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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Executive Summary

This report presents the Integrated Resource Plan IRP for Big Rivers Electric Corporation Big Rivers
or the Company GDS Associates fnc GDS provided analysis and evaluation in the preparation of
this report Big Rivers fifed its last IRP with the Kentucky Public Service Commission KPSC or the
Commission in 2005 Case 200500485 However due to activities associated with the Unwind
Transaction Case 200700455 the Commission granted Big RiversMotion to Dismiss Case 200500485
and as part of the Unwind Transaction Big Rivers cornmifted to file an IRP by November 15 2010

The Unwind Transaction represents a significant change in how Big Rivers must plan for its expected

load growth Therefore tFiis 2010 IRP incorporated a change in the level of analytical detail relative to

the 2005 IRP in the area of supply side analysis A complete resource assessment was conducted using

Strategist optimization software and a full Demand Side Management DSM screening assessment

was compfeted As a result of the DSM assessment Big Rivers and its member distribution cooperatives
are planning implementation of several Energy Efficiency EE Programs

The Unwind Transaction significantly improved Big Rivecs financial health Big Rivers recorded an
Unwind gain in the 2009 Statement of Operations resulting in 2009 net margins of 5313million as

compared to 278million in 2008 Big Rivers equity position improved greatly as well going from a
deficit of 155 million in 2008 to a po5itive 379 million in 2009 Furthermore Big Rivers was able to

deposit nearly 218 milion into reserve funds to be used for member rate mifigation Big Rivers cash
and cash equivalents balance was 603 milfion at the end of 2009 over 20 million more than the 2008

balance of 389million All operating and capital expenditures in 2009 were funded without any new
debt issuance

Big Rivers 2010 IRP includes ttie following highlights

Big Rivers currently owns and operates1444 MW of generating capacity An additional 385
MW are available from Henderson Municipal Power and Light HMPL207 MW and from
the Southeastern Power Administration SEPA 178 MW for a total capacity availability of

1829 MW Currently Big Rivers Reid 1 unit has been configured such thatcofiring coal and

gas is possible fn this configuration the unit can generate 50 MW using only coal as opposed to
its maximum capacity of 65 MW when configured to burn coal and gas However the gas line to
the unit is currently not in service and the unit does not have the required environmental
permits to burn gas Additionally a force majeure has been declared by SEPA due to dam

1

The Unwind was the term used for the transaction that ended the agreements underwhich E ON US subsidiary
Western Kentucky Energy Corp had been opeating the generating stations owned by Big Rivers The agreements
signed in Z998 were set to run through 2023 buf both companies agreed after several years of negotiation to
unwind the arrangement and Big Rivers assumed operational control of its generating units as well as the
HMPLWilliam L Newman Station Two facility The Unwind was completed in July 2009

GDS Associates Inc Executive Summary
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safety issues at the Wolf Creek and Center Hill Dams near Jamestown Kentucky and Lancaster
Tennessee respectively on the Cumberland River System Currently SEPA is providing a runof
river schedule During the time the force majeure has been in efFect the runofriver schedule
has provided up to approximatefy 100 MW Based on current estimates from the Army Corps of
Engineers which is responsible for repairs the termination of the force majeure and hence the

ability of Big Rivers to schedule its full SEPA allocation of 178 MW is expected to occur in mid
year 2013 The lower capacity currently available from Reid 1 and SEPA reduces Big Rivers total
of1829 MW by 93 MW to a current total capacity of1736 MW

Big Rivers owns and operafes a transmission systemcontaining1262 miles of transmission line
and 80 substations

Big Rivers Equivalent Forced Outage Rate EFOR was37 in 2009 The industry average for
comparable generating units is69 according fo the North American Electric Reiability

Corporation NERC

The system peak demand is projected to grow by 117 MW from 2010 through 2025 reaching
1613 MW05average annual growth

The resource assessment analysis was produced using a minimum reserve margin criteria equal
to 14 The selection of this value was based on NERCs suggested 15 reserve margin target

for predominantly thermal systems A minimum of 14owas used to recognize that actual

margins could vary above and below the target over the term of the IRP

Big Rivers plans to launch Energy Efficiency Programs beginning in 2011 For the IRP study a
case representing 2011 expenditures of 1 million on DSM is assumed The programs under this
case are expected to save a curnulative 49160 MWh by 2025 with a 14 MW reduction in winter
peak demand and a 10 MW reduction in summer peak demand The programs may include
but are not limited fo

o Residenfial Efficient Lighting Program
o Residential Efficient Products Program
o Residenfial Advanced Technologies Program
o Residential Weatherization Program

2

The percentage ofitime a generating unit is offline unexpectedly
3

Savings would vary based on expenditure levels for EE programs For details on savings estimates see Secfion
83eand Appendix B herein

GDS Associates Inc Executive Summary
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o Residential New Construction Program

o Commercial and IndustrialCIPrescripfive Lighting Program
o CI Prescriptive Heating Ventifation and Air Conditioning HVAC Program

The DSM analysis conducted as part of the 2010 IRP evaluation includes screening of demand
response DR programs The DR programs analyzed wee not cost effective in the DSM
screening anafysis Big Rivers will continue to monitor the cost effectiveness of DR programs

Sensitivities were run to address uncertainties in the resource assessment The list below

describes the assumptions made for each sensitivity case The table shows the optimal plansfor
each scenario

a High Fuel Price Case

i Base case assumptions for all variables except for

1 20 increase in all fuel prices and market prices

b High Load case

i Base Case assumptions for all variables except for
1 High load and energy requirements forecast

c Renewable Portfolio Standard case

i Base Case assumptions foc all variables except for

ii RPS requirements of

1 1590 of total Big Rivers energy provided by renewable resources by 2015

2 20 of total Big Riversenergy provided by renewable resources by 2020
3 25 of total Big Rivers energy provided by renewable resources by 2025

iii Specific resources as sources of energy as follows
1 80 of RPS energy generated by wind projects

2 15 of RPS energy generated by biomass projects

3 5 of RP5 energy generated by photovoltaic projects

iv Carbon reduction costs are assumed to be in place beginning 2015 carbon cost

projections incfuded herein as Appendix J
d Environmental Compliance case

i Base Case assumptions for all variabfes except that
1 Carbon reduction costs are assumed to be in pface beginning in 2015
2 there is a 1 Reduction in capacity at RD Green units 1 2 and at KC Coleman

units 1 2 3 to account for installation of SCRs and

3 RA Reid unit 1 refires af the end of 2011

e Big Rivers MISO case
i Base Case assumptions for all variables except that

4

See Appendix B for further details on the screening of demand responseprograms

GDS Associateslnc Executive 5ummary
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1 Big Rivers generating resource capacities are adjusted for purposes of reserve
margin calculations according to MISO defined Equivalent Forced Outage Rates

2 the Planning Reserve Margin used for the development of the expansion plan s

equal to4SRo This percentage is MI50sNonCoincident Load Based Planning
Reserve margin as defined in the MI50 Business Practices Manual Resource
Adequacy effective June 1 2010

Table ES 1 Optimal Expansion Plans

3

k

i

f

S

f
is

s

i

J

f

f

L

5

iE
3

YfI

GDS Associates Inc Executive Summary I
Vovember 2010

I



Big Rivers Electric Corporation
2010 Integrated Resource Pan

1 Generaf Provisions

807 KAR5058 Section 1

1 Thisadrinistraiveregulation shall apply to electric utilities under commission
jurisditior except a distribuioncomanynith less than10000000 annual revenue or a
disribuion cmoperative organized underIRS Chapter 279

Big Rivers Electric Corporation Big Rivers is a generation and transmission cooperative organized

under Kentucky Revised Statutes KRS Chapter 279000 As such Big Riyers is subject to the
Commissionsjurisdiction pursuant to KRS 279210 Accordingfy Big Rivers is filing this 2010 IRP with
the Commission pursuant to the relevant Kentucky Administrative Regulations KAR ie 807 KAR
5058

2 Each eiectric uti6ity shall file triennially with the commission an integiated resource pan
The pfan shall inciude historical and projected demand resource and financial data and
other operating performaneand system information and shall discuss the acts
assumpions and conclusions upon vuhich the pfan is based and the acions it propose

Big Rivers previousfy fifed IRPs in 1991 Case No 199100331 filed on September 16 1991 1993
Case No 199300341 filed on September 14 1993 1999 CaseNo199900429 originaliy due in
1999 but filed on March 22 2000 2002 Case No 200200428 filed November 27 2002 and 2005

Case No20500485 filed November 30 2005 As a result of activities associated with fhe Unwind

Transaction Case No 200700455 the Commission granted Big Rivers Motion to Dismiss Case No

200500485 on August 5 2009 In Case No 200700455 Big Rivers committed to filing a new IRP no
later than November 15 2010

This 2010 IRP presents Big Rivers resource pfan for meeting projected power requirements through

2025 This report presents the basis for the plan and the resulting actions Big Rivers will undertake
with respect to meeting future foad requirements through a portfolio of supplyside and demandside
resources Supporting documents figures and tables are provided in the Appendices

3 Each efecric utiliyshall fife ten 10 bound copies and one unbound reproducibfe

copy of its integrated resource ptan with the commission
By November 15 2010 Big Rivers filed ten 10 bound copies plus one 1 unbound copy of this 2010
IRP

5httppsckygovPSCSCF200520cases20050048520090723BigRiversMotionto DismissPDF

GDS Associates Inc Section 1 General Provisions
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2 Filing Schedule
807 KAR5058 Section 2

Each electric utility shalffile its integrated resource pan according to a staggered
scheduie which provides for the filing of inegraed resource plans one 1 eve six 6
months beginning nine 9 months from the effeetive date of this administraive
regulation

a The integrated cesource pans shall be filed at the specified times following the effective date of
this administrative regulation

b The schedule shall provide at such tirre as all electric utilities have filed integrated resource
plans the sequence shall repeat

c The schedule shall reain in effect untilchanged by the commission on its own motion or on
motion of one 1 or moeelectric utitities for good cause shown Good cause may include a

change in a utilitysfinancial or resource condition

d If any filing date falfs on a weekend or holidaythe pfan shall be submittedonthe first business
day following thesheduled fiiing date

Once the administrative regufafion governing the filing of integrated resource plans 807 KAR5058
was effective in 1990 the Companysinitial IRP was due within thirtythree 33 months of that

effective date As noted in Big Rivers response to the General Provisions above 807 KAR5058

Section 12the Compansfirst IRP was filed on September 161991

2 immediately upo f ling of an integrated resource p6an each uility shall provide notice to
interveners in its as inegrated resaurc plan review proceeding tha its pan has been
filed and isaai0abfe from the utiiity upon request

Concurrent with the filing of its 2010 IRP Big Rivers notified the following interveners from the

previous IRP filing Case No 200200428

Office of the Attorney General of the Commonwealth of Kentucky

Energy and Environment Cabinet Department of Energy Deyelopment and Independence

formerly Natucal Resources and Environmental Protection Cabinet Division of Energyj

Pending the outcome ofthe Unwind Transaction Case No 200700455 the Companys2005 IRP

Case No 200500485 was held in abeyance There were no interveners in the 2005 IRP proceeding
As nofed inthe response to the General Provisions above 807 KAR5058 Section 12 the

Commission closed Case No 200500485 when it granted Big Rivers Motion to Dismiss

GDS Associates fnc Section 2 Filing Schedule
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3 Upon receipt of a utilis integraed resource pian the commission shall estabfish a
review schedule which may incfude interroatoiescomments infomal conferences and
staf reports

GDS Associates Inc Section 2Fiing Schedule
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3 Waiver

807 KAR5058 Sectron 3

A utility may file a motioR requesting a waiver o specific provisions of this adminesrative
reguEation Any request shal be made no later han niney90 days prior to the date
estabiished for filing the interaed resource pfan The commission shall rule on the request
within thity 30 days The motion shall learly identijthe provision from which the ufility
seeks a waiver and provide justification for the requested reiief which shall include an
esimate of costs and benefi of compliance with the specific provision Notice shall be given
in the manner provided in Section 22 of this administrative regulation

Big Rivers is aware of its rights under this particular administrative secfion However with this 2010
IRP filing Big Rivers is not filing any motion requesting a waiyer of any specific provisions of the IRP
administrative regulation 807 KAR5058

GDS Associates Inc Section 3 Waiver
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4 Format

807 fG4R5058 Secon4

1 The integrated resource plan shall be cfearf and concisely organized so that it is evident
to the commission that the utiiity has compied writh reporting requirements described in
subsequentsetions

Each section of Big Riers 2010 IRP corresponds to a section of the Kentucky Administrative Regulation
governing the filing of Integrated Resource Plans 807 KAR5058 Sections 1 through 11 In doing so
Big Rivers is responding to those subsections within the regulafion which require a response

2 Each plan f ied shal identify the indididuais responsibie for its preparation who sha91 be
available to respond to inqtairies during the commissionsreview of the plan

This 2010 IRP was prepared for Big Rivers by GDS The 2010 IRP was compfeted in October 2010
approved by Big Rivers Board of Directors in October 2010 and fifed with the KPSG on or before
November 15 2010 A number of people from Big Rivecs and GDS contributed to the completion of

the 2010 IRP These individuais and their area of expertise are presented in Table 41 below Input
was also soiicited from Big Rivers member distribution cooperafives Jackson Purchase Energy

Corporation JPEC Kenergy Corp Kenerg and Meade County Rural Electric Cooperative
Corporation MCRECC

Tabie 41 Big Rivers 2010 IRP Responsible Individuals

Company Name Area ofExpertise

Big Rivers Electric Corporation Mark Bailey President

201 Third Street Bill Blackburn SVP Project Management

Henderson KY42420 Mike Mattox
PowerSupply Load
Forecast

Duane Brauneckerx Prodtction

2708272561 Mike Thompson PowerSupply

Chris Brddley Transmission

Travis Siewert Finance

Roger Hickman Regulatory Affairs
Steve Noland EnvironmentalEmissions

Russ Pogue DSMEnergyEiciency

PowerSupply Resource
GDSAssociates nc Brian Smith

Planning and Modeling
1850 Parkway Place Amber Roberts

Suite 800 Jeffrey Huber DSMEnergy Efficiency
Marietta GA 30067 Jacob fihomas

7704Z58100 ohn Huttr Load Forecast

GDS Associates Inc Section 4 Format
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Big Riyers requests that all KPSC Staff inquiries be directed to Big Rivers Staff

I

I
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5 Pan Summary
807 KAR 5058 Secfion 5

The pfan shall contain a summary which discusses the utilifiys projected fad growth and the
resources pianned to meet that grouuth The summary shall include at a minimum

6 Descripion of he utilij4 its cusomers sea territory current fai6ities and planning
objectives

Big Rivers is a generation and transmission cooperative headquartered in Henderson Kentucky which
provides wholesale electric power to three member distribution cooperatives Kenergy JPEC nd
MCRECC all of which provide retail electric service to consumers located in western Kentucky Big
Rivers provides full power requirements for each of its three member cooperatives including two
aluminum smelters served by Kenergy Big Rivers wholesale rates are presented in its tariff Big Rivers
Electric Corporation of Henderson Kentucky Rates Rules and Reguations for Furnishing Electric
Service effective July 17 2009 which is on fle wifh the Commission and in certain wholesale power
contracts with Kenergy for service to its smelter customers

Approximatefy 90 of the accounts served by the member cooperatives are residential The
breakdown of aggregate member cooperative energy sales by class are presented in Figure 51 below
Themost distinguishing characteristic of the Big Rivers system is service to two aluminum smelters
which together consume nearly7500 GWH per year and have the ability to peak at approximately 850
MW

Figure 51 Retail Class Energy Sales Proportions
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Big Rivers member cooperatives provide electric service in 22 counties Iocated in western Kentucky
which are presented in Figure 52 below
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Figure 52 Big Rivers Service Area Map
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The topography of Big Rivers member cooperatives service areas ranges from rolling sandy

embayment areas to ffat plateau areas with low relief and subterranean drainage Typical elevations

range from approximately 340 to1000 feet above sea level The climate in the area is humid

temperate and continental

Total energy requirements for 2010 are projected at 10696 GWH The winter peak for 2010 is

projected at1482 MW and the summer peak is projected at 1470 MW

Capacity Resources

Total generation resources are 1829 MW currently including rights to 207 MW at Henderson
Municipal Power LightsWilliam L Newman Station Two faciity HMPLStation Two or

GDS Associates Inc Section 5 Plan Summary
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Nenderson Station Two and 178 MW of dependable capacity from the Southeastern Power
Administration SEPA As noted ealier force majeure conditions on the SEPA system and the
available capacity at Reid 1 associated with a coalgascofiring configuration has reduced Big Rivers
total generation capacity to 1736 MW at the present time

Transmission System

Big Rivers owns operates and maintains its 1262 mile transmission system and provides for the
transmission of power to its members and third party enfities served under the Open Access
Transmission Tariff A map of the transmission system is provided in Figure 53 on the following page
and in Appendix M

Figure 53 Transmission System Map

k

e

flBtIPRliI

Voluntary load Curtaifinent Rider

Big Rivers works with its member cooperatives and their larger industrial customers to reduce laad
during times of peak demand On March 10 2000 Big Rivers in conjunction with JPEC Kenergy and
MCRECC filed a Voluntary Curtailment Rider with the KPSG The Commission approved the Volutary
Curtailment Rider as fifed in its Order dated April 6 2000 in Case No 200000116

6 HWIPLhas the contractual right to increase or decrease its capacity reservation from HMPLStation Two by up to
5 MW each year

GDS Associateslnc Section 5 Plan Summary
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Pfanning Goals and Objectives

Big Rivers primary planning goal in its 2010 IRP is to reiiably provide for its customerselectricity
needs over the next 15 years through an appropriate mix of supply and demand side options at the
lowest reasonable cost To meet this goal Big Rivershas established the following planning
objectives

Maintain a current and reliable load forecast

Consider expanding Demand Side Management DSM Programs

Identify potential new supply side resources and DSM Programs

o Provide competitively priced power to its members

Maintain adequate planning reserve margins

Maximize reliabifity while minimizing costs risks and environmental impacts

Meet North American Electric Reliability Corporation NERC guidelines and requirements

Provide assistance to its member cooperatives regarding new technoiogies mapping and

planning safety training and programs economic development and customer support

2 Descripion of modeimhods data and key assumptions used to deveiop the results
contained in the pian

Load Forecast

The load forecast is based on a series of econometric and statisticalfy adjusted enduse models SAE
model The forecast is developed usingabottomupapproach as forecasts are developed

individually for each of Big Rivers three member distribution cooperatives and aggregated to the Big
Rivers level For each distribution cooperative forecast econometric models were devetoped to

project the number of residential customers number of small commercial customers and small
commercial energy use per customer Total small commercial sales represent the product of number
of customers and energy use per customer SAE models were developed to project energy
consumption per customer Total residential sales represent the product of number of customers and
energy consumption per customer The numberof customers and corresponding enecgy salesfor the
Iarge commercial ctassification are developed individuallyfor each customer and based on historical
trends and information obtained by distribution cooperative managerrient from the customers

The modefs incorporate a combination of electric system economic weather price enduse
characteristics and housing characteristics data The sources of the data are summarized in Section
77a

Resource ssessment

Big Rivers resource assessment wasdeeloped using the Strategist Integrated Planning System This
model which is licensed to GDS by Ventyx has the capabiiity to simulate production operatioris and
develop least cost expansion ptans The producfion operationssimulation establishes the optimal

GDS Associates Inc Section 5 PJan Summary a

November 2010



Big Rivers Electric Corporation
2010 Integrated Resource Pian

dispatch of generating resources and calculates the associated costs The development of least cost
expansion plans includes comparisons of all combinations of potential resource additions in order to
determine the portfofio of expansion units necessary to achieve planning reserve margin criteria at
the lowest cost Big Rivers existing generating resources were modeled using the 5trategist
Generation and Fuel module GAF The existing units were dispatched againsf the 2010 load and
Energy Forecast which is described in Section 7 The Load and Energy Forecast was modeled using the
Strategist Load Forecast Adjustment module LFA In order to address uncertainties related to

several variables the production simulation and expansion planning analysis was conducted for a Base
Case and several sensitivity cases The Base Case includes 1 the base Load and Energy Forecasf2
the Energy EfFiciency EE Programs included in the 1 million annual energy efficiency expenditure
case 3 base fuel price projections and 4 base market price projections as a source of economy
energy purchases

Sensitivity cases are listed below along with a description of major assumptions

1 High Fuel Price Case

a Base Case assumptions fo all variables except for

i 209o increase in all fuel prices and market prices

2 High Load case

a Base Case assumptions for all variables except for

1 High load and energy requirements forecast

3 Renewable Portfolio Standard case

a Base Case assumptions for all variables except for

i RPS requirements of

1 15 of total Big Rivers energy provided by renewabfe resources by 2015

2 2090 of total Big Rivers energy provided by renewabie resources by 2020

3 25 of total Big Rivers energy provided by renewabfe resources by 2025

ii Specific resources as sources of energy as folfows

1 80 of RPS energy generated by wind projects

2 15 of RPS energy generated by biomass projects

3 5 of RPS energy generated by photovoltaic projects

iii Carbon reduction costs are assumed to be in place beginning 2015 carbon cost

projections included herein as AppendixJj

4 Environmental Compliance case

GDS Associates Inc Section 5 Plan Summary
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a Base Case assumptions for all variables except that

i Carbon reduction costs are assumed to be in place beginning in 2015

ii There is a 1 Reduction in capacity at RD Green units 1 2 and at KC Coleman units
1 2 3 to account for installation of Selective Catalytic Reduction SCR

iii RA Reid unit 1 retires at the end of 2011

5 Big Rivers MISO case

a Base Case assumptions for all variables except that

i Big Rivers generating resource capacities are adjusted for purposes of reserve margin
calcufations according to M150 defined Equivalent Forced utage Rates

ii The Planning Reserve Margin used for the development of the expansion pfan is equal
to45 This percentage is MlSOsNonCoincident Load Based Planning Reserve
margin as defined in the MISO Business Practices Manual Resource Adequacy
effective June 1 2010

Demand Side Management

DSM measure lists were developed in an effort to address different customer classifications and end
use types Technofogies were prescreened to efiminate those that did not pass the cost effectiveness
test The measure scope was also restricted toDSM measuiesand practices that are currently
commercially avaiable These are measures that are of most immediate interest to program
panners

Significant detail is needed to estimate the average and total savings potential for individual measures
or programs Estimates of annual measure savings measure costs and measure useful lives were
developed using various energy modeling software energy calculations meter data DSM database
ie DEER Dafabase and evaluation reports Program participation rates were developed using
building characteristic data from current Big Rivers appliance saturation studies Energy Information
Administration EIA regional data and budgeting parameters

Big Rivers evaluated thecosfeffectiveness of specific DSM measures when determining which DSM
programsto implement The net present value of costs vs benefits is assessed ie the costs to
implement the measures are valued against the savings or avoided costs The resultant benefitcost
ratios o tests provide a summary of the measurescosteffectiveness relative to the benefits of its
projected load impacts Measures were screened using the GDS BenefitCost Screening Model which
is an analysis tool designed to evaluate the costs benefits and risks of DSM programs and services

About 100 individual measures were analyzed in the DSM portion of the IRP Although after accounting

for adjustments to different building types housing characteristics and measures targeting the space
heating and cooling enduse the number grew to exceed 200 measure permutations

GDS Associates Inc Section 5 Plan Summary
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The main criterion Big Rivers used to screen DSM measures was the Total Resource Cost RC Test
The TRC Test measures the net costs of an energy rneasure or program as a resource option based on
the total costs of the program including both the participansand the utilitscosts The benefits
include the avoided electric supply costs the reduction in transmission distribution generation and
capacifiy costs valued at the marginal cost for the period when there is an electric load reduction as
well as the saings of other resources such as fossii fuels and water All equipment costs instaliation
operation and maintenance cost of removal and administration costs are included in this test The
TRC test includes only direct costs and benefits not externalities ornonmonetized factors Results
are typicaliy expressed as either net benefits or benefittocost ratio

A complete list of the DSM programs their annual impacts and fongtermsavings potential are
presentedingreate defiail in Section 8 The analysis performed to prepare this IRP represents the
period 2012025 although the primary analytical focus for DSM programs is during the first three
years This technique was used in order to concentrate on the nearterm while recognizingthat
course corrections due to evolving markets technologies and regulations may be made along the way

3 Summary of forecasts of energy and peak demand and key economic and demograpfnic
assumptions orproections underfying tfese forecass

Enegy and peak demand requirements are projected to increase at average compounds rates of04
and 05a respectively per year from 2010 through 2025 The relatively low growth rates are
significantly influenced by two industrial customers whose combined load is projected to remain level
at 850 MW throughout the forecast horizon Peak demand is projected to increase by approximately
8 MW per year from 2010 through 2025 The load forecast is summarized in Table 51

GDS Assocates Inc Section 5 Plan Summary
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Tabie 51 2010 Load ForecastIRP

7otal Energy Winter Peak Summer Peak
Requirements emand MLt Demand M1
1

2005 10603749 1413 1469

2006 10609828 1414 1486

2007 10697157 1467 1511

2008 10747493 1476 1475

20D9 9856285 136 169

2010 10 695669 1496 1478

2011 10729241 1498 1485

2012 10 782940 1504 1491

2013 10793126 1510 1497

Z014 10827941 1517 1503

2015 10867352 1525 1511

2016 10 926 611 1533 1519

2017 10951812 154Z 1527

2018 10996403 1551 1536

2019 11041551 1560 1544

2020 11101517 1568 1552

2021 11127454 1578 1561

2022 11171403 1587 1569

2023 112149Z3 1 595 1578

2024 11278601 1 604 1586

2025 11 1 613 1595

The forecast is heavily influenced by the large Commercial and Industrial CIcass which
represents approximately twothirdsoftotal system peak demand and energy requirements Energy
and peak projections for the large C1 class include only those customers that are currently on line
and energy and peak values are held constant at 2009 levels No new customers and no newgrowth
in energy sales and peak demand for existing customers in the class are included in the forecast

Growth in the number of customers for the residential class is influenced by increases in the number
of households which is projected to increase at an average rate of05pec year through 2025
Growth in the number of small commercial customers is driven by employment which is aiso

projected to increase atanaverage rate of05 per year

Average household consumption is projected to show very little growth in future years Factors
limiting growth in consumption include increases in price continued replacement of older inefficient
appliances with newer high efficient units continued decline in the number of peopfe per household
and increases in building efficiencies and general consumer conservation awareness Factors

contributing to increases in average household consumption include larger homes increases in

I
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electric appliance market shares and continued growth in miscellaneous plug loads Average use per
small commercial customer is projected to be relatively ftat over the forecast horizon

The key economic and demographic assumptions upon which the load forecast is based are discussed
in Section77bof this IRP report

4 Summary of the ufiiitys planned resource acquisitions incfuding improvements in
operating efficiency of existing faciiiies dernandside programs nonutility sources o
generaion new power plants transmission improvements bulk power purchases and
sales and interconnections with other utiliies

Big Rivers Base Case acquisition plan includes the addition of 50 MW of CT capacity in 2022 This
addition is necessary in order to maintain a planning reserve margin of 14 No additions are
necessary during the term of the IRP if planning reserve criteria were reduced to 12 In addition to
existing capacity Big Rivers has access to the wholesale powe markets to buy and sell power as
needed subject to market availability

Figure 54 Projected Capacity and Peak Demand Requirements MW
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Table 52 Projected Capacity and Peak Demand Requirements MW

SEPA

System Energy Contract

Peak Eficiency Owned Maximum Total Capacity
Demand Programs Capacity Capacity Capacity SurpIus

Year Mt MW

2010 1496

2011 1498 100 1 632 100 1 732 235

2012 1504 207 1 626 100 1 726 223

2013 1510 319 1544 178 172Z 215

2014 1517 421 1 616 178 1 794 281

2015 1525 526 1 616 178 1 794 274

2016 1533 633 1 616 178 1794 267

Z017 1542 741 1 616 178 1 794 259

2018 1551 835 1 616 178 1 794 2S1

2019 1560 934 1 616 178 1 794 243

2020 1568 1028 1616 178 1794 236

Z021 1578 1121 1 616 178 1794 228

2022 1587 1205 1 516 178 1844 270

2023 1595 12 90 1 616 178 1844 262

2024 1 604 13 76 1616 178 I844 254

2025 1 613 14 64 1 616 178 1844 Z46

For the development of the Base Case plan as well as for sensitivity cases a iist of potential resource
additions was developed for the resource assessment modeling process This list of resources defines
the options that the model is able to choose in order to meet planning reserve criteria The list of
potential additions includes traditional supplysideoptions renewable supplyside options and EE
Programs that were selected in the Ef screening process The complete list of options is shown below

1 Nuclear

2 Coal

3 Gasfired Combined Cycle
4 Gasfired Combusfion Turbine

5 Bi

6 Landfill Gas

7 Wind

8 Photovoltaic

9 Coal Bed Methane

10 EE program portfolio

Operating characteristics and associated costs for supplyside resources listed above were taken from
the EIAs 2010 Annual Energy Outlook wifh modifications to certain variables based on GDS
involvement in recent generation feasibility analyses and construction monitoring Tables in Section 8
contain cost and operational characteristics associated with potential suppfyside options
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5 Steps to be ta6cen during the next thre 3 years to implemen the pdan

Nogeneratmg resource acquisition steps are necessary over the next 3 years of the IRP No additional

resources are required to maintain adequate reliability

The initial step in the program design and implementation process for DSM programs in the Big Rivers

service territory will be to determine actual costs and benefits using local products and services
There are currently a number of pilot projects planned and underway to determine the feasibility of
partnering with local contractors and testing available products for efficacy The pilot projects will be
used to determine and outiine the requirements for efFective program administration and marketing

incentive processing tracking and evaluating program perFocmance

for the rnajority of the first year program design marketing consumer education retailer
communication and developing a contractor infrastructure will be the focus Once those pieces are in

place Big Rivers and its members will continue to market educate and grow DSM programs but more
emphasis will be on marketing to consumers in order to increase participation in the programs

Effective media and marketing approaches are a vital component for any DSM program and can be

placed in all forms of inedia Examples include bill inserts member newsletters Kentucky Living

statewide magazine pubfic service announcements radio newspaper trade shows special events

civic groups etc

Finally Big Rivers will perform ongoing program impact evaluations over the life of each program An
assessment will be conducted once the program has been operating for a period of fime to determine
program efficacy and cost Other limited process evaluations wil also be conducted to examine issues
such as member participation rates free ridership and program contractors and participant
satisfaction with theprogram Results from evaluations will be used to refine the program and
increase program savings participation and cost effectiveness

6 Discussio o keyisues or uncerainties that couid affect successful implementaionof
the pan

Uncertainties in seVeral key variables inrere addressed by using a sensitivity case approach In additioh
to the Base Case cases were developed that factored in 1 higher than base fuel prices 2 high load
and energy projections 3 enactment of a Renewable Portfolio Standard 4 uncertainties related to
environmental compiiance issues and 5 MI50 resource adequacy standards Table 81 contains
expansion plans associated with each of the sensitivity cases and demonstrates the changes in timing
and resource types associated with resource additions
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6 Significant Changes
807 KAR 508 Section 6

All integrated resourcepans shall have a sumrnary of signicant changes since the plan
st recently ied This summary shall describe in narraive and tabular form change in
load forecasts resource plans assumptions or rnethodologies from the previous pBan
Vllhere appropriate theuili may also use graphic displasto ilfustrate changes

Big Rivers most recent IRP was filed with the KPSC on November 30 2005 and was assigned Case No
200500485 On January 10 2006 Big Rivers filed a motion for the KPSC to hold the case in abeyance

as a result of Big Rivers signing a letter of intent with EON US LLC and its subsidiariesto pursue
termination of various agreements that had been in place since 1998 the 1998 Lease Agreements

The 1998 Lease Agreements approved by the Cornmission in its Order dated April 301998 in Case

No 199700204 had given EON US LLC affiliates operational control of Big Rivers power pfants and

ownership of the electricity generated by thern The Unwind Transaction dramatically altered the
resources availableto Big Rivers and the issues relevant to Rig Rivers IRP filed in Case 200500485 On
January 18 2006 the KPSC ruled that Case 200500485 be held in abeyance until further Order of the
Commission The transacfion terminating the 1998 Lease Agreements the Unwind Transaction was

completed in lufy 2009 and Big Rivers resumed control of its generation facilities and ownership of all
the power generated by those facilities

The Unwind Transaction isthe most significant change in Big Rivers resource planning since filing the

2005 IRP In addition Big Rivers has revised portions of its load forecasting methodology updated its

load forecast updated its DSM analysis and methodology and updated its capacity resource modeling

methodotogy

Load Forecasting Methodology

Since filing its last IRP in 2005 Big Rivers has updated portions of its load forecast methodology

Beginning with the 2007 Load Forecast the method forforecasting residential sales changed from a
traditional econometric model to a SAE model SAE modefs combine the benefits of both enduse and

econometric models and provide a means for quantifying many relevant factors thatinfluence
household consumption Refer to Appendix A Section83for a description of SAE models Beginning

with the 2009 load Forecast the economic outlook was based on projections developed by Moods
Economycom Moodysupdates its economic forecasts more frequently than other providers and
they have proven to be a reliable and respected enfity in the utility industry

Updates to the load Forecast

As a result of the Unwind Transaction Big Rivers resumed primary responsibility as power suppierfor

electricity soid to two aluminum smelters under wholesale contracts with Kenergy Corp As a result

Big Rivers power supply requirements contractually increased by approximately 850 MW and 7300
GWH per year Figure 61 presents projected peak demand requirements from the 2007 Load
Forecast the 2009 Load Forecast and the 2010 Load ForecastIRP Amounts for all forecasts incfude
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requirements for the two aluminum smelters The 2007 load Forecast did not reflect the 20082009
economic recession impacts that are included in the 2009 and 2010 forecasts There are no significant
differences between the 2009 Load Forecast and the 2010 Load ForecastIRP

Figure 61 Cornparison of 2007 2009 and 2010 Load Forecasts MW
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Resource Assessment

At the time the 2005 IRP was prepared Big Rivecs purchased the majority of its requirements in excess

of power provided through its SEPA contract from LGE Energy Marketing Inc LEM Under the
arrangement with LEM Big Rivers had no need for additional capacity during the term of fhe 2005 IRP
Quantitative analyses filed with the 2005 IRP were produced using Excel models developed by GDS
As there was no need for additional resources no sophisticated expansion planning tools were

required

fn 2009 Big Rivers completed the Unwind Transaction under which it regained control of the
generating assets and terminated its power purchase agreement with LEM Due to this change in
circumstances a comprehensiveanalysis was required for the production ofthe 2010 IRP Big Rivers
resource assessment was developed using the Strategist integrated Planning System This model
which is licensed to GDS by Ventyx has the capability to simulate production operations and develop
least cost expansior plans he production operations simulation estabfishes the optimai dispatch of
generating resources and calculates the associated costs Thedeelopment of least cost expansion
plans includes comparisons of all combinations of potential resource additions in order to determine
the portfolio of expansion units necessa ry to achieve planning reserve margin criteria at the lowest
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cost Big Rivers existing generating resources were modeled using the Strategist GAF module The
existing units were dispatched against the 2010 Load and Energy Forecast which is described in
Section 7 below The Load and Energy Forecast was modeled using the 5trategist LFA module

Demand Side Management

In the 2005 IRP Big Rivers refied primarily on educational programs to help consumers make educated
decisions to save energy and money by being more efficient users In the current IRP the plan now

involves consideration of several Energy Efficiency Programs

Although most Demand Response Programs were determined not to be cost effective at this fime Big
Rivers will continue to monitor them for cost effectiveness

The methodofogy empfoyed for screening DSM programs is the same as the methodology used in the
20051RP

Transmission System

With respect to the improvement and more efficient utiiization of existing transmission facilities in the
period from 2005 through August of 2010 Big Rivers constructed and placed in service approximately
17 miles of new 69 kV transmission lines to connect to six new delivery point substations of its

member systems An additional five miles of new 69 kV line was constructed to strengthen the sub
transmission network and improve reliability To increase transmission fine current ratings

approximatefy 25 miles of 69 kV and approximately 27 miles of 161 kV lines werereconductored with
higher current capacity conductors The existing Wilson to Cofeman extra high voltage EHV 345 kV
circuit was interconnected with Kentucky Utilities KU system at the newly constructed Daviess

County EHV substation This expansion was completed to increase Big Rivers transmission capacity

for off system sales This would afso serve to increase Big Rivers import capabiiities to purchase
power as an alternative to building additional generation capacity

Big Rivers upgraded its microwave communications infrastructure with the expansion of the East and
West loops picking up the three member cooperatives pfus a new broadband digital microwave
overbuild addition to all three power plant focations for voice and data networking needs providing
high speed network connectivity

Big Rivers has been working on the engineering and license procurement to repface the twoway radio
system used by Big Rivers and the three membercooperatives Each of the four companies will have

their own twoway radio system sharing a common backbone infrastructure This new system will

accommodate twoway radio communications between the fourcompanies during emergency
situations fn service date is projected for 2012

Work toward completion of other transmission system improvements isa continuous process A list

of completed and planned improvements to the Big Rivers system for 20052025 is included in Tables
61 and 62 below
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Table 61 Completed TranSmission System Additions

Completed System Additions 2005 Z010
Project Description Yeor

Madisonvile69 kV line addition 2005

Cumberland 69 kV line addition Z7

Niogara Porta 69 kV line addition 2008

5killman Meade Co 161 kV Iine dddition 2008

Midwny Mine 69 kV line addition 1008

Reid Onton Jct 69 kV reconductor 2008

ProvidenceSHanson Tap 69kV reconductor 2008

EON Daviess Co345lnterconnection 2008

OJivet Churcf Rd 69 kV line addition 2009

Reid Davies Co161 kV reconductor 2009

Coleman Coleman EHV 161 kV line 1 reconductor 2010

Colemon Coleman EHV 161 kV line 2 reconductor 2010

Coleman Newtonville 161 kV line reconductor 2010

Table 62 Planned Transrnission System Additions

Plonned System Additions 2010 ZQ24
Project Description Year

Falls of Rough McDaniels 69 kV lineaddition 2010

Wilson New HardinsburgParadise 161 kV tqp line 2011

Paradise 161 kV reconductorfrom newtap point 2011

Wilson 161 kV terminalfor newtap line 2011

Wilson 16169kV transformeraddition 2012

Wilson Centertown 69 kV line 2012

Meade Garrett 69 kVlinereconductor 2012

Payneville area tap line metering 2013

Cumberland Caldwe115prings 69 kV line 2013

Garrett Flaherty 69 kV line project 2013

White Oak 16169kV substation addition 2013

Rome Junction West Owensboro 69 kV reconductor 2017

Hardinsburg 16169kV transformer replacements 2 2017

Wilson Sacramento 69 kV line addition 2018

Thruston Junction Easf Owensboro 69 kV reconductor 2018

Rome Junctron Philpot Top 69 kV reconductor 2018

HMPLSub 416169kV tronsformer addition Z018

Olivet Church Road tap 69 kV line reconductor 2020

Meade County 16169kV transformer addition 2020

Brandenburg area 69 kV capacitor addition 2020

Ensor16159kVsubstotion addifion 2022

Reid EHV16169kV tronsformer additon 2022

Hardinsburg No1toHarned 69 kV line reconductor 2022

White Oak 16169kV transformer addition 2024
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7 Load Forecasts

807 KAR5058 Secfion 7

The planshall include historical and forecasted information regarding loatls

Big Rivers updates its fongterm load forecast every two years The 2009 Load Forecast was
completed in July 2009 and approved by the Board of Directors in August 2009 The base historical
year in the 20Q9 Load Forecast is 2008 and the forecast horizon spansyears 2009 through 2023

A review of the 2009 Load Forecast was completed during 2010 which included an analysis and

comparison of energy and peak demand projections for 2009 to actual values for the year Actual
2009 energy and peak demand vafues were weather adjusted to provide for a comparison of data on
the same basis projections reflect normal weather The energy requirements forecast variance for
2009 was approximately 7 percent the winter peak variance for 20092010 was 08 percent and the
summer peak variance for 2009 was 12 percent The large energy requirements forecast variance
was due primarity to the shutting down of a pot line at an aluminum smelterfor an extended period
The pot line while not in operation as of September 2010 is projected to operate throughout the
forecast horizon

The forecast supporting the modeling analysis compfeted during the development of the IRP
referenced in this report as the 2010 Load ForecastIRP is the 2009 forecastadjusted to reflect
portions of the forecast variance for calendar year 2009 and to extend projections of total system
energy and demand requirements through 2025 The 2010 Load ForecastIRP is presented in Table
71 on the following page The base year in the 2010 Load Focecastf IRP is 20Q9

The system modeling analysis completed for the IRP incorporated projected energy requirements and
peak demands at the total system level therefore the 2010 Load ForecastIRP contains updated
projections for the aggregate Big Rivers system All discussion and presentation of forecasts by
customer classification are those projections contained in the 2009 load Forecast

Big Rivers seeures financing from the Department of Energy Rural Utilities Services RUS RUS requires Big Rivers to update
its load forecast every two years and to submit the forecastto RUS for review and approval RUS approved the 2009 Load
Forecast on November 10 2009
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Table 71 Historical and Projected Power Requirements

2009 Load Forecast 2010 Load Forecast IRP
Totat Ener Totul Energy Winter Peak

Requirements
Winter Peak Summer Peak

Requirements Demand
Summer Peak

Demand MW Demand ML1
M

Demand MLI

2005 10603749 1413 1469 10603749 1413 1469

2006 10609828 1414 1486 10609828 1414 1486

2007 10697157 1467 1511 10697157 1467 1511

2008 10g7 1 1475 10747493 1476 1475

2009 10 724 973 1494 1488 9 1536 1469

2010 10757127 1499 1492 10695 669 1496 1478

2011 10 791625 1505 1498 10 729241 1498 1485

2012 10846240 1512 1505 10 78Z 940 1504 1491

2013 10857274 1518 1511 10 793126 1510 1497

2014 10893049 1525 1517 10827941 1517 1503

2015 10933548 1533 1525 10867352 1525 1511

2016 10993876 1541 1533 10 926 611 1533 1519

2017 11020338 1550 1541 10951812 1542 15Z7

2018 11066160 1559 1550 10996403 1551 1536

2019 11112553 1568 1559 11041551 1560 1544

2020 11173608 1576 1567 11101517 1568 1552

2021 11200827 1586 1576 11127454 1578 1 561

2022 11245 989 1594 1584 11171403 1587 1569

2023 11290709 1603 1592 11214923 1595 1578

2024 na na na 11278601 1 604 1586

Z025 na na na 113Z3317 1613 1595

Note Shadedyear represents baseyeQr iR each forecas
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1 The information shall be provided for the total system and wrhere availabte disaggregated
by the folfowing customer ciasses

a Residential heating Big Rivers does not maintain or forecast the information at this level of
disaggregafion

b Residential nonheating Big Rivers does not maintain or forecast the information at this level of
disaggregation

c Total residential total of paragraphs a and by of this subsection

Combined residential safes for Big Rivers three member distribution cooperatives are projected to
increase at an average rate of14 percent per year from 2010 through 2023 Growth in the
number of customers projected at 12 percent per year is the primary influence on growth in
total residential saies Consumption per customer is projected to be relafively flat over the
forecast horizon increasing at an average rate of 02 percent through 2023 Historica and
projected residential sales are presented in Table 72 below Historical and projected residential
customers are presented in Table 73 below

d Commercial

The Commercial class referenced as Small CI in Big Rivers load forecast is defined as all
commercial and industrial cu5tomers with annual peak demand less than 1000 kW Combined
small CI sales for Big Rivers three member distribution cooperatives are projected to increase at
an average rate of 18 percent per year from 2010 through 2023 Growth in the number of
customers projected at 16 percent per year is the primary influence on growth in total
residential sales Like the residential class consumption per small CI customer is projected to be
relatively flat increasing at an average rate of 02 percent through 2023 Historical and projected
residential sales are presented in Table 72 Historical and projected commercial customers are
presented in Table 73

e Industrial

The Industrial class referenced as Large Cl in Big Rivers ioad forecast is defined as all
commercial and industrial customers with annual peak demand equal to or exceeding 1000 kW

Combined arge CI sales for Big Rivers three member distribution cooperatives are projected to
be level throughout the forecast period as the forecast includes no new customers for this
classification Historical and projected residential sales are presented in Table 72 Historical and

projected large CI customers are presented in Table 73

Safes for resie

No sales for resale are included in the load forecast

GD5 Associates Inc Section 7 load Forecasts

November 2010



Big Rivers Electric Corporation
2010 integrated Resource Plan

g Utility use and other

Other energy includes sales for street lighting and irrigation Sales for both classes combined
represent less than 1 percent of total systemsales Utility use is not addressed directly in the
load forecast rather it is addressed indirely as utility own use is included indistribufion losses

Table 72 Energy Requirements MWH

Small Large
Commercial Commerciul Generation

and and Distribution Transmission Total Energy
Residential Industrial Industrial Oher Losses Losses Requirements

2004 1362667 659726 8333132 3I61 102659 95907 10557251

2005 1452182 695 8266561 3191 101991 84333 10603749

2006 1415359 708219 8Z9937Z 3168 97619 86091 10

2007 1534506 753 591 8215 950 4 243 108 695 80171 10697157

2008 ISZ9478 749573 8279522 3 719 96358 88842 10747493

2009 1532 007 742024 8247595 3 532 116161 83 655 10 724 973

2010 1554028 750285 8247595 3586 117727 83906 10757127

2011 1572 789 764 031 8247595 3 640 119396 84175 10 791 625

2012 1592872 776424 8267587 3 694 121063 84601 10846240

2013 1610370 788300 8247595 3 748 122575 84687 10857274

2014 1630346 802035 8247595 3802 124306 84966 10893049

2015 1653291 817260 8247595 3856 126264 85282 10933548

2016 1675448 832973 8267587 3910 128206 85752 10993876

2017 1703587 848778 8247595 3964 130457 85959 11020338

2018 1 730837 018 132 669 86316864724 8247595 4 11D66160

2019 1758431 880869 8247595 4072 134909 86678 11112553

2020 1780719 89713T 8267587 4126 136885 87154 11173608

2021 1808999 913514 8247595 4180 139173 87366 11200827

20Z2 1835124 929962 8247595 4234 141356 87719 11245989

2023 1860804 946437 8247595 4288 143518 88068 11290709
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Table 73 Number of Customers

Small Large
Comnterciai Commercial

and and

Resdential Industriol Industrial Other Total System

2004 94 768 11539 20 87 106414

2005 94877 12897 19 91 107883

2006 95 028 14187 19 94 109329

2007 95993 14478 19 95 110585

2008 96886 14 692 20 95 111 693

2009 97518 14860 19 94 112492

2010 98400 14984 19 94 113497

2011 99540 15218 19 94 114870

2012 100796 15502 19 94 116410

2013 102 075 15 787 19 94 117975

2014 103337 16068 19 94 119519

2015 104588 16346 19 94 121046

2016 105827 16619 19 94 122559

2017 107062 16889 19 94 124064

2018 1083Q4 17157 19 94 125574

2019 109554 17421 19 94 127088

Z020 110801 17 682 19 94 128596

Z021 112 028 17 940 19 94 130 081

2022 113213 18195 19 94 131521

2023 114345 18448 19 94 132 906

h The utifity shall also provide data at any greater level of disaggregation available

The data as provided above is at the greatest fevel of disaggregation available

2 The utili shall provide the following historical inforraion foc the base year which shall
be the most recent caiendar year for which actual energy sale and system peak demand
data are availabfe and the four 4 years preceding the base year

a Average annual numberofcustomers by class as defined in subsection 1 of this section

Historical and projected number of customers by class are presented in Table 73 above

b Recorded and weathernormalized annual energy sales and generation for the system and sales

disaggregated by class as defined in subsection 1 of this section

Recorded and weathernormalized annual energy sales and generation for the system and sales

disaggregated by class are presented in Table 74 below
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Table 74 Actual vs Weather Normalized Energy Sales and Requiremen MWH

Small Lcrrge Distribution

Commercial Comreercial

and and Generation Total Energy
Residentia Irrdustrial Industrial Other Losses Rurnl System Requirements

2004 Actual Z362667 659726 8333132 3161 198566 2133190 10557251

2005 Actual 145Z182 695491 8266561 3191 186324 Z262017 10603749

Z006 Actual 1415359 708219 8299372 3168 183710 2232581 10609828

2007 Actual 1534506 753591 8215950 4243 188866 2404515 10697157

2008 Actual 1529478 749573 8279522 3719 185200 2399889 10747493

2009 Actual na na na na na 2298205 9971120

Z004 Normal 14I8933 667663 8333132 3161 Z00106 2I98343 10622996

2Q05 Norrnal 1439717 691092 8266561 3191 186029 2244994 10586591

2006 Normal 1460129 717180 8299372 3168 184643 2286805 10664492

2007 Norma 1468932 736207 8215950 4243 187589 2320907 10612922

2008 Normal 1 746941 8279SZ2 3719 184668 Z376625 10724037

2009 Norma na nu na na na 2328269 10001435

2004 lrnpact 56267 7937 D 0 1541 65153 65745

2005 Impact 12465 4399 0 0 295 17023 17158

2006 Impact 44770 8960 0 0 933 542Z3 54663
2007 Impact 65574 17384 0 0 1276 83608 84235

2008 Impact 20292 2633 0 0 532 Z3264 Z3456

2009 Impact na na na na na 30064 30315

Rural System energy is represenfed as fotatsystemrquiremenfs less directserve customer loads
Large Commercia and Ofher classifications are not weather sensitive

c Recorded and weathernormaiized coincident peak demand in summer and winter for the

system

Recorded and weathernormalized annual energy sales and generation for the system and sales

disaggregated by class are presented in Table 75 below
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Table 75 Actual vs Weather Normalized Peak Demand Requirements MW

System 1Vet System Net Totol Total

ofSmelter ofSrnelter Snelters Smelters Systerr System
Summer tAjinter Siammer Winter Summer Winter

2004 Actual 604 539 857 856 1461 1395

2005 Actual 618 562 851 851 1469 1413
2006 Actual 631 555 855 859 1486 1414

2007 Actual 660 610 851 857 1511 1467

2008 Actual 616 619 858 857 1474 1476
2009 Actual 611 673 858 864 1469 1537

2004 Normal 609 542 857 856 1466 1398

2005 Normal 617 563 851 851 1468 1414

2006 Normal 634 598 855 859 1489 1457
Z007 Normal 638 612 851 857 1489 1469

2008 Normal 624 626 858 857 1482 1483
2009 Normal 612 619 858 864 1470 1483

2004 Impact 5 3 0 0

2005 Impact 1 1 0 0 1 Z
2006 Impact 3 43 0 0 3 43
2007 Impact Z2 2 0 D 22 2
2008 Impact 8 7 0 0 8 7
2009 Impact 1 54 0 0 1 54

d Total energy sales and coincident peak demand to retail and wholesale customers for which the
utitity has firm contractual commitmenfs

Refer to Table 71 above

e Total energy sales and coincident peak demand to retail and wholesafe customers for which
service is provided under an interruptible or curtailable contract or tariff or under some other
nonrm basis

Big Rivers does not provide electric service to any retail or wholesale customecs under an

interruptible or curtailable contract or tariff Big Rivers offers a Voluntary Curtaifinent Rider
which provides a means for potentially reducing system peak demand during peak periods Since

the rider is voluntary it is not considered as a means for ceducing load in this IRP In the last ten
years 20002009 there have been four curtailments utilizing the Vountary Curtailment Rider
one in 2008 and three in 2009 affecting two customers See Table 76 below
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Table 76 19992010 Voluntary Industcial Curtailment Results

Load
Number of Reduction

Year Curtailments MWj

2000 0 na

2001 0 na
2002 D ncr

2003 D na

2004 0 na
2005 0 na
2006 D na

2007 0 na

2008 1 20

2009 3 1 to 25

2010 0 na

lncludes Jonuary through August of2010

f Annual energy losses for the system

Refer to Table 72 above

g Identification and description of existing derrandside programs and an estimate of their impact
on utility sales and coincident peak demands including utility or government sponsored
conservation and load rnanagernent programs

Big Rivers and its three distribution member cooperatives provide primarily education about
energy efficiency except for distributing compact fluorescent light CFL bulbs a no cost to
members To date approximately 109000 CFL bulbs have beerr distributed The impacts from
the CFL program include annual energy reduction estimates of8400 MWh anda potential
demand reduction of51 MW

h Any other data or exhibits such as load duration curves or average energy usage per customer
which ilfustrate historical changes in load or load characteristics

Big Rivers hourly load shape for 209 is presented in Figures 71 through 73 below The system
can be either summer or winter peaking year to year depending on the severity of seasonal

temperatures The market shares of electric space heating and electric water heating are
expected to continue increasing therefore the system is expected to be predominately winter
peaking in future years

9
2009 loads presented in Figures71 through 73 reflect outages from 012709through 021709 due to iee storrn
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Figure 71 Annual Load Shape 2009
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Annual load duration curves are presented in Figures 72 and 73 below Big Rivers load

characteristics aie unique due to a high proportion of very high load factor customers Two aluminum
smelters typically operate at a combined toad of 850 MW at close to 100 percent load actor

However the smelters were not taking full foad in 2009 due to the soft market for aluminum In
addition there are approximately 20 directserve industrial customers with a combined load of 140
MW and operating at approximately 90 percent load factor
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Figure 72 Annual load Duration Curve System 2009
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Figure 74 presents average monthly kWh use per customer for historical and projected periods The

ifigure indicates a leveling of average use in the forecast period The leveling in the near term is due

primariiy to retail price increases at the distribution cooperative level slow economic recovery from
recent recessionary conditions reductions in lighting consumption associated with the Energy
Independence and Securities Act of 2007 EISA 2007 and greater consumer awareness of energy
conservation by customers The replacement of older major appiances with new energy efficient
units will also contribute to the eveling of consumption over the entire forecast horizon

Figure 74 Average Monthfy Residential kWh Consumption per Customer by Year
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3 For each of th fifteen 15 years succeeding the base year the utiiit shall provide a base
laad forecasf it considers most fikely to occur and to the exent availabie afternate
forecassrepresenfing lower and upper ranges of expected future growrth of the load on
its system Forecassshall not include laad impatsof addiional future demandside
programs or customer generation included as par of planned resource acquisitions
estimated separately and reported in Section 84 of this administative regulation
Forecasts shale include the utilitysestimates of existing and continuing demandside
programs as described in subsecfion 5 of this secion

The base load forecast described in detail in Sections 71 and 72 above and range forecasts are

presented in Appendix A Range forecasts were prepared to represent optimistic and pessimistic
economic growth and extreme and miid weather
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Tabfe 77 Energy Sales by Sector and Total Generation
2010 Load ForecastIRP

Direct Serve Total System
Rural Energy EnerBy Smelter Errergy Energy
Reqrrirements Requirements Requirements Requirements

Year Ndonth MWH MWI MWH MWH
2011 1 24309 78893 619 752 949 616

2011 2 215 652 73190 559 776 855 720

2011 3 196343 76992 619 752 900 561

ZO11 4 155 718 79843 599760 842312

2011 5 163290 79 843 619 752 870107

2011 6 201130 79 843 599 760 888105

2011 7 Z29 998 82695 619 752 940249

2011 8 227 769 83645 619752 938 960

2011 9 177160 81 744 599 760 865851

2011 10 157463 80794 619752 865190

2031 11 184341 76992 599 760 868300

2011 12 240 638 76041 619 752 944269

2012 1 246469 78893 619 752 953 024

2012 2 218 650 73190 579768 878 902
2032 3 199072 76992 619752 903314
2012 4 157882 79 599760 844495
2012 5 165560 79843 619 752 87Z396
2012 6 203 926 79843 599 760 890 924

2012 7 233196 82 619752 93473

2012 8 230 936 83645 619 752 942153

2012 9 179 623 81 744 599 760 868335

2Gi 10 io5 8G794 619752 867397
2012 11 186 904 76992 599 760 870884
2012 12 243 984 76041 619 752 947 542

1 Rural Enecgy represents residential and smalC commercial customers for Big Rivers three member distribution
cooperatives and includes disfibution tosses

2 Direcf Serve represensall large commercial and industrial customers with annual peak demand equal to or
exceeding 1000 kW Smelter requirements are broken out from Direct Serve customers in this table

3 Total Generation incfudes transmission and generation losses

GDS Associates Inc Section 7 Load Forecasts

November 2010



Big Rivers Electric Corporation
2010 Integrated Resource Pian

Table 78 Peak Demand by Sector and Total System

Direct Serve Total System
Rural Demand Demand Smelter Demand Demartd

Requirements Reqrirements Requirements Requirements
Year Month M1 Mw1

2011 1 534 113 850 1498

2011 2 467 113 850 1430

2011 3 444 112 850 1

2011 4 341 113 850 1304

Z011 5 367 116 850 1333

2011 6 459 1 Z 6 850 1

2011 7 514 120 850 1485

2011 8 499 118 S50 1

2011 9 476 115 850 1441

2011 10 346 119 850 1314

2011 11 414 112 850 1376

2011 12 528 112 850 1490

Z012 1 541 113 850 1504

2012 2 472 113 850 1436

2012 3 450 112 850 3412

2012 4 345 113 850 1308

2012 5 371 116 850 1338

2012 6 465 116 850 1431

2012 7 521 120 850 1491

2012 8 505 118 850 1473
2012 9 482 115 850 1447

2012 10 3S0 119 850 1319

2012 11 420 112 850 1382

2012 12 535 112 850 1497

1 Rural Demand represents residential and small commercial custamers for Big Rivers three member distribufion
cooperatives and includes distribution losses

2 Direct Serve represents all large commercial and industnal customers with annual peak demand equal to or
exceeding1000 kW Smelter requirements are broken out from Direct Serve customers in this table

3 Total System Demand includes transmission and generation losses

d The impact of existing and continuing demandside programs on both energy sales andsstem
peak demands including utiiity and government sponsored conservation and load management
programs

Big Rivers and its three distribution member cooperatives currently primarily provide education
I

about energy efficiency with the exception being distribution of CFL lighting at no cost to
members Listed below are activities and programs intended to educate and inform retail

members of available energy efficiency opportunities The plan for implementing new demand
side programs is presented in Section 8 af this report

1 Distribution cooperative webs6tes Each of the distribution cooperative websites provides easy to
use Home Energy Suites The Suites provide methods to improve efficiency and save energy in the
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home Adjustabie inputs specific to a home altows customers to compare their current energy use
to estimated energy use resulting from various improvements in efficiency

2 Marketing and promotion Historically the majority of communications between the distribution

cooperatives and their customers focused on energy efFiciency education Their advertising
efforts focus on promoting Touchstone Energy Homes and the use of ENERGY STAR appliances

and lighting insulation and high efficiency heating ventifation and air condifioning HVAC

3 Home Energy Efficiency Expo Each of the member cooperatives has hosted residentia energy
efficiency expos that provide education and outreach to customers focusing on energy efficiency
in the home

4 Distribution of DOEEPA Home Efficiency Tips booklet The distribufion member cooperatives
have provided thousands of Home Energy Tips booklets to new and existing customers that visit

the cooperative ofFices A US Department of Energy DOE and US Environmental Protection
Agency EPA partnership producedaHome EnergyTips booklet which has been used to train

customer service representatives CSRs on energy efficiency and to help the CSRs educate
customers

5 CFL distribution CFLsare distributed to customers ofJPEC MCRECC and Kenergy Each ofthe
distribution cooperatives has provided the high efFiciency lamps to customers at their annual
meetings as well as to customers who visit during cooperative month in October To date
approximatefy 109000 CFL bulbs have been provided to refail customers at no cost The impacts
from the CFl program include annual energy reduction estimates of8400 MWh and a potential
demand reduction of 51 MW

6 Energy Use Assessments These assessments are provided to commercial and industrial

customers upon request Walk through energy audits help identify simple and low cost efficiency

measures that customers can install or implement themselves Educational programs are also
available for employees of commercial and industrial merrbers

7 Big Rivers offers renewable energy to the member cooperatives Big Rivers has purchased energy

from an ENERGY STAR certified Combined Heat and Power CHP project operated by Domtar
Inc a specialty paper manufacturer The power is generated from wood chips that are waste by
products of the paper manufacturing process Customers wishing to purchase fhis renewable

energy can contract with any of the distribution cooperatives

8 JPEC and Big Rivers Electric Corp upgraded their facility lighting to high efficiency electronic
ballasts and fluorescent lighting
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9 Big Rivers provided energy saving analyses to industrial and large commercial members by
combining efforts with the membersystems the DOE and the University of LouisvilesKentucky
Potlution Prevention Center

10 Big Rivers provided support to membersystern school districts to promote the construction of
high performance schools Hancock County school district renovated three older schools with a
focus on energyeciency and completed a new high performance school in 2006 Meade County
school district completed construction of a new high performance school in 2007

11 Big Rivers provided assistance to develop and continues to provide reliability support and backup
power for the Domtar previously Weyerhaeuser combined heat and power project in Hancock
County The 50 MW renewable generator produces electricity from wood chips that are not used
in the manufacturing of paper The project won the ENERGY STAR CHP award in 2005 for
efficiency

e Any other data or exhibits which iliustrate projected changes in load or load characteristics

Changes in seasonal load are presented in Table71above Big Rivers has traditionally been a
summer peaking system however the system peaked during the winter season in 2008 2009 and
2010 and the system is projected to be winter peaking throughout the forecast horizon There
are no other significant changes projectedinseasonal load factor in terms of fongterm trends or
in differences between summer and winter based load factors

The addiional following data shall be provided for the integrated sysem when the utiii
is part of a multisate integrated utility system and for the selling company wien the
ufility purchases fifty 50 percent of its energy from another company

a For the base year and the four 4 years preceding the base year
1 Recorded and weather normalized annual energy sales and generation

2 Recorded and weathernormalized coincident peak demand in summer and winter

b For each of the fifteen 15 years succeeding the base year
1 Forecasted annual energy sales and generation

2 Forecasted summer and winter coincident peak demand

Big Rivers is not part of a multistate integrated utifity system with one corporate owner
Therefore tkis section is not applicable to Big Rivers

6 A utiiity shall f ie all updates of ioad forecasswith the commission when they are adopted
by the ufility

Big Rivers most recently approved load forecast the 2009 Load Forecast approved by the Board of
Directors in July 2009 is included in this IRP filing as Appendix A

lo For purposes of seasonal peaks the summer is June through September and winter is Decembe through March
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7 The plan shall incfude a complete descripfion and discussion of

aAll data sets used in producngthe forecasts

A number of datasets were used in development of the forecast and are summarized in Table79
below

Table 79 Load Forecast Database Summary

DCategory Data Source Data Element

Electric System Big Rivers and its three Number ofcustomecs kWh
member distribution sales and revenues by cldss
cooperatives System peak demand

Eeonomic MoodysEconomy com Number ofhouseholds
Woods Poole Economics Total employment

Averagehosehold income
Retail sales

Personal consumption
expenditure index

Weather National Oceanic crnd Heating und cooling degree
Atmospheric Adininistration days

Temperature

Price Big Rivers and its three Average censper kWh
member distribution

cooperatiyes
Enduse Big Rivers Appliance saturations

Energy Informadon Appliqnce efficiencies
Administrcrtion

APPliance unit energy
consumptton kWh

Housing Characteristics Big Rivers Size ofhome

Energy Information Number ofpeople per home
Administradon

Therrnal shell index

b Key assumptions and judgrnents used in producing forecasts and determining their
reasonableness

The key assumptions made during the development of the forecast focused on changes in each of
the data elements identified in Table 79 above The assumptions apply broadfy to each of the
three distribution cooperatives and to Big Rivers

Economic Outfook It was assumed that changes in economic activity are most reasonably

represented by the projections obtained from MoodysEconornycom Economic outlooks were
deeloped individually for each distribution cooperative Assumptions regarding the economic
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outfook and projections for each of the data series are presented in Appendix A 2009 Load
Forecast Section 42 and Table41pagel8

Weather The forecast is based on the assum pfion that heating and cooling degree days during

the forecast horizon would be equal to the most recent20year averages It was assumed fhat

degree days for Paducah Kentucky and Evansville indiana provided reliable coverage of weather
condifions for the Big Rivers service area Assumptions regarding projected heating and cooling
degree days are presented in Appendix A 2009 Load Forecast Section 43 Historical and
projected degree days are presented in Appendix A 2009 Load Forecast Table21page0

Retail Electricity Prices It was assumed that real adjusted for inflation electricity prices would

transition from a decliningFistorical trend to a slightly increasing trend during the orecast
horizon It is assumed that average electric bills for customers served by the three distribution

cooperatives will increase over the long term at rates similar to increases in Big Rivers average
wholesale cost to the distribufion cooperatives

EndUse Characteristics Assumptions regarding future changes in appiiance saturation levels are
based on historical trends developed from Big Rivers appliance saturation surveys and data
obtained from the Energy Information Administration It was assumed that the market shares for
central electric space heating central air conditioning and electric water heating would continue
to increase over time but at a declining rate as their respective maximum saturation levels were

approached Assumptions regarding changes in appliance efficiencies are based on information
obtained from the Energy Information Adrninistration

Housing Characteristics Assumptions regarding housing characteristics are based on appliance

surveys conducted by Big Rivers and on information obtained from the Energy Information
Administration

c The general methodological approach taken to load forecasting for example econometric or
structural and the model design model specification and estimation of key rxodel parameters
for exampfe price elasticities of demand or average energy usage per type of appliance

Big Rivers 2009 Load Forecast was developed using methods recognized ih the industry today as
the standards including enduse econometrics informed judgment and historical trends The

residential cfass accounts for the majority of rural system requirements therefore con5iderable
time and effort were devoted to development of SAE models for each of Big Rivers three

distribution member cooperatives to forecast energy consumption for the class Econometric
models were used to project the number of residential customers Similarly econometric modefs
were developed to project small commercial energy use per customer and number of customers

Large commercial demand and energy projections were developed using information provided by
cooperative management regarding local industrial operations Energy sales projections for alf
other classifications street lighting and irrigation were based on linear trends

Econometric models were developed to project rural system coincident peak CP demand
Projections of rural system noncoincident peak NGP demand were developed by appfying an
average coincident faetor to projections of rural CP demand Total system NCP demand was
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computed as the sum of rural system CP demand and directserve NCP demand Demand was
projected on a summer and winterseasonal basis for each year of the forecast period The
summer season includes months May to October and the winter season includes months January
February March November and December in the same calendar year

The energy sales forecast is based on a bottornupapproach Projections were developed at the

customer class level by distribution cooperative and aggregated to the total system level
Projections of peak demand were developed at the rural system and total system levels by
distribution cooperative The forecast is based on an analysis of data and information for a
historical period covering the 1980 through 2008 period and the forecast period covers years
20082023 The base case forecast assumes normal weather conditions for each year and the

averages were computed using heating and cooling degree daysfor the twenty years ending 2008

Big Rivers contracted with a consultant to assist the cooperative in developing the load forecast
The consultant developed preiiminary economic outlooks and load forecasts for each of the Big
Rivers three distribution member cooperatives The preliminary forecasfs were reviewed with

management from the member cooperatives and a Rural Ufifities 5erviceRUSGeneral Fied
Representative The forecasts were revised as necessary and finalized Once the distribution
cooperative forecasts are approved by their respective Board of Directors the Big Rivers forecast
is based on the aggregate distribution cooperative forecasts

Refer to Appendix A of this IRP the 2009 Load Forecast for more details regarding Big Rivers
forecasting process and model specifications

d The utilitystreatment and assessment of Ioad forecast uncertainty

Big Rivers base case forecast reflects expected economic growth for the area and normal weather
conditions To addresstheinherent uncertainty related to thesefactors longterm fiigh and low

range projections are devefoped The range forecasts reflect the energy and demand
requirements corresponding to more optimistic or pessimistic economic growth and to mild or
extreme weather conditions Four forecast scenarios were generated i base case economics

and mild weather ii base case economics and extreme weatheriii optimistic economics and
normal weather and iv pessimistic economics and normal weather These scenarios are based
on currenf RUS guidelines

Tables710 and 711 and Figures 75 and 76 below present the range forecasts in table and
graphic forms

11

Federa Register March20 2000 Department of Agriculture Rural Utilities Services 7 CFR PartT710 RIN 0572
AB05 Load Forecasts
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Table710 Range Forecasts Energy Requirements MWH

Total Sysfem

Year Hi Base Uptimistic Pessimisfic Fxtreme Mitd

2004 10490039

2005 10545342

2006 10549818

2007 10642125

2008 10686263

2009 10667608 10 10636928 10765515 10587849

2010 10699 762 10 732 681 10658856 10798448 10619339

2011 10734261 10 784643 10 682 IZ2 10833839 10653108

2012 IQ788718 10861036 10726541 10889204 10706797

2013 10 799909 10895882 10727875 10902183 10716536

2014 10835685 10954Z74 10752 10939133 10751336

2025 10876183 11017125 107811Z3 10980819 10 790848

2016 10936354 11100152 10829428 11042036 10850143

2017 10 962 974 11150618 10843876 11070056 10875607

2018 11008795 11220 10877442 11117130 I0920387

2019 11055188 11292313 10911370 11164817 10965707

2020 11116086 11378572 10959846 11226969 11025568

2021 11143463 11432466 10974522 112559Z7 11 051 647

2022 11188624 11504629 11007405 11302466 11 095 673

2023 11233345 11576549 11 039 965 11348516 11139296

Rural 5ystem

Year History BQSe Optirristic Pessimistic Extreme Mild

Z004 2133190

2005 2262017

2006 2Z32581

2007 2404515

2008 2399889
2009 Z3937Z3 2413546 2364759 2492942 2312961

2010 24Z5627 2456773 2386277 2 2344201

2011 2459856 2508715 2409123 256075Z 2377695

2012 2494052 2565166 2433147 2595864 Z411116

2013 2524992 2620077 2454083 2628610 2440590

2014 2560489 2678484 2478303 2665292 2475104

2015 2600671 2741306 2506393 2706672 2514292

2Q16 2640536 2804319 2534219 2747593 2553275

2017 2686785 2874717 2568119 2795254 2598357

2018 2732249 2944 913 2601151 2841982 2642 771

2019 2778280 3016314 2634539 2889320 2687719

2020 2818867 3 2662528 2931 2727Z59

2021 2865866 3156415 2696651 2979768 2772948

2022 2910675 3ZZ8539 2729015 3025967 2816613 I

2023 2955047 3300414 2761066 3071678 2859879
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Table711 Range Forecasts Peak Demarod kW

Total 5ystem

Year History Base Optimistic Pessimistic Extreme Mild

2004 1461329

2005 1468971
2006 1486253

Z007 1510700

2008 1475 966

2009 1494163 149271 1488366 1551622 145487

2010 149861Z 1504817 1490903 1556313 1449711

2011 1505369 1514868 1495539 1563 703 1455 935

201Z 1512119 1525 759 1500392 1571085 1462152

2013 1518226 1536334 1504635 1577765 1467777

2014 1525233 1547617 1509540 1585428 174231

2015 1533165 1559779 1515Z14 1594103 1481537

2016 1541034 1571977 1520834 1602709 1488 785

2017 1550163 1585627 1527654 1 612693 1497193

2018 1559137 1599235 1534300 1622508 1505459

Z019 1568ZZ3 1613079 1541018 1632446 1513828

2020 1576235 1625907 1546 668 1641208 1521207

2021 158551Z 1640226 15535Z8 1651354 1529752

2022 1594357 1654206 1560035 1 661 028 1537899

20Z3 1603115 1668141 1566476 1 670 608 1545966

Rural System

Year Histor Base Optimistic Pessimistic Extreme Mild

2004 476409
2005 502064

2006 505405

2007 536611

2008 516082

2009 521766 526087 515452 576838 476293

2010 528063 534844 519497 583723 482094

2011 534820 545443 523 591111 488317

2012 541570 557012 528345 598492 494535

2013 547677 568301 532297 605 500160

2014 554684 580245 536880 612832 506614

2015 562615 593040 542220 621506 513919

2016 570484 605869 547515 63111 521167

2017 579613 620156 554014 640095 529575

2018 588588 634400 560346 649910 537840

2019 597674 648881 566752 659847 546208

2020 605685 662348 572093 668610 553586

2021 614962 677309 578652 678757 562130

2022 623807 691931 584874 688431 570275

2023 63Z566 706496 591042 698011 578341
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Figure 75 Range Forecast Rural System Energy MWH
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Refer to Appendix A 2009 Load Forecast Section 7 for more details regarding Big Rivers treatment
and assessment of load forecast uncertainty
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e The extent to which the utilitysfoad forecasting methods and models explicitly address and
incorporate the following factors

1 Changes in prices of electricity and prices of competing fuels

The forecasts developed foc each of Big Rivers three distribution member cooperatives
include the impacts of projected increases in the real price of electricity over the forecast
horizon The forecast does not explicitly address the impacts of competing fuels available to
retail customerseg the abifify to heat with natural gas versus electricity Table 712
presents an average of distribution cooperative retail prices for the residential and
commercial clas5ifications The prices represent average cents per kWh

Table 712 Real Average Electricity Price t per kWh

Year Residen tia Commercial

2005 558 546

2006 544 537

2007 537 521

2008 548 517

2009 582 552

2010 586 555

Z011 589 558

2012 593 562

2013 597 565

2014 600 568

2015 604 572

2016 608 575

2017 611 579

2018 615 582

2019 619 586

2020 6Z2 589

2021 626 593

2022 630 596

20Z3 634 599

2024 637 603

2 Changes in populatBon and economic conditions in the utilitysservice territory and
general region

The forecast captures changes in number of households average household income total
employment and retail sales Number of households is the independent variabfe in the
residential customer models Household income is one of the driver variables specified in

the residential use per customer models Employment is the driver variableinthe small
commercial customer models and retail sales is an independent variable in the small

commercial energysales models The projected values for each of these demographic and
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economic variables were obtained from MoodysEconomycom The economic outlook
takes into account the impacts of the 20082009 economic recession Refer to Appendix A
2009 load Forecast Section 4 Table 41for the weighted Big Rivecs average values

3 Devefopment and potential rnarket penetration of new appliances equipment and
technologies that use electricity or competing fuels and

The distribution cooperative forecasts incorporate service area specific market shares of
electric appliances and changes in technology Projections of market share are based on Big

Rivers appliance saturation survey data census data and data obtained from the Energy
Informafion Administration The market shares for electric heating electric water heating

and electric air conditioning are all projected to increase throughout the forecast horizon

but at a decreasing rate as maximum saturation levels are approached

4 Continuation of existing company and government sponsored conservation and foad

management or ofiher demandside programs

The forecast implicitly includes the impacts of Big Rivers current educational and

conservation programs see Section74dthrough the historical load data The forecast

includes no direct impacts of new EnergyEciency or Demand Side Management programs
The forecast does include the impacts of reduced lighting consumption associated with the

Energy Independence and Securities Act of 2007 Refer to Section 8 of this IRP for a

description of the potential impacts of new Energy Efficiency Programs

fj Research and development efforts underway or planned to improvepeformance efficiency or

capabilities of the utilitys load forecasting methods

Big Rivers conducts residential surveysto monitor changes in household major appliances and
various enduses Results from the surveys will continually incorporate the latest approaches
addessing perFormance efficiency and capabiiity into the forecasting models as new data
becomes available

g Description of and schedule for efforts underway or planned to devefop enduse faad and
market data for analyzing demandside resource options inciuding load research and market
research studies customer appliance saturation studies and conservation and load

management program pilot or demonstration projects

Big Rivers conducts residential surveys to monitor changes in household major appliances and

various enduses This schedule is expected to continue in future years For load forecasting
purposes Big Rivers obfains enduse data from the EIA Currently Big Rivers has no plans to
develop enduse data through an internal load research or enduse metering project Big Rivers

will continue to utilize enduse data and information avaitable from the Energy fnformation

Administration and any other sources that may become available in the future Big Rivers is
currently working with its three distribution member cooperatives to implemenfi Energy Efficiency
Programs Refer to Section 8 of this IRP for a description of those programs

12
MoodysEconomycom February 2009
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Technical discussions descriptions and suppoting documentation shall be confained in a
technical a endixPP

The full 2009 Load Forecast report is contained in Appendix A of this 2010 IRP
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8 Resource Assessment and Acquisition Pan
807 KAR5058Section S

1 The plan shall include theuilitys resource assessment and acquisition plan for providing
an adequate and reliable supply of electricity to meet forecasted electricity requirements
at the fowest possibfe cost The pfan shall consider the potential impacts of selected key
uncertainties and shall incfude assessment of potentiallycosteffective resource options
available to the utility

Big Rivers resource assessment was developed using the Strategist fntegrated Planning System This
model which is licensed to GDS Associates by Ventyx has the capability to simulafie production
operations and develop least cost expansion plans The production operations simulation establishes
the optimal dispatch of generating resources and calculates the associated costs The development of
least cost expansion pfansincludes comparisons of all combinafions of potential resource additions in
order to determine the portfolio of expansion units necessary to achieve pianningreserve margin
criteria at the lowest cost Big Rivers existing generating resources were modeled using the Strategist
GAF module The existing units were dispatched against the 2010 Load and Energy Forecast which is
described in full in Section 7 The Load and Energy Forecast was modeled using the Strategist LFA
module In order to address uncertainties refated to several variables the producfion simulation and

expansion planning analysis was conducted for a Base Case and several sensitivity cases The Base
Case includes 1 the base Load and Energy Forecast 2 the Energy Efficiency Programs included in
the 1 million annual energy efficiency expenditure case 3 base fuel price projections and 4 base
market price projections as a source of economy energy purchases

Sensitivity cases are fisted below along with a description of major modeling input assumptions

a High Fuel Price Case

i Base case assumptions or all variables except for

1 20 increase in all fuel prices and market prices

b High Load case

i Base Case assumptions for all variables except for

1 High load and energy requirements forecast
c Renewable Portfolio Standard case

i Base Case assumptions for all variables except for

ii RPS requirements of

1 15 oftotal Big Rivers energy provided by renewabfe resources by 2015
2 20 of total Big Rivers energy provided by renewable resources by 2020
3 25 of total Big Rivers energy provided by renewable resources by 2025

iii Specific resources as sources of energy as follows
1 80 of RPS energygenerated by wind projects
2 15 of RPS energy generated by biomass projects
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3 5 of RPS energy generated by photovoltaic projects
iv Carbon reduction costs are assumed to be in place beginning 2015 carbon cost projections

included herein as Appendix J

d Environmental Compliance case

i Base Case assumptions for alt variables except that
1 Carbon reducfion costs are assumed to be in place beginning in 2015
2 there is a 1 Reduction in capacity at RD Green units 1 2 and at KC Coleman units

1 2 3 to account for installation of SCRs and

3 RA Reid unit 1 retires at the end of 2011

e Big Rivers MISO case

i Base Case assumptions for all variables exceptthat

1 Big Rivers generating resource capacities are adjusted for purposes of reserve margin

calculations according to MlSO defined Equivalent Forced Outage Rates

2 The Planning Reserve Margin used for the development of the expansion plan is equal
to45 This percentage is MISOsNonCoincident Load Based Planning Reserve
margin as defined in the MISO Business Practices Manual Resource Adequacy
efFective June 1 2010

Strategistoutput for the Big Rivers Base Case and each sensitivity case is included with this fling as
Appendices D through I

Big Rivers operates two units owned by HMPL These two units HMPLStation Two Units 1 and 2

were included at theirfull capacity values in the analysis HMPLscapacity allocation requests
associated with these units were included in the analysis as a load obligation The net impact of this

configuration is that capacity beyond that requested for use by HMPLis available to serve Big Rivers
requirements Similarly HMPLsSEPA allocafion was includedasa capacity resource and a load
obligation equal to the SEPA capacity was also modeled HMPLscapacity resources were assumed
to be firmiethe laad served by these resources does not require reservecapacity provided by Big
Rivers The reserve margin criteria utilized for the analysis for the combined Big Rivers and HMPL
model is the target reserve margin defined by the NERC in its 2009 LongTerm ReiiabilityAssessment
That target reserve marginis15 for predominately thermal systems Although fhis value was used
as a target for the modeling process a minimum acceptable margin of 14 was utilized in the

modeling process to recognize that actual annual margins could vary above and below the target
during the term of the IRP

Big Rivers did not control its generating assets for a recenf historical year therefore data was not

available for a defined baseyear Because of that fact and because of the late 2010 filing date for this
IRP production cost projections were developed for each year of the 2011 through 2025 period In
luly 2009 a lease termination agreement ended an arrangement under which Western Kentucky
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Energy Corporation had been operating generating resources owned by Big Rivecs As a result of the
lease termination agreement the Unwind Big Rivers took control of its owned generating capacity

and the capacity at HMPLStation Two that is in excess of HMPLsrequested capacity allocations
from the station

Table 81 befowshows capacity expansion plans for the Base Case and each sensitivity case along
with the 2010 present value of costs associated with each plan The present value of costs includes1
costs associated with EE programs 2 fuel costs a nd variable OM costs for all generating resources

both existing and new 3 fixed OM costs for all new generating resources and 4 annual carrying
costs associated with capital costs for all new generating resources The present value of costs was

calculated using a discount rate of633 Big Rivers current cost of debt

Table Sic Optimal Expansion Plans

E

S

f

sncrmmrmrrtrimmmZrmmam

The RPS Case and the Environmental Compliance Cases include a projecfion of carbon allowance costs

The reatively small difference in the present value of costs associated with the RPS Case and the
Environmental Compiiance Cases results from the higher capital costs in the RPS case being offset by
lower carbon allowance costs due to generation from noncarbon producing assets
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2 The utility shai describe and discuss alf options considered for inclusion in thepfan
inciudin9

a Improvements to and more efficient utiiization of existing utility generation transmission and
distribution facilities

b Conservation and load management or other demandside programs not already in pface

c Expansion of generating facifities including assessment of economic opportunities for coordination
with other utifities in constructing and operating new units

d Assessment of nonutility generation including generating capacity provided by cogeneration
technologies relying on renewabfe resources and other nonutility sources

A list of potential resource additions was developed for the Strategist modeling process This list of
resources defines the options that the model is able to choose in order to meet planning reserve
criteria The ist of potential additions includes traditional supplyside options renewabfe supplyside
options and EE programs fhat were selected in the EE screening process The complete list of
options is shown below

1 Nuclear

2 Coal

3 Gasfired Combined Cycle

4 Gasfired Combustion Turbine

5 Biomass

6 Landfill Gas

7 Wind

8 Photovoltaic

9 Coal Bed Methane

10 fE program portfoiio

Operating characteristics and associated costs for supplyside resource listed above were taken from
the EIAs 2D10 Annual Energy Outlook with modifications to certain variables based on GDS
involvement in recent generation feasibility analyses and construction monitoring

Tabfe 82 below shows key variables associated with the supplyside options

la Demand Response programs were not included in the development of the IRP expansion plan because they did not
pass prefiminary screening tests Refer to Appendix B for further details on Demand Response DR screening
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Tabfe 82 Operating Characteristics of SupplySide Options

PotenGal ResourceAddtttons

2010 Z010

Overnight Constructfon Operuting ZOIOFixed Yarlabfe SOZ NOx CO2

Capacity CcpPta Cost lead Time Lije OM Rate OhRate IteatRate Avpilabllty Emissfons Emissions Emissfons

Mi7 C3k4NJ YrsJ I LkW SMWh MMBtrMWh oj IbsMWh IbsMWh IbsMWh

Nuclear 50 440000 6 30 9342 DSI 1049 90 000 000 000

Covl 50 3050OB 4 30 2857 476 920 93 075 047 192999

Combiped Cycle SO 229413 3 30 4786 461 720 90 000 014 88550

Combuston Turbine 50 83230 2 30 2257 370 1079 90 000 025 119025

Biomass S0 390674 4 2p 6688 696 945 906

LandfrOGas S 263799 3 20 11856 001 1365 90

Wind SO 199549 3 Z5 3144 000 30

25
Phomvolmic S 626357 2 25 1212 000

Coal Bed Medrane 5 263799 3 ZO 11856 001 1365 90

Table 83 beiow shows fuel cost projections associated with the potential expansion units

Table 83s Fuel Cost Projections

f
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3 The oliowing information regarding the utiiotys existing and planned resources shall be
provided A ufitity which operates as part of a multistate integrated system shall submit
he following inforrnation for its operations vithin Kentucky and for the multistate utifity
system of whih it is a part A ufiiity vuhich purchases fifty 50 percent or more of its
energy needs from another company shall submit the following informafion for is
operations ithin Kentucky and for the cornpany from which it purchases its energy
needs

a A map of existing and planned generating facilities transmission facilities with a voltage rating of
sixtNnine 69 kilovolts or greater indicating their type and capacity and locations and capacities of
al interconnections with other utilities The utiiiy shall discuss any knowrn significant conditions
which resrict transfer capabifities with other utilities

Whiie heavy north to 5outh power transfers can restrict regional transfer capabilities Big Rivers has
identified no specific operating conditions which restrict transfer capabilities with other utilities

Figure 81 Big Rivers Electric CorporationTansmission System

4f

i

r

d

1
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by A list of al existing and planned electric generaingfacilities which the utility plans to have in service
in the base year or during any of the fifteen 15 years of the forecast period including for each
facility

1 Pfant name

2 Unit numbers

3 Existing or proposed location

4 Status existing planned under construction etc

5 Actual or projected commercial operation dafe

6 Type of facility

7 Net dependable capabilit summer and winter

8 Entitfement if jointfy ovimed or unit purchase

9 Primary and secondary fuel types by unit

10 Fuel storage capacit

11 Scheduled upgrades deratings and retirement dates

12 Actua and projected cost and operating information for the base year for existing units or first full
year of operations for new units and the basis for projecting the information to each of the fteen
15 forecast years or exampfe cost escalation rates All cost data shall be expressed in nominal
and real base year dollars

i Capacity and avaifability factors

2 Anticipated annual aveage heaf rate

3 Costs of fuels per miliions of British therma unitsMBtu

4 Estimate of capital costs forpanned unots total and per kifowatt of rated capaifyj

5 Variable and fixed operating and maintenance costs

6 Capifal and operating and maintenance cost escalation factors

7 Projected average varabie and total eiecticity production costs in cents perkiowatthour

Table 84 on the following page shows characteristics and costs associated with all existing units in

pface in the Big Rivers Base Case IRP
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Table 84 Operating Characteristics of Existing Resources

9 10 111 2 3 4 5 6 7 8

Net Dependabfe Fuel3mmge ReBremert

Plmrt Unft lncatlon Status Commercial Operotton Dote Type of Foclllty Capability EntltJemem Fve Type Capobi7ky Dote

5ummer Winter Primary Secondary 1
IGG Coleman 1 Hancock Counry Kertucky Exsting November 1969 Steom Turbine 150 150 Coal Naturol Gas 30 days

K G Coleman 1 Hanmck County Kenwcky Eusting September 1970 Steam Turbine 138 138 Coal NaWra Gas 30days

K G Coeman 3 Honwck County Kentucky Existing January I972 Steain Turbine 155 155 Coal Natum Gas 30 days

R D Greert 1 We6ster County Kentudry Existing December 1979 Stedm Turbine 131 231 Cool Oi 60 days

RD Green 2 Webster County Kentucky Exating lanuary 1981 Steam Tur6ine 223 213 Coal Oi days

Henderson2 1 Henderson Caunty Kenwcky Existing June 1973 Stemn Turbine S59 159 Cool Oi 60 d6ys

Flenderscn 2 2 Henderson County Kentucky Exating Apri I974 Steam Turbine 156 156 Coa Orl 60 days

R A Reid 1 Henderson County Kentudry Exhting lanuary 1966 Steam Turbine 50 50 Coal Ofl 60 days

R A Reid Cf Henderson Counry Kentudry Exlsting March 1978 Combustion Turbirte 65 65 Gas

D B Wihon 1 Ohio County Kentucky Existing November 1986 Steam Turbine 417 417 Coal Oil 60 days

Fuels lisied as Secondcry are usedfurSfartUp

A tabie showing costs and parameters for each Big Rivers generating unit for each year of the 2011
through 2025 period is included as Appendix K

c Description of purchases sales or exchanges of efectricity during the base year or which the utility
expects to enter during any of the fifteen 15 forecast years of the plan

Inthe preparation of the IRP interaction with an econorriy energy market was modeled The
economy energy market was defined using the average of projected prices at three pricing hubs
Cinergy Southern Company and the Tennessee Valley Authority NA The price projections
were developed by ACES Power Marketing

Monthly on and offpeak prices for each hub are included with this filing as Appendix L

Capacity purchases from the market were not explicitly modeled in the production of the IRP
When new capacity is required potential sources of that capacity could include selfbuild or unit
participation by Big Rivers or purchases of capacity from appropriate resources owned by others
For instance the base case expansion pfan includes additional peaking capacity in 2022 which

could be provided by a new Big Rivers combustion turbine or a purchase of peaking capacity from
another party

d Description of existing and projected amounts of eiectric energy and generating capacitrfrom
cogenerationselgeneation technologies refying on renewable resources and other nonutility
sources avaifable for purchase by the utility during the baseyar or during any of the ffteen 5
forecast years of the plan

Big Rivers Base Case IRP plan incfudes capacity and energy from its members SEPA allocations
Those allocations are shown in Table 85 on the following page No other renewable resources

cogeneration orselfgeneration resources or nonutility sources are indicated in the Base Case
plan Presently a force majeure has been declared by SEPA due to dam safety issues at the Wolf
Creek and Center Hill Dams near Jamestown Kentucky and Lancaster Tennessee respectively
on the Cumberland River System Currently SEPA is providing a runofriver schedule Duringthe
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time of the force majeure has been in effect therunofriverschedule has provided
approximately 100 MW Based on current esfimates from the Army Corps of Engineers which is
responsible for repairs the termination of the force majeure and hence the ability of Big Rivers to
schedule its full SEPA allocation of 178 MW is expected to occur in midyear 2013

Table 85 SEPA Allocations

SEPA Capacity SEPA Energy

M M

2011 100 301 930

2012 1 DO 301 930

2013 100 292 889

2014 178 267000

2015 178 267 000

2016 178 267D04

2017 178 267 000

2018 178 267000

2019 178 267 000

2020 378 267000

2021 178 267 000

2022 178 267 000

2023 178 267000

2024 178 267000

2025 178 267 000

e For each existing and new conservation and foad management or other demandside programs
included in the pfan

1 Targeted classes and enduses

Based on the resulfs of the energy efficiency savings potential analysis the possible wide

spread applicafion of the measures idenfified and a review of Energy Efficiency Programs
currently offered by other electric cooperatives investorowned electric utiiities and energy
efficiency organizations eg Wisconsin Focus on Energy ActOnEnergy Illinois Midwesf
Energy Efficiency AUiance located in or around Kentucky Big Rivers has eiected to evafuate
the following residential and CI DSM programs in conjunction with the 2010 IRP

1 Residential Efficient Lighting Program
2 Residential Efficient Producfs Program
3 Residential Advanced Technologies Program
4 Residential Weatherization Program
5 Residential New Construction Program
6 CI Prescriptive Lighting Program
7 CI Prescriptive HVAC Program I
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SResidential Efficient Lighting Program

This program is designed to encourage residential customers to install high efFiciency bulbs
in their homes replacing incandescent bulbs Initially Big Rivers will purchase CFL bulbs and
distribute the bulbs to its members at no cost Bulbs will continue to be available at

member offices annual meetings and other special community events throughout the year

Distributing bulbs at no cost to members helps to stimulate interest in high efficiency
lighting produce significant energy savings and allows Big Rivers and its members a direct
opportunify to educate members about other DSM programs

As the EISA 2007 mandates requiring incandescent lighting to become approximately 30
more effcient become effective Big Rivers plansto consider additional advanced fighting

options such as iight emitting diodes LED as the technologies mature It is hoped that
overtime the initial cost of LED lighting and the number of residential applications will
become more palatable to consumers

Residential Efficient Products Program

This program provides financial incentives and market support via retailers to increase the
market share and sales of efFicient home appliances The program targets purchases of
select technologies through retail stores and other special sales events Initialfy the
program may offer incentives for high efficiency water heatecs refrigerators and clothes
washers

Members will submit a rebate application form following the purchase of any qualified high

efficiency product along with a proof of purchase Incentives are paid after all completed
documentation is received

Residential Advanced Technologies Prograrn

The Big Rivers Advanced Technologies Program is designed to promote the purchase of
efFicient products with significant energy savings potential that are currently availabfe in the
market place but continue to have low rnarket saturation The primary offerings may
include rebates for the purchase and instaltation of heat pump water heaters HPWH and
Ground Source Heat Pumps

Under this program HUAC contractors and plumbers woufd perForm the installations and
submit all necessary paperwork whife program staff would oversee the administration and
outreach components Promotion of the incentives would be done cooperatiyely with HVAC
and water heafing suppfy houses distributors and contractors To ensure the quality of
installations and to increase awareness periodic training sessions will be provided by Big
Rivers to the HVAC and water heating distributors contractrsretailers and consumers

focusing on the benefits to the consumer of the high efficiency equipment and installation
procedures
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Residential Weatherization Program

This program is designed to encourage residential customers to upgrade and install energy
efficient building shell measures in homes that are currentfy inadequately insulated or
weatherized The most important energy efficiency measures for this program include air
infiltration sealing of heatingcooling d ucts increasing attic insulation andor floor
insuation in homes with inadequate levels currently instalted and an energy savers care kit
package that includes easytoinstall and low cost energy saving equipment including CFL
bulbs low flow devices and a water heater insulation blanket

Financial incentives will be paid to the homeowner all completed documentation is
received by Big Rivers Incentives may be available for improved air seaiing duct sealing as
well as increased attic insulation and floor insulation

Over time the individual components of this program may be altered based on experience
and evaluation to maximize overallcostefFectiverress and target aspects of the building
envefope that are likely to benefit the most from efficient technologies and practices

Residential New Construction Program

The objecfive of this program is to support energy efficient design and the installation of
energy efficient appliances during the construction of new residences The program will be
targeted to the residential new construction market particularly to residential customers
and home builders in the process of designing and constructing new homes The target for
this program is to build new homes so that they are significantly more energy efficient than
a standard new home builtto meet tfie specifications of the current residential energy code
in Kentucky

Under the current design of the program re5idential new home buyers can submit a Home
Energy Rafing System HERS Rating Certificate that certifies the new home as 15 more
efficient Tier 1 than a new home built to the current residential building code A new
home that is certified as 30 more efficient than a standard new home would qualify as a
Tier 2 home

Energy savings are based on heating cooling and hot water energy use and are typicalfy
achieved through a combination of the following high performance windows controUed air
infiltration upgraded heating and air conditioning systems tight duct systems high
efficiency water heating equipment and high efficiency building envelope standards
Energyefficient lighting and appliances will afso be encouraged These features contribute
to improved home quality and homeowner comfort and to lower energy demand

CBei Prescripiveiighiing Program

This program is designed to encourage commercial and industrial customers to install high
efficiency lighting technologies in their businesses to replace inefficient technologies
initially Big Rivers will launch the program with only a few lighting measures such as CFLs
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LED exit signs T8 fixtures and occupancy sensors but will evaluate the programs
effectiveness often in order to update the technologies offered as needed Big Rivers will

work in conjunction with contractors and members to encourage participation in the
program

CI Prescriptive HVAC Program

This program is designed to encourage commercial and industrial customers to install
efficient HVAC equipment The technologies offered at the start of the program may
incfude low cost Packaged Terminal AC and Packaged Terminal Heat Pump measures HVAC

Tuneup and Variable Frequency Drives for HVAC motors and fans may also be offered As
the program matures Big Rivers will evaluate the market and ihtroduce new technologies
such as Split AC systems and Air Cooled Chillers

2 Expected duration of the program

The Big Rivers Energy Efficiency Programs have been specicaliy analyzed for threeyears
of implementation but were carried through the 15 year IRP forecast underthe
assumption that simiar programs with the same savings would be an investment that Big
Rivers will continue to make The threeyear programs presented here are based upon an

annual EE expenditure of approximately 1 million dolars in the first year rising by 25
per year thereafter It is important to note that current energy efficiency technologies
may become standard practice over time and that there will be new advancements in
energy efFiciency As a result the recommended programs may needto be adapted after
the initial 3 year period by changing the specific measures that are currently
reeommended for each program As an example compact fluorescent lighting may
achiee high levels of market penetration within 5 to 10 years but the emergence ofLED
lighting may allow for fhe continued operation of a residential lighting program

3 Projected energy changes by season and summer and winter peak demand changes

The projected energy and peak demand savings for the residential and CI DSM programs
to be implemented in 2011 have been analyzed to calculate cost savings and to determine
benefitcost ratios for eacFi program Total energy savings in the first year of program
implementation 2011 are projected to be3767 MWH with cumulative energy savings
reaching 49160 MWH in 2025 and total Winter Peak demand savings for all pcograms is
projected to be 1003 kW in the first year with cumulative savings reaching almost 14 MW
in year 15 Likewise Summer Peak demand savingsforall programs is 623 kW in the first
year with cumulative saings reaching over 10 MW in 2025

I
I
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Table 86 Cumulative Annual Energy Savings by Season kWh

Resfdential 2011 2012 2013 2015 20Z0 2025

Winter 1396493 2 4390133 6774499 11644086 15985944

Summer 891348 1846502 2821191 4463884 8133936 11621059
Tota1 Annual kWh 2287840 4722703 7211324 11238382 19778022 27607008

CommerciQl

Winter 540483 1159350 1793708 3242895 7222235 10347885

Summer 587917 1256650 1956692 3527505 Z844965 9932515
Total Annual kWh 1128400 2416000 3750400 6770400 15067200 20280400

Residenda Commercial 2011 201Z 2013 2015 2020 2025

Winter 1936975 4035552 6183841 10017394 18866321 26333834

Summer 1479265 3103152 4777883 7991389 15978901 21553574

Total Annual kWh 3416240 7138 10961724 18008782 34845222 47887408

Table 87 Cumulative Annual Peak Demand Savings by Season kW

Residerttia 2011 2012 2013 Z045 2020 2025

Winter 712 1469 2256 3611 6741 10076

Summer 291 603 921 1465 2707 3923

Commercial

Winter 204 436 679 1224 2721 3392

Summer 333 713 1104 1996 4443 6262

Residential Commercial

Winter 916 1905 2935 4835 9462 13468

Summer 623 1316 2025 3461 7151 10185

The residential programs account for a little over 60 of first year winter energy savings
and about 65 of winter peak demand savings Of the winter energy savings that the

residential sector is projected to achieve one third comes from the lighting program
Weatherization is the program with most of the winter peak demand savings with over
40 corning only from it

i
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Table 88 Residential Program Cumufative Annual Energy Savings by Season kWh

Lighting 2011 2012 2013 2015 2020 2025

Winter Energy 46943 938877 14081626779 812496 1484070

Summer 235742 471483 707225 816933 408018 745268

EcientAppliances
Winter 199151 417467 640575 1104306 2369357 3236505

Summer 8913T 186837 286693 494254 1060424 1445Z71

Advanced Technologies
Winter 261093 536731 832856 1446922 3092 3945382

Summer 107134 220404 341815 593839 1269327 1608191

Weatherization

Winter 391154 825882 1268 2185512 4488596 5906925

Summer 413126 872029 1339450 23079244856287 6457615
New Consdvction

Winter 75655 157246 239509 410980 88149Z 1413068
Summer 46209 95749 146008 250933 539879 864714

Table 89 Residential Cumulative Annual Peak Demand Savings by Season kW

Lighting Z012 2012 2013 2015 2020 2025

Winter Peak kW 164 328 493 569 284 519

Summer PeakkW 72 144 216 250 125 Z28

EcientAppliances
Winter Peak kW 13 26 41 70 150 204

Summer PeakkW 16 33 51 88 190 251

Advanced Technologies
1Ninter Peak kW 169 340 535 930 1977 2970
Summer Peak kW 26 53 82 142 304 358

Weatherization

Winter Reak kW 312 659 1011 1741 3684 5347

Summer Peak kW 148 312 480 827 1749 Z542

New Construcdion

Winter Peak kIN 55 116 176 302 646 1036

Summer Peak kW 29 60 92 158 339 544

The commercial programs account for the remaining 40 of the first year winter energy
savings and about 35ofwinter peak demand savings Of the winter energy savings that
the commercial and industrial sector is projected to achieve over half comes from the

HVAC program However Lighting is the main driver when looking at Winter Peak

demand savings

Table 810 C1 Program Cumulative Annual Energy Savings by Season kWh

aos zoaa a3 Zo Zoa ao2s

Winter 232362 495705 774540 1394172 3098160 3640

Summer 469638 1001894 1565460 2817828 6261840 7357662

HVAC

Winter 308121 663644 10191b8 1848723 4124075 6707547

Summer 118279 254756 391232 709677 1583125 2574853
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Table811 CICumuative Annual Peak Demand Savings by Season kW

Lighting 2011 2012 2013 2015 2020 20Z5

Winter Peak kW 172 366 572 I030 2289 2689

Summer Peak kW 160 342 535 962 2138 2512

HVAC

Winter Peak kW 32 70 107 194 432 703
I

Summer Peak kW 172 371 57U 1033 2305 3749

The full DSM study is provided in Appendix B Detailed breakouts of energy and demand
savings by sector program and year are incfuded in Appendix C

4 Projected cost including any incentive payments and program administrative costs

The total Big Rivers investment forthe mentioned DSM programs under evaluation is
estimated to be up to 1 million in 2011 The DSM expenditures were assigned an annual
increase of25 raising the total in 2025 to approximately 14 million In 2011

incentives account for 632450 6390of the expenditures foc this analysis with the
remaining 365600 set aside for administrative purposes Administrative costs incfude
program design program implementation reporting and tracking marketing incentive
fulfillment and labor costs Additional participant costs incurred by residentiaC and CI

members to purchase and install energy efficient equipment are not represented in the
tables below

Table812 Energy EfFiciency Prograrn Costs

All Residential Programs Corrbined 2011 2012 2013 2015 2020 2025

Inceritives 486150 526725 543975 565350 643225 724825
Administration 186750 158700 164250 174050 197850 223050

Total Big Rivers Cosf 672900 685425 708225 739400 841075 947875

All C1Programs Combirred 2011 2012 2013 2015 2U20 2025

Incentives 146300 167300 172200 198800 224700 256200

Administration 178850 167300 172200 162650 183850 209650

Total Big Rivers Cost 325150 334600 344400 361450 4U8550 465850

AI Programs Combined 2011 2012 2013 2015 2020 2025

Incentives 632450 694U25 716175 764150 867925 981025

Administration 365600 326OOU 33645U 336700 381700 43Z700
f

Total Big Rivers Cost 998050 1020025 1052625 1100850 1249625 1413725

The residential programs require estimated expenditures of 672900 in 2011 growing to
947875 by 2025 In the first year incentives account for 486150 72 of fihe total Big
Rivers residential DSM programs expenditures The remaining 186750 28 of the

residential expenditures is reserved for administrative functions By 2025 incentives

account for an even greater portion of the overall EE expenditures 724825 76

compared o administrative costs of2305024j
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Table 813 Residential Energy Efficiency Program Costs

2 2013 2015 2020 2025Lighdng 2011 012

Incentives 42550 42550 42550 41000 46250 52250

Administration 7500 7500 7500 10250 11550 13050

Total Big Rivers Cost 50050 50050 50050 51250 57800 65300

ResidentialEcieretAppliances
Incentives 70000 7b825 78475 82750 93475 105425

Administration 30000 25600 26150 27600 31150 35150

Total Big Rivers Cost 100000 102425 104625 110350 124 140575

Residential Advanced Technologies
Incenfives 88750 92250 101500 105000 117750 134000

Administration 38050 30750 33850 35000 39250 44650

Total Big Rivers Cost 126800 123000 135350 140000 157000 178650

YVeaderizadon

Incentives 223950 250000 254950 266400 304850 342950

Administration 96000 83350 85000 88800 101600 114300

Total Big Rivers Cost 319950 333350 339950 355Z00 406450 457250

New Construction

Incentives 60900 65100 66500 70200 80900 90200

Administration 15200 11500 11750 12400 14300 15900

Tota1 Big Rivers Cost 76100 76600 78250 82600 95200 106100

Big Rivers CI programs have annual expenditures of325150 in 2011 growing to
465850 by 2025 In the first year incentives account for 146300 45 of the total Big
Rivers CI DSM programs expenditures The remaining 17885055 is reserved for
administrative functions By 2025 incentives account for an even greater proportion of

the overall expenditures 25620055 compared to administrative costs of 209650
45

Table 814 CI Energy Efficiency Program Costs

CommercialIndusbial LightingPrngram 2011 2012 2013 20Z5 2020 2025

Incentives 73500 83300 88200 98000 112700 127400

Administration 89850 83300 8820 80200 92200 104250

Total Big Rivers Cost 163350 166600 176400 178Z00 204900 231650

CommercralIndusdrial HVAC Progrnrn
Incentives 72800 84000 84000 100800 112000 128800

Administration 89000 84000 84000 82450 91650 105400

Total Big Rivers Cost 161800 168000 168000 183250 203650 Z34200

Additional detail on program costs by sector and year are included in Appendix C

5 Projected cost savings including savings in utilitys generation transmission and
distribution costs

Costs that could be avoided by implementing DSM programs were calculated for use in

the screening process Avoided demand costs were assumed to be for years beginning
with 2015 the fixed costs associated with a new peaking resource Peaking resource
fixed costs were based on the costs of a new combustion turbine resource as pubiished

GDS Associates Inc Section 8 Resource Assessment and Acquisition Plan

November 2010



Big Rivers Elecric Corporation
2010 Integrated Resource Plan

by the EIA in its 2010 Annual Energy Outlook Fixed costs include interest expense

depreciation expense and fixed0M costs

Prior to 2015 avoided demand costs were estimated to more closely represent prices

associated with current market capacity transactions A price of2kWMonth was

used for 2010 and this value was assumed to grow with linear increases until

convergence was reached witli the price of a newcombustion turbine in 2015

Avoided energy costs were assumed to be those associated with potential economy

energy purchases The economy energy market was defined using the average of ACES
Power Marketing price projections for the Cinergy Southern Company and TVA pricing
hubs

Table815 Avoided Energy Costs
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Table 816 Avoided Demand Costs

Demand

Generation Trans Dist

Annua Summer Winter

kWYr kWY kWYr kWYr kWYr
2010 2400 10 00 1400 0 0 DO

2011 3740 1558 2182 000 000

2012 5080 2117 2963 000 000

2013 6420 2675 3745 000 000

2014 7760 3233 4527 000 000

2015 9100 3792 5308 000 000

2016 9273 3864 5409 000 000

2017 9449 3937 5512 000 0 00

2018 9629 4012 5617 000 0 00

2019 9812 4088 5723 000 000

2020 9998 41 66 5832 000 D DO

2021 10188 4245 5943 000 000

2022 10382 4326 6056 000 000

2023 10579 4408 6171 000 000

2024 10780 4492 6288 000 000

2025 10985 4577 6408 000 000

The avoided costs discussed above were then applied to the energy demand fuel and
other fuel savings in order to produce benefits for each program These benefits are
what would be used in order to apply a benefitcost ratio to each of the programs in the
portfolio Table 817 below showsthe net present value benefits for each sectorand
fuel type

Table817 Energy Efficiency Program Net Present Value Benefits

NpN Benetirs

Eiectric NonEledric Odrer Totat

Residential Lighting 0 262255 27Z3672

Residential Efficient Appliances 2659480 808082 0 3467562

Residential Advanced Technologies 5234683 0 0 5234683

Residential Weatherization 7854141 1681 18744612

Residential New Construction Z243779 654A51 0 2897830

Commercial Industrial Lighting 7801294 0 0 7801299

Commercial Indusial HVAC 4 0 0 4943438

Toml Beneftts 36066456 9316273 430366 45813096
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4 The utility shall describe and discuss its resource assessenent and acquisition plan which
shall consist of resource options which produce adequate and reliabfe means to meet
annual and seasonal peak demands and total energy requirements idenied in the base
load forecast at the lowest possible cos The utility shal provide the following
information for the base year and for each year covered by the forecast

a On total resource capacity avaifable at the winter and summer peak

1 Forecast peak load

2 Capacity from existing resources before onsideration of retirements

3 Capacity from planned utilityowned generating ptant capacity addifions

4 Capacity available from firm purchases from other utilities

5 Capacity available from firm purchases from nonutility sources of generaion

6 Reductions or increases in peak demand from new consenration and load management or other
demandside programs

7 Committed capacity sales to wholesale customers coincident with peak

8 Planned retirements

9 Reserve requirements

10 Capacity excess or deficit

1 Capacity or reserve margin

Table 818 below shows Big Rivers Base Case capacity demand and reserve information for both
winter and summer for each year of the IRP
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Table818 Base Case Resource Assessrnent Results Capacity Requirements
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b On planned annual generation

1 Total forecast frm ener re uirements9Y q

2 Energyfrom existing and pfanned utility generating resources disaggregated by primary fuel
tYPe

3 Energy from rm purchases from other utilities

4 Energy from firm purchases from nonutility sources of generation

5 Reducfions or increases in energy from new conservation and load management or other
demandside programs

Table 819 below shows Big Rivers Base Case energy requirements and sources for each year of
the IRP

Table819 Base Case Resource Assessment Results Energy Requirements MWH

E

Y

g

i

s

s

t

6

E
6

S

5

ff
i

c For each of the fteen 15 years covered by the plan the utility shall provide estimates of total energy
input in primary fuels by fuel type and total generation by primaryfuel type required to meet load
Primary fueis shall beoganized by stanard categories coal gas etc and quantified on the basis of
physical units for example barrels or ons as well as in MMBtu

Table 820 below shows energy input and generation by fuel type for each year of the 1RP
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Table820 Energy Generation by Fuel Type

t

5 The resource assessment and acquisatiora pfan shalt include a description and discussion
o

a General methodofogical approach models data sets and information used by the company

A5 described earlier in this document the Strategist Integrated Planning System was used to

produce the Big Rivers IRP Strategist is a wellknow planning system that is licensed to GDSby
Ventyx The system utilizes chronological load patterns and probabilistic production costing
methods to determine unit dispatch and associated costs The system also has the capability to
develop least cost expansion plans It determines what type of new resources should be added to
a utilitysexisting portfolio in orderto maintain reliabiiity criteria at the least cost Potential new
resources are userdefined New supplyside resources were defined for Big Rivers IRP process to

include traditional options such as nucfear units coal units combinedcycle units and combustion
turbine units Renewable resources were also defined to allow sefection if economically

appropriate The list of potential renewable resources included biomass tandfill gas wind
photovoftaic and coal bed methane Additionally the EE programs that passed prior screening
efforts were defined as potential opfions for seiection These programs were selected by
Strategist as part of the as options that facilitated a least cost pfan They were also included in all
sensitivity cases
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bjKey assumption and judgments used in the assessment and how uncertainties in those assumptions
and judgments were incorporated into analyses

Uncertainties in several key variables were addressed by using a sensitivity case approach In
addition to the Base Case cases were devefoped that factored in 1 higher than base fuel prices
2 high load and energy projections 3 enactment of a Renewable Portfolio Standard 4
uncertainties related to environrnental compfiance issues and 5 MlSO resource adequacy

standards The development of the sensitivity cases identifies the economic impacts to Big Rivers
and potential capital expansion obfigations associated with varying production environments

c Criteria for exampie present vatue of revenue requirements capital requirements environmental
impacts flexibility diversity used to screen each resource alternative including demandside
programs and criteria used to select the final mix of resources presented in the acquisition plan

The final mix of resources associated with the Base Case and with each sensitivity case is based on

the lowest present value of costs

d Crieria used in determining the appropriatefevel of reliabilit and the required reserve or capacity
margin and discussion o how these determinaions have influenced selection of options

The reserve margin target criteria used in the development of the Big Rivers resource mix is based
on the NERCs target as shown in its 2009 LongTerm Reiiability Assessment That target reserve

margin is 15 for predominately thermal systems This value was used to define a range of
reserve margins for use in the modefing process Annual reserve margin values fall above and
below this vaiue over the terrn of the study

e Existing and projected research efforts and programs which are directed at developing data for future
assessments and refinements of analyses

Big Rivers and its members will continue to regularly evaluate technologies and programs that
provide cost efFective energy savings for electricity consumers Additional programs wili be
developed to encourage energy savings for more specific applicafions as the DSM program

matures Big Rivers will also continue to monitor customer appiance home and demographic
characteristics through surveys As member cooperatives implement Automated Metering
Infrastructure AMI Big Rivers will have greater access to load data and consumption patterns
and can evaluate demand control approaches

f Actions to be undertaken during tfie fteen 15 years covered by the plan to meet the requirements af
the Clean Air Act amendments o190 an how these acions affect the utilits resouceassessment

The Big Rivers system consists of seven coalfired units of various size and vintage and one
combustion turbine Big Rivers also operates and has the contractual right to certain amounts of
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the capacity and energy from two coai fired units owned by HMPL The table befow represents
a brief descciption of the operating units

Table821 Environmental Controls on Existing Units

See further detoils in Appendix N

dlnft IVet Ccapacity Commercializeaf S02 Contro IVOx Control

Reid 1 65 MW 1966 See below See below

Coleman 1 150 MW 1969 FGD Retrofrt in 7006 Air

Coleman 2 138MW 1970 FGD Retrofit in 2006 Overfired Air
Coleman 3 155 MW 1972 FGD Retrofit in 2006 Overfired Air
Henderson 1 153 MW 1973 FGD Retrofit in 1995 SCR Retrofit in 2004

Henderson 2 159 MW 1974 FGD Retrofit in 1995 SCR Retrofit in 2004
Green 1 231 MW 1979 FGD CoalRebum
Green 2 223 MW 1981 FGD Coa1Reburn

Wilson 1 417 MW 1986 FGD SCR Retrofrt in 2004

Reid CT 65 MW 1976 See beow See below

The upper 4 of 8 burners on the Reid 1 coalfired unit were retrofitted with the ability to burn
natural gas as wetl as coal in 2001 for SO and NOx control However the actual gas line

connection was delayed and required environmental permits to burn natural gas in this unit have
not been obtained In addition at that time the price of natural gas escalated With the gas

burner open and additional air ffow for cooling efFect an overfire air effect for NOx control was
gained Since that time the unit has realized a 50 reduction of NOx emission rates from the
bottom 4 coalfired burners The Reid CT fuel oil unit was retrofitted to burn natural gas as well

as fuel oil in 2001 for S02 and NOx control

The Environmental Protection Agency has finalized fhe agencys endangerment finding which

opened the door to using the Ciean Air Act CAA to regulate Green House Gasses GHG from
motor vehicles However any regulation of GHG under the mobile source provisions of the

existing CAA must recognrze the cascading regulatory effects on other programs including the

prevention of significant deterioration PSD and rtle V permitting programs and how those
effects would impact the electric power and other sectors

Bills introduced March 4 2010 in the House and the Senate would allow Congress time to

determine how to deal with the ciimate change issue rather than allowing the EPA through the
CAA to make that determination

Carbon capture and sequestration for power plants involves the removal of carbon dioxide from

either the input fuel carbon or the exit gas carbon dioxide from the combustion of the carbon
fuel Changes to input fuel involve the gasification of coal and the burning of hydrogen with pure
0 The capture and collection of CO in the exit gas has been demonstrated on a limited scale
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using amine absorbers and compressors The US Department of Energy estimates the use of this
technology to remove and compress CO will cost on the order of 150 per ton This cost does not
reflect the additional cost of storage transportation and sequestretion Due to the high cost of

this process several other systems and technologies are being devetoped These systems include
chemical and physical absorptionadsorption low temperature distiliation gas separation

membranes mineralization and biomineralization

Biological systems such as algae and other genetically modified plant sources to utilize the CO as a
food or fuel source are also being studied Any process utilized to capture CO be driven based

upon the real or artificial cost established for the release of a ton of CO Legislation which passed
in the US House during 2009 the WaxmanMarkey bill failed to pass in the Senate That

legislation would have set both nonbinding economywide emission reductions and a mandatory
cap on covered greenhouse gases Similar legislation in the US Senate has made little progress to
date

Meanwhile the Environmental Protection Agency has finalized the agencys endangerment
finding which opened the door to using the CAA to regulate CHGs from motor vehicles However

any regulation of Green House Gases under the mobile source provisions of the existing CAA must
recognize the cascading regulatory effects on other programs including the prevention of

significant deterioration PSD and Title V permitting programs and how those efFects would

impacf the electric power and other sectors

Bills introduced March 4 2010 in the House and the Senate would have allowed Congress time to

determine how to deal with the climate change issue rather than allowing the EPA through the
CAA to make that determination These bills were not passed but the funding necessary to

implement the regulations could be impacted if either house of Congress has a Republican
majority after the November 2010 elections

The remaining known methods to reduce CO involve replacement of fossil fuel generated power
with lower carbon neutral or non carbon sourced fuel increased boiler efFiciency or reduced
demand lower carbon content fuel includes natural gas Sources that could possibly be

considered carbon neutral there has been recent debate on whether burning biomass is actually

carbon neutral include the conversion of one or rnore unitsto burn biomass Non carbon sources

would hydroelectric wind solar or nuclear Limitations affecting hydroelectric generation include

sufFicient water flow and siting probfems Currenfly sotar power panels have low conversion rates

and high installation costs Wind power sources are a challenge in our area due to low sustained

wind speeds In Kentucky nuclear facilities are prohibited by State faw

The University of Kentuckys Center for Applied Energy Research CAER has formed a

consortium called the Carbon Management Research Group CMRG The CMRG has

established a program to research costeffective technologies for reducing and managing CO in
coalfired electric power plants Utiiities currently participating in CMRG and contributing
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200000 each year are Big Rivers East Kentucky Power American Electric Power DukeKY and
EON

The development of a CO compliance ptan is not possible at this time given he uncertainties

surrounding actions of EPA bills in Congress to limit the EPA other actions Congress may take to

iimit CO and the current options avaiiable to utilities for removal

Clean Air Mercury NOx S0 and Particulate

Mercury

The Clean Air Mercury Rule CAMR was vacated by the US Court of Appeals DC Circuit on

February 8 2008 EPA instituted an Information Collection Request ICR for toxic air pollutants
The associated information including unit data and stack testing results have been submitted by
all afFected utilities The EPA is mandated by consent decree to have a final regulation by

November of 2011 to regulate utilities for hazardous air pollutants under Maximum Achievable
Control Technology MACT appiicable regulations The final rule is expected to then be

pubiished in early 2012 and will mandate compliance within three years for toxic poliutants which
will include mercury Under CAMR Big Rivers units as a system were projected to comply with the
emission allocations Should mercury control under a MACT rule be on a unit by unit basis all of

Big Rivers coaffired units woufd likely require additional controls With the installation of SCRs

and scrubbers pevious test results showed that all of Big Rivers coalfied units were in
compliance with CAMR Phase I and II ie no mercury allowance purchases would have been
necessary for compliance

NOx

The Clean Air Interstate Rule CAIR was overturned on July 8 2008 based on a challenge by
North Carolina which ciaimed fhe rule did not adequately reduce emissions of NOx and SO from
upwind states Although the rule was remanded itwas restored on a temporary basis until EPA
can rework the rule to address the courts issues The annual NOx limitations along with the

ozone season May 1 through September 30 are now in efFect This means for 2010 during the
ozone season allowances are drawn from both the Annual NOx accounts and Ozone season

accounts Big Rivers previously installed SCRs onWilson Station and HMPLUnits 1 and 2 and Iow
NOx burners at Coleman and Green The Coleman Units also have computer controlled overfired
air for NOx control Coleman Unit 1 NOx control differs from Units 2 and 3 with the addition of a

separate aic source for NOx control not from the combustion source The Reid Unit 1 has an

effective overfire air reduction from the top four burners intended for gas fire but currently left
open with additional air flow through the burners to keep them cool Green Units 1 and 2 have a
coal reburn system in pJace to reduce NOx emissions through the injection of coal at the top end

of the boiler furnace In 2010 with utilization of vintage year and previously banked allowances

Big Rivers is projecting the system to have a sufficient number of allowances for the ozone season

and for the annual baseline based on the projected generation from the SIMMS production
model
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The EPA reieased its proposed Clean Air Transport Rule CATR on July 6 2010 as a replacement
for CAIR The rule is specifically designed to address the deterioration of air quality in non

attainmentareas downwind from emitting sources Generating units in Kentucky are subject to

both the ozone seasonal NOx and PM25 annual NOx and 502 provisions of the proposed rule
The proposed rule is to become effective January 1 2012 The table befow shows the proposed
CATR S0 Annual NOx and Seasonal NOx allocations for Big Rivers generating units It will be

incumbent upon Big Rivers to determine whether these allowance allocations are adequate to

offset emissions under anticipated emission rates with existing emission control equipment If an

insufficient number of allowances have been allocated Big Rivers will need to determine whether

to purchase allowances EPAs preferred rule generally limits allowance trading to intrastate
transacfion or install additional emissions controfs

Table822 Clean Air Transport Rule Allowance Allocations for Big Rivers and Associated Units

Ozone Season 2014 and Beyond
Z012 S02 Arrnual NOx NOx Allocadon S02 Allocation

Resource Allocrfion Tons Allocadon Tons Tans Tons

Coleman 1 624 1646 704 1569

Coleman 2 854 1671 715 1569

Coleman 3 1003 1713 733 1621

Green 1 1 774 1 530 595 1 018

Green 2 1352 1505 585 1027

Reid 1 1136 734 284 1872

Reid GT1 0 0 D 0

DB Wilson 8195 697 305 7866

HMPLHenderson 21 1647 293 114 959

NMPLHenderson 22 2750 305 118 99

SOZ

Big Rivers currently has Flue Gas Desulphurization Systems FGD otherwise known as scrubbers
on all units except Reid 1 and the Reid combusfion turbine Wifh this level of SO reduction Big
Rivers has an annual surplus of CAA S0 allowances that can be sold or banked for future use This

annual surplus will continue until the new CATR noted above changes the requirements for SO
allowances Beginning with 2010 the CAIR retirement ratio for S0 allowances increases from 11

allowances per ton emitted to 21 allowances per ton emitted As the CATR is currently proposed

and as directed by the courts new CATR allowances will be entirely separate from CAACAIR
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allowances Since CATR allowance allocations may difFer significantfy from CAACAIR altocations

Big Rivers will reassess its SOz compliance options in light of the allocations noted above and of
any final allocations issued with the ruleseventual implementation

Particulte

The Big Rivers coalfired units are fitted with high efficiency electrostatic participators The units
are in compliance with the current permit particulate Iimits

ln the production ofthis IRP costs associated with the production of NOx and S0 were included
in all cases Additionally a carbon allowance cost was incfuded in the production of the RPS and
Environmental Compliance Cases Big Rivecs Base Case plan includes the addition of new

capacity but the addition is not required until 2022 Big Rivers has time to adjust its planning

decisions reated to new capacity additions as changes in environmental regulafions occur

gj Consideration given by the utility to market forces and competition in the development of the plan

In the preparation of the IRP interaction with an economy energy market was modeled The
economy energy market was defined using the average of projected prices at three pricing hubs
Cinergy Southern Company and TVA The price projections were developed by ACES Power
Marketing

Capacity purchases from the market were not explicitly modeled in the production of the IRP For
sensifivity cases where new capacity is required potential sourcesofthat capacity could include
selfbuild or unit parficipation by Big Rivers or purchases of capacity from appropriate resources
owned by others

Technical discussion descriptions and supporting documentation shatl be contained in a technical
appendix

Details on the Demand Side Management and Resource Assessment analyses are provided in

Appendices B and C
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9 Financiallformation

807 KAR5058 Section 9

The integrated resource plan shall at a minimum include and discuss the following financial
information

1 Present base year value of revenue requirements stated in doliar terms

As shown in Table 91 the present value of revenue requirements over the next fifteen years is 56
billion

2 Discount rae used in present value calculaons

A discount rate of633 is used for presenf value cafculafions in the 2010 IRP Big Riverscost of debt
in 2008 and 2009 was633 and is the basis for the discount factor in this study

3 Nominal and real revenue requirements by year

Revenue requirements by year are shown in Table 91 Several assumptions were made in estimafing
member revnues

Member base rates remain constant throughout the forecast
Smelters rernain at theirmaximum contractual charge forTimesInterest Earned Ratio TIER

adjustment

The Large C1 load factor remains constant throughout the forecast
No allowance costs are included it is assumed allocated and banked allowances cover
emissions

It is assumed the current smelter contracts extend beyond 2023

Energy sales are reduced by the expected DSM energy and demand savings from the Base
Case

Inflation is projected using the Purchase Consumption Expenditure Deflator as projected by
Woods Poole Economics Inc

4 Average system rates revenues per kilovatt hour by year

Average system rates by year are shown as member revenues pe MWH sales in Table 91 The table
is a general estimate that makes several broad assumptions in estimating member revenues thru
2025 not the least of which is that member rates remain constant A more thorough and detailed

analysis will be in a future cost of service study separate from this IRP
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Table 91 Revenue and Rate Proectons

e

e
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Represents energy sales to members including rojected aSN irnpactsfrorn new prognams
Qs shown in Table

8ased on Purchose Consurnption Expenditurp delator Wbods Poole Economislnc
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10 Notice

807 K4R 558 Section 1O

ach utility which files an integrated resource plan shall publish in a form prescribed by the
commissiora noice of its filing in arewspaper of general cerculaion in the utilitjls service
area The notice shall be published not more ttan thirty 30 days after the ing date of the
report

Big Rivers will provide notice of its 2010 IRP in aecordance with 807 KAR5058
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1 Executive Summary
Big Rivers Efectric Corporation Big Rivers is an electric generation and transmission cooperative

headquartered in Henderson Kentucky The 2009 Load Focecast was completed in July 2009 and updates
the most recent forecast that was completed in July 2007 The forecast contains projections of energy and

demand requirements foraorecast horizon spanning years 20Q92023 High and low range forecast

scenarios were developed fo address uncertainties regarding the factors expected to influence energy

consumption in the future In addition to the energy and demand projections this report presents the

assumptions upon which the forecast is based and the methodologies empfoyed in development of the

forecast

11 Forecast Results

Total system energy and coincident peak demand requirements are projected to increase at average

compound rates of 11 and 12per year respectively fFOm 2008 through 2023 Rural system energy

and demand requirements which are represented as total system requirements less directserve customer

loads are both projected to increase at average rates of 14 per year over the same period

The forecast is summarized in Tables 11 and 12 on the following page The primary influences on growth

in the rural system requirements over the forecast period will continue to be growth in residential sales
which is primarily a function of growth in number of customers Projected growtfi is lower than the previous

forecast due primarily to the continued leveling of average energy consumption per household Big Rivers

is projected to confinue a recent trend of being a winter peaking system as growth in electric heating and

electric water heating market shares are expected to outpace increases in air conditioning market share

Table 11

Load Forecast Summary

Total System Rural System
Energy Peak Energy Peak

Requirements Demand Requirements Demand

Year Consumers W CP W CP

96154 6208552 1230000 1828160 430240

2003 104764 3087548 585549 2089678 466551

2008 111693 3340321 618676 2399889 516082

2013 117975 3502829 660907 2524992 547677

2018 125574 3711715 701818 2732249 588588

2023 132906 3936265 745796 2955047 632566
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Table 12
Load Forecast Average Annual Growth Rates

Description 20082013 2002023

Total System Energy Requirements 10 11

Total System Peak Demand NCP 11 12

Rural System fnergy Requirements 12 15

Rural System Peak Demand CP 12 14

Residential Energy Sales 13 14

Residential Consumers 10 11

Small Commercial Energy Sales 23 190

Small Commercial Consumers 14 15

Large Commercial Energy Sales 04 01

Large Commerial Consumers 10 03

Public Street Lighting Sales 17 15
lm ation Sales 161 57

Section 2 of the report presents a brief summary of the cooperative background and service area

characteristics Section 3 identifies the sources of the data used to prepare the forecast Section 4

presents the assumptions made dunng the forecasting process Sections 5 and 6 present the short and

longterm base aase forecasts Section 7 presents four forecast saenanos which address

optimisticpessimistic economic growth and extremelmild weather conditions Section 8 describes the

forecasting methodologies used in developing the forecasting models

12 Forecast Assumptions

The forecast is based upon a number of assumptions regarding factors that impact energy consumption

including demographics economic activity pnce of electncity and competing fuels electrie market share

and weather conditions The assumptionsweredeveloped by GDS Associates and discussed with

cooperative management pnor to development of the final foreeast The economic outlook for the base case

forecast wasformulated using information collected ftom Waods Poole Economics Inc NPA Data

Services and the University of Louisville

Popuiation will increase at an average rate of02 per year from 2002023

Number of households will increase at an average rate ofQ5 per year from 2002023

Employment will increase at an average rate of05 per year from 20082023
Gross regional product will increase at an average cate of 11 per year from 20082023
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f 4 r r m 2002023Realaerage income per household will increase at an average rate o 0 o pe yea fro

Real retail sales will increase at an average rate of 13per year from 20082023

fnflation as measured bythe Personal Consumption Expenditure Index will increase at an average

compound rate of16a

The real price of electricity to residential and small commercial customers will increase between 05

and 09 per year from 20082023

VNeather conditions as measured by heating and cooling degree days forthe Evansville Indiana and

Paducah Kentucky stations will be equat to the averages computed for the 20 years ending 2008

The forecast includes no new demandside management programs that will have a significant impact

on system peak demand

13 Industry Restructuring

At the ime this forecast was completed legislation had been introduced in Gongress to deregulafe andor

resfructure the nationselectcic utility industry Currently 14 states plus the District of Columbia are offering

some sort of retail choice and a restructured environment Eighf states have suspended their restructuring

activities

In Kentucky a 1998 bill proiding for retail choice in 2000 was introduced but the legislatuce instead passed

legislation establishing the Electricity Restructucing Task Force which released a study concluding that the

average rate level in Kentuckywould be similar under either a regulated or retail choice environment and

that customers would see higher pcices in periods of tight capacity The task forces fnal report issued

December 1999 recommended no restructunng action in the legislature for 2000 and monitoring of states

in which retail choice has been enacted During the 2000 legislative session the task force was

reauthorized and HB 897 which addresses cost allocation and affiliate transactions was enacted fn April

2002 the govemorsigned SB 257 which creates a plant siting board that must approve all merchant power

plants In March 2004 the govemor signed SB 118 which allows eooperative utilities upon pubfic service

commission approval to sell wholesale power to municipal utilities In April the govemor signed SB 246

which requires utilities to obtain PSC approval for transmission projects 138 KV or greater in capacity and a

mile or more in length

14 Forecasting Process
The forecast was developed using methods recognized in the industry today as the standards including

enduse econometrics informed judgmentexponential smoothing and historical trends The residential

1 Range of projected average revenuekWh for the three member cooperatnres
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ral stem re uirem h ref r considerabfe time and effort wereclass accounts for the maonty of ru sy q ents t e o e

devoted to devefopment of a statisticaliy adjusted enduse modefs SA to forecast energy consumption for

the class Econometric models were used to project the number of residentiaf customers Similarfy

econometric models were developed to project small cornmercial energy sales and number of customers

Large commercial demand and energy projections were developed using irormation provided by

cooperative management regading local industrial operations Energy sales projections for all other

classifications were based on inear trends Econometric models were developed to project rural system CP

demand Projections of rural system NCP demand were developed by applying an average coincident

factor to projections of rural CP demand Total system NCP demand was computed as the sum of rural

system CP demand and directseNe NCP demand

The energy safes forecast is based on a bottomup approach Projections were developed at the customer

class level and aggregated to the total system level Projecfions of peak demand were developed at the

rural system and total system levels The forecast is based on an analysis of data and information for a

historical period covering the 1980 through 2008 penod and the forecast period covers years 20082023

The base case forecast assumes normal weather eonditions for each year and the averages were

computed using heating and cooling degree days for the twenty years ending 2008

15 Changes from Prior Load Forecast

The 2009 load forecast is fower than the 2007 forecast Projected growth for all customer classcafions are

down due primarily to the economic downtum Rural system energy requiremenfs are projected to increase

at 15 per year lower than the 21 rate projected in the 2007 load forecast Rural system peak demand

is projected to increase at 14o per year lowerthan the 22 rate projected in the 2007 forecast

Residential energy sales are projected to increase at a rate of14 lower than the 20growth rate

projected in the 2007 Load Forecast Small commercial energy sales are projected to increase at a rate of

16 which is lower than the rate of24 projected in the 2007 forecast

16 Load Forecast Variance

Big Rivers updates its load forecast every two years The previous forecast was competed in July 2007

Table 13 presents a comparison of actual and forecasted power requirements foryears 2007 and 2008 All
sales values are presented in weather normalized units

2 Weather normalization refers to the practice of esfiinating what actual energy sales or peak demand would have
been for a given period had normal or average weather condi6ons occurred during the period
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Tabie 13

J

Load Forecast Variance

2007 2007 2007 2008 2008 2008

Desciption Forecast Actual Normal Error Forecast Actual Normel Error

Residential

Consumers 96148 95993 020 97444 96 06

Ayerage Use 1273 1332 1275 0Z 1284 1316 1 11

Sales 1468965 1534506 1468932 Q0 15009U9 1 1509186 0545

Small Commercial
Consumers 14452 14478 02 14727 14692 02

Sales 742531 753591 736207 09 770097 749573 746941 310

Large Ci Sales 965362 926769 42 979670 933580 49

Other Sales 3158 3175 059 3213 3287 22

Total Sales 3294909 3327805 3246143 15 3 3 3309942 2Oo

Peak Demand MW 654008 659 637562 26 665405 616264 623659 67

Rural Demand MW 527173 536611 525 02 541906 501757 50908 6490
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17 Forecast Scenarios

The base case forecast was developed using the ezpected economic ouflook and average weather

conditions Given the uncertainty with the foecast four forecast scenarios were generated to evaluate

varying economic and weather impacts from those contained in the base case foreeast Although these

scenarios have fower probabilities of occumng than the base case forecast they provide valuable

infocmation for system planning Results from the four scenarios are presented graphically in Figure 11 and

presented in detail in Section 7

figure 11
Total System Power Requirements

Faiergy Requirements
9300

8300

7300

3 6300

G7 5300

en 43pp

w 3300

2300 History Base OptIInistic

1300 Pessmistic Extreme Mild

300

1993 1998 2003 2008 2013 2018 2023

CP Demand

1700

1

1300

3 1100

900

a 700
s

500

rstory Base OptIInistic
300

Pessimistic Extreme Md

100

1993 Y998 2003 2U08 2013 2018 2023

e GDS Associates Inc 2009Load Forecast July 2009 6



18 Comparison to Regional and National Forecasts

Tabie 14 compares Big Rivers forecasfi to regionaf and national forecasts devefoped by the foliowing

entities

Table 14

Forecast Comparison Average Annual Growth Rates 20052015

Total

Energy Residerrtial Commercial

Consumption EnerQV EneQy

AE02009 07 03 14

GII 12 14 14

AE02009 ESC 04 03 13

IEE 22 15 25

SE RG 16 NIA NIA

Big Rivers 10 13 13

Source AE02009 Annual Energy Outlook 2009 US
GIL Global Insight Inc AE02009
AE02009 Annual Energy OutlooK 2009 East South Central Region
IEE Institute of Energy Economics AE02009
SERC NA region 20072017

Note Cooperative values reflect rural system data for 20082015
Growth rate represents 20072015 unless specified otherwise
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2 Introduction

The 2009 Load Forecast was conducted by representatiesfrom Big Riers the member cooperatives of

Big Rivers and GDS Associates Inc

21 Pucpose

The purpose of the longterm load forecast is to provide reliable load projections for the Cooperatives
resource distribution and financial planning functions This forecast of system requirements includes the

following

Number of consumers by customer cfassification
Enegy sales by customer classification
Distribution losses

Total system energy requirements
Total system seasonal peak demand
Rural system energy sales

Rural system seasonal peak demand

Fiveforecast scenanos were developed in the foreaastabase case which focuses on expeated economic

conditions and normal weather and two sets ofhighrange and lowrange projections both of which

consider deviations rom expected economic conditions and deviations from normal weather conditions

22 Cooperative Background

Big Rivers is headquartered in Henderson Kentucky and prodides wholesale power to three member

cooperatives Kenergy Corp Kenergy Jackson Purchase Energy Corporation JPEC and Meade

County RECC MCRECC all of which provide retail electric service to consumers located in westem

Kentucky Approximately 89 of the accounts the member cooperatives serve are residential The data

used in the modeling process was weighted based on the peccentage of residential customers in each

counfy that the cooperative services This weighting system was used to better represent the growth in

population employment and income of the cooperativesservice area

23 Service Area

Big Rivesmember cooperatives provide electric seroice in 22 counties located in westem Kentucky which

are presented in Figure 21

GDS Associates Inc 2009 Laad Forecast July 2009 8
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231 Geography

The topography of Big Rivers member cooperatives service areas ranges from rolling sandy embayment

areas to flat plateau areas with low relief and subterranean drainage Typical elevations range from

approximately 340 to 1000 feet above sea level The climate in the area is humid temperate and
continental

232 Climate

Weather conditions are similar to those of Evansville Indiana and Paducah Kentucky The cfimate in the

area is humid temperate and continental Daily and seasonal changes in temperature cloudiness wind

and precipitation may be sudden and extreme The seasons are well defined but changes between the

seasons are gradual Winters are harsh with sustained periods of very low temperatures Snowfall provides

minimal precipitation averaging 10 inches per year The frequent thunderstorms that occur in the spring

bring rainfall which is beneficial to area crops Annual rainfall averages 46 to 50 inches The summer

season is long humid and hot

Heating and cooling degree days for Evansville Indiana and Paducah Kentucky were used in the

forecasting models to quantify the impacts of weather on energy consumption A degree day represents the

difference between the average temperature for a given day and a base temperature Positive differences

represent cooling degree days and negative differences represent heating degree days For example if the

GDS Associates Inc 2009 Load Forecast July 20Q9 9



average temperature for a day is 80 degrees and the base temperature used is 65 degrees there would

be 15 cooling degree days for that day Cooling and heating degree days are presented in Table 21

Table 2

Degree Days
Evansville Paducah

Heaafing Cooling Total Heating Coofing Total

Degree Degree Degree Degree Degree Degree
Yea Days Days Days Days Days Days

1989 4830 1396 6226 4443 1492 5935

1990 3 138Q 5236 3460 1557 5017

1994 4253 1757 6010 3713 1965 5678

1992 4217 1240 5457 3724 1382 5106
1993 4652 1613 6265 4531 168fi 6217

1994 4180 1489 5669 3911 1409 5320

1995 4314 1773 6087 4129 1615 5744

1996 5068 1224 6292 4573 1390 5963
1997 4901 1119 6020 4445 1271 5716

1998 3863 1629 5492 3535 1798 5333

1999 4149 1284 5433 3650 1531 5181

2000 4710 1289 5999 4273 1566 5839

2001 4233 1377 5610 3921 1540 5461

2002 4410 1737 6147 4099 1877 5976
2003 4529 1143 5672 4450 1289 5439

2004 4 1269 5522 3885 1394 5279
2005 4320 1544 5864 3904 1685 5589

2006 4044 1342 5386 3672 1512 5184
2007 4159 1888 6 3823 1958 5781

2008 4690 1421 6111 4274 1508 5782

Average 4382 1446 5827 4006 1571 5577

24 Power Supply

Big Rivers provides wholesale power o three member cooperatives Kenergy JPEC and MCRECC all of
which provide retail electric service to consumers located in western Kentucky Two aluminum smelters

Alcan Primary Products Corporation Alcan and Century Aluminum of Kentucky LLC Century which

are served under special contracts with Big Rivers and Kenergy Big Rivers provides all of the power

requirements of its three member cooperatives Big Rivers whofesale rate approved by he Kentucky Public
Service Commission KPSC is presented in its tariff PSC KY No 23 Big Rivers Electric Corporation of

Henderson Kentucky Rates Rules and Reguations for Fumishing Electric Service Effective July 19 2007

Big Rivers implemented a Renewable Resource Tariff under which Big Rivers makes available renewabte

3 The Nationaf Oceanic and Atmospheric Administration computes degree days using a base of 65 degrees
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r o eratives I n m the member coo eratives make renewabferesource energy availabfe to its membe co p tu p

energy available to their retail customers

Dunng preparation of the 2009 Load Forecast Big Rivers owned but did not operate any generation

facilities On July 15 1998 Big Rivers entered into a 25year lease arrangement with LGE Energy Corp

and four of LGEswholly owned subsidiaries Westem Kentucky Energy Corp WKEC WKE Station

Two Inc Station Two Subsidiary WKE Corp LGEParties and LGE Energy Macketing Inc

LEM On July 17 2009 this lease agreement was terminated

Big Rivers owns and operates the 455 MW three unif coalfired Coleman Plant the 454 MW two unit coal

fired Green Plant the Reid Plant which consists of a 65 MW coal and natural gasfred unit as well as a 65

MW natural gas oroilfired combustion turbine and the 420 MW coalfired Wilson unit Big Rivers also has

contractuai nghts to a porion of 312 MW at Henderson Municipal Power and LightsHMP8LsStation

Two facility Big Rivers has one purchase power agreement that being with theSotheastem Power

Administration SEPA

25 Altemative Fuels

Electricity natural gas and propane are the pnmary heating fuels available in the service area Some

consumers use wood as a supplemental heating source as timber is readily available in western Kentucky

The use of wood stoves as a heating source is not expected to have significant impact on usage levels or

peak demand as use of wood stoves has decreased in recenf years While alternative heating fuels are
avaiiable in the member cooperative service territories the market share of electric heating and electric

water heating continues to increase

26 Economic Conditions

Energy consumption is influenced significantly over the longterm by econamic conditions As the local

economy expands population and employment increase which translate into new cooperative consumers
and additional energy sales and peak demand The economy of westem Kentucky depends pnmarily upon

mining agriculture manufacturing services and whoiesale and retai trade Coal mining and retated

operations are located throughout the sfate Data used to represent economic activityfor the service area

was computed using county level information

Economic growth in the cooperativ service area during 1992008 was comparable to growth dunng the

prior fen years Populafion in the counties served by Big Rivers members incceased at an average
compound rate of02 per year from 1998 to 2008 reaching 243000 in 2008 This rate of growth is lower
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than the 1988 to 1998 period and of the entire state over the same period Employment in the cooperative

service area increased at an average compound rate of03per year from 198 to 2008 which is lawer
than the proceeding ten years and lower than that of the enfire state over the same penod Real household

income increased at a cate of06 over the 1998 to 2008 penod and etail sales increased at an average

rate of14over the same period Growth in gross regional productfor the seroice area continues to lag

growth at the state region and national levefs Refer to Table 22 for a summary of histoncal economic

growth in the seroice area

Table 22

Summary of Economic Data
Household

Population Households Employment GRP Income Retail Sales

Area Period x1000 x1000 x1000 billions millions

United States 1988 244500 90234 134507 7502 69014 2252416
1998 275854 103369 159628 9802 81019 2894810
2008 304579 117158 182658 12949 91005 3649916

Southeast 1988 58121 21722 30732 1580 6U069 527565
1998 67627 26082 38306 2147 70732 711010
2008 76810 30503 44966 2936 79753 909359

Kenfucky 1988 3680 1365 1827 93 53740 28969
1998 3985 1558 2244 123 63680 38975
2008 4269 1731 2485 144 70381 47181

Big Rivers 1988 226 84 99 4 52111 1632
1998 239 94 121 5 59939 2104
2008 243 100 125 6 63640 2415

Average Growth Pe Yea

United States 19881998 12 14 1J 2J 16 25

19982008 1Q 13 14 28 12 23

Southeast 19881998 15 18 22 31 16 30

19982008 13 16 16 32 12 25

Kentucky 19881998 08 13 21 28 17 30

19982008 OJ 11 10 16 10 19

Big Rivers 19881998 06 11 21 23 14 26

1992008 02 060 03 06 06 14
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3 Load Forecast Database

A load forecast database was created to house the data used in development of the load forecast This

section identifies the data collected and used in the study sourcesfrom which the data were collected and

computations fhat were conducted Four classes of data were collecfed fo this study i system data ii

price data iii economic and demographic data and iv meteorological data The data efements collected

under each category as well as the source and time period are presented in Table 31

Table 31
Load Forecast Database

Class of Data Source Data Element Units Time Periocl

System RUS Form 7 Number of Meters 1970 2008

Customers by RUS
Cfassification

Energy Sales by klNh 1970 2008
RUS Classification
Revenue by RUS 1970 2008

Ciassification
Purchases kWh 1970 2008
Power Gost 1970 2008

Peak Demand NCP 1970 2008

Price Index Bureau of Labor Implicit Price Index 197001
Stafistic5 Deflator Gross 200812

National Product
2004100
Seasonall Adusted

Economic and Woods Poole Total Personaf Real 1970 2028

Demographic Economic Inc Income

Retail Sales Real 1970 2028

Moodys
Economycom Gross Regional Real 1970 2028

Product GRP

Total Populatian Number of 1970 2028
Peo 1e

Househotds Number of 1970 2028
Households

Total Employment Number of 1970 2028

Em lo ees

EndUse Data Energy Information Unit Energy KWh 20052030
Administration Consum tion

US Census Electnc Market Percent 1990 2000 2005
Share

Meteorological National Oceanic Heating and Cooling Base of 65F 197001

and Atrnospheric Degree Days 200812
Administration

Temperatures Degrees F 197001

zoasiz
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31 Weighting Factors
Economic and demographic data were collected fo each county in which Big Rivers member cooperatives

provide electric seniice In most instances a member cooperative provides electric service in only portions

of each county served and the remaining portions are served by other electric systems Weighting factors

were developed to estimate the cooperatives market share of county population employment income and
retail sales

The number of residential customers served by county and the total number of households located within

each county were used to develop county weighting factors These weighting factors represent the member

cooperatives market shares for each county served County weights were computed using the formula

presented in Equation 31

CTYWGTtt RCONc x HHOLDc 31
CtYWGT weightorcounty in yearc
RCONt numberof residenfial consumers in county in yeart
HHOLDrt number of households in county in yearc

32 Historical Data Estimates

The historical values for population total employment and total personal income used in the modefing

pcocess wece collected from Woods 8 Poole Economics Inc Per capita income was computed from

personal income and population values Popufation is based an census data for 1970 19801990 and

2000 with all interim years and years 20012008 based on estimates developed by the Department of

Commerce Bureau of Economic Analysis BEA Employment and total personal income amounts for 1970

through 2006 are final estimated values based upon quarterly surveys condacted by BEA Data values for

years 20072008 are projections based on Woods Poolesforecasting models

GD Associates lnc 2009 Load Forecast July 2009 14



4 Forecast Assumptons

41 Forecast Methodology

Econometrics was the forecasting methodofogy employed in developing the energy sales forecasting

modefs for the residential and small commercial cfassifications When using econometric techniques to

forecast energy sales it is assumed that the relationships between energy consumption and those

influential factors included in the models remain the sarne in both the historical and forecast periods

42 Economic Outlook

It is assumed that growth in Big Rivers peak demand and energy requirements over time has been strongly

influenced by economic conditions including number of households empfoyment total personal income

and retail sales It is assumed that the influences of these factors will continue over the next fifteen years

The economic outfook used in developing the base case forecast were formulated using information

obtained from Woods Poole Economics Inc and MoodysEconomycom The outlook presented in this

forecast includes recessionary impacts in 2009 and 2010 and relafively steady growth thereafter

Projections for key economic data used in this forecast are presented in Table41

421 Population

Population captures the impacts of migration birth rates and mortality levefs in the local area Population

growth in the member cooperative areas has been slightly lower than the state as a whole oer the past ten

years Population in the counties served by member cooperatives is projected to increase at an average

campound rate of Q2 from 2008 through 2023 period which is slightly higher than growth experienced
over the previous 10 years Projections for population are based on data obtained from Woods Poole

Economics

422 Househotds

Number of households is an excellent measure of number of residential cooperative customers The

number of households in the service area has increased at approximately twice the rate of population

indicating that the average household size has declined over time The number of households is projected

to increase at an average rate of05 per year from 2008 through 2023 which is comparable fo growth

over the past 10 years The number of households forecast is based on data obfained from Woods Poole

Economics and MoodysEconomycom
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423 Empfoyment

Empfoyment is a measure of economic activity and with respect to this forecast captures growth in the
number of commercial accounts over time Employment is projected to increase at an average compound

rate of05per year over the 15 year forecast horizon which is higher than the growth over the most

recent ten years Employment projections are basedon data obtained from Woods Poole Economics and

MoodysEconomycom

424 Household Income

Household income expressed in real dollars adjusted for inflation using the personal consumption

expenditures index represenfs at the household level income received from all souces Household

income provides a measure of consumer spending potenfial including electricitr Based on the information

obtained from the sources identifed in Section 3 of this report household income is projected to increase at

an average rate of04per year from 2008 to 2023 This rate of growth is lowerthan that of the previous
10 years and based on infocmation collected from Woods Poole Economics and MoodysEconomycom

425 Gross Regional Output

Gross regional product GRP is expressed in real dollars and represents the monetary value of all the

finished goods and senrices produced within he service area and includes private and public consumption

government outlays investments and exports fess imports GRP is an indicator of commercial and

industrial energy sales GRP for the service area is estimated by allocating state GRP to counties on the

proportion of tofal state eamings of employees onginating in the respective counties County GRP
estimates are constrained to the state tota for each year GRP in the service area is projected to increase
at an average rate of 11 per year from 2008 through 2023 Projected growth in GRP is higher than

growth rneasured over the most recent 10 year period and based on data collected from Woods Poole

Economies and MoodysEconomycom

426 Retail Sales

Retail sales represent all sales dollars adjusted for inflation using the personal consurnption expenditures
index for all business establishments including mail order and online sales Retail safes provide a

measure of commercial activity in the service area Retail sales are projected to increase at an average rate

of 13 over the forecast period This rate is lower than that of the most recent 10 years and based on data

collected from Woods 8 Paole Economics and MaodysEconomycom
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43 Weather Conditions

It is assumed that the weather conditions measured at Evansville and Paducah are representative of

westem Kentucky Heating and cooling degree days were used to represent weather conditions and values

for each year of the forecast period are based on the average amounts computed for the 20 year periods

ending in 2008 For Evansville normal cooling degree days are assumed constant at 1446 peryear and

heating degree days are assumedconstant at4382 per year For Paducah normal cooling degree days are

assumed constant at 1571 per year and heating degree days are assumed constant at4006 per year

44 Retail Electricity Prices
The real pnce of electrieitrfor each of Big Rivers member cooperatives is expected to increase throughout

the forecast honzon Real prices to residential and small commercialcustomers are assumed fo increase at

an average rate between 05 and 09per year from 2008 through 2023

45 Altemative Fuel Prices

Natural gas and liquid propane are the two primary altemative heating fuels in the service area Real pnces

fo both are expected to decreasesightly over the longterm This toad foreeast contains no direct impacts

of changes in altemative fuel prices as it was assumed that the changes in alternative fuel pnces would not

be signifieant enough over the long term to impact electricify consumption

46 fndustry Restructuring
At the time this forecast was completed no legislation had been passed regarding deregulation of the

electric industry in Kentucky as a result the forecast includes no expiicit impacts associated with industry

restructuring For more details on restructuring refer to section 13 of this report
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Table 41

Key Econornic Uariables

Real Gross

Total Household Regional
Population Households Employment Income Product Reteil Sales

Year x1000 x1000 x1000 Million Million MilGon

1988 22594 8443 9877 52111 4893 163247
1989 22621 8556 10182 53153 4943 165852
1990 22690 8622 10387 53193 4901 165870
1991 22700 86J8 1Q337 53219 4895 160558
1992 22862 8803 10502 54812 5087 165009
1993 23085 8884 10791 54220 5211 173452
1994 23241 8931 11074 55803 5504 1852
1995 23460 90J8 11499 55587 5609 191686
1996 23609 9226 11668 56845 5726 200232
1997 23785 9322 11956 58132 6067 206173
1998 23888 9390 12120 59939 6056 210366
1999 23479 94J9 12280 60337 6077 221254
2000 24107 9556 12365 63293 5737 226600
2001 24072 95J0 11988 62859 5588 223928
2002 24124 9611 11967 61752 5742 222411
2003 24160 9662 119J3 61921 5801 225282
2004 24226 9735 120J6 62994 5893 231533
2005 24304 9813 12200 64607 5968 236888
2006 24296 9855 12358 65055 6087 240617
2007 24304 9906 124J9 64476 6537 242131
2008 24316 9953 12521 63640 6125 241508
2009 24347 10009 12373 62539 5954 244715
2010 24378 10064 123J1 61991 5945 247864
2011 24428 10125 12492 62000 6067 251007
20i2 24528 10205 12693 62843 6257 254187
2013 24605 102J3 12854 63 6374 257419
2014 246J3 30335 12955 64453 6456 260710
2015 24736 10393 13032 64757 6537 264077
2016 24794 10445 13104 65092 6621 267502
20i7 24859 10498 13179 65 6711 271008
2018 24930 10551 13249 65812 6795 274596
2019 25000 10601 13316 66161 6874 278256
2020 250J0 10649 13383 66512 6953 281990
2021 25115 10688 13449 66899 7033 285801
2022 25150 10721 13518 67380 71T7 289705
2023 251J8 10748 13588 67863 7200 293677

Average Annual Compound Growth Rates
1988 1998 06 11 21 14 22 26
1998 2008 02 06 03 06 01 14

2008 2013 02 06 05 01 08 13

2013 2018 03 05 06 06 13 13

2018 20Z3 02 04 05 06 12 14

2008 2023 02 05 05 04 11 13
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5 ShortTerm Energy Sales and Peak Demand Forecast
The shortterm forecast contains energy and demand projections by month for years 2009 through 2012

The shortterm forecast includes projections of energy sales by class rural system energy sales rural

system coincident and noncoincident peak demand total system energy sales and total system non

coincident peak demand A summary of projected gcowth rates is presented in Table 51 Projected energy

sales and peak demand requirements are presented by month in Appendix A Tables ShortTerm

Forecast

Table 51

ShortTerm Forecast

Description 2009 2010

Residential Sales 15 14

Small Commerciat Safes 07 11

Large Commercial Sales 18 00

Street Lights Sales 20 16

Imgation Sales 585 00

Rural System Sales 11 43

Rural System CP 11 12

Rural System NCP 07 12

Total Energy Requirements 10 10

Total NCP 17 07

51 ShortTerm Energy Sales Forecast
Statistically adjusted enduse and econometric models were developed to project monthly energy sales for

the residential and small commercial classifications Energy sales projections for the large commercial

classification were developed indiidually for consume by cooperative management based on historic

trends operating characfenstics and any information made available to the cooperative by individual

consumers Public street lighting energy sales projections were developed using histonc trends

Projectionsofrural system energy sales were computed as total system sales less sales to directserve

consumers all of which are farge commercial consumers

52 ShortTerm Peak Demand Forecast

Projections of rural system CP demand were developed for the summer and winter seasons using

econometric models An average load shape was applied to the seasonal projections to develop the

monthly demands An average coincidence factor based on historical data was appfied to rural system CP
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i ns of direct senre ak demanddemand to compute proections of rural system NCP demand Proect o pe

were developed by cooperative management and based on historic trends and information made avaiable

by individualdiectserve consumers Total system NCP is equal to the sum of rural system CP and direct
serve NCP amounts
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6 Long Term Energy Sales and Peak Demand Forecast
The load and energy projections presented in this sectionshow that energy sales and peak demand

requirements are expected to increase af average compound rates of 11 and 13 respectively from

2008 to 2023 Rural system energy sales and peak demand are projected to increase at average

compound rates of14and 14 respectively The primary impact on growth in rural system sales will be
the result of increases in the number of consumers which ae expected to increase at a rate of 13 per

year Tables presenting the longterm energy sales and peak demand forecasfi are included in Appendix B
Tables LongTerm Forecast

Table 61
Load Forecast Average Annual Growth Rates

Description 2002013 20082023

Total System Energy Requirements 10 110

Total System Peak Demand NCP 11 12

Rural System Energy Requirements 13 15

Rural System Peak Demand CP 12 14

Residential Energy Safes 13 14

Residential Consumers 10 11

Small Commercial Energy Sales 11 16

Small Commercial Consumers 14 15

Large Commercial Energy Sales 04 01

Large Commercial Consumers 10 03

Public Street Lighting Sales 17 15

Irri ation Sales 161o 57

61 Forecast Methodology
The forecast was developed using methods recognized in the industry today as the standards incfuding

econometncs enduse informed judgment and historical trends Details for each methodology used in

developing the forecast are presented in section 8 of this report

Economefric models were used to project number of customers for the residential and small commercial

classifications and energy sales for the small commercial classification Statistically adjusted enduse

models were used to project residential energy use per customer Informed judgment was used to forecast

energy sales for large commercial customers Energy sales for the street fighting ctassification were
projected using a histoncal trend

Econometnc models were developed to projecf rural system coincident peak demand Demand was

projected on a summer and winter seasonal basis for each year of the forecast period The summer season
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includes months May to October and the winter season includes months January February March

November and December in the same calendar year

The energy sales forecast is based on a bottomupapproach Projections were developed at the customer

class levef and aggregated to the total system fevel Peak demand forecasts were developed at the total

system and rural system levels

62 Forecast Results

621 Residential

The residential class accounts for 87 of all accounts and 64 of rural system energy Weather

normalized class sales over the past ten years increased at an average rate of23 peryear Sales are

projected to ihcrease at a rate of14 peryear or just over 21900 MWH per year from 2008 through 2023

Customergrowth is projected to average 1164 consumers per year over the forecast period similar to

historical longterm growth however growth in 20Q9 and 2010 is expected to be considerably lower than

the average due to recessionary conditions

Growth in average consumption per customer is expected to be low in future years due primarily to the

vintaging of heating and cooling systems nsing electncity prices energy conservation and a slowing of

increases in electric heating market share Average monthly energy consumption per customer is projeeted

to increase at03o per year from 2008 to 2023 The rate of growth is less than that over the most recent

ten years Impacts contributing to continued long term growth in average use per consumer include

Increases in electric heating electnc air condifioriing and electric water heating markef share

Increases in average home size which result in higher heating and cooling load as well as
increases in plugin loads

Incceases in plugin loads regardless of home size

Growth in average household income which increases disposable income avaiable to purchase
electric goods

Impacts influencing lower growth in household energy consumption include

Increasedeiciencies in new electric appliances

Regulatory energy standards

Energy conservaion

Projections of total residentiaCsales were computed as the product of projecfed energy consumption per

consumer and projected number of consumers
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The energy use per customer model quantifies the impacts of the following factors

Household income

Price of electncity

Weather conditions heating and cooling degree days

Electric market share heating cooling water heating

Appliance efficiencies

Home size

Thermal efFciency of home

The member cooperative consumer models quantifrretationships betweenconsumer growth and number of

households Statistical oufputs for the average energy consumption and customer models are presented in

the appendix

622 Commercial Industrial

The Commercial and Industrial Cl classification contains all commercial and industnal customers that are

not direct serve eustomers ofi Big Rivers The elass represented about 31 of rural system energy sales in

20Q8 and consists of a wide variety of customers from small establishments with demands less han 10 kW

to larger industrial operations with demands exceeding 1000 kW Growth in class sales from 2008 through

2023 is projeeted to be16per year The numberof customers is projected to increase at a rate of15

per year over the same period

Econometric models were developed for each member coopecative to forecast sales for the group of

customers whose peak demand falls below 1000 kW The econometnc models specify refationships

between monthly energy sales a ratio of real retail sales to empfoyment heating degree days and cooling

degree days The models developed to project small commercial consumers specify reiationships between

number of consumers and employment The statisfical output for the models is presented in the appendix

Energy sales for those customers whose demand exceeds 1000 kW were projected on an individual basis

based on historicat trends and input recenred from cooperative management about anticipated changes in

operations This forecast includes no new customers with demands exaeeding 1000 kW

623 Direct Serve

The Direct Serve classification contains all nonrural commercial and industrial customers that are served

directly by Big Rivers These customers are usually large industcial operations and there are currently 19

customers in this class which represented 28 of total system enecgy sales in 2008 Projections ofenergy
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sales andpeak demand were developed by cooperative management on an individual basis for each
account Energy sales for exising accounts are projected to exhibit little growth over the forecast horizon

624 All Other Classifications

The public street lighting and irrigation classifications represent less than 1 of rural system sales Energy

sales have increased over the past ten years and are projected to continue their increase at a rate of10

per year from 2008 to 2023 This equates to an average of approximately 54 MWH per year

63 Distribution and Transmission Losses

Distribution losses were projected for each member cooperative and added to member system energy sales

to compute member system energy purchases The sum of inember system purchases excluding smetter

requirements is equal to Big Rivers native sales Transmission losses are projected to be078 per year

throughout the forecast penod Total native system requirements are equal to BigRivers energy sales pfus
transmission fosses

64 Peak Demand

This forecast contains projections of rural system coincident peak GP demand rural system non

coincident demand NCP and total system noncoincident peak demand Coincident demand isthe

maximum aggregated simultaneous load of all rural substations on the Big Rivers system Rural system

NCP demand is the sum of the highest rural system substation demands in a given month without respect to

date or time Peak demand projections were developed on a summer and winter seasonal basis Big Rivers

is projected to continue a recent trend of being a winter peaking system as growth in electnc heating and
electric water heafing market shaces ae expected to outpace increases in air conditioning market share

Rural system CP demand is projected to increase at an average rate of14 over the forecast period

reaching just above 633 MW by 2023 Coincident demand is expected to occor during the winter season

Rural NCP is projected to increase at an average rate of 13over the forecast period and reach 638 MW

by 2023

Regression models were developed at the Big Rivers level to project rural system CP for the summer and

winter seasons The models quantify the relationship between peak demand energy requirements and

extreme temperature Projected load factor was computed using the energy and demand forecasts and

compared to hisfoncal trends as a final test of reasonableness foc the demand forecast A coincidence

factor based on historical dafa was applied to rural system CP fo compute rural system NCP
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7 Range Forecasts
The base case projections reflecf expected economic growth forthe area as weil as average weather

conditions To address the inherent uncertainty related to these factors longterm high and low range

projections were developed The range forecasts reflect the energy and demand requirements
comesponding to more optimistic or pessimistic economic growth and to mild orextreme weathec conditions
Such forecast scenarios are useful for various planning functions Four scenanos were generated i base

case economics and mitd weather ii base case econornics and extreme weather iii optimistic economics

and normal weather and iv pessimistic economics and normal weather The range forecasts are

presented in table and graphical form in Appendix C Range Forecasts

71 Weathe Scenarios

711 Extreme Weather

The extreme weather forecast for energy is based on the aggregated results of the scenarios prepared for

each member cooperative which were developed by inputtingextreme degree days into the residential

energy sales per consumer models and the small commercial energy sales models Energy sales for the

large commercial public street and highway lighting and mgation classes were assumed to be non
weather sensitive Based on severe weather conditions total system energy requirements are projected to

reach 4051 GWH by 2023 which would result in average growth of 13 per year ovec the forecast penod

Rural system energy requirements would reach3072 GWH in 2023 resulting in an average growth rate of

1 per year

To develop the extreme weather native system coincident peak demand scenario an extreme load factor
basedon actual points from 1989 through 2008 was applied to the base case energy requirements

forecast This forecast indicates that native system coincident peak demand would reach 813 MW by 2023

resulting in an average growth rate of 180over the forecast period Rucal system coincident peak demand
is projected to reach 698 MW by 2023 under extreme weather conditions resulting in an average growth
rate of2Q per year from 2008 through 2023

712 Mild Weather

The mild weather scenario for energy sales is based on the aggrgated results of the scenanos prepared for

each member cooperative which were devetoped by inputting mitd degree days into the residential energy

sales per consumer models and the small eommercial energy sales models Based on mild weather
conditions total system energy requirements are projected to reach 3842 GWH by 2023 which would
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result in average growth of 09o per year over the forecast penod Rurai system requirements would grow

at a rate of12 per year reaching 2860 GWH in 2023

To develop the mild weather native system coincident peak demand scenario an extreme load factor based

on data from 1981 through 2008 was applied to the base case energy requirements forecast This forecast

indicates that native system coincident peak demand will reach 689 MW by 2023 resulting in an average

growth rate of07over the forecast period Rural system coincident peak demand is projected to reach

578 MW by 2023 under mild weather conditions resulting in an average growth rate of08 per year from

2008 through 2023

72 Economy Scenarios

High and low scenarios for energy requiements and peak demand were developed based on optimistic and

pessimistic macroeconomic assumptions Economic uncertainty was addressed for tfie economic factors

specified in the econometric models including population employment gross regional product and income

721 Optimistic Outlook

The optimistic economy energy forecast scenario is represenfed as the aggregate member cooperative

energy forecast for the same scenario The scenano was devefoped by applying the coefficients for

population employment and total personal income from the econometnc models to the optimistic forecasts

of each economic factor The assumptions made for each member cooperative regarding those factors are

presented in each member cooperativeslaad forecast

Based on the assumptions made in the optimistio economic outlook scenario system energy requirements

are projected to reach 4279 GWH by 2023 cesulting in an average annual growth rate 17 per year

Rural system energy requirements under this scenano would grow at an average rate of 21 per year

reaching 3300 GWH in 2023

To devefop the corresponding native sysfem coincident peak demand forecast the base case system load

factor was applied to the rural energy requirements forecast based on the optimistic economic outfook This

forecast indicates that native system coincident peak demand will reach 811 MVII by 2023 resulting in an

average annual growth rate of18 per year Rural system coincident peak demand will grow at an

average rate of 21 per year over the forecast penod reaching 706 MW by 2023
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722 Pessimistic Outlook

The pessimistic economy energy forecast scenario is represented as the aggregate member cooperative

energy forecast for the same scenario The scenario was developed by applying the coefficients for

population employment and total peronal income from the econometric modefs to the pessimistic
forecasts of each economic factor The assumptions made for each member cooperative regarding those

factors are presented in each member cooperativesioad forecast

Based on the assumptions made in the pessimistic economic outlook scenario system energy requirements

will reach3743 GWH by 2023 resulting in an average annual growth rate 08per year Rural system

energy requirements under this scenario would increase by09per year from 2008 through 2023 and

would reach 2761 GWH in 2023

To develop the corresponding native system coincident peak demand forecast the base case system load

factor was applied to the energy requirements forecast based on the pessimistic economic outlook This

forecast indicates native system coincident peak demand woufd reach 709 MW by 2023 resulting in an

average annual growth rate of09 per year Rural system coincident peak demand would grow at an

average rate of09 per year over the forecast period ceaching 591 MW by 2023
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8 Forecast Methodology
A bottomupapproach was developed to project energy sales Number of consumers and energy saies

were projected atte customer class level and aggregated to produce the member cooperative and GT

system safes forecasts Statistically adjusted enduse models were used to forecast residentiai energy use

per customer Econornetncs was employed to forecast small commercial energy sales Energy sales and

peak demand for farge commercial customers were developed by cooperative staff using histoncal trends

and information made avaifable 6y the individual customers Energy sales and number of consumesfor all

other classifications were based on historical trends Total system energy requirements were projected by

applying average distribution and transmission iine loss factors to projections of total system energysales

The rural system peak demand forecast was developed using econometric models The total system peak

demand forecast is based on the sum of rural system peak demand and peak projections for the direct

serve commercial and industrial customers

81 Forecasting Process

Econometric models have the advantage of explicitly tracking the underlying causes of trends and pattems

in historical data They provide information that allows Cooperative management to estimate the impacts of

certain factors on energy consumption The methodology has proven very useful for simulation and what

if study In addition econometric models can be used to identify sources of forecasting error On the other

hand econometnc models require considerable amounts of data and when used for forecasting force the

assumption that relationships developed dunng histoncal period will remain the same throughout the

forecast horizon Econometric models have been developed to project residential and small commercial

requirements as these two consumer classificafions account for the overwhelming majority of total system

energy sales

Enduse modeling is an engineenng appraach to forecasfing and disaggregates energy consumption into

key enduse segments Enduse models requie copious amounts of systemspecifc data including

economic activity housing characteristics weather market share of major electric enduses price of

electricity appliance size and efficiency Engineering equations equate these drivers to consumption by

enduse Enduse models are valuabfe in that they allow the orecaster to identifispecific trends in key

drivers of electricitrconsumption Their drawback is thatthey require detailed data fhat is difficult and often

expensive to derive at the system level

Statistically adjusted engineenng SAE models combine the fwo traditional approaches to project longterm

residential energy consumption enduse engineering models and economefnc regression models SAE

models incorporate the strengths of both approaches into predictions for consumption
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Expert opinion is used when other techniques are ineffective This approach is utilized to proect mdustnal

requirements Projections are made individually for each account and are based upon information collected

from the accountsmanagement The advantages of this method include simplicitrand expert input The

major disadvantage is that forecasts based on expert opinion can be biased by one personsopinion

82 Econometrics

Economeics is a forecasting technique in which the relationship between a variable of interest and one or

more influential factors is quantified Econometnas is based on an area of statistical theory known as

regression analysis Regression analysis is a sfatistical technique for modeling and testing thereationship
between two or more variables The general form of an econometric model can be expressed as

y 30 13xt zx 3s x 13x ec

where

t time element

y the dependent variable
x x2 x the set of independentvariables
30 f3 fk the set of parameter coefficients
e modefing error

821 Model Specification

In the context of this report model specification refers to the process of defining i the explanatory

variables to incorporate in the model and ii the form ofi the model Explanatory variables also refered

as independent or exogenous vanables represent factors which are hypofhesized to influence a change in

the dependent or endogenous variables Definition of the explanatory variables should be based upon
sound economic pnneiples and assumptions For example it is reasonable to assume that local economic

conditions produce significant impacts on energy consumption Variables such as a gross state product and

per capita income are often used as explanatory variables to represent orindicate the level of economic

activity

In the utility industry an econometric model is usually developed using some combination of economic

demographic pnce and meteorologieal variables It is desirable to also include specific information in the
econometric model concerning the endusers or consumers of electricity this information may be in the

form of applience saturationfevels or indicators of consumer attitudes toward eonservation lnclusion of

these types of explanatory vanables in a model enables the forecaster to identifrhe major factors

influencing periodic changes in a vanable such as peak demand or energy sales Inclusion of these

vanables also makes passibie a better estimation of the impact these factors have on changes in

consumptian
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Models sometime include as an independent variable the lag of the dependent variabte Such models are

commonly referred to as adaptive expectation or Koyck distributed lag models LM Koyck demonstrated in

1954 that this specification is equivalent to an infinite geometric lag model Under such a specification the

assumption is made that the impacts of the exptanatory variables included in the model are significant ove
a period of years with the currenfi year weighted the heaviest the previous year weighted less and so on

until the eariest year has no impact

Econometric models can be specified in finear or loglinear form When the model is specified in linearform

the assumption is made that elasticities are not constant and that a unif change in a given explanatory

variable will influence a change in the dependent variable equal to the unit change in the expfanatory

variable times the corresponding coefficient

When the model variables are expressed in natural log form it is assumed that elasticities are constant and

that a percentage change in a given explanatory variable influences a constant percentage change in the

dependent variable based upon the coefficient of the given explanatory vanable A second assumption

made when specrfying a loglinear model is that changes in the dependent variable are greater at lower

levels of the explanatory variables than at higher levels With respect to energy consumption this

assumption appies primarily to increases in income Consumption increases rapidly when income

increases from lowerleveis as consumers purchase electric goods and services however once income

reaches a certain level most high use electric enduses have been purchased As a result additional

increases in income tend o have less impact on consumption than the same level of increase from a lower

level of income

822 Modet Estimation

Once a hypothesized relationship oc model is specified historical data are used to estimate the model
parameters 30 f R2 f3k and quantify the empincal relationship that exists between the vanable of

interest and the chosen set of explanafory vanables Investigation of the relationship between the

dependent vaiable y and an independent variable x leads to one of three conclusions i a change in

variable x impacts no change in variable y and a change in variable y impacts no change in variable x ii a

change in vanable x impacts a change in vanable y while a change in variable y impacts no change in

variable x and iii a change in variable x impacts a change in vanable y and a change in variable y impacts

a change in variablex Under conclusion i no retationship exits and the explanatory variable should be

omitted from further analysis Under conclusion ii variable x is said to be exogenous its value is

determined outside of the marketptace Under conclusion iii both variables x and y are said to be

endogenous both are detecmined within the marketplace

GDS Associates Inc 2U09 Laad Forecast July 2009 30



The appropriate regression technique to empfoy in estimafing the model depends upon the relationship
between the dependent and independent variables When all explanatory variables are exogenous

ordinary least squares is appropriate When one or more of the explanatory variablesareendogenous twa

stage least squares is appropriate

823 Ordinary Least Squares OLS

Regression analysis is a statistical procedure that quantifies the relationship between two or more variables

Based upon available input data a regrssion equation provides a means of estimating yalues of a

dependent vanable The difference between the actual value of the dependent vanables and its regression

based estimated vafue is the error term generally referred to as the residual Ordinary least squares is the

technique employed which minimizes the sum of the squared errors A tentative least square model for

example for residential usage might be expressed as

RUSEc Ro fPCAPt 32RRPEc f33CDDt aHDDt ec

RUSE residential energy use in year t
PCAPt per capita income in year t
RRPE price of electricity in year t
CDDt number of cooling degree days in year t
HDD number of heating degree daysin year t
e represents the unexplained error in year t

824 Model Validation

In this study the model validation process involved evaluation of the models for theoretical consistency

statistical validity and estimating accuracy From a theoretical standpoinf the model should be consistent

with economic theory and specifya relationship that addresses those factors known to influence energy

usage For models that address customer growth it is appropriate to include a demographic variable such

as population number of households or employment to explain growth in the number of consumers For

models that address changes in energy sales moe types of variabfes are needed An economic variable

such as income exptains customesability to purchase efectric goods and services Weather variables

explain changes in consumption due to weather conditions Price of electricity and price of electricity

substitutes measure consumer conservation Appliance saturation fevels measure change in consumption

due to changes in enduse equipment Lagged dependent variabfes account for the lagged effect of all

explanafory variables from previous periods
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The coefficients for each parameter included in the models were tested to insure the proper sign or j

The number of customers increases with population or some other demographic variable therefore the sign

of demographic variables in the customer model shoufd be positive There is a direct relationship between

energy consumption and income as income increases consumption will increase as well The sign on the
income variable in the energy consumption model should be positive The sign on the price of natural gas

or some other electricity substitute should be positive Energy consumption increases as weather

condiions as measured by degree days become more extreme the sign of both the heating and cooling

degree day variables should be positive There is an indirect relationship between energy consumption and
pnce of electricity As price increases consumers tend to conserve enecgy and consumption decreases

The statistical vafidity of each model is based on two criteria One each model was examined to determine

the statistical significance of each explanatory variable Two tests were performed to identify problems

resulting from autocorrelation andlor multicollinearity An analysis af the models residuafs were performed
to determine whether mathematical transformations of the independent variables were required

Each model was evatuated with respect to its estimating accuracy The standard error of regression a

statistic generated during the regression analysis was used to measure accuracy Tentative models that

initially had low degrees of accuracy were tested using altemative specifications

825 Modea Buifding Process

The development of forecasts using econometnc modeiing is a multistep process A substantial portion of
the effort involved in effective model building is the collection of reliable data for both the historical and

projected periods It is criticaf in building models which explain changes in load growth that the appropriate
influential factors be considered and that the correct explanatory variables be collectedtoquantify those

influential factors

There are many factors that influence consumers to change thei usage levels ofi electricity A partial list

would include changes in the economy new industry in an area key industry leaving an area population

shifts temperature unemployment levels attitudes toward conservation precipitation amounts improved

appliance efficiencies political events inflation and inereases in the price of electncity The relationship
between these factors and energy usage is further complicated since most of these factors are interrelated

for example when inflation is rampant increases in the pnee of electncity may not significantly lower usage
by the consumer

After all necessary data are collected the model building process begins During this process numerous

models containing various combinations of candidate explanatory variables are estimated and tested Each

GDSAssociates Inc 2009 Load Forecast July 2009 32



n var I in luded in that articufar model s ecificationtentative modei is examined to see f the expla atory iab es c p p

contribute significantly to the explanation of the vanable of interest Forthose models that pass this

preliminary examination the appropriate regression diagnostic tools are used to test the validity of the

underlying statistical assumptions fncluded in this examination are fests for autocorrelation and

multicollinearity

The tentative models are tested not only forstatistical reliability but also for reasonableness of practical

interpretation For example the model should not show that the effect of extremely cofd winter weather has
been a reduction in usage The potential performance of a tentative model for forecasting purposes is also

investigated A model that contained only one ezplanatory variable one which measured only weather

effects for example might not be a good predictive model

If a tentative model is found to have significant statistical problems or ifi the model is simpfy found to be

misspecified the model is discarded and a new tentative madel is specified Analysis of the residuals
actual minus estimated values from the discarded model are helpful in the reformulation of the model and

might indicate whether some mathematical transformation of the existing set of explanatory vanables is
required This process of specification estimating and reformulation continues until a model is found which

is statistically sound and which has a sound practical interpretation as well

826 Final Modet Selection

If a modei is found to be a good representation of the proposed relationship and if it is also determined to

be statistically sound it can be used to estimate values of the vanabfe of interest in future time periods It is

important to note that the forecaster makes the assumption that the modeied relationship between the

response and explanatory variables remains the same in the forecast period as it was measured in the
histoncal period Forecasts are calculated by inserting projected values of the explanatory variables into the

estimated model equation Different forecast scenanos can also be considered by incorporating differenf
values of forecasted explanatory variables Managenal judgment based on practical estimations of future

trends can then be used to select the most appropriate and reasonabfeforecast

83 Statistically Adjusted EndUse Modeling
The SAE modeling structure combines the benefits of both enduse and econometnc models Three indices

are developed that represent enduse factors and are run through a regression model to allow the enduse

indices to be statistically weighted or adjusted to historical residential usage pattems An ihdex is

developed for space heating air conditioning and base load appliances The data requirements for a true

enduse model are relaxed in the SAE framework as regional or even national data on several inpufs can
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be utiized because the regression procedure will weight these variables to fit system consumption The

response to key driers of electricity can also be adjusted in the development of each index eliminating the

primary weakness of a traditional econometric modeL Further because a regression is developed all the

statistical diagnostic tools associated with regression are available for analyzing the SAE specification The

SAE regression model takes on the following form

RUSE f3 3xSHlndx Q2 x AClndx f3s x Baselndx e

where

RUSE Residential Average Use per Consumer per Month
SHlndx Space Heating Index
AClndx Air Conditioning Endex
Basefndx Base Appliance Index

f31 R2 f33 Weights for Each Index
e Error Term

The indices are developedasdescribed below The coefficients or weights are determined using twa

stage least squares egression procedures

831 Space Heating fndex

The space heating index combines several appliance household weather and economic factors that

directly impact the level of space heating electricity consumption in a home

Market share of electric space heating devices

Average device efficiency
Effective size of the envelope through which heat is lost in the home including exterior walls
ceilingroof and the floor
Thermal heat loss charactenstics of the home

Real retail price of electncify
o Household income

Heating degree days

These variables increase or decrease the index depending on how they impact space heating electncity

consumption Market share size of home income and degree days all increase consumption as they
I

increase Device efficiency home efficiency and pnce of electricify decrease consumption as they

increase When it is available systemlevel data is used for each of the heating factors If systemspecific

data is not available regional or national trends that are easier to obtain can be utilized The index is

developed on a monthly basis
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832 Air Conditioning Index

0

The air conditioning index is built in the exact manner as the space heafing index but focuses instead on air

conditioning equipment The key variables used to develop the air condifioning index include

Market share of electricair conditioning devices including room units

Average device efficiency
Effective size ofthe envefope through which tieat is gained in the home including exterior walls
ceilinglroof and the floor
Thermal heat gain characteristics ofthe home

Real retail price of electncity
Household income

Cooling degree days

833 Base Load Index

The base load index captures the general trend associated with increased penetration of plug appliances

lighting and water heating in the home The base load index takes into aacount use associated with several

appliances

Water heaters

Refrigerators

Separate freezers

Electnc ranges and ovens
Electnc clothes washers and driers

Dishwashers

TeleVision sets

Lighting

The index is modified to include impacts associated with price of electricity household income and number

of people in the household As the real pnce of efectricity goes up the base load index goes down An

increase in hoasehotd income has a positive effect on the base load index as more money is available for

plug load electronics The number of people in the household also has a positive effect on usage More
peopfe in the home leads to more laads of laundry more showers more foads of dishes and more lighting

usage The impact of weather on use of these appfiances is negligible so weather is not included as a

factor in the base load index
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BIG RIVERS ELECTRIC CORPORATION

2009 SHORTTERMLOAD FORECAST BASE CASE

TOTAL NATIVESISTEM REQUIREMENTS

Actual Normat Actual Normal Actual Normal Actnal Normal

Salcg Sales Percent Reqairements Requirements Percent CP CP Percent Load Losd

Year Mont6 MWh MR6 G MW6 MWh Grnwth MW MW Growth Factor Faor

2008 Jan 319613 319346 328880 321773 619 622 708 704

2008 Feb 287350 287110 101 293019 289360 101 555 561 98 710 702

2008 Mat 268716 268492 65 272584 270937 64 535 540 37 688 682

2008 Apr 231819 231625 137 229843 234054 T3b 443 448 I70 717 709

2008 May 244476 294272 55 235264 246621 54 477 485 84 703 689

2008 Jun 279 279585 145 287388 281749 142 562 573 180 682 668

2008 3ul 301732 301480 78 309715 303689 78 616 624 89 671 662

2008 Aug 312437 312176 35 300016 314512 36 595 611 20 720 6990

2008 Sep 262533 262314 160 257096 264301 160 566 594 29 635 605

2008 Oct 236043 235846 101 242631 238016 99 443 466 215 729 693

2008 Nov 254019 253802 76 264279 256109 76 519 517 109 671 673

2008 Dec 314157 313895 237 3I9606 316410 235 612 626 212 703 687

2009 Jan 322635 28 325191 28 632 10 699

2009 Feb 290085 101 292366 101 SZO 98 697

2009 M3t 271274 65 273406 6 549 37 677

2009 Apr 234025 13Z Z35865 137 455 170 704

2009 May 246803 55 248743 55 490 76 690

2009 Jun 22482 145 284702 145 578 180 669

2009 Jul 304604 78 306998 78 629 89 663

2009 Aug 315410 35 317890 350 617 20 700

2009 Sep 265032 1600 267115 160 599 29 606

2009 Oct 238289 101 240163 101 471 215 694

2009 Nov 256431 76 258447 76 526 117 668

2009 Dec 317148 737 319641 237 637 212 682

2010 Jan 325733 27 328293 27 637 00 701

2010 Feb 292 101 295155 101 574 98 699

2010 Mar 273862 65 276015 65 553 37 679

2010 Apr 236258 137 238115 137 459 170 706

2010 May 249158 55 251116 55 493 75 692

2010 Jun 285176 145 287418 145 582 180 671

2010 Jul 307510 78 309927 78 634 89 665

2010 Aug 318419 35 320923 35 621 20 702

2010 Sep 267560 160 269664 160 6Q3 29 608

2010 Oct 240563 101 242434 101 474 215 696

2010 Nov 258878 76 260913 76 529 118 670

2010 Dec 320173 237 322690 237 641 212 684

2011 Jan 329035 28 331622 28 643 03 701

2011 Feb 295822 101 298147 101 580 98 699

2011 Mar 276638 65 278813 65 558 37 679

2011 Apr 238653 137 240529 137 463 170 706

2011 Msy 251684 55 253662 55 498 75 692

2011 Jun 288068 145 290332 145 588 180 67t

2011 Jul 310627 78 313069 7 640 89 665

2011 Aug 321648 35 324176 35 628 20 702

2011 Sep 270273 160 272398 160 609 29 608

2011 Oct 243002 101 244912 101 478 215 696

2011 Nov 261502 76 2b3558 76 535 118 670

2011 Dec 323419 237 325962 237 648 212 684

2012 Jan 332334 28 334947 28 650 0 700

2012 Feb 298788 1010 301137 101 586 98 698

2012 Mar 279412 65 281609 65 564 37 678

2012 Apr 241046 137 242941 137 468 170 705

2012 May 254207 55 256206 55 503 75 692

2012 3un 290956 145 293244 145 594 180 671

2012 JW 313742 78 316209 78 647 89 665

2012 Aug 324873 35 327427 35 634 20 702

2012 Sep 272983 160 275129 160 615 29 608

2012 OCt 245438 101 247368 101 483 215 696

2012 Nov 264125 76 266201 76 540 118 669

2012 Dec 326662 237 329230 237 655 212 683
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BIG RIVERS ELECTRIC CORPORATION

2009 SHORTTERM LOAD FORECAST BASE CASE

RURAL SYSTEM REQUIREMENTS

Actuai Normal

Energy Energy Percent CP Percent Load

Yr Month MWh MWh Growth MW Growth Factor

2008 Jan 236287 240514 510 646

2008 Feb 210522 213367 113 451 116 649

2008 Mar 195841 194262 90 429 48 620

2008 Apr 165133 154068 207 329 233 641

2008 May 169028 161560 49 368 P19 601

2008 Jun 206477 198999 232 46 Y 252 592

2008 Jul 222518 227561 144 516 130 604

2008 Aug 215550 225356 10 500 30 617

2008 Sep 184714 175283 222 478 45 503

2008 Oi 174321 155795 111 347 274 615

2008 NoV I89874 182388 171 400 153 624

2008 Dec 229624 238089 305 516 290 632

2009 Jan 243204 21 516 01 646
2009 Feb 215754 113 455 116 649

2009 1VIar 196436 90 434 48 620

2009 Apr 155791 207 333 233 642

2009 May 163367 49 372 119 601

2009 Jun 201 232 466 252 592

2009 Jul 230107 1440 522 120 604

2009 Aug 227877 10 506 30 617

2009 Sep 177244 222 483 45 503

2009 Oot 157538 111 351 274 615

2009 Nov 184428 171 405 153 625

2009 Dec 240752 305 522 290 632

2010 Jan 246446 24 522 00 647

2010 Feb 218629 113 461 116 650

2010 Mar 199054 90 439 48 621

2010 Apr 157868 207 337 233 642

2010 May 165545 49 377 119 602

2010 Jun 203907 232 472 252 592 a

2010 3u1 233174 144 528 120 605

2010 Aug 230914 10 512 30 618

2010 Sep 179606 222 489 45 503

2010 Ot 159637 111 355 274 616

2010 Nov 186886 17I 409 153 625

2010 Dec 243961 305 528 290 633

2011 Jan 249 24 528 01 648

2011 Feb 221714 113 467 116 651

2011 Mar 201863 A0 445 48 622

2011 Apr 160095 207 341 233 643

2011 May T67881 49 381 119 603

2011 Jun 206785 232 478 252 593

2011 Jul 236464 144 535 120 606

2011 Aug 234173 10 519 30 619

2011 Sep 82141 222 495 45 504

2011 OCi 161890 ill 360 274 6170

2011 Nov 189523 171 415 T53 626

2011 Dec 247 305 535 290 634

2012 J2n 253398 24 S35 01 649

2012 Feb 224797 113 473 116 651

2012 Maz 204669 90 450 4 623

2012 Apr 162321 207 345 233 644

2012 May 170215 49 386 119 604

2012 Ju1 209659 232 484 252 594

2012 Jul 239752 144 542 120 606

2012 Aug 237428 10 525 30 619

2012 Sep 184673 222 501 45 505

2013 Oct 164140 111 364 274 617

2012 Nov 192158 171 420 153 627

2012 Dec 25043 305 542 290 634
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BIG RIVERS ELECIRYC CORPORATION

2009 SHORTTERM LOAD FORECAS BASE CASE

RESIDENTIALCL4SSIFICATION

Actual Normal

Percent Actdal Sales Normal Sales Percent Ayerage Use Average Use Percent

Year Mont6 Consumers Growth 1NWh MWh Growth kWhCustlMo kWhCustlMo Growth

2008 an 96628 166593 164917 1724 1707

2008 Feb 96674 00 154275 145445 118 1596 1504 118

2008 MaT 96748 Ot 130274 126774 128 1347 1310 129

2008 Apr 96770 00 100455 99490 215 1038 1028 215

2008 May 96716 01 90775 96689 28 939 1000 28

2008 Jun 96821 01 125503 122242 264 1296 1263 263

2008 Jul 96885 01 140793 138378 132 1453 1428 131

2008 Aug 96994 01 140004 146850 61 1443 1514 60

2008 Sep 97016 00 112726 113898 224 1162 1174 225

2008 Oct 97I01 01 91 88511 223 941 912 224

2008 Nov 97116 00 115930 109406 236 1I94 T127 236

2008 Dec 97157 00 160748 156587 431 1655 1612 431

2009 Jan 97199 00 159580 19 1642 19

2009 Feb 97259 01 149 64 1536 64

2009 Maz 97318 01 131333 121 1350 122

2009 Apr 97377 01 107804 179 1107 180

2009 May 97435 01 97145 99 997 99

2009 Jun 97 01 117662 211 1207 210

2009 Jul 97550 01 145182 234 1488 233

2009 Aug 97606 01 148273 21 1519 21

2009 Sep 97663 01 119963 191 1238 191

2009 Oct 97718 01 98805 176 1011 17Ja

2009 Nov 97773 01 112 T 15 135 1147 134

2009 Dec 97828 01 144736 291 1479 290

2010 Jan 97915 01 160887 112 1643 111

2010 Feb 98003 01 151310 60 1544 60

2010 Mar 98091 01 133146 120 1357 21a

2010 Apr 98 Q1 09475 178 1115 179u

2010 M3y 98 01 98741 98 1005 99

2010 Jun 98355 01 119405 209 1214 208

2010 Jul 98443 01 l47148 232 1495 23

2010 Aug 98531 01 150311 21 1526 21

2010 Sep 98620 01 121842 189 1235 190

2010 Oct 98709 01 100581 174 1019 175

2010 Nov 98797 01 114087 134 1155 133a

2010 Dec 98886 01 47096 289 1488 288

2011 3an 98986 01 162904 107 1646 106

2011 Feb 99086 01 153377 58 1548 59

2011 Maz 99Y86 01 134970 120 1361 121

2011 Apr 99287 01 110939 178 1117 179

2011 May 99388 01 99918 99 1005 100

2011 Jun 99488 01 120565 207 T212 205

2011 Jul 99589 01 148 231 1490 30

2011 Aug 99690 01 151656 22 1521 21

2011 Sep 99792 01 123 188 1233 189

2011 Oct 99893 01 101868 172 1020 173

2011 Nov 99995 01 115754 136 1158 135

2011 Dec 100097 01 149316 290 1492 289

2012 Jan 100204 01 165 109 1652 108
i

2012 Feb 100311 01 154480 67 1540 68

2012 Mar 100418 01 136353 117 1358 118

2012 Apr 100526 01 112793 173 1122 174

2012 May 100633 01 101435 101 1008 102

2U12 Jlu1 100741 01 T22108 204 1212 203

2012 Jul 100849 01 150166 230 1489 228

2012 Aug 100957 OI 153325 21 1519 20

2012 Sep 101065 01 129486 188 1232 89

2012 Oct 101173 01 103183 171 1020 172a

2012 Nov 101281 010 117420 138 1159 137u

2012 Dec 10139 01 151539 291 1495 289

A3



BIG RIVERS ELECTRIC COItPORATION

2009 SHORTTERM LOAD FORECAST BASE CASE

SMALLC011MERCIAL INDUSTRIAL CLASSIFICATION

Pereent Sales Percent Average Use Percent

Year Month Consumers Growth MWh Growth kWhCastMo Growt6

2008 Jan 14617 6T194 3695

2008 Feb 14646 02 59 I08o 3288 110

2008 Mar 14634 01 53924 t00 2962 99

2008 Apr 14686 04a 48008 110 2628 113

2008 IVIay 14686 00 53349 111 2920 111

2008 hm 14708 01 70739 326 3866 324

2008 Jul 14676 02 72088 19 3948 21

2008 Aug 14719 03 70615 20 3856 23

2008 Sep 14699 01 62069 121 3394 120

2008 Oct 14726 020 5765T 71 3147 73

2008 Nov 14745 01 63472 101 3460 99

20q8 Dec 14788 03 70552 112 3835 108

2009 Jan 14845 01 63610 79 3 81

2009 Feb 14817 01 60859 43 3371 4

2009 Mer 14829 01 58042 46 3212 47

2009 Apr 14840 01 54249 65 3000 66

2009 Nsy 14851 01 56071 34 3099 33

2009 Jun 14862 01 66237 18I 3658 180

2009 7ul 14873 01 73764 114 4070 113

2009 Aug 14883 01 72213 21 3982 22

2009 Sep 14894 01 60860 157 3354 158

2009 Oct 14904 01 54915 98 3024 98

2009 Nov 14914 01 57775 52 3179 St

2009 Dec 14924 01 63430 98 3488 97

2010 Jan 14934 01 64325 15 3539 15

20Y0 Feb 14 01 61552 43 3 44

2010 Mar 14956 01 58711 46 3226 47

2010 Apr 14966 01 54888 65 3014 66

2010 May 14976 01 56725 33 3112 33

2010 Jun 14986 0 66965 181 3672 80

2010 Jul 14 01 74542 113 4084 112

2010 Aug 15006 01 72974 21 3996 22

201A Sep t5015 01 61534 157 3367 157

2010 Oct 15024 01 55 97 3038 98

2010 Nov 15034 01 58419 52 3193 51

2010 Dec 15043 01 64107 97 3502 97

20T1 Jan 15121 05 65377 23 3562 L7

2011 Feb 15140 01 62676 41 3411 43

2011 Mar 15158 01 59816 46 3251 47

2011 Apr 15 01 56021 63 3041 65

2011 Msy 15196 01 57833 32 3136 31

2011 Jun 15215 01 68201 179 3693 178

2011 Jul 15233 01 75 114 4107 112

2011 Aug 15252 01 74280 22 4013 23

2011 Sep 15270 01 62716 156 3384 157

2011 Oct 15289 01 56SI3 99 3045 100

2011 Nov 15307 01 59449 53 3200 51

2011 Dec 15326 01 65205 97 3505 96u

2012 Jan 15404 05 66544 23 3567 18

2012 Feb 25423 01 63 410 3416 42

2012 Mar 15442 01 60871 46 3255 47

2012 Apr 15461 01 57009 63 3045 65

212 May 15480 01 58 32 3138 30

2012 Jun 15498 01 69337 179 3694 177

20I2 Jul 15517 01 77200 113 4108 112

2012 Aug 15536 01 75458 23 4011 24

2012 Sep 15555 01 63683 156 3381 157

2012 Oct 15574 01 57319 IAO 3039 101

2012 Nov 15593 01 60283 52 3192 50

2012 DeC 15 01 66102 97 3496 95
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BIG RIVERSELEGTRIC CORPORATION

2009 SHORTTEItM LOAD FORECAST BASE CASE

DIRECT SERVE CIISTOMERS

Percent Sales Percent Average Use Percent

Year Month Consumers Growth MWh Growth kWhlCusUMo Growth

2008 Jan 20 76164 3808215

2008 Feb 20 00 72691 46 3634532 6

2008 Maz 20 00 77542 67 3877100 67

2008 Apr 20 00 74612 38 3730616 38

2008 May 20 00 81446 92 4072278 92

2008 Jun 20 00 78104 41 3905225 41

2008 Jul 20 00 79700 20 3984998 20

2008 Aug 20 00 82221 32 4111027 32

2008 Sep 20 00 79022 39 3951121 39

2008 Oct 20 00 81525 32 4076226 32

2008 Nov 20 00 74711 84 3735558 84

2008 De 20 00 75842 15 3792123 15

2009 Jan 19 SU 75525 04 3975014 48

2009 Feb 19 00 94299 249 4963U95 249

2009 Mar 19 00 76713 186 4037544 186

2009 Apt 19 00 74896 24 3941878 24
3009 May 19 00 81242 85 4275873 85

2009 Jm 19 00 78524 33 4132838 33

2009 JW 19 00 7905 07 4162390 07

2009 Aug 19 00 82395 42 4336583 42

2009 Sep 19 00 76749 69 4039447 69

2009 Oct 19 00 80219 45 4222035 45

209 Nov 19 00 75337 61 3965112 61

2009 Dec 19 00 75530 03 3975287 03

2010 Jan 19 00a 75525 00 3975014 00

2010 Feb 19 00 94299 249 4963095 249

2010 Mar 19 00 76713 186 4037 186

2010 Apr 19 OQ 74896 24 3941878 24

2010 May 19 00 81242 85 4275873 85

2010 Jun 19 00 78 33 4 33

2010 Jul I9 00 79085 07 4162 07

2010 Aug I9 00 82395 42 4336 42

2010 Sep 19 00 76749 69 4039447 69

2010 Ot 19 00 80219 45 42035 45

2010 Nov 19 00 75337 61 3965112 61

2010 Dec 19 00 75530 03 3975287 03

2011 7an 19 00 75525 000 3975014 00

2011 Feb 19 00 94299 249 4963095 249

2011 Mar 19 00 76713 186 4037544 186

2011 ApT 19 00 74 24 3941878 24

2011 Msy 19 00 81242 85 4275873 85

2011 Jun 19 00 78524 33 4132838 33

2011 Jul 19 00 79085 07 4 07

2011 Aug 19 00 82395 42 4336583 42

2011 Sep 19 00 76749 69 4039447 69

2011 Oct 19 00 80219 45 4222035 45

2011 Nov 19 00 75337 61 3965112 61

2011 Dec 19 00 75530 03 3975287 03

2012 Jan 19 00 75525 00 3975014 00

2012 Feb 19 00 94299 249 4963095 249

20I2 Maz 19 00 76713 186 4037544 186

2012 Apt 19 00 74896 24 3 24

2012 May 19 00 81242 85 4275873 85

2012 dun 19 00 78524 33 4132838 33

2012 Jul 19 00 79085 07 4162390 07

2012 Aug 19 00 82 42 4336583 43

2012 Sep 19 00 76749 69 4039447 69

2012 OCt 19 00 80219 45 4222035 45

2012 Nov 19 00 75337 61 3965112 61

2012 Dec 19 00 7530 030 3978287 03
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BIG RIVERS ELECTRIC CORPORATION

2009 SHORTTERM LOAD FORECAST BASE CASE

STREET LIGHTING CLASSIFICATION

Pereent Sales Percent Average Use Percent

Year Month Consumers Growt6 MWh Growth fcWhCustMo Growth
2008 Jan 89 294 3309
2008 Feb 89 00 259 121 2908 121

2008 Ma 89 00 245 54 2752 54

2008 Apr 89 00 238 28 2 28a
2008 May 89 00 255 72 2869 72

2008 Jtu 89 00 321 257 360T 25J

2008 Jul 87 22 293 88 3365 67

2008 Aug 87 00 275 62 3T55 62
2008 Sep 87 00 245 108 2815 108

2008 Oct 86 11 238 27 2770 16
2008 Nov 87 12 304 2Z5 3492 260

2008 Dec 83 46 321 55 3862 06

2009 Jan 83 00 300 65 3613 65

2009 Feb 83 00 264 119 3183 119

2009 Mar 83 00 250 53 3016 53

2009 Apr 83 00 243 27 2934 27

2009 May 83 00 26 71 3 l 41 71

2009 Jun 83 00 326 252 3933 252

2009 Jul 83 00 298 87 3592 87
2009 Aug 83 00 280 61 33Z3 61

2009 Sep 83 00 250 106 3016 106

2009 Oct 83 00 244 26 2936 26

2009 Nov 83 00 309 269 3726 269

2009 Dee 83 00 326 54 3928 54

20t0 Jan 83 00 304 66 3667 66

20T0 Feb 83 00 269 117 3238 117

2010 Mar 83 00 255 52 3070 52

2010 Apr 83 00 248 27 2988 2J

2010 Msy 83 00 265 69 3195 69

2010 Jun 83 00 331 248 3987 2480
2010 Jul 83 OQ 303 85 3647 85

2010 Aug 83 00 284 60 3427 60

2010 Sep 83 00 255 104 3070 104

2010 Oct 83 00 248 26 2991 26

2010 Nov 83 00 314 264 3780 264
2010 Dec 83 00 331 53 3982 53

2011 Jan 83 000 309 66 3721 66

2011 Feb 83 00 273 115 3 115

2011 Msr 83 00 259 S1 3124 51

2011 Apr 83 00 252 26 3042 26

2011 May 83 00 270 68 3249 68

2011 Jim 3 00 335 244 4041 244

2011 Jul 83 00 307 84 3701 84

2011 Aug 83 00 289 59 3481 59
2011 Sep 83 00 259 103 3125 103

2011 Oct 83 OA 253 26 3045 26

2011 Nov 83 00 3l8 259 3834 259

2011 Dec 83 00 335 53 4036 53

2012 Jan 83 OQ 3I3 65 3776 650

2012 Feb 83 00 278 114 3346 114

2012 Maz 83 00 264 50 3178 50

2012 Apr 83 00 257 26 3096 26

2012 M3y 83 00 274 67 3304 67

2012 Jun 83 00 340 240 4095 240
2012 dul 83 00 312 83 3755 83

2012 Aug 83 00 293 58 3536 58 e

2012 Sep 83 00 264 101 3179 101

2012 OCt 83 OQ 257 25 3 25

2012 Nov 83 00 323 255 3889 255
2012 Dec 83 00 340 52 4091 53
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BIG RIVERS ELECTRIC CORPORATION

2009 SHORTTERM LOAD FORECAST BASE CASE

IRRIGATIONCL4SSIFICATION

Percent Sales Percent Average Use Percent

Year Month Consumers Gruwth MWh Growth kW6CustMo Growth

O2008 an 6 0

2U08 Feb 6 00 0 00 0 00

2008 6 00 0 00 0 00

2008 Apr 6 00 0 00 0 00

2008 May 6 00 0 00 0 00

2008 Jun 6 00 0 00 0 00

2008 Jul 6 00 247 00 41231 00

2008 Aug 7 167 71 713 10155 754

2008 Sep 7 00 52 271 7398 271

2008 Oct 7 00 8 840 1186 840

2008 Nov 7 00 30 2628 4302 2628

2008 De 3 571 23 230 7727 796

2009 Jan 3 00 0 1000 0 1000

2009 Feb 3 00 0 00 0 00

2009 Maz 3 00 0 00 0 00

2009 Apr 3 00 0 00 0 00

2009 May 3 00 0 00 0 00

2009 Jlm 3 00 0 00 0 00

2009 Jul 3 00 103 00 34232 00

2009 Aug 3 00 30 713 9836 713

2009 Sep 3 00 21 271 7166 271

2009 Oct 3 00 3 840 1149 840

2009 Nov 3 00 13 2628 4167 2628

2009 Dec 3 00 10 230 3208 230

2010 ian 3 00 0 1000 0 000

2010 Feb 3 00 0 00 0 00

2010 Mar 3 00 0 00 0 00

2010 Apr 3 00 0 00 0 00

2010 May 3 00 0 000 0 00

2010 Jun 3 OUa 0 00 0 00

2010 Jul 3 00 103 00 34232 00

2010 Ang 3 00 30 713 9836 713

2010 Sep 3 00 21 271 7166 271

2010 Oct 3 00 3 840 1149 840

2010 Nov 3 00 13 2628 4167 2628

2010 Dec 3 00 10 230 3208 2300

2011 Jan 3 00 0 1000 0 1000

2011 Feb 3 00 0 00 0 00

2011 M3i 3 00 0 00 0 00

2011 Apr 3 00 0 00 0 00

2011 May 3 00 0 00 0 00

2011 Jun 3 00 0 00 0 00

2011 Jul 3 00 103 00 34232 00

2011 Aug 3 00 30 713 9836 713

2011 Sep 3 00 21 271 1166 271

2011 OCt 3 00 3 840 1149 840

2011 Nov 3 00 13 2628 4167 2628

201 T Dec 3 00 10 230 3208 230

2012 7au 3 00a 0 1000 0 1000

2013 Feb 3 00 0 00 0 00

2012 Mar 3 000 0 00 0 00

2012 Apr 3 00 0 00 0 04

2012 May 3 00 0 00 0 00

2012 Jun 3 000 0 OQ 0 00

2012 Jul 3 00 103 00 34232 00

2012 Aug 3 00 30 713 9836 713

2012 Sep 3 U0 21 271 7166 271

2012 Oct 3 00 3 840 1149 840a

2012 Nov 3 00 13 2628 4167 2628

2012 De 3 00 10 230 3208 230
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL NATITEREQUIREMENTS

Native Normal Gea Native Normal

Percent EnergySales Sales Pereent Trans Requirements Reqairements Percent

Year Consnmers Growth MWh MWh Growth Losses 1ViWh MWh Growth

1993 85 8445131 8381519 281 8688975 8623527

T994 87257 21 7454220 7469513 109 346 7721677 7737518 103

1995 89395 25 7961435 7917225 60 081 8026476 7981905 32

1996 91546 24 8045962 8022317 13 230 82353fi1 8211159 29

1997 93844 25 812Z361 8149577 16 302 8380094 8403001 23

1998 96154 25 6063704 8437157 35 233 6208552 8638702 28

1999 98170 21 3468648 9133449 83 182 3532841 9302479 77

2000 00272 21 3540880 7487137 180 157 3597500 7606858 182

2001 l01989 17 3284322 3311328 558 141 3331207 3358599 558

200Z 103482 15 3192013 3158654 46 125 3232553 3198771 48

2003 104764 12 3052358 316Z921 03 114 3087548 3204443 02

2004 106414 16 3130003 3201171 10 091 3158698 3230518 08

2005 107883 14 3233941 3225791 08 080 3259867 3251651 07

2006 109329 13 3188056 3251437 08 081 3214136 3278036 08

2007 110585 11 3327805 3246143 02 OZS 3352934 3270656 02

2008 111693 10 3312709 3309942 20 083 3340321 3337531 20

2009 112492 07 3344238 10 OJ8 3 10

2010 113497 09 3376141 10 078 3402682 10

2011 114870 12 3410371 10 OZ8 3437181 10

2012 116410 13 3444567 10 078 3471646 10

2013 117975 13 3475507 09 078 3502829 09

2014 119519 13 3511003 10 078 3538605 10

2015 121046 13 3551186 1T 078 3579103 11

2016 122559 12 3591051 11 078 3619282 11

2017 124064 12 3637300 13 078 3665894 13

2018 125574 12 3682 12 078 3711715 12

20t9 127088 12 3728795 12 078 3758108 12

2020 128596 12 3769382 11 078 3799014 I1

2021 130081 12 3816381 12 078 3846383 12

2022 131521 1T 3861190 12 078 3 12

2023 132906 11 3905562 11 078 3936265 11

ANNUAL GROWTH RATES

19931998 24 64 01 36 65 00

19982003 17 128 178 133 130 180

20032008 13 17 09 62 16 08

20082013 11 1 A 12 10

ZOt32018 13 12 00 12

20182023 11 12 00 12

20082023 12 11 04 11
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOADFORECAST BASE CASE

TOTAL NATIVE ENERGY REQUIREMENTS
PLIIS SMELTERS FIRM OFFSYSTEM CONTRACTS

Native Smelters Native OffSystem Total

Energy Sales Energy Sales Smelters Firm Sales Sales

Year MW6 MWh MWh MWh MWh

1993 2478362 5966768 844513T 8

T994 2511359 4942862 7 7
1995 3153395 4808040 Z961435 Z961435
1996 3017864 5 8045962 8045962
1997 3094475 5032885 8127361 8127361
1998 3288843 5142775 8431618 8431618
1999 3468648 5606 9074826 9074826

2000 3 6306888 9847768 9847768
2001 3284322 6983985 10268307 10268307

2002 3192013 7 10361814 1042496 11404310

2003 3052358 7306866 0359224 1508516 11867

2004 3130003 7331341 0461344 1868657 12

2005 3233941 7285 0519416 2021365 12540781

2006 3188056 7335682 10523 2062286 12586024

2007 3327805 7289181 10616986 2835789 13453775
2008 3312709 7345942 10658651 1844677 12503328

2009 3344238 7297080 10641318 0641318

2010 3376141 Z297080 106Z3221 10673221

2011 3410371 Z297 10707451 10707451
2012 3944 7317 10761 10761639
2013 3475507 7297 10772587 10772587
2014 3511003 7297080 10808083 10808083
2015 3 Z297080 10848266 10848
2016 3591051 7317072 10908123 10908123

2017 3 7297080 10934380 10934

2018 3682764 7297080 0979844 10979844

2019 3728795 7297080 11025875 11

2020 3769382 73I7072 11086454 11086454

2021 3816381 7297080 111T3461 111T3461
2022 3861190 7247 11158270 11158270
2023 3905562 7297Q80 11202642 11202642

ANNUAL GROWTH RATES

19931998

19982003

20032008 17 01 06 10

20082013 10 01 02 29

20132018 12 000 04 04

20182023 12 00 04 04

2082023 11 000 03 07
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL NATTVE DEMAND REQUIREMENTS
PLISSMELTERS FIRMOFFSYSTEM CONTRACTS

Native Smelters Native OffSystem Totat

Demsnd NCP Smelters Firm Load Demand

Year kW kV kW W kW
1993 521147 700279 I217000 1217000

1994 485092 7a3908 1189000 1189000

1995 588872 587779 I166000 1166000

1996 570093 596907 1167000 1167000

1997 596198 5988Q2 1 1195000
1998 624931 645069 1230OOQ 1230000
1999 663890 698947 1362837 1362837
2000 655248 196 1 1451683
2001 614496 821866 1425496 1425

2002 602623 841651 1444274 1444274
2003 585549 856713 144U619 144Q619

2004 604155 857174 1461329 1461329
2005 617Z87 851328 1468971 1468971
2006 631181 859191 1486253 1486253

2007 659516 856974 1510700 1510
2008 618676 858298 1475966 1475966

2009 636844 850000 1494163 1494163

2010 641293 850000 1498612 1498612

2011 648050 850000 1 1505369

2012 654800 850000 1512119 1512119
2013 660907 850000 1518 1518226

2014 667914 850 1525 1525233
2015 675846 850000 1533165 1533165

2016 683715 850000 1 1541034
2017 692844 850000 1550163 1
2018 701818 850 1559 1
2019 710904 850000 1568223 1568223

2020 718916 SSOQOd 1576235 1576235
2021 728193 850000 1585512 1585512

2022 737038 850d00 1594 1594357

2023 745796 850000 1603115 1603115

ANNUAL GROWTH RATES
19931998

19982003

20032008 1t 00 05 05

20082013 130 020 06 D6

20132018 12 00 05 05
20182023 12 00 06 06

20082023 13 01 06 06
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BIG RIVERS ELECfRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL SYSTEMREQUIREMENTS

Summer Sammer Normat Winter Winter Normal
Actual CP Normal CP Percent Load Actaal CP Normal CP Percent Load

Year kW kW Growth Factor kW kW Growth Factor

1993 1217000 120421 817 1137000 1130741 871
1994 1055 1045865 132 845 1189000 1151741 19 767

1995 1166000 1143959 94 797 1080000 1082112 60 842
1996 1167000 1165118 18 05 1154000 1133453 47 827

1997 1195000 1185198 17 809 T156 1142305 08 840

1998 1230000 1227569 36 803 1123000 1126308 1 876

1999 1362837 1352028 101 785 1188 1180612 48 899

2000 1451683 1 68 601 1289470 1324 122 656

2001 596310 595509 588 644 614496 589666 555 650

2002 602623 601528 10 607 530467 541893 81 674
2003 583 583613 30 627 585549 574244 60 637

3004 604155 609495 44 605 539476 542410 55 680

2005 617787 617 13 60 T 562082 563051 38 659

2006 631181 633 27 590 555303 598487 63 625

2007 659516 637562 06 586 610090 612273 23 610
2008 616264 623659 22 611 61676 626212 23 608

2009 629 09 611 636844 17 604
2010 633577 07 613 641293 07 606

2011 640080 10 613 648050 11 605

2012 646576 10 613 654800 10 605
2013 652453 09 613 660 09 605
2014 659196 10 613 667914 11 605

2015 666829 12 613 675846 12 605

2016 674402 11 613 683715 12 604
2017 683 13 6130 692844 13 604

2018 691 13 612 701818 13 604
2019 700568 13 612 710904 13 603

2020 708278 11 612 718916 11 603

2021 7I7206 13 6I2 728193 13 603
2022 725718 12 612 737038 12 603

2023 734147 12 612 745796 12 603

ANNUAL GROWTH RATES

19931998

19982003

20032008 11 13 05 11 17 09
20082013 09 QI0 11 01o
20132018 12 00 12 00

20182023 12 00 12 00

20082023 11 00 12 01o
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BIG RIVERS ELECTRIG CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL NATIVEREQUIREMENTS

Nnmber of Consumers
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BIG RIVERSEIECTRYC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL NATIVE REQUIREMENTS
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BAS CASE

TOTAL NATIiEREQUIREMENTS

Energy Requirements
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

TOTAL 1VATIVE REQUIREMENTS

Summer Coincident Peak Demand
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BIG RIVERS ELECTRYC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

RURAL SYSTEM REQUIREMENTS

Actnsl Normal Sdmmer Winter

Energy Energy Percent CP Percent Load CP Percent Load

Year MWh MWh Growt6 kR Growth Factor kW Growth Factor

1993 1580290 1518Q99 375226 462 321824 S38

1994 1571482 1586154 45 359472 42 504 363871 131 498

1995 1665313 1621664 22 392664 92 471 339440 67 545

1996 1728686 17Q5356 52 384892 20 506 386 139 504

1997 1758397 1780100 44 414539 77 490 380454 16 534

1998 1828160 1833761 30 430 38 487 376868 09 555

1999 1921792 1981769 81 475416 105 476 397189 54 570

2000 2001539 2009144 14 463015 26 495 385384 30 595a

2001 2004877 2010304 01 447402 34 513 429854 115 534

2002 2114841 2041949 16 467498 45 499 385501 103 605

2003 2089678 2144105 50 463238 09 528 466551 210 525

2004 2133190 2198343 25 476409 28 527 434995 68 577

2005 2262017 2244 21 502064 54 510 448485 31 571

2006 2232581 2286805 19 505405 07 517 438620 22 595

2007 2404515 2320907 15 536611 62 494 493267 125 537

2008 2399889 2376625 24 501757 65 541 516082 46 526

2009 2393723 07 507292 11 539 521766 11 524
2010 2425627 13 513332 12 539 528063 12 524

2011 2459856 14 519834 13 540 534820 13 525
2012 2494052 14 526 12 541 541570 13 526

2013 2524992 12 532208 11 542 547 11 526

2014 2560489 14 538 13 542 554 13 527

2015 2600671 16 546584 14 543 562 14 528

2016 2640536 15 554157 14 544 570484 14 528

2017 2 18 562942 16 545 579613 16 529

2018 2732249 17 571579 15 546 588588 15 530

2019 2778280 17 580323 15 547 597674 15 531

2020 2818867 15 588033 13 547 605685 13 531

2021 2865866 17 596961 15 548 614962 15 532

2022 2910675 16 605473 14 549 623807 14 533

2023 2955047 15 613902 I4 549 632566 14 533

ANNUAL GROWTH RATES

19982003 21 0 20 06 2J 41 20

20032008 28 21 16 05 20 00

20082013 12 12 00 120 00

20132018 16 14 02 15 01

2012023 16 14 01 15 01

20082023 15 14 01 14 01

Summer season is May to October Winter season is November of the prior year through April of the reported year
For instance the Winter CP for 2000 is the CP recorded between November 1949 and Apri12000
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

RURAL SYSTEM REQUIREMENTS

Energy MWh
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B1G RIVERSELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASECASE

RURAL SYSTEMREQUIREMENTS

Summer CP kV6
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE GASE

RURAL SYSTEM REQUIREMENTS

Actual Normal Summer Wiuter

Energy Energy Percent NCP Percent Load NCP Percent Load

Year MW6 MW6 Growth kW Growth Factor kW Growt6 Factor

1993 1580290 1518099 378252 458 324747 534

1994 1571482 1586154 45 362371 42 500 367176 131 493

1995 1665313 1621664 22 395831 92 468 346348 57 534
1996 1728686 1705356 52 387996 20 502 390014 126 499

1997 1758397 1780100 44 417882 77 486 383909 16 529

1998 1828160 1833 30 433709 38 483 380 09 550

1999 1921 1981769 81 478973 104 472 398037 47 568

2000 2001539 2009144 14 462255 35 496 433 89 529

2001 2000877 2010304 01 453869 18 506 415376 42 552

2002 21T4841 2 16 475814 48 490 391403 58 596

2003 2089678 2144105 50 464483 24 527 468517 197 522

2004 2133190 2198343 25 476 26 527 466420 04 538

2005 2262017 2244994 21 503996 62 506 452390 30 566

2006 2232581 2286805 19 507000 02 515 480 62 543

2007 2 2320907 15 53Z317 60 493 494885 30 535

2008 2399889 2376625 24 507538 55 535 522167 55 520

2009 2393723 07 511362 08 534 525974 07 520
2010 2425627 13 517472 12 535 532322 12 520

2011 2459856 14 524026 13 536 539133 13 521

2Q12 2494052 14 530 12 537 545937 13 522

2013 2524992 12 536500 11 537 552094 I1 522

2014 2560489 14 543297 13 538 559157 13 523

2015 260067t 16 550992 14 539 567153 14 523

2016 2640536 15 558 14 540 575 14 524

2017 2686785 18 567482 16 54d 584 16 525

2018 2732249 17 576188 15 541 593334 15 526

2019 2778280 17 585003 15 542 602494 15 526

2020 2818867 15 592775 13 543 610570 13 527

2021 2865866 17 601775 15 544 619922 15 528

2022 2910675 16 610356 14 544 628838 14 528

2023 2955047 IS 618853 14 545 637667 T4 529

ANNUAL GROWTH RATES

19982003 21 20 08 28 42 21

20032008 28 2 18 03 22 01

20082013 12 11l0 010 11 01

20132018 16 14 02 i5 01

20182023 16 14 01 15 01

20082023 15 13 01 13 01

Summer season is 1VIay to October Winter season is November of the prior year through April of the reported year
For in5tance the Winter GP for2000 is the CP recorded 6etween November 1999 and April 2000
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BIG RIVERS ELEGTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

RESIDBNTIAL CLASSIFICATION

Actnal Nocmal Actual Normal

Consamer Percent Sales Sales Percent Average Use Average Use Percent

Year Consumers Growth Growt6 MWh MWh Growth kWWCustMo kWhCustlMo Growth

1993 77266 1052301 997225 1135 1076

1994 78879 1614 21 1040 1053541 56 1099 1113 35

1995 80808 1928 24 1101490 1065098 I1 1136 1098 13

1996 82658 1851 23 1144623 1121216 53 1154 1130 29

1997 84622 1964 24 1137995 1154524 30 1I21 1137 06

1998 86615 1993 24 1199476 1206294 45 1154 1161 21

1999 88 1477 17 1215474 1267815 51 1t50 1199 33

2000 84860 1768 20 1264194 1270728 02 1172 1178 17
2001 91276 1416 16 1286I39 1292137 17 1174 1180 01

2002 92355 1079 12 13Z1067 1309841 14 1237 1182 02
2003 93405 1050 1I 1340451 1384962 57 1196 1236 45

2004 94768 1363 15 1362667 1418933 25 1198 1248 10

2005 94877 104 OI 1452182 1439717 15 1275 1265 13
2006 95028 151 02 1415359 1460129 14 124 1280 t3

2007 95993 965 10 I534SQ6 1468932 06 1332 1275 04

2008 96886 893 09 1529478 1509186 27 1316 1298 18

2009 97518 633 07 1532007 15 1309 09

2010 98400 881 09 1554028 14 1316 05

20T 1 99540 I140 12 1 12 1317 00

20T2 100796 1 13 1592872 13 1317 00

2013 102 1280 13 1610370 11 1315 02

2014 1D3337 1262 12 1630346 12 1315 00

2015 104588 1251 12 1653291 14 1317 02

2016 105827 1240 12 1675448 13 1319 02

2017 107062 1235 12 1703587 17 1326 05

2018 108304 1243 12 1730837 16 1332 04

2019 109554 1250 l2 1758431 16 1338 04

2020 11080 1247 11 1780719 13 I339 01

2021 112028 1227 11 1808999 16 1346 05

2022 113213 l l 86 11 1T24 14 1351 04

2Q23 114345 1 10 1860804 14 1356 04

ANNUAL GROWTH RATES

19931998 23 1870 27 39 03 15

19982003 15 1358 22 28 07 13

20032008 07 696 27 17 19 10

20082013 10 1038 130 03

20132018 12 1246 15 03

20182023 11 1208 15 04

20082023 11 1164 140 03
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

RESIDEIVTIAL GLASSIFICATION
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

RESIDFIVTIAL CLASSIFICATION

Average Use
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BIG RIVERS ELECTRIC CORPORATION

2019LONTERM LOAD FORECAST BASE CASE

COMMERCIAL INDISTRIAL CLASSIFICATION

Actual Normsl Actaal Normal

Percent Sales Sles Percent Average Use Average Use Percent

Year Consumers Growth MWh MWh Grnwth kWhCustMo kWhCustJMo Growth

1993 8085 417266
1994 8222 429603
1995 8430 448782
1996 8707 466450
1997 9035 502803
1998 9346 513762 512266 458I 4568
1999 9879 57 591594 598077 168 4 5045 105

2000 10206 33 613100 613872 26 5006 5012 07

2001 105Q2 29 602412 605828 13 4780 4 41
2002 10916 39 627652 616869 18 4Z91 4709 20

2003 11185 25 637787 647Q16 49 4752 4820 24

2004 11539 32 659726 667663 32 4764 4822 00

2005 I2897 118 695491 691092 35 4494 4466 74

2006 14187 100 708219 7 T7 I SO 3S 4160 4213 57

2007 14478 20 753591 736207 27 4338 4238 06

2008 14692 15 749373 746941 15 425I 4237 00

2009 14860 11 742024 07 4 lb1 18

2010 14984 08 750285 11 4173 03

2011 15218 16 764031 18 414 03
2012 15502 9 776424 16 4174 02

2013 15787 18 788300 15 4161 03

2014 16068 18 802035 17 4159 00

2015 16346 17 817260 19 4167 02

2016 16619 17 832973 19 4177 02

2017 16889 16 848778 19 4188 03
2018 17157 16 864724 19 4200 03

2019 17421 15 880869 19 4214 030
2020 T7682 15 897137 18 4228 03

2021 17 15 9I3514 1S 4243 04

2022 18195 14 929962 18 4259 04

2023 18448 14 946437 18 4ZZ5 04

ANNUAL GROWTH RATES

19931998

19982003 37 44 48 07 1
20032008 56 33 29 22 25

2002013 14 11 04

20132015 17 19 02

20182023 15 18 04

2082023 15 16 01
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BIG RIVERS ELECT1iIC CORPO1tATION

2009 LONGTERM LOAD FORECAST BASE CASE

COMMERCIAL INDUSTRIAL CLASSIFICATION
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BIG RIVERS ELECPRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

LARGE INDUSTRIAL DIRECTSERVE CUSTOMERS

Percent Sales Percent Average Use Percent

Year Consamers Growth MWh Growth kWWCastMo Growth

1993 12 6864840 47672503
1994 12 00 5882738 143 40852349 143

1995 11 83 6296122 70 47697892 168

1996 20 818 6317276 03 26321982 448

1997 19 50 6368964 08 27934051 61

1998 21 105 6603458 37 26204199 62

1999 23 95 7150766 83 25908 ll

2000 23 00 5478358 234 19849123 234
2001 21 87 1300686 763 5161452 740

2002 20 48 1118264 140 4659432 97

2003 l8 100 1022803 85 4735200 16

2004 20 111 1001791 21 4174128 118

2005 19 50 981086 21 430301Q 31

2006 19 00 963691 18 4 18

2007 19 00 926769 38 4064778 38

2008 20 530 933580 07 3889918 43

2009 19 50 950515 18 4 ZZ

2010 19 00 950515 00 4168925 00

2011 19 00 950515 00 4168925 00

2012 19 00 950515 00 4168925 00

2013 19 00 950515 00 4168925 00

20T4 19 00 950 00 4168925 00

2015 19 00 950515 00 4168925 00

2016 19 00 950515 00 4168925 00

2017 19 00 950515 00 9168925 00

2018 19 00 950 00 4168925 00

2019 19 00 950515 00 4168925 00

2020 19 00 950515 00 4168925 00

2021 19 00 950515 00 4168925 000
2022 19 00 95051S 00 4168925 00

2023 19 00 950515 00 4168925 00

ANNUAL GROWTH RATES

19931998

19982003 30 311 290

20032008 21 18 39

20082013 10 04 14

20132018 00 00 00

20182023 00 00 00

20082023 03 01 05
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BIG RIVERS ELECTRIC CORPORATIOIV

2009 LONGTERM LOAD FORECAST BASE CASE

LARGE INDUSTRIAL DIRECTSERVE CUSTOMERS
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

STREETLIGHTING CLASSIFICATION

Percent Sales Percent Average Use Percent

Year Consumers Growth MWh Growth kW6CastMo Growth

1993 129 2417 1556
1994 134 37 2 38 1558 01

1995 136 17 2 52 16I3 35

1996 152 1110 2 08 1463 93

1997 158 4Q 2802 53 1481 12

1998 161 23 2846 16 1470 08

1999 167 32 3138 103 1 68

2000 173 39 3191 17 1537 21

2001 181 48 3104 27 1427 72

2002 182 01 3277 56 1505 54

2003 147 189 3235 13 1831 217

2004 79 463 2997 73 3158 725

2005 84 64 3077 27 3047 35
2006 87 38 3104 09 2962 28

2007 88 08 3175 23 3007 15

2008 88 05 3287 35 3128 40

2009 85 29 3352 20 3287 51
2010 85 00 3406 16 3340 16

2011 85 00 3460 16 3393 16

2012 85 00 3514 16 3446 16
2013 85 00 3568 15 3498 15

20I4 85 00 3622 15 3551 I
2015 85 00 3676 15 3604 15

2016 85 00 3730 15 3657 15

2017 85 00 3784 14 3710 I4

2018 85 00 3838 14 3763 14

2019 85 000 3892 14 3816 14

2020 85 00 3946 14 3869 I4

2021 85 00 4000 14 3922 14

2022 85 00 4054 13 3975 13

2023 85 00 4108 13 4028 13

ANNUAL GROWTH RATES

19931998 450 33 110

19982003 18 26 45

20032008 99 03 113

20Q82013 06 17 23

20132018 00 15 15

20182023 00 14 14a

20082023 02 15 17

B20
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BIG RIVERS ELECfRIC CORPORATION

2009 LONGTERM LOAD FORECAST BASE CASE

IRRIGATION CLASSIFIGATION

Percent Sales Percent Average Use Percent

Year Consumers Growt6 MWh Growth kWhCustMo Growth
1993 9 78 724

1994 9 46 93 193 826 140

1995 10 62 100 Z4 835 11

1996 10 OA 110 93 9T3 93

1997 10 00 107 26 890 26

1998 10 00 121 136 1010 136
1999 10 00 121 02 1008 02

2000 10 00 70 420 585 420

2001 10 33 75 65 644 102

2002 9 69 38 491 352 454

2003 9 56 1 T3 1969 1106 2144
2004 8 98 164 451 1780 609

2005 7 87 114 304 1356 238
2006 7 00 65 432 770 432

2007 Z 00 1068 15514 12Z15 15514

2008 8 119 432 596 4594 639

2009 9 149 179 585 1660 639

2010 9 00 179 00 1660 00

2011 9 00 179 00 1660 00

2012 9 00 179 00 1660 00

2013 9 00 179 00 1660 00

2014 9 00 179 00 1660 00

2015 9 00 179 00 1660 00

2016 9 00 179 00 1660 00
2017 9 00 179 OQ 1660 00

2018 9 00 179 00 1660 00

2019 9 00 179 00 1660 00

2020 9 00 179 00 1660 00
2021 9 00 179 00 1660 00a

2022 9 00 179 00 1660 00

2023 9 00 179 00 1660 00

ANNUAL GROWTH RATES

19931998 21 92 69

19982003 32 14 18

20032008 16 308 329

20082013 28 161 184

20132018 00 00 00

20182023 00 00 00

20082023 09 57 66
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BIG RIVERS ELECfRIC CORPORATlON

2009 LONGTERM LOAD FORECAST BASE CASE

IRRIGATION CLASSIF7CATION
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BIG RIVERS ELECT1iIC CORPORATION

2009 LONGTEIiM LOAD FORECAST RANGE FORECASTS

TOT NATIVE REQUIREMENTS

Base ECONOMIC SCENA1tIOS WEA1HER SCENARIOS

Case Optimistic Pessimisfic Extreme Mild
Year wh M
1993 8688975
1994 7721677
1995 8026476
1996 8235361
1997 8380094
1998 6208552
1999 353284T
2000 3597500
2001 3331207
2002 3232553
2003 3087548
2004 3158698
2005 3259867
2006 3214136
2007 3352934
2008 3340321

2009 3370528 3392273 3339848 3468435 3290769
2010 3402682 3435601 3361776 3501368 3322259
2011 3437181 3487563 3385042 3536759 3356028
2012 3471646 3543964 3 3572132 3389725
2013 3502829 3598802 3430795 3605103 3419456
2014 3538605 3657194 3455461 3642053 3454256
2015 3579103 3720045 3484043 3683739 3493768
2016 3619282 3783080 3512356 3724964 3533071
2017 3665894 3853538 3546796 3772976 3578527
2018 3711715 3923783 3580362 3820050 3623307
2019 3758108 3 3614290 3867737 3668627
2020 3799014 4061500 3642774 3909897 3708496
2021 3846383 4135386 3677442 3958847 3754567
2022 3891544 4207549 3710325 4005386 3798593
2023 3936265 4279469 3742885 4051436 3842216

ANNUAL GROWTH RATES

19931998

19982003

20032008

20082013 1Q 15 05 15 05
20132018 12 17 09 12 12

20182023 12 18 09 12 12

20082023 11 17 08 13 09
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rBIGRIVERS ELECTRIC CORPORATIOli

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

TOTAL SYSTEM CP DEMAND SUMMER

Base ECONOMIC SCENAItIOS WEATHER SCENARIOS

Case Optimistic Pessimistic Egtreme Mild

Year kV
1993

1994

1995 1I66000
1996 1167000
1997 1195000
1998 1230000
1999 1362837
2000 1451683
2001 596310
2002 602623
2003 583906
2004 604155
2005 617787
2006 631181
2007 659516
2008 616264

2009 629426 633487 623697 6b5344 597
2010 633577 639707 625961 669621 601216
2011 640080 649462 630370 676497 607382
2012 646576 660044 634995 683368 613543
20I3 652453 670329 639036 689584 619116
2014 659196 681288 643707 696715 625511
2015 666829 693088 b49118 704788 632750
2016 674402 704923 654478 712798 639932
2017 683188 718158 660992 722089 648263
2018 691 731351 667341 731223 656453
2019 700568 744772 673758 740471 664746
2020 708278 757215 679149 748626 672057
2021 717206 771095 685705 758068 680524
2022 725718 784 691923 767071 688597
2023 734147 798158 698080 775985 696590

ANNUAL GROWTH RATES

19931998

19982003

20032008

20082013 11 17 07 230 010

20132018 12 18 09 12 12

20182023 12 18 09 12 12

20082023 120 17 08 150 08
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERIVI LOAD FORECAST RANGE FORECASTS

TOTAL SYSTEM CP DEMAND WINTER

Bse ECONOMIC SCENARIOS WEATHER SCENARIOS

Case Optimistic Pessimistic Egtreme Mild

Year

1993

1994

1995 1080000
1996 1154000
1997 1156000
1998 1123000
1999 1188715
2000 1289470
2001 614496
2002 530467
2003 585549
2004 539476
2005 562082

2006 555303
2007 610
2008 618676

2009 636844 640952 631047 694303 588168
2010 641293 647498 633584 698994 592392
2011 648050 657549 638220 706384 598616
2012 654800 668440 643073 713766 604833
2013 660907 679015 647316 720 610
2014 667914 690298 652221 728109 616912
2015 675846 702460 657895 736784 624218
2016 683715 714658 663515 745390 631466
2017 692844 728308 670335 755374 639874
2018 701818 741916 676981 765189 648140

2019 710904 755760 683699 775127 656509
2020 718916 768588 689349 783889 663888
2021 728193 782907 696209 794035 672433
2022 737U38 796 702716 803709 680580
2023 745796 810 709157 813289 688647

ANNUAL GROWTH RATES

19931998

19982003

20032008

200820I3 13 19 09 31 030

2013201S 12 18 09 120 12

20182023 12 18 09 12 12
20082023 13 18 09 18 07
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BIG RIVERS ELECTRIC CORPORATIOi1

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

TOTAL 1VATIVE REQUIREMENTS

Energy ltequirements
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BIG RIVERS ELECTRIC CORPO1tATION

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

RURAL SYSTEMREQUIREMENTS

Base ECONOMIG SCENARIOS WEATHER SCENARIOS

Case Optimistic Pessimistic Extreme 1Vlild
Year MWh b w h
1993

1994

1995 1665313
1996 1728686
1997 175397
1998 1828160
1999 1921792
2000 2001539
2001 2000877
2002 2114841
2003 2089678
2004 2133190
2005 2262017
2006 2232581
2007 2404515
2008 2399889

2009 2393723 2413546 2364759 2492942 2312961
2010 2425627 2456773 2386277 2525623 2344201
2011 2459856 2 2409I23 2560752 2377695
2012 2494052 2565166 2433147 2595864 2411116
2013 2524992 2620077 2454 2628610 2440590
2014 2560489 2678484 2478303 2665292 2475104
2015 2600671 2741306 2506393 27066Z2 2514292
2016 2640536 2804319 2534219 2747593 2553275
2017 2686785 2874717 2568119 2795254 2598357
2018 2732249 2944913 2601151 2 2642771
2019 2778280 3016314 2634539 2889320 2687719
2020 2818867 3082577 2662528 2931I72 2727259
2021 2865866 3156415 2696651 2979768 2772948
2022 2910675 3228539 2729015 3025967 2816613
2023 2955047 3300414 2761066 307I678 2859879

ANNUAL GROWTIRATES

19931998

19982003

20032008 28

20082013 10 18 04 18 03

20132018 16 24 12 16 16

20182023 16 23 12 16 16
20082023 14 21 090 17 12
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST RANGE FOgiECASTS

RURAL SYSTEM CP DEMAND SUMMER

Base ECONOMIC SCENARIOS WEATHER SCENARIOS

Case Optimistic Pessimistic Extreme Mild
Year k k k k k
1993

1994

1995 392664
1996 384892
1997 414539
1998 430240
1999 475416
2000 463015
2001 447402
2002 467498
2003 463238
2004 476409
2005 502064
2006 505405
2007 536611
2008 501757

2009 507272 511472 501133 539309 478827
2010 513332 519923 505004 545 484585
2011 519834 530160 509 552568 490762
2012 526330 541338 513477 559424 496933
2013 532208 552249 517262 565628 502517
2014 538951 563787 521652 572745 508922
2015 546584 576141 526769 580802 516174
2016 554157 588 531844 588795 52336T
2017 562942 602318 538079 598069 531713
2018 571579 616067 544 607185 53991
2019 580323 630043 550298 616416 548223
2020 588033 643044 555420 624555 555546
2021 596961 657482 561713 633979 564027
2U22 605473 671594 567684 642965 572112
2023 613902 685651 573603 651864 580118

ANNUAL GitOWTH RATES

19931998

19982003

20032008 16

20082013 12 19 06 24 00

20132018 14 22 10 14 14

20182023 14 22 11 14 14

20082023 14 21 09 18 10
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

RURAL SYSTEM CPDEMAND AINTER

Base ECONOMIC SCENARIOS WEATIERSCENARIOS

Case Optimistic Pessimistic Eztreme Mild
Year k
1993

1994

1995 339440
1996 386504
1997 380454
1998 376868
1999 397189
2000 385384
2001 429854
2002 385501
2003 466551
2004 434995
2005 448485
2006 438620
2007 493267
200 516082

2009 521766 526087 515452 576838 476293
2010 528063 534844 Si9497 583723 482094
2011 534820 545443 523789 591111 4883I7
2012 541570 557012 528345 598492 494535
2013 547677 568301 532297 605170 500160
2014 554684 580245 536880 612832 506614
2015 562615 593040 542220 621506 513919
2016 570484 605869 547515 630111 521167
2017 579613 620156 554014 640Q95 529575
2018 588588 634400 560346 649910 537840
2019 597674 648881 566752 659847 546208
2020 605685 662348 572093 668610 553586
2021 614962 677 578652 678757 562130
2022 623807 691931 584874 688431 570275
2023 632566 706496 591042 698011 578341

AIVNUAL GROWTH RATES

19931998

19982003

20032008 20

20082013 12 19 06 32 06

20132018 15 22 10 14 15

20182023 15 22 11 14 15

20082023 14 21 09 20 08
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BIG itNERS ELECTRIC COItPORATION

2009 LONGTE1tM LOAD FORECAST RANGE FORECASTS

RURAL SYSTEM REQUIREMENTS

Energy GWh
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100
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BIG RIVERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

RESIDENTIAL ENERGY SALES

Base ECONOMIC SCENARIOS WEATHER SCENARIOS

Case O timishc Pessimistic Egtreme MildP m
Year Mh Cb Mh h b
1993 1052301
1994 1040652
1995 1101490
1996 1144623
1997 1137995
1998 i199476
1999 1215474
2000 1264194
2001 1286139
2002 1371067
2003 1340451
2004 1362667
2005 1452182
2006 1415359
2007 1534506
2008 1529478

2009 1532007 1 1522796 1610598 1467493
2010 1554028 1562450 1536401 1633272 1488959
2011 1572789 1592583 1547119 1652636 1
20I2 1592872 1627546 1560706 1673378 1526746
2013 1610370 1661523 1571886 1692230 1543146
2014 163Q346 1696937 1584354 1713048 1562420
2015 1653291 1735036 1599036 1 1584658
2016 1675448 1772818 1612989 1759711 1606208
2017 1703587 1817530 1632633 1788899 1633475
2018 1730837 1861898 1651314 1817072 1659953
2019 1758431 1907206 1670144 1845622 1686748
2020 1780719 1947488 1683721 1868787 1708307
2021 1808999 1994857 1703029 1898254 1735608
2022 1835124 2040515 1720597 1925385 1760899
2023 1860804 2085895 1737844 1952029 1785779

ANNUAL GROWTH RATES

19931998 27

19982003 22

20032008 27

20082013 10 17 05 20 02

20132018 15 23 10 14 15

20182023 15 23 10 14 15

20082023 13 21 09 16 10
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BIG RIVERS ELECTRIC CORPORATIOIV

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

SMALL COMMERCIAL ENERGY SALES

Base ECONOMIC SCENARIOS WEATHER SCENARIOS
Case Optianistic Pessiistic Egtreme 1Vlild

Year MWh MWh MWh MWh MVh

1993

1994

1995 448782
1996 466450
1997 502803
1998 513762
1999 591594
2000 613100
2001 602412
2002 627652

2003 637787
2004 659726
2005 695491

2006 708219 l
2007 753591
2008 749573

2009 742024 746829 737219 757855 729681

2010 750285 757875 744087 766203 737866

2011 764031 777035 755118 780201 751408

2012 776424 795656 764401 792806 763625
2013 788300 813793 773151 805046 775205

2014 802035 833819 783738 819066 788707
2015 817260 855361 795796 834586 803694

2016 832973 877402 808334 850587 819174

2017 848778 899539 820961 866686 834741

2018 864724 921825 833726 882913 850461

2019 880869 944319 846682 899344 866373

2020 897137 966949 859756 915940 882376

2021 913514 989698 872934 932648 898487

2022 929962 1012523 886T78 949412 914679
2023 946437 1035386 899446 966198 930903

ANNUAL GROWTH RAIES

19931998
19982003 440

20032008 33

20082013 10 17 06 14 07

20132018 19 25 15 19 19

20182023 18 24 15 18 18

20082023 16 22 12 17 15
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BIG RIVERS ELECTI2IC CORPORATION

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

LARGE INDITSTRIAL DIRECT SERVE CUSTOMERS

Base ECONOMIC SCENARIOS WEATIiER SGENARIOS

Case Optimistic Pessimistic Extreme Mild
Year Mh wb h h
1993

1994

1995 6296122
1996 6317276
1997 6368964
1998 6603458
1999 7150766
2000 5478358
2001 1300686
2002 11 T8264
2003 1022803
2004 1001791
2005 981086
2006 963691
2007 926769
2008 933580

2009 950515 966098 934931 950515 950515
2010 950515 966173 93485b 950515 950515
2011 950515 966249 934781 950515 950515
2012 950515 966325 934705 950515 950515
2013 950515 966402 934627 950515 950
2014 950515 966 934 950515 950515
2015 950515 966559 934471 950515 950515
2016 950 966638 934391 950515 950515
2017 950515 966719 934311 950 950515
2018 950515 966800 934230 950515 950515
2019 950515 966881 934148 950515 950515
2020 950515 966964 934065 950515 950515
2021 950515 967048 933982 950515 950515
2022 950515 967132 933898 950515 950515
2023 950515 967217 933812 954515 950515

ANNUAL GROWTH RATES

19931998

19982003 311

20032008 18

20082013 Q4 07 000 04 04

20132018 00 00 OQ 00 00
20182023 00 00 00 00 00
20082023 01 02 00 01 01
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BIG RNERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST REiNGE FORECASTS

STREETLIGHTING ENERGYSALES

Base ECONOMIC SCENARIOS WEATHER SCENARIOS
Case Optimistic Pessimistic Eztreme Mild

Year MWh b h h

1993 2417
1994 2
1995 2641
1996 2661
1997 2
1998 2846
1999 3138
2000 3191
2001 3104
2002 3277
2003 3235
2004 299
2005 3077
2006 3104
2007 3175
2008 3287

2009 3352 3499 3206 3352 3352
2010 3 3556 3257 3406 3406
2011 3460 3612 3309 3460 3
2012 3514 3668 3360 3514 3514
2013 3 3725 3412 3568 3568
2014 3622 3781 3464 3622 3622
2015 3676 3838 3515 3676 3676
2016 3730 3894 3567 3730 3730
2017 3784 3950 3618 3784 3784
2018 3838 4 3670 3838 3838
2019 3892 4063 3722 3892 3892
2020 3946 4120 3773 3946 3946
2021 4000 4176 3825 4000 4000
2022 4 4233 3876 4054 4054
2023 4148 4289 3928 4108 4108

ANNUAL GROWTH RATES

19931998 33

19982003 26

20032008 03

20082013 17 25 07 17 17

20132018 15 15 15 15 15

20182023 14 14 14 14 14

20082023 150 18 12 15 15
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BIG RNERS ELECTRIC CORPORATION

2009 LONGTERM LOAD FORECAST RANGE FORECASTS

IRRIGATIONENERGYSLES

Base ECONOMIC SCENARIOS WEATHER SCENARIOS
Case Optimistic Pessimistic Egtreme Mild

Year b h b M
1993 78

1994 93

1995 100

1996 110

1997 107

1998 121

1999 121

2000 70

2001 75

2002 38

2003 113

2004 164

2005 114

2006 65

2007 1068
2008 432

2009 179 188 170 197 161

2010 179 188 170 197 161

2011 179 188 170 197 161

2012 179 188 170 197 161

2013 179 188 170 197 161

2014 179 188 170 197 161

2015 179 188 170 197 161

2016 179 188 170 197 161

2017 179 188 170 197 161

2018 179 188 170 197 T61

2019 179 188 170 197 161

2020 179 188 170 197 161

2021 179 188 170 197 1G1

2022 179 188 170 197 161

2023 179 188 170 197 161

ANNUAL GROWTIi RATES

19931998 920

19982003 14

20032008 308

20082013 161 153 170 145 179

20132018 00 00 00 00 00

20182023 00 00 00 OQ 00
20082023 57 54 60 51 64
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECYFTCATIONS

RUItAL SUMMER COINCIDENT PEAK DEMAND LONGTERM FORECAST

Dependent Variable Rural Summer CP Demd

Model Type Econometric

ModelSpecication

Variable Descri tion Value Standard Err tStatistic Value

INT Inter t 62732 27736 23 449
Rural kWh Rural kWh Purchased 01720 00110 153 000

MaxTemp Maximum Temperature 806470 270400 30 125

Summary Mode1 Statistics Predicted vs Actual

RSquared 0948

AdjustedRSquared 094

Dur6inWatson Statistic 1239
i00000

MeanAbs Err MAPE 259

Adjusted Obseivations 16
90000

Deg ofFreedom for Error 13

FStatistic 118 i s0000
a

ProbFStatistic 0

Bayesian Information Criterian BIC 1616 o

Model Sum of Squares 1800021403
Sum ofSquared Errors 99176200 60000

Mean Squazed Eiror 762893848 b0000 0000 g0000 9000o i00000

Std Error of Regression 276205 Actua

Mean Abs Dev MAD 210387
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RURAL WINTER COINCIDENT PEAK DEMAND LONGTERM FORECAST

Dependent Variabe Rural Winter CP Demand

Model Type Econometric

Model Specication

Variable Descri tion Value Standard Err tStatistic Vaiue

IlIT Interce t 15791 7 21 610

Rural kWh Rural kWh Purchased 02760 00200 139 000

MinTemp Minimum Temperature 38Z092 188731 21 649

Summary Model Statistics Predicted vs Actual

0941RSquared
AdjustedRSquared 0 30000

DurbinWatson Statistic 0954
20000

Mean Abs Err MAPE 387
1 t o000

Adjusted Observations 16 t00000

Deg ofFreedom for Error 13 90000

FStatistic 104 a s0000

ProbFStatistic 0 0000

Bayesian Information Criterian BIC 1720 60000

Model Sum of Squares 4 s0000

Sum of Squared Error 280013606 s0000 0000 0000 80000 9000o i0000 ri000 12000 13000

Mean Squared Error 2153950815 0 0 0 0

Std Error ofRegression 464107 Actua

Mean Abs Dev MAD 346032
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RESIDENTIAI CONSiTMERS LONGTERM FORECAST

Dependent Variable Residential Consumers

Model Type Econometric

Model Specification

Variable Descri tion Value Standard Err tStatistic Value

INT Interce t 926602 21711005 00 9660

HH Households 312252 143943 22 308

AR Autoregressive Term L000 0001 13643 000

I

Summa Model Statistics Predicted vs Actual

I

ry

RSquared
AdjustedRSquared 1 2000

DurbinWatson Statistic 1845
1VIean Abs ErrMAPE 016 o

2000

Adjusted Observarions 347 z

Deg of Freedom for Error 344
Z

FStatistic 1 a 19000
ProbFStatistic 1000
Bayesian Information Criterian BIC 749

Model Sum ofSquares 4711840114
15000

Sum of Squared Errors 591189 13000

Mean Squared Error 171857 13000 15000 17000 19000 21000 23000 25000 27000

Std Error ofRegression 4146 Actua

Mean Abs Dev MAD 3060
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECIgICATIONS

RESIDENTIAL USE LONGTERM FORECAST

Dependent Variable Residential Use

1Vlodel Type Econometric

Model Specification

Variable Descri tion Value Standard Err tStatistic Value

CONST Interc t 27571 37 74 000

SAEDataBase Index Base Index 894155 42647 210 000

SAEDataSHIndex S ace Heatin Index 14373 0738 195 000

SAEDataAC Index Aff Conditionin Index 23144 1160 199 000

RUSE LTEz rl L of S ace Heatin Index T3535 0733 18474 000

RUSE LTEx r2 L ofAir Condirionin Index 1545 1164 13277 000

Sammary Mode1 Statistics Predicted vs Actual

RSquared 0881

AdjustedRSquared 0879
1900

DurbinWatson Statistic 1782

Mean Abs Err MAPE 605 1700

1500
o

Adjusted Observations 347

Deg ofFreedom for Erro 341 1300
e

FStatistic 503 a I loo
ProbFStatistic 0

oo

Model Sum ofSquares
riterian BIC

13161009
Sum of Squared Eriors 1785059 soo

Mean Squared Error 523478 soo o0 90o i 10o r3oo isoo oo i9oo

Std Error ofRegression 7235 Actuat

Mean Abs Dey MAD 5633

I
I

I

I
i

I
I
i
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECIFICATIONS

SMALL COMNIERCIAL CONSUMFRS LONGTERM FORECAST

Dependeot Vaiiable Small Commercial Consumers

Modef Type Econometric

Model Specifieation

Variable Descri tion Value Sfandard Err tStatistic Value

CONST Inter t 5 09 3520

Monthl Em HHlndex Em lo ent er Household i395 029 17 935

SCONLTLagDe 1 Lag ofDependent Variable 0991 0006 164895 000

Summary Model Statistics Predicted vs Actual

RSquared 0999

AdjustedRSquared 0999 op

DurbinWatson Statistic 1753
Mean Abs Err MAPE 040 2000 I

Adjusted Observarions 299 v
tsoo

Deg ofFreedom forError 296 tboo

FStatistic 152414 a
ProbFStatistic 0 laoo

Bayesian Information Criterian BIC 435 i2oo
Model Sum of Squares 22556
Sum of Squared Errors 21903 o

Mean Squared Error 7400 loo0 1200 laoo 60o taoo 2000 2200

StdError of Regression 860 Actual

Mean Dev MAD 618
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MEADE COUNTY RECC

2009 LOAD FORECAST

MODEL SPECIFICATIONS

SMALL COMMERCIAL USE LONGTERM FORECAST

Dependent Varisble Small Commercial Use

Model Type Econometric

Model Specification

Variabte Descri tion Value StandardErr tStatistic Value

CONST Inter t 293 870 03 7372

1Vionthl RetSale Em Retail Sales er Em lo ent 125624 51203 25 154

CommDataHDD Heatin De eba s 0 0 16 10430

CommDataCDD Coolum De ee Da s 1 0 54 000

SCUSE LTE rl La ofHeatin De ee Da s 0 0 28 062

SCUSE LTE 2 L of Coolin De ee Da s 2 0 52 000

SCUSELTLagDep1 LagofDependent Variable 0 0 37 003

Summary Model Statistics Predicted vs Actual

RSquared 0752

AdjustedRSquared 0741 ssoo

DurbinWatson Statistic 1967

Mean Abs Err MAPE 4 s000

Adjusted Observations 143 4500

Deg ofFreedom for Error 136 xc

FStatistic 69 a a000
ProbFStafistic 0 K

Bayeian Informarion Criterian BIC 1108 3500

Model Sum ofSquares 222E07
Sum of Squared Errors 7299128 3000

Mean Squared Error 5367006 300o ssoo 4000 4500 s000 ssoo

Std Error ofRegression 23167 Aceua

Mean Abs Dev MAD 17699
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JACKSON PURCHASE ENERGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIICATIONS

RURAL SUNIlVIER COINCIDENT PEAK DEMAND LONGTERM FORECAST

Dependent Variable Rurl Summer CP Demand

Model Type Econometric

Model Specification

Variable Descri tion Value Standard Ecr tStatistic Vaiue

Interce t 481802210 86889499Q 05540 05903

3acksonlkwh urc Rural Ene Purchases 02060 00240 86890

JacksonlIAXTMP Maximum Temperatiire 6544270 7860000 08330 04228

Summary Mode Statistics Predicted vs Actual

Square 0912000

AdjustedRSquared 089900000 0000

DurbinWatson Statistic 258000000
60000

o

Mean Abs Err MAPE 2550
150000

Adjusted Obseryations 16 ta0000

Deg of Freedom for Error i 3 30000

FStatistic 6g a i20000

ProbFStatistic 0 li0000

Bayesian Information Criterian BIC 1Z11 l00000

Model Sum of Squares 2673534480 90000

Sum of Squared Errors 256517731 9000o t0000 1 t000 2000 13000 14000 T5000 16000 000

Mean Squared Enor 19Z3213312 0 0 0 0 0 0 0 0

Std Error of Regression 4 actua

Mean Abs Dev MAD 339489
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JACKSON PURCHASE ENERGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RURAL WINTER COINCIDENT PEAK DEMAND LONGIERMFOREGAST

Dependent Variabte Rural Winter CP Demand

Model Type Econometric

Model Speciication

Variable Descri tion Value StandardErr fStatistic Value

INT Interce t 7903 9220 09 4096

7acksonlkwh wc Rural Ener Purchases 0187 0016 116 000

JacksonMINTMP Minimum Temperature 475206 151374 3139 0009

Summary ModelStatistics Predicted vs Actual

RSquared 0914

AdjustedRSquared 09 a0000

purbinWatson Statistic 1934 13s000

Mean Abs Ert MAPE 258 3p0oo

125000

Adjusted Observations 16 20000

Deg of Freedom for Error 13 tts000 I

FStatistic 6g a 110000 I
ProbFStatistic 0 tos000 I

Bayesian Information Criterian BIC 1687 00000 I

Model Sum of Squares 2139031347 9s000

Suin of Squared Errors 201890035 90000

MeanSquaredError 1553000268 90000 l00000 ii0000 t20000 ts0000 ta0000

Std Error ofRegression 394081 Accua

Mean Abs Dev MAD 291839
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JACKSUN PURCHASE ENE1tGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RESIDENTIAL CONSUMERS LONGTERM FORECAST

Dependent Variable Residential Consumers

Model Type Econometric

Model Specfication

Variabie Descri tion Valae StandrdErr tStatistic Value

Inteic t 152837037 7636836468 002 9840

ResDataHH NumberofHouseholds 36497 15291 239 1

AR1 Autoregressive parameter 100 000 139123 000

ummary Model Statistics rredictedvsActual

RSquared 1

AdjustedRSquared 1 27000

DurbinWatson Statistic 1692

Mean Abs Err MAPE 012 25000

Adjusted Observations 347
23000

Deg ofFreedom for Error 3 2aoo

FStatistis 1606106 a

ProbFStatistic 0 t9000

Bayesian Information Criterian BIC 6 000

Model Sum of Squares 3349
Sum of Squared Errors 358671 is000

Mean Squared Error 104265 is000 oo0 1000 2i000 z3000 2s000 2000

Std Error of Regression 3229 A

Mean Abs Dev MAD 2513
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JACKSON PURCHASE ENERGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RESIDENTIAL USE LONGTERM FORECAST

Dependent Variable Residential Use

Model Type Econometric

Modei Specifcation

Variable Descri tion Value Standard Err tStatistic Value

INT Interce t 16087 208 08 4411

MetrixNDlBase Indx Base Index 655605 223588 29 037

MetrixND1SH Indx S ace Heatin Index 23349 2184 107 000
e n u n tioning eX o

Summary Modei Statistics Predicted vs Actual

RSquared 0426

AdjustedRSquared 0418
DurbinWatson Statistie 1533 900

MeanAbS En MAPE 1599 t7oo

1500
Adjusted Observations 228

Deg of Freedom for Error 224 t3oo

FStatistic 55 a oo

ProbFStatistic 0

Bayesian Inforination Criterian BIC 1095
Model Sum of Squares 8732834

oo

Sum of Squared Errors 11786841 soo

Mean Squared Enor 5261982 soo oo goo ttoo i3oo rsoo voo isoo

Std Error ofRegression 22939 nctuat

Mean Abs Dev MAD 18194
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JACKSON PURCHASE ENERGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIFICATIONS

SMALL COMMERCIAL CONSUMERS LONGTERM FORECAST

Dependent Vaiable Small Commercial Consumers

Model Type Econametric

Model Specification

Variable Descri tion Value StandardErr tStatistic Value
CONST Interce t 678800 1055100 064300 052050

CoinmDataEm 1 Em lo ent 037300 054700 068300 049550
SCOIVLTLagDep1 Lag Dependent Variable 100000 000400 23444900

Snmroary Model tatistics Yredicted vs Actual

RSquared 0999

AdjustedRSquared 0999 ssooo
DurbinWatson Sfatistic 2342

Mean Abs Err MAPE 042
30000

Adjusted Observations 275 2sooo

Deg ofFreedom for Error 272

FStatistic 182027 a 20000
ProbFStatistic 0

Bayesian Information Criterian BIC 519 1sooo

Model Sum of Squares 61814632
Sum of Squared Errors 46184 000o

Meari Squared Error 16979 1000o iso0o 20000 2sooo 30000 3sooo

Std Fror ofRegression 1303 Aea

Mean Abs Dev MAD 921
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JACKSON PURCHASE ENERGY CORPORATION

2009 LOAD FORECAST

MODEL SPECIFICATIONS

SMALL USE ENERGY LONGTERMFORECAST

Dependent Variable Small Commercial Use

Model Type Econometric

Model Specifcallon

Variabte Descri tion Valae Standard Err tStatistic Vaiue

2 1474 18 7380
CONST Inter t

Monthl RetSal Em Retail Sales rEm 1o ent 20742 66271 03 7549

CommDataFIDD Heatin De e Da s 0615 0125 49 000

CommDataCDD Coolin De e Da s 3012 0321 94 000

SCUSE LTLagDep12 Lag D endent Vatiable 0261 0053 5A 000

Summary Model Statistics Predicted vs Actual

RSquared 0768

djustedRSguared 0759 000o

DurbinWatson Statistic 2229

Mean Abs EIT MAPE 441 65000

000o

Adjusted Observations 108

Deg ofFreedom for Error 103 ssooo

FStatistic go So00o
ProbFStatistic 0

Bayesian Information Criterian BIC 1150
4sooo

Model Sum of Squares 284E07

Sum of Squared Errors 857E06 40000

Mean Squared Etroi 832E04 40000 45000 50000 55000 60000 65000 7000A

Std Error ofRegression 288 Ac

Mean Abs Dev MAD 22180
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KENERGY CORP

2009 LOAD FORECAST

NYODEL SPECIFICATIONS

RURAL SUMMER COINCIDENT PEAK DEMAND LONGIER1VIFORECAST

Dependent Variable Rural Summer CP Demand

Model Type Econometric

Model Specification

Variable Descri tion Valae Standard Err tStatistic Value

CONST Inter t 169924 58482 29 143

Rural kWh Rural S stem Ener Purchases 0202 001 I 189 000

MaxTemp Maximum Temperature 19922Z7 557711 36 044

Summary 1VIode1 Statistics Predicted vs Acfual

RSquared 0965

AdjustedRSquared 096

DurbinWatson Statistic 166
Mean Abs Err MAPE 196 3os000

z80000

Adjusted Observations 16

Deg ofFreedom foi Error 13 2ss000

FStatistic 181
ProbFStatistic 0 0000

Bayesian Information Criterian BIC 1759 2os000

Model Sum ofSquares 1I474058
Sum ofSquared Errors 412799557 ts0000

Mean SquaredError 3175381204
ig0000 2os000 230000 2ss000 28000o aos000

Std Error ofRegression 563505 Acua

Mean Abs Dev MAD 436881
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KENERGY CORP

2009 LOAD FOItECAST

MODEL SPECIFICATIONS

RURAL WINTER COINCIDENT PEAK DEMAND LONGTERM FORECAST

Dependent Variable Rural Winter CP Demand

Model Type Econometric

Model Specification

Variable Descri Non Value Standard Err tStatistic Value

CONST Inter t 20246 16212 12 2402

Rural kWh Rural S stem En Purchases 01854 00160 116 000

MinTemp Minimum Temperature 833987 311895 27 233

Sammary Model Stafistics Predicted vs Actual

0919RSquared
AdjustedRSquared 0905

DurbinWatson Statistic 2224
0 280000

Mean Abs Err IVIAPE 271 o

Adjusted Observations IZ d 2a0000
Deg of Freedom for Error
FStatistic 68 a K

ProbFStatistic 200000

Bayesian Information Criterian BIC 1823

Model Sum of Squares 8151439420

Sum ofSquared Errors 718 s0000

Mean Squared Error 5987582216 160000 200000 2a0000 280000

Std Enor of Regression 773795 ncma

Mean AbsDev MAD 580349

I
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KENERGY CORP

2009 LOAD FORECAST

MODELSPECIFICATIONS

RESLDENTIAL CONSUMERS LONGTERM FORECAST

Dependent Variabte Residential Consumers

Model Type Econometric

Model Specification

Variable Descri tion Value Sfandard Err tStatistic Valae

CONST Interce t 1206 592 20 424

ResDataHH Households 53835 24108 22 262

Monthl IndicatorsD HH Sin Variable for Households 63821 35179 18 705

RCON LTLagDe 1 Lag ofHouseholds 0967 0014 6776 0

Summary Model Statistics Predicted vs Actual

RSquared 0999

AdjustedRSquared 0999 s0000

DwbinWatson Statistic 1516

Mean Abs Err MAPE 012 as000

a0000
Adusted Observations 347

peg of Freedom for Error 343 as000

FStatistic 182654 a
ProbFStatistic 0 s0000

Bayesian Information Criterian BIC 953
uo

Model Sum of Squares 7165195693
Sum of Squared Eriors 4 z0000

lVtean Squared Error 13 20000 25000 30000 35000 40000 45000 50000

Std Error of Regression 11435 nca

MeanAbs Dev 1VIAD 4903

D15 I
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KENERGY CORP

2009 LOAD FORECAST

MODEL SPECIFICATIONS

RESIDENTIAL USE LONGTERM FORECAST

Dependent Variabie Residential Use

Model Type Statistically Adjusted EnciUse

Model Specification

Variable Descri tion Value Standard Err tStatistic Value

CONST Interce t 151 70 22 317

3AEDataBase Indx Base Index 985 80 124 000

SAEDataSH Indx S ace Heatin Index 12606 1313 96 000

SAEDataAC Indx Air Condifionin Index 31219 2134 146 000

RUSE LTE rl La ofS ace Heatin Index 14418 1303 111 000

RUSELTExpr2 Lag of Air Conditioning Index 19934 2141 9311 0

Summary Model StaNsNcs Predicted vs Actual

RSquared 0710

AdjustedRSquared q706 lgoo

DurbinWatson Statistic 1365

Mean Abs Err MAPE 815
isoo

Adjusted Observations 347
S I

Deg of Freedom for Error 341 1200

FStatistic 167 a
ProbFStatistic 900
Bayesian Information Criterian BIC 986

Model Sum of Squares 14683118
Sum ofSquared Errors 5987041 6o0

Mean Squared Error 17 600 900 1200 1500 1800

Std Error of Regression 133 Accuai

Mean Abs Dev MAD 9697
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KENERGY CORP

2009 LOAD FORECAST

MODEL SPECIFICATIONS

SMALLCOAVIERCIAL CONSUMERS LONGTERMFORECAST

Dependent Variable Small Commercial Consumers

Model Type Econometric

Model SpecificatioQ

Variable Descri tion Value Standard Err tStatistic Value

CONST Interc t 13430 15350 09 3829

Monthl Em HHIndex Em lo ent er Household 16 83 02 8506

Monthl Reclass Bin varialile 1836 46 399 000

qR1 Autoregre5siye Parameter 0998 0004 2417 000

Summary Model Statistics Predicted vs Actual

0801445276RSquared
AdjustedRquared 0747293988 10000
DurbinWatson Statistic 0379117122

Mean Abs Et MAPE 777 9000

0 8000

Adjusted Observations 15 y

Deg of Freedom for Error 11 7000

FStatisric 15 a 6000

ProbFStatistic
Bayesian Information Criterian BIC 1339 5000

Model Sum of Squares 19248329 4000

Sum of Squared Errors 4768693 4000 6000 8000 10000
Mean Squared Error 43351756
Std Error ofRegression 65842 Actual

Mean Abs Dev MAD 45372
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KENERGY CORP

2009 LOAD FORECAST

MODEL SPECIFICATION

SMALL COMMERCIAL ENERGY LONGTERM FORECAST

Dependent Variable Small Commercial Energy

Model Type Econometric

Model Specifcation

Variable Descri fiou Vafue Standard Err tStatistic Value

CONST Interce t 1167 852 14 1716

Monthl RetSales Em Grossre onal duct 87 51 1J 927

CommDataIDD Heatin De D s 1 0 83 000

3 Q 120 000
CommDataCDD Coolin De e Da s

CommDatad7 Bin Variable Jul 531 141 38 002

408 157 26 099a
CommDatad8 Bin Variable Au t

CommDatad9 Bin Variable S tember 239 159 15 1335

CommDatadl0 Bin Variable October 599 155 39 001

CommDatadll Bin Variable November 547 131 42 000

CommDataBAD Bin Variable Bad Data 5T77 345 150 000

Monthl Reclass Bin Variable Reclassification 826 183 45 000

Autoregressive parameter 05490 00530 103 000
1

Summary Model Statistics
Predicted vs Actual

RSquared 0668

AdjustedRSquared 0655 opo

DurbinWatson Statistic 1798

Me Abs o En MAPE 9040 6000

s000

Adjusted Observations 287 d

Deg ofFreedom for Error 25 qppp

FStatistic
0

a
3000

ProbFStaiistic
Bayesian Information Criterian BIC T214

2000

Model Sum of Squares 8SOE07

Sum of Sguared Errors 42285573 t000

Mean SquaredError 15376572 oo0 2000 3000 4000 s000 b000 000

Std Error ofRegression 39213 Acns

Mean Abs Dev 1vIAD 29880

i
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BIG RIVERS ELECTRSC CORPORATION

Z009 LOAD FORECAST
NATNE REQUIREMENTS Actual vs Weather Normalized

NatoveSIstem Energy
Requirements MWh Peak Deneand MVI

Weather Weather

Year Nlonth Actual Normalized Actual Normalized

2004 1 301481 291519 S39 542

2004 2 269384 265559 497 498

2004 3 244507 253 442 447

2004 4 221929 234255 424 426

2004 5 256744 242822 499 500

Z004 6 272105 269775 546 555

2004 7 292529 312230 604 609

2004 8 278782 303399 561 577

2004 9 256251 278026 520 536

2004 10 228447 242150 395 402

2004 11 237388 248158 420 430

2004 12 299151 288658 562 563

2005 1 290977 296271 558 561

2005 2 250859 269363 494 507

2005 3 266218 267327 493 493

Z005 4 222I37 227625 396 403

2005 5 238310 252959 461 462

2005 6 282028 275035 582 579

2005 7 312809 311511 618 617

20U5 8 321920 306095 613 610

2005 9 271730 257523 556 562

2005 10 Z44275 239487 495 488

2005 11 245903 244224 478 471

2005 12 312704 304232 555 598

2006 1 277659 298305 501 518

2006 2 268204 272161 527 520

2006 3 259604 258225 482 488

2006 4 221233 230968 416 420

2006 5 242349 247528 503 492

2006 6 277 277584 593 597

2006 7 313299 31Q455 631 634

2006 8 322137 318367 629 631

2006 9 238914 261410 478 499

2006 10 248768 250327 472 465

2006 11 255857 254224 477 479

2006 12 288620 298481 593 595

Z007 1 298892 306873 585 587

2007 2 298575 284078 610 612

2007 3 250441 259052 466 470

2007 4 Z39323 242364 442 436

2007 5 256757 245753 505 508

2007 6 284 272793 558 562

2007 7 305658 315725 591 597

2007 8 347855 306425 660 638

2007 9 270809 246616 573 561

2007 10 250135 237103 526 502

2007 il 256 248296 494 494

2007 12 294176 305577 520 534

2008 1 328880 321773 619 626

2008 2 293019 289360 555 560
2008 3 272584 270937 535 537

2008 4 229843 234054 443 445

2008 S 235264 246621 477 483

2008 6 287388 281749 562 566

2008 7 309715 303689 616 624

2008 8 300016 314512 595 602

2008 9 257096 264301 566 560

2008 10 242631 238016 443 440
2008 il 264279 256109 519 512

2008 12 319606 316410 612 609
E
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Energp Efficiency and Demand Response Potential

1 EXECUTIVE SUMAffARY

In December 2009 the Big Rivers Electric Corporation Big Rivers or the Companp commissioned
GDS Associates to conduct a study of the potential for electric energy efficiencp programs to reduce
electric consumption and peak demand throughout tie Big Rivers member territory Recent forecasts

predict total electricity sales and peak demand in the Big Rivers member territory to increase at an
average annual rate of more than 2 from 2011 through 2020 Iruproving energy efficiency and lowering
electric demand in homes businesses and industries can be a cost effective way to address the challenges
of increasing energy costs and the increasing demand for energp Consequendy energy efficiency
potential studies are important and helpful tools for identifying those energy efficiency measures that are
the most cost effective and that have the most significant electricity savings potential The results of this
study provide a roadmap for the development of detailed program plans for cost effective energy
efficieney measures The authors of this report emphasize that only energy efficiencp measures that cost
less than new power supply resources are considered to be cost effective

This detailed report presents results from the evaluation of opportunities for energy efficiency programs
in the Big Rivers members service territories Estimates of technical potential economic potential and
achievable potential bp the year 2020 a 10pear period are provided for the 1 residential and
commercialindustrial C sectors Results from a program potential scenaxio are also presented to
estimate the portion of the achievable potential that might be achieved given a specific funcling level and
programdesign

All results were developed using customized residential and commercialindustrial C sectorlevel
potential assessment computer modeLs and Companyspecific cost effectiveness criteria including the
most recent Big Rivers avoided cost projections for electsicitp To help inform these models measure
saturation data was primariiy obtained from the 2007 Big Rivers EndUse and Energy Efficiency Survey
for residential and the 2003 US Energy Information Administration EIA Commercial Building
Energy Consumption Survep CBECS for the CI sector These surveys provided valuable insight
regarding the current saturation of electrical equipment and baseline levels of energy efficiency
throughout the Big Rivers service axea

The results of this studysrrimarized herein provide detailed information on energy efficiency measures
that are most cost effective and have the greatest potential kWh and kW savings The data used for this
report were the best available at the time this analysis was developed As building and appliance codes
and energy efficiency standards change and as energy prices fluctuate adciitional opportunities for
energy efficiency may occur while current practices map become outdated

Actual energy and dernand savings will depend upon the level and degree of voluntary member spstem
participation in DemandSideManagement DSM programs

11 STUDY SCOPE

The study examines the potential to reduce electric consumption and peak demand through the
implementation of energy efficiency technologies and practiees in residential commercial and industrial
facilities The studp assessed energp efficiency potential thxoughout Big Rivers members service
territories over ten pears from 2011 through 2020

GDS Associates Inc
Page 6



Energy Efficienry and Demand Response Potenttal

The study had five main objectives

Evaluate tlie electric energy efficiency technical potential savings in Big Rivers members
territories

Calculate the Total Resource Cost TRC benefitcost ratio for potential electric energy
effieiency measures and progratns and determiae the electric energy efficiency economic
potential savings for the Big Rivers members

Evaluate the potential for achievable savings through electric efficiencp programs over a tenyeax
horizon 20112020

Exmine electric energy efficiency progran designs and recommend example programs for
consideration

Estimate the potential savings over a tenyear period from the delivery of a portfolio of example
energy efficiencp programs based on a specific funding level The portfolio of programs has
been designed based on a total budget of roughly 112 million dollars from 20112020 1
rimillion in 2011 followed by an increase of25annually from 20122020

The seope of this study distinguishes among four types of energy efficiency potential 1 technical 2
economic 3 achievable and 4 program potential The definitions used in this study for energy
efficiency potential estimates are as follows

Technical Potential is defined in this study as the complete and imniediate penetration of all
measures analpzed where they were deemed to be technically feasible from an engineering
perspective without regard to economics
Economic Potential is the subset of technical potential resources that are costeffective based
on the Total Resource Cost Test i

Achievable Potential is the realistic penetration of cost effective energp efficiency measures
taking into account realworld market and adoption baxriers 1his study provides a base case
achievable potential scenario that taxgets 30 of the remauung market by 2020

I

Program Potential is the achieva6le potential possible given specific funding levels and
program designs

Limitatiorts to the ccope ofstudy As with any assessment of energy efficiency potenrial this study necessarily
builds on a large number of assumptions including the following

Measure lives measure savings and measure costs
The discount rate for determining the net present value of future savings

Projected penetration rates for energy efficiency measures
Projections of electric generation avoided aosts for capacity and energy
Transmission and distribution avoided costs

While the authors have so ht to use the best available data there are many assumptions where there
may be reasonable alternative assumptions that would pield somewhat different results Furthermore

while the lists of ineasures examined in this study represent most commercially available measures these
measure lists are not exhaustive Finallp there was no attempt to place a dollar value on some difficult to

GDS Associates Inc
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Energp Efficiencp and Demand Response Potential

quantify benefits arising from installation of some measures such as increased comfort or increased
safety which may in turn support some personal choices to implement particular measures tiat may
otherwise not be costeffective or onl mar all soY Y

12 RESULTS OVERVIEW

Figure 11 presented below shows that cost effective electric energy efficiency resources can play a
significantly expanded role in Big Rivers energy resource mig over the next decade

Figur9e 1t 2020 DSM Potential Savings Summary

500

450

400

A

350 L

300

250

200 a
j

150

100

I
50

10 14 I
00 I

Technical Economic Achievable Program
II

Potential Potential Potential Potential

MWh Winter MW

This study examined over 200 energy efficiency measure permutations in the residential commereial and
industrial sectors combined The findings suggest that the Company could save up to 316 of total
energy sales and 401 of winter peak demand bp pursuing Economic Potential energy efficient
techriologies In the base ease Achievable Potential scenario savings of approximately 88 of total
energy sales 311744MWh and 116of winter peak demand 795MV are possible by 2020

The example programs analyzed in tlie Progtarn Potential scenario achieve estirnated savings in 2020
of 34845 MWh and peak load reductions of 95 MW in the winter and 72 MW in the summer at the
endconsumer level This represents approximately 10 of total energy sales 14 ofpeak demand in
the winter and 10of peak demand in the summer by 2020

1 All enexgy and demand savings presented in this report are at the endconsumer meter level unless specifically noted
in this report

GDS Associates Inc
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Energy Efficiency and Demand Response Potential

13 EXAMPLE PROGRAM POTENTIAL SUMMARY

A wide assortment of residential and commercialindustrial energy efficiency measures was found to be
costeffective and as a result Big Rivers has numerous options regarding a potential DSM portfolio
GDS has provided an example portfolio of programs based on the detailed analysis of the cost
effectiveness and market potential of a wide range of energy efficiencp measures and based on a
thorough review of programs offered by other electric utilities In addition to existing DSM programs
Big Rivers map consider expanding their current offerings or target areas such as the appliance market
where there is significant potential for energy efficiency gains In total seven programs were detaled in
the example programs and program potential summaxp

Table 11 presented below provides the energy savings suminer demand savings dollar benefits and
costs for each recommended program Costs represented in this table represent all costs included in the
Total Resouxce Cost test including all measure costs paid bp the utilitp andor participant as well as anp
administrarive or overhead costs Combined the program potential is expected to achieve 34845 MWh
in energy savings in 2020 or 10 of the 2020 forecasted total energy sales In addition the programs
are estimated to save approxiosately 95 1VIW 16of winter peak demand The prograsns represented
in the program potential case can save Big Rivers retail members 331 million over the tenpear period
frorn 2011 to 2020 with an overall Total Resource Cost Test benefitcost ratio of191

Based on these results a portfolio of DSM programs was designed for Big Rivers that could achieve
significant energy and demand savings at apredetemuned level of spending The program potendal
portfolio is based on a scenario of 1 million dollar first yeax spending In total the combined budget
from 20112020 in this case is approximatelp 174million The result is seven suggested programs that
demonstrate electric energy efficiency can play an expanded role in Big Rivers resource mix over the
next decade

Table11 Program Summary
Cumu atve NPV Costs

Currmulative Annual Wirrter NPV utiity

Annual MWh MW Savings Benefits Participants TRC BC

Savings 2020 2020 2011 2011 Ratio

Residential Energy Efficiency Programs in millions

Residential Lighting Prograrn 1221 03 20 08 242

Residential Efficient Appliances 3430 02 24 13 183

Residential Advanced Technologies 4361 20 47 34 135

Residential Weatherization 9345 37 127 52 244

Residentiel New Construction 1421 06 20 11 iJ1

2 CommercioIndusiriaProgrvms

CI Prescriptive Lighting 9360 23 53 28 190

CI Prescriptive HVAC 5707 04 42 27 156

ToaSavingsEConsurner 34845 95 331 174 191

Toto Sovings Generufion 38631 105

GDS Associates Inc
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Energy Efficienry and Demand Response Potential

2 GLOSSARY OF TERNlS

The following list defines many of the key energy efficiency temzs used throughout this study

Achievable potential the amount of energy use that efficiency can realisticallp be expected to displace
assuming the mostaggressive program scenario possible e providing endusers with payments for the
entire incremental cost of more efficient equipment This is often referred to as maximum achievable

potential Achievable potential takes into account realworld baruers to convincing endusers to adopt
efficiency measures the nonmeasure costs of delivering programs for administration marketing
traclng systems monitoring and evaluation etc and the capabilitp of programs and administrators to
ramp up program aativity over time

Automated Metering Infrastructure refers to systems that measure collect and analyze energy usage
and interact with advanced devices such as electricity gas and water meters through numerous types of
communicatton media either ondemand or on predefined schedules This infrastructure includes
hardware software communications consumer energy displays and controllers customer associated
systems supplier and networkdistribution business systems etc

Applieability factor the fraction of the applicable dwelling units that is technically feasible for
conversion to the efficient technology from an engineering perspective eg it may not be possible to
install CFLs in all light sockets in a home because the CFLs may not fit in every socket in a home

Base Case Equipment EndUse Intensity the electricity used per customer per pear by each base
case technology in each maket segment This is the consumption of the electric energy using equipment
that the efficient technology replaces or affeets For example if the efficient measure is a high efficiency
light bulb CFL the base enduse intensitp would be the annual kWh use per bulb per household
associated with an incandescent light bulb that provides equivaTent lumens to the CFT

Sase Case Factor the fractton of the enduse electric energy that is applicable for the efficient
technology in a given market segment For example for residential lighting this would be the fraction of
allresidential electric customers that have electric lighting in their household

Coineidenee faetor the fraction of connected load expected to be on and using electricity coincident
with the spstem peak period

Costeffectiveness a measure of the relevant economic effects resulting from the implementation of
an energy efficiency measure If the benefits outweigh the cost the measure is said to be costeffective

Cumulative annual refers to the overall savings occurring in a given year from both new participants
and savings continuing to result from past participation with measures that are still in place Cumulative
annual does not always equal the sum of all prior year incremental values as some measures have
relatively short lives and as a result their savings drop off over tirne

Demand response the ability to provide peak load capacity through dernand management load
control programs This methodology focuses on curtailment of loads dna peak demand times thus
avoiding the requirement to find new sources ofgeneration capacity

2 Potential definitions taken from National Action Plan for Energy Effiaenry 200 Guide for Conducting Energy
Efficiency Potential Studies Pre ared by Philip Mosenthal and JeffreyIoitex Optimal Energy Inc

GDS Associates Inc
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Early replacement refers to an efficiency measure or effieiency program that seeks to encourage the
replacement of functional equipment before tie end of its operating life with higherefficiencp units

Economic potential the subset of the teehniaal potential sereen that is economicaIly costeffective as
compared to conventional supplyside energp resources Both technical and economic potential screens
are theoretical numbers that assume imniediate irnplementation of efficiency measures with no regard
for the gradual ramping up process of reallife pro In addition they ignore market barriers to
ensuring actual unplementation of efficiency

Enduse a categorp of equipment or service that consumes energy e lighting refrigeration heating
process heat

Energy efficiency using less energy to provide the same or an improved level of service to the energy
consumer in an economically efficient way Sonetimes conservation is used as a synonym but that
erm is usuallp taken to mean using less of a resouree even if this results in a lower service level eg
setting a thermostat lower or reducing lighting levels This recognizes that energy efficiency includes
using less energy at anp time inclucling at times of peak demand through demand response and peak
shaving efforts

Free Diver individuals or businesses that adopt an energy efficient product or service because of an
energy efficiency program but are difficult to identify either because they do not receive an incentive or
are not awaxe of the program

Free Rider participants in an energy efficiency proaT1who would have adopted an energy efficiencp
technology or improvement in the absence of a program or financial incentive

Ineremental savings or costs in a given year associated only with new installations happerung in that
specific yeax

Lostopportunity refers to an energy efficiencp measure or energy efficiency program that seeks to
encourage the selection of higherefficiency equipment or building practices than would typicallp be
chosen at the tune of a purchase or design decision

Measure anp action taken to increase energy efficiencp whether through changes in equipment
control strategies or behavior Egamples are higherefficiency central air conditioners oceupancy sensor
control of lighting and retrocommissioning In some cases bundles of technologies or practices map be
modeled as single measures For example an ENERGY STAR TM home package may be treated as a
single measure

1VdW a unit of electrical output equal to one million watts or one thousand kilowatts It is typically used
to refer to the output of a power plant

MWh one thousandllowatthours or one million watthours One MWh is equal to the use of
1000000 watts of power in one hour

Nettogross rateo a factor representing net prograri savings divided by gross program savings that is
applied to gross program impacts to convert thern into net program load impacts

Portfolio Either a collection of similar programs addressing the same market technology or
mechanisms or the set of all programs conducted by one organization
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Program a mechanism for encouraging energy efficiency that inap be funded by a varietp of sources and
pursued bp a wide range of approaches typicallp ineludes multiple measures

Program potential the efficiency potential possible given specific program funding levels and designs
Often program potential studies are refened to as achievable in contrast to maximum achievable

Remauung factor the fraction of applicable units that have not pet been converted to the electric
energy efficiency measure that is one minus the fraction of units that alreadp have the energy efficiency
measure installed

Replaceonburnout a DSM measure is not implernented until the existing technology it is replacing
fails An example would be an energy effictent avater heater being purchased after the failure of the
existing water heater

Retrofit refers to an efficiency measure or efficiency programthat seeks to encourage the replacement
of functional equipment before the end of its operating life with higherefficiency units also called early
retirement or the installation of additional controls equipment or materials in existing facilities far
purposes of reducing energy consumption eg increased insulation low flow devices lighting
occupancp controls economizer ventilation spstems

Savings faetor the percentage reduction in electricity consumption resulting from application of the
efficient technology used in the formulas for technical potential screens

Iechnical potenrial the theoretical maximum amount of energy use that could be displaced by
efficiency disregarding all nonengineering constraints such as costeffectiveness and the willingness of
endusers to adopt the effieiency measures It is often estimatecl asasnapshot in time assuming
immediate implementation of all technologically feasible energy saving measures with additional
efficiency opportuniries assumed as they arise from activities such as new construction

Total Resource Cost TRC test measures the net costs of an energp efficiency measure or
program as a resource option based on the total costs of the prograin including both the participants
and the utilitys or program administratorscosts The benefits include the avoided electric supply
costs the reduction in transmission distribution generation and capacity costs valued at marginal cost
Eor the period when there is an electric load reduction as well as savings of other resources such as fossil
fuels and water The costs are the prograin costs paid both by the utility or program adrninistrator and
the participants All equipment costs installation operation and maintenance cost of removal and
administration costs are included in this test The TRC test includes only direct costs and benefits not
externalities or nonmonet factors Results are typically expressed as either net benefits or a benefit
tocost ratia

Useful Life The number of years or hours that the new energy efficient equipment is expected to
function Useful life is also commonly referred xo as measure life
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3 INTRODUCTION

The territories and spstem loads for BigRivers members are growing From 1999 to 2008 the number

of total members grew at a rate of nearlp 14 annually The current load forecast expects the number
of inembers will contiaue to increase at an average rate of13 from 2011 through 2020 the timeframe
for this studp creating further growth in spstem electricity sales and demand This report assesses the
potential for DSM programs to assist Big Rivers in meeting future energy service needs

31 INTRODUCTION TO ENERGY EFFICIENCY

Efficient energy use often refened to as energy efficiency is using less energy to provide the same level
of energy service An example would be insulating a home or business to use less heating and cooling
energy to achieve the same inside temperature Another egample would be installing fluorescent lighting
in place of incandescent lights to attain the same level of illutnination In general energy efficiency is
achieved primarily through more efficient technologies andor processes rather than bp changes in
individual behavior

311 ENERGY EFFICIENCY 4CTIVITY

Making homes and buildings more energy efficient is seen as a largely untapped resource for addressing
energy security and fossil fuel depletion Faced with rapidly increasing energy priees constraints in
energy supply and demand and energy reliability concerns states are turning to energy efficiency as the
most reliable costeffective and quickest resource to deplop For example tie state of California began
implementing energyefficiency measures in the mid1970s including building codes and appliance
standasds with strict efficiencp requirements During the following pears Californias energy

consumption has remained approximatelp flat on a per capita basis while national US consumption
doubled As part of its strategy California implemented a threestep plan for new energy resources that
puts energy efficiency first renewable electricity supplies second and new fossilfired power plants last

In 2004 TheAmerican Council for an Energy Efficient Economp ACEEE reviewed 11 studies on the
technical economic and achievable potential for energy efficiencp in the US Overall the findings
suggest that substantial potential savings remain throughout the narion the technical energy efficiency
savings potenrial was estimated at 33 of total US electrie consumption In earlp 2009 the Electric
Power Research Institute EPR estimated the mairnum achievable potential for energy savings at 8
of total US electric consumption

A more recent study by ACEEE offers infomation regarding the current savings and spending related
to energy efficiency by states Based on selfreported data the top energy efficient states spend roughly
2 of annual electric sales revenue on energy efficiency programs In addition the top states axe
currently achieving annual energy efficiencp savings of rouglilp 1 of total electric sales These findings
suggest additional opportunities remain for energp efficiency in the state of Kentucky and throughout
theUS

3
Mufson Steven In Energy Conservation California Sees the Light Washington Post Februaiy 17 2007 Page

A01
4

Assessment of Achievable Potential from Energy Efficienry and Demand Response Programs in the US 20102030
Completed by the Electric Power Research Institute EPR January 2009
5 The 2009 State Energy Efficienry Scorecard Re ort E097 ACEEE October 2009
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312 GENERAL BENEFITS OF ENERGY EFFICIENCY

There axe a number of benefits for organizations that pursue energp efficiencp programs These benefits
include avoided energy and capacity cost savings nonelectric benefits such as water and fossil fuel
savings environmental benefits economic stimulus job creation risk reduction and energy security

Avoided energy and capacity costs are the costs of power an electsic utility would incur to construct and
operate new electric power plants or to purchase power from another souxce if not avoided due to the
energy efficiency measures being studied These avoided costs of electacity include both fixed and
variable costs that can be directlp avoided through a reduction in electricity usage The energy
component includes the costs associated with the production of electricity while the capacity component
includes costs associated with the capability to deiiver electric energy and consists primarily of the capital
costs of generation facilities

At the consumer leel energy efficient products typically cost more than their standard efficiency
counterparts but this additional cost is balanced by lower energy consumption and lower energy bills
Over time the money saved from energy efficient produets will pay consumers back for their uurial
investment as well as save them monep Although some energy efficient technologies are complex and
expensive such as instaling new high effieienep windows or a high efficiency boiler manp are simple
and inexpensive Installing compact fluorescent Iighting or lowflow water devices can be done bp most
individuals

Although the reduction in energy and capacity costs is the primary benefit to be gained froni investments
in energy efficiencp the urilitp its consumers and society as a whole can also benefit in other waps
Many electric efficiencp measures also deliver nonenergy benefits For example lowflow water devices
and efficient clothes washers also reduce water consumption Similarly weatheriaation measures that
improve the builcling shell not onlp save on air conditioning costs in the summer but also can saoe the
customer money on heating fuels such as natural gas or propane Reducing elecrricity consumption also
reduces harmful emissions such as SOx NOx and CO2 into the environment

Energy efciency programs create both direct and indirect jobs The manufacture and installation of
energy efficiencp products involves the manufacturing sector as well as research and development
service and installation jobs These aresllled positions that are not easily outsourced to other states and
countries The indirect jobs are more difficult to quantify but result from households and businesses
experiencing increased discretionary income from reduced energy bills These savings produce multiplier
effects such as increased investment in other goods and services driving job creation in other markets

Energy efficiencp reduces risks associated with fuel price volatility unanticipated capital cost inereases
environmental regulations supply shortages and energy security Aggressive energy efficiency programs
can help eliminate or postpone the risk associated with comnutting to large investments for generation
facilities a decade or more before they axe needed Energy efficiencp is also not subject to the same
supply and transportation constraints that impact fossil fuels Finally energy efficiency reduces
competition between states and utilities for fuels and dependence on fuels imported from other states or
countries to support electricity production Energy efficiency can help meet future demand increases and
reduce dependence on outofstate or overseas resources

GIS Associates Inc
Page 14



Energy Efficiency and Demand Response Potential

32 REPORT ORGANIZATION

The remainder of this re ort is or ed in the follo seven sections as followsP g

Section 4 Characterization of Big Rivets Members Temtonies provides an overview of the Big
Rivers member territory and a brief diseussion of the historical and forecasted electric energy sales as
well as peak demand

Secton 5 verall Ptoject Irrlplementation lpptoach details the development of technical

economic and achievable potential for energy efficiency and demand response savings

Section 6 Residentral EnergyEciency Potential Estirnates 20112020 provides a breakdown of
the technical economic and achievable potential in the residential sector

Section 7 Commercial and Industrial Energy Efliciency FotentsalEsrriates 20112020 provides
a breakdown of the technical economic and achievable potential in the CI sectar

Section 8c Demand Response Analysis provides a breakdown of the demand response analysis for
both residenrial and CI

Section 9 Example Prograrns and Program Potentral Savings 20112020 provides example
efficiency programs targeting axeas of existing savings The example programs include descaptions
savings costs measures included and benefits A program potential estimate is included in this section
based on a specific funding level

Seerion 10 Conclusions presents the final discussion regarding potential for energy efficiencp savings
through 2020
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4 CHARACTERIZATION OF BIG RIVERS MEMBER TERRITORY

r market assessment studies that have a eared over the last five earsDSM potential studies and othe pp y

are valuable sources of infomation for plarLnina energy efficiency programs In order to develop
estimates of electricity savings potential it is important to understand the extent to which electricity is
used by households and businesses in Big Rivers service temtorp This section provides a brief overview
of the Big Rivers members territories the historical and forecasted electric energy sales and system peak
demand and the ongoing energy efficiency efforts ofBig Rivers member systems

41 BIG RIVERS MEMBER SERVICE TERRITORY

Big Rivers is a generatton and transmission cooperative headquartered in Henderson Kentuckp which
provides wholesale power to three member distribution cooperatives Kenergy Corp Kenergy Jackson
Purchase Energy Corporation JPEC and Meade Countp Rura1 Electric Cooperative Corporation
MCRECC all of which provide retail electric service to consumers located in western Kentucky Big
Rivers provides full power requirements for each of its three member cooperatives including two
alutninum smelters located in Kenergys service area Big Rivers member cooperatives provide electric
service in 22 counties located in western Kentucky The climate in the area is humid temperate and
continental

Figure 41 Big Rivers Electric Corporation Member Territory
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Total generation capacitp is 1829 MW including rights to 207 MW at Henderson Municipal Power and
Lights William L Newrnan Station Two facility and 178 MW of dependable capacitp from the
Southeastern Power Administration SEPA Big Rivers owns operates and rnaintains its 1262 mile
transmission system and transmits power to its members and third party entities under its the Open
Access Transmission Tariff on file with the Federal Energy Regulatorp Cornmission FERC

42 CUSTOMER CLASS OVERVIEW

According to 2009 historical sales data the residential sector accounts for 48 of total energy sales while
the small and large CI sectors account for 23 and 29 respectively Although the residential sector
constitutes the greatest portion of total kWh sales the industrial sector consumes the most energy on a

6 These figures and all future forecasts referenced in this document do not include the sales from the two large smelters
in the member service area Together the two smelters consumed more than 67 million MWh in 2009
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per member basis In 2009 the avesage industrial facility consumed roughly 483 million kWh annuallp
Comparatively the average commercial member used approximately 48900 kWh per pear while
residential members use 15350 kWh per year on average These nwnbers do not include the sales from
the two large srnelters in the service area Togethex the tvio smelters consumed more than 67 million
MWh in 2009

Figure 42 2009 Historical Energy Sales by Customer Class IVIWh

5

1

Note The chart above does not include sales from the two large smelters in the service azea i

The residential sector is don3inated bp singlefamily household consumers According to the 2007 Big
Rivers EndUse and Energy Efficiency Survep approximatelp 85 of households are single faznily
homes 13 are manufactured homes and 2 ase considered multifarnilp homes Electric cooling
systems are present in 98 of all households The most common type of electric cooling unit is the
Central AC representing 68 of homes 165 are heat pumps and the remaining 136of households
rely on room AC units to perform the primary eooling function in the home

Meanwhile 43 of households report electric heating as the primarp fuel source for space heating in the
Big Rivers members territories Natural gas and propane is the main source of heat in the majority of
homes 51 The two major electric heat appliances are electric fixrriaces 20 and electric heat
pumps 15 Approximately twotbirds 68 of all homes have electric water heating

Because Big Rivers did not have any detailed inforrrmation on the commercial and industrial sector the
breakout camefrom EIAs Commercial Building and Energy Consumption Survey using the East
South Central regional data The East South Central region includes Kentueky Tennessee Mississippi
andAlabama Details on the breakout can be found in Section 7 of this study

i
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43 FORECAST OF CONSUMERS ENERGY SALES S PEAK DEMAPID ZO112020

Table 41 resented below dis la s a reference case of forecasted data for the nurnber of electricp P Y

members and Table 42 presented below presents aruival MWh sales bp sector In these tables MWh
sales for the small commercial sector refer to small commercialindustrial loads at or less than 1000
KW while large commercialindustrial includes those customers whose peak demand exceeds 1000
KW These two categories were combined for the cornmercialindustrialsector analpsis

The Big Rivers load forecast for the member temtories projects that total MWh sales at generation will
grow by 352117 MWh over the next decade at a compound average annual growth rate of11 a pear
Table 42 The residential and commercial sectors are projeeted to grow at 14 and 18 a year
respectively while the current load forecast does not predict growth from the large cominercial sector

Table 41 Forecast Number of Members from 20112020

TOTAL BIG RIVERS SYSTEM

Large
Small Commercial

Year Residential Commercial ndustrial Total

2011 99121 15113 19 114254

2012 100377 15397 19 115794
Z013 101657 15 19 117359

2014 102919 15964 19 118902

2015 104169 16241 19 120430

2016 105409 16515 19 121943

2017 106644 16785 19 123448

2018 107886 17OS2 19 T24958

2019 109136 17317 19 126471

2020 110382 17578 19 127979
i rt y

1
t

y rn r
c
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Compound

Annual Avg Rate 120 169 000 127

of Growth

Table 42 Forecast Sales Data from 20112020 MWh

TOTAL BIG RNERS SYSTEM

Large
Small Commercial Total Nadve

Year Residendal Cpmmercial Industrial System @ Generadon

2011 1529810 743153 950515 3223478 3371088

2012 1549351 755211 950515 3255077 3404628

2013 1566383 766768 950515 3283666 3434973

2014 1585820 780131 950515 3316465 3469788

2015 1608140 794941 950515 3353595 3509200

2016 162969Z 810225 950515 3390432 3548299

2017 1657057 825595 950515 3433166 3593659

2018 1683558 841103 950515 3475176 3638250

2019 1710391 856804 950515 3517710 3663398

2020 1732071 672627 950515 3555ZS3 3723205
r1s Latt rNli1L r ec Jy 1 r7Iirry lr y r

i y1 rf h Se
T klf

saraczaCa ti auFILYeixF

Compound
AnnualAvg Rate 139 180 000 109ib 111

of Growth
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Electric systeru winter peak load at generation as shown below in Table 43 is projected to groov from
appromatelp 648 MW in 2011 to 718 1VIW by the year 2020 an annual growth rate of12 The

residential sector has the highest peak demand approximately 64 of total peak load 395 M in 2011
and an annual growth rate of14 percent During 2011 through 2020 spstem peak demand is estimated
to increase bp 53 11W in the residential sector with an additional 14 MW increase attributed to the small
eommercialindustrial sector The summer peak demand shown in Table 44 is also egpected to grow
from20112020 but at a slightly lower annual rate

Tabfe 43 Forecast Winter Peak Demand frorv 20112020 AAV

TOTAL BIG RIVERS SYSTEM

Large
Small Commercial Total Native

Year Residential Commercial Industrial System @ Generation

2011 395 112 112 619 648

2012 400 113 112 626 654

2013 405 114 112 631 660

Z014 410 116 112 638 667

2015 416 117 112 645 675

2016 422 119 112 653 683

2017 428 121 112 661 692

2018 435 123 112 670 701

2019 442 125 112 678 710
2020 448 126 112 686 718
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Compound Annuul
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Table 44 Forecast Summer Peak Demand from 20112020 MV1

TOTAL BIG RIVERS SYSTEM

Large
Small Commercial Total Native

Year Residential Commercial Industrial System @ Generation

2011 366 122 119 607 635

2012 366 122 119 607 635

2013 370 123 119 613 641

2014 374 125 119 618 647

2015 379 126 119 624 653

2016 384 128 119 632 661

2017 390 130 119 639 669

2018 396 132 119 647 677

2019 402 134 119 655 68b

2020 408 136 119 663 694
mcr z

Lw Hy Fsre F t T r5rz4t foSxt S 11 1rM hiyai4 a Ie0

Compound Annual
Avg Rate of 122 122 000 099 101

Growth
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44 CURRENT DSM OFFERINGS

B Rivers and its three distribution member coo eratives rovide DSM ro s that are rimaril
ig P P P P Y

education about energy efficiency vvith the exception being distribution of CFL lighting at no cost to
nzembers Listed below are the activities and programs that are currently in place and are intended to
educate and inform retail members of aQailable energy efficiencp opportunities

1 Distribution cooperative websites Each of the distribution cooperative websites provides
easy to use Horne Energy Suites The Suites provide methods to unprove efficiency and save
energy in the home Adjustable inputs specific to a home allows customers to compare their
current energy use to estimated energy use resulting from various improvements in efficiencp

2 1Vlarketing and proanotion Historicallp the majority of comrnunications between the

distxibution cooperatives and their customers focused on energy efficiency education Their

advertising efforts focus on promoting Touchstone Energy Homes aad the use ofEnergy Star
appliances and lighting insulation and high efficiency HVAC

3 Home Energy Efficiency Expo Each of the memer cooperatives has hosted residential
energy efficiency expos that provide education and outreach to customers focusing on energy
efficiency in the home

4 Distriburion of DOEEPA Hoane Efficiency Tips booklet The distribution member

cooperatives have provided thousands of Home Energy Tips booklets to new and existing
customers that visit the cooperative offiees A US Department of Energy OE and US
Environmental Protection Agency EPA partnership produced aHome Energy Tips
booklet which has been used to train customer service representatives CSRs on energy
efficiency and to help the CSRs educate customers

5 CFL distribution CFLs are distributed to custoiners ofJPEC MCRECC and Kenergy Each
of the distribution cooperatives has provided the high efficiency lamps to customers at their
annual meetings as well as to customers who visit during cooperative month in October To

date approximatelp 109000 CFL bulbs have been provided to retail customers at no cost

6 Energy Use Assessments These assessments are provided to commercial and industaal
customers upon request Walk through energy audits help identify simple and low cost
fficiency measures that customers can install Educational programs are also avaiiabTe for
employees of commercial and industrial members

7 Big Rivers offers renewable energy to the member cooperatives Big Rivers provides energy
from an Energy Star certified Combined Heat and Power CHP project operated bp
Domtar Inc a specialty paper manufacturer The power is generated from wood chips that are
waste bp products of the paper manufacturing process Customers wishing to purchase this
renewable energy can contract with any of the distribution cooperatives

8 JPEC and Big Rivers Electric Corp upgraded their facility lighting to high efficiencp electronic
ballasts and fluorescent lighting

GDS Associates Inc
Page 20



Energy Efficiency andDemand Response Potential

9 Big Rivers provided energy saving analyses to industiial and large commercial members bp
combining efforts with the membersystems the DOE and the Universitp of Louisvilles

entuc Pollution Prevention CenterK ky

10 Big Rivers provided support to membersystem school districts to promote the construction of
high performance schools Hancock County school district renovated three older schools
vvith a focus on energy efficiency and completed a new high performance school in 2006
Meade County school district completed a new high perfomnance school in 2006

11 Big Rivers provided assistance to develop and continues to provide reliability support and back
up power for the Domtar previously Weperhaeuser combined heat and power project in
Hancock County The 50 MW renewable generator produces electricity from wood chips that
arent used in the manufacturing of paper The project won the Energy StarOO CHP award in
2005 for efficiency

5 OVERALL PROJECT IMPLEMENTATION APPRDACH

This section describes the overall methodology used to conduct this study and explains the general steps
and methods used at each stage of the analptical process necessary to produce the various estimates of
energy efficiencp and demand response potential Specific changes in methodology from one sector to
another have been noted throughout the report

Energyeffciency potential studies invoTve carrying out a number of analytical steps to produce estimates
of each type of energy efficiency potential This studp utilizes the GDS BenefitCost Screening TooT an
Egcelbased model that integrates technologyspecific itnpacts and costs customer characteristics utility
load forecasts utility avoided forecasts and more Excel was used as the modeling platform to provide
transparency to the estimation process and allow for simple customization based on Big Rivers unique
characteristics and the availability of specific model input data

51 MEASURE LIST DEVELOPMENT

Energy efficiency measure lists were based on the analysis teams existing knowledge and current
databases of electac enduse technologies and energy efficiency measures and were supplemented as
necessary to include other technology areas of interest to Big Rivers members The study scope was
restricted to measures and practices that are currentlp comrnerciallp available These are measures that

are of most immediate interest to energy efficiency program planners

In addition this studp focused on measures that could be relatively easily substituted for or applied to
existing technologies on a retrofit or replaceonburnout basis Replaceonburnout applies to

equipment replacements that are made normallp in the masket when a piece of equipment is at the end
of its useful life A retrofit measure is eligible to be replaced at anp time in the life of the equipment or
building Replaceonbumout measures are generally characterized bp incrernental measure costs and
savings eg the costs and savings of a highefficiency versus standard efficiency air conditioner whereas
retrofit measures are generallp characterized bp full costs and savings eg the full costs and savings
associated with retrofitting ceiling insulation into an existing attic
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S2 MEASURE CHARACTERtZAT10N

A si ficant amount of data is needed to estimate the savings potential for individual energy efficiencp
measures or programs aeross the entire existing residential commercial and industrial sectors To this

extent considerable effort was expended to identify review and document all available data sources
This review allowed development of reasonable assumptions regarding measure liyes installed

incremental and full costs where appropriate and electric energy and demand saings for each measure
included in the final lists of ineasures in this studp

Savings Esrimates of annual measure savings as a percentage of base equipment usage were developed
from a varietp of sources including

Building energy modeling software and engineering analpses
Secondary sources such as American Council for an EnergyEfficient Economy ACEEE
Department of Energy DOE Energy Information Administration EIA Energy Star
and other technical potential studies
Program evaluations conducted by other utilities and program administrators
Customer meter data

Mearure Costs 1Vleasure costs represent either incremental or full cost and typically include the cost of
installation Cost estimates were derived from

Secondary sources such as ACEEE Energy Sta and other technical potential studies
Retail store pricing and industry experts
Evaluation reports

Measure Life Represents the number of years or hours that energyusing equipment is expected to
operate Useful life estimates were derived from

Manufacturer data

Savings caleulators and Lifecycle cost analyses
Secondary sources such as ACEEE Energy Staxfl and other technical poteniial studies
The California Database for Energy Efficient Resources DEER database
Evaluation reports

Baseline andEcient Technology Saturations In order to assess the amount of energy efficiencp savings still
available estimates of the current saturation of baseiine equipment and energy effieiency rneasures are
necessary The residential sector relied mainlp on the latest EndUse and Energy Efficiencp Survey
completed by Big Rivers in 2007 The commercial sector utilized regional specific data available from
the 2003 Commercial Butldings Energy Consumption Survey CBECS conducted by tie US Energy
Information Administration EIA

Further detail regarding the development of ineasure assumptions for energy efficiencp in tie residential
and commereialindustrial sectors can be found later in this report Adclitionally refer to the individual
sector appendices for a comprehensive listing of all energy efficiency measure assumptions and sources
assessed in this report

I
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53 POTENTIAL SAVINGS OVERVIEW

Potential studies often distin sh between four different types of efficiency potential technical
economic achievable and program However because there are often important definitional issues
among studies it is important to understand the definition and scope of each potential esrimate as it
applies to this analysis

Fi ure 51 T es of DSM Potential

Technical Potential
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Economic Potential

o

o Aechievable Potential

s

oo

a o Program
e Potential

The first two types of studies technical and economic provide a theoretical upper bound for energy
savings Still even the best designed portfolio of programs is unlikely to capture 100 percent of the
technical or economic potentiaT Therefore achievable and program potential tend to be more useful in
that they attempt to estimatewhat niayrealistically be achieved when it can be captured and how much
it would cost to do so Above Figure 51 illustrates the four different types of efficiency potential

54 TECHNICAL POTEPlTIAL

Technical potential is the mamum amount of energy use that could be saved by efficiency measures
assuming immediate implementation of all energy saving measures that are technicallp feasible from an
engineering standpoint For example this would include the imrnediate replacement of every
incandescent bulb with a compact fluorescent lamp or highefficiencp fixture regardless of cost
Considerations of performance willingness of endusers to adopt the technology initiative strategies or
budget do not affect this potential estimate

In general this studp usesabottomupapproach to calculating the potential of an energy efficiency
measure or set of ineasures A bottomup approach first starts with the savings and costs associated
with replaeing one piece of equipment with its efficient counterpart and then multiplies these values by
the number of ineasures available to be installed throughout the life of the program The bottomup

approach is often preferred in the residenrial sector because of better data availability and greater
homogeneity of the building and equipment stock to which measures are applied However this

methodology was not able to be used in the CI sector The savings estimates per base unit are
determined by comparing the high efficiency equipment to current installed equipment for egisting j

construction retrofits or to current equipment code standards for replaceonburnout and new

construction scenarios

Reproduced from Guide to Resource Planning with Energy Efficiencp November 2007 written by the US EPA
Figure 21
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54i CORE EQUATION FOR THE RESIDENTIAL SECTOR

The core equation used in the residential sector technical potential analysis for each individual efficiency
measure is shown below in Figure 52

Figure 53 Core Equation for Residential Sector Technical Potential
Technical Total Number

Base Case

Ptenfial of of Households XntEnd
X

Base Case
X Remaining X Applicability X

Savings

Efficient Nleasure or Buildings
e nsity Factor Factor factor Factor

kWtUunit

Tecinical energy efficiency potential in the residential sector is calculated in two steps In the first step
all measures are treated independently that is the savings of each measure are not reduced or otherwise
adjusted for overlap between competing or interacting measures Bp analyzing measures independendy
no assumptions are made about the combinations or order in which they might be installed in customer
buildings However the cumulative technical potential cannot be estimated by aciding the savings from
the individual savings estimates because some savings would be doublecounted For example the
savings from a measure that reduces heat loss from a building such as insulation are partially dependent
on other measures that affect the efficiency of the system being used to heat the building such as a high
efficiencp furnace the more efficient the fizmace the less energy saved from the installation of the
insulation

In the second step cumulative technical potential is estimated using an energy efficiency supply curve
approach This method eliminates the doublecounting problem mentioned above A generic exampTe
of a supply curve is showninFigure 53 on the following page As shoavn in the figure a supply curve
typically consists of two axes one that captures the cost per unit of saving a resource eg dollars per
kWh saved and another that shows the amount of savings that could be achieved at each level of cost
The curve is tppically built up across individual measures that are applied to specific basecase practices
or technologies by nmarket segment Savings measures are sorted on a leastcost basis and total savings
are calculated incrementally with respect to measures that precede them Supply curves typically but not
always end up reflecting diminishing returns ie costs increase rapidly and savings decrease sigruficantly
at the end of the curve
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Figure 53 Generic Example of a Supply Curve
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As noted above the cost portion of this energyefficiencp supply curve is represented in dollars per unit
of energy savings Cost are annualized often referred to as levelized in supply curves For example
energyefficiency supply curves usually present levelized costs per kWh saved by multiplying the initial
investment in an efficient technology or program bp the capital recovery rate CRR

Therefore

LeveliZed Costper kWhSaved Initial Cost x CRRAnnual kWh Savings

542 CORE EQUATION FOR THE COMMERCIAL AND INDUSTRIAL SECTOR

The core equation used in the conmmercial sector technical potential analysis for each individual
efficienry measure is shown below in Figure 54

Figure 54 Core Equation for Commercial Sector Technical Potential

Technical Total Number
Base Case

Equipment End Base Case Remaining ApplicabTity Savings
Potenfial of ofFusehotds X X X X X

Use Intensity Factor Factor Factor Factor

ficient Measure or Buildings
unit

The technical energy efficieney potential in the CI sector is calculated by the same two steps as
described above in Section 541 Industrial energy efficiency potential is calculated on a more
aggregated basis because of the lack of data available for the sector
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55 ECONOMIC POTENTIAL

to the su hat cost ffectiveEconomic potenttal s typicallp used to refer bset of the techntcal potenual t s e

when compared to either supplpside altematives or the price of energy Economic potential like
technical potential is a theoretical number that assumes immediate implementation of ineasures with no
regard for the time it takes to rampup a program Economic potential takes into account the fact that
manp energy efficiency rneasures cost more to purchase initially than standardefficiency equipment

In practice most technical and economic potential estimates produce similar results Manp analpsts
generally prescreen possible efficiency teahnologies and practices based on an understanding of which
measures are likelp to be costeffective and an interest in conserving time and effort for other aspects of
the analpsis All measures that were not found to be costeffective based primarily on the results of the
Tota1 Resource Cost Test IRC were excluded from future analysis The TRC Test is de5ned in

greater detail in Section 58

56 ACHIEVABLE POTENTIAL

Achievable potential is the amount of energy use that efficiency and demand response can realistically be
expected to save assuming an aggressive market penetration and funding scenarios Achievable potential
takes into account barriers that hinder consumer adoption of energp efficiency measures such as
financial polirical and regvlatory barriers the administrative and maxketing costs associated with
efficiencp programs and the capability of programs and administrators to ramp up activity over time

Achievable potential can also vary with energy efficiency program parameters such as the magnitude of
rebates or incentives offered to custorners for installing energy efficiency measures Thus many different
scenarios can be modeled

For new construction energyeficiencp measures can be implemented when each new home or building
is constructed thus the rate of availability is a direct function of the rate of new construcrion For

existing homes and buildings determning the annual rate of available savings is more complex
Achievable savings potential in the existing stock of buildings can be captured over time through two
principle processes

1 As equipment replacements are rriade in the rnarket when a piece of equipment is at the end of
its useful life referred to as replaceonburnout

2 At any time in the life of the equipment or building referred to as the retrofit case

For the replaceonburnout measures existing equipment is assumed to be replaced with high efficiency
equipment at the time a consumer is shopping for a new appliance or other energy consuming
equipment or if the consumer is in the process of building or remodeling Using this approach onlp
equipment that needs to be replaced in a given pear is eligible to be upgraded to energy efficient
equipment For the retrofit measures savings can theoreticallp be captured at any time However in
practice it takes many years to retrofit an entire stock of buildings even vvith the most aggressive of
energy efficiencv programs

Because achievable potenrial factors in the necessity for energy efficiency programs to operate and
impact markets over time it is also important to recognize changing standaxds to energyconsuming
eqipment When equipment is scheduled for federal or state code upgrades these unprovements to
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equipment performance result in decreased savings potential for the pear the code is to be enacted and
for all subsequent pears Consequentlp it is important that equipment code changes parricularly planned
improvements to incandescent lighting be reflected in all achievable potential models for all sectors 8

57 PROGRAM POTENTIAL

Program potential refers to the potential energy efficiency savings that is possible given specific progtam
funding levels and designs The starting point for analyzing the savings and costs resulting from the
implementation of the program scenario is the achievable potential The following steps axe used to
estimate the program scenario potential

Defining eligible measures avithin each recornmended program and projecting future measure
penetrations

Developing program incentive costs based on program incentive structure and designs and
estimated participation rates for each measure

Developing nonmeasure program budgets costs for all programruatic activities except measure
incentives

Analyzing the portfolio to develop esrimates of overall costs benefits net benefits and benefit
cost ratios

The programs presented in this section are based on an example funding level of 1 million in 2011
followed by an increase of 25 annually from 20122020 It isimportant to note that the measures
included in the program potential scenario are a subset of those included in the achievable potential and
that measure penetrations savings and incenrive levels are occasionally tailored to reflect the goals of the
program design and to fit the allowable budget As a result program assumptions may varp slightly from
the assumptions utilized for the achievable base case scenario

58 DETERMINING COST

For the economic and achievable potential it is necessary to develop a method by which it can be
determined that a measure or prograrn is cost effective There is a large bodp of literature debating the
merits of different approaches to calculating whether an investment in energy efficiency is cost effective
The test selected for a potential study should ensure that results are comparable to the criteria being used
to evaluate other options either for electric supply or public funds

1here are several tests for evaluating energy efficiencyscosteffectiveness each reflecring a different
stakeholder perspective on the impact of energy efficiencp 1he Total Resource Cost test which
measures the regional net benefits is the most common test used to evaluate energy efficiencp and is the
appropriate test from a regulatory perspective All energy effieiencp that passes the TRC Test will reduce
the total costs of energy in a region therefore it was used for this analysis

The TRC Test measures the net costs of an energg efficiency measure or program as a resource option
based on the total costs of the program including both the paxticipantsand the utilitys costs The

8The tranrition to mo cient ightin lar8edy due to the nervly enacted rtandardr uertimated to exceed the combined enegy and monetary
rauingf af a1121 federal appdiance standardr ince 2000 Alliance to Save Energy HR 6 Energy Independence and Security
Act of 2007 Summary of Key Provisions
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benefits include the avoided electric supply costs the reduction in transmission distribution generation
and capacity costs valued at marginal cost for the period when there is an electric load reducrion and

of other resources such as fossil fuels and water The costs are the ro costs aid both bpsavuigs P r P

the utilitp and the participants All equipment costs including installation operation and maintenance
cost of removal and adtninistration costs are includecl in this test The TRC test includes only direct
costs and benefits not egternalities or nonmonetized factors Results are typicallp egpressed as either
net benefits or a benefittocostratio

Other tests that are used in evaluating energy efficiency throughout the US are discussed brieflp below
but were not used to detemzine cost effectiveness for this study

The Utility Cost Test UCTalso called the Program AdministratorsTest considers only
the avoided energy costs as benefits and counts only expenditures incurred by the utility

TheIarticipaait Test PI uses retail energy rates andincentives received to value the
benefits of energy savings and count only costs paid directly bp participants

The Rate Impact Measure RIllR Test uses the same benefits aad costs as the utility test
but also counts the lost sales revenue as a cost

The Societal Cost Test SCY uses the same costs as the TRC test but includes societal
benefits such as avoided participant costs for hypothesized change in medical egpenses due to
healthier surroundings

The TRC Test estimates the total costs of obtaining efficiencp savings without considering who pays
these costs This approach does not address distributional equitp such as how costs and benefits would
be shared among or within groups In this regard the TRC Test differs from other benefitcost
perspectives such as the utility test participant test and RIM Test

59 AVOIDED COSTS

Costs that could be avoided bp implementing DS1V1 programs were calculated for use in the screening
process Avoided demand costs were assumed to be for pears beginning with 2015 the fixed costs
associated with a new peaking resource Peaking resource 5xed costs were based on the costs of a new
coinbustion turbine resource as published bp the EIA in its 2010 Annual Energy Outlook Fixed costs

include interest expense depreciation expense and fixed OM costs j

Prior to 2015 avoided dernand costs were estirnated to more closelp represent prices assoeiated with
cuxrent market capacity transactions A price of2kWMonth was used for 2010 and this value was
assumed to grow with linear increases until convergence was reached with the price of a new combustion
turbine in 2015 The NERC 2009 Reliability Assessment indicates that ReliabilityFirrt Corporation I

reserve maxgins would be adequatewith existing generation capacity until 2016 and that SERC margins
would be adequate through 2013 with existing capacity New capacity would be required in the regions
at those points to maintain target margins Since it is unlikely that new generation would enter the
market if total fixed costs could not be recovered an avoided demand cost equal to costs associatedwith
a new generating resource was assumed appropriate for 2015 as new regional generators enter service
Avoided energy costs were assumed to be those associated with potential economy energy purchases
The economy energy market was defined using tie average of ACES Power Marketing price projections
for the Cinergy Southern Company and TVA pricing hubs Tables 51 and 52 shown below present
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the first 15 years of forecasted avoided costs for this studp Appendig 1 has all other general
assumptions and the full forecast of avoided costs

Table 51 Avoided Energy Costs

j

0

Table 52 Avoided Capacity Cos

Annual Summer Winter

Year kWYrkWYr

2010 2400 1000 1400

2011 3740 1558 2182

2012 5080 2117 2963

2013 6420 2675 3745

2014 7760 3233 45Z7

2015 9100 3792 5308

2016 9273 3864 5409

2017 9449 3937 5512

2018 9629 4012 5617

2019 9812 4088 5723

2020 9998 4166 5832

2021 10188 4245 5943

2022 iQ382 4326 6056

2023 10579 4408 6171

2024 10780 4492 6288

2025 10985 4577 6408 I
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51O FREERIDERSHIP VERSUS FREEDRIVERS

Free riders are defined as participants in a DSM program who would have implemented the program
measure or practice in the absence of the program or monetarp incentive Free drivers on the other
hand are those who adopt a program measure or practice as an indirect result of the program but are
difficult to identify eitier because they do not collect an incentive or are not aware of their exposure to
the program The presence of free riders in a prograin tends to overstateprogram energy savings results
because free riders would have taken the action in the absence of the program and complicates the
evaluation of the effectiveness of DSM programs Conversely if one does not assess the impact of free
drivers this can result in understating a programsenergy savings and effectiveness In determning

whether a DSM program has had a directimpact on customer energy use the focus should be on net
savings calculated by determring the shaxe of free riders and free drivers and adjusting the associated
energy savings accordinglp

Although the issue of free riders and free drivers is important it is also one that is notoriously difficult to
measure and even more difficult to predict Based on a review of the experiences and practices of
energy efficiency program administrators and evaluators at New York State Energy Research and
Development Authority NYSERDA National Grid Wisconsin Focus on Energp the Minnesota
Public Service Commission and other organizations this analysis has adopted the approach that free
riders and freedrivers offset each other The result is an assumed net to gross ratio of 10 for most
measures or programs considered in this analpsis where the energy savings that are eventually measuxed
and verified will align exactlp with the savirigs claimed GDS has reviewed the results of freerider and
freedriver studies at such organizations and recommends this approach until programs can be

unplemented in the Big Rivers service area and followpstudies conducted to assess these issues

t
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6 RESIDENTIAL ENERGY EFFICIENCYPTENTIAL ESTIMATES 2011 TO 2020

Figure 61 and Table 61 presented below sumnaatize the technical economic and acliievable savings
potential for the Big Rivers service area by 2020 The achievable potential estimates are based primariYy
on a market penetration scenario that targets the installation of energy efficient equipment in 30 of the
rPmageligible market by 2020 If 30 market penetration for allrrriaining eligible costeffective
measures can be reached over the next decade the achievable potential for electric energy efficiency
savings in this sector is approximately 79 of projected residential sales 136312 NIWh Energy

efficiency measures and programs can also serve to lessen peak demand creating a reduction of roughly
12 of the 2020 residential vvinter peak in the achievable potential scenario

Figure 61 2020 Summary of Residential Energy Efficiency Potentiai
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Table 61 2020 Summary of Residential Energy and Demand Savings Potential

Energy Demand

of 2020 Summer of202Q Winter of 2020

Wb MWh Sales MW Summer Peak MW Winter Peak

Technical Potential 730626 422 130 319 208 465

Economic Potential 538754 311 89 219 190 424

Achievable Potential 136312 79 25 62 54 120
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61 ENERGY EFFICIENCY IVEASURES EXAMINED

Fortythree residential electric energp efficiency programs or measures were included in the energy
savings analpsis for the residential sector Be1ow Table 62 provides a brief listing of the various
residential energy efficiency prograins or measures considered in this analysis The list of energy

efficiency measures examtned was developed based on a review of the measures and programs included
by other technical potential studies in Kentuckp and similar climate regions as we11 other energy
efficiency technical potential studies tlzat have been conducted throughout the US The set of energy
efficiency programs or measures considered was prescreened to only include those measures that are
currendy commercially available Thus emerging technologies and technologies with extremely low
market availability were not included in the analysis Appendix 2 provides a brief discussion of eaeh
measure or program as well as the savings useful life cost assumptions and TRC benefitcost ratios at
the measure level

Table 62 Measures and Programs Inciuded in the Residential Sector Anafysis

EnddeType EndleDescription MeasureslProgram Incfuded

Appiiances Home Appliances and Energy Star Refigerators Freezers and Dehumidifiers
Electrinics Second Refrigerator and Second Freezer TurMn

Small Consumer Electronics

Tefevisions

Computers and Computer Monitors
Lighting Lighting CFLBulbs

LED Butbs

Hot V1laier Water Heating Upgrades and Water Heater Blanket and Pipe Wrap

Water Heating Equipment Law Flow Showerheads and Faucet Aerators

Energy Efcierrt Wafer Heaters
Heat Pump Water Heaters
Solar Water Heating w Electric BackUp
Clothes Washers and Dishwashers

HVAC Shell Building Envelope Upgrades Ceiling Insuiation
Floor Insulation

Radiant Barriers

Air Infiltration

Duct Sealing
Energy Star Windows

HVAC HeatingCooling EquipmeM HVAC Tune Up

Equipment Energy Star Room AO
Cerrtral AC and Heat Pumps
Ear1y Retirement ReplaceonBumout
Ground SoureHeat Pumps

Early Retirement ReplaceonBumout
Replacing Electric Fumaces with Electric Heat Pumps
Earfy Retiremert ReptaceonBumout
Duaf Fuel Heat Pumps

New Homes New Homes Construction New Construction 15 mo efficiertt
New Construction 35 mone efficient

Energy Star Manufactured Homes
Ofher Miscellaneous Energy High Efiiciency Pool Pump Motors

Consumptions InHome Energy DisPlays
Prepay Metering
MultiFamily Homes Efficiency Kit

9 After accounting for adjustments to different building types and housing characteristies particularly for measures
targeting the space heating and cooling enduse the numbeigew to approximately 123 measure permutations
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62 RESIDENTIAL SECTOR SAVINGS METHODOLOGY OVERVIEW

The portfolio of ineasures includes retrofit and replaceonburnout programmatic approaches to achieve
energy efficiency savings In the residential sector retrofit measures were typicallp limited to the
application of supplemental measures such as the addition of a lowflow device to a showerhead Earlp
retirement a programmaticapproach that replaces existing measures for both higher savings and higher
costs prior to the end of their useful life was limited to a handful of space heating and cooling
equipment In all instances the earl retirement approach resulted in a lower benefitcost ratio than the
replaceonburnout programrnatic approach and was screened out of the economic and achievable
potenrial scenarios

Existing homes were divided into single familp and manufactured home markets in order to account for
differing equipment saturations and heatingcooling conswnption Multifamily homes make up a small
percent of the overall residential sector 2 and were analyzed indeendently from rest of the existing
housing stock Finally new homes were also included in the analysis based on a forecast of the number
of new customers each yeat

The analysis of the potential for enesgy efficiency savings is based on the rnost recent residential electric
sales forecasts for the Big Rivers member territory for the years 2011 through 2020

The residential sector analysis was modeled using what is consideredabottomup approach The

methodology is illustrated in Figure 62 below

Figure 62 Residentiai Sector Savings Methodofogy Bottom Up Approach
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As shown in Figure 62 the methodology started at the bottom based on the number of residential
customers dividing them into singlefamily and manufactured home customers as well as existing vs
new construction Estimates of the size of the eligible market in Big Rivers members service territories
were developed for each efficiency measure For example energy efficiency measures that affect electric
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space heating are only applicable to those homes in the Companysmembers service territories that have
electric space heating

To obtain uptodate appliance and enduse saturation data the study made extensive use of the latest
EndUse and Energy Efficiency Survey completed by Big Rivers in 2007 If available estimates of

energy efficient equipment saturations were also based on the Big Rivers survey data As necessary
baseline and energy efficiency saturation estimates were also gathered from state data presented in the
1Vlidwest Energy Efficiency Alliance 1VEA Residential Market Assessment and DS1VI Potential Study
200 as well as regional data from EIAs latest Residential Energy Consumprion Survey RECS
conducted in 2005

The full formula to determine savings at the measure level is shown below

Technical Total
Base Case
Equipment

Potential Number ofi
X Enduse X

Base Case
X Remaining X Applicability X Savings

of Efficient Households
intensity

Factor Factor Factor Factor

Measure or Buildings kWhunit

The goal of the formula is to determine the number of households to which the measure applies base
case factor then of that group how many already have the efficient version of the measure being
installed rernaining factor In instances where technical reasons did not permit the installation of the
efficient equipment in all eligible households an applicability factor was used to limit the potential For
example the technical potential for solar water heating was limited to 30 of the eligible market due to
both technical and nontechnical factors including roof orientation shading minimum roof size and
load bearing capability aesthetics and local building codes and ordinances Alternative water heating

technologies efficient water heater tanks and heat pump water heaters were utilized to meet the
remning market potential The last factor to be applied was the savings factor which is the percentage
savings achieved from installing the efficient measure over a standard measure

In developing the overall potenrial electricity savings the analpsis also took steps to account for the
interactive effects of ineasures designed to impact the sarne enduse For instance if a home were to

properlp seal all ductwork the overall space heating and cooling consumption in that home would
decrease As a result the remaining potential for energy savings derived from additional thermal
envelope efficiency measures would be reduced

In this analysis it was assumed that for those measures designed to impact the same enduse the
measure or program with the highest current market penetration would typicallp be installed first
followed bp the measureswith the next highest market penetration Presumably the measures with the
highest market penetrations are perceived as the most attractive based on costs savings or ease of
implementation Ranlng the installation order in this manner also mimics the pattem of installation that
is already occurring in the current market

In instances where there were two or more competing techrrologies for the same electric enduse such
as heat pump water heaters and high efficiency electric storage water heaters a percent of the available
population was assigned to each measure using the applicability factor In the event that one of the

The Techaical Potential of Solar Water Heating to Reduce Fossil Fuel Use and Greenhouse Gas Emissions in the
United States National Renewable Energy Laboratory NREL Mazch 2007 Pg 8 This NREL report limits technical
potential to 40 of all residential buildings The GDS analpsis limits technical potential to 30 due to addirivnal
com eting measures
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competing measures was not found to be costeffective the homes assigned to that measure were
transitioned over to the cost effective altemative if applicable

Federal tax credits for renewable energy technologies 30 of installed costs were also included in this
analpsis These tax credits oppornuiities wereapplied to both solar water heating and geothermal heat
pump devices The federal tax credits for renewable energy currently egtend until 2016 Current tax

credits for energy efficiency measures set to expire in December 2010 were not represented in this
analpsis

Finally the residentiaI savings potential also takes into account scheduled federal upgrades to

incandescent lighting Recendp enacted federal standards Energy Independence and Security Act of 200
require incandescent bulbs to be approximately 30 more efficient beginning in 2012 These
unprovements to incandescent equipment performance result in decreased savings potential for CFL and
Light Emitting Diode LED techriologies While these new standards may shift the market even
further towards widespread acceptance of compact fluorescent technologies they do not necessarp
signal the end of incandescent bulbs As a result this analpsis continues to include the potential savings
from screwinCFL and LED bulbs

63 ECHNICAL AND ECONOflflIC POTEfdTIAL SAVINGS

The technical potential represents the savings that could be captured if 100 percent of inefficient electric
appliances and equipment were replaced instantaneouslp where thep are deemed to be technically
feasible As shown below in Table 63 total technical potential savings for the Big Rivers residential
sector are 730626 MWh or 422 of forecast residential M3Uh sales in 2020 Heating Ventilation and
Air Conditioning HVAC shell and equipment upgrades represent the greatest technical potential for
electric savings Ihe technical potential for surnmer peak demand savings is 130 MW or 32 of 2020
forecast sumnier peak demand The potential for winter peak savings is approxirnately 208 MW 465
of the 2020 winter peak demand forecast The savings percentages are calculated using a forecast that
excludes two large smelters in the service area which consumed more than 67 MWh in 2009

Table 63 Technical Energy and Demand Potential and Percentage Share of Residential Forecast Energy
Sales and SummerWinter Peak Demand in 2020

Technical Potential

Sum m er Dem and W inter Dem and

End Use EnergyMWh MW MW

Appliances and Eleetronics 71156 9 8

Ligh tin g 8910 5 12 2 8

Water Heating 61485 7 4

HVAC Shell 213055 59 95

HVAC Equipment 172462 29 S5

New Homes 19384 4 9

Other 103979 9 8

Total 730626 130 208

Total as a of 2020 Forecast 422 319 465

11 The mandated increase in the efficiency of incandescent bulbs is phased in over a3year period 100watt bulbs must
be 30 more efficient beginning in 2012 75watt bulbs in 2013 and 60watt and 40watt bulbs in 2014 For ease of
analysis GDS took the increased standards for incandescentlighting into account throughout the entire period of study
20112020
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Below in Figure 63 presents the electric energy efficiency technical potential results for the residential
sector in the forin of a supplp curve The suppTy curve demonstrates the technical potential savings as a

of 2020 forecast kWh sales at varied levelized costs per lifetime kWh saved amounts For example
more than 28 savings can be achieved at a cost per lifetime kWh saved of010 or less To obtain

increased electric energy from efficiency resources it is necessary to move to the right on the curve and
choose progressively more costly resources It should be noted that the levelized costs are based on

electric savings and clo not factor in associated nonelectric benefits nor do thep include program
administrative costs

Figure 63 Residential Eiectric Efficiency Suppfy Curve for Big Rivers
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The economic potential calculations were made by incorporating the various measure assumptions
savings cost and useful life etc into the costefectiveness sereening too1 Anp programrnatic costs
eg marketing analysis and administration were ignored in the economic potenrial analysis in order to
screen whether energy efficient technologies were costeffective on their own merit prior to any
assistance or marketing endeavors from utilities or other organ17ations

For the economic potential scenario the studp assumed 100 of all renning costeffective measures
eligible for installation were installed 1his produces an economic potential of 31 of forecast
residential MWh sales in 2020 Economic summer peak demand savings are 89 MW or 22 of forecast
residential summer peak demand Winter peak demand savings are approximately 190 MW or 42 of
the forecast residential winter peak

The costeffectiveness of a measure is based on each measures full savings potential before any adjustments for
interactive unpacts After identifying which measures passed screening we made an additional adjustment for interactive
effects in order to finalize esrimates of overall economic potential
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Table 64 Econornic Energy and Demand Potential and Percentage Share of Residential Forecast Energy
Sales and SummerWinter Peak Demand in 2020

Economic Potential

Summer Demand Winter Demand

End Use Energy MWIi 1NIW MW

Appliances and Electronics 6913 7 9 8

Lighting 8769 2 12 28

Water Heating 52827 5 6

HVAC Sh ell 13077 5 32 69

HVAC Equipment 102847 21 64

New Homes 19384 4 9

Other 76093 7 6

To 538754 89 190

Total as ab of2020 Forecast 311 219ib 424

64 ACHIEVABLE POTENTIAL SAVINGS

The achievable potential is a subset of the economtc potential and is Iimited by various market and
adoption barriers

64i ESTIMATING ACHIEVABLE SAVINGS INTHERESIDENTIAL SECTOR

In the residential base ease scenario achievable potential represents the attainable savings if the market
penetration of high efficiency electric appliances and equipment reaches 30 of the rPmaning eligible
market between 2011 and 2020 The timeframe in which the market penetration target is met however
differs between replaceonburnout and retrofit measures

1 For replaceonburnout measures a fraction of the 30 market penetration target is achieved
annually over the course of the technologysuseful life For example if a measure has a 20 year
useful life only half of the existing units would be expected to burnout during the 10 year
timeframe thus onlp 15 of the remaining market would be achieved bp 2020

2 For all retrofit measures the analpsis assumes fewer adoption barriers and the target market
penetrati6n is achieved by 2020 regardless of ineasure lifetime

The methodology for estimating the total energy efficiency measure adoption from 2011 2020 in the
residential sector is based on the following core equation

Total Program Adoption Population Base Case Factor Kemainin Factor Market Penetration Factor
Mecuure Useful IifeJ Prograrr Time Frame

Where

Population Total number of single farnily or manufactured homes in the Big Rivers service

area

Base Case Factor Percent of population with measure standard or high efficiencp

Remaining Factor Percent ofpopulation currentlp equipped with energy efficient technology
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Market Penetration Factor Desired market penetration over time In the achievable potential
scenario this factor was assumed to be 30

Measure Useful Life Useful life of Measure

ProgTatn Time Frame of Years included in Analysis

This equation was used to calculate the total program adoption of energy efficient measiares based on the
replaceonburnout approach and was altered slightly for retrofit measures to ensure the desired maxket
penetration was achieved over a period of 10 pears regardless of actual measure life Again this is due to
the idea that retrofit measures do not require original equipment to reach the end of its useful life prior
to the energy efficient upgrade

Once the total number of ineasures eligible to be installed over the 10year analysis time frame was
detemzined one of three annual penetration curves slow average and quick was assigned to each
measure The curves were assigned based on measure cost and current market acceptance For example
a measure with a low measure cost and a high market acceptance was assigned a penetration curve that
had rapid adoption in earlp years and slowly leveled off CFL lighting is an example of a measure that
was detemzined to have a quick penetration curve A measure with a high installed cost or lovv rnarket
acceptance such as ground source heat pumps was assigned a penetration curve with slow market
adoption in early pears and increasing over time All three curves were tailored to ensure that the full

desued market penetration was reached by the end of the analpsis time frame 30 over 10 years in the
base case For replaceonburnout measures the penetration eurves were also limited to guarantee
fewer participants in any given pear than the natural turnover rate of the measure would allow
Although this methodology simplifies what an adoption curve would look like in practice it succeeds in
providinga concise method for estimating achievable savings potential over a specified period of time

Finallp a select few measures possess a useful life less than the analpsis time frame For example a CFL
bulb installed in 2011 with a measure life of seven years might expire in 2017 In this analysis expiring
measures were reintroduced the following year This allows both the savings and costs to persist
throughout the entire 10 year study

642 RESIDENTIAL 14CHIEVABLE SAVIPlGS POTENTIAL

Figure 64 provides a detailed breakdown of the eleetric enduse savings as a percent of the total
achievable potential for the 30 achievable market penetration scenario By 2020 the total residential
energy efficiency achievable potential is 136 MWh or 79 of forecast residential 2020 sales The

major opportunities for electricity efficiencp resources are improved housing shell performance ie duct
sealing insulation measures reduced air infiltration effieient windows etc combined with more
efficient heating and air conditioning equipment As a fraction of total achievable savings potential in
the residential sector these efforts to reduce cooling and heating loads and irnprove HVAC system
performance make up the largest majority 52 of achievable savings potential

There is also a large potential for efficiency savings bp replacing regularly used household incandescent
light bulbs with more efficient CFL and LED bulbs approximatelv 19 of achievable potential in the
residential sector followed by home appliances and consumer electronics water heating and new
construction

13 This methodology was not applied to residential energy efficiency measures dependent on voluntary behavior changes
ie In Home Energy Displays and PrePap Metering where the longtetm persistence of savings is relatively unkaown
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Figure 64 Residential Sector Enduse Savings as a of Total Achievable Potential

New Construction

4

Figure 65 below is an area graph that illustrates the annual achievable potential over the 10 year study
period and shows the shifting flow of ineasure group share over time

Figure 65 Residential Achievable Potential Energy Savings under the 30 Penetration Scenario Cumulative
Annual MWh
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In addition to 136312 MtiY1h the 30 market penetiation scenario also achieves 25 MW of summer
peak savings or 6 of the 2020 residential summer peak dennand forecast In the winter the achievable
savin re resents 54 MW or 12 of the 2020 winter eak One of the main factors contributin to theP P g

increased potential for winter demand sav compared to sumrner demand is the presence of several
efficiency measures that aim to eliminate the need for emergencp strip heatie dual fuel heat pumps or
geothemial spstems during winter peak periods

Tabte65 Achievable Energy and Demand Potenfial and Percentage Share of Residential Forecast Energy
Sales and SummerWinter Peak Demand in 2020

Achievable Potential

Sutn m er Dem and W inter Dem and

End Use Energy MWh MW MW

Appliances and Electronics 1459 2 2 2

Lighting 2 63 0 7 4 8

Water Heating 1390 9 1 1

HVAC Shell 4043 7 10 Z2

HVAC Equipment 2953 2 7 17

New Homes 5842 1 3

Other 5692 1 0

Total 1363g2 25 54

Total as a of 2020 Forecast 79 62 120

For the achievable potential the 30 maxket penetration assumes that consumers would receive a
financial incentive equal to approximately 35 of the incremental cost of the energy efficiencp measure
for most technologies In addition an overall nonincentive or administrative cost was assigned to each
measure in order to run the achievable costeffecriveness tests In addition an overall nonincentive or
administrative cost per kWh saved was assigned to each measure in order to run the achievable cost
effectiveness tests In pear one 2011 administrative costs were equal to 25 of the total Big Rivers
budget including 5 for program design and development 5 for evaluation and 15 for all other
administrarive costs In a11 subsequent yeaxs the cost associated with program design and development
was removed and administrative costs were capped to equa120 of the total budget

The overall benefitcost screening results for the residential sector 30 market penetration scenario are
shown below in Table 66 The net present value costs to Big Rivers of approximately 23 million dollars
include both total incentive payments as well as the associated costs ie marketing labor monitoring
etc of administering energy efficienep programs between 2011 and 2020 The net present value benefits
of 1389 million dollars represent the lifetime benefits of all measures installed during the same time
period Although the achievable potential estimates would require a substantial investment in energy
efficiency from both Big Rivers and its members 56 nullion the resulting energy and demand savings
would result in a net savings of nearly 83 rriillion dollars present worth 2011

Table 66 Overall Residential Sector Cost Effectiveness Screening Results
dolfars in millions

Paesent Value of Present Value of Present Value of Present Value of

Total Benefits Big Rivers Costs Participant Costs Total Costs BenefitCost
Benefit Cost Test 2011j 2011 2011 2011 Iiao

TRC Test 1389 230 330 560 248
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65 IIAEASURE LEVEL DETAIL

Table 67 on the followin a resents the measurelevel technical economic and achievable MWhgPP

savings sorted by enduse Measures with significant remanng potenrial either possess significant per
lnj savings opportunities or are applicable to the majority of homes in the Big Rivers territory For

egample duct sealing has a very high rPmning potential because it has high savings and assumes that
uiost homes could benefit fiom proper duct sealing By comparison a second freezer tumin also has a
high per unit savings but is applicable to a smaller nurnber of homes in the member territory Measures
with zero economic and achievable potenrial were not found to be cost effective

In a few instances a measureseconomic potential is slightly greater than the technical potential These
adjusted savings in the economic potential scenario are due to a competing measure being dropped from
theanalysis after screening forcosteffectiveness Additional measure detail for the technical economic
and achievable potential in the residential sector can be found in Appendix 2
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Table 67 Residential Technieal Economic and Achievable Potential Savings in 2020 by Nleasure MWh

Technical Economic Achievable

Measurelame Potential Potential Potential

Appliances and Elecxmnics
Home Electronics 17812 17812 5341

Sernnd Refrigerator Turn In 28226 28226 3263

Televisions 7654 7654 2296

Bnergy Starp Compliant Refrigerator 8314 8314 2079

Computers 2539 2539 762

Monitors 1200 1200 360

Second Freezer Turq In 2676 2676 311

Energy StarO Dehumidifer 716 716 179

Energy Starp Compliant Freezer 2020 0 0

Lighting
CFL vs Incandescent 58623 58623 17586

LEDvsIncandescent 29069 29069 8721

LED vs CFL 1413 0 0

Wdter Heating

Heat Pump Water Heater 14126 24720 5935

Energy Starp Clothes Washer 9916 9916 2705

Pipe Wrap 5525 5525 1695

Low Flow Showerhead 4978 4978 1503

Effiaent Water Heater 2930 3924 941

Low Flow Faucets 2018 2018 606

Energy Star Dishwasher 1747 1747 525

Water Heater Blanket 0 0 0

Sotar Water Heating 20246 0 0

HVAC Shell

DuctSealing 53 59730 18840

Insulation Ceiling R0 toR19 31492 31492 9459

Insulation Floor 21724 21692 6536

Air Infiltration 19908 17861 5602

Energy Star Windows 51705 0 0

Insulation Ceiling R19 to R38 10547 0 0

Radiant Barriers 23831 0 0

HVAC 8quiprnent
HVAC TuneUp 32284 39715 13008

Dual Fuel HP Replacing Electri Furnace 35510 40981 10031

Ground Source HP Heat Pump Upgrade 13504 10940 3123

Dual Fuel HP Replacing New ASHP 8944 10442 3118

Energy StarO Room AC 790 768 252

Second Energy Star Room AC 349 0 0

High Efaency Central AC 43846 0 0

High Efficiency Heat Pump 7856 0 0

Heat Pump Replacing filectric Furnace 29378 0 0

New Homes I
NewConstruction 15 more efficient 12592 12592 3782

New Construction 35 more efficient 6792 6792 2060

Odier

PrePay Metering 71388 71388 4281

Pool Pump and Motor 4407 4407 1326

MultiFamily Homes Package 298 298 86

InHome EnergyDisplays 27886 0 0
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7 COMMERCIAL AND INDUSTRIAL ENERGY EFFICIENCY POTENTIAL

ESTIMATES 2011 O 2020

Figure 71 and Table 72 belowsimma7e the technical economic and achievable savings potential by
2020 The achievable potential presented here is for a market penetcation seenario which assumes the
ijiistallation of efficient measures in 30 of the available commercial and industrial CI market If

30 market penetration for all costeffective measures can be reached over the next decade the
achievable potential for electric energy efficiency savings in the commercial and industrial sector is
175432 MWh approximately 96 of projected cornmercial and industrial sales Energy efficiency

measures and programs can also serve to lessen sumriier and winter peak demand

Figure 7t 2020 Summary of CI Energy Efficiency Potential
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Table 71 2020 Summary of CI Energy and Demand Savings Potential
Energy Demand

of 2020 of 2020

o of 2020 Summer Winter VVinter

MWh MWh Sales Summer WW Peak MVI Peak

Technical Potential 617149 3390 119 468 91 380

Economie Potential 584 321 113 4410 85 358

Achievable Potential T75432 96 29 113 26 107

7 ENERGY FFICiEPICYNEASURES EXNIiNED

About eightp commercial and industrial electric energy effieiencp measures were included in the energy
savings analysis for the CI sector Below Table 72 provides a brief listing of the various commercial
and industrial energy efficiency programs or measures considered in this analysis The list of energy
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efficiency ineasures Pxarined was constrained by what weve found within our other studies and field
experience In cases where highefficiency measures rnay be installed that arent included in this study a

develo ed in order to ca ture ener efficien sa A endig 3 showsCustom Program would be p p gy p gs pp

measure level benefitcostratios for each of the measures

Tabfe 72 Measures and Programs Incfuded in the CommercialAndustcial Sector Analysis
EndUse Type Measures lncluded

Lighting Lighting Sensors
T5 and T8 Fluorescent Fixtures

CFL Fixtures and Screwin Bulbs

LED Exit Sign
HIDFtxtures

Space Cooling Air Cooled Chiller

DX Packaged AC
Split AC

Packaged Terminal AC PTAC
Space Heating HighEciency Heat Pump

Packaged Terminal Heat Pump jPTHP
Motors Ventilation Variable Frequency Drives
andNonVentilation Motors 1HP 250HP

Water Heating High Efficiency Storage Water Heater
Water Heater Tank Insulation

On Demand Tankless Water Heater
PreRinse Low Flow Sprayer

Cooking Convection Oven

High Efficiency Fryer
Pasta Cookers

Refrigeration Andsweat Controls
Fan ControLs

Economizers

Strtrip Curtains
Display Case Covers
Compressor Motors
Vending Misers

Other Fix Compressed Air Leaks
Engineered Nozzles for BlowoffValves
Watt Sensors for Office Electronics

In developing the overall potential electricity savings GDS also took steps to account for the interactive
effects of ineasures designed to impact the sanie enduse For instance if a building were to install high
effieiency T8 lighting along with occupancy sensors the entire measure savings from each measure could
not be obtained As a result the remairing potential for energp saviizgs derived from each additional
lighting measure would be reduced In this analysis GDS assumed tllat for those measures designed to
impact the same enduse the measure or program with the lowest levelized cost per lifetirnekWh saved
would be installed first followed bp the measures with the next lowest levelized cost

In instances where there were two or more competing technologies for the same electric enduse such as
multiple tonnages of packaged AC units GDS assigned a percent of the avaiiable GI population to
each measure In the event that one of the competing rneasures vvas not found to be costeffective the
buildings assigned to that measure were switched over to the cost effective alternative if any
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72 COMMERCIAL AND NDUSTRIAL SECTOR SAVINGS METHODOLOGY OVERVIEW

In all areas of the country the residential sector has benefited from significantly more studies done on
energy conservation related issues than any other sectot Hard data for the commerctal and indusmal

sectors in Kentucky as is the case for most states for manp of the inputs needed for this analysis were
unavailable In general the preference for data sources in this study followed the order o data given by
Big Rivers Kentuckpspecific data East South Central region specific data national data and engineering
esrimates In the absence of better data estimates had to be made based on the engineers andanalysts
judgment derived from egperience elsewhere and an understanding of the types of factors that may
influence the saturation of a specific measure one way or the other in Kentucky

The commercial and industrial sector analysis was modeled using what is calledatopdown approach
A topdown potential estimatebegins with a disaggregated energy sales forecast over the 20112020 time
period and then determines what percentage of these sales a given efficiency measure will save

Figure 72 Commerciailndustrial Sector Methodology TopDown Approach
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As in comparable studies the choice of building segments is driven by the need to facilitate the analysis
and modeling of potential electrical efficiency improvements Therefore selected building segments

need to be reasonably similar in terms of major design and operating considerations such as building
size mechanical and electrical spstems annual operating hours etc In this study the sales data axe
broken down by building type and enduse see Tables 73 and 74 below before the savings percent is
applied The breakdown for building types and enduses in the Big Rivers service axea comes from the
EIAsquadrennial Commercial uilding Energp Consumption Survep Infomsation is given bp region
therefore the data that is used in this analysis includes Kentuckp and surrounding states
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a

Table 73 2020 SalesbyBuilding Type

IndustyType MWh Sales of MWh Sales

1 Education 149303 82

2 Food Sales 83555 46

3 Food Service 86294 47

4 Health Care Inpatient Outpatient 198614 109

5 Lodging 94513 52

6 Mercantile 588994 323

7 Office 289018 1590

8 Public Assembly 67 37

9 Public Order and Safety 23286 13

10 Reiigious Worship 24656 14

11 Serviee 60269 33

12 Warehouse and Storage 98622 54

13 Other 3420 29

14 Varant 5479 03

Total 1823142 100A

The next step in a topdown approach is to gather data on enduse consumption for each CI building
segment Many breakdowns of enduse aturation and building information were derived from
statistical analysis of raw data from the CBECS and through other data sources Below Table 74 shows
the percent breakdown of enduse by building segment A similax method to the building segment
breakdown above was used to arrive at a final kWh number for each enduse using the Big Rivers sales
forecast

Table 74 2020 Sales by EndUse
of MWh

EndUse NdWh Sales Sales

Space Heating 85763 47

Cooling 274089 150

Ventilation 260568 143

Water Heating 66461 36

ghg 728957 400

Cooldng 10161 06

Refrigeration 165892 91

Office Equipment 22750 12

Other 208503 114

Total 1823142 1000
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The enduses avere then broken down into measure categories explained in the next section After

measures were examined and saturation data was gathered the technical economic and aehievable cases
were calculated using the fornaula below

Achievable
Total

Potential of
EndUse Base Case Remaining Convertible Savings

CI Sector roy Factor Factot Factor Factor

segment

Where

Total EndUse MWh by market segment is the total annual electac energy used by
eleetric enduse in each market segment This is the enduse electricity consumption that the
efficient technology replaces or affects For example if the efficient measure is a CFL the
total enduse MWh is all electricitp used for lighting in the specific market segment

Base Case factor is the fraction of the enduse energy that is applicable for the efficient
technology in a given market segment For egasnple for a highefficiency lighting
technology this would be the fraction of the energy use that is for fluorescent lighting

RemainiIIg factor is the fraction of applicable dwelling units or floor space that has not yet
been converted to the efficient measure ie one minus the fraction of households or floor
space that alreadp has the energyefficiency measure installed

Convertible factor is the fraction of the applicable dwelling units or floor space that is
technicallp feasible for conversion to the efficient technology from an engineering perspective
eg it map not be possible to apply water pipe insulation in all buildings due to access
difficulties

Savings factor is the percentage reduction in enduse energy consumption resulting from
applicationof the efficient technolog

3 TECHNICAL AND ECONOMIC POTENTIAL SAVINGS

The total technical potential savings for the Big Rivers commercial and industrial sector is 617149 MWh
or 343 of forecast small and large commercial and industtial MWh sales in 2020 As shown in Table
75 on the following page the greatest share of energy savings technical potential is expected from
lighting measures providing 53 of the technical potenrial savings Refrigeration measures are egpected
to constitute 14 of the techntcal potential and space cooling almost 13 Hot water measures are

expected to constitute less than 3 of the teclnical energy potential
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Tabfe 75 Technical Energy and Demand Potential and Percentage Share of CI Forecast Energy Sales and
Summer Peak Demand in 2020

Technical Pobential
Surnmer Peak Winter Peak

Energy MWh Demand MM Demand MW

Space Heating 403 3 00 02

Cooling 79026 291 01

Ventilation 5318 3 84 84

Water Heating 16B05 08 13

Lighting 328160 649 669

Coolng 198 6 03 02

Refrigeration 8688 6 86 60

Office Equipment 17834 29 32

Other 29237 44 44

TOTAL 617149 129 91

of2020 Commerciallndustrial Sales 339 468 3B0

The share of technical potential for peak demand savings from energy efficiencp resources by measure
group is relativelp similar to that of energy savings For peak clemand savings the greatest share of
technical potenrial is provided by the lighting categorp at 49 The cooling category provides the
second largest share at approgimately 21 Hot vvater measures provide less than 2 of the technical
peak demand potental

Figure 73 on the following page presents the electric energy efficiency technical potential results for the
CI sector in the form of a supply curve The supply curve demonstrates the technical potential savings
as a of 2020 forecast kWh sales at varied levelizeci eosts per lifetime kWli saved amounts For

example more than 30 of savings can be achieved at a cost per lifetime kWh saved of010 or less
To obtain increased electric energy fromeficienry resources it is necessary to move to the right on the
curve and choose progressively more cosdy resources It should be noted that the levelized costs are

based on electric savings and do not factor in associated nonelectric benefits nor do they inelude
program administrative costs

I
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Figure 73 CommercialAndustrial 6lectric Effciency Supply Curve for Big Rivers
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For the economic potential scenario the study assumed 100 of all costeffective measures eligible for
installation were installed Costeffectiveness was deternined as all measures with a TRC benefitcost

ratio greater than 10 The econornic potential based on the result of the individual measure TRC tests
is 584774 MWh or 321 of forecast small and large commercial and industrial 1VIWh sales in 2020
Economic peak demand saviags is 156 MW or 316 of forecast sma1 and large convnercial and
industrial geak demand

Note that the economic potential is similar to the technical potential savings because measures that were
known to typically fail the TRG costeffectiveness by wide masgins were prescreened out of the list of
measures analyzed for the technical potenrial Therefore almost every measure analyzed for teehnical
potential passed theTRC test refer to Table 76 below
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Table 76 Economic Energy and Demand Potential and Percentage Share of CI Forecast Energy Sales and
Summer Peak Demand in 2020

Economic Potential

Summer Peak Winter Peak

Energy MWh Demand NW Demand MW

Space Heating 403 3 00 02

Cooling 79026 291 01

Ventilation 53183 84 84

Water Heating 16603 08 13

ghg 328160 649 669

Coolang 1374 00 01

Refrigeration 65143 38 26

Office Equipment 8841 13 14

Other 28412 44 44

TOTAL 584774 213 85

of2020 CommercialIndustrial Sales 321 441 358

74 CHIEVABLE POTENTIAL SAVINGS

71 ESTIMATING ACHIEVABLE SAVIPIGS IN THE COMMERCIAL c INDUSTRIAL SECTOR

In the base case scenario the commercial and industaal achievable potential represents the attainable
savings if the market penetrarion of high efficiency electric equipment reaches 30 of the remaining
eligible market between 2011 and 2020 The methodology for estimating energy efficiency rneasure
adoption in the commercial and industrial sector each pear from 2011 through 2020 is based on a
constant ramp in rate of 10 a pear Because of the topdown methodologp the number of
customers is difficult to determine Program implementation experience shows a more rapid increase of
program participation in the first 4 years tapering of in the remaining 6 years With new technologies
there is often low awareness of the technology among consumers and there map be a hesitancp to
purchase the technology because of its newness A programcould then be designed to not only provide
incentives but to increase awareness and promote the technologysreliability In contrast a mature

technology may alreadp have high willingness and awareness values and thus the adoption curve would
follow a flatter trend over time

742 COMMERCIAL AND INDUSTRIAL ACHIEVABLE SAVING POTENTIAL

The achievable potential is a subset of the economic potential and is limited by two main factors

1 The achievable potential for this study represents the attainable savings if the market penetration of
high efficiency electric equipment reaches 30 of the remnng niarket by the pear 2020 where
measures are deemed to be technically feasible

2 The 10 year program time period occasionally impacted the overall costeffectiveness of a measure
Marginally costeffective measures that were retained in the technical and economic potential screens
both of which assume immediate implementation were excluded if the impacts of the discount rate
avoided costs forecast and retail rate forecasts over the 10 pear time periodimpacted a measures cost
effectiveness in such a wap that the 1pear costs were higher than the lifetime benefits
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Table 77 Achievable Energy and Demand PotentiaF and Percentage Share of Commercial and Industrial
Foeecast Energy Sales and Peak Demand in 2020

Achievable Potential

Summer Peak Wanter Peak

Energy MWh Demand MW Demand MW

Space Heating 1210 25 01

Cooling 23 39 00

Ventilation 15955 01 25

Water Heating 4 02 Q4

Lighting 98448 195 201

Coolang 412 00 00

Refrigeration 19543 23 08

Office Equipment 2652 00 04

Other 8523 04 13

TOTAL 175432 29 26

rb of2020 CommercidlIndustrial Sales 96 113 1070

For the 30 market penetration scenario the achievable potential savings are 175432 MWh or 9Ci of
projected 2020 kWh sales The base case scenario also achieves 26 MW winter peak demand savings or
107 of the 2020 small and large conunercial and industrial winter peak demand forecast Figure 74
provides a breakdown of the electric enduse savings as a percent of the total achievable potenrial for the
30 achievable scenario Almost 60 of the achievable cost effective savings is from high efficiency
lighting followed by cooling and Refrigeration Lighting is usually the dominant enduse for achievable
savings because every commercial and industrial customer has lighting whereas only a small portion
have upgraded to energy efficient spstems

Figure 74 Sector Enduse Savings asa of Total Achievable Potential 2020
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For the achievable potenrial the base case masket penetrarion assumes that consumers would receive a
financial inceni equal to approximatelp 35 of the incremental cost of the energy effieiency measure
for nmost technologies In addition an overall nonincentive or administtative cost per kWh saved was
assigned to each measure in order to run the achievable TRCcosteffectiveness tests In pear one 2011
administrative costs were assumed to be 25 of the total Big Rivers budget including 5 for program
design and development 5 for evaluation and 15 for all other administrative costs In all

subsequent pears the cost associated with program design and development was removed and

administrative costs were capped to equal 20 of the total budget These percentage breakdowns of
funding are based on actual budget esi of programs currendynlngthroughout the US

The overall benefitcost screening results for the base case is shown below in Table 78 The net present
value costs to Big Rivers of approgimatelp 148 million include both total incentive payments as well as
the associated costs ie marketing labor monitoring etc of admirustering energy efficiency programs
between 2011 and 2020 The net present value benefits of 1082millionrepresent the lifetime benefits
of all measures installed during the same time period Although the base case achievable potential
esrimates would require a substantial investment in energy efficiencp from both Big Rivers and its
commercial and industrial members 204 million the resulting energy and demand savings would
result in a net savings of over 731 million present worth 2011

Table 78 Overall Commercial and Industrial Sector Cost Effectiveness Screening Results
doliars in millions

Present Value of Present Value of Present Value of Present Value of

BenefitCost Total Benefits BREC Costs Participant Costs Total Costs BenefitCost

Test 2011 aois zoii zoiil Ratio

TRC Test 1082 148 204 351 308

75 IVIEASURE LEVEL ETAIL

Table 79 on the following page presents the measurelevel technical economic and achievable MWh
savings sorted bp enduse Measures with significant remngpotential either possess significant per
unit savings opportunities or are applicable to the majorityofhomes in the Big Rivers service area For
example high efficiency lighting has a verp high remainingpotential because it has high savings and this
analpsis assumes that most commercial and industrial facilities could benefit from upgraded lighting By
comparison some refrigeration measures have a high per urut savings but are applicable to a smaller

number of commercial and industrial customers in the members service territories Measures with zero
economic and achievable potential were not found to be cost effective Additional measure iietail for the
technical economic and achievable potential in the residential can be found in Appendix 3
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Technical Economic Achlevable

Measure Name Potential Pobential Potndal

Liglttfng

Occupancy Sensors 154218124 154218124 46265437

Compact Fluorescents 12W199V1 S8257500 58257500 1747Z250

Standard High Performance T8 vs T12 4ft 43415964 43415964 13024789

High performance T5 replacing T8 23773676 23773676 7132103

CFL Hard Wired Fixture 19435666 19435666 5830700

PuLse Start Metal Halide 100 300W 13768028 13768028 4130408

High Performance T8H0 vs T12 8ft 13541104 13541104 4062331

LED Fxit Sign 1750371 1750371 525111

Space Covlig

Air Cooled Chillers 30012718 30012718 9003815

DX Packaged Systems 29756797 29756797 8927039

Packaged Terminal AC 13245663 13245663 3973699

Split Air Conditioning 6010766 6010766 1803230

Space Headng

Packaged Terminal Heat Pump 4032500 4032500 1209750

Motors Venlilation andNonVentilation

Variable Ftequency Drives 41050979 41OS0979 12315294

Motors 1HP 250HP 38942232 38942232 11682670

Water Heating

Tank Insulation 6534367 6534367 1960

PreRinse Sprayer Low flow Commereial Application 5482897 5482897 1644869

High Efficiency Storage tank 4585779 4585779 1375734

On Demand tankless 202200 0 0

Cooldng

Energy Star Hot Food Holding Cabinet 868745 868745 260624

Electric Energy Star Steamers36pan 505244 505244 151573

Electric Energy Star Fryers Griddles 201183 0 0

Energy Star Convection Ovens 410749 0 0

Refrigeratfon

Antisweat Heater Gontrols Refrigerators Freezers 14012932 14012932 420

Permanent Split Capaeitor Motor 13975831 13975831 4192749

Solid Door Refrigerators Freezers 9492337 9492337 2847701

Humidity Door Heater Controls for freezers and coolers 8807905 8807905 2642371

Glass Door Refrigerators Freezers 6849565 684965 2054869

Brushless DC Motors for freezers and coolers 6845723 6845723 20537

Vending Miser Cold Beverage 3917612 3917612 1175284

Refrigerated Case Covers 837336 837336 251201

Ice Machine Energy StarSelfContained 403796 403796 121139

Commercial Refrigeration TuneUp 3689368 0 0

Zero Energy Doors for freezers and coolers 1459315 0 0

Evaporator CoiT Defrost Control 7573846 0 0

Evaporator Fan Motor Control for freezers and coolers 6732168 0 0

LED Case Lighting 5 door case 2287982 0 0

OceEqipmeatCompressed Air
Wate Sensors on Office Electronics 17833669 8840622 2652187

Fix Air Lealts 2080693 1255021 376506

Engineered Nozzles for blowoff 346069 346 103821
V
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DEMAND RESPONSE ANALYSIS

In an August 2006 report bp staff to the FERC a definition of demand response DR was adopted
bp the Commission This definition was used earlier by the US Deparrinent of Energy DOE in its
February 2006 report to Congress

Changes in electric usage by enduse customerrfrom their normal conrumitionpalternr in rerponse to cbanges irr the
price of electricity over time or to incentive payment derigned to induce louer electricity uce at timer of high wholerale
marketprices ornhen ryftem reliability ujeopardied

In their August 2006 report FERC staff noted that demandresponse is an active response to prices or
incentive payments The changes in electricity use are designed to be shortterm in nature centered on
critical hours when demand or market prices are high or when reserve margins are low This is

contrasted to energy efficiency programs that are focused on longerterm responses or reduction in

consumption through the investment in energy efficient equipment or change in behavior

This chapter presents Big Rivers screening analysis of demand response programs

81 TYPES OF DEMAND RESPONSE

Most of the literature describes two primaxy categories of demand response programs incentivebased

response and pricebased response

o Incenrivebased demand response
Direct load control

Interruptiblecurtailable rates
Demand biddingbupback programs
Emergency demand response programs
Capacity market programs
Ancillaryservices market programs

o Pricebased demand response
Timeofuse

Criticai peakpriang
Realtime pricing RTI

For incentivebased prograsns generally the goal is for the load reduction to act as a resource ie the
demand reduction occurs via dispatch by the system operator With this treatment the demand

reduction capability can be included in the resource portfolio 1he resources can be dispatched for a
number of reasons including peak Toad low reserves high energy costs and transmission line loading

The goal with pricebased incentives is to provide a price signal that is retlective of current market
conditions and the demand reductions occur as a voluntary response to the price signal Generally these
types o responses are embedded in the load forecast and not explicidy modeled While it is often a

14 US Department of Energy Benefits of Demand Response in Electridtp Markets and Recommendations for
Achieving Them A Report to the United States Congress Pursuant to Section 1252 of the Energq Policy Act of 2005
February 2006 February 2006 DOE EPAct Re ort

GDS Associates Inc
Page 54



Energy Efficiencp and Demand Response Potential

concern that the load response is not as fiun as vith incentivebased prograis the response can
become more predictable based on weathes foreknowledge of prices and experience

82 GENERAL BENEFITS OF DEMAND RESPONSE

As a result of the information or signal provided by the utility under demand response programs
customer responses can either reduce or shift consurnption during high cost periods While all of the

programs evaluated within this project result in reducing the load requirements of the spstem during
certain peakperiods there are two distinct load impacts that result from the various programs

Ioad Shifting Projects that move energy consumption from one time to another usually during
a single dap For example the control or interruption of water heaters typicallp tiirn off the units
during the peak demand or high energy cost periods and allow tlze units to operate during offpeak
and lower cost energy periods

Peak Clipping Projects that reduce energy consumption at certain critical times typically when
the electric system experiences peaks These projects generally have only small if any effects on
overall energy use but focus sharply on reducing energy use at critical times Examples are

customerowned generation and dualfuel heat pumps since thep reduee the utilitps peak load
requirements but there is no energp shift since the customers requirements are being met bp an
alternative energy source

Loadshifting and peakclipping differ because the former shifts much of the energy use from one time
to another wheteas the latter eliminates load without shifting it to another time period

Also in its August 2006 report to FERC staff noted that to a limited extent generation transmission
and demand response are substitutes depending on the location of the generation or demand responsels
As a substitute for generation demand response ean serve as a local peaking resource and thereby assist
resource adequacyIlowever it should be recognized that besides location issues demand response may
not be perfectly interchangeable with a generatton resource with differences including

Seasonal unavaiiability of demand response eg direct control of air conditioners is limited to
summer periods vs generation with planned and forced outages
The number of hours of demand response is orclinarily limited by the agreement with the
customer vs generarion runhours that are likely limited by the environmental permit for the
resource or the limit on the number of call hours accordirig to the terms and conditions of a
capacity purchase
Demand response under utility control is often considered to be as firm and dependable as a
generation resource but priceincentive demand response usually is not as firm

As a substitute for transmission and distribution infrastructure demand response can reduce the need
for new transmission or distribution expansion The report also points out that demand response is
typically only indirectly included in the transmission planning process by modifications to expected

15 US Department of Energy Benefits of Demand Response ia Electridty Markets and Recommendations for
Achieving Them A Report to the United States Congress Pursuant to Section 1252 of the Energp Poliry Act of 2005
Februarq 2006 February 2006 DOE EPAct Report
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system loads Generally if demand response is explicitly considered it map be a temporary solution until
a permanent transmission enhancement is in place

Under conditions of tight electricity supplp demand response aLso has the potential to reduce energy
supply costs and in general electricity price volatilitp For load shifiing programs energy cost savings
are the difference between avoided energy cost during peak periods and the incurred energp cost during
the energy reeovery periods

Demand response can also serve as operating resexves Several demand response programs such as
certain interruptible industrial load and direct load control can provide the timely response necessary to
provide these reserves The eligibilitp of demand response resources to provide operating reserves has
been limited in most regions and tppically is restricted to providing supplerriental nonspinnin
reserves

83 ENHANCEMENT OF RESPONSE WITH TECHNOLOGY

Automated technology enhances the responsiveness of a facility participating in a demand response
program by enabling the customer to achieve a higher percentage of its load reduction potential Studies
conducted bp the Roc Mounrain Institutel indicate that technologp appears to be an important driver
in reducing load especially the most critical peaks for consumers witiin a rate elass that have the highest
levels of consumption Automated technology can help produce consistent load reductions across the
cooling season For example laxge commercial and industrial customers show the greatest price
elasticity with their ability and willingness to respond to incentives but without automation the response
is uneven with the load reductions coming from backup generation shifting operations or manually
shutting off loads in a less organized manner

Automated metering infrastructure AMI technology can combine load management capabilities with
alternative retail rate structures in addition to providing tie benefits of improved meter reading outage
management and power quality as well as reducing theft AMI can provide the first step in having the
necessarp technology in place to support demand response efforts As an exatnple with AMI timebased
rates can be offered without the addit cost of interval metering normallp a barrier in the
implementation of TuneOfUse TOU rates Additionally with AMI load control can be initiated
via powerline carrier technology with load control operations coinciding with onpeakor critical peak
price periods achieving a greater load impact than if a manual response was required by the customer

Direct control demand response programs common especially in the residential sector require dispatch
capability from the utility to the retail customer Therefore the technology requirement is either a radio
transrnission system towers or pagers capable of direct communication to residential location or ANII
Two of Big Rivers member cooperatives have or are in the process of installing communication capable
meter infrastructure The tlird member is evaluating AMI through pilot projects

84 CURRENT DEMAND RESPONSE PROGRAMS

Big Rivers does not currently operate anp direct control programs and does nat provide electric service
to anp retail or wholesale customers under an interruptible or curtailable contract or tariff Big Rivers
offers a Voluntaty Curtailment Rider which provides a rneans for potentiallp reducing spstem peak
demand during peak periods In the last ten pears there have been four curtailments affecting two

16 Demand Res onse An Introduction Rocky Mountain Institute Apxi130 2006
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commercial customers The mairum estimated load reduction due to the two voluntary curtailment
customers is 2025 MW

Tabfe 81 20002012 Voluntary Industrial Curtailment Results

Load

Number of Reduction

Year Curtcilments fVIW

2000 0 na
2001 0 na

2002 D na
2003 0 na
2004 0 na
2005 0 na

2006 0 na
2007 0 no
2008 1 20

2009 3 1 to 25

2010 0 nq

IncludesJonuary through August of 2010

85 DEMAND RESPONSE PROGRANlS EVALUATED

A list of potential DR programs representing the most cominon and rnost likelp to be costeffective were
evaluated in this screening analysis A more comprehensive list was not originallp screened because the
expectation for cost effectiveness for demand response vias low given the low value associated with
avoided peaking capacity Therefore Big Rivers focused the analpsis on the most common types of
programs that a utility might use in starting a demand response uutiative Had more of these programs
passed the screening the list of potential programs for screening would have been egpanded Programs
not included initiallp but that could have been considered if further analysis was warranted include but
ase not united to dual fuel heat pumps electric thermal storage ETS heating units for residences
ETS cooling units for commercial buildings direct control of swimming pool pumps and direct control I

of agricultural applications such as irrigators and grain drpers

A total of fifteen ro ams were evaluated with a mix of both residential and commercial incentivep gr
based and pricebased programs Consistent with the energy efficiency evaluation DR programs are
primarily evaluated based on the Total Resource Cost test but Utility Cost Test UCT and Participant
Costs Tests PCT were also calculated
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Table 82 Demand Response Programs Evafuated

Sector Progrnm Basis Peak Effed Direct Control
Summer kW Winter kW

Savirrgs per Unit Savings per Unit

Residential Air Gonditioner 33 Cycling Incenbve PeakShift Yes 08 00

Air Condidoner 50 Cycling Incenve PeakShift Yes 11 00

WaterHeater 40SO Gallon Incendve PeakShift Yes 04 06

7imeofUse TOU Rate Price PeakShift No 02 01

Crticial Penk Prieing CPP Rate Price PeakShift No 10 05

Smart Thermosmt w CPP Rate IncentivePrice Peak Shift Yes 14 05

Commercal Disibuted Generation Incentive PeakClip Yes 350 350

Lighdng SmaQApplication Incentive PeakClip Yes 21 21

LighiingLargeApplication lrecentive PeakCltp Yes 21 21

EnergyManagementSystem EMS Incen6ve PeakShft No 12 IZ

TimeofUseTOfIJ Rate Price PeakShift No 01 01

Crlicial PeakPricing CPP Rate Price PeakShift No 06 06

Industrial DistributdGeneration Incentive PeakClip Yes 1000 1000

EnergyManagementSystemEMS Inceniive PeakShift No 150 ISO

InterruptibleRate Price PeakClip No 1000 1000

86 DEMAND RESPONSE PROGRAM COSTEFFECTIVENESS

Due to the low value currentlp associated with avoided production and transmission capacity most of
the DR programs evaluated are not cost effective under the TRG test 1he table below presents the 10
yeax net present value benefits and costs under the total resource cost test for a single unit and shows the
benefitcost rarios for the TRC test the utility cost test and the participant cost test The methodology
emploped in calculating these effectiveness tests is consistent with the methodology employed in
evaluating energy efficienc as described earlier in this report Further details on inputs into the analpsis
including load benefit and cost assumptions are described below

Table 83CostEffectiveness Screening Resuits per DR Measure fnstalled
Toml Resvume Cost Test

Pingram NPV BenefLs NPV CasGS TRCT UdltyCast Test
QQpntCast

Test

Residenaal Air Conditioner 33 Cycling 287 647 044 044

Arr Condioner 50 Cycling 428 740 058 058

Water Heater 40 50 Galon 429 798 055 055

Smart Thermosmt 890 807 110 093 130

TiineofUse TOU Rate 155 SZSO 062 062

Crticial Peak Pricing CFP Rate 5650 681 095 95

Commercial Distributed Genenation 316883 143715 220 171 129

Lighting Small Applicadon 1800 1707 105 105

Ligiting Large Application 17803 12260 145 145

Energy ManagementSstemEMS 9079 IZ336 074 075 099

TimeofUse70fRdte 139 784 OIB 018

CrticiaPeakPricing CPP Rate 591 944 063 063

Industrial Distributed Generadon 903251 459962 196 167 118

Energy Martagement5ystem EMS 114441 226127 051 068 074

Intemiptible Rate 863918 243307 355 355

Al mortetary costs are borne by the utility therefore the participantcosttestis notapplicable

For die interruptible rate each retail customer is likely to havesome monetary cost associated with adjusiing operntions tn curtniload
However since it issitespecific calculabon ofaparicipant cost testin general is ditj5cult
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7 KEY ASSUMPTIONS AND INPUTS

1he Demand response analysis is consistent with the energy efficiencp analysis in many respects The

same screening model is used to calculate the evaluation metrics for the Total Resource Cost Test Kep
input system data such as the load forecast loss factors reserve margins transmission and distribution
avoided costs and discount factors are also consistent between the studies This section details the

assumptions that are specific to demand response programs

LoadIrrlacts
One of the critical assumptions for screening demand response programs is the amount of load
reduction possible at the tirne of the system peak A body of secondary research sources for a list of
secondarp sources see Appendig 4 of this report and GDS egperience with other cooperatives were
used to develop load impact assumptions for Big Rivers

Air Condittoners For air conditioners GDS used load impact estimates from potential studies for utilities
in four other states The load estimates were weatheradjusted by developing a lineax regression
relationship between nonnal cooling degree days and the load impact The regression model and cooling
degree days for Big Rivers were used to estimate air conditioner impacts in Kentucky These were then
checked for reasonableness with measurement and verificarion study results in the secondaxy literature
The impacts for the proxy utilities in other states were developed using spstem specific data including
weather size of home and estimation techniques suggested by the Air Conditiorung Contractors of
America ACCA

IYlater Heaterr Water heaters are estimated in a manner sirrular to air conditioners averaging load
impacts seen in other GDS studies However water heaters are not as weathersensitive at the estimates
are very stable from region to region

Residential arrd Commercial Kate Programr There are three residential rate programs that build upon each
other TOU Critical Peak Pricing CPP interactive metering manual control bp consumer and CPP
smart thermostat control by utility

TOU rates have fixed prices for defined time periods The CPP rates would have 5xed prices for off

peak hours and defined onpeak periods In addition there are higher critical prices during select high
energy cost hours For this studp the top 100 energy cost hours are assumed for the CPP rate
consistent with programs at other utilities vvith which GDS has consulted For the CPP manual

prograsn the residenrial user has a programmable thermostatand can choose to respond to prices but
there is no control from the utility With tie smart thermostat program the utility can control the air
conditioner and therefore achieve load inipacts consistent with an AC control program plus additional
benefits associated with customer response to prices Figure 81 on the following page demonstrates
theorettcal timebased rates for a sumrner dap

17 Manual S ResidenrialEuipment Selection ACCA
GDS Associates Inc
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Figure51 Exampie TimeBased Rates on a Summer Day
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Figure 82 demonstrates the relationship between program costs and load impacts for the three rates
The TOU rate with manual controltg has the lowest equipment and administrative costs but also
provides the least demand response since it is based on voluntary response The CPP rate with manual
control provides a stronger price signal and therefore gets a slightly better energy and demand benefit
but costs are also higher than the TOU rate because of the need for equipment to send price signals
during critical peak pricing hours Finally the addition of a smart thermostat that allows the utility to
control air conditioning is the most costly alternative but also provides the highest demand impact

Figure 82 Illustration of the BuildUp Nature of the Time Based Residential Rates
Note Manual control indicaies no utility control over thermostat homeowner must manuaNy change

temperature setting voluntarily

Cost

And

Load

Impacts

TOU CPP CPP

Manual Manual Utility
Control Control Control

Interactive Smart
Metering Thermostat

la Manual control means that the utility has no ability to control the thermostat so any changes to the thermostat must
be made by the homeowner by manually changing the temperature setting Therefore a manual control rate program
requires voluntary response to price signals
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TOU and CPP impacts are estimated based on a nrnacroanalysis performed bp the Brattle Group
examinin measured load impacts for several utilities throughout the countryl The industrial

tion that the retail consumer can somehow curtail 1MW of loaduiterrupnble rate is sunplp an assump
during interruption norices These curtailments could be garnered through shutting down processes or
moving shifts or by other means

Drtributed Generation It is assumed that a commercial applicarion would equal 350 kW and an industrial
application would equa11 kW

CommercialIighting Contml Load impacts for commercial lighting were estimated using commercial load
profiles developed by GDS for other energy efficiencp and demand response analyses The load profiles
include estimated internal lighting vvattage per square foot for various building types A report by Peter
Morante of the Lighting Research Center indicates that conrrol switches can be installed in buildings to
interrupt 25 of the lighting load eg dirnming some areas or shutting off every third ha11way light
The commercial lighting program was broken into small and large commercial applications and the
average load unpact for each group was used for the benefitcost analysis It is assurned that the control
strategy would mirror the standard capacity water heater program resulting in 100 hours of control each
year The commercial energy lighting results iri energy losses as indicated in the Table 84 below

Tabfe 84 Commercial Lighting Conlol Load Impacts

Square Watts perSq 25 kW
P

Footage Ft
Toful Watts

Reductiorr

Office 6 600 133 8 778 219

RetailStre 6400 087 5568 139

Restaurant 5250 092 4830 121

School 16000 088 14080 352

Group Average 8563 097 8306 208

Office 90000 087 78300 1958

Retail Store 79000 087 68730 1718

Hospital 155800 064 99712 2493

GroupAverage 108267 076 82247 2056

Energy Marzagement Syrterrs Energy Management Systerns EMS can take on many fonns but the basic
approach is that mulriple enduses are controlled onsite through an integrated system to achieve
combined demand reductions Typically these spsterns include builtin logic to monitor loads and
initiate control measures when needed Extensive research indicates that such spstems are ver site
specific thus characterizingageneral EMS setup is difficult However a pilot study of small
commercial applications was conducted by Southern California Edison in 20062 using a product

19 Kethinking Pricer Faruqui Ahmad Ryan HIedik and Sanem Sergici Publc Utilitiea Fortnightly January 2010 Pp 3039
20 Making Lighting Responsive to Demand Response Peter Morante Lightiug Research Center Rensselaer

Polpteahnic Institute
21 Demand Response Enabling Technologies For SmallMedium BusinessesIockheed Martin Aspen April 12 2006
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developed and sold by Dencor Inc wwwdencorcom Tlie system included control of rooftop air
conditioners walkin coolers walkin freezers reachin coolers ice makers and electric water heaters
The pilot included retail stores restaurants beverage stores offices and small groceries with loads
ranging from 15 kW to 150 kW The Dencor spsterns include the abilitp of the utility to monitor the
system through the internet dialup or GPS technology The pilot program demonstrated an average
119 kW reduction for a customer with an average base load of 543 kW a 22 reduction

Both small commercial and larger industrial EMS were included in the benefitcost analysis For small

commereial GDS used the 119 kW impact fronz the Southern California Edison pilot study and
assumed the same control strategy as a large capacity water heater program With the significant upfront
costs associated with an EMS a customer is very likelp willing to control for many more hours per year
than a standard residential air condirioner or water heater strategy For industrial applications it is
assumed theload is 1000 kW and that 15 demand reductions can be achieved Energp is assumed to
be shifted and not lostdue to control through the EMS

Benets

The benefits of avoided peaking demand and transmission demand are consistent with the energy
efficiency analpsis Development of the avoided costs is detailed in Section 59 of the report Avoided
production demand is based on market price of capacity and growing into the value of a peaking unit
There is no benefit assumed for avoided transmission or distribution demand For peak shifting
programs there is an avoided energy benefit associated with serving the load during the recovery periods
that tend to have lower energ production costs The benefit is the difference between the energp cost
during peaking and recovery hours For this study the on and offpeak avoided energy costs are used
to estirnate the benefit of shiftingeergy For peak clipping programs in which energy is not recovered
the avoided energy cost is the onpeak energy charge

Costs

The costs included intheTotal Resource Cost Test benefitcost analysis generally include equipment
installation and carrying costs program adrninistration and marketing costs and costs associated with
delivery of the communication or price signal to the affected device or consumer For direct control

programs in which the participant incurs no cost incentives are also included as program costs Costs

map be incurred by the GT member cooperative or retail consumer The TRC test does not include
lost electric revenues that may arise from programs that reduce energy consumption

Incentiver

Incentives for demand response programs take on many forms and levels For instance some

cooperatives are able to get participation for a water heater control program with little or no incentive
sunplp bp appealing to the cooperative spirit Incentives include a onetime payment monthly fixed
payments rate incentives and contributions to equipment cost For programs in which the participant
has some share in equipment cost incentives by the utility to offset that cost are excluded from the TRC
test However in a program sueh as air conditioner control in which the participant has no monetaLy
cost incentives paid by the utility to the participant are included The levels of incentive assumed in the
Big Rivers screening analysis are shown in Table 85 below Some are assumed to be monthlp payments
eg 4 per month for water heaters and others such as distributed generatton are rate incentives
650 per kWmonth demand credit However the ultimate form of the incentive is not as important
as the magnitude for purposes of a screening analpsis

Table 85 Incentive Amounts for TRC Test
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TRC Annual
aturePrgrm Inceniive

Residential Air Conditioner 33 Cycling 36 Recurring

Air Conditioner 50 Cycling 48 Recurring

Water Heater 4050 Gdllon 48 Recurring

Smart Tfiermostat

TimeofUse TOU Rate 0

Grticial PeakPricing CPP Rate 0

Commercial Distribted Generation 0

Lighting Small Application 500 OneTime

Lighting Large Applicadon 1000 OneTime

Energy ManagementSystem EMS 0

TimeofUse TOU Rate 0

Crticial Peak Pricing CPP Rate 0

Industrial Distributed Generation 0

Energy McrnagementSystem EMS 0

Interruptible Rate 31455 Recurriny

For some programs it may be necessary for the utility to provide incentive to offset equipment costs for
the parricipant Those incentives do not appear in the TRC test but would appear in the UCT Lost

reverues from energy savings also appear in the UCT For major equipment purchases such as
distributed generation it is assumed that the utility will make a onetime payment to offset equipment
costs in the amount of 25 of the capital cost

Table 86 Incenive Amounts for UC Test
Annual Lost OneTSrrre

UC Annual
p 1VatUrie Revenue From Contri6ution to

Incentive
Energy Savings Equipment Coss

Residential Air Conditioner 33Cycling 36 Recurring

Air Condiiioner 50 Cycling 48 Recurring

Water Heater 40SD Gallon 48 Recurring

Smart Thernostat 48 Recurring

meofUse T01 Rate 0

Crticial PeakPricing CPP Rafe D

Commercial Distributed Generation ISZDO Recurrrng 2864 Z3713

Lighting Small Application 500 OneTime

Lfghting Large Application 1000 OneTime

Energy ManagenzerttSystem EMS 1217 Recurring 2715

TimeofUse TOI Rate

Crticial PeakPricing CPP Rate 0

Industrial Distributed Generation 52000 Recurring 8163 78750

Energy hlanagementSystem EMS 8782 Recurring 100000

Interruptible Rate 31455 Recurring
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CarryigCostrfor CapitalEguiprrfeftt

Two different carrying cost factors are used to expense capital items in theanalysis The first factor is

when the uttp w1 own and operate the eqLUpment chrect control programs and includes interest
depreciation at 10 pears operations and maintenance and margins on the interest expense Maisare
a blended average of a GT Times Interest Earned Ratio TIER of 11 25 weight and a
distribution cooperative TIER of 15 75 weight The second factor is avhen a commescial account
owns the equipment That factor includes interest depreciation over 15 pears and operations and
maintenance

Table 87 Carrying Cost Factors

jm
Utility Commercial

Ownership Ownershrp

Interest 500 500

Depreciation 1000 667

0M 300 300

Insurance Taxes 000 000

Margins on Interest 200 000

Total Carrying Cost 2000 1467

Capital Costs ofEquipment

Cost ofLoad ControlSnritcherandInfrart

Several programs involve installation of a load control switch to the application in order for the utility to
signal the enduse to shut down or cycle Programs that require such a switch include air conditioners
water heaters smart thermostat and commercial lighting Since two of Big Rivers mernbers are
expected to unplement AMI in the near future an AMIbased control spstem is evaluated in this studp
Centralized hardwaxe and software would be required for the system as well as devices in each
disttibution substation GDS has conducted a Demand response Study for another GT in which a
cost analpsis on a similax infrastructure had been recendy performed Therefore ove used the results

from this recent analysis to provideesrirnated costs for Big Rivers to unplement demand response at the
GTlevel Capital and install cost for an air conditioner switch is 190 per unit and for all other direct
control programs is 215 per switch

Commercial lighting is also a direct control measure but its costs are greater than the costs for the other
programs listed above A study conducted by the Lighting Reseaxch Center estimated that the total
install cost of control technology to shut off25 of a commercial lighting load was 9 per ballast The
small commercial application assumes an average of 815 ballasts for a cost of 734 per location The

large commercial application assumes an average of 8063 ballasts for an install cost of7257 per
location

Aesidential Aate Otiorrs
A residential TOU rate in which AMI has already been deployed would have no capital costs since the
AMT system is able to register timebased energy consumption

Mating Lighting Responsive to Demand Response Peter Morante Lighting Research Center Renesselaer
Polytechnic Institute 2005 PowetPoint presentation
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The CPP rate with interactive metering has capital costs associated with the installation of a device to
send price signals to the consumers and associated software GDS has concluded that the most cost

effective way to unplement a CPP rate would be via an AMI spstem It is esttmated that the installation
of AMI technology and the communication equipment to facilitate a CPP rate would cost 275 per
application Finally the CPP rate with a Smart Thermostat application requires an additional 200
related to installation of the smart metering equipment

EnervManagement Svstems
GDS used an install cost of 200 per base kW for Energy Management Spstems 7his estunate was

provided by the president of Dencor Inc wwwdencorcom Dencorsestiniate was a range of 160 to
210 per kW depending on the level of penetration achieved The cost includes installation of

equipment and operator training provided bp Dencor For the commercial application the total capital
cost is 10860 For an industrial application the cost is 200000

Distributed Dierel Generators

Diesel generarion installation costs are based on vendor data and GDS experience in analyzing such
spstems The small commercial application is 156 per kW and the industrial application is 200 per kW
In addition it is assumed that parallel switchgear will be required and would have a cost of 115 per kW

Commercial Kate Otions
As with residential thereis no capital cost for a TOU rate sinee A1VII is deployed The commercial CPP
RTP and Interruprible rates have a simple 150 cost associated with communication equipment for the
critical peak hours

Administrative Marketin andOierating Cortr
For the demand response programs GDS assumes that there will be some benefit in administrative costs
derived from the energy efficiency program efforts some efforts would be duplicated For this demand
response analysis GDS estimates that Big Rivers will have an employee spend approximatelp 60 hours
per month on demand response activities during 8 peaking months and 40 hours per month during 4
nonpeaking months billing detening when to control member relations etc For the number of

switches required to reduce peak demand bp 5 that leveltzed cost equals 212 per switch Each

member cooperative is assumed to dedicate the same number of hours per month to demand response
as the Big Rivers staff Furthermore each member would have marketing costs of between6000 and
8000 per pear The levelized cost per switch for member cooperarives for these administration and
marketing costs equals786

Administrarive costs for rate programs axe based on customer service charges from retail rates for several
cooperatives The differerice between the dpnamic rate and the standaxd rate represents some indication
of the costs associatedwith adnvnistration of the rate

88 CONGLUSIONS AND RECOMMEPIDATIONS FOR DEMAND RESPONSE

With Big Rivers and the region in and around MISO being long on capacity the value of demand
response programs is presently low Furthermore there are no benefits associated with avoided

transmission facilities Therefore it is not surprising that most of the DR programs anaTpzed do not pass
the TRC test The following programs did pass the TRC test

Pulse meters for recoding hourly interval data are assumed to be approximately1000 per installarion
24 TWACS PowerStat InHome Displap TWACSIIDT by DCSL
Solving Peak Issues Through Demand Respoase Steve Saenz Austin Energy
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Smart Thermostat with CPP Rate This program had a benefitcost ratio of onlp 110 meaning the
NPV benefits exceeded the costs bp onlp 10 When looking at the utiiity and participant tests the

ffective for the utiliprogram is not cost e ty

CI Distributed Genetatioa This program shovvs passing tests for TRC UC and PC tests
However the PC tests are lower than the UC tests indicating that a larger incentive may be necessary to
encourage CI consumers to front the high costs of generators and switchgearequipment although this
analysis alreadp assumes the utility makes a onetime payment in support of the capital cost of 25
This program should probably be further considered b Big Rivers but a key will be finding customers
willing to take the risk for the incentives as estimated herein

Commeteial Lightitlg Conttol This programis another program that passes the TRC test but only
by a very small margin The smaller applicationhas a benefitcost ratio of105 and the larger application
is 145 These programs require intrusive installation such as wiung to individual fixtures throughout a
building so that fixtures can be controlled by the utility This would not be an ideal first program for
DR but may be considered and pursued by a utility with a mature DR portfolio andetensive experience
ininstallation of control switches

Intertuptible Rate This program is highly beneficial with very little cost That is because the

assumption is that the industrial customer is able to curtail 1 MW without adciitional equipment An

interruptible program looks highly beneficial in many DR studies even with low avoided cost benefits
Obviously the challenge to the utility is finding candidates that meet these stringent criteria that would
be willing to either change shifts or operations in order to reduce their power bills

Recornmendation

At this time GDS recommends that BigRivers not pursue a formal demand response program Most of
the typical DR programs analpzed in this screening are not costeffective at this time and those that axe
cost effective are either difficult to implement or are only inarginally cost effective Big Rivers would be
better served bp using its DSM budgets pursuing higher value energy efficiency programs However as
capacity tightens in the region the value of capacity should increase approaching the avoided cost of a
peaking unit At that time demand response programs could become cost effective Furthermore two
of the three member cooperatives have implemented A1VB systems and the third is giving it
consideration at this time ANII makes implementation of DR programs easier BREC should therefore
continue to monitor the cost effectiveness of DR In this regard GDS makes the following
recommendations

Do not pursue a full scale demand response prograsn at this time
Continue to monitor opportunities for demand response looking for reduction in costs or
increases in the value of avoided peaking generation

Monitor the opportunity of new technologies that map provide peak demand reduction benefits
including Smart Grid technologies
Encourage the member coopetatives to consider whether anp existing large commercial or
industrial accounts would be benefitted by an interruptible rate arrangement or bp Big Rivers
current Voluntarp Curtailment Rider If so determine whether there is a desire on the part of
the members to offer an interruptible rate axrangement
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9 EXAMPLE ENERGY EFFICIENCY PROGRAMS AND PROGRAM POTENTIAL

SUMMARY

Based on the results of the DSM savings potential analysis and based on a review of energy efficiency
programs currently offered by ofher electric cooperatives investorowned electric utilities and energp
efficieney organizatioris located in the region GDS recommends that Big Rivers consider the following
example energy efficiency programs when designing and implementing a DSM portfolio

Residential Programs
1 Residential Lighting Program
2 Residential Efficient Appliances Program
3 Residential Advanced Technologies Prograin
4 Residential Weatherization Program
5 Residential New Construction Program

CommercialIndustsial EnergyEciency Programs
6 CI Lighting Program
7 CIHVAC Program

These programs represent the enduses and equipment that held significant opportunities for cost
effective savings in the residential and commercialindustrial sector For each of the above programs
GDS has provided an example program design that includes an overview of an existing energp efficiency
program the target market eligible energ efficiency measures and proposed financial incentives for
pasticipants Also provided within each example program writeup are the potential savings benefits
and costs for programs that could potentcally be introduced to Big Rivers members

Big Rivers example program potential savings are based on an example budget of 1 million in 2011
followed by an increase of 25 annually from 20122020 Actual energy and demand savings and
programcosts will depend upon many factors including program funding levels and degree of voluntary
member spstem participation in the DSM programs offered bp Big Rivers Table 91 presented below
displaps the example program potential sceario annual budget for the residential and

commercialindustrial sector

Table 91 Example Program Potential Annual Budget

Residential CommercialIndustrial Total

2011 670000 330000 1000000

2012 686500 338000 1025000

2013 703500 346500 1050500

2014 721000 355U00 1077000

2015 739000 364000 1104000

2016 757500 373000 1131500

2017 776500 382500 1160

20T 8 796000 392000 1189000

2019 816000 402000 1218500

2020 836 412 1249000

2011220 7502500 3695000 11204500

4
GDS Associates Inc

Page 67
I

I



Energy Efficienry and Demand Response Potential

91 EXAMPLE RESIDENTIAL ENERGY EFFICIENCY PROGRAM PLANS

911 RESIDENTIAL LIGHTING PROGRAM

A Residential Lighting Program for homeowners in the Big Rivers service area that encourages the
installation of CFL and LED Lighting is one potential program where a significant amount of remani
potential remains This program should be considered an earlp priority because CFL lighting is very cost
effective the electric energy savings potential is relatively large and all households in the service area can
benefit from such a program

Measure description The objective of this program is to encourage residential customers to install
high efficiency bulbs in their homes replacing incandescent bulbs The incentive for residential

customers to install compact fluorescent bulbs is the lower energpuse and lower operating costs over the
life of the bulb and the much longer life of the bulb particularly LED bulbs All lighting sockets not
currently equipped with halogen CFL or other fluorescent tube lighting are eligible for compact
fluorescent lighting

TFT bulbs are also egpected to be offered as part of the Residential Lighting Program LED bulbs

present several advantages over both incandescent and CFL bulbs including lower energy consumption
longer lifetimes and smaller size To date however thep remain relatively expensive and current bulb
models are most suited for recessed or accent lighting and are not ideal for other residential applications
Over time the initial cost of LED lighting and the number of residential applications are expected to
become more palatable to consumers signifying this technology as a likely candidate for promotion
through the lighting program

Baseline Measure Efficient Measure

IncandescentBulb Coin act Fluorescet it CFL ulb

IncandescentBulb TDihtulb

Program incentives There are various methods of promoting energy efficient lighting products
Incentives can be available at the point of sale and can be in the form of mailin rebates instant rebates
and at pointofsale markdowns Of those programs providing incentives to purchase efficient lighting
and other products the incentive for CFL bulbs are typically between 1 and 2 per bulb

In lieu of lighting rebate coupons or instore markdowns Big Rivers could also choose to offer a limited
supply of CFL bulbs to their members at no cost Under this design scenario shown below the
incentive would be the full cost of the compact fluorescent light bulb In addition Big Rivers should
begin to promote LED bulbs through the use of partial incentives

Measure Measure Cost per unit Utility Incentive per unit

CF3Bu1b i 15 1

ZDLight Bu1b 30

Program Participation For the program potential scenario CFL bulbs are donated to members in
20112013 23000 bulbs were projected to be distributed each year totaling 69000 over the threeyear
period BeliLnIIg in 2014 the Residenrial Lighting Program is anticipated to provide partial incentives
for LED bulbs in lieu of disrributing CFL bulbs In 2014 this scenario assumes 4000 bulbs are

purchased by residential members From 20142020 a total of30125 LED bulbs are purchased
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Example Program Design Although offering CFL bulbs at no cost to residential members is not the
most utilized programrnatic approach residential lighting program design commonly employs coupons
or markdowns there are several benefits that can be achieved from this blueprint First the primary
market barrier to widespread consumer acceptance the initial cost of a CFL bulb is negated

Elimina the cost significandy reduces the ask to a consumer trying an unfamiliar product which
helps overcome the barrier of performance uncertainties Second Big Rivers and its member systems
eliminate the need to count coupons to determine sales and subsequent reimbursements to the retailer
This can result in lowered administrative costs and increased programcosteffectiveness

One caveat to this approach however is that offering CFL bulbs at no cost to residential consumers is
essentiallp the utility purchasing load reduction This may hinder the eventual gaal of market

transformation by confusing consumers as to the appropriate price points for energyefficient products
This confusion could lead consumers to undervalue the energyefficient features of the CFL bulbs and
lead them to wait until additional nocost CFL bulbs become available before purchasing the product
through normal market channels Consequentlp it is also recommended that Big Rivers consider
supplemental program strategies such as advertising and education which can lead to market

transfomlationand reach a greater nutnber of consumers per dollar than fullcost rebates alone

Big Rivers should also considerapoint of sale markdown approach for its LED lighting promotion
Under a markdown approach consumers do not need any type of coupon or rebate form to buy the
discounted products The LED bulbs are already marked down by the retailer when they are stocked
Once again consumers do not need any type of coupon or rebate form to buy the discounted products
The LED bulbs are alreadp marked down by the retailer when they are stocked on the shelves and the
need to count coupons to determine retailer reimbutsement is elirninated

Example Program Savings

2011 2020 2020 MWh 2020 Summer 2020 Winter NPV Benefits TRC BC

Partici ation Savings MW Savings MW Savings 2011 Ratio

9bulbs 121 013 28 19829 2

Annual MWh savings are based on annual savings of 307 kWh savings per CFL bulb and 405 kWh per
LED bulb Net Present Value NPV Benefits represent the total avoided cost of energy and demand
over the lifetime savings of the installed bulbs Also included in the NPV benefits are the avoided
incandescent bulb purchases due to the longer useful life of CFL and LED bulbs relative to incandescent
lighting

Example Program Budgets

2011 2020 20112020 20112020 NPV Big Rivers NPV Total Costs

Incentive Admin Participant Cost 2011 2011

ti526700 97800 G02500 4U37 81996

In this example the Residential Lighting program has a total annual budget of 50000 from 20112013
as CFL bulbs are distributed at no cost As the focus of the program switches awap from CFL bulbs to
LED lighting the budget increased bp 25 annuallp from 20152020 Combined the total Big Rivers

budget from 20112020 is 526700 Incentives account for roughlp 85 of the lighting budget during
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the period of CFL giveawaps and 80 during LED markdowns The remaining Big Rivers budget is
reserved for incentive fulfillment program marketing evaluation and administrative labor

1his egample program assumes CFI bulbs are distributed to members at no cost and a partial incentive
paid towards the purchase of LED bulbs The 602500 for participant costs reflects the homeowner
contribution towards the purchase of LED lighting

912 RESIDENTIAL EFFICIENT APPLIANCES PROGRAM

A Residential Efficient Appliances Program has also been included in the proposed program potential
scenario This program includes incentives for installing measures designed to decrease the overall
electric consumption of the residence All homes in the service territory are eligible to participate in this
program

Measure description The objective of this program is to encourage residential customers to purchase
energy efficient appliances in lieu of standard efficiency appliances

EnerrSta Compliant Kefrigerators
Homeowners can receive an incentive for installing a refrigerator at least 15 above the minimum
federal standards Top freezer bottom mount freezer and side by side refrigerators ase eligible for an
incentive

Energy Sta ClothesIasherr
Homeowner receives an incentive for purchasing and installing an Energy Star compliant clothes
washer In order to qualify as Energy Star clothes washers must have a Modified Energy Factor
MEF of 18 or greater and a Water Factor WF less than 75

HighEciency ElectricIater Heaterr
Homeowners can receive an incentive for installing a high efficiency electric water heater in their homes
In order to qualifp water heaters must have an Energy Factor E of 93 or greater Qualifying water
heaters will range for 40 gallons to 80 gallons in capacity

Baseline Measure Efficient Measure

Stanclard fficien Ae ator Ener SQuafiedRefri ator

tndadEficiency Clothes Ener tar Qauaitfie Clothesaher
StancclFectticStora eTankaterI3eater hEfficien Fectric Stora DUaterHeater

Program incentives Incentives are paid to the homeowner after all completed documentation for the
measure is received by the program administrator The incentive is paid in the form of a check
Incenties are assumed to be approximately 40 of the measure incremental cost or greater

Incremental Measure Utility Incentive
Measure Cost per unit per unit

Ener 5ta Qualified Refrigexator 30

Ener Sta fiedGlothesasher 258 00gY

3igliEfficiencFlectrncStoePterieater 50 35
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Program Participation This scenario assumes 11G70 refrigerators 8340 high efficiency storage tank
water heaters and 2500 clothes washers will qualify for incentives from 20112020 The participation
targets assume that the Efficient Appliances progratn will achieve 12 of the refrigerator market 13
of homes with electric water heating and 6 of homes with clothes washers

Example Program Design This program provides financial incentives and market support via retailers
to increase the market share and sales of efficient home appliances The program targets purchases of
select technologies through retail stores and other special sales events Initially the program ma offer
incentives for high efficiency water heaters refrigerators and clothes washers

Coordination with retailers and manufacturers will include cooperative marketing consumer outreach
and sales associate tran on quaiified energy efficient products Program staff should be used to
provide instore training to sales staff on the features use and benefits of energy efficient appliances and
education on how to address market barriers that limit the penetration rate of qualified appliances

Members will submit a rebate application form following the purchase of any qualified high efficiency
product along with a proof of purchase Incentives axe paid after all completed documentation is
received

Example Program Savings

2011 2020 2020 MWh 2020 Summer 2020 Winter NPV Benefits TRC SC

Participation Savings MW Sa MW Savings 2011 Ratio

220inits 340 019 01 2366069 18

Annual MWh savings are based on annual savings of 1155 kWh savings per refrigerator 1847 kWh per
Clothes Washer and 1947 kWh for efficient electric waters Net Present Value NPV Benefits
represent the total avoided cost of energy and demand over the lifetime savings of the efficient
appliances Also included in the NPV benefits axe the avoided water savings from the efficient clothes
washers

Example Program Budgets

2011 2020 20112020 20112020 NPV Big Rivers NPV Total Costs

Incentive Admin Participarit Cost 2011 2011

33G5 8450 7850 85093 19Qy820

In this example the Efficient Appliances program has a total funding budget of 100000 in 2011
followed bp an increase of25 annually from 20122020 Combined the total Big Rivers budget from
20112020 is approxunately 11 million Incentives account for roughly 75 of utility budget The
remauing 25 is reserved for incentive fulfillment program marketing evaluation and aclrninistrative
labor In the first pear the adnzinistrative costs represent 30 of the total Big Rivers budget to allovv
additional funds for program development The 78450 for participant costs reflects the homeowner
contribution towards the purchase of efficient appliances
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913 RESIDENTIAL ADVANCED TECHNOLOGfES PROGRAM

A Residential Advanced Technolo es Pro has also been included in the proposed program

potential scenario to serve to educate homeowners regarding current technologies that have a high
potential for savings but low market penetration Homes with electric water heating and space heating
are eligible to participate in this program

Measure description The objective of this progranz is to educate and encourage residential customers
to purchase energy efficient technologies with large savings potential and overcome the barrier of high
upfront costs

Geotherrnal Heat Purrrps
Ground Source heat pumps or geothermal heat pumps use the earth or groundwater as a heat source
instead of the outside air Stable underground temperature allow geothennal spstems to be rated for
heating efficiency and cooling efficiency Geothermal heat pumps may be 2545 more efficient than
airsource heat pumps but are more expensive and difficult to install Most geothermal systems include
loops that are buried in the ground in shallow trenches or in vertical boreholes As an alternative

other systems may draw in groundwater and pass it through a heat exchanger instead of refrigerant
before returning the water to the aquifer Geothermal systems should have a heating COP efficiency
rating of 33 or higher The most efficient geothermal spstems will include desuperheaters to allow for
additional water heating savings

Electric Heat Pumpiater Heaters
Homeowners receive an incentive for installing a heat pump water heater Heat pump water heaters use
electricity to move heat from one place to another instead of generating heat directly and can be two to
three times more energy efficient than conventional electric resistance water heaters Heat pump water
heaters should have a EF20or greater

Baseline Measure Effcient Measure

AirSvrce3atPunSEER 13 Geothernaal Heat1um GOP33or eater

FlectricStora TankWaterIIetet 90 ElectricHeatximVaterieater F 2Q

Program incentives Incenrives are paid to the homeowner after all completed documentation for the
measure is received bp the program administrator Measure costs and savings assume homeowners are
replacing equipment that has reached the end of its useful life The measure cost of the geothennal I

system is the incremental cost between a geothermal system and a standard efficiencp heat pump The
850 incremental cost for the heat pump water heater is the difference between installing the efficient
heat pump water heater and a standard efficiencp storage tank

Incremental Measure Utility Incentive
Measure Cost per unit per unit

eothernialHeat1um 8300 1OQ

FlectriceatPurnpaterHeater 0 350

Program Participation Under this example scenario 30 geothermal heat pumps are estimated to be
installed in 2011 and a total of 350 over the next decade In addition 125 heat pump water heaters are
installed in 2011 1490 through 2020 As advanced technologies with a highup front cost these
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participation projections achieve relatively low market saturation over 10 pears 3 for heat pump waters
and 2 for geotheial spstems

Example Program DesignUnder this program HVAC contractors and plumbers would perform the
instalations and submit all necessary paperwork while program staff would oversee the administration
and outreach components

Example Program Savings

2011 2020 2020 MWh 2020 Summer 2020 Winter NPV Benefits TRC BC

Participation Sa s MW Savings MW Sa 2011 Ratio

18uruts 46 00 198 1

Annual MWh savings are based on annual savings of 3658 kWh savings per geothermal system and
20679 kWh per heat pump water heater NPV Benefits represent the total avoided cost of energy and
demand over the lifetime savings of the efficient technologies Also included in the NPV benefits are the
single year tax credit benefits for renewable technologies ie geothernial systems Federal tag credits for
energy efficiencp are set to expire in 2010 and were not included in thisanalysis

Exasnple Program Budgets

2011 2020 20112020 20112020 NPV Big Rivers NPV Total Costs

Incentive Admin Partici ant Cost 2011 2011

1fl4G00 3Z300 12500 10G829 3

In this example the Advanced Technologies prograrn has a total budget of 125000 in 2011 followed
by an increase of25aually from 20122020 Combined the total Big Rivers budget from 20112020
is approximately 14 million Incentives account for roughly 75 of utility budget The rPmairLng 25
is reserved for incentive fulfillment program marketing evaluation and administrative labor In the first
year the administrative costs represent 30 of the total Big Rivers budget to allow additional funds for
program development The 31 million for participant costs reflects the homeowner contribution
towards the purchase of the efficient technologies

I

914 RESIDENTIAL WEATHERIZATION PROGRAM

Big Rivers may also consider offering a Weatherization Program to their members and include financial I
incentives for installing energy efficiency measures designed to increase the thermal efficienc of a
homes building envelope This program is provided as an example for Big Rivers because this program
is cost effective the electric energy savings potential is relatively large and all households in the service
territory with electric cooling can benefit from such a program

Measure description The objective of this program is to encourage residential customers to upgrade
and install energy efficient building shell measures in homes that are currently inadequately insulated or
weatherized The most important energy efficiency measures for this program include air infiltration
sealing of heatingcooling ducts and improved attic and floor insulation In addition Big Rivers
members will be able to request a weatherization care package with lowcost easy to install efficiency
measures
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Over time the individual components of this program map be altered based on egperience and
evaluation to mairn17e overall costeffectiveness and target aspects of the building envelope that are
likelp to benefit the most from efficient technologies and practices

AtticInrulation

This measure includes installing attic insulation in homes that currently have eitherinadequate levels or
no ceiling insulation The installed insulation will meet anRvalue ofR38 Two baselines are included in
this scenario R9 and R19

Air Sealing
Hidden air leaks cause some of the largest heating and cooling losses in older homes Common air
leakage sites include plumbing penetrations through insulated floors and ceilings baseboard moldings
dropped ceilings above bathtubs and cabinets attic access hatches and doors and around recessed
lighting fixtures The savings in this scenario were determined by modeling 10 ACHSO vs 7 ACHSO

Duct Sealing
This measure includes duct sealing to improve the loss of heated or cooled air through the building
shell and space conditioning ductwork Ductwork should be sealed tighdp with mastic and pass a level
of duct tightness of at least 6 of the floor area

Floor Insulation

Floors over unheated areas such as crawl spaces and basements can contribute to heat loss in an
otherwise wellinsulated house Single Family homes are assumed to have R0 and no foundation
insulation These homes are improved to R19 levels For manufactured homes the belly insulation is
improved from R11 to R30 Manufactured homes with damaged insulation could also qualify for
improved insulation

Weatheriation Care Package
The weatherization care package is a low cost measure that contains an assortment of small efficient
measures that can minunallp reduce energy consumption and also educate homeowners regarding
additional improvements Packages can either be provided as mailers or can be handed out at annual
meetings or other special events The packages include CFL bulbs water heater blankets low flow
showerheads oudet gaskets and energy efficiencp literature

Baseline Measure Efficient Measure

cnstilarionR9orAtticInsulatoni9 E3cZnsulation88
1oorZnsrlatonZ0 1eLLF F1oo nsulationR 19

1ocrZnsulattonR 1 ufacturechomes FlcorZrisulationR30
Le Buildin nelo e 1CIIQr eater Irn rovedAireg T ACHorless
Le Ductavork Im roedDuctS 6aoffloortea

WeatlierizationCarePacITf1

Program incentives Incentives are paid to the homeowner after all completed documentation for the
measure is received bp the program administrator Incentives are assumed to be approximatelp 40 of
the measure incremental cost or greater

Measure Measure Cost per unit Utility Incentive per urut
AtcInsulationR19toL38Su eFay 88230 30
AtttcnsuationROtoRBSuiglearri1 1510 0
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F1oor1nstionR19 5in 1eF 13b70 0

F1oor Instton R0 ufactured 8160
hme

ad3ire 1eam 29 200

Improved Atr 5ealing Nnfactured 326 00

home
y

Irn oPedDuctS F 00 200

WeaiPac e SF 60 6J

Program Participation From 201120122875 homes are projected to receive rebates for irnproving
their air sealing andor duct sealing This represents approximately 3 of homes with electric space
cooling Nearly 1200 homes will improve their attic insulation and 1055 homes will install improved
floor insulation or approximatelp 1 of homes with electuc space cooling

This example program also esrimates that about 900 weatherization care package will also be
distributed to homeowners from 20112020

Example Program Design The program is designed to help customers save energy arid money by
making their homes more energyefficient Independent conttactors will deliver the program in a way
that mi participation and energy saving goals The cooperatives and contractors will

cooperatively market the program address customer intake schedule work conduct the initial home
visit install energy efficient measures and perform quality assurance

Contractor selection can come from numerous sources including private for profit companies that
provide home energy ratings and weatherization services or privatepublic conipanies that provide
weatherization services to publiclyfunded rehab programs or low income homes Participating
contractors are then trained with a focus on

Duct sealing
Air sealing in the attic
Observational diagnostics to create a list of possible energy efficiencp measures the homeowner
might want to address in the near future

Customers planning to install energy efficiencp measures in their homes must use a contractor partnered
approved for the program to install the eligible measures Upon completion of the project the customer
will work with their contractor to complete the program application form and provide the required
paperwork receipts or invoices

GDS also recommends increasing consumer awaxeness and education relating to the significant
electricity savings due to weatherization and insulation measures by using strategically placed advertising
messages in the following types of inedia cooperative newsletters local cable shows public service
announcements radio newspaper trade shows special events community group presentations booths
at local county fairs and other events
As part of the quality control process Big Rivers should inspect a small subsample of participations
homes to verify application information and proper installation
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Example Program Savings

2011 2020 2020 MWh 2020 Summer 2020 Winter NPV Benefits TRC BC
Partici ation Savings MW Sa MVP S 2011 Ratio

8OOOnaeasures 9 34 175 68 1267723 4
8985Carea s

The average savings per participant across all weatherization measures is estimated at 722 kWh per year
In addition the weatherization care package is assumed to save 433 kWh annually NPV benefits
represent the total avoided cost of energy and demand over the lifetime savings of the efficient
technologies Also included in the NPV benefits are the single yeax tax credit benefits for gas savings and
water savings from low flow showerheads Gas savings are present due to participants with electric
space cooling and nonelecttic space heating Electac savings would be higher if the program onlp
included homes with electric heating

Example Program Budgets

2011 2020 20112020 20112020 NPV Big Rivers NPV Total Costs

Incentive Admin Participant Cost 2011 2011

27000 27 202267J2130 322302

The total Big Rivers budget from 20112020 is approximatelp 36 million 320000 in 2011 Incentives
account for roughly 75 of utility budget The remng25 is reserved for incentive fulfillment
program marketing evaluation and administrative labor In the first year the administrative costs
represent 30 of the total Big Rivers budget to allow additional funds for program development and
contractor education The 32 million for participant costs reflects the homeowner contribution towards
the purchase of the improved building envelope measures

915 NEW HOMES CONSTRUCTION PROGRAM

Another potential program that Big Rivers might consider is a New Homes Construction program that
supports energy efficient design and the installation of energy efficient equipment and building practices
during the construction of new residences The program will be taxgeted to the residential new
construction market particularlp to residential customers and home builders in the process of designing
and constructing new hornes The target for this program is to build new homes so that they are
significandy more energy efficient than a standard new home

Measure description The objective of this program is to help reduce customer energy consumption
through the building of energy efficient new homes

EcientNe Home Tier 1
Builders would receive an incentive for constructing new homes designed to Energy StarEnergy Star

standaxds at least 15 percent more energy efftcient than those built to the current building codes
Energy StarOO Energy Star Homes also incorporate other energy savings features that typically make
them 2030 more efficient than standard homes The US Environmental Protection Agency reports
that 165 home builders have partnered with EPA to construct more than 1200 Energy Star qualified
homes in the Commonwealth of Kentucky in 2010 Nationwide over one million homes have earned
the Energy StarRO rating to date
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Energy savings are based on heating cooling and hot water energy use and are typicallp achieved
through a combination of the following high performance windows conttolled air infiltration upgraded
heating and air conditioning systems tight duct spstems high efficiency water heating equipment and
high efficiency building envelope standards Energy Stax Homes also encourage the use of energy
efficient lighting and appliances These features contribute to improved home quality and homeowner
comfort and to lower energy demand and reduced air pollution

Ecient Nerv Home Tier2
Similar to a Tier 1 home builders would receive an incentive for constructing new homes designed to
exceed Energy Sta standards at least 30 percent more energy efficient than those built to the current
residential code

Baseline Measure Efficient Measure

NewHrne

tarO taridads11er Simla to nergy
SandarNevHomeonsicton2006
IternationaBuilcingCoe thKentucky

moreeffirientan code

anennents
a fficttNev3om aer2 D

noreeffiient

OrCdII OIIl trt O e

Program incentives Incentives can be paid to the homeowner after all completed documentation for
the measure is received by the program administrator The incentive is paid in the form of a check The
incentive is set to cover approximately 35 of the incremental cost of installing the increased efficiency
measures and also includes the full cost of receiving a HERS home rating assigned an 800 value

Measure Measure Cost er unit Utility Incentive per unit
Efficient1ew3ome ier 1763 00 2563 600 8001400

EficieiitNevoineier2 4300 130Q8002300

Projected Program Participation 458 homes are expected to be certified as efficient new homes
meeting or exceeding Energy StarC standards over the next decade In this example 380 meet the Tier
1 standard and an additional 78 would qualify as Tier230 more efficient In 2011 39 new homes
would qualify for an incentive These participation esrimates would certifp approximately 4 of the new
homes built from 20112020 as efficient new homes

Example Program Design During the construction process the builder or home buyer must contract
with a certified HERS rate who will review the building plans and conduct onsite inspections If the
home meets the requirements of a Tiex1HERS Index of 85 or less or Tier2HERS Rating of 70 or
less the home wi1 be certified as an efficient new home The homeowner would then complete the
project application form and submit required documentation to verify eligibility

Big Rivers may offer support to homeowners or builders to aid them during the application process
After verifying the home meets program specifications the application and rebate would be processed

Example Program Savings

2011 2020 2020 MWh 2020 Summer 2020 Winter NPV Benefits TRC BC

Participation Savings MW Savings MW Savuigs 2011 Ratio

8hones 2 a 34 65 96 7
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Over the 10 year period average savings per new horne built to the Tier 1 standard is 2758 kWh The
average savings per new home built to the Tier 2 standard is 4786 kWh The values reflect a weighted I
avera e ofallelectric homes and homes built with nog n electnc heattng spstems All electac homes save
roughlp 1100 kWh arinually than the weighted average for all home types

Net Present Va1ue NP Benefits represent the total avoided cost of energy and demand over the
lifetime savings of the efficient technologies Also included in the NPV benefits are the gas NIlVIBTJ
savings from a select number of homes with nonelectric heating Electric savings would be higher if
program excluded homes vcrith nonelectric heating

Exple Program Budgets

2011 2020 20112020 20112020 NPV Big Rivers NPV Total Costs

Incentive Admin Partici ant Cost 2011 2011 I
7100 1010 6i60340 G4Q1a 415G9

The total Big Rivers budget from 20112020 is approximately 841500 Incentives account for roughly I

85 of utility budget The remaining 15 is reserved for incentive fulfillment program marketing
evaluation and administrative labor In the first pear the administrarive costs represent 20 of lie total
Big Rivers budget to allow additional funds for program development and contractor education These
administrative costs axe low for a new construction program relative to other new homes programs
operated elsewhere because Big Rivers intends to piggyback on the success of the current Energy
StarO New Homes This approach should minimize the need to educate home builders on new program
standards and home certification protocols

The 660340 for participant cost reflects the homeownerscosts to purchase homes that are built above
current residential code
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92 RECOMMENDED COMMERCIAUINDUSTRIAL ENERGY EFFICIENCY PROGRAl1AA PLANS

921 COMMERCIAUINDUSTRIAL PRESCRIPTIVE LIGHTING PROGRAM

A commercial and industrial C Prescriptive Lighting Program for commercial and industrial
customers in Big Rivers service area will encourage the purchase and installation of efficient lighting
systems and controls This program should be considered because a prescriptive approach to lighting is
srraightforward can be implemented to include all business types and is easilp expanded A prescriptive
program offers figed levels of financial incentives for energy efficiency measures where the measure
costs and savings have already been proven through extensive testing and where the savings are typically
consistent across installattons

Measure descri tion

Baseline Measure Efficient Measure

3ncacscentb GF13uli

3ncanciescentForescentEt5 LEDrXit

w
A 8BalatandLam s

Iaartata sa o

o hn onols Ocu an Sensozs

Compact FluorercentLarrr Hardiiredand Fixtures

Compact fluorescent lamps are the most common altemative to standard incandescent lamps CFLs are
generally about four times as efficient as incandescent lamps and last about 10 times as long CFLs can
either be screwin replacements for incandescent lamps or plugin lamps in fixtures specifically designed
around CFL technology

T8Lrmps and Electronic BallastrPremium
Premium T8 lamps and electronic ballasts have the same maxket as regular T8 systems Thep gain
efficienc over regular T8 systems bp the codevelopment of lamps and ballasts that optimize the
efficiency of both when used together Typically T8 lamps and ballasts replace T121amps and ballasts

LED Exit Signr
Light emitting diode LED exit signs are one of the most efficient types of exit signs on the maxket
Thep generally onlp draw about two to three watts of power compared to 10 watts or more for CFLs or
20 watts or more for incandescent exit signs

Occubancy Senrors
Occupancp sensors automatically turn off the lights in a room or an area when the area is unoccupied
Occupancy sensors are an alternative to standard wall mounted onofflighting switches

Program incentives 1his prescriptive lighting program is a customer incentive program that provides
incentives for the installation of energy efficient lighting measures in existing commercial and industrial
facilities GDS recommends that incentives be set to about 35 of the incremental measure cost for

each of the measures available under the program

Measure Measure Cost Utility Incentive
average per project average per project

htin 7000 40
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Program Participation In the commercial andindustrial sectors the lighting enduse represents about
55 of the potential for electrieity savings The program potential is based on achieving a penetration

n the available fun with 30 artici ants in the first ear ram u to 46 in 2020 with arate based o ding p p y Pg P

total number of participants reaching 400 over the 10 years

ExampeProgram Design The primary goal of this example program is to encourage CI Members
to install high efficiency lighting spsteins in existing facilities More specifically the program is designed
to

Provide incentives to facility owners and operators for the installarion of highefficiency
equipment and controls
Provide a marketing mechanism for equipment contractors and distributors to promote energy
efficient equipment to endusers
Overcome market barriers including
o Members laek of awareness and knowledge aliout the benefits and costs of energy effieiency

improvements
o Performance uncertaintyassociatedwith energy efficiency projects
o Additional first costs for energy efficient measures
Ensure that the participation process is clear easy to understand and simple

Certain barriers exist to the adoption of energy efficiency measures including lack of investment capital
competition for funds with other capital improvements lack of awarenessknowledge about the benefits
and costs of energy efficiency measures high transaction and information search costs and technology
performance uncertainties This program is designed to help overcome these market barriers and
encourage greater adoption of energy efficiencp measures in the CImarket

in addition to helping customers reduce and manage their energy costs this program provides other
societal and customer benefits These include reduced greenhouse gas emissions improved levels of
service for energy expenditures and lower overall rates and energy costs compared to other resource
options

The program is structured as a broadly applicable commercialindustrial prescriptive program since the
energp and demand savings for many common energy efficiency measures axe similar across many CI
rriarket segments Having a simple program structure and incentive schedule provides customers with
certainty and ease of use regarding the incentives they will receive for installing a wide varietp of
efficiency measures

The programs actual energy and demand savings will be detemuned through the program evaluation
strategy discussed in a subsequent section Evaluation activities should be planned at the same time as
overall program planning and implemented when the overall program is being implemented as viill be
discussed in more detail in the evaluarion section

The CI Prescriptive program is a customer ineentive program that provides incentives for the
installation of energy efficiencp measures in existing nonresidential facilities More specificallp the
program offers the followingproducts andsrvices

Educational and promotional materials including educational brochures program promotional
material and website content aimed at building owners managers and operators about the
benefits of energy efficiency improvements and improved systems performance
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Educational and promotional efforts aimed at trade allies such as equipment contractors
installers building supply fiYms and equipment distributors to help thern promote efficiency
measures to their customers

Incenties for building owners and managers to adopt the measures recommended bp the
program Specific incentives for each size and type of DSM measure will be developed

Program Allies The program includes customer educational and promotional pieces designed to assist
facility owners operators and decision makers with the information necessary to improve the energy
efficiency of the spstems in their facilities The programalso includes customer and trade ally education
to assist with understanding the technologies that are being promoted the incentives that are offered
and how the program functions

The marketing and communications strategy will be designed to infomz customers of the availability and
benefits of the program and how thep can participate in the program The strategy will include outreach
to key partners and trade allies including the architectureengineering and contractor community
relevant professional and trade associations and other parties of interest in the market Possible

sttategies could include
Educationsminars implemented in each market to provide details about how to participate in
the program The seminars will be tailored to the needs of business owners building managers
architects engineers vendors and contractors
A combination of strategies including media advertising outreach and presentations at

professional and communitp forums and events and through direct outreach to key customers
and customer representatives Marketing activities may include
o Brochures that describe the benefits and features of the program including program

application forms and worksheets The brochures will be mailed upon demand and
distributed through the call center and the Big Rivers website and will be available for various
public awareness events presentations seminars etc

o Targeted direct maiiings used to educate customers on the benefits of the program and
explaining how the can applp

o Customer and trade partner outteach and presentations eg BOMA and other customer
organizations informing interested parties about the benefits of the program and how to
participate

o Print advertisements to promote the program placed in selected local media including area
newspapers and trade publications

o Presence at conferences and public events used to increase general awareness of the program
and distribute program promotional materials

o Presentations bp the program manager to kep customers and customer groups to activelp
solicit their participation in the program

The marketing strategy will identify key customer segments and groups for target marketing and
will prepare specific outreach activities for these customers

Example Program Savings

2011 2020 20201VIWh 2020 Summer 2020 Winter NP Benefits TRC BC

Participation Savings MW Savings MW Savings 2011 Ratio

00 93CQ 229 21 52G283 190
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With this ezample lighting program about 9360 MWh will be saved after 10 pears based on the
projected participation with approximately 702 MWh saved in the first year Additionallp projected
artici ation will also result in a summer eak sa of 229 MW after 10 years Additional detail

P P P

inciuding annual energy aad dernand savings for this program can be found in Appendix 5

921 COMMERCIAL AND INDUSTRIAL PRESCRIPTIVE HVAC PROGRAM

Measure description A brief description for the key HVAC measures that would be included in the
HVAC prescriptive program is presented below

Baseline Measure Efficient Measure

eficient 5 lit1AC S steins Hihficien S 1itC

iefieiitCles Co1ed

InfrcertP1PoPTA0 7 Packa dTerninalieat andC

1Tourn Gontrals A Vaable Fr azen riqes
All TVACS stems 5 t I 13i1e l7

High Eiciency Air Cooled Chillers Efficient chillers cover efficient reciprocating screw and centrifugal
l Air cooledunits with condensers will have a minmum efficiency of123KWunit to qualify

Packaged Terminal Heat Pumpc and Air Conditionerf Packaged terminal air conditioners PTAC and heat
pumps units are most commorily used in hotel rooms Efficient units are defined as those having an

il
efficiency of 105 EER or higher I

Variable Frequency Drives on Fans and Pumpr VFDs for HVAC applications are incentivized separatelp
I

from other VFDs such as industrial process motors because they take advantage of the fluid affinity
laws that show a cube relationship between speed and power These applications also have a more
predictable use pattem than VFDs in industrial processes and conveyance applications The latter

examples would be included with custom measures The baseline technologies for HVAC VFDs are
flow throtding for liquid spstems and vortex dampers for air applications

HV190Tuneup
AC spstem tuneups help commercial and industtial customers save energy bp ensuring their air
conditioning systems are functioning at the optimal level This is the least cost measure in the HVAC

program

Program incentives

Measure Measure Cost Utility Incentive
average per project average per project

HV11CPYOeCt 7y8 2g0

Program Participation In the commercial and industrial sectors the cooling enduse represents about
15 of the potenrial for electricity savings The program potential is based on achieving a penetration
rate based on the available funding with 26 participants in the first year ramping up to 40 in 2020 with a
total number of participants reaching 348 over the 10 pears
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Example Program Design The program design for this example program would follow closely the
design of the prescriptive lighting program

Example Program Savings

2011 2020 20201VfWh 2020 Summer 2020 Winter NPV Benefits TRC BC

Participation Sa MW Sa MW Savin 2011 Ratio

348 77 04 231 4274939 6

With this egample HVAC prograrr about 5707 MWh will be saed after 10 years based on the
projected participation with approximatelp 426 MWh saved in the first year Additionallp projected

participatton will also result in a winter peak saving of 231 MW after 10 years Additional detail

including annual energy and demand savings for this programcan be found in Appendix 4

93 DSM PROGRAM POTENTIAL SUMMARY

Table 92 presents summarized information regaxding the annual participation energy savings demand
savings and Big Rivers budgets for the residential and CI example energy efficiency programs In total
the programs result in about 34845 MWh of annual energy savings in 2020 or 10 of forecasted
energy sales The programs are also estirnated to achieve demand savings of 112 MW or 16 of the
forecasted winter peak demand

The sample funding used in this analysis for the complete portfolio of example residential and CI
programs ranges from 10 rnillion in 2011 to 13 million in 2020 For this analysis incentives account
for 70 of the total budget while administrative costs marketing program deliverp incentive
fulfillment and evaluation account for the remaining 30 Actual expenditure proportions may differ
significandy from this analysis
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Table 92 Residential Commerciai Industrial Program Portfolio Detail Annual Partici ation Savin s and Bud et b Program

ALL RESIDENTIAL PROGRAMS COMBINED 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Incremental Annual Parttctpants 26494 26847 26938 8039 8240 8452 8657 6849 9080 9322

Cumulative Annual Participants 26494 53341 80279 88318 96558 105010 113667 99516 65596 71173
z R t r k ror r n x v ir s r r i r a c a a f r r fz h x r n r E a i sn i r a fT 1 w e F t e 7 3 s rc f t c f s Ee i7 t T ri 4 f i c Ifv v 4 t iu a y r d t 1 i K irt i Sru1 sl 1 r e c 3 s 3 3 3 n ti s ir c 3 Jt tA f t S u Ei z S r f r a f z Mzav raT 3 f a Y t r ti Gi 1 c r i N t te 1 f ie 2 u T t r 3 fz vc w 1 s r I 1 r e r F t 1 af 4 i r w v U i r r a S t i a t fip t ir r sffIr ai 1 r t i
r r i r

Y

Cumulative Annual MWh Savings 2288 4723 7211 9201 11238 13329 15464 16937 18493 19778

Cumulative Annual Winter MW Savings 071 147 226 293 361 431 502 558 618 674

Cumulative Annual Summer M W Savings 029 060 092 119 147 175 2 04 226 2
a ce Sl O Y tlin v c t i e t a r ptx F a aa 3 1Sfl 3 T b 4 si v i

T 5 lrss C 4r l I irv 5r s 0 k S fPf 4t 0 D t f i af a 1 atd L Yi a1u Y i c y so d 3 yr l I t2 i4 Y 1 e 23 t S I I il M ik ihsj Sz t r J a 13 wi 1 Y irus f L r73 S 3 ei ipt 3iy ssG f J Sis ij Jr h v i 2i s
n

ia a s c 3r7t a ixr t c Is 3 4r je t t r5 lV 3 i ix1 3t i n 1lf t w if L l J 1t ts 1Y iT F 7 xr s sc sJd it i l i tr a

Incentives 486150 526725 543975 552775 565350 580600 591725 602425 627600 643225

Administrative 186750 158700 164250 170250 174050 178600 182250 185250 193200 197850

Total Blg Rlvers 672900 685425 708225 7Z3025 739400 759200 773975 787675 820800 841075

1
ALL CI PROGRAMS COMBINED 2011 2012 2013 2014 2015 2016 2017 2016 2019 2020

Incremental Annual Participants 57 65 66 75 77 79 81 83 85 87

Cumulative Annual Participants 56 94 130 174 216 258 302 346
w s r 3 394

ii r 4re r i i 1 t E
r r r 1S f i 5 a l S z c n f fh f rf 9 r r i 4 E rn r R f t aF i V 1 r i i f Ff u t d R y i rfK1u d u E iS t t2 Aua V I t i fLd f sw r w a t ii a iF Y u r r J r r 11 r b i 1 fi9iJ W z rIF i rj3 r iF r t ll i i I ea iei tr a R I ii 1 Hrei i l rt
s t1 Zy i rt F 1 F t
r ranF k S F lr 6a 1

a i
r

i

Cumulative Annual MWh Savings 1128 2416 3750 5244 6770 8344 9950 11602 13335 15067

Cumulative Annual Winter MW Savtngs 020 044 068 095 122 151 180 210 241 272

Cumulative Annual Summer MW Savings 033 071 110 154 200 246 293 342 393 444
asrR e ti ai i Y i I C Y 4 CL Y i TkiS Y F a r L 1 1 i i ff v Y I r 3 1C i i fF t 4 s F fir Jr t J1 a 7 tr r 1 c ti 3s f ic v 1 e1 i Ki tr cJ i 7 a rV2 I f 4f 1 317 S x 1C4 l 4

j
i I it i e q 1 i i 7i rLl i 1 i 5 Jti 5 ri i e 1 1 r ti 7 ir tY Y f 7i 1 d f i l 11 ie r ti n T ti hrl F Y l Sr 1 tlt 5xr h Z 1I L Y Z i1 h sa F d S 1 1r u Lxa Y r 1 F 7e 1 t l S i eS U t4r s F i j r i S i i r i S

i
1 Y

lncentives 146300 167300 172200 193200 198800 203700 209300 214200 224700 224700

Administrative 178850 167300 172200 158100 162650 166650 171250 175250 183850 183850

Total B1g Rlvers 325150 334600 344400 351300 361450 370350 38055U 389450 408550 408550

i

ALL PROGRAMS COMBINED 2011 2012 2013 2014 2015 2016 2017 201B 2019 2020

Incremental Annual Participants 26551 26912 27004 8114 8317 6531 8738 8932 9165 9409

Cumulative Annual Particlpants 26550 53435 80409 88492 96774 105268 113969 99862 85990 71613
r r r w n e Fr z xca r r r n t i r r v r Fi 3 s rSG ii4h e rPS f4 rS j fS 4 0 x s t i t 1 1ra f H f Ci r reG i h F ur t t iwe 7t s F iFB h a r ti x a F n r 1 rt L r F r 4l i vv h r Y n ie rr 5 r ra i i 3F A Y 1 11 1r r i a t r r r yw t S 3 A aS C 5 I I f lY 5 F 4l d I jl C 4l B c a Ysi YE 4 n ris 1 a4 Y r 1 7 t n v r r F 4S t J Y 5 rA Ys 1 ii 3 I i 1f r k r r ti w r an t sF ti 1 le v

r 41 t j 2 r x1 r a ir t eE n i f iF n n ll iXF s r n 3 rm n s sr ffieii Yf14 r f 4 y7 W f r t f r ile l t
I f

f e Saa

r s
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Cumulative Annual MWh Savings 3416 7139 10962 14445 18009 21673 25414 28540 31828 34845

Cumulative Annual Winter MW Savings 092 190 293 388 483 58Z 682 768 859 946

Cumulative Annual Summer MW Savings 06Z 132 203 273 346 421 497 568 643 715
s w r ay ir a r r r e i r J iT r tC f xt F 4e r iIS r t r Fe Y1 7 h 1 i1lt 7 3 dia i f 1 r Lci c a t r h J I Si ja 4 2 r r g 5 ry fi i P tt r i e r 3 at lrs i i57 e 1 i v Ge3 Y S S c5 r t h t r t 1 Lt r i c rr f ry i 1 4 an F t 1 3kirn e Ir y F e4C t rrti z i i s r 7 r Y r 1 iJe1 k ri k S 1 ei 1 j fr

1 t i I i

Incentives 632450 694025 716175 745975 764150 784300 801025 816625 852300 867925

Administrative 365600 326000 336450 328350 336700 345250 353500 360500 377050 381700

Toial Big Rivers 998050 1020025 1052625 1074325 1100850 11Z9550 1154525 1177125 IZ29350 1249625
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1 O OVERALL CONCLUSONS ANDRECIAMENDATIONS

In sumrnarythe potential for electric energy efficiency and demand response in the Big Rivers Members
service territories bp 2020 is significant The estimated achievable potential electcicity savings would
amount to 311744 MWh a pear a 88 reduction in projected 2020 1V1Wh sales Energy efficiency
resources can also serve to reduce the overall winter peak demand over the same period by 795 MW or
116of the forecasted 2020 spstem peak Achievable summer peak savings are 592 MW or 86 of
the total5pstem peak in 2020

Based on these results a portfolio of DSM programs was designed for Big Rivers that could achieve
significant energy and demand savings at apredeterrnined level of spending The ptogram potential

portfolio is based on a funding target of 1 million dollax first year spending In total the combined

budget from 20112020 under this scenario is approximately 174million The result is seven suggested
programs that demonstrate electric energy efficiency can plap an expanded role in Big Rivers resource
nig over the next decade

Table 101 Recommended Program Summary
Cumu ative NPV Costs

Cumulative Annual Winter NPV utiity

Annual MWh MW Savings Benefits Participants TRC BC

Savings 2020 2020 2011 2011 Ratio

1 Residential Fnergy Ffficiency Progrcrms in millions

Residential Lighting Program 1221 03 20 08 242

Residential Efficient Appfiances 3430 02 24 13 183

Residential Advanced Technologies 4361 20 47 135

Residential Weatherization 9345 37 127 52 244

Residential New Construction 1421 06 20 11 171

2 CormercialIndustria Progroms

CI Prescriptive Lighting 9360 23 53 28 190

CI Prescriptive HVAC 5707 04 42 27 156

Totql SavingsEnaConsumer 34845 95 331 174 191

7ota Savings @ Genercrtion 38631 105

These programs achieve estimated savings in 2020 of 34845 NIWh and peak load reductions of95 MW
in the winter and 72 MW in the summer at the endconsurner level Ihis represents approximately10
of total energy sales 14 of peak demand in the winter and 10 of peak demand in the summer bp
2020

The DSM potential estimates provided in this report are based upon the current load forecast as well as
appliance saturation data data on energp efficiency measure costs and savings and measure lives
available at the time of this study Over time additional and emerging technologies may serve to
increase the potential for addttional energy and demand savings and warrant additional attention at the
program level
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Actual energy and demand savings will depend upon the level and degree of Big Rivers system
participation in the DSM programs offered by Big Rivers In addition the estimated savings are based

upon the current forecast of Big Rivers budgetamounts for DSM programs over the 10 year period of
20112020 The budget amounts and programs are subject to annual Big Rivers Board review and
approval Therefore while the figures presented in this report represent best current estimates of
saviugs and costs actual results ovill be different
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GENERAL MODELING ASSUMPTIONS AVOIDED COSTS Energy Effiaenry Demond Response

lYI e Nh rrn i
i x s

a tka r sc rlarTf

2010
1000 1400

201 f
1558 2182

2012 2117 2963

2013
2675 3745

2014
3233 4527

2095
3792 5308

20 6 3864 5409

2017
3937 5512

2018 4012 5617

2019
4088 5723

2020
4166 5832

2021 4245 5943

2022 4326 6056

2023 4408 6171

2024 4492 fi288

2025 4577 6408

2026
4664 6529

2027 4752 6653

2028
4843 6780

2029
4935 6909

2030 5029 7040

2031 5124 7174

2032 5221 7310

2033
5321 7449

2034 5422 7590

2035 5525 7735

2036 5630 7882

2037
5737 8031

28
5846 8184

2039
5957 8339

2040
6070 8498

2041
6185 8659

2042
6303 8824

2043
6423 8992

2 6545 9162

2045
6669 9336

2046
6796 9514

2Q47
6925 9695

2048
7056 9879

2049 7190 10067

Inflation Rate 16 Transmission and Distribution Line Loss Factor568

Discount Rate633 Reserve Marginl5

TD Avoided Cost000kwyear
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DESCRIPTIONS OF RESIDENTIAL ENERGYEFICIENCY MEASURES

This technical appendig describes a broad range of residential sector energy efficiency measures
and programs where GDS has assessed the technical and achievable potenrial for electric energy
savings for Big Rivers The purpose of this technical appendix is to briefly describe these
efficiencp measures and to provide data on their costs energy savings and useful lives

1 ELECTRIC APPLIANCES

The following section describes the energy efficienry rneasures that were included in this analpsis
for various household appliances in Big Rivers homes Five residential appliance energy

efficienry measuresprograms are covered in this section Energy Star Compliant

Refrigexators Energy Star Compliant Freezers Energy Star Dehumidtfiers Second

Refrigerator TurnIn and Second Freezer TurnInlComplete assumptions and sources for the
measures can be found at the end of the Appendix B

1 Energy Star Compliant Kefrierators In April 2008 the Energy Star criteria for refrigerators
changed to require all qualifying fullsize models to be at least 20 above the minimum federal
standard High efficiency refrigerators use a nurriber of technologies to achieve energy savings
more efficient compressors insulation door seals etc There axe a few variations of high
efficiency refrigerator models top freezet models side by side models and bottom freezer
models

2 Ener Star Compliant FreeerrOn January 1 2003 the Energy StarOO criteria for freezers
was established mandating all freezers 775 cubic feet or greater in volume must be at least 10
above the rrinimum federal standard to qualify for Energy Star Meanwhile all freezers less
than 775 cubic feet in volume and 36 inches or less in height must be at least 20 above the
miniTum federal standard to qualify for Energy Star Freezers come in two main styles Chest
and Upright Chest style models have a door on top that opens upward while Upright models
have the door on the front opening outward

3 Energy StarO DehumidferrOften used in the damp areas of a home such as basements
dehumidifiers remove moisture from the air to maintain comfort and to limit the growth of
mold and mildew Energy StarOO qualified models provide the same features as conventional
models but they are more energy effictent Energy StarC qualified models have more efficient
refrigeration coils compressors and fans than conventional models Energy StarOO

dehumidifiers operate at least 10 percent more efficientlp than conventional models 1his

analysis compared replacing a standard 40 pint dehumidifier with a 40 pint Energy Star
dehumidifier that is used 1620 hourspear

4 Seiond Kefrigerato7unInThe goal of a refrigexator turninprogram is toget underutilized but
operational second refigerators out of service and properlp dismantled While appliance
recycling programs are praised for handling the disposal of major appliances in an

1 Dishwashers Clothes Washers can be found under the section for Electric Hot Water Heaters due to the

eleatric savings associated with reduced hot water use
2 Refrigerators Freezers Key Product Gateria wwwenergystargov
3 Refrigerators Freezers Kep Product Criteria wwwenergystargov
4 Dehutnidifiers wwwenesgystargov



environmentally sound manner the programs must also provide energy savings on a cost
effective basis which means that onl o erating uruts ualify for recyclingY P q

S Second FreeerTurrln The freezer turnin prograin is the same as the refrigerator turnin
prograsn described above

2 CONSUMER ELECTROITICS

Five residential energy efficiencp measures are covered in this section Standby Power Energp
StarOO Televisions Energy Star Desktop Cornputers IVlonitors and Laptop Cornputers
Complete assumptions and sources for the measures can be found at the end of Appendix B

1 Iame ElectmnicrManp consumer electronics eontinue to consune electricity when switched
off or not perfomzing their main function standby mode The most common sources of

standbp power consumption include products with remote controls lowvoltage power supplies
rechargeable devices and continuous displays A typical North American home map contain
fifteen to twenty devices constantly drawing standby power For this analysis homes were
assumed to replace fifteen devices consuming statidbp power to an energp saving inodel

2 Enetgy Star TelevirionrIn addition to the Home Electronics category defined above t11is
analpsis looks at the most common electronics found in homes today televisions and computers
Energy Star televisions must consume 1 watt or less in standby mode On mode power
requirements vary according to screen area and whether the unit is nonhigh high or fullhigh
definition External power supplies EPS packaged with TV products must meet all Energy
Star requirements for EPS devices

3 Energy StarO Desktop Coruters Todaps Energy Star criteria for personaT computers
include power supply efficiericy standards operational mode energp efficienry requirements and
power management requirements Power management features place monttors and computers
CPU hard drive etc into a lowpower sieep mode after a period of inactivity

4 Ene StarO Computer Monitars Similar to eomputers Energy Star Monitors also aze
equipped with power management features that enable monitors to switch into a lowpower
mode after a period of inactivity

S Enerryy StarO Laptop ComputerrSee Energy StarU Desktop Computers

3 LIGHTING

Two residential energy efficiency measures are covered in this section Compact Fluorescent
Iighting and LED Lighting Complete assumptions and sources for the measures can be found
at the end of ppendix B

1CompactFluorescent Lighting Residential fluorescent bulbs and figtures present a significant
opportunity for energy and maintenance savings On a per lamp basis compact Iluorescent

5 Emerging Energp Saving Technologies Practices for the Buildings Seator as of 2004 ACEEE Report
A042 October 2004 Pg 41
6 Televisions wwwenergysratgov

Computers wwwenergystasgov
8 Compact Fluoreseent Bulbs vvavwenergystargov



lamps are generally 75 percent more efficient than incandescent bulbs and last up to ten times

longer In addition CFL bulbs produce about 75 percent less heat so theyre saer to operate
and can cut enexgy costs associated with home cooling CFI bulbs vary in size and shape Their
appearance can be a spiralshaped fluorescent tube or they can appeaz as a standard shape such
as the R30 floodlight used in recessed cans Dimnzable CFL bulbs and 3wap CFL bulbs are
also available

The lighting sockets eligible for CFL replacement were designated as either high use 5
hrsday medium use 15 hrsday and low use 1 hrs or lessday In single family homes
more than half 57 were considered low use bulbs In manufactured homes the percent of
low use sockets was even greater 80 Onlp 105 of sockets in single family homes were
assuined to be high use bulbs and less than4 of bulbs in manufactured homes were estimated
to be on 5 hours per day or greater

2LED Ilghtin Light emitting diode LED lights are more efficient than both CFL and
incandescent lighting LED lighting uses at least 75 less energy lasts 25 times longer than
incandscent lighting and provides optimal light color LED lights are more rugged and datnage
resistant than compact Iluorescents and incandescent bulbs LED lights dont flicker In
addition LEDs do not produce heat like incandescent bulbs However current LEDs have
primatilp directional output ia single direction and are better at placing light in a single direction
than incandescent or fluorescent bulbs and map be Iimited to certain applications such as under
counter or recessed lighting This analysis compared tie savings potential of replacing both
incandescent and CFZ lighting with the more efficient LED lights

4 ELECTRIC WATER HEATING

Nine residential water hearing energy efficiency measures are covered in this section Low Flow
Showerhead Low Flow Faucet Aerators Water Heater Blanket Pipe Wrap Electic Water
Fieaters standalone Heat Pump Water HeatersSF Solar Water Heater with Electric Water
Heating Back UpSF Energy StaxOO Dishwashers and Energy StarC Clothes Washerslo
Complete assumptions and sources for the measures can be found at the end of Appenclix B

1 LovFlowShoverheadsFaucetrAn egisting showerhead is replaced withanew unit that has
a lowflow rate 25 gallonsrninute Significant savings in hot water use can be achieved by
installing lowflow showerheads and faucets The single best action is to replace old showerheads
as showers use 37 of the hot water in typical US homes

2 Lav Flosv Faucet AeratorrAn existing faucet is replaced with a new unit that has a lowflow
rate 10gallonminute

3 Iater Heater BlanetWater heater jackets are designed to wrap around an egisting water
heater tank to improve insulation prevent heat loss and save energy Installing an insulating
blanket can reduce water heating energy use bp39

LED Lighting Toolbase ServiceswwwtoolbaseorgTechnologylnventoryElectticalElectronicswhite
LEDlightin
o SF designates measures that were applied only to singlefamily homes due to measureapplicability For
example solar water heating possesses additional market bariers for manufactured home units
11 Global Green USA websitewwwglobalgreenorgphaenergytoolboxtechdhwhtm
12 Residential Deerned Savings Installation and Efficiency Standasds Frontier AssociatesJanuary 2008 Pg 35
13 Residenrial Deemed Savings Installation and Efficienry Standards Frontier Associates January 2008 Pg 36



4 Pipe Wrrail Insulating hot watex pipes will reduce losses as the hot water is flowing to the
faucet and more importantly it will reduce standby losses when the tap is turned off and then
back on within an hour or so Pipe wrap will conserve energy and water that would normally be
lost waiting for the hot water to reach the tap Energy loss still occurs after pipe wrap has been
installed though to a smaller degree than the losses observed innoninsulatedpipes

1617
5Ecient Electric lYater Heater rtandalone In this measure baseline replacement stand alone
electric water heaters axe replaced with high efficiencp stand alone storage tank water heatess
Storage water heaters work bp heating up water in an insulated tank However because heat is
lost through tlie walls of the storage tank energy is conswned even when no hot water is being
used New highefficiency storage water heaters contain higher levels of insulation around the
tank reducing standby losses In this analysis a baseline replacement model EF90 is replaced
with a high effiaency model EF95 This measure applies to homes opesating primarily
electric heating systems and electric water heaters

6 Heat Pump Wlater Heater SF Heat pump water heaters are more efficient than electric
storage water heaters because the electricity is used for moving heat from one place to another in
lieu of generating the heat directly For heat pump avater heaters the heat souxce is typically the
outside air or air in the basement where units are typicallp located A heat pump water heater

uses anywhere from 3350 of the electricity required by a conventional storage tank water
heater and are available with builtin water tariks or as addons to egisting water tanks In this
analysis a baseline electric storage tank model EF90 is replaced with a heat pump water
heater model EF20This rneasure applies to homes operating primarily electric heating
systems and electric water heaters

7 Solar WIH 1v Flectric BacupS Solar water heaters are designed to serve as preheaters
for conventional storage or demand water heaters As the solar system preheats the water the
extra temperature boost required by the storage or demand water heater is relativelp low and
high flow rate can be achieved Solar water heaters can be particularly effective if they are
designed for threeseason use with a homes heating spstem providing hot water during the
winter months Although less comrnon in todays market solar water heating untts axe
considerably less egpensive and niore reliable than they were two to thtee decadesago

In this analysis 30 of homes were estimated to be available for solar water hearing systems
This technical potential is based on factors including roof orientation roof size shading load
beating capability and local building codes and ordinances

8 Energy Star DishvaherZ Dishwashers exceeding mnmum qualifying efficienry standards
established under Energy Star Program with an Energy Factor EF 75 versus the current

federal standard energy factor 60 Energy StarOO labeled dishwashers save energy by using

14 Consumer Guide to Home Energp Savings 8 ed ACEEE Washington DC 2003
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both improved technology for the prirriary wash rycle and by using less hot water to clean
Construcrion ineludes more effective washing action energy efficient motors and other
advanced technology such as sensors that determine the length of the wash cpcTe and the
temperature of the water necessary to clean the dishes In addition a high efficiency dishwasher
can save approximatelp 430 gallons of water a year if used to run an average of 4 loads per week

9 Fnery Star ClothesIarher Clothes washers egceeding rrLnum qualifying efficienry
standaxds established under Energy StarC Program with a Modified Energy Factor IVF
18 and a Water Factor WF 75 The MEF measures the energy used during the washing
process including machine energy water heating energy and dryer energy The higher the MEF
the more efficient the clothes washer is Energy StarOO qualified aiashers egtract more water
from clothes during the spin rycle This reduces the drying time and saves energy and wear and
tear on your clothes In addition substanrial savings on water and sewer bills contribute to the
economic benefits ofhighefficiencp washers A high efficiency clothes washer can save nearlp
6542 gallons of water a year based on an average of75 rycles per week

5 SPACE HEATING COOLING Building Envelope Measures
The following section describes six energy efficiency building envelope measures that were
included in this analpsis for homes with electric space heating andor cooling The nine

residential energy efficiency measures covered in this section include Ceiling Insulation Floor
Insulation Air Infiltration Duct Sealing Energy Stax Windows and Radiant Barriers Of
these the ceiling insulation upgrades and radiant barriers are considered only for single family
homes ovhere adequate attic space is present and not for manufactured homes This study
examines each measure for three heating and cooling scenarios electric AC only electric heat
pumps and electric furnace heating Complete assumptions and sources for the measures can be
found at the end ofAppendix B

1 CeilindInrulation SF Ceiling insulation levels vary greatly depending on the age of rhe
home type of insulation and activity in the attic ie using the attic for storage and HVAC
equipment For this analpsis measure savings are based on homes with little to no ceiling
insulation improving to R19 levels and homes with a current ceiling insulation of R19
increased to an efficient level ofR38

2 FloorInrulation In an otherwise wellinsulated home as much as 20 of the total heat loss
can occur through uninsulated foundation walls or floors For this analysis measure savings are
based on a home with no floor insulation increased to R19 Manufactured homes were

assumed to haveanmum ofR11 and upgraded to R30

3 irInfiltration Hidden air leaks cause some of the largest heating and cooling losses in
older homes Comrnon air leakage sites include plumbing penetrations through insulated floors
and ceilings baseboard moldings dropped ceilings above bathtubs and cabinets attic access
hatches and doors For this analysis measure savings are based on a reducing a current homes
air from 10 ACHSO to 7 ACHSO

Clothes Washers Key Product Criteria wwwenergystargov
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4 Duct Sealin This rneasure assumes that leaky and unsealed residential air ducts are properly
re aired and sealed Mastic a special paste is the preferred method for duct sealing ProperlpP

sealing leaky ducts can save significant amounts of energy needed to heat a home

S Ener StarOIindows In older homes windows are often one of the largest sources of heat
loss in winter due to their 1ow insulating ability and high air leakage rates Windows are also
generally the major source of unwanted heat gain in the summer As a result vvindows are
typically net energy losers and can be responsible for much of the enesgy used to heat and cool
homes However improved windows combined with proper consideration of their placement
and other details can result in significant energy savings Energy efficient windows help to
reduce air leakage and heat transfer High efficiency windows usually have double or triple
glazing have argon gas between the panes of glass have excellent seals and have a Low
Emissivity coating

6 Kadiant Barriers SF Radiant heat from the sun is absorbed by roofing shingles and
transferred to the roof decking below and into the attic space Conventional insulation absorbs
much of this heat and once its saturation point has been met this heat is then transferred to the
living spaces below Radiantbarriers such as reinforced alunvnum foil reduce the flow of heat
from a hot roof to the cooler ceiling insulation By lowering the temperature in your attic you
can reduce the amount ofheat transferred to your living spaces below bp up to 50 giving you
greater comfort in your home and lessening the strain your air conditioning unit

6 SPACEHFATING COOLING HVAC Equipment
The following section describes the energpefficient HVAC equipment measures that were
included in this analysis for homes witlz eleetric space heating andorcooing Seven residential
energy efficiency measures are covered in this section HVAC TuneUp Energy StarC Room
Air Conditioners High Efficienry Central Air Conditioners High Efficiency Heat Pumps
GroundSource Heat Pumps DualFuel Heat Pumps and Electric Furnace Replacement w Air
Source Heat Pumps Complete assumptions and sources for the measures can be found at the
end of Appendix 2

1 HVCTune HVAC tuneup and maintenance helps to keep heat pump and central air I

conditioning units nnnng at top efficrency prevent equipment failures and egtend the life of
the equipment A tuneup by a service professional can improve unit efficiency by as much as
20 An annual HVAC tune up includes checking the units refrigerant pressure and tubing
checking and adjusting belt tension cleaning and lubricating the indoor blower unit cleaning
inside the A coil and checking the thermostat wiring and other electric parts

2 Ene Star Koom 1ir Conditioners Room air conditioner units are typically mounted in a
window so that part of the unit is outside and part is inside An insulated divider to reduce heat
transfer losses typically separates the two sides The outdoor portion generally includes a
compressor condenser condenser fan fan motor and capillarq tube The indoor portion

Efficieney Vermont Technical Reference Usual Manual rRN No 200G41 Pg 388
27 Energp Efficienry in Rernodeling Windows Tool Base Services website vvwwtoolbaseorg

Emerging Energy Saving Technologies Praetices for the Buildings Sector as of 2004 ACEEE Report
A042 October 2004 Pg 180
Tuning Up forSlnPKansas City Power Light wwwkeplcom
30 Room Air Conditioners Key Product Criterion Energy Star website wwwenergystargov
31 Technology Summary CEE website wwwceelorg
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generally ineludes an evaporator and evaporator fan The rrLnnum federal standard used in this
analysis based on model tppe and capacity is an Energp Efficiency Ratio EER of at least 98
Currentlp units with an EER of 108 are eligible for the Energy Star label This analpsis
assumed a room air conditioner cooling capacity of 10000 Btuhr for primary units in single
familp homes and8000 Btuhr for all secondarp units ormanufactured home units

3 HighErcienc Central Air Conditioners Central air conditioners circulate cool air through a
spstem of supply and return ducts Supply ducts and registers ie openings in the walls floors
or ceilings covered by grills carry cooled air from the air conditioner to the home This cooled
air becomes waaner as it circulates though the home then it flows back to the central air
conditioner through return ducts and registers

Central air conditioners are rated according to their seasonal energy efficiency ratio SEER
SEER indicates the relative amount of energy need to provide a specific cooling output New

residential central air conditioner standards went into effect in January 2006 Central air

conditioners manufactured after January 2006 must achieve a SEER of 13 or higher For this

analpsis the baseline replacement model has a SEER of 13 for all replaceonburnout scenarios
The baseline for the early retirement analysis assumes existing homes currendp have an average
SEER 10 unit The high efficiency central air conditioner has a SEER of 15 High efficienry
central air conditioners were eligible for installation in all homes with eentral air conditioning

4 High Efficiency Electric Heat PzsrrElectric heat pumps operate bp iransferring heat from
one place to another In the hearing mode a heat pump extracts heat trom outside a residence
and delivers it to the house Like a furnace most heat pumps work with forced warmair
delivery systems Heat pumps can also be operated to cool a house during suinmer months In
the cooling mode the rycle is reversed and heat is taken from the house and transferred to the
outside air Because heat pumps rely on the outside air as the heat source in the wintertime they
are much more common in warmer climates Heat pumps axe rated for both heating and
cooling both in terms of capacity and efficiencp

Heating efficiency is indicated by the heating season performance factor HSPF Cooling

efficiency is indicated by the seasonal energy efficiency rating SEER Both indicate the relative
amount of energy needed to provide a specific heating or cooling output New residential heat
pump standards went into effect in January 2006 Heat pumps manufactured after January 2006
must achieve a HSPF of 77 and a SEER of 13 or higher For this analysis the baseline i

replacement model has a HSPF of 77 and a SEER of 13 replaceonbumout or a HSPF of 68
and a SEER of 10 earlp retirement The high efficiency heat pump has a HSPF of 85 and a
SEER of 15

S Groadnd Source Heat Pumpr Ground Source heat pumps or geothermal heat pumps use the
earth or groundwater as a heat source instead of the outside air Stable underground
temperature allow geothermal spstems to be rated for heating efficiency arid cooling efficieney
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Geotheimal heat pumps may be 2545 more efficient than airsource heat pumps but are
more e ensive and difficult to install Most geotheanal spstems include loops that are buriedRP

in the ground in shallow trenches or in vertical boreholes As an alternative other spstems may
draw in groundwater and pass it through a heat exchanger instead of refrigerant before returning
the water to the aquifer Geothermal spstems map also include desuperheaters which recover
discharged heat to provide domestic hot water at little to no cost

Geothermal spstems currently are eligible for a federal person tax credit up to 30 of the
installation costs These credits are available through December 2016

6 DualFuelHeat Pump A dualfuel heat pump is an electric heat pump and a gas furnace all in
one When temperatures areabove Ereezing a heat pump is an efficient wap to heat the home In
instances when the temperature drops below freezing a gas furnace is able to provide heat more
economically When the outside temperature falls below 35 degrees the heat pump automatically
switches to supplemental gas heat for better efficiencp This analpsis considered the benefits of
installing a dual fuel heat pump in place of either a standard electric heat pump or a central
ACElectric Furnace uriit

7 Electric Furnace Keplacement zvith Air Source Heat Purytps SF HeatPumps are considered to be
more energy efficient than furnaces As a result this measureeames the possible energy
savings derived from replacing an egisting central ACElectric Furnace or a central AC Electric
Furnace that has reached the end of its useful life with a new energy efficientairsource heat
pump The heatpump has a HSPF of 85 and a SEER of 15

7 OTHER

Three residential energy efficiency measures are covered in this section In Home Energy
Displays PrePay Metering and Pool punips single family only Complete assumptions and
sources for the measures can be found at the end of Appendix B

1In Home EneryIirplayr3Inhome energy displaps provide realtirne feedback to occupants on
vholehouse electricitp consumption Displays collect demand data from the meter and display
instantaneous power usage and cumulative energy usage over selected time periods Providing
instantaneous feedback on household electrical demand has shown the promise to reduce energp
consumption in households by 515 through behavioral changes Although studies have
shown reduced consumption the persistence of these savings remains relativelp unknown For
this analysis savings were assumed to persist for a period of three years

PrePay Meterisa Prepaid meters require consumers to purchase power in advance In home
display indicates how much money is on the account how many kilowatts the household
consurned in the last hour dap and month how much that power costs in dollar and cents and
when approgunatelp the account will need to be replenished

While prepaid metering is not an applicable measure for all consumers prepaid meteung has
proven effective for creditchallenged consumers The plan eliminates the need for a securitp
deposit and late fees and forces consumers to use onlp as much power as they afford Utilities

37 Consumer Guide to Home Energy Savings 8th ed ACEEE 2003
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cuirendy offering prepay as an oprion to consumers has also shown the benefit of decreased
consum tion by usess One utility Salt River Proj ect reports prepay consumers used an averageP

of128less electricitp annually than regular consumers

Similar to inhome energp displaps reduced consumption is a result of behavior change and the
persistence of savings is relative unknown This analysis assumed savings for a period of 3 years

3Paol Pump SF Residential pool pumps are used to circulate and filter swimmug pool
watet While large single speed pool pumps filter pools quicklp thep use substantially more
energy than a multispeed pool pump Twospeed operation saves energy while still filtering the
same amount of pool water because the pumps operate more efficiently at lower water flow
rates High speed operation is only required intermittendp

8 MULTIFAMILY ENERGY EFFICIENT RETROFIT PACBAGE
One residential energy efficiency measures are covered in this secrion MultiFamily Energy
Efficiencp Kit Tier 1 Complete assumptions and sources for tie measures can be found at the
end of Appendig B

1MultiFamily Ener Effzciency Kit 1ier Multifamily homes make a relativelp small part
of the Big Rivers service territory at approximatelp 2 of all residential units In

addition the likelihood of shared walls and the possibility of inhabitants merelp
renting the property can create some additional obstacles for installing and investing
in energy efficient measures For this analpsis GDS considered installing a relativelp
inexpensive package of energy efficient retrofit measures for the multifamilp

population This package consisted of 5 CFL bulbs a low flow showerhead and
basic air sealing rneasures ie caulking Total savings are estimated at a

conservative 4 of total annual consumption

9 NEW HOMES CONSTRUCIION
Two residential energy efficiency programs are covered in this section Energy Efficient New
Homes Construction Tier 1 15 more efficient and Energy Efficient New Homes
Construction Tier 2 35 more efficient Tier 2 new construction homes are limited to single
family residences Complete assumptions and sources for the measures can be found at the end
ofAppendix B

1 EneryEicient Neav Homes Conrtruction 95 more cient In this analysis new homes are
designed to be built to Energp StarOO standards at least 15 percent more energy efficient
than those built to the 2006 International Residential Code IRC

Builders would receive an incentive for consttucting new homes designed to Energy Star
standards at least 15 percent more energy efficient than those built to the 2006 Intemational
Residenrial Code IRC Energy Star Homes also ineorporate other energy savuigs features that
typically make them 2030 more efficient than standard homes The US Environmental
Protection Agency reports tlzat 165 home builders have partiiered with EPA to construct more

Leading the Way Continued Opportuniries for New State Appliance Equipment Efftciency Standards
ACEEE Report ASAP6ACEEA062 March 200G
al About Energp Star New Homes wwweaergystargov



than 1290 Energy Star qualifiecl homes in the state of Kentucky in 2010 to date Nationwide
ust over11million homes have earned the Energy Star rattng to date

Energy savings are based on heatirig cooling and hot water energy use and are typically achieved
through a combination of the following high perforrriance windows controlled air infiltration
upgraded heating and air conditioning spstems tight duct systems high efficiency water heating
equipment and high efficiency building envelope standards Energp Star Homes also
encourage the use of energpefficient lighting and appliances These features contribute to

improved home qualitp and homeowner comfort and to lower energy demand and reduced air
pollution

Both singlefamily and manufactured homes can be built to Tier 115 more efficient than
code standards

2 Energy Ecient Nev Iomes Construction 35 more cient Siinilar to a Tier 1 home

homeowners would receive an incentive for purchasing new homes designed to egceed Energy
Star standards at least 35 percent more energq efficient than those built to the 2006
International Residential Code Tier 2 construction is limited to single family homes
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6nergy5tar4 Boergy Sd Qua11t1ed New Homes Market Indlce far Statee
8nergy5tar5 RTF 513001Mremenlcost bued on personal communkadon wlth two tnanufactured home 8nergy Sra quallfledcorcractots thet heve compleced manufactured oew homes proects In 2009 Leidngtan Homes f1100 and tlayton HomeeS150f1245 Apr1113 2010
Aleo Included f1400 wlue In fY006 fromMalyris oPCostand Savl Valuee for Bmrsy Sh MamJactvred Homea powerpolnt presentatlon from the Reglonal technlcel Forum and Nmthwest CwndlvnwnwcouncLLorg AugBY006
8SCaIoASHP talculatlonwwvenerRysmrgmBnmgyStat GlculamrAlrSwrceHeatPump ds

BSCoIcASHPCACCalculatlon usln@ cott assumptlons rom both ASHP and CAC 8nergyStplculaton
65CalcCAG Calculatlonwwwenergyrtargov8nergy SurfalculatorCeneraWrLondltloner ds
89 Glr CCW GlculatlonwwwanergystnrgovEnnrgy Sbr falculator ConsumerClotheeWuher de
65 Calo W Celtuladon wwwenergytargov 8nergy Sta falculator ConsumerDlehWasher ad
85 Calc Freez f3lculaHonwwwenersurgov6neShfalculemr Freeurs da
fiS Glc Otllce CelcvlatlanwwaenergyaGrgov8nergy Shr Glcvlomr Home Offlca ds

8SGIoRAC Calrulatlon wwwxnergysargov8nergy Sta Glculator Room Alr Londftloner xlf
6S Ulo RFflculatlonxrwwenesiargm finerp Sdr Gladatnr RecldentlalRefrlgeratar ds
85 Gle RILS Onllne ralculator far Sernnd ReMgerator RecydinghttpwwwenergysrgovIndexAmTfuseactlonreMgolculatorwhlch16rate0102modelscreen2
HS hlcN falculatlonwwwenergysurovEnerp Sat Calculator TeleWbas de
GD9 Glu CDS wltvlutlon Besrllne CoasampNon developed hom regloml ded BS CalculaNrs and englMeAn@ alculatlons W develop eftlmaus for d1llerent home types Welghted avg whole house use 18779 kWh
GDS 8st GDS eetlmate bered on evalleble reglorol dam or proksslonel udgement
GDS1Asumed second oppllaxehad 5 yean reroalNng useNl llfe
GDS2 Calculated bamd an rated hauA of 750 for Immdescent 7500 fot Chl end40000 or LHDs and an averaee dallyuse of3or 5 or 1 hours per day Rounded to Me nearest whale year UsefullNes20 ytars npped at 20 yearc
GDS LaaMl Assumee 1670 Mnual Nrs of Operatlon Based on Hnergy Sd olcvlatnrAehumldller
GDS LoaddAsumed 8780 Mnual Hrs ofOpestlonG5Assumptlon
CDS LoaddAsumee 2920 Mnual Hrs of Operadon Based on GDSAwwopdondat Pool Pump 4s onlyopentloml during 4 summer month
ND Home DepotWebtRevwrhomedepouom
Homler Socket ond LFLSaturatlon Dad hom results of 3e4 onalte reeldentlal survey In the Hooeler finergyservke 4rrltary Cart d CFL per bulb ne6oHated by Hoofler Bnergy ortlelr buydown program f185 f025
ICF Clty o Calneavtlle Hlectrlclty Supply Needs ICP Consultl March 1 t006
Indpna IndWna RaldnM1tal Geothertnal Heat Pump Re6ate Rogram ReWewIndlana Ofllce ol Energy avd Defense Develnpment Completed une 2008
M98A Mldrert Reildentlal MarketAsaessmeM a DSM Potentlal Smdy Marh7006 BueI1M and 68 SaW ntlon are reported or the sdte of ICY
MHBAHIA Mldweft ReNdentlal Market Assnstnent and DSM PohnHal Study March 2006 Also used datn hom the Resldentlal8nergy ConsumpHon Survey R8G5 2005 Dab reponed by 81A to reflne buellne of eppllancea Bast Sauth Centrol Reglon
MEBA59 Appendlres fram the MHBA Market Assessment Report Appendlce provlded by Summlt Blue
ORNyGD9 Oak Rldge Natlonal labotatery andD081nulatlao Fect Sheae Insulallon CostswwwomlovroofZlptmpcost340DhtmlJ
P5HWIF08 BasedoncosbreportedbyPuget5ou6nergyonaveragecortofduRSealingf400endWlscominFacuaon8nergyMo611eHames5500f600
RHMRate Saving hased an remlts from RBMrate madding soRware Applled the aavings from a measure to the hue annual consumptlon to talculate annual kWh saWngs
RfiMGDS Applled bea ava11ab1e colncldence facmrr m REMRam apectlled demand wWnqa Cooling Summer end Heaq Wlnter CP assumed to be 734b
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TECHNICAL ECQNOlV1IC AND ACHIEVABLE POTENITAL



Measure Aqsum ona Ad usted tor lnteiacUveBtects Total oRemeln Homes based on Technlcal Potentlal 100 Penecratlon and Technlcal Potentlel Savin
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1 Bner Star Coro UantTo Mount ReGI eratnr SF Nomes w Refri ereWra ROB 106 0007 0006 54135 40601 4303701 296 253

2 Ener 5tar Com Ilant Sideb Side Refri eraWr SP Homes w Reri erewra ROB 133 0007 0006 29149 21862 2907653 160 136

3 Ener Star Com llant Chest Freezer SF Homes w Freezers ROB 42 OOU4 0003 30315 28193 1184119 103 89

4 Ener Star Com Ilent U rl ht Freezer Manual Def SF Homes w Freezers AOB 47 0004 0003 12 992 12083 567 894 44 38

5 8ner Starm Dehumldifer SF Homes w Dehumidlflers ROB 213 0131 0131 5830 2 915 620882 383 383

6 5econd Refrl erator Tum In SF Homes w more than one refrl eretar Retroflt 978 0082 0070 28317 25485 24924239 2077 1773

7 Sernnd Freezer Turn In SP Homes w more then one freezer Retrofit 774 0065 0055 3331 2998 2320626 193 165

8 Ener StarCom IlentTo MountRefii ereWr MH Homesw Refri ereWrs ROB 106 0007 0006 8279 6230 658213 45 39

9 ner Sterl9Com IlantSideb SldeReFrl eraWr MH Homeaw Refrl erators ROB 133 0007 0006 4458 3 44 444700 24 21

10 Ener Star Com Ilant C6eat Freeaer MH Homes w Freezera ROB 42 0004 0003 4636 4312 181101 16 13

11 Enar Star Com Uant U d ht Freezer Menual Def MH Homes w Freezers ROB 47 0004 0003 1987 1848 86854 7 6

12 Ener Star Dehwnidlfer MH Homes w Dehumidiflers ROB 213 0131 0131 892 446 94959 59 59

13 Second Refrl eratorItirn In MH Hames w more than one refrl eramr Retroflt 847 0071 0060 4331 3898 3301345 275 235

14 Second Freeaer Turn In MN Homes w more than one freezer FletroBt 774 0065 0055 510 459 354 919 3a Z5

s
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i r r t c s

Mt
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15 Homa Electronics SF All Hames ROB 265 003 0030 83284 58299 35449184 1749 1749

lfi Televlsions SF Homesw aTV ROB 49 0017 OD17 204046 142832 6998772 2 98 Z 98

17 Ener Star Deskta Com uter SF Namea w a Deskto ROB 42 0005 OODS 70791 49554 2081267 238 238

18 Ener Star Com uter Monitur SF Homes w e Deskto ROB 21 0002 0002 70791 49 554 1040634 119 119

19 Ene Star La to Com uter SF Homes w a Le W ROB 13 0001 0001 13325 9 28 121262 14 14

20 Home 8lectronlcs MH M Homes ROB 265 0030 0030 12738 8916 2362816 267 267

21 Televislona MH Homea w a7V ROB 49 0017 0017 19106 13 374 655347 225 225

22 Ener Star eskto Com uter MH Homes w e Deskto ROB 42 0005 0005 10827 7579 318311 36 36

23 Ener Star Com uter Monlwr MH Homea w a Deskco ROB 21 0002 0002 10827 7579 159156 18 18

24 Ener SLa to Com uter MH Homes w a La w ROB 13 0001 0001 2Q38 1427 18546 2
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25 CFL va Incandescent 5 houre da SF Sockets with Inc bulbs Shrs da ROB 51 0003 0007 337080 261305 13352670 B19 186b

26 CFL vslncandescent 3 hours da SP Sockets with Inc bulbs 3hrs d ROB 31 OOD3 0007 1017637 821539 25188374 2576 5866

27 CFL vs Incendescent 1 hours d SP Sockets wlth Inc bulbs lhrs da ROB 10 0003 0007 1843388 1676930 17138228 5259 11973

28 LED va Incandescant SF Sockets with Inc bulbs ROB 41 0004 0009 799527 663607 26 889355 2750 6261

29 L6D vs CFL SF Sockets wlth CFL bulbs ROB 10 0001 0002 135920 135920 1 40166 137 312

30 CFL va lncandescent 5 haurs da MH Sockets with Inc hulbs Shrs de R08 51 0003 0007 B 511 6 83 326174 20 4b

31 CFL vs Incandescent 3 hours da MH Sockets wlth inc bulbs 3hrs da ROB 31 0003 0007 35535 28247 866039 89 202

32 CFL vs Incandescent 1 hours da MH Sockets with Inc bulbs lhrs da ROB 10 0003 000T 200516 171341 1751101 537 1223

33 LHD va Incandescent MH Sockets wltfi lne bulbs ROB 41 0004 0009 61140 53 D3 2180115 223 508

34 LED va CFL MH Sockets with CFL bulbs ROB 10 0 001 0 002 7337 7337 72341 7 17
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35 Low Plow Faucets SF Homes w Electrlc WH Retroflt 82 0014 0022 51636 20654 1693664 297 44b

36 Low Flow Showerhead SF Homes w Elecp WH Retroflt 202 0014 0021 51636 20654 4176092 295 442

37 Water Heater Blanket SF Homes w Electrlc WH Retroflt 0 0000 0000 0 0 0 0 0

38 PI e Ww SF Homes w Electrtc WH Retroflt 106 0009 0014 51636 43891 4636863 408 613

39 Effldant Water Heater SP Homes w Elechic WH ROH 183 0005 0007 30327 7229 1324743 33 49

40 Heat Pum Water Heater SF Homes w Electrlc WH ROB 1954 0177 0265 10327 7 29 14125541 1 79 1918

41 Soler Water Heatln 5F Homes w Electrle WH Retroflt 1867 0272 0000 15491 10844 20 245852 2951 0

42 Ener Star Dlahwasher Electrlc Water Heatln SP Homes w Dlshwas6era Electrlc WH ROB 74 0003 0001 29433 15 599 1154345 45 12
a

43 Ener Scar Dlshwasher NanAectric WH SF Nomes w Dishwashers NonBlec WH ROB 33 0003 0001 18039 9561 315508 27

44 6ne Star Clothea Washer w Blec WH Blec D er SF Homes w CW Elee W H end Elee D er R08 224 0026 OOU7 45956 29412 6588269 760 204

45 Ener Star Clothes Washer w NG WH 81ea D er SF Homes w CW NG WH end Hlea D er NOB 97 0026 0007 28167 18027 1748586 466 125

46 Low Flow Paucets MH Homes w Elecdic WH Retroflt 67 0010 0014 12301 4840 3Z4298 46 70

47 Low Flow Showerhead MH Homes w Electric WH Retroflt 166 0010 0014 12101 4840 801450 4b 6

48 Weter Heater Bianket MH Homes w Electrlc WH Retroflt 0 0000 0000 0 0 0 0

49 PI e Wre MH Homes w Electric WN Retroflt 86 0009 0014 12101 10286 888389 96 1

SO Bflident Water Heater MH Homes w Electrle WH ROB 190 0005 0007 12101 8470 1605 16 39 58

51 Ener Star Dishwasher Electric Weter Heatln MH Homes w Dlshwaahers Electrle WH ROB 74 0003 0001 6897 3656 270515 10 3



Measure Assum tlons Ad usted for Interactive 6ffects Totel otRemefn Homes based on Techalwl Potentlal 1009oPenetredon end1echnlcal Potendal Sevin s

52 Ener Starl Dishwesher NonElectrlc WN MH Homes w Dishwashers NonElecWH ROH 33 0003 0001 363 192 6349 1 0

53 Ener Star Clothes Washer w Blec WH Elec D er MH Homes w CW Elec WH ead Blec D er ROB 224 0026 0007 10770 6893 1543930 178 48

54 Ener 5tar Clothes Washer w NG WN Elec D er MH Homes w CW NG WN and Elec D er ROB 97 0 026 0007 567 363 35188 9
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55 Insuledon Cellln R0 to R19 SF Homes w Electrlc AC Onl Gas Heat Retroflt 1949 1241 0000 47 472 5 22 10177 498 6480 0

56 Insulatlon Floor R0 W R19 SP Homes w Electrlc AC Onl Ges Heat Retroflt 111 0146 OODO 37978 18989 2115795 2772

57 Ener Star Wlndows SF Homes w Electrie AC Onl Gas Heat ROB 406 0217 0000 47472 2800@ 1138013b 6064

58 Insuladon Ceilln R19 w R38 SF Homes w Electrle AC Onl Ges Heat Retroflt 118 0069 0000 47 472 30382 3599124 2OH4

59 AlrIflitradon SF Homes w Electrle AC Onl Gas Neat Retroflt 94 0101 0000 47472 34654 3255011 3506 0

60 DuctSealln SF Homes w HlecoleAC Onl Ges Heat Retroflt 533 0266 0000 37978 34180 18225 30 9082 0

61 Radlant Barrlers SP Homes w Blectrlc AC On Gas Heat RetroBt 506 0237 0000 33 230 31569 15 980940 7483
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62 Insulatlon Ceiiin R0 to R19 SF Homes w Elec4le Heat Pum Retroflt 8054 1241 5548 13325 1466
a

11 05542 819 8132

63 Insulatlon Floor R0 W R19 SF Homes w Electric Heat Pum Retroflt 1503 0146 1460 30660 5330 8010669 778 7762

64 Ener Ster Wlndows SF Homes w Electrl Heat Pum ROB 1 51 0203 1015 13325 7862 9839254 iS96 7981

65 Insuladon Cellln R19 tn R38 SF Homes w Electric Heat Pum Retrofit 430 0063 0376 13325 8528 3498744 534 3204

66 Alr inflltretlon SF Homes w Electrlc Heat Pum Retroflt 586 0090 0538 13325 9728 5701038 872 5234

67 DuctSealln SP Homes w HIec41e Heat Pum Retroflt 1 71 0235 1175 10 660 9594 13154965 2255 11277

6B Radlent Barriers SF Homes w Electrlc Heat Pum Retroflt 506 0237 0000 9 328 8961 4 485878 2101
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69 Insulatlon Cellln R0 to R19 SF Hamea w Electric Furnece AC Retroflt 8 650 1241 SS48 9994 1099 9509368 1364 6099

70 Insuledon Floor R0 w R19 SF Homes w ElecWe Furnace AC Retroflt 2201 0146 1460 7995 3998 8798400 584 5837

71 6ner Ster Windows SF Homes w Electric Furnace AC ROB 1637 0205 1023 9 994 5897 9654459 1207 6 033

72 Insuletlon Cellln R19 tn R38 SF Homes w Electrlc Furnace AC Retrofit 539 0064 032D 9994 6396 3449506 409 2047

73 Alr InHltretlon SF Homes w Hlectrlc Furnace AC Retroflt 840 0093 0526 9994 7Z96 6130133 671 3839

74 uct Sealin SF Homes w Electrlc Furnece AC Retrofit 1798 0242 1208 7 995 7196 12936 638 1738 8669

75 Radlent Barrlers SF Nomes w Hlectric Fumace AC Retroflt 506 0237 0000 6996 6646 3364408 1575 0
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76 AlrIflltratlon etroflt 103 0073 0000 3057 1773 183089 129

r

0

77 lnsuladon Floar R11 to R30 MH Homes w Electric AC Onl Ges Heat Retroflt 26 0000 0000 3057 1223 32223 0 0

78 Ener Star Windows MH Homes w ElecMcAC Onl Gas Heat ROB 816 0359 0000 3057 2 62 1846843 812

79 Duct Sealin MH Homes w Electric AC Onl Gas Heat Ratroflt 414 0183 0 000 1529 1 131 46B 006 207 0
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80 Alr Inflitratlon MH Homes w Electrlc Heat Pum Retroflt 739 OD73 0511 955 554 409495 40 283

81 Insulatlon Ploor R11 to R30 MH Homes w Electric Heat Pum Ketroflt 615 0000 0485 955 382 234879 0 185

82 Ene Star Windowa MH Homes w Electric Heat Pum ROB 2450 0341 1707 955 707 1732193 241 1207

B3 Duct Sealln MH Homes w Eleetrlc Heat Pum
e
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84 Alr Inflltretlon MH Homes w ElecWc Heat Coal Retroflt 1080 0073 0511 6751 3916 4228907 286 2D01

85 Insulatlon Floor Ril w R30 MH Homes w Electrlc Heat Cool Ratroflt 93B 0000 0489 6751 2700 2532319 0 1320

86 Ene Stat Wlndows MH Homes w Electrle Heat Cool ROB 3453 0343 1715 6751 4996 17 51985 1713 8566

87 DuctSealln MH Homesw ElectrfcHeatCool Retrofit 1645 0173 0863 6751 4996 8219525 863 4313
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88 HVAC TuneU 5F Homes with Central AC ar Heat Pum Retraflt 454 0217 0000 70791 63712 28898417 13 803

l

0

89 Ener Star Room A C SF Homes w Electrlc Room AC ROB 80 0049 0000 10411 7808 621514 384 U

90 Sernnd Ener Starm Room A C SF Homes w more than one Room AC ROB 64 0039 0000 5 413 4Ofi0 256567 160

91 HI h Efflden Central AC SF Homea w Electrlc Centrel AC ROB 272 0104 0000 24919 23922 6510404 2492 0

92 HI Etflden Central AC Eerl Retlre SF Homes w Electrlc Central AC Retroflt 1348 0260 0000 24919 23922 32242595 6229

93 HI h Etlicien Heat Pum HP U ade SF Hames wit6 81ecicHeat Pum HC ROB 473 0300 0000 2665 2399 1134119 239

94 HI h Etilden Heat Pum Eari iCatlre HP U ede SF Homea wlth Electrie Heat Pum HC Retroflt 2440 0248 0000 2665 2399 5852253 595

95 Ground Source Heat Pum HP U ade SF Homes with Hlectrlc Heat Pum HC ROB 2772 0055 3375 1999 1799 49869Z9 100 6 071

96 Ground Source Heat Pum Ear Retlre HP U de SF Homes with Electric Heat Pum HC Retroflt 4734 0208 3215 1999 1799 8516624 374 5 784

97 Heat Pum Re lacln Elecdic Furnace SF Homes with Electrle Furnacas and CAC ROB 5095 0103 0000 1499 1499 7637777 155 0

98 Heat Pum Earl Redre Ra lecin ElecMc Furnace SF Homes wlth 0ectric Furnaces and CAC Retroflt 6 614 0259 0000 1499 1499 9914601 3B8

99 Dual Fuel Neat Pum U de Re ladn New ASHP SF Homrs wlth Electrlc Heat Pum H ROB 2314 0098 4743 3998 3598 8327025 353 17066



Measure Aesum tlons Ad usted for Interactive8fects Total of Remalnln Homes based on Yec6nical Potendal 100 Peoetradon eud Tec6Wca1 Potential Sa s

S00 Dual Ruel Heat Pum Re ladn Electrlc Pumace SP Names wlth Electrtc Furnaces and CAC ROB 7048 0103 5008 2998 2998 21130869 310 15015

101 NVAC TunrU MH Homes with Central AC or Heat Pum Retroflt 407 0195 0000 9235 6311 3385360 162Z

lOZ Ener Star Room A C MH Homes w Elecdic Room AC ROB 68 0042 0000 3 12 2 484 168 72 104 0

103 Second Ener Star Room A C MH Homes w more than one Room AC ROB 68 0042 0000 1783 1337 90 931 56 0

104 HI h Etflcien CenUal AC MH Homes w Electrlc Central AC ROB 245 0111 0000 3643 3 497 857 036 389

105 HI Efflden Central AC Ear Retlre MH Homes w ElecWc Centrel AC Retroflt 1211 0222 0000 3 643 3497 4Z36236 778 0

306 HI h Bfflclen Heat Pum HP U ade MH Homes with 61ecCicHeat Pum HC ROB 463 0104 0000 334 308 142285 32 0

107 HI Bfliden Heat Pum Earl Retlra HP U eda MH Homes wlth Blectric Heat Pum H Retroflt 2365 0206 0000 334 308 727 512 64

108 Heat Pum Re lacln Electrle Furnace MH Homea with Electrlc Furnaces end CAC ROB 5156 0105 0000 1013 1013 SZ21451 106 0

109 Heat Pum Earl Retlre Re laeln Electrie Fumace MH Homes with Electric Furnaces and CAC Retroflt 6522 0209 0000 1013 1013 6604416 212 0

110 Dual Fuel Heat Pum U ade Re ladn New ASHP MH Homes with Electric Heat Pum HC ROB 2341 0102 4920 287 264 617151 27 1297

111 Dual Fuel Heat Pum Re ladn Electrlc Furnece MH Nomes with s7ectric Furnaces and CAC ROB 7100 OlUS 5064 2 025 2 025 14378992 212 30256
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112 In Home Ener Dis la Monitor SF All Homes RetroAt 633 0053 0053 37478 37478 23729072 1977 1977

113 PrePa Metedn SF All Homes Retroflt 1621 0135 0135 37478 37478 60746425 5062 S 062

114 Pool Pum and Motnr SF Homes wlth Paols ROB 126D 0315 0000 4997 3498 4407390 1102

115 In Home Ener Dls la Monitor MH All Homes Retroflt 725 0060 0060 5732 5732 4156774 346 346

116 PrePe Matcrin MH All Homes Retroflt 1857 O 155 0155 5 732 5 732 10 641 40 887 7
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117 MuldFamll Homea Etflden Klt MP All MultlFamll Homes Retroflt 357 0 030 0 057 1666 833 297 574 25
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118 New Construcdon 15Y6 more eRlcient SF All Sin le Fam11 New Homes w AC Onl NEW 1392 0584 0073 2767 1992 2772237 1163

F

145

119 New ConsWctlon15more efticient SF All Slo e Famll New Homes w Elec HP NEW 3937 0584 2409 3162 2277 8964511 1330 5485

120 New Constrvctlon 3546more effldent SF All Sln le Famll New Homes w AC Onl NEW 3479 0876 0438 922 664 2310198 582 291

121 New Constructlon 35 more eHident SF All Sin e FetNl New Homes w Elec HP NEW 5906 OB76 2993 1054 759 4482256 665 2272

122 New Construcdon 15 moreefident MH All Sto e Famll New Homes w AC Onl NEW 1682 0584 0073 242 174 292 799 102 13

123 New Constructlon 15 more effldent MH All Sln le Femll New Homes w Elec HP NEW 2549 0584 2409 r 306 221 562123 129 531

Note Solar Water Heatlng w Electric BackUp and Geothermal systems only esswned a 3D technlcal potentlal penetraUon Radlant Barrlers assumed a 70h technlcal potentlel peneRatlan
Ener Summer Demand Wlnter Demand

Totel Residential Technical Potentiai

Percent o 2020 Resldentlal Forerest forEnergyDemand s



Measuce Aasum tlons Ad usted tor Interacdve BHects Totel p ot Remelnin Homes 100 Penetretlon and Bconomlc Potendal Savin sBased on the TRC Test
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1 Ener StarmCom IlentTo MountRefii eraoor SF Homesw Nefrl aretnra ROB 306 0007 0006 54135 40601 4303701 296 253

2 Ener Star Com Ilant Sideb Side ReFri eraWr SF Homes w Reri erawrs ROB 133 0007 0006 29149 21862 2907 653 160 136

3 Ener Starm Com ilant Chest Freezer SF Homes w Freezers ROB 0 0000 0000 0 0 0 0 0

4 Ener Stat Com Ilanc U rl t Freezer Manual Def SF Homes w Freezers ROB 0 0000 0000 0 0 0 0 0

5 Ener Star e6umidifer SF Homes w Dehumldlfiers ROB 213 0131 0131 SB30 2915 620882 363 383

6 Second Refrl erator Turn In SF Homes w more than one refrl eraWr Heaoflt 978 0082 0070 28317 25 485 24924239 2077 1773

7 Sernnd Rreezer Turn ln SF Homes w mora than one freezer RetroHt 774 0065 0055 3331 2 998 2320626 193 165

8 Ener Star Com IlantTo Maunt Refrl erator MH Homes w Refii erators ROB 106 0007 0006 8279 6210 658213 45 39

9 Ener StarCom IfantSldebSldeRefri erawr MH Homesw Refri eraWrs ROB 133 0007 0006 4458 3344 4147UU z4 Zl

10 Ener Ster Com Ilent Chest Freezer MH Homes w Fteezars ROB 0 0000 0000 0 0 0 0

i l Ener Star Com llant U rl ht Freezer Manual Def MH Homes w Freezers ROB 0 0000 0000 0 0 0 0 0

12 6ner Star Dedumldlfer MH Homes w Dehumldlflers ROB 213 0131 0131 892 446 94958 59 59

13 Second Refri erecar Turn In MH Homes w more than one refrl eretor Retrofit 847 0071 0060 4331 3898 3301345 z75

Z5
14 Second Freeaer Turn In MH Homes w more than one freezer Retrofit 774 0065 0 055 510 459 354 919
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15 Home Electronics SF All Homes ROB 265 0030 0030 83284 58299 15 449184 1749

16 Televislone SF Homes w e TV ROB 49 0017 0017 204046 142 832 6998772 2 98 2 398

17 6ner Ster Deskto Com uter SF Homes w a Deskto ROB 42 0005 0a05 70791 49554 2081267 238 238

18 Ener Smr Com uter MoniWr SF Homes w a Deskto ROB 21 0002 0002 70791 49554 1U40634 119 119

19 Bner Star Le w Com uter SR Homes w e Le to ROB 13 0001 0001 13325 9328 121262 14 14

20 Home Electronics MH All Homes ROB 265 0030 0030 12738 8916 2362816 Z6 Z

21 Televlslons MH Homes w e TV ROB 49 0017 0017 19106 13 374 655347 225 225

22 Ener Starm Deskto Com uter MH Homes w a Deskto ROB 42 0005 0005 10827 7 79 318311 36 36

23 Ener Starm Com uter Moniwr MH Homes w a Deskto ROB 21 0002 0002 10827 7579 159156 18 18

24 Ener Star La ta Com uter MH Homes w a La to ROB 13 0 001 D 001 2 038 1427 18 546 2 2
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25 CFL vs lncendescent 5 hours da SF Sockets with Inc bulbs Shrs da ROB 51 0003 0007 337 O80 261305 13352 670 819 1866

26 CFL vs lncandescent 3 hours da SF Sockets with Inc bu16s 3hrs da ROB 31 0003 0007 1017637 821539 25188374 2576 5866

27 CFL vs lncandescent 1 hours da SP Sockets wlth Inc bulbs lhrs d ROB 10 0003 OOD7 1843388 1676930 17138228 5259 11973

28 LED va Incandescent SF Sackets wfth Inc bulbs ROB 41 0004 OD09 799 27 66360T 26889355 2 750 6261

29 LED va CRL SF Sockets with CFL bulbs ROB 0 0000 0000 0 0 0 0 0

30 CFL vs lncandescent S hours da M H Sockets with Inc bulbs Shrs da ROB 51 0003 0007 8 511 6 383 326174 Z 4b

31 CFL vslncandescent 3 hours da MH Sockets with Inc bulbs 3hrs da ROB 31 0003 0007 35535 28247 866039 B9 202

32 CPL va Incandescent 1 hours da MH Sockets with nc bulbs ihrs da ROB 10 0003 0007 200516 171341 1751101 537 1223

33 LED vs lncandescent MH Sockets with Inc bulbs ROB 41 0004 0009 61140 53 03 2180115 223 508

34 L6D vs CFL MH Sockets with CPL bulbs ROB 0 0000 0 000 0 0
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35 Low Flow Feuceb SF Homes w Eleclric WH RetroBt 82 0014 0022 51636 20654 1693664 297 446

36 Low Flow Showerhead SP Homes w Electric WH Retroflt 202 0014 0021 51636 20654 4176092 295 44Y

37 Weter Heater Blanket SF Homes w Electric WH Retroflt 0 0000 0000 0 0 D 0 0

3B PI e Wre SF Hames w Hlectrlc WH Retroflt 106 0009 0014 51636 43B91 4636863 408 613

39 6fliclent Water Heater SF Homes w Electrle W H ROB 183 0005 0007 18073 12651 2 318300 57 86

40 Heat Pum Water Heater SF Hamw w 6lecttic WH ROB 1954 0177 0265 18073 12651 24719 696 2238 3357

41 Soler Water Headn SF Homes w Electric WH Retroflt 0 0000 0000 0 0 0 0 0

42 Ener Stac Dishwasher Elecqic Water Heatln SP Homes w Dls6washers Elecdic W H ROB 74 0003 0001 Z9433 15599 1154 345 45 12

43 Ener Srarl9 Dlshwasher NonElecvic WH SF Homes w Dlshwashers NonElec WH ROB 33 0003 0001 18039 9561 315508 27

44 Ener Star Clothes Washer w Elec WH Elec D er SF Homes w CW Elec WH and 61ec D er ROB 224 0026 0007 45956 29412 6SZ69 760 204

45 Ener Star CloWes Wesher w NG WH Elec D er SF Homsw CW NG WH and 61ec D er ROB 97 0026 0007 28167 18027 1748586 466 125

46 Low Flow Faucets MH Homes w Electrlc WH Retroflt 67 0010 0014 12101 4840 324298 46 70

47 Low Plow Showerhead MH Homes w Elactrlc WH Retroflt 166 0010 0014 12101 4840 801450 46 69

48 Water Heater Blanket MH Homes w Electric WH Retroflt 0 0000 0000 0 0 0 0 0

49 PI e Wra MH Horoes w Efectric WN Retroflt 66 0009 0014 12101 10286 888389 96 1

50 Eflidan Water Heater MH Homes w Electrie WH ROB 190 0005 0007 12101 8 470 1605 316 39 58

51 Ener Starm Dishwasher Electrlc Water Heatln M H Horoes w Dlshweshera Elecdic WH ROB 74 0003 OOD 1 6 897 3 656 270515 10 3

52 Ener Star Dlshwasher NonBlectric WH MH Homes w Dlchweshere NomElec WN ROB 33 0003 OODS 363 192 6349 1 0
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53 Ener Starc9 Clothes Washer w Elec WH EIeG D er MH Homes w CW Elec WH and Elec D er ROB 224 0026 0007 10770 6893 1543 930 178 48

54 Hnar Star Clothes Washer w NG WH 61ec D er MH Homes w CW NG WH and 61ec D er ROB 97 0026 0407 567 363 35188 9 3
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55 Insulatlon Cellln R0 to R19 SP Horoes w Electric AC On Gas Heat Retraflt 1949 1241 0000 47472 SZ22 10177498 6480 0

56 Insulatlon Floar R0 w R19 SF Homes w Blecdic AC Onl Gas Heat Retroflt i l l 0146 0000 37978 18989 2115795 2 772 0

57 Ener Star Windows SF Homes w ElectrlcAC Onl Gas Heat ROB 0 0000 0000 0 0 0 0 0

58 Insuladon Ceilin R19 to R3B SP Homes w Electric AC Onl Gas Heat Retrofit 0 0000 0000 0 0 0 0 0

59 Alr Inflltradon SF Homes w 6lectrle AC Onl Gas Heat Retroflt 0 0000 0000 0 0 0 0 0

60 DuctSealln SP Homes w ElecpicAC On Gas Heat RetroBt 579 0289 0000 37978 34180 19799 358 9867 0

61 Radlant Berrlers SF Homea w Electrlc AC Onl Gas Heat Ratroflt 0 0000 0000 0 0 0
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62 Insulatlon Ceilin 0 to R19 SP Homes w Electrle Heat Pum Retroflt 8054 1241 5546 13325 1466 11805542 1819 8132

63 insuladon Floor R0 to R19 5F Homes w Electrlc Heat Pum Reuoflt 1503 0146 1460 10660 5 30 8010869 778 7 782

64 Bner Star Windows SF Homes w Electrlc Heat Pum ROB 0 0000 0000 0 0 0 0 0

65 Insuladon Cetlin R14 w R3B SP Homes w filectrlc Heat Pum Retroflt 0 0000 0000 0 0 0 0 0

66 Alr Inflltratlon SF Homes w Electric Heat Pum Natrofit 653 0100 0600 13 325 9728 6 352 93B 972 5 833

67 DuctSaelln SF Homesw ElectrlcHeatPum Retroflt 1511 0259 1296 10660 9594 14499925 2486 iZ430

68 Radlent Barrlers SF Homea w Blectrlc Heat Pum Retroflt 0 0000 0000 0 0 0 0 0
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r69 Insuledon Ceilln R0 wR19 SF Homes w Electric Furnace AC Retroflt 865U 1Z41 5548 9994 1099 9509368 1364 6099

70 Insuledon Floor R0 toR19 SF Homes w 6lectrlc Furnace AC Retroflt 2201 0146 1460 7995 3998 8798 400 SB4 5 837

71 Ener Star Windows SF Homes w Electrlc Furnaca AC ROB 0 0000 0000 0 0 D a 0

72 Insulatlon Cellin R19 wR38 SF Homes w Electrlc Furnace AC Retroflt 0 0000 0000 0 0 0 0 0

73 Alr Inflltratlon SF Homea w ElecWc Furnace AC Retroflt 916 0101 0574 9994 7296 6 686483 739 4iB6

74 Duct Sealin SF Homes w Electrlc Furnace AC Retroflt 1953 0262 1312 7995 7196 4054519 1888 9440

T5 Redlant Barrlers 5F Homes w Electrlc Purnece AC Retrofit 0 0000 0000 0 0 0 0 0
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76 Alr In0ltradon MH Hames w Electric AC Onl Cas Heat Retroflt 103 0073 0000 3057 1773 163089 129 0

77 Insuletlon Floor RI1 m R30 MH Homea w Electrlc AC Onl Gas Heat Retroflt 0 0000 0000 0 0 0 0 0

78 6ner Star Wlndows MH Homea w Electrlc AC Onl Gas Heat ROB 0 0000 0000 0 0 0 0 0

79 DuctSealln MH Homesw Elec4icpCOn1 GasHeat Retraflt 488 0216 0000 1529 1131 551645 244 0
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80 Alr Inflltratlon MH Homes w Electric Heat Pum Retroflt 739 0073 OS31 955 554 409495 40 283

el Insuletlon Floor R11 wR30 MH Homeswlectric Heat Pum Retroflt 615 0000 0485 955 382 234679 0 SB5

82 Ener Star Wlndows MH Homes w Electrlc Heat Pum ROB 0 0000 0000 0 0 0 0 0

83 Duct Sealln MH Homes w Electric Heat Putn Retroflt 1447 0205 1025 955 707 1023 034 145 724
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84 Alr lnflltratlon MH Homes w Electric Heat Caol Retroflt 1080 0073 0511 6751 3916 4228907 286 2001

85 insuletlon Floor R11 w R30 MH Homes w filectrlc Heat Caol Retroftt 938 0000 0489 6751 2 700 2532319 0 1 20

86 Ener Star Windows MH Homes w Electrlc Heat Cool ROB 0 0000 0000 0 0 0 0 0

87 Duct Sealln MH Homes w Electrie Heat Cool Retrofit 1962 0206 1029 6751 4996 9 801 148 1029 5143
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88 HVACItinaU SF Homes wlth Central AC ar Heat Pum Retrofit 561 0268 0000 70791 63712 35724979 17064 0

89 Enar Star Room A C SF Homes w Elecvic Raom AC ROB 98 0061 0000 10411 7808 768331 475 0

90 Sewnd Ener Star Room A C SF Homes w more than one Room AC ROB 0 0000 0000 0 0 0 0 0

91 HI Bfliden Central AC SF Hames w Blectrlc CenVal AC ROB 0 0000 0000 0 0 0 0 0

92 HI EFfiden Centrel AC Ear Ratlre SF Hames w Blectric Central AC Retroflt 0 0000 0000 0 0 0 0 0

93 HI h Effiden Heat Pum HP U ade SF Homea with ElecMc Heat Pum HC ROB 0 0000 0000 0 0 0 0 0

94 HI EQlden Heat Pum Harl Retlre HP U ade SF Homea wlth Electric Heat Pum H Retroflt 0 OODO 0000 0 0 0 0 0

95 Ground 5ource Heat Pum HP U ade SF Homes wlth Electrlc Heat Pum HC ROB 3041 0061 3702 3998 3598 10940 329 218 13318

96 Graund Source Heat Pwn Ear Redre HP U ede SF Homes wlth Electrte Heat Pum HC Retrafit 0 0000 0000 0 0 0 0 0

97 Heat Pum e lacin Electric Furnace SF Homes wlth Electrlc Furneces and CAC ROB D 0000 0000 0 0 0 0 0

98 Heat Pum Earl Retlre Re ladn Electrlc Furnace SF Homes with Electrlc Furnaces and CAC Retroflt 0 0000 0000 0 0 0 0

99 Dual Puel Heat Pum U de Re ladn New ASHP SF Homes wlth Electric Heat Pum HC ROB 2695 0114 5523 3 998 3598 9 695279 411 19870

300 Dual Puel Heat Pum Re ladn Electrlc Furnace SF Homea with Electtic Fumaces and G1C ROB 7 951 0117 5649 2998 2998 23837442 350 16938

101 HVAC TuneU MN Homes wlth Central AC or Heat Pum RevoBt 480 0230 0000 9235 8311 3990370 1912
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102 Ene Star Room A C MH Homes w Electric Room AC R08 0 0000 O00U 0 0 0 0

103 Second Ener SWrQ9 Room A C MH Horoes w more than one Room AC R08 0 0000 0000 0 U 0 0 0
104 HI h Efflden Central AC MH Homes w Electrle Central AC ROB 0 0000 000 0 0 0 0 0

105 HI h Etllden Central AC 6arl Retlre MH Homes w Electrlc Centrel AC Retroflt 0 0000 0000 0 0 0 0 0

106 Hi h 6fflcien Heat Pum HP U ade MH Homes with Electric Heat Pum HC ROB 0 0000 0000 0 0 0 0 0

107 HI Etfldan Heat Pum Earl Retlra HP U ade MH Homea wlth 6lectrlc Heat Pum HC Retroflt 0 0000 0000 0 0 0 0 0

108 Heat Pum Re lacln Electrlc Furnace MH Homes with Electric Purnaces and CAC ROB 0 0000 0000 0 0 0 0 0
109 Heat Pum Earl Redre Re lacln Electrlc Fumace MH Homes with Electrlc Purnacea end CAC Retroflt 0 0000 0000 0 0 0 0 0

110 Dual Fuel Heat Pum U ade Re ladn New ASHP MH Homes wlth Electrlc Heat Pum HC ROB 2833 0123 5955 287 264 746974 32 1570
111 Dual Fuel Heat Pum Re lecln Electric Furnace MH Homea wtt6 Blectric Furnaces end CAC ROB 8 465 0125 6037 z oas 2 025 17143 54 253 12 28

r r i ir iari I t r i S e i e i a ec i iv a s 1 N1 iI L5v4aai ir i a t uh P r k ei ii 1 t t r irr ed i r1F t e Jtr i r

112 In Nome Ener Dis la Monitor SF All Homes Retraflt 0 0000 0000 0 0 0 0 0

113 PraPe Meterin SF All Homea Retroflt 1621 0135 0135 37478 37478 6D746425 5062 5062
114 Pool Pum and Motor SF Homes with Pools ROB 1260 0315 0000 4997 3498 4407390 1302 0

115 In Home Ener Dls la Monlwr MH All Homes Retrofit 0 0000 0000 0 0 0 0 0

116 PrePa Meterin MH AlI Homes Retrofit 1857 0155 0155 5 732 5 732 30 64 340 887 887
f r 1t ry t t 1i i i 4 Y N iirtiyflrtTV elFwiyl JarTlt i err fi J 1 7tis Y 1 aA r s A al

117 MuldFemll Homes Effldan Klt MP All MultlFamil Homes Retro9t 357 0030 0057 1666 833 297574 25 48
i i I1 l Y hfov e a r ii a t n 1 i awe v S r n t 2 rt n a c s Fr r

118 New Constructlon 1545 more effident SF All Sin e Famil New Homes w AC Onl NEW 1392 0584 0073 2767 1992 2772237 1163 145

119 New Constructlon 15hmore effident SF All Sin e Famll New Homes w Elec HP NEW 3937 0584 2409 3162 Z 77 8964 511 1 30 5 485

120 New Constructlon 35Yo more effldent SF All Sin e Famil New Homes w AC Onl NEW 3479 0876 0438 922 664 2310198 582 291

121 New ConsW ctlon 35omore efflclent SF All Sin e Famll New Hames w 61ec HP NEW 5906 0676 2993 1054 759 4482 56 665 2 272

122 New Constructlon 15lb more eflident M H All Sin e Famll New Homes w AC Onl NEW 1682 0584 0073 242 174 292799 102 13

123 New Constructlon 15 more etFldent MH All Sln e Famll New Homes w 61ec HP NEW 2549 OSB4 2409 306 221 56223 129 531

Note Solar WAter Heating w Electrlc BackUp and Geothermal systems only assumed a 30 technical poendal penetratlon Radiant Barriers asswned a 70 technlcal potential penetration
8ner Summer Demand Winter Demand

Total Resldentlal Economic Potentlal

Percent of 2020 Residentlal Forecast for EnergyDemand



AmualaofAchlevableHomes 3D45Penetreqou andAchleveblePotetlellnl070 onthe7RCTest

t i4 r i u a q iss o CY ZIn esKr Xiu7Jt 7 3 n o t k K H i pc i sv t a nt it sa we i s ta da r a e r z w t

1 Bne StarCom IlantTo MountRert eretar SP Hamesa Refri erators 106 0007 0006 355 609 1066 1421 1624 1624 1421 1066 609 355 1075900 74 63

2 Ene SterCom Ilant5lde SldeRehl eraWr SF Homeaw Refrl eratnrs 133 0007 0006 191 32B 574 766 875 875 766 574 328 191 727244 40 34

3 Bner StarCom IlantthestFreeier SF Homrsw Freeurs 0 0000 Q000 0 0 0 0 0 0 0 0 0 0 0 0 0

4 8ne Star fnm Ilant U rl ht Freeur Manual0ef SF Homes w Freeurs 0 Q000 Q000 0 0 0 0 0 0 0 0 0 0 0 0 0

5 8ner 51arDehumidlfer SF Homrsw Dehumidlflen 213 0131 0131 40 73 113 117 106 B8 73 55 37 29 155703 96 96

6 Second Refrl eramr Turn In SP Hamm w more tlanore refrl eramr 978 0082 0070 421 765 1186 1224 1109 918 765 574 3B3 306 2881 188 T40 209

7 SecandFreerTurn In SP Home w more than one freezer 774 0065 0055 50 90 140 144 131 108 90 68 45 36 268578 72 19

8 Ener StaCom entTo MountRefrl eramr MH Homaw ReM erewrs 106 0007 0006 54 93 163 117 248 Z48 217 163 93 54 164300 i1 IO

9 6ner StarCom IlantSlde SldeRerl etatar Homaw Refii raroro 133 0007 0006 29 50 B8 118 134 134 118 88 50 29 11L454 6 5

10 Ene SIarCam IlanttlteatFreeaer MH Homeew Freezers 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

11 6ne StarCam IantU rl tFreeur ManuslUeL MH Homaw FYeezen D 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

12 Bne ShtDehumidlfer MH Homesw Dehumldlflers 213 0131 0131 6 11 17 18 16 13 11 8 6 4 23430 14 14

13 SecondReGl eretorTurnln MH Hemesw morethanonerefrl erator 847 0071 0060 64 117 IBL 187 170 140 117 BB 59 47 381997 32 E7

14 SemndFreezerTurntn MH Homesw marethanonefreezer 774 0065 0055 8 14 22 22 20 17 14 11 7 6 4 70 4 3
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15 Home Electronlcs SF AlI Hames 265 0030 0030 611 1049 1836 449 2798 2798 449 Z448 098 448 4634320 525 525

16 Televlslore SF Homesw aN 49 0017 0017 Y357 4185 2 6856 6213 5142 6642 7499 8785 BS70 2099699 719 719

17 8ner StarDeskta Com uter SR Humesw aD 42 0005 0005 818 1487 Y305 2379 974 3271 3792 3494 3718 3866 624540 71 71

18 6ne Sm Cam uter Monitor SF Homrs w e Deslaa 21 0002 0002 818 4B7 3D5 379 156 602 2974 3 420 3123 2751 312270 36 36

19 8ne Stala m Com uter SF Homesw aLa to 13 0001 0001 354 780 434 448 560 616 714 65B 700 728 36400 4 4

20 HomeElectranlcs MH AIIHomes 265 0030 0D30 93 160 280 374 4Z7 427 374 373 320 373 707020 80 80

21 Televlslons P1H Homesw eN 49 0017 0017 Z21 401 622 642 581 481 622 70Z 823 80Z 196539 67 67

22 Bne SaDeskto Cam uler MH Homesw a0eskto 42 0005 0005 125 227 352 363 454 499 579 533 568 590 95 40 li 1t

23 Ener SaCom ulerMoniar MH Homesa aDeskto 21 0002 0002 125 227 352 363 329 397 454 522 477 420 47670 5 5

24 8ne Shr to Cam uter bIN Nomesw ela 13 0001 0001 24 43 67 69 86 95 110 101 108 112 5603 1 1
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7S CFL vslncande9rent Showa da SF Sockebwithlnebulbs Shn da

V

Sl 0003 0007 4311 7839 1 150 12542 15678 1724fi 19989 18421 19598 20382 4005729 246 560

26 CFL vslnandescent 3houn da SF Socetswlthlnebulba 3hn da 31 0003 0007 13555 Z4646 38201 39434 35737 29575 24646 32040 3 969 4 059 75564b4 773 1760

27 CFL valmmdescent lhouro da SF Sodcebwlthlnebulbs lhn da 10 0003 0007 17608 30185 SL823 70431 80493 80493 70431 52823 30185 17608 5141478 1578 3592

28 LfiD vslncandescent SF Sadtebwlthlne6ulba 4 0004 0009 8968 11945 20903 27871 31853 31853 37871 40903 11945 6968 8066722 825 1878

29 L6D vsCFL SP SockecvwlthCFLbulbs 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

30 01 vslnnndescent Shours da MH Sodcetswithlnebulba Shn da St 0003 0007 105 191 296 306 382 420 487 449 978 496 97601 6 14

31 CF1 valncandescent 3haure da MH Sacketrwlthlne6ul6e 3hrs da 31 0003 0007 466 847 1313 1355 1Z28 1016 847 1101 1271 1652 259690 27 60

32 CF7 va Incandescent 1 hours da MH Sodcets wlth Inebulba lhn da 10 0003 0007 Z7 5140 7 967 224 7 453 6168 5140 3 55 70 056 SYS DB 161 367

33 LBD vslnandPUent MH Socketswithincbulba 41 0004 0009 565 968 1695 260 582 2SB2 260 1695 968 565 653993 67 ISZ

34 LfiD vsCFL MH SockebwltliCFl6ulbs 0 0000 OODO 0 0 0 0 0 0 0 0 0 0 0 0 0
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35 IowFlowFaucets SP Homesw ElechieWH 8Z 0014 0022 341 620 961 992 899 744 620 4b5 3t0 248 SO 400 89 134

36 LowFlowShowerhead SF Homesw ElecMeWH 203 0019 0022 341 620 961 992 899 744 620 465 310 248 1261431 89 134

37 WaterHeaterBlanket SF Homesw ElecMcWH 0 0000 0000 0 0 O 0 0 0 0 0 0 0 0 0 0

38 PI Wra SF Hames w 81ectr1c WH f08 0010 0014 724 1317 041 107 1910 1580 1317 98B 659 527 422218 125 188

39 Hflident Water Heater SF Hames w Electric WH 191 0005 0007 02 175 307 409 467 467 409 307 175 102 SS B17 14 21

40 HeatPum WaterNeater SF Homesw ElecMeWN 7D33 0184 026 f02 131 175 219 263 321 365 438 467 438 5935232 537 806

41 SolarWeterHeatln SF Homesa ElectrlcWH 0 0000 Q000 0 0 0 0 0 0 0 0 0 0 0 0 0

42 fine StarDlshrasher 61ecMtWaterHeadn SF Homaw Dlshwashers8lecMcWH 74 0003 Q001 257 468 725 749 679 562 468 351 234 187 346320 13 4

43 6ne SmrDlshwasAer NonElectrlcWH SF Homesw DlsAwashersNooHlecWH 33 0003 0001 15B 287 445 459 416 344 287 Z15 144 I15 94710 8 2

44 8ne Star Oothes Wazher w FJee WH g 81ec D er SF Homes w CW blec WH and Elec er ZZ4 0026 0007 281 361 481 602 722 BB2 1 03 1203 1283 1 203 179 704 207 56

45 6ne ShrOohes Wazher w NG VYFI Wee D r SF Homa w CW NG WN and filec er 97 0026 0007 172 221 295 369 443 541 615 736 787 738 477143 127 34

46 IowFlowFaucets MH Hamew BlecMcWH 67 0010 OAl4 80 145 225 232 210 174 145 109 73 58 97217 14 21

47 LowFlowShowerhead MH Homesw ElectrlcWH 167 0010 OAL4 BO 45 225 232 210 174 145 109 73 58 241699 14 21

4B WahrHeaterBlanket MH Homesw 61eetr1eWH 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

49 PI eWra MH Homeqw ElectrltWH 88 0010 0014 170 309 479 494 448 371 309 232 f55 124 27265 29 44

50 EHident Water Heater MH Homc9 w Electrtc WH 197 0005 0007 68 117 205 773 312 313 273 205 117 68 383 917 9 14

51 8ne StarO Dlahwasher Blectrlc Water Heatl MH Homo w 04shwashers Electric WH 74 0003 0001 61 10 171 176 160 132 110 83 55 44 81548 3 1

52 Hne StatDishwasher NooHlectrlcWH MH Hamew DLshwaahersONorPJecWH 33 0003 0001 3 6 9 10 9 7 6 9 3 2 1980 0 0

53 8ne Star tlothes Washer w FJee WH Elee r MH Homet w CW Elee VYH and Elee er 224 0026 0007 66 85 13 141 169 207 235 282 301 2B2 42 344 49 13

54 Bne SmothesWacher w NGWH61ee r MH Homow GWNGWHand8lee v 97 0026 0007 4 5 6 8 9 il 13 IS 16 15 9894 3 1
u it 6
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55 InsuladonCelll ROtoR19 SF Homesw ElecvlcAtOn GasHeat 1949 1241 0000 S5 94 165 220 251 251 220 165 94 55 3059930 1948 0

56 InsulatlonFlaar R0to R19 SF Homes w Elearlc AL Gas Heat 111 0146 0000 200 342 599 798 912 912 798 599 342 200 635337 B32 0

57 Hne SWWlndows SF Homeaw ElectlicACO GasHeat 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

58 InsulatlonCellln R19toR38 SF Homesa EIec41cAC GasHeat D 0000 0000 0 D 0 0 0 0 0 0 0 0 0 0 0

59 Alr Inllltratlan SF Nome w Eleclric AC Onl Gas Heat 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

60 DuetSwll SF Nomesw 81ecUIcACOnI GasHeat 584 0291 0000 359 461 615 769 93 1128 1281 1538 1640 1 38 5986628 7983 0

61 RadlantBarriers SF Nomesw HkctricACO GasHeat 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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62 InsulatlonCellin OtoR19 SF Homesw 81ectr1cNeatPum 8054 1241 5548 IS 26 46 62 70 70 62 46 26 15 3527652 594 2430

63 Inailatlon Floor RA fn R19 SF Homes w 81ecUlc Hnt Wm 1503 0146 1460 56 96 168 224 256 256 224 168 96 56 2404684 234 2 336

64 ne StarWin ows Sf Homaw 6lectiicHeatPum 0 OUDO 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

65 Insulatlao ellln R19 co R38 SF Homes w Electric Heat Pom 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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66 Alrinflitratlon SF Homesw 8lectrieHeatPum 697 0107 0640 102 131 175 219 263 321 365 438 467 438 034113 311 1 8

67 DuctSwlln SF Home9w 6lectricHeatPum 1644 0282 1409 101 130 173 216 759 317 360 432 461 432 4736635 B12 4060

68 RadlantBarriero SF Homesw 81ectrlcHeatPum 0 0000 Q000 0 D 0 0 0 0 0 0 0 0 0 0 0
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69 InsulatlonCellln R0mR19 SF Homnw 8lectricFurnacaBAC 8650 124f 5548 12 20 35 4fi 53 53 46 35 ZO 12 2871800 417 1842

70 InsulatlonFloorROtoR19 SF Homesw 81ec41cFumaceAC 2201 0146 1460 42 72 126 168 192 192 16B 126 72 42 Z641083 175 1752

7l 6ner SarWlndows SF Homesw ElecMcFumaceAC 0 D000 0000 0 0 0 0 0 0 0 0 0 D 0 0 0

72 InsulatlonCeilln It19 m R38 SF H mes w Electric FYmace 8 AC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 O

73 Alr Inflltretlon SF Homea w 6lectric Fumece AC 969 0107 0607 77 99 131 164 197 Z41 274 3Z9 350 329 2121989 235 1329

74 DucSealln SF Hamesw EleclrlcFumaceAC 2106 0283 L415 76 97 130 16Z 194 238 270 3Z4 346 324 4551 a5 611 3057

75 Ra nt Bartien SF Noma a Electric Fumace b AC 0 0000 0000 0 0 D D 0 0 0 0 0 0 0 0 0
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76 Alrinflltratlon MH Homaw ElecMcACOnI GasHeat 103 0073 0000 19 24 32 40 48 58 66 80 85 80 54935 39 0

77 InsulatlonFloorR11toR30 MH Hemeew HlectrlcACOnI CaaHeat 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

78 fine StarWlndows MH Homesw 81ectrIcACOnI GasHeat D 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

79 DuRSealln MH Homaw 81ectr1cAC0o GasHeat 493 0218 0000 12 15 20 26 31 37 43 SS 54 51 167536 74 0

i s Y t4 t t yT i
F i I 1 7 ra s i R tw y i ti Y t e
t aa cc r L ca z s

8D Alrinflltratlon MH Hamesw ElectrlcHeatPam 739 0073 OS31 6 8 10 13 15 19 21 26 7 26 126377 12 87
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82 6ne SmrWlndovus MH Homesw ElectrlcHeatPum 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0
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88 HVAC TuneU SF Homes wlth Centra AC or Heat Pum 613 0293 0000 669 860 1 197 1433 1720 102 3 058 3 727 4205 4300 11717 796 5597 0

B9 8ner Star Room A C SF Homes w filectrlc Roam AC 308 0067 0000 82 140 246 328 374 374 328 246 140 164 251 7B1 156 0

90 Seoond 8ne Slar Room A C SF Homrs w more than one Room AC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

91 HI hBRlden CentrelAC SF Homesw 8lecerlcCentralAC 0 OA00 000a 0 0 0 0 0 0 0 0 0 0 0 0 0

92 HI hBlflden CentrslA Ear Ratlra SF Homesw HlectrlcCantralAC 0 OODO 0000 0 0 0 0 0 0 0 0 0 0 0 0 O

93 HI h Bfflden Heat Pum NP U da SF Homes with 6lectric Heat Pum H 0 0000 0000 0 0 0 0 0 0 0 D 0 0 0 0 0
94 HI h Efflden Heat Pum 8arl Retlre HP U de SF Homea with Elecdic Heat Pum N 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

95 Ground Swrce Hee Pum HP U de SF Homa wlth ElecMc Heat Pum H 3 46Z 0069 4214 32 41 54 68 81 99 113 135 44 135 312 713 62 3 01

96 Ground Source Heat Pu Earl Retlre HP U de SF Homes wlth Electrlc Heat Pum HC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 D

97 HeatPum Re lacin 81ectr1cFurnace SF Homeswlth6lecVicFumacaandCAC D 0000 QOOD 0 0 0 0 0 0 0 0 0 0 0 0 0

99 HeatPum Ea Retlre Re lad pecMeFurnace SF Homeswlth6lectricFumacesendCAC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

99 DualFuelHeatPum U rede Re ladn NewASHP SF HomeswlthBlectrlcHeatPum HC 3209 0136 6576 32 41 54 68 81 99 113 135 194 135 2894333 l23 5932

100 Dual Fuel Hea Pum Re lacln Blectric Furnace SF Nomes wlth Hleclrlc Fumaces end CAC 9317 0137 6620 22 29 38 48 58 70 80 96 302 96 5953434 87 4730

IOl HVACTuneU MH Homeswit6CentralACorHwtPum 518 0248 0000 B7 112 149 187 224 274 398 4B6 547 561 1290476 61B 0

102 Bne SutRaomA C bIH Homesw EIec4lcqoamAC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

103 Second6ner StarRoomA G MH Homesw morelfianoneRoomAC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

104 HI hEfllden CenttalAC MH Homnw 6lectricCentralAC 0 OODO 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

105 HI h6fflden CentralAC Earl Retlre MH Homesw 8lectricCentralAC 0 OODO D000 0 0 0 0 0 0 0 0 0 0 0 0 0

106 HI h 6Hlden Heat Pum HP U de MH Hamrs wlth 6lectric Heat Pum H 0 0000 O00U 0 0 0 0 0 0 0 0 0 0 0 0 0

107 NI hfifllden HwtPum Eari Retlre HPU de MH HomeawlthElectricHeatPum H 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

108 Heat Pum Re ladn 61ecMc Furnace MN Homes wlth Electrlc Furnacea and CAC 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

1D9 Heat Pum Earl Retlre Re lad 6lectrle fumace MH Homes wlth Electrlc FLrnacas end CAC 0 0000 LL000 0 0 D 0 0 0 0 0 0 0 0 0 0

110 Dual Fuel Heat Pum U ade Re ledn NewASNP MH Homea wlhElectrlc Heat Pum 3198 0139 G721 2 3 4 S 8 8 9 31 11 11 2Z3846 10 470

131 Dual Fuel Heat Pum Re ladn ElecVlc Fumace MH Homes wlth Electrle Fumaces and CAC 9461 0139 G748 15 19 26 32 39 47 54 65 69 65 4077 696 60 908
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112 InHame6ner DI la Monimr SF AIIHomes 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

113 PrePa Meterin SF All Homes 1621 0135 0135 393 674 1180 1574 1798 1798 1574 180 674 393 3642081 304 304

114 PoolPum andMomr SF HomeswlthPooV 1260 0315 0000 37 47 63 79 95 16 131 ISB 168 158 1325520 931 0

115 In Home 8ne DI la MonlOor MH All Homes 0 0000 0000 0 0 0 0 0 0 0 0 0 0 0 0 0

116 PrePa Meterin MH All Homn 1857 0155 0155 60 103 181 241 275 275 241 181 103 60 63 640 53 53

lr ir I i xwe i L H rxi sZ r lz i 1 tL 1 Sr a f ay sdr l e4 I r kaem At etf0 Ar r rr y ai r i e r e i

117 Multl Homea 6fflclen IOt MF All Muld Homa 357 0030 0057 9 15 26 35 40 40 35 26 15 9 86109 7 14
i r r 7 s iii k 7 Y r Ea r a Srrv T a N 1 in t 1r ka o r j c y v k 8Y 7 t T rw n r
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119 NewConsmctlan15moreelfldent SF AlI51n eFamll NewHomesw EIecHP 3937 OSB4 24a9 24 31 41 51 61 75 85 102 309 102 681733 398 1641

120 NawConstrucdon35moreefflclent SF AllSln eFamO NewHomesw ACO 3479 OB76 0438 7 9 12 15 18 2Z 25 30 32 30 695750 175

121 NewConstructlon35 moreelflclent SF AllSln IeFemll NewHamesw EIecHP 5906 0876 2993 8 10 14 17 21 25 29 35 37 35 L364240 202 691

l22 NewCoreWctlonI544moreeffldent MH AIISIn eFamll NewHomesw ACOnI 1682 OS84 0073 2 2 3 4 5 6 6 8 8 8 87446 30 4

123 NewCanstructloni5fimoreeRident H AllSln eFam11 NewHomesw EIecHP 2549 OS84 2409 2 3 4 5 6 8 9 1l 11 11 178416 41 169

Fa r SommarDemand WluterDemeod

Total Residentlal TRC Achlerable PotentlaL

Percent of 2020 Nasidentlal Forecart forEnergyUemand



i

r

Big Rivers Electric Corporation

2010 Integrated Resource Plan

Appendix B
Demand Side Mana ementJ

Big Rivers Final Potential Study

Appendix 3
Commerciallndustrial Sector Data

Energy Efficiency

1

1 vers
ELECTRIC CORPORATiON

Your ToudatieFtetgy CaoperativeIu



PElTIX3

COMNRCIALINDUSTRIAL SECTOR DATA

ENERGY EFFICIENCY

I



1EITII31

COMNRCIALINDUSTRIAL1VIEASURE DESCRIPTIONS
ASSUMPTIONS AND SOURCES



DESCRIPTIONS OF COMMERCIALINDUSTRIAL ENERGY EFFICIENCY
MEASURE S

This technical appendiz descxibes a broad range of commercial and itidustrial sector energy
efficiency measures and programs where GDS has assessed the technical and achievable
potential for electric energy savings for Big Rivers

1 HEATING AND AIR CONDITIONIIG

The following sections describe the energy effieiency measures included in the commercial
sector analysis that fall into the categories of space heating and space cooling

9 HighEficiency HeatTurfrp Electric heat purnps operate bp transferring heat from one
place to another In the heating mode a heat pump extracts heat from outside a structure
and delivers it to the building Like a fumace most heat pwnps work with forced warmair
delivery systems Heat pumps can also be operated to cool a building during summer
months In the cooling mode the cycle is reversed and heat is taken from the building and
transferred to the outside air Because heat pumps rely on the outside air as the heat source
in the winterttme they are much more cornmon in warmer climates Heat pumps are rated
for both heating and cooling both in terms of capacity and efficiency

This analysis assumes that a single or polpphase packaged or split system unitary heat pump
meeting CEE Tier II efficiency criteria replaces a heat pump meeting CEE Tier I efficiency
criteria High efficiency and baseline levels reflect weighted averages by size and type of
units

2 Packaged TermialHeat PamprandAir Conditioning The efficient design of the PSC motor
and airflow pattern help to reduce the energy consumption of the fan Packaged terminal
heat pumps tend to be more efficient than electric heat only In fact operating savings map
result in a payback of less than one year During heating operation refrigerant in the heat
pump runs in the reverse direction of the cooling operation The outside air is cooled
thereby giving up heat to the refrigerant in the heat pump This heat is then pumped back
inside resulting in up to three Btus of heat for every Btu of energy conswned During
cooling operation heat is removed rom the building as the air is cooledlhis heat proceeds
through the compression cpcle and is ultimatelp rejected to the outside air

3 Centrifugal Chiller Water chtllers come in many different types centrifugal rotary
screw scroll reciproeating and gas absorption and typically reject waste heat either through
aircooled or watercooled condensers Centrifugal chillers ase used in building types which
normallp use waterbased cooling spstems and have cooiing requirements greater than 200
tons Centrifugal chillers reject heat through a water cooled condenser or cooling tower In
general efficiency levels for eentrifiigal chillers start at 080 kWton for older units and
may go as high as 04 kWton This measure involves installation of a highefficiency chiller
051 kW per ton versus a standard unit 058 kW per ton

Nexant 2005 NYSERDA Deemed Savings Measure Database Prepazed for NYSERDA
2 California Statewide Commercial Sector Energy Efficiency Potential Study July 2002
3 Nexant 2007 Arkansas Deemed Savings Quick Start Program Draft Report Commercial Measures For
Frontier Associates LLC March 2007



Then a watercooled chiller is replacing an aircooled chiller the additional auxiliary
electrical loads for the condenser water pump and the cooling tower fan has to be
considered therefore a penalty factor of 0109 kW needs to be used as the adjustment
downward to account for the peak demand and energy savings

4 DX Packaged Syrtem EE109 10 torts Tier 2 20 Tons Tier2 20 Tons A single
package DX AG unit consists of a single package or cabinet housing containing a
condensing unit a compressor and an indoor fancoil

An additional benefit of package units is that there is no need for fieldinstalled refrigerant
piping thus minimiinglabor costs and the possibility of contaminating the system with dirt
metal oxides or noncondensing gases This measure involves installation of a TIER 2 high
efficiencp unit EER109versus a standard unit EER103

2 WATER HEATING

Standard electric water heaters use resistance heating elements to transfer heat to a reservoir in a

storage tank system or instantaneously as the water passes through the heater in a pointofuse
or ondemand water heater system Thermal efficiency is relatively constant for electric
resistance water heaters with slight efficiency improvements available through improved
insulation tomnimestandbp losses Significant efficiency savings may be achieved through the
installation of heat pump water heaters that capture heat from the air and transfer it to the water I

in the tank

PreKinreSprayer Iosv Flo1v CommercialfpplicationrPrerinse sprayers are an essential
component of kitchen operationsthepare used to get the leftover food and grease off dishes
pots and pans before they go into adishwasher While conventional sprayers use between 25
and 4 gallons ofwater per minute gpm the lowflow sprapers use from 16 to 265 gallons per
minute according to the Energy Ideas Clearinghouse of the Washington State University
Extension Enesgy Program in Olpmpia Wash Hot water is used in the sprayers and so lowflow
spray valves lead to reduced water heating bills

2 Iater Heater BlanketsWater heater jackets axe designed to wrap around an existing water
heater tank to improve insulation prevent heat loss and save energy Installing an insulating
blanket can reduce water heating energy use by39

3 On Demand Demand tankless or instantaneous water heaters provide hot water onlp as it is
needed Demand water heaters heat water direcdp without the use of a storage tank Therefore
thep avoid the standby heat losses associated with storage water heaters TypicalTp demand water
heaters provide hot water at a rate of25 gallons76152liters per minute

4HihEczency StoraeTankR In a high efficiency storage tank Watex is kept hot and readp for
use at all rimes in insulated storage tanks vvith capacities ranging from 20 to 80 gallons Manp

4 California Statewide Commercial Sector Energy Efficiency Potential Study 3uly 2002
5PreRinseSprayershttpwwwfocusonenergycomfilesdocument management systembusinessrogr
amsprerinsesprayerstechnicalsheetpdf
Corsumer Guide to Home Energy Savings 8 ed ACEEE Washington DC 2003

Demand tankless or instantaneous Water Heaterswwwenergysaversgovyourhomewater heating
8High Efficiency Water HeaterswwwenergystargovianewhomesfeaturesWaterHtrs062906pdf



fuel options are available includingelectricity natural gas oil and propane One drawback of
these units is the energy used to keep the water hot at all times otherwise known as standbp
losses

3 LIGHTING

CoabroLs There are severalvarieties of automatic lighting controls including wall or ceiTing
rizounted occupancy sensors integral occupancp sensors including bilevel controls
photocells and time cloeks Demand and Energy savings were reviewed for lighting control
measures to confirm the appropriateness of current values

Occzrpancy Secsors wall ceilin IID bilevel controls Occupancy sensors infrared or
ultrasonic motion detection devices turn lights on upon entYy of a person into a room and
then tum the lights off from 12 minute to 20 minutes after they have left Occupancy sensors
in commercial buildings require proper installation and calibration Their savings depend on
the mounting type but typical energy savings for these controls are 20 over lights not
equipped with occupanry sensors

F1StZl1CSA variety of high efficiency fixtures ballasts and lamps exist in the market today
produeing the same amount of lumens while consuming less electricity Deemed lighting
savings are mature components of utility sponsored DSM offerings around the country The
operating hours and demand factors for the different building types listed in this report are
based on an indepth research on a wide array of information available in the market

2 Suier T8 Fixture from 34I1T2from standard T8 HighPerformance or Super T8
lampballastspstems have higher lumens per watt than standard T8 spstems This results in
lampballast systems that produce equal or greater light than standard T8 spstems while
using fewer watts When used in a highbap application highperformance T8 fixtures can
provide equal light to HID HighBay fixtures while using fewer watts

3 TSFuorescettHighBay Fixtures TrnferWrap Indurtrial Strip Indirect A T5 highbay
fixture has a fixture efficiency of over 91 while a metalhalide fixture has a fixture
efficiency of approximately 70 Bp using a more efficient fixture a space can be lit with
fewer watts or fixtures Typicallp a4lamp F54TSH0 spstem using 240 watts will provide as
much light on a target surface as a standard 400 watt metalhalide fixture using 455 watts

4 G Fixtur CFL Screin An existing incandescent laxnp is replaced with a lower
wattage compact fluorescent lamp in either a hardvvired fixture or screwui fixture CFLs
have become an icon of energy efficiency and are commonly used as simple substitutes for
incandescent lamps due to their significantlp longer life and beteer energy efficiencp CFLs

use approximately 14 of the electricitp as compared to a simiax incandescent lamp and CFLs

9
Nexant 2007 Arkansas Deemed Savings Quick Start Program Draft Report Commercial Measures For

Frontier Associates LLG March 2007 i

California Statewide Commercial Sector Energy Efficiency Potential Study July 2002
Nexant 2007 Arkansas Deemed Savings Quick Start Program Draft Report Commercial Measures For

Frontier Associates LLC March 2007
12
Eficiency Vermont Technical Reference User Manual TRM No 200641

3 Ibid

Efficiency Vermont Technical Reference User Manual TRNn No 200641



last between 8 and 10 times longer than a typical incandescent lamp Dimmable CFL lamps
are av 1 M h f concern valabe uc o the ongznal o er rhe pesformance of CFL s has been
addressed through instantstart lamps no flicker and the use of electronic ballasts that
function at much higher frequencies than their magnetic counterparts no noticeable strobe
effect
5 LED Exit Sign Exit sign illuminated with light emitting diodes LED

6 Pulse Start Metal Halide Unlike incandescent latnps which generate lighting bp heating a
filament discharge lamps ionize a vapor to produce light Metal halide highintensity
discharge HIDlamps that provide an intense cone of light are widely used because they
are about three times as efficient as incandescent lamps Traditional probestartmetal halide
lamps do not use an igntter and require three electrical contacts toignite the gas and rPmain
lit Recently developed pulsestart metal halide lamps use onlp two contacts and use an
igniter located inside the ballast pod Pulsestart lainps offer several benefits higher light
output per unit of eleetric power higher light output as lamps age longer lamp life more
stable color rendering as lamps age and quicker startup pulsestart lamps can reach full
brightness in two to four minutes instead the five to ten minutes needed by probestart
lamps

4 COOKING

The cooking enduse measures used in this study were taken from the Arkansas Food Service
Deemed Savingr manuallAlthough the manual only refers to gasfired food service equipment
replacing existing gas equipment the deemed savings include interactive electacity savings
associated with each technology All of the potential savings associated with cooking measures in
this study result from the interactive electricity savings listed in the manual

1 Energy Star Ovenr Commercial convecrion ovens are the most widely used appliances in the
foodserviee industry These are the workhorses of the commereial kitchen with a wide variety of
uses from baking and roasting to warming and reheating In addition to traditional uses
convection ovens are used for neaxly all types of food preparation including foods typicallp
prepared using other types of appliances eg griddles fryers etc Cornrnercial ovens that have
eamed the ENERGY STAR are about 20 percent more energy efficient than standard models

2 Ener Star GriddleryENERGY STAR qualified griddles include theanostatically controlled
gas and electtic single and doublesided models It must also be 10 percent more energy
efficient than standaxd models

3 EneryStar SteamerrSteam cookers also known as compartment steamers that have
earned the ENERGY STAR are up to 50 pereent more energy efficient than standard models
ENERGY STAR qualified steam cookers include both electric and gas models Steam cookers

I
that earn the ENERGY STAR must meet a minimum cooking efficiencp of 50 percent

is
Ibid

16
Definition provided by Natural Resources Canada wwwnrcangcca
Frontier Associates LLC 2007 Food Service Deemed Savings Efficiency and Installation Standards for

Arkansas Statewide Quick Start Programs Apri12007
8wwwenergystargov

9Ibid
Zo
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electric and 38 percent gas while also meeting maximum idle energy rates Idle energy rates
are given for 3 4 5 and 6 pan sizes Energy effiaent steam cookers that have eamed the
ENERGY STAR offer shorter cook times higher production rates and reduaed heat loss due to
better insulation and more effident steam delivery system

4 Energli Star FryerfJ Frpers that have earned the ENERGY STARare up to 30 percent more
energp efficient than standard models ENERGY STAR qualified fryers include both gas and
electric open deepfat models Fryers that eam the ENERGY STAR must meet a minimum
cooking efficiency of 50 percent gas and 80 percent electac while also meeting a maaimum
idle energy rate of9000 Btuhr gas and 1000 watts electric Energy efficient fryers that have
earned the ENERGY STAR offer shorter cook tirnes and higher producrion rates through
advanced burner and heat exchanger designs Frp pot insulation reduces standby losses resulting
in a lower idle energy rate

S Energy Star Hot Food Holding Cabinetf Hot food holding cabinets that have earned the
FNERGY STARare 65 percent rrmore energy efficient than standard models Hot food holding
cabinet models that earn the ENERGY STAR must meet a magimum idle energy rate of 40
wattsftThis means that ENERGY STAR qualified hot food holdtng cabinets are more
efficient at maintaining food temperature while using less energy Models that meet this
requirement incorporate better insulation reducing heat loss and may also offer addirional
energy saving devices such as magnetic door gaskets autodoor closures or dutch doors The
insulation of the cabinet also offers better temperature uniformitp within the cabinet from top to
bottom

5 REFRIGERATION

Commercial refrigerators and freezers are commonlp found in restaurants and other food serviee
industries Reach in solid door refrigerators and freezers are significantlp more effiaent than
regular refrigerators and freezers due to better insulation and higher efficiency components
There are recognized highefficienry designations Tier 1 or Tier 2 for these types of

refrigerators and freezers which relate the volume of the appliance to its daily energy
consumption Tier 1 corresponds to Energy Star mnmum effieiency levels while Tier 2 is the
rIiLnim efficiency level set by the Consortium for Energy Efficiency CEE Tier 2
refrigerators and freezers axe 40 and 30 more efficient than Tier 1 reftigerators and freezers
respectively The three most common size refrigerators and freezers one two and three door at
both Tier 1 and Tier 2levels were analpzed for this report

1 High Eciency Kefizgeratorf 1he measure described here is a highefficiency packaged
commercial reachin refrigerator with solid doors typically used by foociservice establishments
This includes one two and three solid door reachin rollinthrough and passthrough
commeraal refrigerators Beveiage merchandisers a specaal type of reachin refrigerator with
glass doors are not included in this chaxacterization A high efficiency reachin refrigerator aan
fall into one of two tiers Tier 1 those meeting the ENERGY STAR specifications or Tier2
those meeting ENERGY STAR plus 40effieient

21 Ibid
Ibid

Nexant 2007 Arkansas Deemed Savings Quick Start Program Draft Report Commercial Measures For
Frontier Associates LLC March 2007
Z4

Efficiency Vermont Technical Reference User Manual TR1Vn No 200641



2 High Eiciency Freeers The measure described here is a highefficiency packaged
commercial reachin freezer with solid doors typicallp used bp foodservice establishments This
includes one two and three solid door reachin rollinthrough and passthrough commercial
freezers A high efficiency reachin freezer can fall into one of two tiers Tier 1 those meeting
the ENERGY STAR speeifications or Tier 2 those meeting ENERGY STARplus 40 more
efficient

3 NiBht Coverrfor Refrigerator ufad FreeerDiclay Gares Installing film or blanket type night
covers on displap cases can significantlp reduce the infiltration of waxm axnbient air into the
rerigerated space This reduction in display case loads in turn reduces the electric use of the
central plant including compressors and eondensers thus saving energy The target market for
this measure is sma11 independentlp owned grocery stores and other stores that are typically
closed at night and restock their shelves during the day The target cases are vertical displays
with a single or doubleaireurtain and tub coffin tppe cases CA pgA20

4 bender Mirer 1he Vending Miser is an energy control device for refrigerated vending
machines Using an occupaney sensor during times of inactivity the Vending Miser turns off the
machines lights and dutp ccles the compressor based on the ambient air temperature The
Vending 1Vriser is applicable for conditioned indoor installations The Baseline is a softdrink
vending machine without a VendingMiser device typical usage of 3555 kWh

5 Demand Dort Cotrols Defrost of evaporator coils in freezer displays is normallp
completed on a timed basis but this is wasteful as the time interval is designed to remove ice
around the coil under worst case humiditp levels Demand defrost sensor and control spstems
are designed to optimize coil defrost Demand defrost controls can work in conjuncrion with
both electric heat defrost and hot gas defrost systems Unfortunately at the rime industry
experts suggest that this technology is still in an early stage of design and not yet readp for the
market Fiowever in the near future this technology should be viewed as a substantial
opportunity for energy savings

G Humidistat Controls A humidistat control is a control device to turn refrigeration displap
caseantisweat heaters off when ambient relative humidity is low enough that sweating will not
occur Antisweat heaters evaporate moisture by heating the door rails case frame and glass of
displap cases Savings result from reducing the operating hours of the antisweat heaters which
without a humidistat control generally run continuously There are various types of control
strategies including cycling on a fixed sehedule

7 HighErciency Fan and Comprssor Motosrj Packaged refrigeration equipment is estimated to
account for more than half of the electricity used by refrigeration spstems in the commercial
sector In tlle LJS the ENERGY STARlabeled commercial refrigerators and freezers are
generally at least 25 more efficient than some products in the market However the existing

z5 Efficiency Vermont Technical Reference User Manual TR1V No 200641
26 Califorriia Statewide Commercial Sector Energy Efficiency Potential Study July 2002
Z Efficiency Vermont Technical Reference User Manual TR1Vn No 200641
Z California Statewide Commercial Sector Energy Efficiency Potential Study July 2002
29

Ibid
3o Efficient Fan Motor Options for Commercial Refrigeration Emerging Technologies Practices
ACEEE 2004
httpwwwaceeeorgpubsa042r3pdfsearch22fan20motors20measure20description22



stock of packaged refrigeration equipment is considered very inefficient due to the focus by
most purchasers on first cost and the lack of effort from manufacturers to differentiate
equipment on the basis of energy efficiency

Fans and fan motors used in ttie condensers and evaporators account for 20 of the annual
energy use and operate at overall efficiencies as low as 7 to 15 These low efficiencies are due
to both inefficient fans and low cost shaded pole SR motors with low efficiencies New axial
fan designs enable improved fan performance and advanced electric motors such as brushless
DC or electronically commutated motors ECIV offer motor performance solutions

It appears that the majority of currendy installed evaporator and condenser fanmotor sets can
be replaced with advanced units that can achieve energy savings as high as 70 of the fanmotor
energy The input fan power of an evaporator and condenser in a typica148 ft3 twodoor reach
in commercial refrigerator can be reduced from 70W 35W per component to 20W 10W per
component with use of the energyefficient fans and motors Incremental costs range frorn a
low of approgimately 20 for a better fan with a brushless DC motor to 50 for an ECM motor
The total incremental cost for a commercial fridge would be in the range of 40 to 100

8 Comprersor VSD FetroZ A variable speed compressor is a screw or reciprocating
compressor whose current is modulated by a frequency inverter A controller senses the
compressor suction pressure and modulates the current and therefore the inotor speed in
response to changes in this pressure When low load conditions egist the current to the
compressor motor is decreased decreasing the compressor work done on the refrigerant

9 WalinCoolerFreeZer Controls and Economierr Economizers save energy in walkin coolers
by bringing in outside air when it is sufficiently cool rather than operating the compressor High
efficiency is a walkin refrigeration system with an outside air economizer

10 Ice Machine EneryStar SelfContained Ice makers are also classified as batch or continuous
in operation Batch models tend to produce ice that is purer than its source wates because the
freezing process separates out the impurities In continuous units chemicals tend to remix in an
icewater combination Controls for batch ice makers are more complicatedtheymust end the
freezing process at the proper time to start a thawing cycle and resume the freezingprocess after
the ice has been harvested

11 Zem Ener Doors and Framer doorsframes are highly insulated with either double or

I

triplepane units and lowE glass coarings or lowconductivity filler gas eg argon Thep are i

also doors and frames that are completelp free of electric resistance heating ie no heaters in I
door frames

12 Commercial Kefrigeration Tune Ui Operational snaintenance of commercial refrigeration unit
that includes cleaning of dirtp coils relubricating refrigeration lines and makitzg sure

connections to the unit are not faulty The tune up extends the elascity and the durabilitp of the
refrigeration unit

31 California Statewide Commercial Sector Energy Efficiency Potential Study July 2002
32 Efficiency Vermont Technical Reference User Manual TRM No 200641
33 Ice MakershttpwwwmgecombusinesssavingBEA
34

2009 Rebate Application Commercial Refrigeration Equipment Efficiency Vermont
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13 AdvancedKefrieration TechnoloierFan Controller the Advanced Refrigeration Technologies
AR1 Fan Controller can reduce the costs of using these refrigeration units up to 50 The
ART Evaporator Fan Controller is inegpensive and easy to install It regulates the speed of the
evaporator fan motors to meet the need of each phase of the refrigesation cyale Just as energy is
saved by turning off the lights in an unoccupied room this controller saves energp by
the fans onlp as fast as the refrigerator needs at the time

14 LED Case Lighting Higher energy efficiency and better performance at low temperatures
I

allows LED case lighting to use up to 50 percent less energy than fluorescent systems
Additionally LED spstems emit less heat which means the refrigeration compressor does not
have to work as hard to remove heat as with fluorescent spstems LED fixtures efficiently direct I

the light where it is tuly needed eliminating wasteful light that spills out onto the tloor LEDs
are also able to illuminate shelves in a more uniforrn manner LED lighting contains no mercury I
Also its reduced energy consumption will aid in preventing unnecessary green house gas I

eniissions associated with energp production I

6 OFFICE EQUIPMENT
1 Plu Sensorr Plug load occupancy sensors are devices that control low wattage devices
150 watts using an oecupaney sensor Comtnon applications are computer monitors desk
lamps printers and other desktop equipment Two size tiers were analyzed based on
available products in the market 50 and 150 watt

7 MOTORS VENTILATION ANDN4NVENTILATIOl
1 Motorr Ilariable Frequency Drives Installation of Variable Speed Drives VSDs will ensure
that pumps are performing at magimum effieiencp at partialload condirions The power required
to operate a pump motor is proportional to the cube of the operating speed For egample in a
pump system with a VSD a load reduction that results in a 10percent reduction in motor speed
reduces energy consumption bp 27 pereent 09 g 3027

2NEMA FremiumEciency Motors NEMA motors National Electrical Manufacturers
Association for the North American market distinguish themselves as a result of their new
design and especiallp as a result of their efficiency NEMA motors are suitable in all types of
industries in sectors such as the automobile tegtile printing chemical branches as well as in
crossindustry applications for egample in conveyor technology The HVAC sector Heating
Ventilaiing Air Conditionin which requires egtremelp light motors are typical applications
for oursocalled General Purpose motors either with gray cast iron or aluminum fratnes
Severe duty motors in a full grap cast iron design are suitable for use in tough ambient conditions

for instance in the pulp and paper industrp The Severe Duty SD100 IEEE 841 motor version
even exceeds the stringent IEEE 841 Standards applicable in the crude oil and chemical
industries

3s Inventions and Innovation EVAPORATOR FAN CONTROLLER FOR
MEDIiJMTEMPERATLTREWALKINREFRIGERATORShttpwwwe3energyorgschrumpdf
36 LED Refrigerated Case Lighting Displayhttpwwwpgecommybusiness
37 Nexant 2007 Arkansas Deemed Savings Quick Start Program Draft Report Commercial IVleasures For
Frontier Associates LLC March 2007
38httpvvvvwenergystargoviabusinessBUM heat coolpdf
39 Motors acc to NEMAhttpwwwautomationsiemenscommcroslargedrivesenmotorslow
voltagemotorsnemamotorsPagesnemamotorsaspx



8 COMPRESSED AIR
9 Com rerredlirLeakrLeaks are a s cant source ofwasted en in a compressed airO p

spstem often wasting as much as 2030 of the compressorsoutput Compressed air leaks can
also contribute to problems with system operations including tluctuating systeiu pressure which
can cause air tools and otherairoperatedequipment to function less efficientlp possibly
affecting production egcess compressor capacity resulting in higher than necessary costs and
decreased service life and increased maintenance ofsupply equipment including the compressor
package due to unnecessary cycling and increased run time

2Enineered1VolerEngineered Nozzles reduce air consumption and noise levels ordinary
nozzles cannot compete Engineered Nozzles maintain safety features and can quaify for an
energy savings rebate from a localutility ordinary nozzles fall short Open blow off or
homemade blow off applications typically violate OSHA safety standards Engineered Nozzles
do not

40 Energy TipslVlinimize Compressed Air Leaks
wwwenergystargoviabusinessindustrycompressedair3pdf
a Engineered vs Ordinaryhttpwwwdocstoccomdocs42121280EngineeredVsOrdinaryAir
Nozzles

I



Commerclal and Industrial Measure Assum dons and B C Test Results DLscount Rate 633

1 lighdng
11 CompactFluorescent bulb 20200 7400 0049 0046 f300 2 5164 50 697 1993 953 073

12 L8D ExitSign exitsign 20100 87009b 0023 0023 52500 15 5263 001 574 1639 686 084

13 Standard T8 vs T12 4R fixture 9600 4300 0024 0011 E4500 12 5546 5006 146 416 180 081

14 Hlgh Performance T8vsT12 4ft Oxture t1500 5157 0113 0113 55175 12 E628 3005 266 759 186 142

15 Hlgh Perfarmance TBHOvsT12 BR flxhire 13800 4300 0034 0034 56900 12 5838 5006 136 389 171 079

16 Occupancy Sensor under 500W sensor 39700 4100 0099 0099 S10000 10 51380 S003 228 652 269 085

17 Occupanry Sensorover500W sensor 99400 4100 0243 0243 520000 10 52760 5003 284 812 327 087

18 Pulse StartMetal Hellde 100W 300W ixture 22050 900 0059 0049 52300 15 5242 5001 807 2306 811 100

19 Pulse SWrtMetal Hallde 300W fixture 31500 2000 OOB4 0070 E3B00 15 1400 5001 698 1994 706 099

110 HlghperformenceTS replecingT6 ixwre 8400 2800 0000 0000 E4000 15 5421 5005 146 418 205 071

111 GPL Herd Wlred PIxNre flzture 23600 7400 0043 0036 51200 15 5126 5001 1210 3458 1364 089

112 CFL Hlgh Wattage 31115 bulb 57250 6800 0104 0087 53500 15 E368 5001 1075 3071 1140 094

113 CFL High Wactage 150199 bulb 61450 4900 0112 0044 517500 15 E1841 003 260 742 310 084

2 Space Cooling

21 SpIItAC 10 SEER 7 7 HSPF to 14 5 SE6R 85 HSPF 5 ton 453357 1500 0000 0089 557500 15 E6049 5001 432 1233 673 064

22 SpI1tAC 10 SEER 7 7 HSPF tn 15 SEER 8 5 HSPF 5 ton 4 70059 150045 0000 0091 86000 15 f9047 500 Z99 855 477 063

23 Sp11t AC 10 SEBR 7 7 HSPF w 16 SEER 85 HSPF 5 ton 500331 15OOiS 0000 0096 E100000 15 510519 5002 274 783 440 062

24 SpIItAC 10 SEBR 7 7 HSPF Oo 14 5 SEER 8 5 HSPF 8 3ton 7 55595 1500 0000 0125 395450 15 510041 8001 433 1238 676 064

25 Sp11tAC 10 SE6R 7 7 HSPF tn 15 SEER 85 HSPF 83ton 783432 1500 0000 0128 5342760 15 515018 E002 300 858 479 063

26 S Ift AC 10 SEER 77 HSPF m 16 SEER 85 HSPF B3 mn 833885 1500 0000 0132 5166000 15 517462 5002 275 786 442 062

2 7 DX Peckaged System BER109 0 ton 4 43900 1743b 0000 4035 E60700 15 56385 001 400 1144 627 064

28 DX PackagedSysGem CBE Tler 2 20 ton 955000 700 0000 8682 E91000 15 9573 5001 575 1641 884 D65

Z9 DX Packaged SysUem CEE Tler 2 20 Wn 12 73300 I800 0000 1157 5181300 15 519072 5001 384 1099 603 064

210 Alr Cooled Chtller 5 ton 472006 1500 000 0260 57500 23 4B13 5001 6 1800 920 068

2I1 Alr Cooled Chlller 8 Wn 731331 1500 0000 0260 592000 23 37700 5001 610 1743 892 068

212 PTAC 12 Wn 20120 31915 0000 0119 55000 15 5526 5003 220 629 361 061

213 PTAC 34 tnn 17823 2113 0000 0105 57500 15 5789 5004 130 372 227 057

214 PTAC 1 con 35285 3176 0000 0208 E10000 15 51052 5003 193 552 321 060

215 PfAC 1 14 ton 46925 2890 0000 0277 515000 15 51578 5003 171 489 288 059

3 Space Headng

31 PTHR 12 on 78541 191Si6 0071 0000 55000 IS 5526 5001 1D20 2914 1306 078

32 PTHP 34ton 100429 25875 0131 0000 57500 15 E789 5001 860 2513 1119 079

33 PTHP 1 ton 144584 3516h U241 0000 510000 15 S1052 5001 960 2742 1205 080

34 PTHP 1 14 ton 171261 30459fi 0285 0000 515000 15 S1S78 001 758 2166 1421 D79

4 Vendladon

41 MoWrs i to 5 HP 20400 289 0056 0062 58800 15 5926 5005 193 550 289 087

42 Motnrs 75 tn 20 HP 73792 968 0201 0223 522700 15 52388 E003 270 772 405 091

43 Motnrs 25 Go 100 HP 209219 1158 0569 0631 555800 15 55870 E003 311 89 467 092

44 Motnrs 125 to 250 HP 627656 123Z 1706 1894 5107900 15 531350 5002 483 1380 724 096

45 Varlable Frequency Drives 2 HP 59872 2500 0154 0170 520000 15 52104 E004 657 1676 996 0

46 Variable Frequenry Drlves 3tn l0 HP 359231 2500 0921 1022 E100000 15 E10519 5003 427 1220 647 094

47 Verlable Frequency Drives 11 to 50 HP 1676411 25OD 4298 4771 5300000 15 E31558 5002 723 2064 1096 097

S MotorsNonVentlatlon
51 Motors 1 to 5 HP 11300 28996 U031 0031 S8B00 15 5926 S008 107 305 160 077

52 MoWrs 75 to 20 HP 40800 9689f 0111 0111 522700 15 52388 E006 149 427 224 083

53 Motors 25 to 100 HP 105600 1158 0287 0287 555800 15 45870 5006 157 449 236 084

54 Motors 125 w 250 HP 243500 1232 0662 0662 E107900 15 511350 5005 187 536 281 086

55 Varlable Frequency Drlves 2 HP 59872 2500 0154 0154 520000 1 52104 5004 246 703 373 089

56 Varlehle Frequency Drlves 3w 10 HP 359231 2500r5 0921 0921 E1OOD00 15 E10519 5003 295 843 447 091



5J Varlable Frequenry Drives i l to 50 HP 1676411 2500 4298 4298 5300000 15 E31558 E002 459 1311 696 094

6 Water Headng

61 Hlgh Efflcienry SWtage tank 25600 1500 0054 0045 57000 10 5966 E004 183 522 331 073

62 PreRlnse Sprayer Low flow Commerclal Appllcatlon 139600 4500ib 0233 0196 E3500 5 5838 E001 946 2704 1975 072

63 On Demand ankless 34500 700 0072 0061 535000 20 53134 E009 089 256 150 068

64 Tank lnsulatlon 51200 3000 0108 0091 56000 12 5729 E001 506 1447 895 082

7 Cooking

71 Electric 8nergy Star Fryers 96300 650 0200 0252 542 15 E44729 5046 018 051 029 033

72 Electric Bnergy StarSteamers36pan 1316200 5100 2500 3150 E415000 15 E43656 5003 241 688 395 083

73 Ener Star Hot Food Holding Cabinet 4i65400 60009b 0638 0803 5178300 15 E18756 5004 188 536 325 076

74 6nergy Star Convectlon Ovens 187900 1540 Os500 0630 5292850 10 540413 5022 036 104 058 050

75 Energy 5tar Grlddles 65100 1100 0149 0188 5408950 15 E43019 5066 013 036 020 026

8 Rejrgeradon
81 Glass DoorFreeaer c1549 cu t Edergy Star 275900 2417 0315 0397 E10000 9 E3491 5001 1142 3263 2287 075

82 GIaSS Door FreeurSOcuftEnergy Star 764300 24179b 0873 1099 510000 9 51491 S000 3164 9039 6336 076

83 Solid DoorFreezer 1549 cuR Enetgy 5ffir 116000 2094 0132 0167 E10000 9 31491 5001 480 1372 962 OJ3

84 Solid DoorFreezerSDcu R Energy Star 418100 2094 0477 0601 E10000 9 51491 E000 1731 4945 3466 076

85 GlassDoorRerlgeremr 15 49 cu R 72433 2507 0083 0304 510000 9 E1491 5002 300 857 600 070

86 Glass Door RefrigeraWr 50 cuftEnerpr Star 91900 2507 0105 0132 510000 9 E1491 E002 380 1087 762 072

87 Solld Door Refrigeretor 15 cu tk Energy Ster 54533 3370 0062 0078 10000 9 51491 5003 2Z6 645 452 069

88 Solid Door Refrlgeratnr 50 cu R Bnergy Star 121800 33724b 0139 0175 510000 9 S1491 3001 504 1440 1010 073

89 Commerclal Refrigeratlon TuneUp Medlum Temp not self contained 537OD 700 0099 0125 57500 1 37975 5015 033 093 077 039

810 CommerclalRefrlgeratlon ItineUp Low Temp not self contalned 138800 700 0191 0241 S7500 1 57975 5006 082 233 198 050

811 Mtisweat heater controls on freezers 174550 1646 0027 0033 517000 12 52065 5001 495 1415 1Ot77 067

812 Antlsweat heamr controls on refrfgeratnrs 103950 3314 0028 0035 E17000 12 52065 5002 299 855 641 066

e Vending Miser Cold Beverage 169400 4850b 0193 0244 16000 15 S16B3 5001 697 1993 131B 078

814 Brushless DC MoWrs for freezers and rnolers 105000 8J9 0012 0015 52500 5 5599 5001 B46 2418 2080 061

815 Humldity Door Heater Controls for freezers and coolers 350000 5500 0094 0118 530000 30 34140 SOA1 482 1377 1056 067

816 Refrierated Cese Covers 290000 60096 0331 0417 512000 4 S3489 5001 430 1230 975 064

817 Zero Bnergy Doors for freezers and coolers 80000 2000 0165 0208 553800 10 57424 5009 OJS 215 135 U

818 6vaporaWr Coll DefrostControl 600OD 4360 0405 0510 550000 10 56900 5012 090 258 109 085

819 EvaporetorFen Motor Control forreezers and coolers 260000 3577 0059 0074 5225400 13 525954 5010 060 172 129 051

820 RermanentSplltCepaclborMotor 38500 3333fi 0044 0055 E125OD 15 51315 S003 203 580 383 071

821 Ice Machfne finergy Star SelfCoutalned 27000 1015ai6 0029 0037 55600 9 E835 E003 198 566 400 067

822 LED Case Llghdng 5 door case 39800 6100 0006 0007 E19000 8 53100 E008 045 128 087 D49

9 OfJtce EqulpmentAppllances
91 WattSensorson0IceElectronlcs 50Watt 12900 5900 0100 0100 E7500 30 11035 5008 091 259 156 0

92 Watt Sensors on0fIce Electronlcs 150 Watt 32100 5800 0200 0200 56200 10 E1132 5004 196 560 354 OJ4

10 CompressedAlr

101 FlxAlr6eaks 5HP 26250 1500 0063 0063 E7500 1 57975 5030 018 050 037 030

102 Flx Alr Leaks 1050HP 200967 150095 0483 0483 57500 1 57975 5004 135 386 286 061

103 Fix Afr Leaks 50100HP 613450 1500 1475 1475 S75D0 1 57975 5001 412 1178 874 068

104 6nglneered Nozzles for blowoff 734300 3900fi 3680 3680 8000 15 5842 5000 8921 25488 11428 120



1 Lightfng

11 Compact Fluorescent 1 Michigan 1 Mictiigan 1 Michigan 1 Michigan 1 Michigan

12 LED Exit Sign 1 Michigan 1 Michigan 1 Michigan 1 Michigan 1 Michigan

13 SndardT8vsT12 4ft 1 Midigan 1 Michigan 1 Michigan 1 Michigan 1 Michigan

14 High Performaitce 18 vs T12 4ft 1 Michigan 1 Michigan 1 Michigan 1 Michigan 1 Miclugan

15 High Performance T8H0 vs T12 SR 1 Michigan 1 Michigan 1 Michigan 1 Mirhigan 1 Michigan

16 OccupancySensor under 500111 1 Michigan 1 Michigan 1 Michigan 1 Michigan 1 Michin

17 Occupancy 5ensor over 500VIn 1 Michigan 1 Michigan 1 Michigan 1 Michigan 1 Midigan

18 PuLse Start Metal Halide 100W 300W 17 Vermont 17 Vermont 4 GDS 17 Vermoet 17 Vermont

19 Pulse Star Metal Halide 300W 17 Vermont 17 Vermont 4 GDS 17 Vermont 17 Vermont I

110 High performance T5 replaang T8 17 Vermont 17 Vermont 4 GDS 17 Vermont 17 Vermont I
111 CFL Hard Wired Fixture 7 Wisconsin 7 Wisrnnsin 4 GD5 14 Maine 17 Vermont

112 CFLHigh Wattage 31115 7 Wisconsin 7 Wisconsin 4GDS 18 Green Eiec 17 Vermont

113 CFL High Wattage 150199 7 Wisconsin 7 Wisconsin 4 GDS 18 Green Elec 17 Vermont

2 Spoce Coolingand SpIItAC
21 Split AC 10 SEER 77 HSPF w 145 SEER 85 HSPF 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 15 Measure Life

22 Split AC 10 SEfiR 77 HSPF to 15 SEER 85 HSPF 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 15 Measure Life

23 Split AC 10 SEER 77 HSPF to 16 SEER 8c5 HSP 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 15 Measurn Life

24 Split AC 10 SEER 77 HSPF to 145 SEER 85 HSPF 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 15 Measure Life

25 Split AC 30 SEER Z7 HSPF w 15 SEER 85 HSPF 4 GDS 4 GDS 4 GDS 13 ActOnEneTgy 15 Measure Life

26 Split AC 10 SEER 77 HSPF m 16 SEER 5 HSPF 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 15 Measure Life

27 DX Packaged System EER109 4 GDS 4 GDS 4 GDS 19 Connecticut 19 Connecdcvt

28 DX Packaged System CEE Tier 2 4 GDS 4 GDS 4 GDS 19 Connectintt 19 ConnecGait

29 X Packaged System CEE Tier 2 4 GDS 4 GDS 4 GDS 19 Connecticuf 19 Connecdcut

210 Air Coafed Chiller 4 GDS 4 GDS 4 GDS 14 Maine 15 Measure Life

2li Air Cooled Chiller 4 GDS 4 GDS 4 GQS 14 Maine 15 Measure Life

212 PTAC 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

213 PTAC 4 GDS 4 CDS 4 GDS 14 Maine 14 Maine

214 PTAC 4 GDS 4 CDS 4 CDS 13 ActOnEnergy 14 Maine

215 PTAC 4GDS 4 GDS 4 GDS 13 ActOnEner 14 Maine

3 Space lleating

31 PTHP 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 4 GDS

3Z pTTp 4 GDS 4 GD5 4 GDS 13 ActOnergy 4 GDS

33 PTHP 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 4 GDS

34 PTHP 4 GDS 4 GDS 4 GDS 13 ActOnEnergy 4 GDS

4 Ventflation

41 Motors 1 to 5 HP 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

42 Motors 75 to 20 HP 4 GDS 4 GD5 4 GDS 14 Maine 14 Maine

43 Motors 25 to lU0 HP 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

44 Motors 125 to 250 HP 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

45 Variable Frequency Drives2HP 16 Alliant 4 GDS 4 GDS 14 Maine 17 Vermont

46 Variable Frequency Drives3to 10 HP 16 Alliant 4 GDS 4 CDS 14 Maine 17 Vermont

47 Variable Erequenry Drives11 to 50 HP 16 Alliant 4 GDS 4 GDS 14 Maine 17 Vermont

5 MomrsNonVenlilation

51 Motors 1 to 5 NP 4 GDS 4 GD5 4 GDS 14 Maine 14 Maine

52 Motors 75 to 20 HP 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

53 Mbtors 25 to 100 HP 4 GDS 4 GDS 4 GD 14 Maine 14 Maine

54 Motors 125 to 250 HP 4 GDS 4 GDS 4 GDS 14 Maine 14 Maine

55 Variable Frequency Drives2HP 16 Alliant 4 GDS 4 GDS 14 Maine 17 Vermont

S6 Variable Erequency Driqes3tn 10 HP ib Alliant 4 GDS 4 GDS 14 Maine 17 Vermont

57 Variable Frequency Drivesilm 50 HP 16 Alliant 4 GDS 4 GDS 14 Maine 17 Vermont

6 Water Neating

61 High Efficiency Stnragetank 9 MERP 9 MPRP 17 Vermont4GDS 9 MPRP 10 Construction

62 RreRinse 5prayer Low flow Commercial Application 1Michigan 1 Michigan 17 Vermont4GD5 1 Michigdn 1 Michigan

63 On Demand tankless 11 New York 11 New York 17 Vermont4GDS 10 Construction 10 Construction

64 Tanklnsulation 2 Energy Expert 12 Energy Expert5 17 Vermont4GD5 4 GDS 12 Energy Experts

7 Cooking

71 Eleetric Energy Star Fryers 7 Wisconsin 7 Wisconsin 22 Arkansas 1 Midigan S Northwest

72 ElectricEnergy Star Steamers36pan 7 Wisconsin 7sconsin Z2 Arkansas 1 Miclvgan 8 Northwest

73 Energy Star HotFood Holding Cabinet 7 Wisconsin 7 Wismnsin 22 Arkansas 1 Michigan 8 Northwest

74 Energy Star Convection Ovens 7 Wisrnnsin 7 Wisconsin 22 Arkansas 1 Michigan 8 Northwest

75 Energy Star Griddles 7 Wisconsin 7 Wisconsin 22 Arkansas 1 Michigan 8 Northwest

8 Rejrigerntion

81 Glass Door Freezer 1549 cu ft Energy Star 7 Wiswnsin 7 Wisconsin 22 Arlmnsas 17 Vermont 17 Vermont

82 Glass Door Freezer 50 cu ft Energy Star 7 Wiswnsin 7 Wisconsin 22 Arkansas 17 VermonT 17 Vermont



B3 Solid Door Freezer 1549 cu ft Energy Star 7 Wisconsin 7 Wiswnsin 22 Arkansas 17 Vermont 17 Vermant

84 Solid Door Freezer 50 cvREnergy Star 7Wiswnsin 7 Wisconsin 22 Arkansas 17 Vermont 17 Vermont

5 Glass Door Refrigerator 15 49 d R 7 Wisconsin 7 Wisconsin 22 Atkansas 17 Vermom 17 Vermom

86 Glass Door Refrigerator 50 cu f Energy 5tar 7 Wisconsin 7 Wiscvnsin 22 Arkansas 17 Vermont 17 Vermont

7 Solid Door Refrigerator 15 cu E Eaergy Star 7 Wisconsin 7 Wiscansin 22 Arkansas 17 Vermont 17 Vermont

88 Solid Door Refrigerator 50 at ft Energy Star 7 Wisconsin 7 Wiswnsin 22 Arlmns 17 Vermont 17 Vermont

9 Commerdal Refrigeration TuneUp Medium Temp not self cor 7 Wismnsin 7 Wisconsin 22 Arkansas 19 Refrig 19 Refrig
810 Commerdal RefrigerationILneUpLow Temp not self contaii 7 Wiscansin 7 Wiswnsin 22 Arkansas 19 Refrig 19 Refrig
811 Antisweatheater controls on freezers 7 Wisconsin 7 Wisconsin 22 Arkansas 20 NW Coundl 20 NW Counril

812 Antisweat heater controLs on refrigerators 7 Wiswnsin 7 Wismnsin 22 Arinnsas 20 NW Gounal 20 NW Coundl
813 Vending Miser Cold Beverage 17 Vermont 4 GDS 22 Arlmnsas 17 Vermont 17 Vermont

814 Brushless DC Motrs for Creezen and molers 17 Vermont 17 Vermont 22 Arkansas 17 Vermont 17 Vermont

815 Humidity Door Heafler ControLs for freezers and rnolers 17 Vermont 17 Vermont 22 Arkansas 17 Vermont 17 lermont

516 Refrigerated Case Covers 17 Vermont 17 Vermont 22 Arkansas 17 Vermont 17 Vermont I
817 Zero Energy Doors for freezers and coolers 17 Vermont 17 Vermom 22 Arkansas 17 Vermont 17 Vermont

818 Evaporamr Cofl Defrost Conuol 17 Vermont 17 Vermont 22 Arkansas 17 Vermont 17 Vermont

819 Evaporator Fan Motor Control for freezers and coolers I7 Vermont 17 Vermont 22 Arkansas 17 Vermont 17 Vermont

820 Permanent Split Capadmr Motnr 17 Vermont 7Wisconsin Z2 Arkansas 17 Vermont 17 Vermont

821 ce Machine Energy Stat5elfContained 7 Wisrnnsin 7 Wisconsin 22 Arlnsas 17 Vermont 17 Vermont

522 LED Case Lighting 5 door case 21 PGE 21 PGScE 22 Arkan 13 ActOnEnergy 4GDS

9 OjficeEgnipmentAppliaaces

91 WattSensors on OfficeElectronics 50V1 5 Nesant 4 GDS 4 GDS 6 DEER 6DEER

92 Watt Sensors on Office Electronics 1501M1 5 Nesant 4 GDS 4 GDS 6 DEER 6 DEER
I10 CompnessedAer

101 FixAirLealts c5HP 2 Alliant 4 GDS 4 GDS 23 GA Tech 4 GDS I

102 Fix Air feaks1050HP 2 Alliam 4 GDS 4 GDS 23 GA Tech 4 GDS I

103 Fix Air IxaksSOl00HP 2 Alliant 4 GDS 4 GDS 23 GA Tech 4 GDS

104 Engineered Noles for blowoff 3 Energy Star 3Energy Star 4 GD5 1 Michigan 3 Energy Star

1 Michigan Master Measure Savings Database January2009

2 Alliant Energy Calcqlator forVariable Frequenry DriveshttpwwwalliantenergycomUtilityServicesForYourBusinessEnergyfxperdseEnergySafety010794
3 Energy Star

4 GDS CalcuiaGonEstimation

5 Nexant 2005 NYSERDA Deemed Savings Measure Database Prepared for NYSERDA
6 Data6ase for Energy Efficient Resources httpwwwenergycagovdeer
7 Wisconsin KEMA Technical Manual

8httpwwwnorthwesterneduequipmentinventorypropertycodeshl

9 MPRP Commerdal Energy Effidencyand Demand Response Update Spreadsheet June 2009

10httpwwwconstructiontndaycomanslrnntentview193131

I1 Energy Effiaency and Renewable Energy Resource Development Potential in NY State Final Report Volume 5 Energy Effidency Techniral Appendices August 2003
12httpenergyexpertsorgEnergy5olutionsDatabaseResourceDetailaspxid1243

13 ActOnEnergy Ameren Utilities Technial Resource Manual 2009

14 Efficency Maine State of Maine Commerdal Technical Resource Manual 2009

15 Measure Life ReporC Residential and CommercialIndustrial Lighting and HVAC Measures GDS AssaciatesincJune 2007

16httpwwwalliantenergycomUtilityServicesForYourBusinessEnerExpettiseEnerSafety010794
17 Efficiency 17ermont Technical Reference User Manua Measure Savinsg Algorithms and Costassunptions 2009
18 httpwwwgreenelecicalsupplycom

19 httphvacrdisnibution6usinesscomhottopicsrefrigeration new commerdal

20 NorthWest Coundl Industrial Conservation Data Catalogue

21 Demonstration Assessment ofLightEmitting Diode LED Freezer Case Lighting Oct 2009 Report by PGE
22Arkansas Deemed Savings Manual Coinddence factor calciilation
23 GA Tech Energy and Errvironmental Management Center PLANTWIDE ASSESS for Shaw Indusies Plant 78 PREPARED BY MictiaelBown PEGEM Apri12006



PElOTIJIX 32
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Total Potential by Measure

Lighting

Compact Fluorescent 18011221 18O11Z21 5403366

LED Exit Sign 1750371 1750371 525111

Standard T8 vs T12 4ft 27176243 27176243 8152873

High Performance TS vs T12 4ft 16239722 16239722 4871917

High Performance T8H0 vs T12 8ft 13541104 13541104 4062331

Occupancy Sensor under 500V1 149077520 149077520 44723256

Occupancy Sensor over 500NV 5140604 5140604 1542181

Pulse Start Metal Halide 100W 300W 4000005 4000005 1200002

Pulse Start Metal Halide 300W 9768023 9768023 2930407

High performance T5 replacing T8 23773676 23773676 7132103

CFL Hard Wired Fixture 19435666 19435666 5830700

CFL High Wattage 31115 21898050 Z1898050 6569415

CFL High Wattage 150199 18348229 18348229 5504469

Space Cooling Unitary and SplitAC

SplitAC 10 SEER 77 HSPF to 145 SEER 85 HSPF 1001794 1001794 300538

SplitAC l0 SEER 7J HSPF to 15 SEER 85 HSPF 1001794 1001794 300538

SplitAC lOSEER 77 HSPF to 16 SEER 8S HSPF 1001794 1001794 300538

Split AC 10 SEER 77 HSPF to 145 SEER 85 HSPF 1001794 1001794 300538

Split AC 10 SEER 77 HSPF to 15 SEER 85 HSPF 1001794 1001794 300538

Sp1it AC 10 SEER 77 HSPF to 16 SEER 85 HSPF 1001794 1001794 300538

DX Packaged System EER109 11367726 11367726 3410318

DX Packaged System CEE Tier 2 5148940 5148940 1

DX Packaged System CEE Tier 2 13240131 13240131 3972039

Air Cooled Chiller 15006 15006359 4501908

Air Cooled Chiller 15006359 15006359 4501908

PTAC 3717693 3717693 1115308

PTAC 2461854 2461854 738556

PTAC 3700198 3700198 1110059

PTAC 3365918 3365918 1009775

Space Heating

pTHp 698039 698039 209412

PTHP 942929 942929 282879

PTHP 1281485 1281485 384445

pTHp 1110047 1110047 333014

Vendlation

Motors 699473 699473 209842

Motors 2259232 2259232 677770

Motors 12152652 12152652 3645796

Motors 10779048 10779048 3233714

Variable Frequency Drives 1107201 1107201 332160

Variable Frequency Drives 7957877 7957877 2387363

Variable Frequency Drives 18227308 18227308 5468

MotorsNonVentilation 26810421 26810421 8043126

Motors 352617 352617 105785

Motors 1138920 1138920 341676

Motors 6126375 6126375 1837912

Motors 5433916 5433916 1630175



1

Variable Frequency Drives 558160 558160 167448

Variable Frequency Drives 4011712 4 1203514

Variable Frequency Drives 9188721 918872i 2756616

dVaterHeating 16805244 16603044 498Q913

High Efficiency Storage tank 4585779 4585779 1375734

PreRinse Sprayer Low Elow Commercial Application 5482897 5482897 1644869

On Demand tankless 202200 0 0

TankInsulation 6534367 6534367 1960310

Cooldng 1985921 1373989 412197

Electric Energy Star Fryers 108974 0 0

Electric Energy Star Steamers36pan 505244 505244 151573

Energy Star Hot Food Holding Cabinet 868745 868745 260624

Energy Star Convetion Ovens 410749 0 0

Energy Star Griddles 92209 0 0

Refrigeration 86885716 65143035 19542911

Glass Door Freezer 1549 cu ft Energy Star 1028659 1028659 308598

Glass Door Freezer 50 cu ft Energy Star 1028659 1028659 308598

Sotid Door Freezer 1549 cu ft Energy Star 1179352 1179352 353806

Solid DoorFreezer 50 cu ft Energy Star 1179357 1179352 353806

Glass Door Refrigerator 15 49 cu ft 2396124 2396124 718837

Glass Door Refrigerator 50 cu ft Energytr 2396124 2396124 718837

Solid Door Refrigerator 15cuftEnergy Star 3565675 3565675 1069703

Solid Door Refrigerator 50 cu ft Energy Star 3567958 3567958 1070387

Commercial Refrigeration TuneUp Medium Temp notself cor 1544218 0 0

Commercial Refrigeration TuneUp Low Temp not seif contair 2145150 0 0

Anrisweat heater controls on freezers 3329891 3329891 998967

Antisweatheater controls on refrigerators 10683041 10683041 3204912

Vending Miser Cold Beverage 3917612 3917612 1175284

Brushless DC Motors for freezers and coolers 6845723 6845723 2053717

Humidity Door Heater Controls for freezers and coolers 8807905 8807905 2642371

Refrigerated Case Covers 837336 837336 251201

Zero EnergyDoors for freezers and coolers 1459315 0 0

Evaporator Coil Defrost Control 7573846 0 0

Evaporator Fan Motor Control Por freezeis and eoolers 6 0 0

Permanent Split Capacitor Motor 13975831 13975831 4192749

Ice Machine Energy StarSe1fContained 403796 403796 121139

LED Case Lighting 5 door case 2287982 0 0

OJjrce EquipmentAppliances 17833669 8840622 2652187

Watt Sensors on Office Electronics 8993047 0 0

Watt Sensors on Office Electronics 8840622 8840622 2652187

Compressed Air 2426762 1601090 4803Z7

Fix Air Leaks 825672 0 0

Fix Air Leaks 800902 800902 240270

Fix Air Leaks 454119 454119 136236

Engineered Nozzles for blowoff 346069 346069 103821

Technical Potential Economic Potential Achievable Potential

617149402 584773871 175432161
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IP1DIX 4

DElVLND RESPONSE DATA



DEMAITDRESPOTSE ANALYSIS SECONDARYRESOURCE LIST

Analysis of a Renewable Portfolio Standard for the State ofNortli Carolina La
Capra Associates December 2006

Barrett Larcy Peak Load Management or Demand Response Programs A Policy
review Association of Energy Services Professionals International Inc Lakeworth
Fl August 2001

Consumers Directory of CertifiedEficiency Ratings for Heating and Water
Heating Equipmerit Gas Appliance Manufacturers Association 2000

Demand Response Enabling Technologies for SmallMedium Businesses
Lockheed Martin Aspen Rockville Maryland 12 Apri12006

Ellington Grant and Dewitt T Gooden Mechanizaxion and Curing

Elliott Neal R Potential for Energy Efficiency Demand Response and Onsite
Renewable Energy to meet Texas Growing Electricity Needs American Councii
for an EnergyEfficient Economy March 2007

Eppelheimer Donald LetsMake Some Ice The TraneCompany PowerPoint 13
March2003

Espey James A and Molly Turning on the Lights A MetaAnalysis of Residential
Electricity Demand Elasticities Journal of Agricultural and Applied Economics
2004

Faruqui Ahmad Ryan Hledik and Sanem Sergici Rethinking Prices The changing
architecture of demand response in America Public Utilities Fortnightly January
2010 pp 3139

Faruqui Ahmad and Sanem Sergici Household Response to Dynamic Pricing of
Electricity A Survey of the ExperimentalEvidence January 10 2009

Freeman Suliivan Co 2009 Load Impact Evaluation for Pacifc Gas and Electric
CompanysResidential SmartRateTM Peak Day Pricing and TOU Tariffs and
SmartAC Program April 1 2010

Florida Energy Efficiency and Conservation Act Division of Economic Regulation
and the Florida Public Service Commission February 2007

Goldman Charles A Methodology for Estimating LargeCustomer Demand
Response Market Potential Ernest Orlando Lawrence Berkeley National
Laboratory August 2007

A41



DENItNll RESPONSE ANALYSIS SECONDARY RESOUItCE LIST

Herter Karen McAuliffe Patrick Rosenfeld Arthur Observed Temperature
Effects on Hourly Residential Electnc Load Reduction in Response to an
Experimental Critical Peak Pricing Tarii Energy and Resources Group at Univ of
California at Berkeley November 2005

Hope Alan Energy Management Systems PowerPoint 27 April 2005

Kuchta Robert J RSMeans Light Commercial Cost Data 26 Annual Edition
Construction Publishers Consultants Kingston MA 2006

Lighting Controls How to Get the Right Amount of Light Where its Needed Only
when its Needed Energy Design Resources

MacCraken Mark M 21 Century Cooling with Thermal Storage CALMAC
Mfg Corp 16 August 2005

Manczyk Henry Economic Analysis for an Energy Management System in a
Commercial Type ofOfice Building Manczyk Energy Consulting May2003

Means CostWorks 2007 Quick Start Guide Kingston MA Data CD

Morante Peter Making Lighting Responsive to Demand Response Lighting
Research Center and Rensseiaer Polytechnic Institute PowerPoint 29 April 2005

MotagiNaoya and David Watson Enterprise Energy Management System
Installation Case Study at Food Process Plant Lawrence Berkeley National
Laboratory

Product Data Service Facts Installers Guides Submittals Ratings and Use and
Care Trane Combination Data CD American Standard 2006

Residential Load Management Profile 54 Florida Power Corporation

Residential Swimming Pool Efficiency Building a Safer Florida May 2006

o Rutkowski Hank Residential Equipment Selection Manual S Air Conditioning
Contractors of America

Saenz Steve Solving Peak Issues Through Demand Response Utility Automation
and EngineeringTD PerinWell Corporation July 2007

ATechnical Introduction to Thermal Energy Storage Commercial Applications
CALMAC Mfg Corp Englewood NJ 2002

A42



1

Bi Rivers Electric Cor orationJ p

2010 Integrated Resource Plan

Appendix B
Demand Side Mana ementg

Bi Rivers Final Potential StudJ Y

Appendix 5
Supporting Documents for
Recommended Programs

1 vers
ELECTRIC CORPORATION

YourTouuoreFnegy Coopaadve



AIPElTDIX 5 I

SUPPORIIITGDOCUMENTS FOR
RECOlVIENDED PROGRAMS

i

I

i

I

I



PENII51

RESIIIDENTIAL ANDCORIlVlERCIALINDUSTRIAL
ASSUMPIIONS BY NIEASURE



Residential Program Measures and Assumptions
Annual Summer Useful Summer Summer

Lighttng kWh Winter kW kW Cost Incentive Life Winter On Wlnter Off On Off

CFL vs Incandeseent 3066 001 000 185 185 7 31 36 15 18

LED vs lncandescent 4052 001 000 3000 1000 20 31 36 15 18

Resldential EjficlentApplances
Efflcient Water Heater SF 19394 001 000 5000 3500 13 500 20 210 90

Heat Pump Water Heater 206790 028 019 85000 35000 10 50 20 21 990

Efficient Water Heater MH 20009 001 000 5000 3500 13 50 20 21Qio 940

Energy Star CompliantTopMount Refrlgerator 10600 001 001 3000 2500 12 350 33 16 16

Energy Star CompliantSldebySideRefrerator 13300 001 001 3000 2500 12 35 33 16 16

Energy Star Clothes Washer Electric WH 224s00 001 003 25800 40000 11 52o T7 26 6

Energy Star Clothes Washer NonElectric WH 9700 001 003 25800 10000 11 52 17a 26 60

Residential Advanced Techtologies
Heat Pump Water Heater 206790 028 019 85000 35000 10 50 20 21 9

Geothermal Heat Pump Systems 365800 445 007 830000 150000 22 34 38 15 13

Weatherization

iling Insualtion R19R38 26129 013 007 88230 35000 20 15ao 16 37 33

Ceiling Insualtion R9R38 84898 042 029 115910 45000 20 15 16 370 33

Floor Insualtion ROR19 66808 048 015 136670 55000 20 15 16 37 33

Floor Insualtion ROR19 MH 68029 037 000 82160 35000 20 26 29 240 21

Atr Sealing 34308 021 011 52900 20000 11 15 16 37 33

Alr Sealing MH 77205 037 OA7 32600 20000 11 26 29b 2490 21

Duct Sealing 102045 048 029 50000 20000 18 1590 16a 3740 33y6

Duct Sealing MH 158667 079 022 50000 20000 18 Z6 29 24 21a
Weatherization Care Pkg 43316 008 004 6000 6000 9 3140 36 1590 18b

New Construction

New Construction 15 more efficient Gas Heat 139150 007 058 256300140000 20 25 24 27Yo 25

New Construction more efficient ASHP 393720 241 088 Z563OU 140000 20 32 34 17 16

New Construction 30 more efflcient Gas Heat 3 044 058 510000 230000 20 25 24 27 25

New Construction 30 more efficient ASHP 590580 299 D88 510000 230000 20 32b 34 17 16

Commerclal Program Measures and Assumptlons
Annuat Summer Usetul Summer 5ummer

CommercialIndustrial Lighting Program kWh Winter kW kW Cost ncentive Life Winter On Winter Off On Off

Lighting 23400 572 535 7000 2450 10 26 5 42 25

ConunerciaIndustriaHVAC Program

HVAC 16400 124 662 Z800 2600 15 34 38 15 13Qo



PEITDIX52

PROGRAMPARIICIPANTS BY MEASURE

2011 2025

i



Resldentlal CuaitilativeMnual Particlpants
L1ghNng 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Z021 2022 2023 2024 2025
CELvslncandescent 23000 46000 69000 69000 69000 69000 69 46000 23000 0 0 0 D 0 0
LED vs lncandescent 0 0 0 4000 8100 12300 16600 21000 25500 30125 348Z5 39725 44700 49 800 55 025
Resdenda6JJiclentAppllances

EflicientWaberHeaOerSF 610 1280 1965 2665 3385 4120 4B75 565D 6445 7260 8095 8950 98Z5 10110 10360
HeatPumQ Waber Heaber 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Effident Watrr HeaterMH 90 190 290 395 S00 610 725 840 960 1080 1205 1335 1465 1510 1545
EnergyStarCompllantTopMountRefrlReraWr 635 1335 2050 2785 3535 4305 5095 5905 6735 7585 6455 9350 9630 9870 10115
Energy Star CompllantSldebySldeRefrigerator 345 220 T105 1500 1905 2320 2745 3180 3625 4085 4555 5035 5185 5315 5450
Energy Star Clothes Washer Hlectric WH 145 300 460 625 795 970 1145 1325 1510 1700 1895 1950 2000 2 2100
EnergyStar Clothes WasherNon6lectric WH 65 140 215 290 370 450 535 620 71U 800 890 920 940 965 990

Residenddl Advanced Technoogles
Heat Pump Waoer Heater 125 260 400 545 695 B45 1000 1160 1325 1490 1535 1575 1615 1655 1695
Ceothermat Heat Pump 5ysbems 30 b0 95 130 165 200 235 270 330 350 390 430 470 515 560

Weatherizatfon

CeilingInsualdonR19R38 55 115 1B0 245 310 380 450 520 595 670 745 825 905 990 1075
CeilinglnsualtlonR9R38 45 95 145 195 245 300 355 410 465 525 585 645 710 775 840
Floor Insualtlon ROR19 70 15U 230 315 400 48S 575 665 760 855 955 1055 1160 1265 1375
FlaorinsualtlonROR19MH 15 35 55 75 95 115 135 155 175 200 225 250 275 300 325

AirSealing 195 410 630 855 1090 1330 1575 1825 2D80 2345 2615 2695 2765 2835 2910
AirSealingMH 45 95 145 195 245 300 355 410 470 S30 590 605 620 635 650

a

DudSeaBng 195 410 630 855 1090 1330 1575 1825 2080 2345 2615 2890 3175 3465 3765
DudSealingMH 45 95 145 195 245 300 355 41U 470 530 590 650 715 780 845

Weatherizatlon Care Pkg 745 1570 2415 3285 4175 5090 6030 6990 7 8240 8450 8670 B890 9115 9345
New Constructlon

New Coastructlon 15 more effidentGasHeat 15 31 48 65 82 100 118 137 156 176 196 217 238 260 282

NewConstruction15moreeflidentASHP 17 36 55 75 95 116 137 159 181 204 228 252 277 302 328

New Constructlon 30 more effictent Gas Heat 3 6 9 12 16 20 24 28 32 36 40 44 48 5Z 57

New Constructlon30hmoreeflidentASHP 4 8 12 f6 20 24 28 32 37 42 47 52 57 62 67

Commerclal and Industrial Cumulative Annual Particlpants
CamrrtetclaIndusMolLghtlqgProgram 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 20z3 20Z4 2025

Lihtlng 30 64 100 140 180 222 264 308 354 400 418 432 446 456 470
Lorimerca1industrial HVAC Program

HVAC 26 56 86 120 156 192 230 268 30B 348 390 432 476 520 566



PE1II53

PROGRAlVI BUDGETBREAIOWNS ADMINISTRATTVE
INCENTIVES PARTICIPANT COSTS

2011 2025



1 Tota1 Program Budget Breakdown
RecornmendedProgmBUdgets 2011 2012 2013 2014 2015 2016 2017 2018 2019 2D20 2021 2022 2023 2024 2025

Res dentla 670000 686500 703500 721000 739000 757 776500 796000 816000 83650D 857500 879OD0 901000 923 500 946500

CommerdalIndustrial E330000 E338000 E346500 355000 E364000 5373000 E382500 E392000 E402000 5412OD0 E42250D 5433OD0 E444000 E455OOD 466500

Tota1 f1000000 51025000 f1050500 1077000 51109000 S131500 51160000 51189000 51218500 f1249000 51280000 f312000 f1345000 f137B500 51413000

2 Resldentlai Program Total Budget Breakdown
RecommenQeAResidendalPrograms 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2a21 2022 2023 2024 2025

Resldentlal Llghtlng Program 50000 50000 50000 50000 S51250 52500 53750 55000 56250 57750 59250 60250 62250 63750 65 250

RealdendelEfficlentAppllances E100000 E302S00 E105000 E307500 Sl10250 5113000 5115750 5118750 E321750 5124750 5327750 5131000 5134250 E337500 141000

ResldendalAdvancedTechnologles E125000 5128000 E331250 134500 E137 E341250 E14475D E148250 5352000 5155750 5359750 E163750 5367750 172000 5376250

Resldentlal Weatherizatlon E32D 000 329 000 E338250 348 000 E356 750 E365750 5375250 3384750 5394500 3404500 414750 425000 435750 446750 458000

ResldentlaliNew ConsWction E75 D00 S77 000 E79 000 EBl 000 583 000 585000 S87D00 589250 591500 593750 E96000 598 5101000 5303500 5106000

E670000 E686500 E703500 E721000 5739000 5757500 E776500 E796000 E816000 5836500 E85T500 E879000 3901000 5923500 f946500

3 ResidenUal Program Incentive end Adminlstratlon Breakdown
lncendves ZO11 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Reaidentlal Lighdng Program E42500 42500 E42500 40000 E41000 42000 43000 44000 45000 46200 47400 48600 549600 51000 52200

Resldendal E1flclentAppllaeces E70000 576875 578750 580625 82688 E84750 E86813 89063 E91313 E93563 595813 48250 5100688 5103125 5105750

RestdentlalAdvancedTechnologiea E87500 596000 E9B436 5100875 E303313 E105938 E308563 E111188 E114000 E116813 E319813 E122813 E325813 5129000 132188

Resldeptlal Weatherlaadon E224000 E246750 5253686 E261000 E267563 274313 281438 288563 5295875 E303375 311063 318750 326813 335063 343500

ResidendalNewConattuctian 560000 65450 E67150 568850 E70550 572250 E73950 E75863 E77775 EZ9688 E81600 583725 585850 587975 E90100

Admnlstratlon 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ResldendalLigiitlngProgram 7500 7500 57500 10000 510250 E10500 51075D 11000 11250 11550 11850 512150 18450 12750 13050

Reaidentiai6fflclentAppllances E30000 E25625 E26250 526875 E27563 E2825D 528936 E29688 E30438 E31188 531938 E32750 533563 E34375 535250

Nesldendal Advanced Techoologles E37500 532000 32813 E33625 534438 E35313 536188 E37 063 38000 E38938 E39938 E40 939 E4193B E43 000 E44063

Resideodal Weatherlaadon 596000 E82250 E84563 E67000 389188 E91438 593813 E96188 E9B625 E101125 E103688 510625D E108938 E111688 114500

Resldendal New Constructlon E15OD0 E11550 E11850 512150 51245D E12750 E13050 13388 E13725 E14063 E34400 314775 E1515D E15525 E15900

4 ResldentlabProgramBudgetBreakdown
Lf htlng 2011 2012 2013 2a14 Z015 2016 2017 2018 2019 2020 2021 2022 2023 204 2025

Incentives E42550 E42550 E42550 40000 541000 542000 43000 544000 545 46250 47500 48500 49750 f51000 52250

Adminlshatlon 57500 57500 E7500 E30000 510250 E30500 530750 E31000 E11250 E31550 E11850 512100 12450 12750 313050

ParUcf anCCosts SO E0 S0 E80000 582000 584000 586000 E88000 590000 E92500 95000 E97000 599500 5302000 5104500

Res dcndaBjidentAppllances
lncendves S7o000 E76825 E78475 80425 E62750 84700 86825 86775 91400 93475 E95600 98350 100425 103175 105425
Administratlon E30000 525600 526150 E26800 E27600 528250 E28950 E29600 E3D450 E31150 E31850 532800 533500 E34400 35150

PatUclpant Costs E46 580 E53 265 E54405 S55 645 E57 650 E58 890 560205 561445 363550 64915 66130 E68260 569525 E71655 E72995

ResldendaAdvanced Technologles
Incentives E88750 92250 101500 10325a 305000 105000 E106750 108500 117750 117750 119500 121250 123000 132250 134000

Adminlstratlon E38OSD E30750 E33850 534400 E35000 535000 535600 E36150 E39250 39250 539850 540400 E41000 544100 S44650

Participant Costs 5266500 E271500 E308 000 5310 500 313 000 313 000 E315500 E318000 5354500 5354500 E357000 E359500 362000 E398500 E401000

Weatherltadon

Incendves 223 950 250000 E254950 261200 266400 275900 282150 285350 295350 304850 311300 316650 329150 334400 342950

AdministraUon E96000 583350 E85000 EB7OSD E88800 E91950 E94050 595100 E98450 5101600 E103700 5105550 5109700 5111450 E114300

Particlpant Costs E267 254 5298 696 5304 503 E311731 E318 021 E329 503 E336 732 339877 5351897 5364090 E371319 E379125 E393174 398981 E409354

New Construcdon

Incentives S60 900 65100 E66500 56790D 70200 73000 73000 75800 E78100 80900 82 83700 85100 86500 90200

Adminlstradon E15200 511500 511750 E12000 E12400 512900 512900 513400 E13800 514300 E14SD0 E14750 fi5OD0 E35250 f15900

Particlpant Costs 556816 E60305 E61468 E62 631 E65 431 E67757 E67757 E70083 E72883 E75209 576372 E77535 578698 E79861 E83824



1 Total Program Budget Breakdown
Recammended Program Budgets 20T1 2012 2013 2014 2015 2016 2D37 2018 2019 202D 2021 2022 2023 2024 2025

Resldentlal 5670000 E686500 703500 721000 739000 E757500 776500 796 000 816000 836500 857500 879000 901000 923500 946500
Commerclaltodustrial E330000 E338000 E346SOD E355000 E364000 E373000 E382500 E392000 E402000 5412000 E422500 E433000 E444000 5455000 466500
Tatdl J1000000 51025000 f1050500 11077040 f1104000 s1131300 f1Ib0000 51189000 51218500 11249000 12B0000 s131Z000 s1345000 1378500 51413000

2CommerclalIndustriaPProgram Budget Breakdown
Recomrnended Commerdallndusdial 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

CommerclalIndusMal4ighdnqProgram 165000 169000 517325U 177500 182000 186500 191250 196000 2oT00o 206000 21T250 216500 222000 227500 233250
CommerclalIndusMaIHVACProgram E365000 E169000 S173i250 EIZ7500 E182000 E186500 5391250 E396000 E201000 E206000 E21T250 E216500 5222000 5227500 EZ33250

E33Q000 5338000 5346500 5355000 5364000 5373000 4382500 E392000 E402000 E412000 E422500 5433000 5444000 5455000 E466500

3 Commerclal Program tucentive and Adminlstrative Breakdown
Incendves 2011 2012 2013 2014 2015 2016 2017 2016 2019 2020 2021 2022 2023 2024 2025

CommercialIndusMa141ghtlng Program 74250 84500 86625 97625 100100 102575 105188 107800 110550 113300 116188 119075 122100 12512 128286

Commerclalladustrial HVAC Proam E74250 E84500 586625 597625 ElOD100 E102575 5105188 E107 E110550 E113300 5116188 5119075 E122100 5125125 t12286
Adminlstratlon 2011 2012 2013 2014 2015 2016 2017 3018 2oi9 2020 3021 2022 2023 2024 202b

CommerclalIndustria141ghtlng Program 90750 84500 86625 79875 81400 83925 86063 BB200 90450 92700 95063 97425 99900 102375 104963

CommerclalIndustrlal HVAC Program E90750 584500 E86625 579875 E81900 SB3925 3B6063 E88200 590450 f92700 595063 E97 E99900 E302375 5104963

4 CBIProram Budget Breakdowu Incremental Annual
CommerclalfndustrIafLlghdngProgram 2011 2012 2013 2014 2015 2016 2019 2018 2019 2020 2021 2022 2023 2024 2025

Incentives 73500 83300 88200 98000 98000 102900 102900 107900 112700 112700 1i7600 117600 122500 127400 127400

Adminlstratlon E89850 583300 E88200 E80200 580200 584200 584200 E88200 E92200 592200 596200 E96200 E300250 304250 5104250

PerticipantCosts E136500 E154700 5163800 182000 5182000 E391100 3191100 5200200 5209300 209300 E218400 5218400 E227500 E236600 3236600

CommerdaiIndusdNVACProgram
Incentives E72800 64000 84000 95200 30D800 300800 106400 306400 112000 112000 117600 117600 123200 123200 128800

AdminlstraUon E89000 584000 584000 577900 82450 E82450 87 87050 E91650 91650 E96200 596200 E100800 E300800 105400

ParUclpaotCosts 5130000 E150000 5150000 5170000 E180000 E180000 5190000 E190000 E200000 5200000 E210000 E210000 5220000 5220000 5230000



PE1IIX53

ENERGY11ND DEMAND SAVINGS PER PROGRAM
2011 2025



Resldentlal Program Annual kWh Breakdown Cumulative Annual
Wghd 2011 2012 2013 2014 2015 2016 2017 Z018 2019 2020 Z021 2022 2023 2024 2025

Wlnter On Peak 215926 431852 647778 697401 748 800368853713 692372 532271 3737 432649 49281 617804 682623
Winter Off Peak 253512 507024 760537 818997 878514 939688 1002318 81289Z 624923 43B775 507959 578 600 651062 725344 801447
Summer On Peak 108457 216913 32537a 350295 375843 402014 426808 347769 267352 187715 217 313 247 535 278535 310314 342872
Summer Off Peak 127265 254570 381855 411107 441090 471804 503250 408142 313765 220303 255039 290507 326 889 364185 402395
Total Annual kWh 705180 1410360 2115540 2277600 2443712 Z613875 2788089 ZZ61175 1738313 1220514 1412961 1609458 1811021 2017647 2229338

Residenttal EJjHctentApplfances
Winter On Peak 128242 268813 412447 559834 711024 865968 1024825 1167420 13545081525564 1700863 1860 807 1983647 2038 003 2 088 339
Winter Off Peak 70909 148655 228128 309704 393282 478962 566 656795 749136 843 792 940 743 1033 783 1091227 1120372 1148165
Summer On Peak 56952 119357 183135 248581 315728 384543 455067 527252 601433 677386 755210 825148 877469 901379 923654
SummerOffPeak 32185 67480 103559 140593 178526 217414 257306 298151 340065 383038 427051 469895 495765 508 5Z1617
Total Annual kWh 288288 604304 927268 1 1598560 1446887 2304028 2 669 618 3 045 142 3 429 780 3823867 4189 633 4 448108 4568 739 4 681776

Residential Advanced Technofogles
Winter On Peak 167577 345591 535010 729648 92950 9359 1334433 1544725 1766422 1988119 2084576 2175814 2267052 2364477 2461902
Winter Off Peak 93516 191139 297846 406605 517419 628232 741099 856019 960023 1104OZ6 1178746 1251416 1324084 1403782 1483460
Summer On Peak 70385 145OB2 224683 306439 390352 474264 560333 648557 741685 834813 876203 915 436 954670 996652 i634
Summer OFf Peak 36749 75322 1Y7132 159854 203488 247121 291667 337125 385820 434534 461322 487216 513114 541336 569557
Total Annual kWh 3682Z8 757134 1174670 1602546 2040 2478977 2927531 3386425 3873949 4361473 4600848 4B29884 5056920 5306246 5553573

Weatheltzatton

Winter On Peak 182936 386254 593430 805 1022100 1246960 1476641 1709987 1951386 2100816 2244458 2371762 2503238 2636329 2772345
Winter Off Peak 208218 439628 675448 916785 1163412 1419343 1680789 1946438 2221246 2387780 2547371 2689016 2835264 2983314 31345BU
Summer On Peak 211051 445517 684285 928432 1178896 1438376 1703234 1971918 2249286 2486040 2722844 2930495 3145298 3362778 3586169
Summer Off Peak 202075 426512 655165 889089 1129028 1377453 1631149 1888634 2154309 2370247 2585201 2774404 2969972 3168023 3371446
Total Annual kWh 804280 1697911 260832B 3539733 4493437 5482132 6491814 7516977 85762Z7 9344883 10099874 10765 i1453773 1Z150444 1Z864540

New Construction

Winter On Peak 37076 77050 117367 158959 201412 245485 289557 335250 382855 432079 482578 533422 585541 638005 69Z605
Wlnter Off Peak 38578 80196 122142 165444 209568 255376 301184 348676 398203 449413 501980 554B75 609126 b63706 720463
Summer On Peak 24149 50041 76306 103256 131139 160080 189021 219021 250047 2B2131 314901 348043 381870 416071 451890
Summer Off Peak 22060 45708 69702 94317 119794 146239 172663 200094 228438 257748 287679 317956 348854 380097 412824
Total Annual kWh 121864 252995 385516 521975 661913 807179 952446 1103041 1259542 1421371 1587138 1754297 1925392 2097879 2277782

1529810 1549351 1566383 1585820 1608140 1629692 1657057 1683558 1710391 1732071 1759572 1784980 1809956 1837134 1B64311

ResidenNal Program Annual kW Breakdown Cumulative Annual
Lighting 2011 2012 2013 2014 2015 Z016 20 2018 2 20 2021 2022 2023 2 2025

Winter Peak kW 164 328 493 530 569 609 649 527 405 284 329 375 422 470 519
Summer Peak kW 72 144 216 233 250 267 285 231 178 125 145 165 185 206 228

ResldenNdl EJjicientAppltances
WlnterPeakkW 13 26 41 55 70 85 1D1 117 133 150 167 184 194 199 204
Summer Peak kW 16 33 51 70 88 108 128 148 169 190 212 229 238 245 251

ResidentlaAdvanced
Winter Peak kW 169 340 535 732 930 1128 1327 1528 1752 1977 216B 2357 2546 27580
Summer Peak kW 26 53 82 112 142 173 204 237 271 304 316 326 337 347 35B

Weathertzadon

Winter Peak kW 312 659 1011 1372 1741 2124 2515 2910 33213684 4049 4361 4685 5011 5347
Summer Peak kW 148 312 480 651 827 1009 1195 1384 1578 1749 1920 2070 2224 2381 2542

New Gonsducfon

Wlnter Peak kW 55 116 176 239 302 367 433 501 592 646 722 7988Z6 955 1036
Summer Peak kW 29 60 92 125 158 193 227 264 301 339 379 419 460 501 544



C1 Rrogram AnnualkWhBreakdowmCumulativeMnual
CanmerclalndustrlahLlghting Program 2011 2012 2013 2014 2015 2016 2017 2018 2019 2 2021 202 20Z3 2024 2025

WinterOnPeak 194454 414835 648180 907452 1166724 1438960 L711195 1996394 2294557 2592720 2709392 2600136 2890883 2968664 3046446
Wlnter OffPeak 37908 80870 126360 176904 227448 280519 333590 389189 447314 505440 528185 545875 S63566 576729 593892

Summer On Peak 295542 630490 985140 1379196 1773252 2187011 2b00770 3034231 3487396 3940560 4117885 4255805 43937Z4 4511941 4630158
SummerOBPeak 174096 371405 580320 812448 1044576 1286310 1532045 1787386 2054333 2321280 2425738 2506982 2588227 2657666 2727504
Total Annual kWh 702OD0 1497600 2340000 3276000 4212000 5194800 6177600 7207200 8283600 9360000 9781200 10108800 10436400 10717200 10998000

CommerclallndustrlalProgram
WlnterOnPeak 144226 310641 477056 665660 865358 1065056 1275848 1486641 1Z08527 193D414 2163395 2396376 2640451 2884527 3139696

WlnterOffPeak 163894 353003 542112 756435 983365 1210296 1449833 1669371 1941516 2193661 2458413 2723165 3000525 3277884 3567851

Summer On Peak 64074 138007 211939 295728 384 447 473165 566813 660460 759036 857612 961117 1064622 1173056 1281490 1394852

SummerOffPeak 54205 11b749 179293 250177 335230 400283 479506 55B 64212T 725513 B13075 900637 992368 1084100 1160001

Total Annual kWh 426 400 918 400 4 410 400 1968 000 2 558 400 3148800 3772000 4395 5051200 5707200 6396000 7OB4600 7806400 8528000 9282400

743153 755211 766768 780131 794941 810225 825595 841103 856804 872627 88B554 904551 920575 934398 948221

C1 ProgramAnnualkWBreakdownCumuletiveAnnual
CammercaIIndustrlal Llghting Progran ZOli 2012 2013 2014 2015 2016 2017 2018 2019 20 2021 2022 2023 2024 2025

Winter Peak kW 172 366 572 601 1030 1270 1 1762 2025 2289 2392 2472 2552 2621 2689

SummerPeakkW 160 342 535 748 962 1187 1411 1646 1892 2138 2234 2309 2384 2448 2512

Commerctallndustrtal NVAC Program
WlnterPeakkW 32 70 107 149 194 238 286 333 383 432 484 537 591 646 703

SummerPeakkW 172 371 570 795 I033 3272 1524 1775 2040 2305 25B3 2862 3153 3444 3749
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ResldenNal Program SeasonalkWh Breakdown Cumuladve Annual
Lighting 20i1 2032 2013 2014 201S 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Winter 46943B 938877 1408315 1516198 1626779 1740056 1856031 1505264 1157195 8124 940608 1071416 1205596 1343148 1484070

Summer 235742 471483 707225 761402 816933 873818 932058 755911 581118 406O1B 472353 538042 605424 674499 745268

8JjiclentAppiances
Winter 199151 417467 640575 869538 1104306 1344929 1591656 1844216 2103644 2369357 2641607 2894590 3074874 3158375 3

Summer 89137 186837 286693 389174 494254 601958 712373 825403 941499 1060424 1182261 1295043 1373234 1410364 1445

Advdnced Technoogies
Winter 261093 536731 832856 1136253 1446922 1757591 207553i 2400744 2746445 309Z145 3263323 3427230 3591136 3768259 3

Summer 107134 220404 341815 466293 593839 721386 852 985682 1127505 1269327 1337525 1402655 1467784 1537987 1608191

Weatherizadon
Winter 391P54 825882 1268878 1722212 2185512 2666303 315743i 3656425 4172631 4468596 479I829 S060778 5338503 5619643 5906925

Summer 413126 872029 1339450 1817521 2307924 2615829 3334 383 3860552 4403595 4656287 5308045 5704900 6 6530801 6957615

New Constructfon

Winter 75655 157246239509 324403 410980 500860 590741 683926 781057 881492 984558 1088 1194668 1301711 1413066

Summer 46209 95749 146008 197572 250933 306319 361705 419115 478485 539879 602580 665999 930724 796168 864714

Commerclal Program Seasonal kWh Breakdown Cumulative Annual
jgryng 2011 2012 2013 2015 2020 2025

Winter 232362 495706 774540 1084356 1394172 1719479 2044786 2385583 2741872 3098160 3237577 3346013 3454448 3547393 3640338

Summer 469638 1001894 1565460 2 2817828 3475321 4132814 4821617 5541728 6261840 6543b23 6762787 6981952 Z169807 7357662

NVAC

Winter 308121 663644 1019168 1422045 1848723 2275352 27256B2 3176012 3650043 4124075 4621808 5119 541 5640976 616241T 6707547

Summer 118279 254756 391232 545905 709677 873448 1046318 1219188 1401157 1583125 1774192 1965259 2165424 2365589 2574853

Combined Program Seasonal kWh Breakdown Cumulative Mnual
Resldendal 2011 2D12 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Winter 1396493 2876202 4390133 5568604 6774499 8009739 9271390 10090574 1Q960971 11644086 12621925 13542312 14404777 15191135 15985949

Summer 891348 1846502 2821191 3631963 4463884 5319310 61925i9 6646662 7532 8133 8902763 9606 10 10 116Z1059
Total Annual kWh 2287840 4722703 7211324 9200567 11238382 13324049 15463908 1693Z236 18493172 19 21 23148950 24697214 26140955 27607008

Commercial

Winter 540483 1159350 1793708 2506451 3242895 3994830 4770467 5561595 6391915 7222235 7B59385 8465554 9095424 9709604 30347885

Summer 587917 1256650 1956692 2737549 3527505 4348770 5179133 6040805 6942885 7B44965 8317815 8728046 9147376 9535396 9932515

Total Anaual kWh 1 128 400 2416 000 3 750 400 5 244 000 6 770400 8343600 9949600 11b02400 13 334 800 15067 200 16177200 17193600 18242800 19245200 20280400

Residential Conmercia

Winter 1936975 4035552 6183841 8075055 10017394 12OD4570 14041857 15652169 17352886 16866321 20481310 22007866 23500Z02 24900439 26333834

Summer 1479265 3 4777883 6369512 7991369 9668079 11371651 12887467 14475086 15978901 17220578 18334684 19439813 20465216 21553574

TotalMnualkWh 3416240 7138703 10961724 14444567 18008782 21672 25413508 28539636 31827972 34845222 37701868 40342550 42940014 45386155 4788Z408



Residentlal Program Seasonal Peak KW Breakdown CumulaNve Annual
Liglting 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 202Z 2023 2024 2025

WinterPeak kW 164 328 493 530 569 609 649 527 405 284 329 375 422 470 519

Summer Peak kW 72 144 Z 16 233 250 267 285 231 178 125 145 165 185 206 228

EclentAppffances
WtnterPeakkW 13 26 41 55 70 85 101 i1T 133 150 167 184 194 199 204

Summer Peak kW 16 33 51 70 88 108 128 148 169 190 212 229 238 245 251

Advanced Technologles
WlnterPeakkW 169 340 535 732 930 1128 1327 1528 1752 1977 2168 2357 2546 2758 2970

Summer Peak kW 26 53 82 112 142 173 204 237 271 304 316 326 337 347 358

Weaerizadon

Winter Peak kW 312 659 1011 1372 1741 2124 2515 2910 3321 3684 4049 4361 4685 5011 5347

SummerPeakkW 148 312 480 651 827 1009 1195 1384 1 1 1920 2070 2224 2381 2542

New Construction

WinterPeakkW 55 116 176 239 302 367 433 501 5Z2 646 722 798 876 955 1036

Summer Peak kW 29 60 92 125 158 193 227 264 301 339 379 419 460 501 544

Commercial Program Seasonal Peak KW Breakdown Annual
Lighdng 2011 2012 2013 2014 ZDiS 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Winter PeakkW 172 366 572 801 1030 1270 1511 1762 2025 2289 2392 2472 2552 2621 2689

Summer Peak kW 160 342 535 748 962 1184 1411 1646 1892 2138 2234 2309 2384 2448 2512

HVAC

WinterPeakkW 32 70 107 149 194 238 286 333 383 432 484 537 591 646 703

Summer Peak kW 172 371 570 795 1033 1272 1524 1775 2040 2305 2583 2862 3153 3444 3749

Com6lned Program Seasonal Peak KWBreakdown Gumulative Annual
Residentia 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Winter 712 1469 2256 2928 3611 4313 5025 5583 6183 6741 7435 8074 8723 9393 10076

summer 291 603 921 1190 1465 1750 2039 2263 2496 Z707 2971 3208 3444 3681 3923
Comnierclal

Wlnter 204 436 679 950 1224 1509 1796 2095 2408 2721 2876 3008 3143 3266 3392

Summer 333 713 1104 1543 1996 2459 2935 3 3933 4443 4838 5171 5537 5893 6262

ResldenUul Commercial

Winter 916 1905 2935 3878 4835 5821 6821 7678 8591 9462 10311 11083 11866 12660 13468

Summer 623 1 2025 2733 3461 4208 4974 5685 6428 7151 7789 8379 6981 9573 10185



All Combined Program Costs
All Resldendal Pro ranis Com6lned 2011 2012 2013 2014 2015 2016 2017 Z018 2019 2020 2021 2022 2023 2024 2025

Incentives 486150 526 725 543975 5 2 77 565 350 5580600 591725 602 425 627 600 643 225 656 000 668 450 687 425 707 325 724 825

Administretlon 186750 5158700 5164250 170250 5174050 E178600 E182250 185250 5193200 197850 5201750 205600 211650 217950 E223050
Tocal Big Rivers Cost E672900 E685425 E708225 E723025 5739400 759200 E773975 5787675 5820800 641075 E857750 5874050 5899075 5925275 8947875

AII CIRrograms Combined
Incentivas 1463D0 167300 5172200 193200 198800 203700 209300 214200 224700 224700 235200 23520D 245 700 250 600 256Z00
Administratlon 5178850 51673D0 E172200 158100 5162650 5166650 5171250 175250 183850 183850 192400 5192400 5201050 E205050 209650
Total Big Rivers Cost 5325150 5334600 E344400 5351300 E361450 5370350 5380550 3389450 E408550 E408550 3427600 3427600 5446750 5455650 5465850

All Programs Combtned
Incendves 632450 5694025 5716175 745975 764150 S7B4300 801025 16625 852300 867925 891200 903650 933125 9 7925 98102

Administradon E365 600 E326 ODD 5336450 S32B 350 E336700 E345250 353 500 5360 500 E377050 5381700 5394150 5398 000 5412 700 5423 000 432 700

Total Big Rlvers Cost 5998050 1020025 E1052625 51074325 E1100850 51129550 E1154525 51177125 51229350 1249625 51285350 31301650 E1345825 E1380925 51413725

Resldentlal Program Costs
Llghdng 2011 2012 2013 2014 2015 2D16 2017 2018 2019 2020 2021 2022 Z023 2024 2025

lncentives E42550 S42i550 542550 40000 41000 42000 43000 44000 45 6250 47500 348500 49750 51000 52250

Adminlstradon S7 500 37 500 E7 500 S10 000 S10 250 E10 500 E10 750 11000 511250 E11 511850 512100 1Z450 E12750 E13050

Total Big Rivers Gost E50 050 S50 050 S50 050 550 000 E51 Z50 E52 500 E53750 55000 E56250 557800 559350 560600 62200 E63750 565300

ResidentldE clentA plfances
Incentives E70000 E76825 578475 580425 582750 E84700 86825 88775 E91400 593475 595600 598350 5100425 103175 305425

Adminlstratlon S30 ODO 325 600 526150 S26 800 E27 600 S28 250 28950 529600 530450 531150 31850 532800 533500 534400 535150

TotalBi Rlvers Cost 5100000 E102425 E104625 5107225 5110350 E112950 115 775 118375 5121850 124625 127450 131150 5133925 5137575 5140

Resi entlalAdvmcedTechnofo fes

Incendves E88750 92 250 S101S00 103 250 5105 000 5105000 106Z50 108500 E117750 117 750 119500 5121250 123OD0 5132250 5134000

Administretlan S38 050 530750 S33 850 E34400 535000 E35000 535600 536150 E39250 S39 250 53985D S40 400 41000 544100 E44650

Total Big Rivers Cost E126 800 123 000 5135 350 137650 E140 000 5140000 5142350 5144650 157000 5157000 E159350 5161650 164000 5176350 E178650

Weatherizatlon

Incentives 223950 250000 254950 26120D SZ66400 275900 282150 285350 295350 304850 311100 316650 329150 334400 342950

Administration E96000 83350 85 000 E87 050 88800 91950 S94 050 895 100 S98 450 101600 5103700 105 550 109700 111450 5114300

Tota181g Rivers Cost 5319 950 3333 350 5339 950 348 250 E355 200 5367 850 E376 200 5380 450 5393800 E4D6450 5414BOU E422200 5438850 5445850 E457250

1Vew Construcdon
Incenttves 609D0 S65 100 66 500 67900 70 200 i73000 73 75800 7B300 80900 E82 300 83 700 85 100 86500 90200

Administraqon EI5200 E11500 511750 12000 12400 512900 512900 13400 13B00 14300 14500 14750 15000 15250 15900
Total Big Rivers Cost E76100 576600 E78250 79900 E82600 8590a 585900 89200 591900 595200 596800 98450 S1U0100 E101750 5106100

CiProgram Costs
Commercla ndusrlal L hting Progam 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2D21 2022 2023 2024 2025

lncentives 73 00 83300 588Z00 98000 98000 102900 102900 E107800 112700 112 117600 117600 122500 127400 127400

Administredon 599850 583300 E88200 580200 E80200 E84200 584200 388200 592200 E42 E96200 396200 E100250 5104250 3104250

ToW Big Wvers Cost E163350 E16b600 E176400 5178200 5178200 5187100 5187100 8196000 204900 5204900 213800 5213800 E222750 5231650 E231650

Commeirlalndusttial HVAC Program
Incentfves 72800 B4000 84000 9200 100800 100800 106400 106400 112L000 112000 117600 117600 123200 123200 128800
Administradon E89000 EH4000 584000 577 900 E82450 582450 S87 050 587050 591650 591650 596200 E96200 5100800 5100800 5305400
Total Big Rlvers Cost 5161800 5168000 E168000 5173100 183250 5183250 5193450 193450 5203650 203650 E213800 E213 a224000 E224000 3234200

All Comblued Program Gosts
AResldendalProgramsCon6tned 2D31 2D12 2013 2014 2015 2D16 2017 2018 2019 2020 2021 2022 2023 2024 1025

Incendves 486150 526725 543975 55Z77 565350 580600 59172 602425 62760 643225 6 6000 6684 0 687425 70732 72482
Administratlon E186750 E158700 5164250 5170250 5174050 5178600 E182250 E18525D 5193200 5197850 201750 E205600 5211650 E217950 5223050
Total BIg RiversCast 672900 5685425 5708225 5723025 E739400 5759200 5773975 787675 5820800 5841075 5857750 5874050 899075 5925275 5947875

All CIPiro rams Com6lned

Incentives 5146300 a167300 5172200 193200 5198800 5203 700 209300 5214200 5224700 224700 235200 23520D 245700 5250600 256 200

Adminlstratlon E178650 S1fi7300 5172200 158100 5162650 5366650 5171250 5175250 E183850 183850 192400 192400 5201050 5205050 209650

Total Big Wvers Cost 325 150 5334 600 5344400 E351300 5361450 370350 E380550 389450 5408550 408550 5427600 427600 5446750 5455650 5465850

All Programs Combined
Incendves 5632 450 S694025 E716175 5745975 E764150 784300 5801025 E816625 5652300 EB67925 891200 903650 5933125 E957925 5981025

Administratlon E365 600 E326 000 5336450 E328350 5336Z00 E3452 S353500 536050 E377050 E38f7D0 5394150 398000 412700 E423000 432700

TotalBlgRlversCost 5998050 E1020025 31052625 E1074325 31100850 51129550 E1154525 51177125 51229350 1249625 E1285350 51301650 E1345825 31380925 51413725
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix D Base Case Appendix is a group of reports from a model run All of Appendix D has been
redacted and filed under a Petition for Confidential Treatment

Appendix D Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix E High Fuel Case Appendix is a group of reports from a model run All of Appendix E has been
redacted and filed under a Petition for Confidential Treatment

Appendix E Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix F High Load Case Appendix is a group of reports from a model run All of Appendix F has been
redacted and filed under a Petition for Confidential Treatment

i

Appendix F Page 1 of 1
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Big Rivers Electric Corporation

2010 Integrated Resource Plan

Appendix G Renewable Portfolio Standard RPS Case Appendix is a group of reports from a model run
All of Appendix G has been redacted and filed under a Petition for Confidential Treatment I

Appendix G Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix H Environmental Compliance Case Appendix is a group of reports from a model run All of
Appendix H has been redacted and filed under a Petition for Confidential Treatment

Appendix H Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix I MISO Case Appendix is a group of reports from a model run All of Appendix I has been
redacted and filed under a Petition for Confidential Treatment

I

Appendix I Page 1 of 1
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Big Rivers Electric Corporation

2010 Integrated Resource Plan

Appendix J Carbon Allowance Cost is a projection of carbon allowance prices All of Appendix J has been
redacted and filed under a Petition for Confidential Treatment

Appendix J Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix K Unit Operating Cost is a projection of unit operating costs All of Appendix K has been
redacted and filed under a Petition for Confidential Treatment

Appendix K Page 1 of 1



Bi Rivers Electric Cor orationJ p

2010 Integrated Resource Plan

Append ix L
Market Prices

y

1 vers
EiECTRIC CORPORATION

Yau Taichsomu FragyC00perative



Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix L Market Price Appendix is a projection of electricity prices All of Appendix L has been redacted
and filed under a Petition for Confidential Treatment

Appendix L Page 1 of 1
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Big Rivers Electric Corporation
2010 Integrated Resource Plan

Appendix M Transmission Map is a map of the Big Rivers Transmission System All of Appendix M has
been redacted and filed under a Petition for Confidential Treatment

Appendix M Page 1 of 1
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Big Rivers Units Environmenta Equipment

Unit Firin Sstem NOx Reduction S02 Reduction Particulate Reductlon

Coleman 1 Front Wall Fired lowNox burners advanced overfire air wet limestone FGD forced oxidation ESP
Coleman 2 Front Wall Fired lowNox burners advanced overfireair wet limestone FGD forced oxidation ESP

Coleman 3 Rear Wall Fired lowNox burners advanced overfire air wet IimestoneFGD forced oxidation ESP

Henderson 1 Rear Wall Fired IowNox burners selective catalytic reduction wet maglime FGD natural oxidation ESP
Henderson 2 Rear Wall Fired IowNox bumers selective catalytic reduction wet maglime FGD natural oxidation ESP

Green 1 Opposed Wall Fired lowNox burners coal Reburn wet maglirne FGD natural oxidation ESP

Green 2 Opposed Wall Fired IowNox burners coal Reburn wet maglime FGD natural oxidation ESP

Wilson 1 Opposed Wall Fired IowNox burners selective catalytic reduction wet limestone FGD inhibited oxidation ESP

Reid 1 Front Wall Fired overfire air ESP

Reid CT OilNatural Gas Fired convert fo natural gas or fuel oil

Over time considerable inVestment has been madeinthese unitsto control emissions All of the coalficedonly units listed above are equipped with
lowNOx burners and either Selective Catalytic Reduction SCR equipment coalrbum or advanced overfire air combustion technology for NOx
control and scrubbers to control S02 All of the units except foc the Reid com bustion turbine have preaipitators to control particulate The Reld 1
unit has been retrofitted to burn natural gas as well as coal to better control NOx and S02 emissions The Reid combustion turbine CT has been
retrofitted to burn natural gas as well as fuel oil also to better contcol emissions Continuous emissions monitors are in place on each of the
respective units stacks except for the Reid CT Big Rivers reports emissions on this unit by measuring the gas or oil flow and applying
associated default emission values to the hourly data Big Rivers is able to do this as the unit qualifies asaLow Mass Emission unit
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Big Rivers Elecfric Corporation
2010 IntegratedResource Plan

List of Abbreviations and Acronyms

AMI Automated Metering Infrastructure

Big Rivers Big Rivers Electric Corporation
CI Commercial and Industrial

pq Clean Air Act

CAER Center for Applied Energy Research
pR CleanAir Interstate Rule
CAMR Clean Air Mercury Rule

CATR Clean Air Transport Rufe

CC Combined Cycle

CFL Compact Ffuorescent Light
CHP Combined Heat and Power
CMRG Carbon Management Research Group

CO2 Carbon Dioxide

p Coincident Peak

CSRs Customer Service Representatives
Cornbustion Turbine

DOE US Department of Energy
DR Demand Response

DSM Derrand Side Management

EE Energy Efficiency
EFOR Equivalent Forced Outage Rate
EHV Extra High Voltage
EIA Energy fnformation Administration
EISA 2007 Energy independence and Security Act of 2007
EPA US Environrnental Protection Agency

FGD Flue Gas Desuiphurization System

GqF Generation and Fuel
GDS GDS associates Inc

GHG Green House Gases

GWH Gigawatthours
HERS Home Energy Rating System

HMPL Hendecson Municipal Power Light

HPWH Heat Pump Water Heater
HVAC Heating Ventilation and Air Condifioning
ICR Information Collection Request

IRP Integrated Resource Plan
JPEC Jackson Purchase Enecgy Corporation
pR Kentucky Administrative Regulations

Kenergy KenergY Corp
KPSC Kentucky Public Service Commission
KRS Kentucky Revised Statutes
KU Kentucky Utilities

kW Kilowatt

Appendix 0 Page 1 of 2
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Big Rivers Electric Corporation
2010 Integrated Resource Pan

List of Abbreviations and Acronyms

kWH Kilowatthours

p light Emitting Diode
LEM LGEEnergy Marketing Inc
pp Load Forecast Adjustment

MACT Maximum Achievable Control Technology

MCRECC Meade County Rural ElecticCooperative Corporation
MISO Midwest Independent System Operator
MMBtu Millions of British Thermal Units

MW Megawatt

MWH Megawatthours
NCP Noncoincident Peak

NERC North American Electric Reliability Corporation

NOx Nitrogen Oxides
OM Operafions and Maintenance

O OxYgen

PSD Prevention of Significant Deterioration

RUS Rural Utilities Services

SAE Model Statistically Adjusted EndUse Model
SCR Selective Cafafytic Reduction

SEPA Southeastern Power Adrnini5tration

50 Sulfur Dioxide

TIER TimeSInterest Earned Ratio

TRC Test Tota Resource Cost Test

NA Tennessee Valley Authority

Appendix 0 Page 2 of 2
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