements that are likely to occur given
compliance with stricter rules for air emissions being promulgated by UlS.
Environmental Protection Agency (EPA).

1 The deliverability of natural gas fuel to electric generators requires monitoring to
assurethe reliability of electricity supply. The regional power supplyhas become
quite dependent on natural gagd geneation, but nostof thosegenerators el vy -on fias
availabl® nonfirm pipelinecapacityfor natural gas deliveryThe amount of nomatural
gas capacity plus natural giwed capacity currently identified as having either firm
pipeline capacity oduakfuel capability appears to be sufficient to meet winter electric
demand (when competing spdoeating demands for natural gas are greatest), but
additional verification of backip fuel supplies and analysis of wintertime operational
challenges may beecessary to assure continued reliability.

1 Connecticut is beginning to experience loweGeneration Service Chargesand can
expect the downward trend to continue over the next five yeargéfter several years of
Generation Service Charges bel@®12 ¢/kWh, those chargeshouldnow remain ator
below 8 ¢/kWh through 2017(in constant 2012 dollars) due to moderate wholesale
natural gas and power prices caused by expanding shale gas supplies
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1 Between 2017 an®022, Generation Service Charges are projected tise by more
than 3 ¢/kWh in real terms, due to a combination of rising capacity prices (due to
regionwide demand growth), rising energy pricesoétly due toexpected naturajas
price increasgsrising Class 1Renewable Portfolio StandardRRS targds andhigher
renewable energy cregitices(due to anticipated scarcityRatedn 2022could turn out
to be higher or lower depending on market condititms,are still expected to increase
from projected 2017 levels

1 Air pollution emissions in Connecticut have decreasedaslow-cost natural gasfired
generation is displacing coal and oifired generation. 2010 emissions of NOx, SO
and CQ, fell 36%, 70%, and 10%, respectively, fro2007levels, and they are projected
to fall another 49%, 45%, ari?% by 2015.New England emissions likewise will fall
from 2010 levels until 2015. Thereafter, emissions in New England and Connecticut will
rise very slowly as electricity demand grows, but remain below 2010 levels through
2022.

1 A gap between projectedavailable renewable generation and demand mandated by
Connecticut 0s and ot her New Engl and stat e
expected to emerge in 2018. Connecticut has the highest target for renewable
generation (20% by 2020) of all New Englandesabut few native resources apart from
a set of instate projects that depend on special stptnsored contracts. Connecticut
load-serving entities satisfy these renewable requirements mostly by purchasing
renewable energy credits generated elsewherdew England, competing with other
states in a regional renewable energy credit market. Unless regional development of
renewable resources and enabling transmission acceléZat@secticutcustomers could
face Aternative CompliancePaymentobligations of more than $250 million (in 2012
dollars) annuallyby 2022 Addressing this potential burden represents an important
policy priority.

Plan for Achieving Cheaper, Cleaner, More Reliable Energy Sources

The downward rate trend for the nextefiyears provides policy makers an opportunity to put
into place longerm policy measures that will alleviaéxpected rate increases from 2017 to
2022 The 2012 IRP identifies glan consisting of severaksource strategies that wikelp
customers redie the volume of consumption andhus save money whemarketwide cost
factors pressure rates; facilitate the development ofclost, cleanenergyresources that are
economic but may face barriers to implementation; indteffective ways to meet thelean
energy objectives of theenewable targetsand support irstate jobs. Those strategies are as
follows:

1. Expand Energy Efficiency to Attain All Cost-Effective Energy Savings
Based on t he 2010 study of Connecticut
comms si oned b ¥EnefghGonservatoon Mahagement Board (now
the Energy Efficiency Board), the IRP concludes that the state can cost
effectively achieve approximately 2% energy savings each year, reducing
energy consumption by 0.4% per yeam net if he economy grows as
expected These savings can lkechieved byincreasing the budget for
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Conservation and Load Management (C&LM) programs from $105 million
annually under a businessusual budget to $206 million annually, and by
initiating complementarymeasures such as providingw-cost financing,
implementing more aggressive codes and standaass] motivating
behavioral changablrough information and training.

Net of all program and participant castsistomersvould save $534 million

per year by @22 compared to a businessusual base cas€he savingarise

from reduced consumption of energy, capacity, esrtewable creditsand
alsofrom reductions in market pricagsultingfrom expandingthis low-cost
resourceThe expanded efficiengyrograms and associated customer savings
would support an additional 5,500-state jobsby 2022; cause projected air
emissions to decline between 5% and 10%; and help make Connecticut a
national leader in innovative approaches to achievingeftesttive energy
efficiency.

. Analyze Renewable Portfolio Standard Issues and Develop Longer Term
Renewable Energy Policy.In accordance with Section 129 of Public Act 11
80, DEEP will prepare an analysis d®PS issues, including progress in
reaching the targets andptions for minimizing cost to ratepayers, and
develop a longeterm renewable energy policy over the next six months.
Careful monitoring of the overall progress will be important to ensure that
efforts to meet the Class | Renewable Portfolio Standard®tonnecessarily
increase customer costs.

As part of this analysis, DEEP will evaluate potential policy revisiomestore
incentives forcombined heat andpower resources andemove utility -based
energy efficiency programs from Class llgualification. Since utilitybased
energy efficiency programs are funded through the Conservation and Load
Management program, the Class Ill Renewable Portfolio Standard should be
revised to focus primarily on providing incentives to combined heat and power
and thirdparty energy efficiency programs that do not have a dedicated source
of funding.

DEEP will also analyze whether the RPS provides sufficient incentives for
Class Il generators, or if other options such as purchase power arrangements are
necessaryto ensure the continued operation ofstate resource recovery
facilities. Over the past few years energy revenues have decligeificantly
creating hardship fosome instate resource recovefgcilities. In addition

Class Il REC prices are low arRECs maygo unsold due to an ovsupply.

DEEP believes it izritical to examine the issues facing i@source recovery
facilities to develop a lonterm plan to put them in a pition to continue
operations on a competitive basis.

. Pursue Existing Opportunities to Maximize CostEffective Renewables

DEEP will continue to work with other Ne&ngland states (through the New

England State Committee on Electricity process) to define the most cost

effective means to expand renewable energy developmetiteirregion.
Connecticutdos renewabl e energy percentag:
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and developing cosffective transmission to interconnect and integrate
regional renewable resour¢cesmdby maximizingthe use of costffective in

state resourcesDEEP supports #orts to drive down the cost of technologies
that can best be deployed within Connecticuch as solaphoto voltaic
systems and fuel cells. In additioDEEP supportsemovingbarriersand
consideringoptions to maximize the developmeritather instate renewable
energy resourcesMoving forward, if costeffective renewable resources and
associated transmission projects do not sufficiently develop in New England,
or if customers pay large amounts of Alternative Compliance Payments
without achieving the Renewable Portfolio Standard objectives, then DEEP
would consider other methods to reduce air emissions from the power sector
by further increasing the investments in other clean energy or efficiency
resources.

In addition to these lontemm resourcestrategies DEEP will continue to examine critical
reliability issuesand to collaborate with regional entities on solving them. These activities will
include:

4. Periodically Review Adequacy of Local Resource Supplies for Providing
Reliable Geneation Service during Peak Demand Priods. Although the
IRP identified no likely resource need in the ntam, DEEP will continue to
monitor resource supplies, including the retirement of existing generation, the
effect of energy efficiency on electrigitdemand, and the progress of the
NEEWS transmission project. DEEP will also work wi8O-NE to ensure
that its market structures provide proper incentives to retain and develop new
resources when and where needed.

5. Maintain Reliability During Winter Col d Snaps. DEEP will work with
ISO-NE to maintain reliability during winter cold snaps, when natural gas
availability for generation is lowest. Tensurepreparedness with backup
fuels, PURA shouldassess the compliance of Connecticut generators with
their siting requirements and contractual obligations regarding fuel
capabilities.

6. Facilitate Deployment and Funding of Microgrid and Smart Grid
Technology. Pur suant to Governor Malloyds Two
ongoing effortsfor Connecticut to addresstorm disaster preparedness and
recovery DEEP will undertake a pilotorogram for the deployment and
funding of distributed generation anaicrogrids combined withsmartgrid
technology at critical facilities (such as hospitals, prisons, and sewage
treatment plants) and in city centers, as well as the use of energy improvement
districts as a mechanism to support microgrids.
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2012 | NTEGRAUEOEREBEAR CONNECTI CUT

.  INTRODUCTION
A. Purpose

The 2012 Integrated Resource Plan (IRP) for Connecticut presents a comprehensive plan for

i mproving Connecticutodos electric energy futur
the first developed by the Department of Energy and EnvironmentaicRoot (DEEP), pursuant

to section 16a of the Connecticut General Statutes. Based on analyses of projected future
electricity supply and demand, the 2012 IRP outlines a plasefuringenergy resources that

will minimize the cost to Connecticut custers over time and maximize consumer benefits
consistent with the stateds environment al g o ¢
IRP will help to make electricity cheaper, cleaner, and more reliable, while supporsteen
employment.

B. Statutory Authority

Pursuant to section 1&a of the 2012 Supplement to the General Statutes of Conneantid as

amended by sections 89 andd&@ublic Act 1180, An Act Concerning the Establishment of the
Department of Energy and Environmental Protecegon d Pl anni ng f or Conne
Future (Act), the Commissioner of the Department of Energy and Environmental Protection
(DEEP)is charged with e vi ewi ng t he statebds enerwgrytwand c a|
years and developingn Integratd Resource lan that identifieshow best to meeprojected

demandand lower the cost dflectricity, utilizing a mix of generating facilities and efficiency
programswhile minimizing costs to customers, maximizing consumer benafitsadvancing

thestats environment al' Theoresbusce reeds idestified in dha IRE must

first be met through all available cesffective conservation and load management measSures.

In accordance with the Act, the Department, in consultation with the Cdoute&nergy
Advisory Board and the electric distribution companies, developed the 2012 IRP to assesses: (1)
the stateds energy and capaci tandteneysaoq@)rthee out |
manner of how best to elimate growth in electridemand|3) how best to level electric demand

in the state by reducing peak demand andispgiiemand to ofpeak periods(4) the impact of

current and projected environmental standards, including but not limited to, those related to
greenhouse gas emisns and the federal Clean Air Act goals and how different resourcles cou
help achieve those standar@S) energy security and economic risks associati¢ll potential

energy resourcesand (6) the estimated lifetime cost and availability of potentredrgy
resources. The 2012 IRP articulates a vision contemplated in the Act for improving
Connecticut 6s identifes g set of resowncrategiesahatdogether wahsure

that electricity in Connecticut isfafdable, clean, and reliable.

! See2012 Supplement to the General Statutes of Connecticut, Secti®a(®a
21d. at§ 16a3a(c).
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Additionally, in developing the IRP, the Department has addressed policies and plans that are
governed by other statutory mandatesie Department is required under Section 33(d)(1) of the
Act to approve, mody or reject any comprehensive Conservatimmd Load Minagement
(C&LM) plan submittedby the Energy Efficiency Board (EER)der that section. The 2012
C&LM Plan submitted by the EEBecommended an ambitious expansion of the C&LM
programs that incorporates additional investment in, and savings fmagrams related to
electricity, natural gasand fuel oil. Ina December 23, 2011 Notice of Request fan@®nents

and Technical Meetingthe Department stated that as part of its implementation of Section
33(d)(1) of the Act, itwvill considerthe expanded electric program within the context of the IRP.

The IRP also addresses in part the requirementeofion 129 of the Actwhich directs the
Department to analyze options for minimizing the cost to ratepayers of procuring renewable
resourcs, and the feasibility of increasing the renewable energy portfolio standards (including
consideration of expanding the definition of Class | renewable energy sources to include
hydropower and other technologies that do not use nuclear or fossil féesjelevant to the

Section 129 requirementhe 2012 IRANncludes an analysis of alternative enesggnariogor

the years 2012022, thaimodelthe annual percentage of renewable resources in a way that will
reduce ratepayer costs, increase environmdmtakfits and improvelie st at ebdés eco
activity. In the coming monthshé Departmenexpects tofurther evaluatethe options for

modifying the renewable energy portfolio standardsrder to minimize the cost of renewable
resource procurementandxa mi ze its benefit to the stateds

As shown n Appendix B,Resource Adequacyhe Department evaluated the total amount of
energy and capacity resources needed for customer requirements, the extent to which C&LM
activity can coseffectively meethese needs on an equitable baaslwhether new generation,
transmissiopand distribution improvemengse needed

C. Procedural Development of the 2012 IRP

The Department developed the 2012 With analytical assistance froifhe Brattle Groupan
economic consulting firm.DEEP staff metregularly with subject area experts from other state
agencies, the EDCratural gas distribution companies\d The Brattle Groupto address issues
related toresource adequacy and electricity market modelamgrgy efficiency renewables,
natural gas, environmental issues, transmission, emerging technology, and macroeconomic
analysis.

On September 19, 2@nd 22, 2011, the Department conducted a series of me&tiraggain
stakeholder feedback on the scopehef IRP during the development of the draft total of 14
presentations were given over the thdeg periodcoveringmajor topic areas including: Energy
Efficiency, Renewables, Natural Gas, Transmission, Environmental and Emergin@logas
Presaters includedDEEP staff, the Connecticut Energy Efficiency Board, Celtic Energy,
Lantern Energy,ISO-NE, Tennessee Gas Pipeline, Iroquois Gas Transmission Systems,
Environmental Energy Solutions, Connecticut Energy Advisory Board, Quantum Ultility
Generabn, Alteris Renewables, Connecticut Center for Advanced Technology, Inc. and New
England $ates Committee on Electricitysubsequent to the initial stakeholder meetings, written
comments were submitted by Environment Northeast (ENE), New England Powera®es
Association, Inc. (NEPGA), Kimberleglark Corporationand NRG Energy, Inc (NRG).
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A draft of thelRP was issued by thBepartment on January 20, 201@gether with a notice
inviting written comments over a 4%y period. The Department condtexl a technical meeting
on February 1, 2012 at its officeas Ten Franklin Square, New Britain, Connecticutptesent
the 2012draft IRP and receive public comment The technical meetingcontinued on
Wednesday, February 1, 2012, at 1:00 pledicatedd theexpanded electric C&LM program
proposed in the draft IRPOn March 2, 2012, DEEP conducted a public heamngccordance
with the requirements of Chapter 54 of the General Statutes of Connéctiengble the public
to comment on thelraft IRP and the expanded electric C&LM programiVritten comments
submitted on the 2012 IRP, amdcordngs of the February 1 and March 2, 2012 technical
meeting arall available on the DEEP website.

The Department receive2B written comments on théraft IRP, representing the views of the
following entities: Woodlands Coalition, Environmental Energy Solutions (EES), Sierra Club,
Connecticut Fund for the Environment (CFE), AARP Connecticut, Clean Water Action,
Connecticut Industrial Energy ConsumersIEC), Connecticut Business and Industrial
Association (CBIA), Connecticut Energy and Advisory Board (CEAB), the Connecticut Light &
Power Company/Yankee Gas (CL&P), Class Ill CHP Organization, Eastern Connecticut State
University (ECSU), CPV Towantic, LLOConnecticut Siting Council (CSCENE, Northeast
Energy Efficiency Partnerships (NEERNEPGA, the Office of Consumer Counsel (OCC), the
United Illuminating Company (UI)NRG, United Technologies Corporation Power (UTC
Power), Renewable Energy New EnglafRENEW) and the Conservation Law Foundation,
Clearedge Power, Inc., Coalition for Renewable Natural Gas, Inc., Constellation Energy
Commodities Group, Inc. and Constellation NewEnergy, Inc. (CNE), Naugatuck Energy
Development, LLC anda letter from concered citizens signed bypproximately 500
Connecticut esidents.

The written comments focused on fokey issues: the expanded savings scenaoposed by

the EDCs and EEB ithe C&LM Plan;the need foflexibility in regard to the states renewable
portfolio standard (RPS) requirementsintsmissionthe need fomcreased generatipimcluding
combined heat and power (CHRNd repowering of certain generation assets. Some cosment
also addressedhe forecast assumptions used in IRR.summary ofthe comments andhe

De p ar t respamdethesetoare attached herein as Appendix J

[I.  THE ELECTRICITY SECT OR AND THE SCOPE OF THE 2012 IRP

The purpose of the IRP is to identify resource strategies that can be implemented by the State to
make electricity cheapgecleaner, and more reliable. To that end, it is critical to recognize

theki nds of resource strategies that aaurentwi t hi n
regulatory ananarketcontext.

With the restructuring o 0 n n e c electriaityt sécworin 1998, the statedoes not directly
determine how electricity is generated or transmjtea it does noset prices charged for
generation or transmissiaservices Electricity is generated by independent power producers
and st&d to customers via the electric distributiomngpanies(EDCSs) or competitive retail

® Written comments and technical meeting recording are available at
http://www.dpuc.state.ct.us/DEEPEnergy.nsf/$EnergyView?OpenForm&Start=1&Count=30&Expand=2.3&Seq=4
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providers at markdbased prices. The wholesale market dne transmission system are
administered by the New England Independent System OperatoiNEJ@nd regulated by the
Federal Energy Regulatory Commissi(fERC). Together,ISO-NE and FERC provide for
open transmission access so that the lowest available resources can be utilifedbject to
transmission constraintsand ensure that market price outcomes are ciitnpe

Thest at ed6s r o lowrsekingenergy efficiercyprograms regulatingthe distribution
system,implementingenvironmental policiessettingrenewabletargetson the types of supply
purchased by retailergccasionally solicihg contractsfor particular generationresources on
behalf of all customers, anchgadng with ISO-NE in the development afarket rules anéh
transmissiorplanning processes

Figure 1 shows a picture of the electricity system and describes the primary players that
influence each component the systemfrom generation to transmission to distribution to the
customer. In addition to the entities depictéeiré are maninfluential secondary players not
included in the figure, such as lendemsergytraders, energy service companisdcurtailment
service providers (who help customers manage their peak loads andadeleductions as

supplyinto the wholesale markets)

Figure 1

e h
4semt
SAY

The Electricity System

2
1§ =
Generation Transmission Distribution Consumption
Asset Independent Power Electric Distribution Electric Distribution Customers
Owners Producers Companies Companies * consume power in
» purchase generation fuels * build. own. and maintain * build own. and maintain end-use equipment
* generate electricity transmission distribution equipment * pay bills to cover
» sell electricity to retailers upstream costs
System ISO New England ISO New England Electric Distribution
Operators . administers wholesale » plans new transmission Companies
markets * operates the system * monitor distribution system
* ensures resource adequacy reliably « meter and bill customers
* administer efficiency
programs
Regulators Federal Energy Federal Energy CT Public Utility

Regulatory Commission Regulatory Commission Regulatory Authority

» regulates wholesale » regulates rates « regulates rates. oversees
markets » sets and enforces reliability performance
standards » regulates efficiency
programs

U.S. EPA, DEEP State Siting Board CT Energy Efficiency

» promulgate & implement * approves new projects Board (Chaired by DEEP)

environmental regulations

* helps develop energy
efficiency programs
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Each of theparties identifiedn Figurel1 contribute in different wayt the costenvironmental

impacts and reliability (i.e., resource adequacy, transmission security, and distribution

resiliency) of the electricity system Generationaccounts for the largest (and most variable)
portion of rates and producesll of the emissions. Marketbased generath ratesreflect
wholesale market prices, whiee largely driven byaturalgas prices, regional supptiemand
fundamentals, and market ruldsigure 2 describes these contributions.

Costs/Rates

Determinants

Approximate
Current Rates

Reliability

Criteria

Who Enforces

Environment

Figure 2

Costs, Reliability, and Environmentd Impacts of Electricity

Generation

Wholesale Market Conditions
* gas prices
» supply-demand fundamentals

Special contract costs

9.5 ¢/kWh (varies)

Resource Adequacy
* enoughresources to meetpeakloads
and prevent shedding firm load more
than once in ten years, with margn
for forecast uncertainty and outages

ISO New England

Air

* NOx. SOx. CO2, particulates,
mercury, other

Water

* cooling waterintake, discharge

Transmission

Embedded Costs

* histonic capital expenditures
» cost allocation

Going Forward Costs
* new investment
* operations & maintenance

1.8 ¢/kWh

Transmission Security
» protect individual facilities and
maintain the voltage and stability
ofthe systemin the face of
contingencies

ISO New England

Land Use Impacts

Distribution

Embedded Costs

* historic capital expenditures

Going Forward Costs
* new investment
* operations & maintenance

3.0 ¢/kWh

Distribution Resiliency
+ deliver customer power under
allload conditions
* storm preparedness andresponse

CT Public Utility
Regulatory Authority

Aesthetics
*» overheadlines vs. underground
* tree timming

Energy efficiency programsot shown irFigure 2, havebeen funded for many yegpsimarily

through a0.3 ¢/kWhii sy st e ms
other state policies have besmkedby the American Caucil for an Energy Efficient Economy
(ACEEE) as the 8th best in the country, indicating success with room for improvement

benefits

chargeo

on

al

The 2012 IRP focussprimarily onresource strategies that can be implemented bpthie to

make electricity cheaper, cleaner, andre reliable. To that end, the IRP focuses on the-state

Cu.

jurisdictional areas identified above, particularly on the subset of areas that involve potential

resource investments.

4

subj ect

of i

It excludes a few important aveatate jurisdictiorbecause they are
being addressedoncurrentlyoutside of the IRP For example, idtribution resiliency and storm
response arexcluded because thénave beert h e
office. The pocurement of wholesale powsr servecustomersvho chocse to buy generation

nvest

gat

Approximate rates shown are representative for a typical residential customer in Connecticut in 2012. The
iGener at icladasdhe GenéraioniService Charge and charges for special contracts.
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from theEDCsis also excluded becausastbeingaddressetty C o n n e ¢ mew prectirément
managerin accordance withis or her authoritieprescribed under the Act.

[ll.  ANALYTICAL APPROACH

The analytical approachsed to develop the022 IRP includedhe following four sequential
steps:

1. Develop Base Case assumptions anthree, five, andenyear outlook forresource
needs inConnecticuand New Englandcertain aspects of reliabilitgustomer ratesnd
emissions. Analyze the drivers of likely changesCionnecticut customerates as a
starting point for identifying improvement opportunities.

2. Analyze how outcomes could change under alternakuéures regardingmarket
conditionsthe state cannot dictly control, including natural gas prices, broad economic
growth,andgeneation supply

3. Evaluate severdResourceScenarios and policy options the state could punsuelving
energy efficiency renewablegeneration(including remoteresources andssociated
transmissioly and new conventionalgenerationto reduce costs and emissions while
supporting instate jobs. Test the robustness of Resource Scenarios dgaiBsse Case
and alternativeutures. Considerways to enablereerging technologithat may be part
of a longefterm solution

4. Developaplan, based on the findings above

The findingsand analyses preparéa each step in the sequence are provide8entions V
through MI of the 2012 IRP. These analyses are based on publielyailable data about the
Connecticut and broader New England electricity markets. Projections and impact analysis also
rely on a modeling system with four major interconnected components, as depietgdra?.
These components includedemand forecasd;,capacity modelisedto simulatecapacity prices

in ISO-NE6 d~orward Capacity Market and to projenew resourceentry and retirement
decisions; the DAYZERmodé usedto simulatelSO-NE6 snergy marketgenerator operations,
and locational marginal prices (LMPs) in Connectieuth a closelylinked renewables model to
project renewable energy credit (RE@jces anda macroeconomic model (REMUsedto
analyze impacts on istate jobs. The electricity models were developged utilizedin prior
IRPs andwere employed again byrhe Brattle Groupundert h e D e p airettione mheb s
REMI analysis waspreparedby the Connecticut Department of Econondédc Community
Development.

Complementing the modeling systettme Departmentirected extensive research and analysis of
publicly available information on resource adequaryergy efficiencyrenewables, natural gas,
environmental issues, transmissiond asmerging technology. Detailed explanations of the
various components of the analysis are provided in Appendices A throédjdollar figures in

this report are presented in 2012 dollars except where noted otherwise.

® DAYZER is a commercially available model developed by Cambridge Energy Solutions.
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Figure 3. Schematic of the Modehg System
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V. BASE CASE TEN-YEAR OUTLOOK
A. Supply and Demand for Capacity

Because electricity cannot be stored in meaningful quantities/eébicity sectomust maintain

an intentional surplus of resources to be abletvescistomer demand every hour. This surplus
must be sufficient to serve customengenunder extreme conditionsuch ason the hottest
summer days when demafuat electricityspikes and generating units unexpectedly break down.
Resources can be supplied irmmy different ways, includingenerating capacity, transmitting
power from other regiongndpredictably curtding demand when needed.aious metrics are
used to measure resource adequacy and to quantify expected reliability.

The base case TeWiear outlook analyzed in this sectiqorojecs that thesupply of capacity
resources is greater than needed to meet peak electricitydbably over the next decade.

® fiPeak loadodo refers to the maximum amount ofthepower (
a

course of year . I n New England, the peak | oad houl
refers to capacity, -hourpowd MWhWwhirled efi meé @ga veantetr gy pr o
MWh is equal to a MW of power produced consumed over one hour. Common prefixes for both Watt and
Watthour measures include fAkiloo (k = 1,000), imegado
iterao (T = 1,000,000, 000,000).
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That is, resource adequacy requirements séSOYNE are projected to be satisfied fontgears

in both the Connecticut stdrea and in the New England regias a wholeThis projection is
attributable to several factors: (the region hasraexistingcapacitysurplus of more than five
thousandmegawatts (2) demand growth idorecastedto be slow, partly due to the current
economicconditionsand partly because of continued utility energy efficiency programs and new
codes and standards; (3) new transmission into Conneibelping to meet local adequacy
requiremersg, and (4)the currentcapacitysurplusis large enough to withstand the effect of
likely generation retirement®sulting from the implementaton & P A6 s pr oposed Ai i
rule in 20152016 andthe plannedelimination of the capacity price floam 2017%2018." Thus,
additional generating resources will not be needed for resource adequacy purpéses.
generating resources may be neededwever,to serve other policy objectivesncluding
reducing costs and emissions and supportirgjate jobs.These scenarios are dissed in later
sections of the 2012 IRP.

Peak Load Forecast

Peak load in Connecticuteclined during theecent economic recession, as demonstrated in

Figure 4. ISO-NE forecastsan annualgrowth rate of 1.7% 125 MW/yea over the next few

years decreasing to 0.9%7% MW/yea)) by 2020 The New England system peak load is
forecast togrow at an annual rate of 2.0% initially (58BN /yeal), decreasing to 1.1% growth

(340 MW /yea by 2020, as shown iRigure4.®2 These peak load projections do not deduct the

effects of energy efficiency, most of which is counted separately as a sigglyesource in
ISONE6s For ward Capaci t ydemand progEtonsanthal20i2RP’t he supp

Figure 4
Peak Loadd Historical and Forecast
Connecticut (MW) New EnglandGW)
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These and related factors are described in more detaivand in Appendix B (Resource Adequacy).

The Connecticut 2010 peak value is a Brattle Group estimate based on data frbia.1ISO

°® These are ISBNEd6s fAgrosso forecast s, -side eeboorces tha baveoalearediimg f or
forward capacityauctions. However, as discussed in Appendix B (Resource Adequacy), these forecasts do
implicitly include some level of businessusual efficiency improvement.
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Connecticut andNew EnglandReliability Requirements

ISO-NE has establisheskveral resource adequacy requiremtrdasaffect Connecticut.

1 Connecticut Local Sourcing Requirement. ISO-NE defines two
requirements for local capacity in Connecticut: the Létadource Adequacy
requirementind the Connecticut requirement under the Transmission Security
Analysis® Whichever requiremenis more siingent determines the local
requirement Because the capacity required under thren3mission Security
Analysis has historically been greatiian the capacity required under the
Local Resource Adequacy requiremetite 2012IRP6 sesource adequacy
analysis focugson that measure.

1 Net Installed Capacity Requirement (NICR) forthe New England region.
The Net Installed Capacity Requiremest the total amount otapacity
needed to achieve thapplicable reliability target specified itBO-NEG s
Planning Pocedures (and by the North American Electric Reliability
Corporation) to limit the probability of disconnecting nenterruptible
customers due to resource deficiemayio more than once in ten yearsShe
Net Installed Capacity Requiremeaiso sets théotal demand for capacity in
ISO-NEG $forward capacity auctions. NotabK5O-NE has recently changed
the methodology for determining the requirememhich has increased the
Net Installed Capacity Requiremefindbm 11.4% above forecast peak load to
14.4% above peak This change represen# increase ofapproximatéy
1,000 MW. This higher required reserve margin will tend to increase capacity
costs and reduce energy costs.

1 Connecticut Locational Forward Reserve Market Requirement This
requirement esues enough quicktart capacity within Connecticut to
recover froma second comntigency occurring in Connecticu€Commonly, the
second contingency protection for this market requirement is an unexpected
outage of the Millstone 3 nuclear unit.

Existing,Planned, and Assumed Future Resources

To analyze compliance with the Net Installed Capacity Requirement and Cooheeliability
requirements, the Departméiinst consideedii Kk nown 0 g e ner adide regpuraes) d
i.e.,those thatlreadyexist @ new resources expected to be onliveesed on currently available
information:

1 Existing Generating CapacityAs of January 1, 2011, there are 8,150 MW
available in the Connecticut sabea and 32,027 MW available regionde
to meet reliability requireents™*

1 Planned Additions Planned aditions fall into two categoriesapacity built
to help satisfy Renewable Portfolio Standards (RPS) camécitybuilt for

10
11

See http://www.isene.com/genrtion_resrcs/reports/nepool_oc_review/2011/ icr_2014 2045 réport.pdf
Capacity online is documented in the FBICE i 2020 Forecast Report of Capacity, Energy, Loads and
Transmissiono (2011 CELT Report).
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other reasons. Thatter,nonRPS Planned Additions include the 130 MW

New Haven Harbor gatirbine plantscheduled to come online on June 1,

2012 and an 88 MW expansion to Northfield Mountain ptstgrage plant in

Massachusetts scheduled to be cletgd by SImmer 2015. Planned

additions to satisfy RP&quirementsare 46 MW (46 MW capacity vaé) in

Connecticut and 170 MW (69 MW capacity value) regiiide” These

include projects being developed for Project 150 in Connecticut as well as

additional onshore wind and solar PV that are currently being developed or

have announced planshtaild. In addition, the Departmeassums 343 MW

(150 MW capacity value) of renewables that are not yet planned will be

developed in Connecticut and 2,470 MW (766 MW capacity value) region

wide to help meet RPS requirements, as
Reneva bl e Generation Supply and Demando sec

1 Retirements Based on publiglavailable infemation and thireparty data, the
Departmentaissumsthe retirement of 183 MW in Connecticut (AES Thames)
and 1,366 MW in the rest of New England (Salem Harkermont Yankee,
Holyoke 8/Cabot 8, and Holyoke 6/Cabot 6). Additional economic
retirements are discussed below.

1 Demand ResourcesDemand resources inclu@detive demand response, and
passive demand response A Act i ve dis thaabilty toreslscep on s e 0
participating cust omer $SONH ib@mmdnsittedvhen cal |
generating resources are insufficient to meet the peak dem@uuazailment
service providersell theseso-calledactive demand responBien e g a witbt t s 0
the forward capacityuctions  assive demand respongerimarily covers
energy efficiency. Both active and passive demand response resoarees
treated as supply resourceshe Forward Capacity Market. For the 2012 IRP
analysis, the Departmeobunted all demand respsresources committed in
the forward capacity auction for delivery year 2@D45, but limited real
time emergency generation (RTEG) to 600 MW in accordance with ISO rules.
Active demand response clearing in that forward capacity auction totaled
1,982 MW regionwide and 521 MW in the Connecticut sakea. Passive
demand response clearing in that auction will provide 1,486 MW regide,
including 419 MW in Connecticut.

1 Net Imports Net imports into New England are assunede constant at
1,911 MW foryears 2015 through 2022, consistent with amounts cleared in
ISONE6 s fir st five forward capacity aucti
imports and 100 MW of exports.

Projected Economic Retirement, Entry, and Active Demand Response

The analysis conducted blge Brattle Group recognizes that, in the market context, many key
outcomes cannot be ensured planned, but instead will be determined by the decisions of

2 Divergence between equipment capacity ratings and capacity values assignedNfy iS@source ashuacy

analysis occurs because some resouregs Eolar and wind) frequently are not fully available during peak
hours.

10
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mar ket participants, and therefore can only
potental entry(in the form ofnew generation or additional demand response resowcegxit

(in the form ofretirement of generatioar attrition of demand responsggquires modelingf

their financial decisions, which are based primarily on likely markeégand the ongoing costs

of providing the capacity serviceThe Brattle Group sapacity market model simulatéSO-

NEG #®rward capacityauctions and economic entry aexit decisions simultaneously, since the
capacity prices influence individual eaonic decisiongndreflect the combined results of those
decisions. In the model, thennualdemand for capacity iprovided by the Net Installed
CapacityRequiremenprojections; supply includes most existiagdplanned generation bidding

as pricetakers (offeing capacity at zero price and accept whatever price results), pdigatial

retirement candidateactive demand respongesources, and potential new entrants submit bids

that reflect their net avoidable gouigrward costs. The marginahpacity needed to meet the
requirement sets thequilibrium capacity market priceResources that offer capacity at a higher
pricelghan the market price.d., resourcesl 0 n ot Aclearo the auction)
enter

The modelresultsindicae that the Connecticut capacity price wouldt separate (differ) from

the New Englandcapacity pricef the New England EasiVest Solution NEEWS transmission
project scheduled for completion in 2016ontinues to be developed and receives the negessar
approvals This would allow Connecticut to meet its rdnsmission Security Analysis
requirement even if all fossil steam units in Connecticut retired. However, there would be price
separation inthe Northeast MassachuseBtsston area starting in 2016 The Department
assumedhat this needvould be met by incremental energy efficiency (an amount that is less
than that called for by the Massausetts Green Communities Act), althoulBO-NE is
consideringa proposal taneet thisneed with new transmission

Generation retiremendlecisiors are driven largely byapacity market prices anevdving
environmental regulationspecificallyregulations thatontrol hazardous air pollutants (HAPS)
such as mercuryThe analysis assum#ésese regulationill require generators without certain
pollution controls to install costly retrofits (Maximurchievable Control Technology, or
MACT) or retire in 2015. The U.S. EPA has also proposed many other regulations that will
affect generators, but nomd theseyet clearly imposewidespread, inflexible requirements for
retrofitsand compliancen par withthe rule that controls hazardous air pollutant emissidihe
CrossState Air Pollution Rule (CSAPRyhich was stayeth December 2011 pending judicial
review, would exempt Connecticut and Massachusetts and, in anywask] impose allowance
costs, not stringent control requirements. Bh® A6 s  pightemozoneo standas,dwhich
could lead to strict emissions rate limits, has been delayed and will fikelyave a significant
impact until the end of the Iykar study horizon. The proposed rules under the Clean Water Act
Section 316(b) on cooling water intake stwes appear to have flexible compliance
mechanismsandconfer implementation discretiom states

In order to determine which generation units woliéveto install specific controls to comply
with Maximum Achievable Control Technology requirements for hazardous air pollutants
DEEP consulted witfConnecticutgeneration owners anehvironmental agencies from other

13 The forward capacity auctions have so far had a price floor that has determined the price in surplus conditions.

This price floa will expire in the 2016/17 forward auction, which will be conducted in 2013.

11
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states* The Brattle Group analysassumeshat an electrostatic precipitator (ESP) would likely
be needed on Middletown @nd Montville 6 in Connecticut, and Yarmouth3Lin Maine to
capture mercury emissiohs. It further assumes th&chiller coal plant in New Hampshire and
the Mt. Tom coal plant in Massachusetts would likely need activated carbon injection (ACI) to
improve the effectiveness of their fabric filters or ESPs in capturing merclihe Brattle
analysis als assumeshat the Bridgeport Harbor 3 coal unit would need dry sorbent injection
(DSI) to control acid gases, as would the Schiller coal plant in New HampsHire capital

costs of such retrofits range from $12/kW to $226/kW, as documentetipprendix E
(Environmental Regulations)

The capacity model evaluates the econoimiglications of retiring \ersts retrofitting each unit

by comparing the sum of retrofit costs and ongdixed operations and maintenaruests to the
short term (3year) net presentalue of energy margins and capacity revenues at@gefrom
continued operationEnergy margins are estimated in the DAYZER model, and capacity prices
are estimated within the capacity model. The result was 1,687 MW of economic retirements
regionally(in addition to the 1,549 MW already planning to rétimestly occurring in 2015he
assumedompliancedeadlinefor hazardous air pollution ruledn Connecticut, there would be
938 MW of economic retirements in 2015, in addition to 183 MW alrgdalyned. However,
many of the old steam units in Connecticut that are not projected to need-cdpitaive
controls to comply with théazardous air pollution rulesould likely remain online because
their goingforward fixed operations and maintenancestsareless than the projected capacity
price  These units includthe Middletown 23, Montville 5, New Haven Harbor and Norwalk
Harbor 2 steam oil units. The Bridgeport Harbor 3 coal unit is projected to remain online
despite the cost of installydry sorbent injection

The amount ofctive demand responsea the market also requires estimation because market
participants decide how much to providegely based onapacity prices. Intuitively, one would
expect that supply odctive demand respa@e would decrease when capacity prices {ellg.,
after the price floor is eliminatednd increase when thesubsequentlyise. For forecasting
purposesThe Brattle Grougonstructedan active demand responssupply curve with a fixed
cost component, md a variablecost component (per MWh of expected interruption) that
increases as total markelemand responspenetration increaseto account for a greater
probability of being called Including this supply curve in the capacity market simulations
causé projectedbctive demand responge decrease from 1,982 MW already cleared in thé fif
capacity auction for 2014/1f%® 1,006 MW wha the price floor is eliminated; projected active
demand response would then riee2,588 MW in 2022vhencapacity pricesreexpected to be
substantially higher.

New generation entry is assumed to occur only when the capacity price riseN&t thest of
New Entry (Net CONE) of the most economic gatien technology in New England: gas
fired combineecycle plant The Net Cost of New Entryof a newcombinedcycle plantis

14 These estimates are only intended for the purpose of this analysis, not as a regulatory determinettiah of

control requirements.

An electrostatic precipitator is a devitigat removes dust or otherniely divided particles from power
plant exhausby charging the particles inductively with an electric field, then attracting them to highly
charged collector plates.

15
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provided by the annual capital carrying charges and fixed operating and maintenance costs,
minus the energy margirend ancillary services revenugswould earn, as estimated in the
DAYZER model. Theannual capital carrying charges and fixed operating and maintenance
costs are assumed to B&38kW-yea (in 2012 dollars)based on the cosihe Brattle Group
recently estimated for PJMterconnection LLCor a newcombinedcycle plantin New Jersey,

which areincreasedy 4.7% to account for higher labor costs in ConnectiutAt these costs,

no new combinedcycle capacitywould enter until 2022023 in the Base Case. In the
meantime,other lower cost resourgesuch asactive demandresponsewould be expected to
meetthe NetInstalledCapacityRequiremenand setapacity auctiorclearing prices

Projections for Capacity Prices and Resource Adequacy

Capacity priceghrough 20182016 are given by the administratively determined pficer.™’

After the price floor expiresDEEP expectpricesto reflect the supply and deand conditions
summarized abovl. The capacity model is considered solved when the market clears, with
capacity prices that are consistent with tme®deled economic exit and entry decisions.
Projected pricesare expected téall below $1/kWmonth to clear most of the capacity surplus
that the price floor was suppimy. AsFigure5 shows, pricesrethenprojected taise as load
grows and highecostdemand responge-enters Capacity prices become progressively higher
until new generation is needed apdces reach th&let Cost of New Entrylevel ($7.1/kW-
morth) in 202-2023.

% The key paramets are $929/kW overnight cost, 13.1% leresd| capital charge rate (based on 8.5% merchant

ATWACC and 20year economic life), and $17/k\i fixed operations and maintenance costs, for a 656 MW
combined cycl e. These est i tnysEstiemates for @mbustieneéldrbine and i Co st
Combined Cycle Plants irPIJMo adjusted t o account for hSeeg h er | a
http://www.pjm.com/~/media/committeggoups/committees/mrc/20110818/20110&t8ttlereporton-cost
of-newentry-estimaesfor-ct-andcc-plantsin-pjm.ashx.

In the analysis, capacity prices paid to generators are prorated when the price floor is binding and surplus
capacity clears.

At the time the analysis for tH#12IRP was conducted, the price floor was set tarexgfter the auction for

the 20152016 delivery year. Shortly after the analysis and draft report were completetNHESEakeholders

voted to extend the price floor for another yesubject to FERC approval. DEERJ not incorporate that

change intolte IRPanalysisbecause of timeonstraints However, the likely ongear extension of the price

floor is not expected to alter the regional supply fundamentally from the projeptiessnted in the 2012 IRP.

Many of the retirements are still likely b& driven by environmental requirements; other market dynamics may

occur a year later than projected. In any case, the IRP projections should be considered approximate and
uncertain due to the uncertainties surrounding future auction rules, environmesnitdtions, and market

conditions.
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Figure 5
Projected Capacity Prices(2012$%/kW-month)
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The resulting supply and demand for resources is described in defgipi@ndix B (Resource

Adequacy). The bottom line is thatl af ISO-NEOG s reliability requi

Connecticutcanbe expected to be met through 2022hout having to plaror facilitate new
generation resources. These requirements are discussed in more detail below.

First, with respect to th€onnecticut Local Sourcing Requirement the projections indicate

that there are adequate resources in Connecticut to meet the Transmission Security Analysis
criteriawell beyond 2022with 600 MW of surplus in 2022016, andthen 1,90Q0 2,000 MW

of surplus in 206-2017 and beyond.The surplus is likely to remain approximately constant
after the price floor is eliminated, since demand response is likely to exit initially but then return
as loadgrows and capacity prices ris&kesources are shown as stacked ipaFsgure6, clearly
exceeding the requirement shown in blaékojected retirements, shown as empty boxes at the
top of the stacked bars, are safficientto eliminate the surplus.

It is important to point out thathis projection assumethat the various components of the
plannedNew England EasiVest Solution (NEEWS) transmission projeall be completed.
The NEEWS projecis planned to address several transmission security reliability jssoeis
will also support local resource adequacyCionnecticutas a side benefitDEEP assume that
the NEEWS transmisainoenhancements will increa@onnecticud smport capability by 1,100
MW (shown onFigure 6 as a reduction in thiecal requirement) aneélectricallyincorporaé the
Lake Road generawfacility (745 MW) into the Connecticut stdyea

Two of the components of NEEV8She Rhode Island Reliability Project and the Greater
Springfield Reliability Proje@ are currently under construction. The remaining two
component® the Interstate Relidlity Project and the Centr&onnecticut Reliability Projedt

are not yet under consttion. They were included in the IRP Base Case because liagg
received the required ISOE technical approvals.The relevantstate siting boargshowever,
have yetto review the siting impacts and the reliability need for thesaponents State siting

reviews will be informed by ISNEG6s f ort hcoming reliability as
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to account for currentiprojected system conditions. State sitingrimegs for the Interstate
Reliability Project are underway in Connecticut and will be filed soon in Massachusetts and
Rhode Island. State siting permapplicatiors for the Central Connecticut project have not yet
been filed.

If the Interstate and Centr&onnecticut projects are not approved, the Connecticut import
capability would be 1,000 MW less than assumed for years 2016 through 2022 in the IRP Base
Case, and the 745 MW Lake Road generating facility would not be incorporated electrically into
Connecttcut. Local resource adequacy would still be maintained, but with a smaller surplus of
only approximately 200 MW between 2016 and 2022 (compared to-2,900 MW in the Base
Case).

If, on the other handall components of the NEEWS project are congaets planned,
Connecticutdos | ocal resource adequacy would b
steam capacity in Connecticut retired (compared to 1,112 MW ioémretnts projected). \en

with the completion of NEEWS, a 350 MW shortfall coolketur in an unlikely scenario where:

(1) all fossil steam units retire; (B3O-NE6 s A hi gh economic growtho fo
350 MW higher Connecticut load by 2022 than in the Base forecast); and (3) all 400 MW of old
aeraderivative combustioturbines retire due to potential future NOx regulatio8sich a large

number ofsteam and combustion turbirgirementss unlikely because these units appear to be
economic under future market conditions. Even if a few more units retired than projected,
capacity market prices would increase, providing additional incentive for the remaining units to

stay online. Furthermore, for t® potential retirements that might pose a lagedihbility

concern, ISO-NE could resort to offering reliability mustin contracts’ The potential

challenges from increased retirements would be greater if the Interstate and Central Connecticut
Reliability Projects are not constructed.

Until the uncertaintiesurroundinghe Interstate and Central Connecticamponent of NEEWS

are resolved, DEERiIll continue to monitor the supply, demand, and transmission situation and
assessvhether any local resour@@equacy shortfallsould occur In the event of any ISDE
determinatiorthat the Interstate and Central Connecticut portions of the NEEWS project are no
longer needed, DEEP wilhitiate a process to determine if additional resources are needed for
reliability, and will amend the IRP as appropriate.

Second, with respect to thecational Forward Reserve Markett he Br attl e Gr oupé6
showsthather e are more than adequate r ecaionalces pi
Forward ReserveMarke requirement. ISO-N E 62611 Regional System Plamdicates that

through 2015Southwest Connecticut will have sachrequirementwhile Greater Conecticut

may need400 to1,000 MW of quickstart capacity® The modelprojecs 1,501 MW available

in Greaer Connecticut, including 949 MW in SouthweSbnnecticut, well above the projected

need in each area

1 Such contracts may only provide a temporary solution, as their duration would have to conform to the

environmental compliance deadlines.

2 See http://www.isae.com/trans/rsp/2011/index.html.
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Finally, with respect to thé&let Installed Capacity Requirement for New England adequate
resources are projected for meetthg Net Installed Capacity Requirement through 2022.

Figure 7 shows, the stacked bar depicting supply exceeds the requirement through 2015.
Thereafter, without aapacityprice floor to maintain surplus capacjtyhe forward capacity
auctions clearyst enough gpply to meetthe requirement.Generation retirements and demand
response attrition are sufficient to eliminate the surplus in 2016enRe of existing demand
response compensates for load growth through 2020, and additional demand respetsse
further load growth through 2021. By 2Q2few generation entry begins to become economic.
These conclusions are based on simulatedgeneration retirementand entryby demand
responseroviders, as discussed above.
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Evenif theseprojections anéssumptiongsuch as assumimrggionalimports remain constant at
approximately 1,00 MW) turn out to be wrong, the capacity marketiésignedo selfcorrect

forsuch

A e rto restose@ balantedetween resources and prices.

For example, if an

additional generatingunit retired, capacity prices would increase, which would redbee
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incentive for any further retirements and would enhance incentives for additenand
responséo enter thenarket

Winter Generating Fuel Availability

There isan additionatype of resource adequacy that does not correspond tuamntlSO-NE
requirement: preparedness for severe winter cold snaps, when thele fimaijed naturalgas
available for natural gadired generating units In New England, mosnatural gasfired
generators lack firngas pipelinedelivery, althoughMystic 8 and9 (1,679 MW winter capacity
have theirown liquefied natural gasLNG) supply source, andver 1,600MW of other
generators currently haiem mainline gas transportation in New Engldhd An additional
5,300 MW of capacity has dualel capability, yieldng over 8,500 MW ohatural gasfired
generators that currently hameminallyreliable fuel suppés.

In the IRP Base Casenergy market simulationsome level oatural gasfired capacityis

requiredto meet peak winteelectricity loads in each of théhree study years. Although a
substantial amount afatural gasfired capacity currently has duflel capability or firm gas

supplies, there is no requirement for generators to maintain reliable access to fuel, and thus the
firmness of these fuel supesicannotbe verified or regularly testedin addition,t h e -ifi-j ust

ti meo natur al gas d etheinatueal gassystgmgetgecausirgtpresswes e s b
problems andunavailability of norfirm capacity) andthe electric system g.g., causing

operational issues) during tight winter conditions

DEEP recognizes thatorf the longer term, the issue waturalgas reliance in winter warrants
continued closamonitoring since a number of uncertain factavdl influence the degree to
which the elecic system depends oraturalgasfired capacity that may lack firm fuel supplies
or dualuel capability. These factors include retirementoibfand coalfired generationthe
extent to whichnhaturalgas units with firm fuel or dudlel cap&ility maintain that capability;
and the extent to which the electric system can relgataralgasfired generators without firm
fuel supplies. This is a complex issue that requires further analysisenpially including
modelingcrosssystem dependencies betwedbe electricity and gas systems to fully understand
their interactions under stress condition$SO-NE is examining this issue undis Strategic
Initiative. DEEPis monitoring the ISONE initiative and will engage in the ISO process as
necessary. DEEP will also assess the compliance of @ecticut generators with theiiting
requirements and contractual obligations regarding backup fuel capabilities.

In December 2011ISO-NE released a presentation based on a draft report assessing New
En gl a atuad gas pipeline capacity to satisfy power generation rféedibat presentation
suggested that regional natural gas supply capability is inadequate to satisfy regional gas
demands on a winter design day over the next deCHuke presentatiodid not focus on electric
reliability. For exampleijt did not explicity take into consideration treubstantial amount of

2L Of this 1,655 MW withfirm gas capacity, about 500 MW is in Connecticut: Lake Road (246 MW worth of

firm gas), Milford Power (218 MW), and Wallingford/Pierce (35 MW).

SeefAssessment of New Englandés Natur al Gearm PoRerpel i ne
Generai on Needs, 0 pr esent e-NE Banning Advisoly Cdmenittee alte¢emberalkth,t o | S
2011.
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natural gadired capacitythat is duatfuel capable and can operate on its alternative fuel if
necessary.

B. Demandand Supply of Energy

Conneticutd lectric eergy consumptiorhas declined sharply since 2005 duestveral
factors, including the economic slowdown arwhtinued implementation of energy efficiency
measures. Looking forwardCo nne ct i ¢ uconswnptianis eexpgcted to grow at
approximatelyl% per year, not reaching 2005 levels again until 2022. The rest of the New
England region has not declined sfsarplyand is projected to recover &t1% annually as
shown inFigure8.%

B e c aus e prhectiorsGisow thaadequate capacity will be availaptes discussed above,
DEEP also expecthat energy requirementsinbe met reliably. How energy is produceand

the wholesale price of that energyill depend on fuel prices, the types of resources that are
developed or retired in the future, and transmission constraifts. the IRP,the DAYZER

market simulation modetas usedo analyze how energy is procled. DAYZER includes all of

the key elements of energy supply and demand, as well as all existing and planned transmission
facilities in the ISGNE system.

Figure 8
Annual Energy Consumptiond Historical and Forecast for CT andNew England*
Connecticut TWh) New EnglandTWh)
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One of the most important inputs is natural gas prices, with the prices of coal, oil, and emissions
allowances also influencing wholesale market outcameaslesser extentNatural gas prices are

based on NYMEX Henry Hub futures througb21 The 2012 IRP relied on futures traded
between 8/5/11 and 9/16/11, which were pricet4at MM Btu for neasterm delivery rising to

% These figures are net of energy efficiency that has been implemented to date, some future energy efficiency

measures that will be implemented to fufommitments made inIS?IE6 s f or ward capacity al
20142015, and some amount of energy efficiency impacts that are embedded implicitly in the forecast as a
continuatiocasuddalibbutsi ereds. Ther e @#yraed accuratelymdtaunt of ch
for energy efficiency in the load forecast that are discussed in Appendix B (Resource Adequacy) and Appendix
C (Energy Efficiency).

2 Year 2009 and 2010 weather normalized energy consumption figures for Connecticut are sstippdiesd by
The Brattle Group
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$5.21by 2015, $.40by 2017, and %.92by 2022% Delivered natural gas prices also include
basis differentiabased on historical prices amdlYy MEX basis swap$$1.06/MMBtu on average
with a January high of $3.12/MMBYuplus a $0.30M Btu chargefor generators served by
local gas distribution companies instead of directly by a pipélin@il prices are much higher
based on current forwaptices. Coal prices, affecting approximately 2,000 MW of capacity in
New Englandwith Salem Harbor and AES Thames retjrare $4/MMBtu, which is high in
historical terms. Coal prices are based on NYMEX Central Appalachiameduflus
transportation costs.

Emissions allowance prices for NOx are assumed to stay at $t¥tause ofConnecticud s
exclusion from the CrosState Air Pollution Rule (CSAPR) arlmbcause it is unlikelyhat the
antibacksliding provisions of that ruleould be invoked under projected emission levels
(CSAPR was recently stayed by theC. Circuit Court of Appeals, but the analysis for this IRP
assumes it will eventually procedad implementatior) Prices for S@ allowances also are
assumed to be $0fiobecause of € n n e ¢ texclusioh fiosnthe CrossState Air Pollution
Rule andbecausesmission rductions in other states wileep emission allowance pricesder
the Clean Air Act Title IV acid rain prograessentially at zeroPrices for C@allowarces are

assumed to stay at roughly $2/ton, set by the Regional Greenhouse Gas Initiative (RGGI) price

floor.?” The analysis also assumes thatmational climate policy based on eapdtrade or
carbon taxesvill be implementedver the 10year study horizon.

Using these data inputthe DAYZER model simulates ISENEG6 s o p er aetedtricah o f

system and its administration of the energy market. Theutsutif the model include hourly
locational marginal prices Ps), dispath costs, generation and emissions for every generating
unit in New England, and transmission flows and congestists The resultingagnnual average
wholesaleenergy pricespaid by Connecticut loads aré46/MWh in 2015, $56.3/MWh in
2017,and$61.9MWh in 2022 in constant 2012 dollars, as showRigure9, which also depicts
monthly wholesale energy pricés For comparison, annual average prides2008 were
$87/MWh (when natural gas prices were much highé&en dropped to $45/MWh in 2009
before rising to $52/MWh in 2010 (all in 2012 dollars). About two thirdshefexpected
increaseover timeis dueto rising naturalgas prices The remainig onethird of the expected
increaseésduetol ess efficient generators setnaikebg mar
heat raté ps the initial capacity surplghrinksand load grows.
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Since thdRP analysis was conductathtural gas prices have decreased. oAJune 13, 2012, NYMEX
Henry Hub Futures have decreased by roughly $fetOMMBtu (in 2012 dollars¥or delivery in 2015
through 2020

AHenry Hubo is a common reference pricing point
Thermal Units. All prices shown are annual averages, expressed in 2012 dollars.

RGGI expires in 2018. This analysis assumes @i@es remain the sasthereafter, but such a low price has a
trivial effect on the results.

Loadweighted annual average energy prices are $65.3/MWh in 2015, $59.2/MWh in 2017, and $57.1/MWh in
2022 in constant 2012 dollard.oadweighted average prices are greater theple average prices because
load is frequently higher when prices are higher.
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Figure 9
Base Case Projection oEnergy Prices (2012 $/MWh)
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C. Supply and Demand for Renewable Generation

Thedemand for Class | renewable energy resources in New Englaxgectedo almost triple

over the nextdecadebased on current state Renewable Portfolio Standard (RPS) rules and
regulations. Amonghe New England states, Connecticut has the most ambitious Class | target

as a percentage of load (12.5% in 2015, increasing up to 20% by 202@cemahts for
approximately onethird of the regional renewable energy demand (second domly
Massachusetts). Load serving entities in New England rely on a regional market for Class |
Renewabl e Energy Credits (RECs) to comply wit
have some unique eligibility characteristics, with some resourcadying for Class | status

only in Connecticut. In estimating the supply and demand balance mdgimmal Class | REC
market,the analysis has tak@mo account resources that are specific to Connecticut.

While the technical potential of renewablsaarces in the overall New England region remains

high, tighter financial conditions over the past three years have made it increasingly difficult for

new renewable resources to secure funding for construction. Based on information that is
currently avaible, our Base Case projection of Class | renewable energy resourcesubuild

shows that New England is likely to meet the regional demand through 2017, bfalinsénprt

in years beyond 2017The projection througt2015 is based on information fprojects that are

currently under developmens well asstatespecific programs (includn@onnecti cut 6s P
150 andthe ZRECLREC program$. For years beyond 2015, DERGReserd a fAl i kel y o
trajectory of renewable development based on recent historgradst and expected nel@rm

additions. These assumptions include: (a) growing onshore wind capacity by about 115 MW per
year; (b) adding new solar resources to meet eam® from targeted state programs; (c) not
building new landfill gas and small hyalresources; and (d) increasing the eligible Class | REC
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imports from New York and Canada at approximately 10% per yEayure 10 summarizes
supply and demand for &is | renewable energy in New England.

Figure 10
New England Class | Renewable Resource Supply and Demand Balance
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Under theBase CaseClass | renewableost assumptions and simulated REC market, the market
price for Class RECs would be approximately $23/MWh while the market is in relative surplus
(2012 through 2017). Beyond 2017, however, the REC shortfall implies that REC prices would
rise to the level of the Connecticut Alternative Compliance Payment (ACP), whichtbuisen
the lowest in New Englarfd. REC priceswould clear the market &55/MWh ($45/MWh real
2012 dollars) which is the level of the Connecticatternative Compliance PaymenBrattle
estimates thathe cost of complying with the Class | requiremeni increasefrom $118
million in 2012 to $445 million in 2022.Under these conditions, Connecticut utilities would
satisfy nearly half of their RPS obligations throughefative Compliance Payment3.hese
payments could bevaided if the pace of reme&able energylevelopment accelates in the New
England region. For example, more projects could be developadsmissions constructeda
access remote onshore wind resourdesosts decline more than expecteat if financing
improves. Connectid or other states atd also consider offering lorigrm purchase power
contracts to provide a more reliable revenue stream to renewable energy projects.

In addition, DEERevaluatedClass lland Class 11l supply and deman@veral Classll and Ili
supply and demanid summarized in Appendix.DClass Il requirementareinitially set at 3%
andcurrently no change in that level is anticipatékhe current supply of Clagsand Clasdll
resources significantlgxceedsthe existingRPS requirenents This drives theClass Il REC

2 Alternative Compliance Payments (ACP) represent an administrative cap on REC prices, which entities can pay

to states in lieu of purchasing RECs if they anavailable otoo expensive.Other New England states have
indexed their ACP to inflation, while Connecticut set the level at $55/MWh without providing for any inflation
adjust ment . Ot her New England states®d ACBEscdagngel s
at the consumer price index.
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pricesdownto less than $5/MWh and ti@&ass Ill REC price to thprice floor of $10/MWhand
prevents some of thesourcesrom receiving any REC payments at all

Resource recovery facilities largely comprise Clasgeheration in Connecticut. Historically,

long-term contracts with the EDCs have been necessary to ensure the economic viability of these
facilities with the expectation that proceeds from the Class Il market would provide a sustainable
future revenue soue. However, many loaterm contracts have ended the Class Il market is
currently oversupplied, energy prices have declined and operating costs have increased. Reduced
revenues, unsold RECs and increased costs ¢raated ihancial hardship and raise c@mns

about significant environmental consequences for thieire of t he St at eds manage
disposal of trash. Additional concerns such as higigging fees for municipalitiesand

electricity market conditionsust also be considered as DEEP evaluptdsntial solutions to

this immediate problem and develops a plan to address the continued viability of these facilities

Conservation and energy produced by combined heat and power facilities comprise
Connecticutds Cl ass | RHCs pnaidekaestimated 8Bld Imdliein o f C1
supplemental revenues for utility conservation programs. This additional funding, while helpful,

is not essential to the utility conservation effort. Oversupply in the Class Il markets has resulted
largely from ontinued growth in energy efficiency programs and has impacted-phrity
conservation efforts. Low REC prices have also impaetadting CHP units and reduced
incentives for additional development. The Class lll requirement and associated mark&b needs

be reevaluated if Connecticut is to continue to support combined heat and power and/or third
party sponsored energy efficiency through the RPS

DEEP estimates the cost of Class Il RECs to be approximately $4.5 million in 2012. The cost of
Class Ill RECs is estimated atl8 million. These costs should remain about the same through
2020 since the RPS requirements do not change. Utility conserwatloimcrease, keeping

REC prces at the floor level and making more Class Ill RECs unmarketable. ICREC

prices and costs should also remain the same unless some of the egstmge recovery
facilities retire.

D. Outlook for Customer Rates

The IRP analysiproject GenerationService Costs (GSC) for Connecticut customers, averaged
across all ratelasses. @nerationService Costs currently comprise approximately half of the
total customer bill. Based on the capacity, enefjyand REC market projections described
above,DEEP projects thaGenerationService Costsshould remain relatively constaint real
terms, at approximatel@ ¢/kWh from 2012 through 2017s shown irFigure 113 That is
substantially lower than rates experienced over the past several paaily because Henry
Hub naturalgaspricesare expected teemain below $6/MMBtu and capacity price® expected

%" In Figure 11 fenergyo costs include the costs of el ectric

financial transmission rights (FTR) revenues, and an estimated 10 percent adder to account f8Odtier
charges and a risk premium.

The Generation Service Costs showrFigure 11 do not include other components of customer bills, such as
transnission and distribution (T&D) costs, the net costs of madlatnewable investments (ZREC/LREBEC
Project 150 programs), or the cost of lelegm contracts with the Kleen Generation, AMERESCo energy
efficiency, Waterbury Generation or Waterside Generaiahthe new peaking facilities.
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to stay below $4/kWmonth. For comparison purposdsgurell shows estimatedistorical and
current rates for Standard Service for residential and small commercial and industrial customers
in 2007, 2010, 2011, and 203®.

Figure 11%
Annual Average GenerationService Costdor Connecticut Customers(2012 ¢/kWh)
Base Case Projection
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From 2017 to 2022Generation Service Costge likely to increase bglightly more than3

¢/kWh, as shown inFigure 11. This projected increase wriven by thee factors. First].9

¢/kWh of the increase is fromising capacity prices. In 2017, prices will likely reach their
lowest levelsof about $1/kWmonth after the current price floorxpires and the market price
drops to clear the existing capacity surplus. Thereafter, prices will rise as regional load grows.
By 2022, priceswill likely rise to $7/kWmonth, near the equilibrium levels customers can
expect to pay on a lorgrm averagéasis in order to attract new generation resources

Second 0.6 ¢/kWh of the increase is from the cost Renewable Energy Credits (RECs) and
Alternative Compliance Payments (ACP). The volume of reneveai#egypurchased increases
as the Class | requirement increases, but the price also increases as the scarcity of regional
supply causes the REC price to be set by the Connecticut Alternative Compliance Payment. In
addition, outside the Generation Service Chatbere would be approximately a 0.2 ¢/kWh
increase for transmission to support increased Class | resources, although the cost is highly

32 Estimated Standard Service rates showRigure11 are based on a weighted average of filed rates for CL&P

(80%)and Ul (20%), converted to 2012 dollars. These rates apply only to residential and small commercial and
industrial customers that choose to take retail service from the Electric Distribution Companies. Hence, these
rates are not strictly comparable tetprojected future rates shownhkigure 11, which represent an average
across all customers in the state.

% In nominal terms, rates are estimate®.49 ¢/kWh in 2015, 8.45 ¢/kWh in 2017, and 13.29 ¢/kWh in 2022

24



2012INTEGRATEDRESOURCEPLAN FOR CONNECTICUT
Connecticut Department of Energy & Environmental Protection

uncertain and the modest rate impact assumes Connecticut pays for only its 25&tidestthre
of the total estimatetfansmission costs.

Third, 0.6 ¢/kWh of the increase is from rising energy pricagproximately twethirds of which
is causedy naturalgas prices risingand onethird is causedy market heatates increasing as
load grows.

In this IRP, DEEP has ideified and evaluatg variousopportunities to counteract some of the

rate increases projected for the 2@022 period. One general approach is to help customers
reduce the volume of consumption, and thus save money, @fpeehen rates are higher.
Another approach is to facilitate the development of-émst resources that are economic (but
may face barriers to implementation), which could defer the market price increases necessary to
attract higheicost resources. A third is to find more eeffecive ways to meet the clean
energy objectives of the RPS. The Resource Scenarios section IBfRladdresses all of these
approaches. As discussed bel@EEP concludes thahcreased energy efficiency can help
meet all of these objectives and counteraore than half of the projected cost increases through
2022.

In addition to these resource approacHe2BEP is cognizant of the impact ISTE has on
shapingthe regional energy market. s/Asuch DEEP will cortinue to participate actively in the
ISO-NE stakeholder process to ensuteat the market is working effectively to achieve
reliability objectivesat reasonable cost, atm ensure that the marketasonably accommodates
Connecticud nergy policy objectives. DEEP will also be issuing a separateport that
examines trends for all rate components, identifying factors impacting rates and providing
recommendation to lower electric rates and bills for Connecticut customers. DEEP will issue
this report in compliance with Section 90 of Public Act8lL

E. Fuel Use and Emissions Outlook

Electricity production and pricen New England todawre markedly differentfrom what the

region experienced in the past decadeEEP expectsurther changesver the next ten years.

The primary reason for thegastchanges ardramatic shifts in relative fuel pricese{lecting

low natural gas prices coupled with high coal and oil prices) while environmental retrofits,
economic retirements, and new renewable generation will have increasing influence in the
coming deade. For example, ib-fired generation decreaseafter 2007 partly because of
increased availability of lowerostnaturalgasfired generation and renewables, but also because
of changes in fugbrices. @ prices have risen dramatically relativertatural gas prices, and are
expected to remain high.

The combined effecdbf these changesn total generation by fuel type is shownRmgure 12
below, whch includes 2007 actual data and projections for 2015, 2017, and 2fif?2
Connecticut and New Englaril This shows the increase in renewable generation fi#nof6
total New Englandsupply in 2007 tdl0% in 2020, a36% reduction in coal generation, and a
steep decline in oil generation. Total generation in Connettasiincreasednostly because of

3 Regional natural gas and oil generation for historical years are estimatétel§rattle Group based on

publicly-available data from IS®IE. For forecast years, generation is simulatetie DAYZER model.
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the 201l addition of the Kleen generation facility an efficient 620 MW natural gasfired
combinedcycle plant with the expectation thatake Road(a 745 MW natural gadired
combinedcycle plant) will be electrically incorporatednto the Connecticut sdéirea upon
completion of thdnterstate portion of thllew England Eas¥Vest Solutiortransmission project
at the end of 2015These changesould convertConnecticut from a net energy importer to a
net exporteby 2017

Figure 12. Base Case Projection of Annual Generation by Fuel Type
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DEEP projects thatispblacement of coal and oil generation by gas and renewable generation wil
continue to produce a dramatic reduction in regional NOx, 8@d CQ emissions relative to
historic levels.

1 CO, As shown inFigure 13, Connectictt CO, emissions have already
decreased from.7 million tonsin 2007, and are projected to decrets@.8
million tons by 2015 therslowly rise to 8.5 milliontons by 2022. New
Englandas a wholds expected tdollow a similar curve, staying webelow
the targets established under the Regional Greenhouse Gas Inftiative

1 SQ. As shown inFigurel4, Connecti cut 6 s,emisswresare sect or S
expeted to be a small fraction of pasimissions For example 2010
emissions were 70% lower tham 2007; 2015emissions are projected to be
another 45% lower than 2010 emissioly 2022, emissions are projected to
grow back to 90% of 2010 levels, but E#tB% below 2007 levels

1 AnnualNOx Figurel5 shows a substantial reduction@ho nnect i cut 6 s p o we
sectorNOx emissions, with only modest increasdter 2015as load grows.
For example 2010 emissions were 36% lower thaB07 emissions 2015
emissions are projected to be hafithat. After 2015, emissionare projected
to grow slowly back to twethirds of the 2010 level by 2022.

% In Figure 13 throughFigure 16, ARPS Class | 0 includes -fgualifienda s si Catnhde rfou e

includes refuse and biomass that are not RPS qualified.

26



2012INTEGRATEDRESOURCEPLAN FOR CONNECTICUT
Connecticut Department of Energy & Environmental Protection

12 4

10 ~

1 High EnergyDemand Day NOxFigure16 shows NOx emissions on just the
top 10 High Energy Demand Days (HEDD), both for Base Case normal

weat her

a n d atheorepreBeatidg alho6ttest swremer expected in 10

years. These projections compare favorably to an average of 30 tons per day
experienced on the 4 hottest days in each of 2007 through 2010, and the target
level of 42.7 tons per dathat Connecticut has anmitted to theOzone

Transport Commission

Figure 13. Annual CO, Emissions
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Figure 14. Annual SO, Emissions

Connecticut (thousands of tons)

—
Other Actual | Forecast

RPS 4y
2007 2010 2015 o 2017 2022
ass |

27

120 ~

100 4

80 -

60 -

40 -

20 ~

New England (thousands of tons)

Actual Forecast

Other

Gas

1
I
1
'

/V
2007 2010 ... 2015

2017

2022



2012INTEGRATEDRESOURCEPLAN FOR CONNECTICUT
Connecticut Department of Energy & Environmental Protection

Figure 15. Annual NOx Emissions
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Figure 16. HEDD NOx Emissions in Connecticut (tons per day)

10-Day Average, by Source Emissions on Each of 10 HEDD Days
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V. ALTERNATIVE FUTURES
A. Definition of Futures

Longrange planning analysis must address uncertainty in order to be useful. Regardless of the
effort and attention that goes into the analyisiss impossble to perfectly predickey external
factor® such as natural gas prices and economic g@dwtler which regulators and utilities do

not have direct control. Throducessubstantial uncertainty about important outcomes such as
resource needsates andemissions. Moreover, the costs and benefits of alternative resource
strategies often differ as external factors vary. Hence, potential resource stratagielse
evaluatedunder a range oharket conditions Simply setting each externaXogenou$ fador to

a single most likely value seldoprovidesinsight into how strategies might perform under
alternative market conditions For this IRP, DEEP amalyzed uncertainty by constructing
scenari os, which we calll AFut urreisoos , too wdii cthi
evaluated in the next section. The Futures are basetifferent naturalgas prices andhe

relative amounts ofupply and demandvhile holdingall other variables at their Basgase
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values®® With respect to supply and demand, tfiéght Supply future incorporate$SO-NES s
high economic growth load forecast (1,150 MW higher by 20209, does not allowactive
demand respons® adjust to capacity pricehanges. The Tight Supply future alassumes
Bostonds | ocal robesoara soleed witth érgnsmassion ingtead of adding
internal resources. Th#&bundant Supply future incorporate$SO-NE6 s | ow economi c
load forecast (1,150 MW lower by 2020) and assuthasthe Vermont Yankeenuclear plant
remains inserviceduring the study periad These twoFutures thus span a large rangie
circumstances;overingany number of unanticipated changes ttwatld have similar effects on
the regional supptgemand balancesuch amew imports of Canadian hydropowehanges in
retirements, importsdemand responseand new capacity They are useful for testing the
robustness of alternativResourceScenarios against a range of very different pressures on
resource adequacy

With respect to natural gas prices, the futures reflteetfact that atural gagprice uncertainty
directly affects electricity price projections. In developing the higth law commodity price
cases, DEERevaluated several factors including available high and hatural gas price
forecasts fronthe U.S. Eerrgy Information AgencyKIA), Wood Mackenzie, implied volatility
from natur al gas opti ons pderiveddrem comparithg historet or i ¢
projections to realized gas price€onsidering all of the available data, it was deterchithat a
high/low range relative to thBaseCase commodity price forecast of roughly +60%-40%
captured a reasonable range of lbegn naturalgas prices suitable for planning purposése
resulting price trajectories are shown Figure 17, which also includes historical prices for
comparison purposes.Figure 17 does not show transportation basis differentials or LDC
charges, which are assumed to be idahto those in the Base Case.

In developingthesenatural gas pricéutures,elasticities ofdemandwere appliedo account for

c u st olikedyrrespgonses to largéongterm naturalgas priceinduced changes in electricity
prices®” A longterm elasticity ofenergydemand 0£35% reduces energy consumption in the
High Gas future by 13.terawatthours (TWh) in 2015 (10.0%) and by 14lh in 2022
(10.2%). It increases load in the Low Gas future ByT8Vh in 2015 (6.7%) and by 9.8Wh in
2022 (6.8%). A longerm elasticity ofpeakdemand of17.5% reduces peak load in the High
Gas future by 1,40MW in 2015 (5.0%) and by 1,50@W in 2022 (5.1%). It increases peak
load in the Low Gas future by 900 MW in 2015 (3.3%) and by 1,000 MW in 2022 (3.4%).

% varying the Cost of New Entry was also considered and analyzed, but not used to construct an alternative

Future because it had only a small effect on the outcomes.

Elasticity is a masure of quantity response to price changes expressed as a quotient of percentage changes over
a given time period. For example, if price increases by 1% and quantity demanded falls by 0.5%, then the
elasticity of demand is50% (¢-0.5/1).
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Figure 17
Natural Gas Price Trajectories at Henry Hub
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B. Costs and Emissionsinder Alternative Futures

The four alternative ltures described above were evaluaisohg the samenodeling system
used to develophe Base CaseCost and emissions metrics are showrFigure 18 through
Figure26, below. Some of the most salient observations from these figures are as follows:

1 Resource Adequacy Whereas new generation entry is rfound to be
economic for meeting the regiondbds Net
Base Case until 2022, economic entry could occur in 2018 in the Tight Supply
future, and 2019 in the Low Gas futuas a consequence of higher load
growth. The resulting range in capacity prices is shawFigure 18. In all
Futures, new generation is not necessary in Conneag@cifically in order
to meet the Local Sourcing Requirement.

As noted in Sectioifiv, subsection Athe IRP assumes all four components of
the NEEWS transmission project are constructed, increasing the Connecticut
import limit to 1,100 MW and incorpotiag the Lake Road generagitfiacility

into Connecticut. In the event thdte Interstate an€entral Connecticut
componentof NEEWS were not constructedConnecticut would still have
adequate local resources to maintain reliability even in the Futittesigher

load. For example, in the Low Gas future, higher projected capacity prices
prevent some generation retirements and attrition of demand response, which
offsets the higher load.

1 Costs and Rates The High Gas future has higher rates and the Gag
future has lower rates than the Base Cpsmarily because oflifferences in
wholesale energy priceshown inFigure 19. However, cost impacts are
partially miigated by demand elasticity effects, as shown by the smaller
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variation in the costs ifrigure20 compared to the rates. Costs and rates are
also lowe in the Abundant Supply future. Note thhetrate increases over
time aregreaterthan the uncertaintgcross Futurem any particular year, as
shown inFigure20.

Generation As load varies across the Futures, most of the variation in
generationis projected taoccur in gadired units. Little dispatch switching
occurs between fuels, except in the High Gas future, where coal generation
increasest the expense of natural gas. In all of the Futures, the old, high
emitting oilfired steam units wouldhot generate at significant levels, as
shown inFigure25 andFigure26.

Emissions The Futures with higher load (Tight Supply and Low Gas) have
higher emissions, except High Gas, which has higheraB® NOx emissions,

as shown inFigure 21, Figure 22, Figure 23, and Figure 24. The relative
emissiondevels across cases are driven by a number of fagtorsaxample,

in the Abundant Supply futuremissionsvould decrease from 2015 to 2017
because the low load and presence of Vermont Yankee cause many
retirements when the capacity price floor expires, including coal retirements.
In the Tight Supply future, COemissions decrease from 2017 to 2022
because of the addition of 2,200 MW efficient combiogdle plants.NOx is
higher than in the High Gas future because {@gtitting units are needed to
meet a much higher peak load. In the Low Gas future, High Energy Demand
Day NOx is higher thamn the High Gas future because peak load is much
higher.

Figure 18. Capacity Prices in New England (2012 $/k\A¥ ear)
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Figure 19. Annual Average Energy Pricesin Connecticut (2012 $/MWh)
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Figure 20. Connecticut Customers' Power SupphyRelated Costs
(Includes GSQosts,EE chargesand Transmissiochargesassociated with remote renewable generation
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Figure 21. Annual CO, Emissions
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Figure 22. Annual SO, Emissions
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Figure 23. Annual NOx Emissions
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Figure 24
Connecticut HEDD NOx Emissions on Each of 10 HEDD Days (Daily Tons)
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New England Generation by Fuel Type (TWh)
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EVALUATION OF RESOUR CE SCENARIOS AND PLAN FOR SECURING

This section of théRP introducesa plan forsecuringenergy resourcet® minimize the cost to

Connecticut

environmental goals and standards.

customer s

over t

i me and

ma X i

This plan is basettheomnalysis of projected future

mi

Z e

electricity supply and demandiscussed above, as well as several resource scenarios evaluated
for this IRP. It addresses opportunities in four key argasmmoting moreenergy efficiency
through various policapproachesmeeting and/or redefining the RPS standards in various ways,

fostering the development of new transmission, and facilitating the entry of new gen&tation.
developing this planDEEP tested severpbssible courses of actians

fiResour,ee

acknowledging the fact that the State cannot fully control alheffactors examineaven if it
can influence thenThe Resource Scenarios evaluated in this IRP are defined as follows:

1 ExpandedEnergy Efficiency While the Base Case assumes continuation of

energy efficiency programs at current levdlsEP evaluatedraExpanded
Energy Efficiencyresource scenarithat nearly triples that amourtf energy

savings over the next decad@&heopportunities for increased efficiency and

Sce

% Procurement rad risk management strategies can also affect customer rates, but they are not considered here
because Public Act 180 addresses procurement outside of the IRP.
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the costsof achieving thenare based on the Potential Study commissioned by
theEnergy @nservation Management BoaEGMB), dated April2010.

1 RPS ScenariosDEEPevaluated the effects of maintaining the existing Class
| RPS requirementsAcknowledgingcurrentuncertainty about how thePS
requirements could be met, DEE&amined three iels of Class |
development: a Low Case, a Base Case, and a Full Renewables Buildout

1 New st of Service(COS) Generation This scenario assumes the
development of one newefficient656 MW gasfired combineecycle plantin
Connecticutin 2017 (for $929/kW cost in 2012 dollars, excluding interest
during construction)backed by power purchase agreements or ailngport
from Connecticut customersdDEEP analyzed this scenario in order to asses
the value to Connecticut customers of pagyine full cost of new conventional
generation and receiving its full market value, and doing so before such a
resource would have been developed by merchant developers.

The subsections below describe tResourceScenarios and their impacts on costsesa
emissions, and jobs. Resource scenario evaluations are presented here for fluéuBabet
were also evaluated across alternative futures, the results of which are incléggaemdix A
(Detailed Tables)

A. Expanded Energy Efficiency

To identify @pportunities for securing Connecticut 0Ss
efficiency, DEEP tested alxpandedEnergy Efficiencyresource scenario based on the
fiPotential Study sponsored by theConnecticut Energy ConservationManagementBoard
(ECMB), conducted by KEMA Consultingand filed in 2013° The Potential Study estimates
the savings that could be achieved based on a dethieétbmup analysis of hundreds of
available energy conservatiomeasures in each customer secémd then applies a bditecost
test to each measure to estimate an economic poterilakt of the measures are based on
programsalready being implemerdeby the electric distributionoempanies Many of the
measures evaluated in the Potential Stwduld involve significantly expanding the more
innovative parts ofexisting programs, such asoffering technicaltraining to commercial
customer®n more efficient practices.

Based on the KEMA Potential Study estimates, the Expanded Energy Efficiermycees
scenario estimates maximum cesfiective savings from energy efficiency programs over an 11
year implementation schedui®m 2012 through 2022s shown in Figure 2. The Expanded
Energy Efficiency scenario estimates that by expandingent effciency savings to the
maximum coseffective level each year from 20PP22, theresulting achievable, cosffective
savings will exceed Base Case energy efficiency savings by $534 million annually by
2022These savingsvill exceedBase Case Energy Effency program savings by 1,071 MW

39

The ECMBhas since been renamed the Energy Efficiency Board.
40

The reason the annugcrementalsavings fromthe Expanded Energy Efficiencgcenario appedower in the
initial years is that the Base Case Energy Efficiency savings against which it is measured were assumed to
decline over time.
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(annual peak)and 4,339 GWHhannual energypy 2022*" This finding is the basis for the
Expanded Energy Efficiency scenar®EEP utilized in this IRP. Because each program
measuravould saveenergy over the entinaulti-yearlife the equipments installed, the savings
from each yeaudascmmabkbateson tavimpgsa®the eleatricity r
using capital stock becomes increasingly efficient

Accordi ng t o DEE Phé annual casteofchieeirg) this mgher éegel| of énergy
efficiency is $243 million more than the Base Casmnprisingan incremental $105 million
program budgetand an incremental$138 million in increased oubf-pocket spending by
program f@rticipants to pay for their sh@ of the efficiency measurés The total

yeal

implementationunit cost per kWh saved under the Expanded Energy Efficiency scenario is
assumed to bsimilar to that in the Base Case. However, the participant is assumed to pay a

larger share of total costse, receive lower program incentives than in the Base Case). This

reflects an assumed expansion in the availability of finanoirey time such as through the

programsbeing developed by the Connecticut Clean Energy Finance and Investment Authority

(CEFIA). If the program incentives were similar to those in the Base @as@)crementatate
increass would haveo be 0.2 to 0.3 ¢/kWh higher.

Figure 27 shows thencremental savings amdtepayeiprogram costs in the Expanded Energy

Efficiency sceario relative to the Base Casehel$138 million in annual participant ¢ess not
included in the table These costs and savings are the quantities that are anagyaedif our

economic evaluation of the Expanded Energy Efficiency scenario compared to energy efficiency

assumed in thed&e Case.

Figure 27.
Incremental Savings andRatepayerCosts of ExpandedEnergy Efficiency
(Incremental tdase Case Energy Efficiency)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Annual Savings from Just This Year's Incremental Measures (GWh) 366 377 383 388 392 397 401 407 408 409 411
Annual Savings fromthe Cumulative Effect of All Incremental Measures to D&BwVh) 366 743 1,126 1,515 1,906 2,303 2,704 3,111 3,518 3,928 4,339

Annual Savings from Just This Year's Incremental Measures (MW) 95 96 97 97 97 98 98 98 98 98 99
Annual Savings fromthe Cumulative Effect of All Incremental Measures to D@w#wW) 95 191 288 385 482 579 677 776 874 972 1,071

Annual Incremental Utility Budget ($Mmil) 105 107 107 107 106 106 106 106 106 106 106

Implementing theexpanded Energy Efficiencgcenariowould sipport agrowing economy that
useslessenergy both per unit of output and inabsoluteterms. Figure 28 showsthat realized
energy consumption in Connecticut would continually deddiynabout0.4% per yeanet of the

“1" These savings are quantified in the Pateatl Studyds fAProgram AdleiPetengab | e
Study reports 6,616 GWh dbtal program savings in the Program Achievable Potential, but only 4,339 is

i ncrement al to 2,277 GWh of progr am sviags inregch casen

Pot

t he

measured relative to having no programs). Both the Base Case and the Expanded Energy Efficiency cases are

assumed to have the same amounts of natewatiyrring energy efficiency and compliance with existing
planned codes and stamds already implicitly embedded in the load forecast.

2 The annual cosif implementing th&Expanded Energy Efficiencscenario i$5206 million in program costs and
$192 million in program participant ouof-pocket costs, whichs $105 million and $138 iilion more,
respectivelythan the $101 million in program costs and $54 milliorpiagramparticipant costs in the Base
Case.
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effects of projected economic growth. Relative to the base casthe Expandd Energy
Efficiency scenari@ndwould result in 4,339 GWh savings in 2082m the cumulative effect

of all incremental measures to dateThis projection of lower electric saldsghlights the need

to consider new business models for utiliiestenable themcontinue making adequate returns

in the face of declining sales from successful prograDiSEP will analyze alternative business
models in order to develop recommendations for different rate structures that would achieve this
goal, including: decoupling the distribution revenues from the volumsads and reassessing
shareholder incentives for successfully achieving energy efficiency sabjsP and the
Energy Efficiency Board (EEB) will develgpgerformance metrickr the programs and Wicall

on the EEB to implement them.

Figure 28.
Effect of Expanded Energy Efficiency on the Energy Forecast
Connecticut TWh) New England TWh)
36 1 146 -
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*3 This projected decline rate does not account for the possibility that customers might engage in more

energyconsuming actitvii es when their equi pmentalbled mdeselnmoumrdd
isnaapc ko effects. Such effects would offset some

In order to isolate the impacts of Connecticut investing in Expanded Energy Efficiency, uttinams in the
rest of ISGNE were assumed to remain the samthase useth the Base Case.

44

38



2012INTEGRATEDRESOURCEPLAN FOR CONNECTICUT
Connecticut Department of Energy & Environmental Protection

EXPANDED ENERGY EFFICIENCY — THE BASICS

Whatis “energy efficiency”?

Energy efficiency refers to using less energy to achieve the same level of service. For instance, installing efficient
lighting in homes and businesses results in the same illumination while drawing less energy from the grid.
Insulating a home allows one to maintain a given temperature by using less heating or cooling energy.

Why are energy efficiency programs needed?

Energy efficiency is implemented partly through end-users’ own initiatives and partly through codes and standards.
However, this is typically not enough to achieve all possible cost-effective energy efficiency due to various well-
known barriers: poor customer information about energy efficiency; split incentives between building developers,
owners, and tenants; lack of access to capital; and an inability of the individual customer to capture all of the
benefits associated with reduced system transmission and distribution investment needs, reduced emissions, and
increased energy security. Energy efficiency programs are intended to help overcome such barriers.

What do energy efficiency programs do?

Programs are designed to help customers install more efficient devices and adopt more efficient practices. In both
residential and commercial sectors, lighting and cooling end-uses are the primary targets for improvement. In the
industrial sector, motors and process heating are widely targeted end-uses. Some examples of the kinds of programs
to capture these opportunitiesinclude:
= Energy audits. Typically, an authorized contractor performs an energy assessment for homes and businesses.
They make on-the-spot improvements and, depending on customer’s eligibility, provide exclusive money saving
rebates on appliances, HVAC systems and insulation.
= Equipment incentives. Residential customers receive discounts and rebates on efficient light bulbs and
appliances (e.g., refrigerators, freezers, and dishwashers). For commercial customers, there are incentives to
bridge the gap between the standard and more efficient lighting, air conditioners, refrigeration, and other kinds
of equipment.
= Financing programs. Programs may offer customers low-interest loans and financing for energy efficiency
improvements, often repaid through extra charges on the individual customers’ bills.

What is the process for developing and approving and funding programs?

Each year, the Electric Distribution Companies prepare Conservation and Load Management plans with the advice
and assistance of the Connecticut Energy Efficiency Board (chaired by the DEEP Commissioner) and its
consultants. To the extent that the programs and requested budgets are approved, the Electric Distribution
Companies administer the programs and recover the costs primarily through a special component of customer rates.

How much energy efficiency has Connecticut accomplished already?

Connecticut has been actively implementing energy efficiency programs for many years now. Connecticut’s
successful record in implementing programs and policies is manifested in the rankings of American Council for an
Energy Efficient Economy (ACEEE). ACEEE evaluates each state based on its energy efficiency program
spending, energy savings, targets, development of incentives, and removal of barriers (as well as policies, initiatives,
etc.). According to ACEEE’s 2011 State Energy Efficiency Scorecard, Connecticut remained tied for 8%* with
Minnesota but improved its total score by 5 points from 2010. This IRP examines whether Connecticut should
pursue energy efficiency more aggressively.

_—
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Evaluation of ExpandeBnergy EfficiencyResource Scenario

The modeling system describedRigure 3 estimates the effects of resource scenarios on costs,
rates,emissions, andis t at e | o bmalysis of & iBcRemental avings and costs of the
Expanded Energy Efficiencgcenariorevealedsubstantial benefits in all of these categories
relative to the Base Case. Agjure29 shows, the net cost savings appear modesegative

initially, but then become very substantial. This figure depicts the annual incremental level of
program and participant costs in the red bars, which are constant for the three years shown (2015,
2017 and 2022f° The green bars indicate tharmal incremental gross savings, shown as an
offset to the costs. The clear bar indicates net costssifabove the zero dollar axis and net
benefits or savings iit is below the zero dollar axis. Benefits multiply over time because
efficiency measuresave energyfor many years (12 yeargin averagg and @ach year 0s
measures build on thmeasures implemented pmior years

It is important to clarify several points related to the Expanded Energy Efficiency scenario.
First, in 2017 the scenario predictgrossenergy savingsf approximately $23&illion per year
compared to the Base Casefigure whichappeas to belessthan the $243 million incremental
costs. However, such aomparison does not recognize the mydtar benefits othe measures.

By 2022,DEEP projects that thExpanded Energy Efficiencgcenariowould savecustomers

$778 million per year in energy, capacity, and RPS costs compared to the Base Case. At an
annual incremental cost of $105 million in program casis $138 million in participant ouatf-
pocket cost s, customersd annual net savings
savings can be explained in terms of quantity and price components:

1 $425 million of the savings is the direct effect of cangwg smaller quantities
of costly commodities: $329 million less energy consumed, $56 million less
capacity costs incurred, and $40 million less Alternative Compliance
Payments. These estimates are derived by multiplying the change in quantity
by the orignal (Base Case) prices.

1 $350 million of the customer savings reflects reductions in market prices that
would occur in 2022, brought about by lowdemands for energy and
capacity. $87 million of the savings derives from a $2.9 per MWh reduction
in avera@ energy prices, and $263 million in savings results from a $2.4 per
kW-month reduction in capacity prices. The capacity price impact is so large
because the peak load reduction from energy efficiency forestalls the need for
new generation and defers thee in capacity prices to a leveleededto
attract new generation into the mark&t.

In subsequent yearsnder the Expanded Energy Efficiency scenanstomers would continue
to save money from the more efficient equipment installed in their homesuamesses. The
gross savings would continue until the end of the measure lives (about 12 years on average) even

4 Alternatively, participant costs could be lower initially and higher in later years if some of the measure costs are

financed, as contemplated in the ExpanBedrgy Efficiency scenario.
In the capacity market model, energy efficiency was modeled as a sigplyesource, not a demand
reduction, consistent with how energy efficiency participates inNS®©6 s f or war d capacity auc

46

40



2012INTEGRATEDRESOURCEPLAN FOR CONNECTICUT
Connecticut Department of Energy & Environmental Protection

if no further measures were undertakértowever, it is likely that programs would continue as
old measureseach the end of their usefuldiind as new technologies and practices provide
opportunities for new savings not yet envisioned in the Potential Study.

Althoughsavings from energy efficiency measures last several,ybarprice reduction benefits
would be in effect only temporarilyniil the electricsupply side of the market adjusts. Because
every dollar customers save due to reduced prices nieginsuppliers are pam@ dollar less for
the same producthe Expanded Energy Efficiency scenario may cauwgmpliersto retire more
camcity, delay the construction of new generation, and/or afégracityinto the capacity
auctionat higher prices.D E E PIRPsmodeling system analydikesthese effectinto account,

at least through 2022 he Expanded Bergy Efficiency scenario igrojected to caus&47 MW
more retirements in 2016, atmldelaythe entry of new combineclycle generation from 2022 to
2025 (with 714 MW less in 2025). Thus, the price effects wbeldxpected tsignificantly
diminish after 2022, andvenearlier in he Tight Supply and Low Gdsitures thaheednew
generation before 2022Although the price reduction benefits are temporary, it is important to
recognize that the customer net savings from Expandettglf Efficiency are substantially
positive everwithout including price impactsThe Expanded Energy Efficiensgenariowould
create$425 millionin gross savingm 2022 at a cost 06243 million in incrementgbrogram
and participant costs. The price impacts can be viewed as a supplebuentahsienbenefit
obtained from facilitating the development of loast resources.

Figure 29
Incremental Annual Costs and Savings of Expanded Energy Efficiency
(Relative to the Base Case)

$400 -
2015 2017 2022
$200 |} ‘ """" ! -----------------
2 $0 - | [} |
o
= \ T Energy Savings
= -$200
& Net Cost Net Cost . .
ﬁ $107 M $5 M Capacity Savings
© -$400 -
N
RPS Savings
-$600 |
Net Savings
$534 M
-$800 -

47 Annual benefits mighbe less than those estimated in 2022 once the sdephand balance reaches a long
term equilibrium where generation supply adjusts and there is little wholesale price impact from changes in
demand. However, the quantity effects would still apply, with customers benefiting from reduced purchases.
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When customers save money on energy expemdgittiney can spend that money on other goods
and services, which has a major and widespread effect on the Connecticut economy. Based on
macroeconomic modelingconducted bythe Connecticut Department of Economic and
Community Developmerfor this IRP, each $100 million reduction in net customer energy costs
is projected tesupportor create780 instate jobgbased on a weighted average of residential,
commercial, and industrial sectarsyhus, the annual net savings of $58illion in 2022would
support 4,200 more hstate jobs than in the Base Case dsrlong as the savings persish
addition,implementation of thé&xpanded Bergy Efficiency scenariowould addl1,500direct,
indirect, and inducegbbs The direct jobs are associated witiplementing measuresandthe
indirect and inducedobs are createdin the rest of the economy for each year the program
endures.Spending and jobs associated wiithstate renewable investments wouldreduced by
250, howeverpecause load reductiomsuld beexpected tdranslate into fewer ACP payments.
The net result ishat the Expanded Energy Efficiency scenario would crga® more instate
jobs per year than in the Base Case.

Overall customer costs, which are the product of rates and the quangtyerdy services
consumed, ultimatelfzave a greater impact on the economy andvamnall consumer ell-being

than do rates alone. akes themselves may be importdmweverto customersvho participate

less in energy efficiency programslnder theExpanded Energy Efficiencgcenario 2017 rates
would be 0.21 ¢/kWh higher than the Base Case. Overall rates in 2022 decutésédy 0.60

¢/kWh, howeveras a resulof greater capacity and energy price effétts.

As explained in more detfian Appendix C,the Expanded Energy Efficiengyogram unit costs
(expressed i per tyr kWh) are projected tbe lower than in the Base Case. DHEi®RAsidered

the cost and energy savings imcptions if these lower costs dmbt materialize and the program
costs per kWi saved turedout to be the same as the average Base Case program costs over 11
years. In that case, achievitige full potential would require an additional 0.30 ¢/kWh increase

in customer charges to support the progradisernatively, if the annuabudget were limited to

$206 million as assumed for the Expandetkfgy Efficiency scenario,fewer savings would

occur. The impliecannualExpanded BEergy Efficiency savings would be 428 GWh and 58
MW, instead of 601 GWh and 125 MW in the Expandeergy Efficiency scenario described
above. While this lower level of capacity savings would not necessitate replacement capacity
over this time period (since there are no local or regional resource adequacy needs even in the
Base Case), economic benefits woutd lbwer. The reduced economic benefits may be very
roughly proportional to the difference in GWh saved (relative to the Base Case) compared to the
Expanded BergyEfficiency scenario. In 2022, for example, energy savings relative to the Base
Case would & roughly $233 million (compared to $416 million in the Expandeergy
Efficiency scenario); capacity savings would be roughly $98 million (compared to $320 million

8 The overall impact on rates is the combination ohbigprogram costs offsetholly or in partby the lower

generation service charges that reflect energy and capacity pititéf17, the Expanded Energy Efficiency
scenario requires a 0.37 ¢/kWh increase in program funding, which is only partiallybyfiester energy and
capacity charges. This analysis does not quantify another related rate impact: reduced energy consumption
would slightly increase the rate component necessary to recover fixed transmission and distribution costs;
however some future tnamission and distribution costs might also be avoided due to lower consumption,
patially offsetting this effect.
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in the Expanded ergy Efficiency scenario), and net savings would be approximately $191
million (compared to $534 million in the ExpandeneEgyEfficiency scenariol’.

If the full costeffective potential envisioned in the Expandedekgy Efficiency scenario is
achieved, emissions would be significantly lower than in the Base Case. In Garnnect
emissions of NOxand SO, would decrease by more than 10%In Connecticut and New
England,CO, emissions decreasaore than 5% Notably, emissionswould also be slightly
lowerin the Expanded Energy Efficiency scenahian those estimated under@dliRenewables
Build-out scenario (described belgwyhich would cost Connecticut customers considerably
more than the Expanded Energy Efficiency resource scenario.

Conclusion:Expanded Energy Efficiency

Based on the analysis above, DEEP concludestikaanalytical resultprovide strongsupport,

in terms ofwidespreadeconomic and environmentakenefits for achieving all coseffective
energy efficiency. To capture this opportuniEEP concludes thathe state aa cost
effectively achieve gproximaely 2% annualenergy savingseductionin energy consumption

by increasing the budget for Conservation and Load Management (C&LM) programs from $105
million annually under a businessusual budget to $206 million annually, and by initiating
complementgr measures such as providing least financing, implementing more aggressive
codes and standards, and motivating behavioral changes through information and tideting.

of all program and participant costs, customers would save $534 million per yexi2By
compared to a businessusual base case. The savings arise from reduced consumption of
energy, capacity, and renewable credits, and also from reductions in market prices resulting from
expanding this lowcost resource.

Accordingly, theexpansion ogfficiency programsncludedin the 2012Conservation and Load
Management@&LM) Plan submitted by the Energy Efficiency Boasfabuld be approved as
part of a provisional longaerm plan to maintain that level of investmeiibe C&LM programs
should befunded througlt har ges o n ccompternamtd by sobtinuedsel-support

from capacity credits earned in the forward capacity auctions, and with revenues from CO
allowance sales under the Regional Greenhouse Gas Initiative progfdm chargeson
cust ome can de elpedted $0 decline over timetlas quantity and price oforward
capacity market creditincrease®

Achievingthelevel of potential savings the Expanded Energy Efficiency scenasidl require

more than just funding. Under tleersightof DEEP and the Energy Efficiency Board, utilities
must continue to develop the innovative components of their programs, especially those
componentsthat advanceenergy conservation opportunities withlatesely high noncost
barriers, such as training commercial customers in efficient operating pradisegppropriate,

9 The emissions and job implications for this scenario can also be roughly estimated by proportionally scaling the
Expanded EE scenario emigns and jobs using the difference in energy saved (relative to the Base Case)
between the two scenarios. In 2022, thexN@d SQ emissions decrease by roughly 8% (compared to 10% in

the Expanded EE scenario) and {fnissions decrease by roughly 4% (pamed to 5% in the Expanded EE
scenario). Similarly, this new scenario would roughly yield 2,200 nestaite jobs (compared to 5,500 jobs in

the Expanded EE Scenario).

Another approach that could be considered for adjusting the time profile ofadieter match the time profile

of benefits would be tmakeutility program costs part of the rate base.
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DEEP will propose the adoptioof more aggressive codes and standainascan help achieve
the desired resultsithoutanyrateimpad. DEEP will workwith CEFIA to pursueopportunities
that will enable participants tdinance measurethat will maximize efficiency savings by
spreathg the initial coss over time. DEEP will also evaluateate structures thatould be used
to encourageefficiency while protecting all classes of consumerBhese and other approaches
are discussed further in Appendix C (Energy Efficiency).

The savingghat can be achieved through tBepanded Energy Efficiency strategy wdépend

on several factors, inabding assumptions about equipment and practibes arein place today

and the cost of improving them. Moreover, actually achieving the potential depends on the
ability to enable and motivate participants to change and overcomeosbibarriers. Finall

the level of energy efficiency that is cosffective, and the costeffectiveness of particular
measurs, depends on market conditions. For example, under the High Gas future, saving 4,339
GWh per year under the Expanded Energy Efficiency resourcarszes worth $178 million

more per year in 2022 than in the Base future. In the Low Gas future, Expanded Energy
Efficiency is worth $403 million less than in the Base fuinr2022, but $105 million more than

in the Base future in 2017 This isbecausaunderthe Expanded Energy Efficiencgcenario,
capacity pricesvould notrise sufficiently to attract newgeneration as long as low gas prices
continue In addition,overall customer costs in 2022 anepected to béwer in the Low Gas

future comparevith the Base Case, regardless of the impact of Expanded Energy Efficiency.

Energy efficiency is a flexible resourtecausat is pursued incrementally (although rapidly
ramping programs up or down can be costly and disruptiBgEP thereforeconcludesthat
energy efficiency programs should be rampedeginningin 2012,0n a trajectory to achieve all
costeffective program spendindput without locking in to a rigid plan. The details can be
adjusted over time as updated information about the suctesgpanded programkecomes
available and about marketonditions,technoloy costs, penetration levels and innovation,
federal standards, and noost barriers to efficiency. Such information should be gathered
through futureConservation and Load Maramentproceedings, market studies, and updated
potential stugks.

B. Renewable Portfolio Standard

The Connecticut Renewable Portfolio Standard (RPS) policy was instituted inr.8&@er to

reduce reliance on fossil fuels and reduce emissions from ther pe@et®r. Sincehat time

Cl ass | renewabl e devel opment i n New Engl and
current requirement, with renewable energy credit (REC) prices howamongd $26630/MWh

during most of the recent yedr Looking forwad, while the resource potential in the region
remains high (particularly for wind power in northern New Englartigre are many
uncertaintiegegarding the future pace of renewable development. First, substantial additional
transmission would be needemldeliver and integrate large additionah@nts of remote wind
resources. Mble transmission options, their costs, transmission planning processes, and

*L One renewable energy credit (REC) is created from one MWh of qualifying renewable electricity generated.

Electric suppliers in New England caatisfy their RPS obligations by purchasing RECs or making alternative
compliance payments. REC revenues supplement energy and capacity revenues recenethtyy REC

prices climbedto more than $50/MWh as of March 2Q1fh part owing to uncertaipt surrounding
Massachusettsd proposed biomass eligibility rules.
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transmission cost allocation rules presegional challenges tha€Connecticutwill work with
othersin the region to addressSecond, the adverse financial conditions over the past three years
have made it increasingly difficult for new renewable energy resources to secure funding. In
addition, federal budgetary issues have compounded the perenngatainty regarding the
future of federal production tax credits, after the current ones are set to expire at the end of 2012.

Inlightof Connecticutds continued commitment to rec
diversify its fuel mix,this IRPevduated and compared two potential future paths to achieving
these objectives. The two alternative pathways are:

1 No Change toExisting Class | RPS Requirements. There are significant
uncertainties about the costs and achievability of the Class | requirement. To
analyze these uncertainties, three levels of Class | comphesreeevaluated
a Low Renewables case with very little additional Class | developnient; t
Base Case, with more than 2,500 MW of projected renewable additions based
on extrapolating observed development trends; and a Full Renewables
Buildout case in which enough Class | resources (along with necessary
transmission expansions) are developed mieet Class | demand in
Connecticut and the rest of New England.

1 Modifying the Class | RPS Requirements to Allow Energy Efficiency or
Large Hydro to Meet a Portion of the Goal. Given the increasing costs and
uncertainties ar ouexghndmeGass I RRStalgeig nect i cut ¢
evaluatedthe possibility of achieving the clean energy objectives of RPS
Class | requirements with greater emphasis on energy efficiency and/or large,
outof-r egi on hydroelectric resources to meet

Evaluation of RPS Scenarios

No Change to ExistingClass | RPS Requirements Under the Base CadeEEP projects that

the regionwill be short of Class | requirements for year 2018 and beyond, with Connecticut
paying high REC prices, Alternative Compliarfeayments for substantial REC shortfalls, and a
portion of new regional transmission cosis a consequenceFrom the standpoint of clean
energy development, likely customer costsd instate job creation, this outcome falls short of
the ideal. Under he Base Case, compliance with Class | would reach a cost of $445 million
annually by 2022.

Figure 30 compareswo alternative development paths for Class | compliasbewng the

relative impact of achieving low and full Class | compliancé&Jnder the Low Renewable
scenarios, annual customer costs in 202253865 million, which is$80 million lower than the

Base Case, with similarly high REC prices and Alternativen@lance Payments but reduced
transmission costs associated with reduced wind developméiiter accounting for the
difference inenergy and capacity costs (show Appendix A), the annual customer costs in
2022 under the Low Renewable scenarios arehlgu$l00 million lower than the Base Case.

This potential scenario, however, represents a failure to achieve the objectives of the RPS, with
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customers still paying more than $250 million per year in Alternative Compliance Payments
while receiving minimakenvironmental benefit¥.

Figure 30. Alternative Renewable Market Outcomes

CT Renew. Total
Class| Class| REC/ACP Class | Class | Txfor Prog. Netof RPS Emissions

Scenario Demand Supply Price RECs ACPs RPS  Mrkt. Revs. Costs Reduction
(GWh)  (GWh) ($/MWh)  ($Mil) ($Mil)  ($Mil) ($Mil) ($Mil)
Full Class | Achieved 20,281 20,281  $17 $115 $0 $179 $92 $385 High
Base Case Class | Achieved 20,281 17,428  $45 $168 $130 $81 $67 $445  Medium
Low Class | Achieved 20,281 13,496  $45 $57 $257 $0 $51 $365 Low
Note ACT Renew. Prog Net of Mr kt . Re v s . Ostate €lfads € pagrants lfPeojead n nu a |

150, residential solar PZREC, LREC, and other Class | projects) net of energy, capacity and Class | market revenues.

2 The ACP revenues were assumed to fund rooftop photovoltaic installations, fuel cells, and othethieehind

meter projects that do not displace as much fossil generation asogndctedenewables that create RECs.
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The Full Renewable Buildout scenario shows better results, but would rely on coordinated and
timely investment in transmission to support the development @n#isant amount of wind

power in northern New England. In other words, achieving the Full Renewable Buildout
scenario will depend on the favorable resolution of uncertainties around transmissieoubuild

t hat are not wit hi nntral.nlyndes thenFgll Renewablestseeidaso, thei r e ¢
region would meet the existing Class | requirement, with REC prices set by the levels required to
support the development of onshore wind, which are significantly lower than the Connecticut
Alternative Complance Payment. Transmission costs would be higher under the Full
Renewable scenario than in the Base Case. Assuming 25% allocation to Connecticut (based on

a7

































