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Maximum Achievable Cost 
Effective kWh Savings by2015 
from Electric Energy Efficiency 

MeasuresPrograms for the 
Sector BREC Service Area Sector 

2015 kWh Sales 
Forecast for This 

Residential Sector 277,744,782 1,780,266,000 

Percent of Sector 
2015 kWh Sales 

Forecast 

15.6% 

Commercial and Small 
Industrial 

Large Industrial 

Total 

1 

85,475,300 854,753,000 10.0% 

99,758,000 1,159,630,000 8.6% 

462,978,082 3,794,649,000 12.2% 
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1 .I Study Scope 

The objective of the study was to estimate the maximum achievable cost 
effective potential for energy conservation and energy efficiency resources over 
the ten-year period from 2006 through 2015 in the BREC service area. The 
definitions used in this study for energy efficiency potential estimates are the 
following: 

0 Technical potential is defined in this study as the complete penetration of 
all measures analyzed in applications where they were deemed 
technically feasible from an engineering perspective. 

0 Maximum achievable potential is defined as the maximum penetration 
of an efficient measure that would be adopted given unlimited funding, and 
by determining the maximum market penetration that can be achieved 
with a concerted, sustained campaign involving highly aggressive 
programs and market intervention. BREC would need to undertake an 
extraordinary effort to achieve this level of savings. The term "maximum" 
refers to efficiency measure penetration, and means that the GDS Team 
has based our estimates of efficiency potential on the maximum realistic 
penetration that can be achieved by 2015. The term "maximum" does not 
apply to other factors used in developing these estimates, such as 
measures energy savings or measure lives. 

Maximum achievable cost effective potential is defined as the potential 
for maximum penetration of energy efficient measures that are cost 
effective according to the Total Resource Cost test, and would be adopted 
given unlimited funding, and by determining the maximum market 
penetration that can be achieved with a concerted, sustained campaign 
involving highly aggressive programs and market interventions. As 
demonstrated later tin this report, BREC would need to undertake an 
extraordinary effort to achieve this level of savings. 

The main outputs of this study are summary data tables and graphs reporting the 
total cumulative maximum achievable cost effective potential for energy 
efficiency over the ten-year period, and the annual incremental achievable 
potential and cumulative potential, by year, for 2006 through 2015. 

This study makes use of over 200 existing studies conducted throughout the US 
on the potential energy savings and penetration of energy efficiency measures. 
These other existing studies provided an extensive foundation for estimates of 
electric energy savings potential in existing residential, commercial and industrial 
facilities. 
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BREC has substantially expanded the assessment of electric energy efficiency 
potential savings in this new 2005 IRP to include additional energy efficiency 
equipment and building practices, and to include a detailed assessment of the 
maximum achievable cost effective electricity savings potential associated with 
aggressive energy efficiency measurelprogram implementation over the next 
decade in the BREC service area. While the prior IRP examined the cost 
effectiveness of many energy efficiency measures, this new energy efficiency 
potential assessment goes further to examine the magnitude of the potential 
savings that could be achieved throughout the BREC service area assuming 
aggressive implementation of programs over a ten-year period and assuming 
unlimited funding. The purpose of this analysis was to determine the maximum 
achievable kWh and dollar savings that could be achieved under such a 
scenario. This new energy efficiency analysis also provides a calculation of the 
net present value savings to BRECs members for the maximum achievable cost 
effective energy efficiency potential savings scenario. 

1.2 Implementation Costs 

Achieving the maximum achievable cost effective energy efficiency savings by 
201 5 would require programmatic support. Programmatic support includes 
financial incentives to customers, marketing, administration, planning, and 
program evaluation activities provided to ensure the delivery of energy efficiency 
products and services to consumers. 

- 

GDS estimates that costs for BREC (or its member distribution cooperatives) for 
program planning, administration, marketing, reporting and evaluation (“other 
program costs”) would be 25% of efficiency measure incremental costs in the 
maximum achievable cost effective energy efficiency scenario.’ Specifically, 
BREC would need to spend approximately $2.2 million a year for the next ten 
years for staffing, marketing, and administrative costs, plus approximately $4 to 5 
million a year for financial incentives to electric consumers in order to achieve the 
maximum achievable cost effective potential savings. It is clear that to achieve all 
of the maximum achievable cost effective savings, BREC would have to 
undertake extraordinary steps to add staffing (either in-house staff or 
contractors), and BREC would have to spend close to $8 million a year to 
achieve such results. 

1.3 Present Value of Savings and Costs (in $2006) 

The results of this study demonstrate that energy-efficiency resources could play 
an expanded role in the BREC resource mix over the next decade. Table 1-2 

‘ This estimate is based upon data collected by GDS for other electric utilities that have operated 
energy efficiency programs. 
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Column # 1 2 3 4 6 6 

Present Value 
of BREC 

Implementation 
Present Value Present Value Costs (Staffing, Total 

of Total of Total Marketing, Data 
Resource Measure Tracking & Present Value Net Present (TRC) 
Benefits Incremental Reoortlna etc , Of Total Costs Value sevlnas BenefiVCost 

Resource Cost 

' $26<6!--_ 
$16,570,993 

$3.317 636 

.AV-j!9 316 
. ... . . . . P22 

Table 1-2 also provides the Total Resource Cost (TRC) Test benefitlcost ratio for 
the overall maximum achievable cost effective portfolio of energy efficiency 
measures, and the benefitlcost ratio by major market sector. The Total Resource 
Cost (TRC) Test is a standard benefit-cost test used by many of the public 
utilities commissions in the US and other organizations to compare the value of 
the avoided energy production and power plant construction to the costs of 
energy-efficiency measures and program activities necessary to deliver them. 
The value of both energy savings and peak demand reductions are incorporated 
into the TRC test. 

1.4 Definitions of Benefit Cost Tests 

A standard methodology for energy efficiency program cost effectiveness 
analysis was published in California in 1983 by the California Public Utilities 
Commission and updated in December 1987 and October 2001 . 3  It was based 

- ~ C o 1 2  - Col3) ($20061 R_sl!o_-- 
582 854.964 S31.191.807 1 3 8  
$16,588,179 54.046.308 1 74 
$11,896,579 $4,115,778 1 3 5  

267xp111.339:!22p3935381:j'_- 1.35 

The term "present value" refers to a mathematical technique used to convert a future stream of 
dollars into their equivalent value in today's dollars. 
3California Public Utilities Commission and California Energy Commission, Standard Practice 
Manual, Economic Analysis of Demand-Side Programs and Projects, 1987 and 2001. 
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on experience with evaluating conservation and load management programs in 
the late 1970's and early 1980's. This methodology examines five perspectives: 

the Total Resource Cost Test 
the Participant Test 
the Utility Cost Test (or Program Administrator Test) 
the Rate Impact Measure (RIM) Test 
the Societal Cost Test 

Table 1-3 below summarizes the major components of these five benefitlcost 
tests. Examining this table is useful when trying to understand the differences 
among the five benefitlcost tests. 

Table 1-3 
Components of Energy Efficiency BenefitKOst Tests 

RESOURCE 
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The five cost-benefit tests are defined by the California Standard Practice Manual 
as follows: 

1.4.1 The Total Resource Cost Test 

The Total Resource Cost (TRC) test measures the net costs of a demand-side 
management or energy efficiency program as a resource option based on the 
total costs of the program, including both the participants' and the utility's costs! 

Benefits and Costs: The TRC test represents the combination of the effects of a 
program on both the customers participating and those not participating in a 
program. In a sense, it is the summation of the benefit and cost terms in the 
Participant and the Ratepayer Impact Measure tests, where the revenue (bill) 
change and the incentive terms intuitively cancel (except for the differences in 
net and gross savings). 

The benefits calculated in the Total Resource Cost Test include the avoided 
natural gas supply costs for the periods when there is a gas load reduction, as 
well as savings of other resources such as electricity and water. The avoided 
supply costs are calculated using net program savings, which are the savings net 
of changes in energy use that would have happened in the absence of the 
program. 

The costs in this test are the program costs paid by the utility and the participants 
plus any increase in supply costs for periods in which load is increased. Thus all 
equipment costs, installation, operation and maintenance, cost of removal (less 
salvage value), and administration costs, no matter who pays for them, are 
included in this test. Any tax credits are considered a reduction to costs in this 
test. 

1.4.2 The Participant Test 

The Participant Test is the measure of the quantifiable benefits and costs to 
program participants due to participation in a program. Since many customers 
do not base their decision to participate in a program entirely on quantifiable 
variables, this test cannot be a complete measure of the benefits and costs of a 
program to a c~s tomer .~  This test is designed to give an indication as to whether 
the program or measure is economically attractive to the customer. Benefits 
include the participant's retail bill savings over time, and costs include only the 
participant's costs. 

kalifornia Public Utilities Commission, California Standard Practice Manual, Economic Analysis 
of Demand-Side Management Programs and Projects, October 2001, page 18. 
5ibid., page 9. 
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1.4.3 The Rate Impact Measure Test 

The Ratepayer Impact Measure (RIM) Test measures what happens to customer 
bills or rates due to changes in utility revenues and operating costs caused by a 
program. Rates will go down if the change in revenues from the program is 
greater than the change in utility costs. Conversely, rates or bills will go up if 
revenues collected after program implementation are less than the total costs 
incurred by the utility in implementing the program. This test indicates the 
direction and magnitude of the expected change in customer rate levels.6 Thus, 
this test evaluates an energy efficiency program from the point of view of rate 
levels. The RIM test is a test of fairness or equity; it is not a measure of economic 
efficiency. 

1.4.4 The Utility Cost Test 

The Utility Cost Test measures the net costs of a demand-side management 
program as a resource option based on the costs incurred by the utility (including 
incentive costs) and excluding any net costs incurred by the participant. The 
benefits are similar to the Total Resource Cost Test benefits. Costs are defined 
more narrowly, and only include the utility's costs.7 This test compares the 
utility's costs for an energy efficiency program to the utility's avoided costs for 
electricity and/or gas. It is important to remember that the Utility Cost Test 
ignores participant costs. This means that a measure could pass the Utility Cost 
Test but not be cost effective from a more comprehensive perspective. 

1.4.5 The Societal Test 

The Societal Cost Test is structurally similar to the Total Resource Cost Test. It 
goes beyond the TRC test in that it attempts to quantify the change in total 
resource costs to society as a whole rather than to only the service territory (the 
utility and its ratepayers). In taking society's perspective, the Societal Cost Test 
utilizes essentially the same input variables as the TRC test, but they are defined 
with a broader societal point of view.8 An example of a societal benefit Is 
reduced emissions of carbon, nitrous and sulfur dioxide from electric utility power 
plants. One example of a societal cost is the incremental cost to the health care 
system in the United States for dealing with increased respiratory ailments 
(asthma, etc.) due to the construction of new power plants that produce 
emissions and particulates. When calculating the Societal Cost Test benefitkost 
ratio, future streams of benefits and costs are discounted to the present using a 
societal discount rate. The avoided costs of natural gas, electricity and water 
used for the benefitkost analyses in this report are provided in Appendix E. 

61bid., page 17. 
'lbid page33. 81bid., page 27. 
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1.5 Definition of Electric Avoided Costs 

The avoided electric supply costs for the BREC energy efficiency potential 
study consist of the electric supply costs avoided by BREC due to the 
implementation of electric energy efficiency programs. These avoided supply 
costs reflect the electric supply costs avoided by BREC when energy efficiency 
programs are implemented. These avoided electric system supply costs are 
those that would be avoided by BREC due to the implementation of a portfolio of 
energy efficiency programs The costs that are avoided depend on the amount 
electricity that is saved, and when it is saved (in peak heating season periods, 
seasonal or annual, etc.). The avoided costs of electricity, natural gas and water 
used in this study are provided in Appendix E. 

Second, it is very important to note that the electricity avoided costs used in the 
Total Resource Cost (TRC) Test is not the retail rate for each customer class. 
While the actual retail rate is used in the calculation of the benefits for the 
Participant Test, the actual retail rate is not the avoided electric cost used in the 
calculation of the Total Resource Cost Test benefits. 

1.6 Comparison of Results to Other Gas Savings Potential Studies 

Table 1-4 presents a comparison of the results of this study to other recent 
electric potential studies. As shown in Table 1-6 below, the potential electricity 
savings available in the BREC service territory are very similar to the findings of 
these other recent studies. 

8 
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2.0 INTRODUCTION 

The main objective of this energy efficiency potential assessment is to assess 
and evaluate the potential for achievable and cost-effective electric energy 
efficiency measures and electricity savings for residential, commercial and 
industrial customers in the BREC service territory. The main outputs of this study 
include the following deliverables: 

A concise, fully documented report on the work performed and the results 
of the analysis of opportunities for achievable, cost effective electric 
energy efficiency in BREC's service territory. 
An overview of the impacts that energy efficiency measures and programs 
can have on electric use in the BREC service territory. 
A summary of the economic costs and benefits of potential energy 
efficiency measures and programs. 
An assessment of the environmental and other non-energy benefits of the 
maximum achievable cost effective electric energy efficiency options 
examined in this study. 

2.1 Summary of Approach 

A comprehensive discussion of the study methodology is presented in Section 4. 
GDS first developed estimates of the technical potential and the maximum 
achievable potential for electric energy efficiency opportunities for the residential, 
commercial and industrial sectors in BRECs service territory. The GDS analysis 
utilized the following models and information: 

(1 ) an existing electric energy efficiency potential spreadsheet model'; 
(2) detailed information relating to the current and potential saturation of 

electric energy efficiency measures in the BREC service area; and 
(3) available data on electric energy efficiency measure costs, saturations, 

energy savings, and useful lives. 

The technical potential for electric energy efficiency was based upon calculations 
that assume one hundred percent penetration of all energy efficiency measures 
analyzed in applications where they were deemed to be technically feasible from 
an engineering perspective. 

The maximum achievable potential for electric energy efficiency was estimated 
by determining the maximum penetration of an efficient measure that would be 

' This GDS developed Excel spreadsheet model is used to estimate the energy efficiency 
potential for natural gas energy efficiency measures in New Mexico. It operates on a PC platform 
using the Microsoft Windows operating system, is documented, and can be followed by a 
technician with expertise. GDS has provided this model to the study sponsors as a deliverable of 
this project. 
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adopted given unlimited funding, and by determining the maximum market 
penetration that can be achieved with a concerted, sustained campaign involving 
highly aggressive programs and market intervention. 

The third level of energy efficiency examined is the maximum achievable cost 
effective potential. The calculation of the cost effective maximum achievable 
potential is based, as the term implies, on the assumption that energy efficiency 
measures/bundles will only be included in BREC electric efficiency programs 
when it is cost effective to do so. 

All cost effectiveness calculations for electric energy efficiency measures and 
programs were done using a spreadsheet model that operates in Excel and that 
has been approved by regulators in several states. 

2.2 Report Organization 

The remainder of this report is organized as follows: 

Section 3 - Electric Usage -Overview of BREC Electric Sales and Peak 
Load Forecast 

s Section 4 - Methodology for Determining Energy Savings Potential 
Section 5 - Electric Energy Efficiency Potential - Residential Sector 
Section 6 - Electric Energy Efficiency Potential - Commercial Sector 
Section 7 - Electric Energy Efficiency Potential - Industrial Sector 
Section 8 - Environmental and Other Non-Energy Benefits of Electric 
Energy Efficiency Programs 
Section 9 - Summary of Findings 

12 
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3.0 CHARACTERIZATION OF CUSTOMER BASE, ELECTRIC USAGE, 
AND EXISTING ENERGY EFFICIENCY PROGRAMS IN THE BREC 
SERVICE TERRITORY 

3.1 Overview of Big Rivers Service Area 

The Big Rivers Electric Corporation is an electric generation and transmission 
cooperative supplying the wholesale power needs of its three member 
cooperatives and marketing power to non-member utilities and power markets. 
These members provide retail electric power and energy to industrial, residential 
and commercial customers in portions of 22 western Kentucky counties. For the 
purposes of this energy efficiency potential report, all references made to Big 
Rivers’ service territory is to the 22 counties served by the three member 
cooperatives. Headquartered in Henderson, Kentucky, Big Rivers is dedicated to 
the following: 

Providing reliable wholesale energy to its three member cooperative 
owners who serve approximately 106,000 customers in the 
Commonwealth of Kentucky. 
Marketing reliable energy to surrounding utilities. 
Protecting the environment through detailed planning 
In-house design and construction of transmission and substation facilities 
Adding value to the customer through conservative measures 

- 

The distribution electric cooperatives that belong to Big Rivers are the following: 
Jackson Purchase Energy Corporation (“JPEC) 
Kenergy Corp. (“Kenergy”) 
Meade County Rural Electric Cooperative Corporation (“MCRECC) 

There are 22 counties included in the Big Rivers service area. Listed below are 
the counties in Kentucky served by each member distribution cooperative: 

JPEC - Ballard, Carlisle, Graves, Livingston, Marshall and McCracken 
Kenergy - Breckinridge, Daviess, Caldwell, Crittenden, Hancock, 

Henderson, Hopkins, Livingston, Lyon, McLean, 
Muhlenberg, Ohio, Union and Webster 

0 MCRECC - Breckinridge, Grayson, Hancock, Hardin, Meade and Ohio 

13 
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3.2 BREC Service Area Map 

3.3 EconomiclDemographic Characteristics of the Service Area 

The total population of the Big Rivers service area is 639,746’’ persons. 
Population in the past ten years has grown 0.5% per year in the region. The 
gender split is 51.2% female and 48.8% male. The summary below shows 
gender statistics for the counties that Big Rivers serves, Kentucky, and the 
United States. 

Table 3-1: Gender Distribution 
Gender Big Rivers Kentucky 

48.8% 49.0% 49.2% 
Femaie 51.2% 51.0% 50.8% 

The majority of the population in the BREC service area falls in the 20-44 years 
(33.7%) of age range. The median age for the region is 39.5 years. 

Table 3-2: Age Distribution 
Big Rivers Kentucky 

24.7% 25.2% 27.8% 
33.7% 36.5% 35.8% 
27.0% 25.8% 24.1% 
14.6% 12.5% 72.3% 
39.5 37.5 36.1 

’ O  This population estimate is higher than the total population value in the 2005 Load Forecast, 
which is weighted to reflect the population served by Big Rivers. The weighted population for Big 
Rivers in 2004 is 244,180. 

14 
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Table 3-4 Largest Cities 
In the Service Area 

Owensboro. KY 54,312 
Henderson, KY 27,468 
Paducah, KY 25,565 
Elizabethtown, KY 23,239 
Radcliff, KY 21,894 

Louisville, KY 248,762 
Evansville, IN 121,582 
Bowling Green, KY 50,663 

Outside the Service Area 

The ethnicity of the population is predominantly white (93%). National, state, and 
local statistics are found below. 

I Table 3-3: Ethnicity Distribution 
Ethnicity Big Rivers Kentucky US 

White 93.1% 89.4% 68.1% 
5.0% 7.6% 12.5% 
0.2% 0.2% 0.8% 

sian and Pacific Islander 0.4% 1 .O% 4.6% 
1.3% 14% 

The population density in the Big Rivers service area is approximately 80 
persons per square milei3. This is less than the state population density, which is 
about 102.5 persons per square mile. 

It is estimated that the proportion of single-family homes is 86.9% and the 
proportion of multi-family homes is 13.1% within the service areai4. Average 

” .. 2005 Big Rivers Load Forecast 
www.census.aov i z  

’3 GDS estimate using 8,000 square miles and 640,000 for population. 
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Table 3-5 Average Household Income 

Income Range Big Rivers Kentucky US 
$9,999 er less 12.4% 13.0% 9.0% 
$10,000 - $19,999 16.0% 15.2% 11.9% 
$20,000 - $29,999 14.7% 14.4% 12.4% 
$30,000 - $44,999 19.5% 18.4% 17.6% 
$45,000 - $59,999 14.6% 13.9% 14.5% 
$60,000 - $74,999 9.7% 9.4% 10.9% 

$100,000 - $124,999 2.7% 3.4% 5.5% 
$75,000 - $99,999 7.4% 8.1% 10.8% 

$125,000 - $149,000 1.1% 1.5% 2.6% 
$150,000 - $199,999 0.8% 1.3% 2.3% 
$200,000 - or more 1.1% 1.5% 2.5% 
Average Income 5 58,986 5 66,591 $ 85,383 

Table 3-6 Area of Employment Distribution 
Description Big Rivers Kentucky US 

Farm 6.5% 4.6% 1.8% 
Other Agricultural 1.3% 1.3% 1.3% 
Mining 1.4% 0.9% 0.0% 
Construction 7.0% 5.9% 5.7% 
Manufacturing 15.1% 13.6% 10.7% 
Transport, Comm. and Public Utilities 4.8% 5.6% 5.0% 
Wholesale Trade 3.6% 4.0% 4.4% 
Retail Trade 17.5% 16.7% 16.1% 
Finance, Insurance and Real Estate 4.5% 5.8% 8.0% 
Services 25.1% 26.6% 32.7% 
Federal Civilian Government 0.8% 1.5% 1.6% 

State and Local Government 11.8% 11.5% 11.0% 
Federal Military Government 0.6% 2.1% 1.2% 

The majority of the population in the Big Rivers service area is employed by 
careers in the services, retail trade and manufacturing industries. The following 
table presents a distribution of employment for the counties served by Big Rivers, 
the state of Kentucky, and the US. 

'4 ESRl 
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3.4 Latest Forecast of k W h  Sales and Peak Demand 

This latest BREC load forecast was completed in July 2005 and updates the prior 
load forecast that was completed in July 2003.15 The forecast contains 
projections of energy and demand requirements for the 2005-2019 forecast 
horizon. High and low range forecast scenarios were developed to address 
uncertainties regarding the factors expected to influence energy consumption in 
the future. 

The July 2005 forecast shows that total system native energy and peak demand 
requirements are projected to increase at average compound rates of 1.6% and 
1.5%, respectively, from 2004 through 201916. Growth in system requirements is 
projected to be conservative, as requirements for direct serve customers, which 
comprise approximately 32% of total system energy sales, have been held 
constant throughout the forecast period. Rural system energy and peak demand 
requirements, which are represented as total system requirements less those 
associated with direct-serve customers, are projected to increase at an average 
rate of 2.2% and 2.1%, respectively, over the same period. 

The forecast is summarized in Tables 3-7 and 3-8 on the following page. The 
primary influences on long-term growth in BREC electric system requirements 
over the forecast period will continue to be growth in rural system requirements, 
which is primarily a function of growth in number of customers and changes in 
industrial activity. Industrial sales have declined in recent years due to economic 
conditions and the development of a cogeneration site by Weyerhauser. When 
combined with rural system sales, which have increased over the same period, 
total system sales growth has been low. Over the forecast horizon, industrial 
sales are projected to stay relatively level, and residential sales are expected to 
grow at 2.2% annually, resulting in overall system growth of 1.6% per year. 

' 5  Big Rivers Electric Corporation, 2005 Load Forecast, July 2005 (1 13 pages). Prepared by GDS 
Apociates for BREC. 

Based on weather normalized values for 2005 and 2019. 
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Total System 
Energy Peak 

Requirements Demand 
(MWH) (CP kW) 

7,721,677 1,189,000 

3,532,841 663,890 

3,1 58,698 604,155 

3,519,951 675,440 

3,767,931 728.343 
4,054,080 789,356 

Year Consumers 
1994 87,256 

1999 98,168 

2004 106,414 

2009 114.383 

2014 123,516 

2019 133,462 

Rural System 
Energy Peak 

Requirements Demand 
(MWH) (CP kW) 

1,571,482 352,635 

1,921,792 475,416 

2,133,190 476,409 

2,485,739 536,630 

2,737,034 589,533 

3,027,093 650,546 

Table 3-8 
Load Forecast - Average Annual Growth Rates 

Description 

Total Native System Energy Requirements 

Total Native System Peak Demand (CP) 

Rural System Energy Requirements 

Rural System Peak Demand (CP) 

Residential Energy Sales 

Residential Consumers 

Small Commercial & Industrial Energy Sales 

Small Commercial & Industrial Energy Consumers 

Large Industrial - Direct Serve Energy Sales 

Large Industrial - Direct Serve Consumers 

Irrigation Sales 

Public Street Lighting Sales 

2004-2009 

1.8% 
1.3% 

2.6% 
2.4% 

2.1% 

1.3% 
3.2% 
2.4% 

0.3% 
0.0% 

0.0% 

2.0% 

2004-2019 

1.6% 

1.5% 
2.2% 

2.1% 

2.2% 

1.4% 
2.1% 

2.2% 

0.1% 
0.0% 

0.0% 

1.8% 

3.5 

Kenergy 
Kenergy offers educational and informative brochures, magazine articles, and 
television and radio commercials relating to energy efficiency topics. The ground 
source heat pump continues to be the central HVAC technology promoted. 

Existing Member Cooperative Demand-Side Programs 

18 



MAXIMUM ACHIEVABLE COST EFFECTIVE POTENTIAL FOR ELECTRIC 
ENERGY EFFICIENCY IN THE BREC TERRITORY 

FINAL REPORT - November 10,2005 

Energy Resource Conservation Loans at 5 percent interest are available from 
Kenergy to qualifying customers installing a geothermal system in their existing 
homes. This offer is not available for new construction. The loans may finance up 
to 100 percent of the installation cost and may be amortized for up to 60 months. 
Kenergy publishes advertisements in newspapers and magazines that describe 
their 5% financing for installations in existing homes for geothermal energy 
systems. Informative pamphlets and magazine articles are used by Kenergy to 
educate customers on the energy savings gained by installing a geothermal 
system. 

Following are annual operating cost estimates and efficiencies for different types 
of heating and cooling equipment in an average-size home (approximately 1,500 
square feet). Resistance heat includes baseboards, ceiling cable and electric 
furnace. Propane based on $1.91 per gallon + $40 yearly tank rental. Natural gas 
based on $1.24 per CCF. 

_-__ ____ 
ANNUAL HEATING & COOLING OPERATING COSTS 1 .. .. -. . . . .  ... . ..... ~~- 

Kenergy is not currently conducting any load management programs. 

Jackson Purchase Energy Corporation 
JPEC provides similar informational articles and brochures for their members. 
One publication that they distribute is the Energy Savers Tips on Saving Energy 
& Money at Home, which is a brochure that compiles ideas and measures that 
will help reduce energy usage and save money for members. Magazine articles 
are also posted on the cooperative’s web site with ideas on how to save energy 
(for example, by providing shade trees around a home to reduce peak air- 
conditioning loads). The JPEC web site provides the following additional links: 

a link to the electronic copy of the Energy Savers pamphlet. 
a link to the Department of Energy’s Home Energy Saver Web Site. A 
cooperative member can go to that web site and obtain detailed 
information on energy use for their home and how to reduce their energy 
usage. A cooperative member can even customize the information for 
their specific type of home. 
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JPEC provides cash incentives for high efficiency heat pumps in new and 
existing residential homes. JPEC is not currently conducting any load 
management programs. JPEC provides free caulk to its member consumers in 
efforts to help consumers maintain adequate insulation of their homes. 

Meade County Rural Electric Cooperative Corporation 
MCRECC provides energy efficiency informational brochures on geothermal 
heating and cooling systems, and also publishes articles relating to energy 
efficiency tips in Kentucky Living magazine. The articles suggest ways to save on 
cooling costs during the summer and save on heating costs during the winter. 
Radio advertisements are also a way of educating their consumers about energy 
efficiency topics. Advertisements are also used to increase awareness of water 
and energy conservation issues such as leaking faucets and to increase 
awareness of energy efficiency measures that can be used to save money on 
heating and cooling bills while still making the home comfortable. 

MCRECC offers the “All Seasons Comfort Home” program to a cooperative 
member that is building a new home. The program provides recommended, 
proven standards for insulation, energy-saving features, and assistance in the 
selection and installation of high efficiency heat pumps and geothermal heating 
and cooling systems. MCRECC provides information to members on the most 
efficient and economical heating and cooling system equipment. MCRECC is not 
currently conducting any load management programs. 

The energy efficiency initiatives offered by Big Rivers’ member system 
distribution cooperatives are summarized below in Table 3-10. 

Table 3-10: Summary Of Existing Energy Efficiency Initiatives Offered By 
Big Rivers Electric Corporation And Its Distribution Cooperative Members 

Kenerav 
I_ 

Kentucky Living Magazine - Monthly magazine to all customers - focus 
articles on energy efficiency for the home and business and 4 page insert 
from local cooperative detailing programs, safety and customer service. 
DOE Pamphlet “Energy Savers - Tips on Saving Energy & Money at Home” 
Heat Pump Programs - Incentives Programs - 5% financing for Ground 
Source Heat Pumps for up to 5 years 
C/I News - Quarterly magazine to commercial and industrial customers - 
focus on energy related topics including conservation and efficiency 
improvements. 
Energy Efficiency Informational Brochures ”Geothermal Heating and Cooling 
-The Answer to Comfortable and Affordable Living” 
Distribution of compact fluorescent bulbs to customers attending annual 
meeting 
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Incentives Programs: 
o Touchstone Energy Home 
o Water Heater Replacement 
o Add-on Heat Pump 
Heat Loss I Gain analysis for HVAC contractors 
Web Site Information and Links 
o Geothermal Heat Pump Systems 
o USDOE - Energy Saving Tips for Consumers 
o USDOE - Home Energy Audit 
o Commercial Building Energy Checklist 
Energy Audits As Needed 
o Commercial / Industrial 
o Residential 
News Paper Advertising 
o Safety 
o Energy Efficiency 

Jackson Purchase Energy 
e DOE Pamphlet "Energy Savers - Tips on Saving Energy & Money at Home" 

Customer Newsletter - "Plugged In" Focus articles include energy efficiency, 
safety information and customer service 
C/I News - Quarterly magazine to commercial and industrial customers - 
focus on energy related topics including conservation and efficiency 
improvements. 
Pamphlet - "Keep An Eye On That Thermostat" 
Pamphlet - "How much will this light bulb save you?" 
Distribution of compact fluorescent bulbs to customers attending annual 
meeting 
Incentives Programs: 
= Touchstone Energy Home . Water Heater Replacement 
= Add-on Heat Pump 
Web Site Information and Links 
8 USDOE - Energy Saving Tips for Consumers . USDOE - Home Energy Audit 
Energy Audits As Needed 
= Commercial / Industrial 
= Residential 
News Paper Advertising 
9 Safety 

Energy Efficiency 
Energy Efficiency Training for Employees 
1 Basic - Employees with limited customer contact receive training in 

energy cost and efficiencies 
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= Advanced - Employees with extensive customer contact receive in 
addition to the basic course. Training includes additional training in 
HVAC, water heating, lighting, building envelope and construction 
techniques who in turn will provide that guidance to customers. 

Meade County RECC 
DOE Pamphlet "Energy Savers - Tips on Saving Energy & Money at Home" 
C/I News - Quarterly magazine to commercial and industrial customers - 
focus on energy related topics including conservation and efficiency 
improvements. 
Kentucky Living Magazine - Monthly magazine to all customers - focus 
articles on energy efficiency for the home and business and 4 page insert 
from local cooperative detailing programs, safety and customer service. 
Brochure - "Planting Trees to Save Money" 
Distribution of compact fluorescent bulbs to customers attending annual 
meeting 
Web Site Information and Links 
9 Geothermal Heat Pump Systems 
1 USDOE - Energy Saving Tips for Consumers 
= USDOE - Home Energy Audit 
= Commercial Building Energy Checklist 
Energy Audits As Needed 
= Commercial / Industrial 
8 Residential 
News Paper Advertising 
1 Safety 
= Energy Efficiency 
Energy Efficiency Training for Employees 
Basic - Employees with limited customer contact receive training in energy 
cost and efficiencies 

s 
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4.0 Overall Approach To Assess Achievable Potential for Energy 

This section of the report presents an overview of the approach and methodology 
that was used to determine the maximum achievable cost-effective potential for 
electric energy efficiency measures in the service territory of BREC. The three 
key calculations that have been undertaken to complete this assessment are 
described below. Following the descriptions, the three stages of potential energy 
savings are shown graphically in a Venn diagram in Figure 4-1. 

The first step was to estimate the technical potential for electric energy efficiency 
savings in the BREC service territory. Technical potential is defined as the 
complete penetration of all measures analyzed in applications where they are 
deemed to be technically feasible from an engineering perspective. The total 
technical potential for electric energy efficiency for each sector was developed 
from estimates of the technical potential of individual energy efficiency measures 
applicable to each sector (energy efficient space heating, energy efficient water 
heating, etc.). For each energy efficiency measure, GDS calculated the electricity 
savings that could be captured if 100 percent of inefficient electric appliances and 
equipment were replaced instantaneously (where they are deemed to be 
technically feasible). 

The second step was to estimate the maximum achievable efficiency potential. 
Maximum achievable potential is defined as the maximum penetration of an 
efficient measure that would be adopted given unlimited funding, and by 
determining the maximum market penetration that can be achieved with a 
concerted, sustained campaign involving highly aggressive programs and market 
intervention over the next decade. The term "maximum" refers to efficiency 
measure penetration, and means that the GDS Team based its estimates of 
efficiency potential on the maximum realistic penetration that can be achieved. 
For similar studies recently completed by GDS in Connecticut, Florida, Utah, and 
New Mexico, GDS selected a long-term (over ten years) maximum achievable 
penetration rate of 80 Dercent for all sectors. GDS has conducted additional 
secondary research on electric energy efficiency programs and determined that 
this long-term 80 percent penetration estimate is also applicable to this study. 

The third step in this study was to estimate the maximum achievable cost 
effective potential. The maximum achievable cost effective potential is 
defined as the potential for maximum penetration of energy efficient measures 
that are cost effective according to the Total Resource Cost (TRC) test (TRC 
benefiffcost ratio of 1.0 or greater), and would be adopted given unlimited 
funding, and by determining the maximum market penetration that can be 
achieved with a concerted, sustained campaign involving highly aggressive 
programs and market interventions over the next decade. To develop the cost 
effective achievable potential, the GDS Team only retained those electric energy 

Efficiency Measures 

- 
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efficiency measures in the analysis that were found to be cost effective 
(according to the Total Resource Cost Test) based on the individual measure 
cost effective analyses conducted in this Study. Energy efficiency measures that 
are not cost effective were excluded from the estimate of cost effective 
achievable electric energy efficiency potential. Figure 4-1 below shows these 
three stages of the electric energy savings potential. 

Figure 4-1 -Venn Diagram of the Stages of Energy Savings Potential 

Technical 
Potential 

Maximum 
Achievable 
cost 
Effective 
Potential 

4.1 Overview of Methodology 

Our analytical approach began with a careful assessment of the existing level of 
electric energy efficiency that has already been accomplished in the BREC 
service territory. For each electric energy efficiency measure, this analysis 
assessed how much energy efficiency has already been accomplished as well as 
the remaining potential for energy efficiency savings for a particular electric end 
use. For example, if 100 percent of the homes in the BREC service territory had 
electric lighting, and 30 percent of light bulbs were already high efficiency 
compact fluorescent bulbs (CFLs), then the remaining potential for energy 
efficiency savings is the 70 percent of light bulbs in the residential sector that are 
not already high efficiency bulbs. 

The general methodology used for estimating the potential for electric energy 
efficiency in the residential, commercial and industrial sectors of the BREC 
service area included the following steps: 

1. Identification of data sources for electric energy efficiency measures. 
2. Identification of electric energy efficiency measures to be included in the 

assessment. 
3. Determination of the characteristics of each energy efficiency measure 

including its incremental cost, energy savings, operations and 
maintenance savings, current saturation, and useful life. 
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4. Calculation of initial cost-effectiveness screening metrics (e.g., the total 
resource cost (TRC) benefit cost ratio) and sorting of measures from least- 
cost to highest cost. 

5. Collection and analysis (where data was available) of the baseline and 
forecasted characteristics of the electric end use markets, including 
electric equipment saturation levels and consumption, by market segment 
and end use over the forecast period. 

6. Integration of measure characteristics and baseline data to produce 
estimates of cumulative costs and savings across all measures (supply 
curves). 

7. Determination of the cumulative technical and maximum achievable 
potentials using supply curves. 

8. Determination of the annual maximum achievable cost effective potential 
for electricity savings over the forecast period. 

A key element in this approach is the use of energy efficiency supply curves. The 
advantage of using an energy efficiency supply curve is that it provides a clear, 
easy-to-understand framework for summarizing a variety of complex information 
about energy efficiency technologies, their costs, and the potential for energy 
savings. Properly constructed, an energy-efficiency supply curve avoids the 
double counting of energy savings across measures by accounting for 
interactions between measures. The supply curve also provides a simplified 
framework to compare the costs of electric energy efficiency measures with the 
costs of electric energy supply resources. 

The supply curve is typically built up across individual measures that are applied 
to specific base-case practices or technologies by market segment. Measures 
are sorted on a least-cost 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, Le., costs increase rapidly and 
savings decrease significantly at the end of the curve. There are a number of 
other advantages and limitations of energy-efficiency supply curves (see, for 
example, Rufo 2003).” 

4.2 General Methodological Approach 

This section describes the calculations used to estimate the natural gas energy 
efficiency potential in the residential, commercial, and industrial sectors. There is 
a core equation, shown in Table 4-2, used to estimate the technical potential for 
each individual electric efficiency measure and it is essentially the same for each 

l 7  Rufo, Michael, 2003. Affachment V -  Developing Greenhouse Mitigation Supply Curves for ln- 
State Sources, Climate Change Research Development and Demonstration Plan, prepared for 
the California Energy Commission, Public Interest Energy Research Program, P500-03-025FAV, 
April. h~p://~.enerav.ca.qov/pier/re~o~s/500-03-025fs.htm1 
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sector. However, for the residential sector, the equation is applied to a "bottom- 
up" approach where the equation inputs are displayed in terms of the number of 
homes or the number of high efficiency units (e.g., compact fluorescent light 
bulbs, high efficiency air conditioning systems, programmable thermostats, etc.). 
For the commercial and industrial ( M I )  sectors, a "top-down" approach was 
used for developing the technical potential estimates. In this case, the data is 
displa ed in terms of energy rather than number of units or square feet of floor 
area." Furthermore, due to the lack of readily available equipment saturation 
and electric end use data in the commercial sector, the energy savings potential 
estimates for the BREC commercial sector were based upon savings estimates 
from similar studies conducted recently in other States. 

4.2.1 Core Equation for Estimating Technical Potential 

The core equation used to calculate the electric energy efficiency technical 
potential for each individual efficiency measure for the residential and industrial 
sectors is shown below in Table 4-2. 

Table 4-2 - Core Equation 
Base Case 
Equipment Total 

Number of End Use 
Residential 
Households (annual Base Case Remaining Convertible Savings 
[c&/ : rota/ kWh use Factor Factor Factor Factor Of 

Efficient 
Measure End Use per 

Dth (by home) 
=gment)l 

where: 

Number of Households is the number of residential electric customers in 
the market segment. (Residential only) 

Total end use decatherms (by segment) is the forecasted level of 
electric gas sales for a given end-use (e.g., space heating) in a C&l 
market segment (e.g., office buildings). (Industrial only) 

Base-case equipment end use intensity is the electricity used per 
customer per year by each base-case technology in each market 
segment. This is the consumption of the electric energy using equipment 
that the efficient technology replaces or affects. For example, if the 

" It is important to note that square-foot based saturation assumptions cannot be applied to 
energy use values without taking into account differences in energy intensity (e.g., an area 
covered by a unit heater may represent two percent of floor space but a larger percent of space 
heating energy in the building because it is likely to be less efficient than the main heating plant). 

26 



MAXIMUM ACHIEVABLE COST EFFECTIVE POTENTIAL FOR ELECTRIC 
ENERGY EFFICIENCY IN THE BREC TERRITORY 

FINAL REPORT - November I O ,  2005 

efficient measure were a high efficiency light bulb (CFL), the base end use 
intensity would be the annual kWh use per bulb per household associated 
with an incandescent light bulb that provides equivalent lumens. 
(Residential only) 

Base Case factor is the fraction of the end use 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 all residential 
electric customers that have electric lighting in their household. 

Remaining factor is the fraction of applicable dwelling units that have not 
yet been converted to the efficient electric energy efficiency measure: that 
is, one minus the fraction of households that already have the energy- 
efficiency measure installed. 

Convertible factor is the fraction of the applicable dwelling units that is 
technically feasible for conversion to the efficient technology from an 
engineering perspective (e.g., it may not be possible to install CFLs in all 
light sockets in a home because they may not fit). 

Savings factor is the percentage reduction in electricity consumption 
resulting from application of the efficient technology. 

e 

Technical electric energy efficiency savings potential was 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 synergistic measures. By treating measures independently, their 
relative economics are analyzed without making assumptions about the order or 
combinations in which they might be implemented in customer buildings. 
However, the total technical potential across measures cannot be estimated by 
summing the individual measure potentials directly because some savings would 
be double-counted. For example, the savings from a weatherization measure, 
such as low-e ENERGY STAR@ windows, are partially dependent on other 
measures that affect the efficiency of the system being used to cool or heat the 
building, such as high-efficiency gas furnaces or high efficiency air conditioning 
systems; the more efficient the gas furnace or electric air conditioner, the less 
energy saved from the low-e ENERGY STAR windows. 

Due to the unique nature of industrial customers, the approach to develop 
savings potential for this sector is generally done on an industrial subsector (e.g. 
Food, Paper, Petroleum, Agriculture, etc.) basis. GDS used data provided by 
BREC on their largest eighteen industrial customers to develop the estimates of 
the industrial sector electricity savings potential. 
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For the residential and commercial sectors, the GDS Team addressed the new 
construction market separately. In the residential sector, detailed savings 
estimates for the ENERGY STAR Homes (Plus) program were used as a basis 
for determining electricity savings for this potential program in the BREC service 
territory. 

4.2.2 Rates of Implementation for Energy Efficiency Measures 

For new construction, energy efficiency 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 construction. For existing buildings, determining the 
annual rate of availability of savings is more complex. Energy efficiency potential 
in the existing stock of buildings can be captured over time through two principal 
processes: 

1. as equipment replacements are made normally in the market when a 
piece of equipment is at the end of its useful life (we refer to this as the 
"market-driven'' case); and, 

2. at any time in the life of the equipment or building (which we refer to as the 
"retrofit" case). 

Market-driven measures are generally characterized by incremental measure 
costs and savings (e.g., the incremental costs and savings of a high-efficiency 
versus a standard efficiency natural gas furnace); whereas retrofit measures are 
generally characterized by full costs and savings (e.g., the full costs and savings 
associated with retrofitting ceiling insulation into an existing attic). A specialized 
retrofit case is often referred to as "early replacement". This refers to a piece of 
equipment whose replacement is accelerated by several years, as compared to 
the market-driven assumption, for the purpose of capturing energy savings 
earlier than they would otherwise occur. 

For the market driven measures, we assumed that existing equipment will be 
replaced with high efficiency equipment at the time a consumer is shopping for a 
new appliance or other energy using equipment, or if the consumer is in the 
process of building or remodeling. Using this assumption, equipment that needs 
to be replaced (replaced on burnout) in a given year is eligible to be upgraded to 
high efficiency equipment. For the retrofit measures, savings can theoretically be 
captured at any time; however, in practice it takes many years to retrofit an entire 
stock of buildings, even with the most aggressive of efficiency programs. 

4.2.3 Development of Maximum Achievable Cost Effective 
Potential Estimates for Energy Efficiency 

To develop the maximum achievable cost effective potential for electric 
energy efficiency, energy efficiency measures that were found to be cost 
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effective (according to the Total Resource Cost Test) were retained in the energy 
efficiency supply curves. Electric energy efficiency measures that were not cost 
effective were excluded from the estimate of maximum achievable cost effective 
energy efficiency potential. 

4.2.4 Free-Ridership and Free-Driver Issues 

Free-riders are defined as participants in an energy efficiency program who 
would have undertaken the energy-efficiency measure or improvement in the 
absence of a program or in the absence of a monetary incentive. Free-drivers are 
those who adopt an energy efficient product or service because of the 
intervention, but are difficult to identify either because they do not collect an 
incentive or they do not remember or are not aware of exposure to the 
interventi~n.’~ GDS has not included the impact of free-drivers in this study. 

The issue of free-ridership is important. In summary, free-riders are accounted 
for through the electric energy and peak demand forecast provided by BREC. 
This electric kWh sales forecast already includes the impacts of naturally 
occurring energy efficiency (including impacts from vintaging of electric 
appliances, electric price impacts, and electric appliance efficiency standards). 
Because naturally occurring energy savings are already reflected in the electricity 
sales forecast used in this study, these electric savings will not be available to be 
saved again through the GDS energy efficiency supply curve analysis. GDS used 
this process to ensure that there is no ”double-counting” of energy efficiency 
savings. This technical methodology for accounting for free-riders is consistent 
with the standard practice used in other recent technical potential studies, such 
as those conducted in California, Connecticut, Florida, Idaho, New Mexico and 
Utah. 

4.3 Basis for Long Term Maximum Market Penetration Rate for 
High Efficiency Equipment and Building Practices 

This section explains the basis used in this study for the maximum achievable 
penetration rate that cost effective electric energy efficiency programs can attain 
over the long-term (ten years) with well-designed programs and unlimited 
funding. GDS is using a maximum achievable penetration rate of 80 percent by 
2015 for BREC’s residential, commercial and industrial sectors. 

The maximum achievable natural gas energy efficiency potential for BRECs 
residential, commercial and industrial sectors is a subset of the technical 
potential estimates. The term “maximum” refers to efficiency measure 
penetration, and means that the GDS Team has based the estimates of 

’’ Pacific Gas and Electric Company, “A Framework for Planning and Assessing Publicly Funded 
Energy Efficiency Programs”, Study ID PG&E-SW040, March 1,2001. 

29 



MAXIMUM ACHIEVABLE COST EFFECTIVE POTENTIAL FOR ELECTRIC 
ENERGY EFFICIENCY IN THE BREC TERRITORY 

FINAL REPORT - November I O ,  2005 

efficiency potential on the maximum realistic penetration that can be achieved by 
2015 (ten years from now). The term “maximum” does not apply to other factors 
used in developing these estimates, such as measure costs, measure energy 
savings or measure lives. 

The maximum achievable potential estimate for energy efficiency defines the 
upper limit of savings from market interventions. For each sector, the GDS Team 
developed the initial year (2006) and terminal year (2015) penetration rate that is 
likely to be achieved over the long term for groups of measures (space heating 
equipment, water heating equipment, etc.) by end use for the ”naturally occurring 
scenario” and the “aggressive programs and unlimited funding” scenario. GDS 
reviewed maximum penetration forecasts from other recent energy efficiency 
technical potential studies, actual penetration experience for natural gas energy 
efficiency programs operated by energy efficiency organizations (Pacific Gas and 
Electric, KeySpan Energy Delivery, NEEP, NYSERDA, NEEA, BPA, Focus on 
Energy, other gas utilities, etc.), and penetration data from other sources 
(program evaluation reports, market progress reports, etc.) to estimate terminal 
penetration rates in 2015 for the maximum achievable scenario. In addition, the 
GDS Team conducted a survey of nationally recognized energy efficiency 
experts requesting their estimate of the maximum achievable penetration rate 
over the long-term for a state or region, assuming implementation of aggressive 
programs and assuming unlimited funding. The terminal year (2015) penetration 
estimates used by GDS for use in this study for BREC are based on the 
information gathered through this process. Based on a thorough review of all of 
this information, GDS used a maximum achievable penetration rate of 80 
percent by 201 5 for BRECs residential, commercial and industrial sectors. 

4.3.f Examples of US Efficiency Programs with High Market 
Penetration 

GDS collected information on energy efficiency programs conducted during the 
past three decades where high penetration has been achieved. Examples of 
seven such programs are listed below: 

1. In the State of Wisconsin, a natural gas energy efficiency program to 
promote high efficiency gas furnaces attained a penetration rate of over 90 
percent.” 

2. KeySpan Energy Delivery’s high efficiency residential furnace program 
has achieved a market share of approximately 70 percent over seven 
years (1 997-2004). 

Hewitt, David. C., “The Elements of Sustainability”, paper presented at the 2000 ACEEE 
Summer Study on Energy Efficiency in Buildings. Washington: American Council for an Energy 
Efficient Economy. Pages 6.179-6.190. The Wisconsin furnaces case study data can be found on 
pages 6.185-6.186. 
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3. The Residential Multifamily/Low-Income Program administered by 
Efficiency Vermont achieved a market share of over 90 percent for new 
construction and nearly 30 percent for existing housing?' 

4. The Northwest Energy Efficiency Alliance reported that the market share 
of ENERGY STAR windows in the Northwest reached 75 percent by mid- 
2002 and is continuing to increase.'' 

5. Vermont Gas Systems' reported that 68 percent of new homes in their 
service territory were ENERGY STAR Homes in 2002:' 

6. Gaz Metro in Quebec reported that the national market share of high 
efficiency furnaces in Canada has reached 40 percent due to years of 
energy efficiency programs." 

7. Residential weatherization and insulation programs implemented by 
electric and gas utilities in New England have achieved high participation 
rates. 

GDS finds that the actual market penetration experience from electric and gas 
energy efficiency programs in other States is useful and pertinent information that 
should be used as a basis for developing long-term market penetration estimates 
for electric energy efficiency programs in the BREC service territory. In addition, 
recent natural gas technical potential studies in California, Connecticut, Florida, 
New Mexico, and Utah also used a maximum achievable penetration rate of 80 
percent. 

4.3.2 Lessons Learned from America's Leading Efficiency 
Programs 

GDS also reviewed program participation and penetration data included in 
ACEEE's March 2003 report on America's leading energy efficiency programs?' 
The information presented in this ACEEE report clearly demonstrates the wide 
range of high-quality energy efficiency programs that are being offered in various 
areas of the United States today. A common characteristic of the programs 
profiled in this ACEEE report is their success in reaching customers with their 
messages and changing behavior, whether regarding purchasing of new 
appliances, designing new office buildings, or operating existing buildings. 

" ACEEE -America's Best Natural Gas Energy Efficiency Programs, 2003. '' York, Dan; Kushler, Martin; "America's Best: Profiles of America's Leading Energy Efficiency 
Programs," published by the American Council for an Energy Efficient Economy, March 2003, 
Report Number U032. 
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Table 5-1: Summary of Residential Electric Energy Efficiency Savings Potential in BREC 
Service Territory 

Estimated Cumulative Savings in 2015 as a Percent of 
Annual Savings by 2015 Total 2015 Residential Sector 

Technical Potential 

Maximum Achievable Potential 

(kWh) Electricity Sales 

462,490,556 26.0% 

312,355,072 17.5% 

277,744,782 
Maximum Achievable Cost 

Effective Potential 

The maximum achievable cost effective potential in the residential sector is 
277,745 mWh, or 15.6 percent of the BREC residential kWh sales forecast in 
2015. 

5.1 Residential Sector Electric Energy Efficiency Programs 

Twenty-four residential electric energy efficiency programs or measures were 
included in the analysis for the residential sector. The set of electric energy 
efficiency measures considered was pre-screened to only include those 
measures that are currently commercially available. Thus, emerging technologies 
were not included in the analysis. Tables 5-2, 5-3, and 5-4 below list the 
residential sector electric energy efficiency programs or measures included in the 
technical, maximum achievable, and maximum achievable cost effective potential 
analyses. 

In this report we also present the technical achievable potential results in the 
form of electric supply curves. The supply curve for electric energy efficiency 
savings is shown in Figure 5-1 below. This analysis is based on BRECs most 
recent residential electric sales forecast for the years 2006 to 2015. Energy- 
efficiency measures were analyzed for the most important electric consuming 
end uses: space heating, water heating, refrigeration, and lighting. 

15.6% 
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# Measure Description Single-Family 

vers Electric Corporation. 
by GDS Associates in July, 

Multi-Family Total 
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1 Table 5-3: Total Cummulative Annual Maximum Achievable Potential kWh Savings for Electric Enersy Efficiency In 
BREC Service Territoly By 2015 
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Table 5-4 Total Annual Maximum Achievable Cost-Effective Potential kWh Savings for Electric Energy EHiciency In 
BREC Service Territory By 2015 

Residential Sector - Market Driven and Retrofit Savings 
1 I I I 1 J C I C I  7 

I.ICmoYI- 

Measure Level Cumulative 
Level TRC Annualkwh 

Single- TRC BenefiUC Savings by 
Family Multi-Family BenefiUC ost 2015(forcos 
kWh kWh ost Ratio Ratio effective 

Note: The TRC BeneflVCast Ratios were obtained from the GDS BenefiVCost Screening Model, from the Program Cost Effectiveness 
Worksheet. The kWh savings Shown above am from table 5 3 ,  and kWh savings in the last Column in the above table are counted only 
forthme measuresthat haveaTRC benefiVcost ratio greaterthan orequal to 1.0. 
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Savings Potential As Percent of Total Residential Electricity Sales 

Figures 5-2 to 5-4 provide information on the potential electric savings in the 
residential sector. Thirty-six percent of the technical potential savings is in the 
residential lighting end use, and sixteen percent is in the refrigeration end use. 
Figure 5-5 presents the cost of conserved energy (CCE) for residential electric 
energy efficiency measures included in this study. Note that the CCE figures 
shown below only include electric savings, and do not include savings of other 
fuels (gas, oil, wood, etc.) or water. Note that Figure 5-5 is not a supply curve; 
rather, it simply provides a picture of the relative cost of conserved energy for the 
electric energy efficiency measures examined in this study. Note that there are 

energy efficiency measures having a cost of conserved energy less than 
$.02 per kWh saved. 
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Figure 5-2 Summary of Potential Savings 

Max Achievable Cost Effective Technical 
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Figure 5-3 Residential Sector Technical Potential Savings By 
Measure Type - Kilowatt Hours 

6.561.192 

DHW Wrap (LI). 1.W9.414 7 

~Slwesher. 5.969.225 

FT Refrigentw. 59,632,416 

Updghl Fie~rer, 2,115,972 A -  Chest Freezer, 697,549 

1,114,362 I 
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Figure 5-4 Residential Sector Technical Potential Savings By Measure 
Type - Percent of Total Savings 
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Figure 5-5 Cost of Conserved Energy - Residential Electric Energy 
Efficiency Measures ($ Per kWh Saved) 
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6.0 COMMERCIAL SECTOR GAS ENERGY EFFICIENCY POTENTIAL 

Due to the lack of readily available equipment saturation and electric end use 
data for the BREC commercial sector, the energy savings potential estimates for 
the BREC commercial sector were based upon savings estimates from similar 
studies conducted recently in other States. Based on a thorough review of these 
other recent studies, GDS estimates that the maximum achievable cost effective 
potential for electric energy efficiency in the BREC service area the year 2015 is 
approximately 10% of 201 5 commercial sector kWh sales. For the commercial 
sector, interior lighting still represents the largest end-use savings potential in 
absolute terms for both energy and peak demand, despite the significant 
adoption of high-efficiency lighting throughout the 1990's. The distribution of 
commercial sector potential savings of electricity by end use is shown in Figure 
6-1. 

As expected, the space cooling electric end use represents a significant portion 
of the total peak demand savings potential. Refrigeration energy savings 
potential is roughly equal to that of cooling but is significantly less important in 
terms of peak demand potential. In terms of energy savings, the Super T8 
lamp/electronic ballast (SuperT81EB) combination likely holds the largest 
potential, even though we estimate that current saturation levels of standard T- 
8's are well over 50 percent. Refrigeration compressor and motor upgrades, 
occupancy sensors for lighting, office equipment power management, and hard- 
wired CFL fixtures round out the measures that represent the largest 
opportunities for energy savings. 

With respect to peak demand savings, such technologies as comparative 
enthalpy economizers represent a large peak demand savings opportunity, 
followed by the Super T8/EB combination. Cooling measures become more 
significant in terms of peak impacts with high-efficiency chillers and packaged 
units, as well as chiller tune-ups making up a large share of total potential 
demand savings. Occupancy sensors and Super T8IEB also represent a 
significant percent of total demand savings potential, as they did with respect to 
energy savings. These measures, when combined, represent approximately 45% 
of the electric peak demand reduction potential. 
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Potential kWh 

Figure 6-1 Distribution of Commercial Sector Maximum Achievable Potential 
Savings by End Use 

Cumulative Annual kWh % of 2015 BREC System 
Savings by 2015 kWh Sales 

85,475,300 10% 

Cost Effective Maximum 
Achievable GWH Savings 

Cos1 Effeciive Maximum 
Ach evable MW Saiings 

The maximum achievable cost effective cumulative annual kWh savings by the 
year 2015 for the BREC commercial sector are shown in Table 6-1 below. 

1 Table 6-1: Cumulative Annual Maximum Achievable Cost Effective kWh and kW 1 

Appendix B of this report provides detailed information on the costs, savings and 
useful lives of commercial sector energy efficiency technoiogies. 
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Estimated BREC Industrial 
Cumulative Annual Sector MWH 

Savings in 2015 Sales Foreacst for 
(MWH) 2015 

Technical Potential 124,697 1,159,630 

I Maximum Achievable Potentiall 99,758 I 1,159,630 I 8.6% 1 

Savings in 2015 
as a Percent of 

Total 2015 
industrial Sector 

Electric Sales 

10.8% 

99,758 Maximum Achievable Cost 
Effective Potential 
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Overall Amroach for the Industrial Sector 

A literature review of several recent industrial electric potential studies indicates 
that due to the unique nature of industrial customers, the approach to develop 
savings potential generally is done on industrial sub-sectors (e.g. Food, Paper, 
Petroleum, Agriculture, etc.) basis. The specific data sources used by GDS for 
the development of the industrial sector electric savings potential estimates are 
listed in Appendix C of this report. Appendix C also provides detailed information 
on the costs, savings and useful lives of industrial sector energy efficiency 
technologies. 

Steps to Develop Electric Enerav Efficiency Potential for the Industrial 
Sector 

The steps used by GDS to develop the estimates of energy efficiency potential 
for the industrial sector are listed below: 

Start with the Industrial annual electric use by customer information that 
was supplied. 
Classify the customers by Industrial sub-sector according to the ACEEE 
report. 
Apply the Percent of Sub-sector Electricity Consumption by Sub-sector 
found in Table 8 of 2003 ACEEE report. 

0 For IO-year Savings Potential use twice the "5-year Savings factors by 
End-use'' found in Table 7, ACEEE, 2003 report. Rationale: The ACEEE 
numbers were based on an earlier XENERGY reportz3 that estimated 10- 
year savings potential. 
Calculate the individual electric energy efficiency savings by end-use by 
customer. 
Sum information to determine maximum achievable electric energy 
efficiency savings potential. 

0 For estimating annual electric energy efficiency impact between 2006 and 
2015 assume that an energy efficiency program achieved 10 percent of 
the total 2015 impact each year. Measure life is assumed to be a minimum 
of 10 years. 

7.2 Efficiency Measures Examined 

Four end-use categories (motors, process heating, HVAC, and lighting) were 
considered for the analysis. The analysis was kept at the aggregate end-use 
level since the level of detailed information that would be needed to provide a 
measure-by-measure analysis similar to that found in the residential and 

23 XENERGY. 2001, California Industrial Energy Efficiency Market Characterization Study, 
Oakland, CA. 
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commercial sector analyses was beyond the scope of the current study. 
However, examples of energy efficiency measures that can be included in an 
industrial program for the four end-uses are listed in Table 7-2. 

Table 7-2 Industrial Sector Energy Efficiency Measures 

Motors 
Process Pumps and Fans 
Ventilation Fans 
Heating Pumps 
Compressor motors 

m ; - S & % ~ r s  and Photocells __ -4 
As shown below in Table 7-3, estimates of the potential annual electric savings 
vary by end use. ACEEE and Xenergy used the following energy savings 
potential estimates for 5-year and 10-year estimates, respectively: 

Table 7-3 - Potential Industrial Electric Savings 
..l_ x n d  . Use ...l .. __ . 

Industrial End-use 5-Year Savings Potential I O  Year Saving Potential 
. ___ .. . - .- -. .. __ . ___ 

Emerging electric energy efficiency technologies were not considered in the 
analysis. 

The end-use analysis was segmented into seven industrial types for the BREC 
service territory. The technical and economic potential results are presented in 
aggregate and by end use in the form of electric supply curves. We provide 
estimates of savings in both absolute MWH and percentage terms, and we 
express percent savings in two ways: 
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7.3 Technical and Maximum Achievable Economic Potential 

This section presents technical and economic potential estimates for the 
industrial and agriculture sector for the year 2015. 

Technical savings potential is estimated to be approximately 124,697 MWH by 
2015, maximum achievable potential is estimated to be approximately 99,758 
MWH and maximum achievable cost effective potential is estimated to be 
99,758 MWH (or between 8.6 and 10.8 percent of expected industrial electric 
consumption in the year 2015). The savings level for the maximum achievable 
and the maximum achievable cost effective scenarios are identical for the 
industrial sector because all energy efficiency measures considered in the 
industrial sector analysis were cost effective (according to the TRC test). Figure 
7-1 illustrates the three values along with the associated percent of electric sales 
in 2014. 
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Figure 7-1 Estimated Technical, Maximum Achievable and Maximum 
Achievable Cost Effective Potential for Electric Savings in the Industrial 

Sector in the BREC Service Area 

Technical Max Achievable Cost Effective 

Figure 7-2 shows the percentage of total technical potential savings within each 
of the industrial end uses. Motors accounts for the largest percentage of 
technical potential at 81 percent, with lighting being the distant second at 7 
percent. Process heating and HVAC both represent approximately 6 percent 
each. These percentages are identical for the maximum achievable cost effective 
potential savings estimates. 
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Figure 7-2 Industrial Sector Technical Potential Savings 

Lighting 
7% 

Process Heati 
6% 

In Table 7-5, we present estimates of the technical savings potential by end use 
in terms of energy saved in the year 2015 and in terms of percent of base end 
use energy consumption. The electric motors end use has the largest technical 
savings potential at approximately 100,573 MWH annually by 2015. 

In Table 7-6, we present estimates of maximum achievable cost effective savings 
potential by end use in terms of energy saved in the year 2015 and in terms of 
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percent of base end use energy consumptionz4. Motors is the end use with the 
largest technical potential at 80,458 MWH. 

Key Data Limitations Associated with Estimates of Industrial Electric 
Potential 

End-use costs: Estimates of aggregate measure costs for each end-use 
category were developed using several sources, including electric savings 
potential studies recently conducted in California, Connecticut and Iowa, 
as well as many other sources compiled for this study. While the sources 
used offer reasonable values for the end-use costs, GDS was unable 
(within the budget for this project) to gather end-use cost data specific to 
the BREC service area for every energy efficiency measure for the 
industrial sector. 

End-use savings. Estimates of aggregate measure savings for each 
end-use category were developed using several sources, including electric 
savings potential studies recently conducted in California, Connecticut and 
Iowa, as well as many other sources compiled for this study. While the 
sources used offer reasonable values for the end-use savings, GDS was 
unable (within the budget for this project) to gather energy savings data 
specific to BREC service area for every industrial energy efficiency 
measure. 

24 Maximum achievable savings breakdown is not shown because, as stated previously, the 
savings level for the maximum achievable and the maximum achievable cost effective scenarios 
are identical for the industrial sector because only cost effective measures were considered in 
this analysis. 
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7.4 Energy-Efficiency Supply Curves 

Due to the aggregated measure approach used in the industrial sector, a supply 
curve was not developed. 
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8.0 NON-ENERGY BENEFITS OF ELECTRIC ENERGY EFFICIENCY 
PROGRAMS 

In addition to saving energy, electric energy efficiency programs can provide a 
variety of non-energy  benefit^.'^ Implementing energy efficiency programs in the 
BREC service territory will save electricity gas and will provide several other 
benefits to the State’s economy. 

Listed below are examples of non-energy benefits that will result from 
implementation of the electric energy efficiency measures included in the 
portfolio of gas energy efficiency programs recommend by this study: 

Electric energy efficiency programs can help reduce emissions of air 
pollutantsz6 and greenhouse gases 

Saving one kwh saves 1.39 Ibs. of CO2. 
Saving one kwh saves .002960 Ibs. of NOX. 
Saving one kwh saves .006040 Ibs. of SO2. 9 

Electric energy efficiency programs can be more reliable than increasing 
the infrastructure of the electric generation supply system because electric 
energy efficiency measures are “distributed resources” and require no on- 
going fuel supply. As such, they are not subject to potential supply 
interruptions andlor fuel price increases. 
Electric energy efficiency can make homes and businesses more 
comfortable - less drafty, etc. 
Electric energy efficiency programs can make businesses in Kentucky 
more efficient, and thus more competitive with businesses in other states 
and other countries. 
Electric energy efficiency programs can help homes and businesses 
reduce operating costs. As a result, there are economic multiplier effects, 
such as increased productivity and increased jobs. 

8.1 Residential Sector Non Energy Benefits 

Electric energy efficiency measures installed in homes or businesses can be 
more reliable than investments in electric supply-side resources. Unlike 
transmission and distribution lines, for example, the location of electric energy 
efficiency projects may not be as vulnerable to severe storms (ice storms, snow 

25 The New Mother Lode: The Potential for More Efficient Electricity Use in the Southwest, 
Southwest Energy Efficiency Project (SWEEP), November 2002. 
26 GDS uses the following definitions of these emissions: C02 is the major green house gas; NOx 
contributes to ground level ozone, particulate matter, acid rain, visibility impairment and nitrogen 
deposition: and SO2 contributes visibility impairment, acid rain, and particulate matter. G D S  
obtained the emissions rates shown here for SOX, NOX and C02 from the US Environmental 
Protection Agency (see http://www.epa.gov/cleanenergy/egrid/samples.htm#highlights). 
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storms, wind storms, or spikes in the price of electricity. Contractors or 
homeowners, depending on the complexity of the measure, can easily install the 
electric energy efficiency measures. Energy efficiency measures are designed 
not only to save energy but also to improve the comfort of the occupant. 
Caulking, weather-stripping, insulation, ENERGY STAR windows, infiltration 
measures, CFLs and high efficiency air conditioners will reduce household and 
business operating costs and will decrease infiltration and heat loss. 

The following benefits of energy efficiency programs have been noted in a recent 
evaluation report from the Wisconsin Focus on Energy Program*': 

Increased safety resulting from a reduction of gases emitted into the 
atmosphere, such as carbon monoxide. 
Fewer illnesses resulting from elimination of mold problems due to proper 
sealing, insulating and ventilation of a home 
Reduced repair and maintenance expense due to having newer, higher 
quality equipment 
Increased property values resulting from installation of new equipment 

Non-energy benefits can play a key role for residential builders who promote 
energy efficiency in new home construction as seen in Wisconsin's Energy Star 
Home Program (WESH). Given that WESH homes are reported as selling at a 
higher price for 79 percent of homebuilders and the fact that 86 percent of 
homebuilders are more inclined to promote themselves as energy efficient 
builders, WESH homebuilders can view and market themselves as high-end 
homebuilders. WESH program implementers market the program by telling 
prospective homebuilders that they will be able to expand their business as a 
result of the WESH program. Also, given the frequency that comfort and safety 
improvements are cited as non-energy benefits associated with both WESH and 
Home Performance with Energy Star Program (HPWES), emphasizing these two 
non-energy benefits in program marketing efforts may help to increase program 
participation. In addition, increased durability and longevity of household 
equipment can be a selling point for the Wisconsin HPWES program, where 84 
percent of contractors cite this as a non-energy benefit?* 

State of Wisconsin Department of Administration Division of Energy, Focus on Energy Public 
Benefits Statewide Evaluation, Quarterly Summary Report: Contract Year 2, Second Quarter, 
March 31, 2003, Evaluation Contractor: PA Government Services Inc. Prepared by: Focus 
Evaluation Team. 

State of Wisconsin Department of Administration, Division of Energy, Focus on Energy 
Statewide Evaluation, Non-Energy Benefits Cross-Cutting Report, Year 1 Efforts, Evaluation 
Contractor: PA Government Services lnc., Prepared by: Nick Hall, TecMarket Works, Oregon, 
Wisconsin Under Contract To PA Consulting, January 20,2003 

27 
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8.2 Commercial Sector Non Energy Benefits 

By utilizing electric energy efficiency programs, businesses in Kentucky can 
become more efficient and lower their monthly utility bills. The energy and 
monetary savings from electric energy efficiency programs can provide 
businesses with additional capital to invest in business infrastructure. Electric 
energy efficiency programs can help businesses in Kentucky become more 
competitive with other businesses in the United States and in other countries. 
Implementing electric energy efficiency measures may also increase productivity 
and afford the business with the opportunity to add new jobs, further bolstering 
the economy in the BREC service area. 

Examples of Non Energy Benefits from The Wisconsin Focus on Energy 
Business Pr~grarns:'~ 

Increased productivity 
Improvement in morale 
Reduced repair and maintenance costs 
Reduced waste 
Reduced defect or error rates 

8.3 Societal Related Benefits 

Economic impact 

The spending of dollars to provide electric energy efficiency programs creates 
jobs and increases the economic activity associated with local spending streams. 
As labor and material dollars are "turned-over'' in the local economy, the people 
in that economy benefit.30 In the Wisconsin Focus on Energy Program, for 
example, the Program Evaluation contractor reports that 46 new full-time jobs are 
created in the state for every $1 million invested in energy efficiency programs. 

Environmental 

Increased energy efficiency is in the public interest for environmental, economic 
and national security reasons. The production and use of energy causes a large 
portion of the nation's air pollution. Fossil fuel combustion and the resulting 
emissions can be harmful to public health in a variety of ways: 

by harming to ecological systems, especially by increasing the acidity of 
rainfall and water bodies, and 

29 Ibid. 
30 Beyond Energy Savings: A Review of the Non-Energy Benefits Estimated for Three Low- 
Income Programs, ACEEE Paper 326, Nick Ha//, TecMarket Works, Jeff Riggerf, TecMarket 
Works, From: 2002 ACEEE Summer Study Proceedings 
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NA $918,613.33 $1,644,498.15 Total $ Value of Pollutants 

by being a major source of greenhouse gases causing climate change. 

A reduction in energy consumption through greater efficiency of energy use is a 
means to reduce all emissions from burning fossil fuels, including NO,, SO2, and 
co2.3’ 

Table 8-1 illustrates the level of pollutants and greenhouse gases that can be 
avoided if the maximum achievable cost effective savings from this report are 
realized. The estimates in Table 8-1 include only those emissions that are 
avoided from the avoidance of electric generation. Per the February 2005 Cantor 
Fitzgerald Market Price Index for SO2 at $657.04 per ton and NO, at $2,400 per 
ton, the values in Table 8-1 would result in a market value of over $1.6 million 
annually for avoided NO, emissions and slightly more than $918,000 for avoided 
SO2 emissions. In addition, a recent California Public Utilities Commission 
report3’ provides a value of avoided COz emissions of $8 per ton in 2005. Using 
this $8 per ton value, the avoided CO2 emissions are worth $2.6 million annually 
by 2015. 

$2,578,769.40 

Table 8-1: Market Value of Avoided Emissions 
1 I Tons of Pollutant Avoided by 2015 

kWh Saved bv SO2 Emissions I NOX Emissions I CO2 Emissions I I Cumulative Annual 

Cost-effective energy efficiency actions are beneficial (1 ) to individual users of 
natural gas by reducing consumer costs and (2) to the economy by increasing 
discretionary income. The im lementation of energy efficiency measures can 
help consumers save money. 

A recent American Council for An Energy Efficient Economy (ACEEE) analysis 
found that modestly reducing both natural gas and electricity consumption, and 
increasing the installation of renewable energy generation could dramatically 
affect natural gas price and availability. According to the ACEEE report, in just 12 

3 P  

3‘ Energy Efficiency and Renewables Sources: A Primer, Prepared by the National Association of 
State Energy Officials Updated by Global Environment & Technology Foundation, October 2001. 
32 California Public Utilities Commission, Methodology and Forecasts of Long-Term Avoided 
Costs for the Evaluation of California Energy Efficiency Programs, E3 Research Report 
Submitted to the CPUC Energy Division, October 25, 2004. 
33 u. 
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months, nationwide efforts to expand energy efficiency and renewable energy 
could reduce wholesale natural gas prices by 20 percent and save consumers 
$15 billion/year in retail gas and electric power costs. 34 35 

8.4 Job Creation Benefits of Energy Efficiency Identified in 
SWEEP Report 

The November 2002 Southwest Energy Efficiency Project "Mother Lode" report36 
determined that investing in electric energy efficiency measures can lower 
electricity and natural gas bills for residents and businesses in the Southwest. 
This report notes that these lower energy bills, in turn, promote overall economic 
efficiency and create additional jobs. The High Energy Efficiency Scenario 
included in the SWEEP report shows significant macroeconomic benefits for 
each of the states in the Southwest and the region as a whole. By 2020, SWEEP 
estimates that the efficiency investments and energy bill savings add more than 
$1.3 billion in new wage and salary income (in 2000 dollars) and support a net 
increase of 58,400 jobs for the Southwest region as a whole. These income and 
jobs gains reflect differences between a business-as-usual Ease Scenario and a 
High Energy Efficiency Scenario. Although the job gains are distributed 
throughout much of the economy, several sectors, including services, retail trade, 
and government show the largest gains. Not surprisingly, the energy industries 
(electric and gas utilities, and coal mining) exhibit the largest losses. 

The report found that a total job loss of 7,500 jobs is projected to occur in the 
region by 2020 in the High Energy Efficiency Scenario, compared to a total job 
gain of about 66,000 jobs and a net increase of 58,400 jobs in this scenario. 
Furthermore, the projected losses can be overcome if the energy industries 
recognize the new and expanding opportunities and transition to providing more 
efficiency-related products and services. In short, accelerating energy efficiency 
improvements can help to create a strong economic future in the southwest 
region. 

8.5 Non Energy Benefits of Low Income Weatherization and 
Insulation Programs 

GDS also conducted a literature search on the non-energy benefits of programs 
targeted at low-income households. One of the most comprehensive studies of 
low-income program non-energy benefits was recently completed for five 

34 The ACEEE study notes how natural gas energy efficiency programs can help reduce prices of 
natural gas. 
35 R. Neal Elliot, PH.D., P.E., et al., Natural Gas Price Effects of Energy Efficiency and 
Renewable Energy Practices and Policies, ACEEE, December 2003. 
36 Southwest Energy Efficiency Project, "The New Mother Lode: The Potential for More Efficient 
Electricity Use in the Southwest". November 2002, Section 4 of the report. 
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Benefit 
Number 
in LIPPT 

investor-owned utilities in California. The two documents listed below provide 
documentation of these non-energy benefits: 

1. TecMRKT Works, Skumatz Economic Research Associates, and Megdal 
& Associates, Low-income Public Purpose Test, (The LIPPT), Final 
Report, Up-Dated for LIPPT Version 2.0, A Report Prepared for the RRM 
Working Group’s Cost Effectiveness Committee, April 2001. This report 
provides a description of each non-energy benefit included in the KeySpan 
analysis of non-energy benefits, and provides the methodology for 
calculating the value of each category of non-energy benefits. 

2. TecMRKT Works, Skumatz Economic Research Associates, and Megdal 
& Associates, User’s Guide for California Utility’s Low-Income Program 
Cost Effectiveness Model, The Low-Income Public Purpose Test, Version 
2.0, A Microsoft Excel Based Model, Prepared for The RRM Cost 
Effectiveness Subcommittee, May 25,2001. 

Table 8-2 below provides examples of non-energy benefits that are applicable to 
weatherization and insulation programs that might be targeted at low income 
customers in the BREC service area. 

Name of Non 
Energy Benefit 

Table 8-2 
Summary of Potential Non-Energy Benefits for a Low Income Energy Efficiency 

Program 

Model 

7A 

78 

7C 

Utility 
Perspective 

Carrying cost on 
arrearages 

Lower bad debt 
write-offs 

Fewer shut-offs 

Energy Efficiency Programs reduce customer bills, 
improving the likelihood that customers will be able to 
keep up with payments. 
Makes energy bills more manageable for program 
participants, potentially reducing the bad debt for these 
customers. 
As a result of the customers ability to pay their bills, a 
similar reduction in the number of customers with servic 

Non-Energy Benefit Description 

7E 

7F 

the number of reconnects needed would also decline. 
More affordable energy bills leads to more on-time 
payments and fewer notices from the utility. 
More affordable energy bills leads to more on-time 

Fewer notices 

Fewer customer 

Idisconnects is expected. 
7 0  IFewer reconnects IAs a result of the reduction in the number of shut-offs, 
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Reduction in emergency gas service calls. 

Transmission andlor distribution savings (distribution only). 

I leak /payments and fewer customer calls. 

8A 

Societal 
Perspective 
Economic impact Estimate of economic impact to regional economy basec 

upon using local labor for energy efficiency services 
instead of importing energy, and using bill savings being 

abatement strategy. These include assisting in meeting 
Clean Air Act requirements, reduction in acid rain, and a 

- . 

benefits to the reaion and to 

.~ 

9C 

reducesvenergy use also helps customers reduce bills 
and may help improve their payment record. As a resull 
participants experience fewer arrearages and are less 
likely to be disconnected. 

Fewer calls to the Without payment problems the customer is less likely to 

lvariety of other benefits. 
IParticiDant 

9H 

91 

9K 

9K 

lperspective 
9B IFewer shutoffs IProvidina customers with services and education that 

shutoff numbers. 
High energy costs can make it difficult for residential 
customers to keep up with all of their household bills, 
including rent or mortgage payments. By keeping their 
bills down, this will reduce non-payment on living 
expenses. 
Households with sufficient and continuous heating may 

Moving 
costslmobility 

Fewer Illnesses 
and lost days from experience changes in the number of colds and other 
worWschool illnesses per year. 
Net household 
benefits from 
more comfort, less them from noise and weather outside their homes. 
noise, net of 
negatives 
Net household 
benefits from 
additional 

Weatherization of homes allows these homes to be kep' 
warmer at lower costs, reduces drafts, and insulates 

The additional hardship benefits are those associated 
non-dollar benefits from reduced disconnects, 
reconnects, and bill collection, such as reduced stress 
fi 

make ca'llsto the utility - concerningmments. -___ 
l T ] % k k o n n e c t s  /Reconnections are reduced in response to the lower 
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Maximum Achievable Cost 
Effective kWh Savings by 2015 
from Electric Energy Efficiency 

Measures/Programs for the 
2015 kWh Sales 
Forecast for This 

BREC Service Area Sector 

277,744,782 1,780,266,000 

9.0 SUMMARY OF FINDINGS 

In summary, the maximum achievable cost effective potential for electric energy 
efficiency in the BREC service territory by 2015 is significant. GDS estimates that 
the maximum achievable cost effective potential natural gas savings would 
amount to 463 million kWh a year (a 12.2 percent reduction in the BREC 
projected 2015 kWh sales forecast in the BREC service territory). Table 9-1 
below summarizes the electricity savings potential in the BREC service territory 
by 2015. 

Table 9-1: Maximum Achievable Cost Effective Electric Energy Efficiency Pot1 
Service Area of the Big Rivers Electric Corporation 
I I 

I I 

Commercial and Small 85,475,300 854,753,000 
industrial I 

ILarge Industrial I 99,758,000 I 1,159,630,000 

tial By 2015 in the 

Percent of Sectoi 
2015 kWh Sales 

Forecast 

15.6% 

10.0% 

8.6% 
I I t Total I 462 978,082 I 3,794,649,000 I 12.2% I I 

The results of this study demonstrate that cost effective electric energy-efficiency 
resources can play a significantly expanded role in BREC’s energy resource mix 
over the next decade. Table 1-2 in the Executive Summary shows the present 
value of benefits and costs associated with implementing the maximum 
achievable potential energy savings in the BREC service territory. The potential 
net present savings to BREC customers for implementation of electric energy 
efficiency programs over the next decade are approximately $39 million in 2005 
dollars. 

The Total Resource Cost benefitkost ratio for the maximum achievable cost 
effective potential savings scenario is 1.35. 

It is clear that electric energy efficiency programs could save BREC members a 
significant amount of electricity by 2015. The electric energy efficiency potential 
estimates and Total Resource savings provided in this report are based upon the 
most recent BREC electric energy and peak load forecast, appliance saturation 
data, economic forecasts, data on energy efficiency measure costs and savings, 
and energy efficiency measure lives available to GDS at the time of this study. All 
input assumptions and data have been reviewed by GDS and staff of BREC. 
GDS has conducted extra market research to ensure that data for residential 
energy efficiency weatherization and insulation measure costs and savings are 
applicable and up to date. 

58 



MAXIMUM ACHIEVABLE COST EFFECTIVE POTENTIAL FOR ELECTRIC 
ENERGY EFFICIENCY IN THE BREC TERRITORY 

FINAL REPORT - November 10,2005 

There are also significant environmental benefits with the maximum achievable 
cost effective scenario. If implemented, by 2015 this scenario would result in a 
market value of over $1.6 million annually for avoided NO, emissions and slightly 
more than $918,000 for avoided SO2 emissions. In addition, a recent California 
Public Utilities Commission report3’ provides a value of avoided COz emissions of 
$8 per ton in 2005. Using this $8 per ton value, the avoided CO2 emissions are 
worth $2.6 million annually by 2015. 

37 California Public Utilities Commission, Methodology and Forecasts of Long-Term Avoided 
Costs for the Evaluation of California Energy Efficiency Programs, E3 Research Report 
Submitted to the CPUC Energy Division, October 25,2004. 
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Appendix C - Industrial Energy Efficiency Measures 
2003-$ Measure 

97 
98 
99 
100 

Count Measure Name CCE Life 

57 I Optimization Refrigeration I $0.010 15 
56 I Compressed Air - Controls I $0.010 I 10 

58 I Energy Star Transformers I $0.010 I 25 

Direct drive Extruders $0.055 12 
Replace 100+ HP motor $0.057 6 

Clean Room - New Designs $0.060 10 
Effcient grinding $0.078 15 

Schedulinq I $0.018 I 10 

72 I Process control I $0.018 15 
71 I High Consistency forming I $0.018 20 

94 I Fans - Controls [ $0.042 I 10 
95 I Chiller O&M/tune-up I $0.042 10 
96 I Light cylinders I $0.053 1 10 
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Final Report - Weatherization and Insulation Services Market Research with Energy 
Service Companies Serving the Big Rivers Electric Corporation Service Area - 

September 9, 2005 

__ p_p___________-..___ _.__ 
Results of Interviews with energy services contractors (insulationlweatherizationlwindows 
- contractors) . in the Kentucky service area of the Big Rivers Electric Corporation .___ .__ .. 

Questions 

I. During the year 2004, to how many homes did you provide 
weatherization and insulation services: 

Average: 160 
Range: 4 to 750 
Number of respondents: 10 

~ 

Mostly do new construction -insulation is part of the job 
We mostly do new construction -- have a blower door - used to do energy audits 
there is a cooo oroaram in our area - Kenergy -_ not as good as it used to be with the "All- 
Seasons c o i f &  tiome*' 
do more heating and air than insulation 

2. For your residential customers, what is the size of the typical single- 
family home? 

Average: 1850 sf 
Range: 1300-3000 sf;  900-1600 sf renovations 
Number of respondents: 9 

werage 2000 sf 
zonstruction 

3. What is the size of the typical Multi-family home? 

Average: 1060 sf 
Range: 600-2250 sf; 
Number of respondents: 7 

Comments: none 

1 



Final Report -Weatherization and Insulation Services Market Research with Energy 
Service Companies Serving the Big Rivers Electric Corporation Service Area - 

September 9 ,2005  

Attic insulation 

4. To how many homes did you add attic insulation in 2004? 

Average: 95 
Range: 2 to 250 
Number of respondents: 9 

Comments: none 

5. On average, how much insulation do you add to homes needing such 
insulation? (of what material?) 

Survey respondents report that existing homes have inadequate attic insulation. Often there is 4" 
to 6" of insulation existing and the contractors add 6" to 12" to bring the attic up to R-30, R-38, 
or R-40. 

Average: 9" 
Range: 6"to 12" 
Number of respondents: 9 

Fiberglass: 4 respondents, representing approximately 500 jobs per year 
Cellulose: 5 respondents, representing approximately 300 jobs per year 

Comments: 
Usually find 4-6" existing; add 8-10" 
Usually add r-30 on existing to bring total to R-40. Install R40 on new construction 
Usually find R-19 and add another R-19 by putting in 6 of blown cellulose 
Existing: had rolled fiberglass and we added 12" 
They usually have 5-6 inches - we add 6-8 inches to reach R-38 
I use Nu.woo1; it's a cellulose with fire additives and doesn't support mold growth or insects 
www.nuwool.com. It comes from Michigan 
Generally find 0 to 6" add 6 fiberglass 
Findino older homes with R-19 or less - most of the calls are on heating or air conditioning - and 
attic inhation is the first thing I look at. Bring to R-38 
More than anything most of the time I recommend adding R-30 whether they have anything or 

. 

6. What is your best estimate of the installed cost for attic insulation per 
square foot? 

Average: $0.48 
Range: $0.26 to $0.60; most common answer was $.50 to $.60 
Number of respondents: 7 

Comments: none 

2 

http://www.nuwool.com
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Service Companies Serving the Big Rivers Electric Corporation Service Area - 

September 9, 2005 

7. To the best of your knowledge, what percent of existing single-and 
multi-family homes need additional attic insulation? 

Average: 65% 
Range: 35% to 85% 
Number o f  respondents: 8 

Comments: 
I It’s a bunch -most built back in the late 60’s. Even since then a lot of builders don’t put enough 1 

in. And I’m not a fan of blown fiberglass -when it gets really cold, you use 40% of the R value - 
blown fiberglass should be capped with cellulose. You can tell by driving around on a cold day - 
if the frost has melted on the roof then they need more insulation. 
if the house is 10 years old or more 

Wall insulation 

8. During 2004, in how many homes did you insfall wall insulation? 

Average: 50 
Range: 0 to 100 
Number o f  respondents: 5 contractors active in this market and 3 who do this type o f  work but did 
zero or 1 such job in the past year. 

Comments: 
1 Do very few - it is a poor system [blown cellulose] - don’t do it very often - can inject into wall - 1 

most that I’ve done had no insulation previously or just a little blown-in 
A lot of walls don‘t have anvthing. Probably 2x4 would be the most common 3.5 inches . .  
Didn’t do any last year - stay covered up with the new construction . Do that work when new 
construction slows down. 
I do wet-blown on new construction. I have done it in the past - there is a lot of competition -it‘s 
hard f o m  company to compete with guys who work out of their garage. 

9. On average, how much insulation do you add to walls needing such 
insulation? What insulating material do you normally use in the walls? 

Average: 3.5” i s  most common 
Range: 3.5” R-13 for 2x4 construction; 5.5” R-19 for 2x6 construction 
Number o f  respondents: 8 

Fiberglass: Represents approximately 60JObs per year 
Cellulose: Represents approximately 250 jobs per year 

Comments: 
None 

3 
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September 9,2005 

I O .  What is your best estimate of the installed cost for wall insulation per 
square foot? 

Average: (weighted by number of jobs) $0.92/s.f. 
Range: $0.55 to $1.30 one volume contractor quoted $0.55/s.f.; remaining volume contractors 
quoted$l to $1.3 per square foot. 
Number of respondents: 8; 5 who have done this work recently 

Comments: 
[By surveyor:] There does not seem to be a price difference between fiberglass and cellulose 
insulation. 

11, To the best of your knowledge, what percent of existing single and 
multi-family homes need additional wall insulation? 

Average: 50% 
Range: 15% to 95% 
Number of respondents: 5 

Comments: 
not a good application -- the question is moot 
if the house is more than 10-15 years old then almost 100% 

Floor insulation 

12. During 2004, in how many homes did you install floor insulation? 

Average: 66 
Range: 2 to 150 
Number ofrespondents: 6 

Comments: 
1 Don't do floor insulation --there is duct work under the floor. Instead we insulate the 
! perimeter foundation wall 
I I don't believe in insulalino the floor - we insulate outside foundation walls - most 

I . . . . . .. . .. . . 
systems are in the crawl typical 15% loss in that duct. The insulation is mostly used for 
sealina rather than for insulating - use about 1 .S cellulose -- used to use Styrofoam but it is a 

struction 

I do the perimeter 
95% of the time the onlv dace  you can put it is underneath the house if you have a crawl 1 space. That can get preiy expensive. ' 1 

4 
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SeDtember 9.2005 

13. On average, how many inches of floor insolation do you add to homes 
needing such insulation? Of what material? 

Average: 1.5 inches 
Range: I to 1.5 inches; R-7 to R-19; fiberglass batts, cellulose, and Styrofoam 
Number of respondents: 7 

Comments: 
/lto15" d e p m h e  people's preference - a lot of people don't want it because they fear 

insects would get between the insulation and the foundation 
R-8 on perimeter walls and band joists of the crawl space. Plus plastic vapor barrier. 
We do a lot where they just want the crawl band insulated -- it's not required by code, so a lot of 
times it is not done. 

14. What is your best estimate of the installed cost for floor insulation per 
square foot? 

Perimeter wall insulation Floor insulation 
Average: $0.675 $0.723 
Range: $0.21 to $0.75 $0.52 to $0.85 

$0.60 to $0.75 from contractors active in this type of work. 

15. To the best of your knowledge, what percent of existing single and 

Average: 73% 
Range: 40% to 100% 
Number of respondents: 6 

Comments: 
Big Rivers used to recognize foundation perimeter cellulose as being superior and used to pay 
incentives -- Contractor is farnjljar with programs and used to work for Kenergy 
There are a lot of existina hemes on brick oiers - would be hard to insulate. but perhaps as manv 1 

multi-family homes need additional floor insulation? 

" . .  
as 85% would benefit 
Need to insulate the crawl band: 95% ef W Kv homes - not even doing new construction. In S. 1 Indiana most counties require that you do at ieast the crawl band. I 
Air sealing, caulking or weather-stripping 

16.During 2004, in how many homes did you provide air sealing, caulking 
or weather-stripping services? 

Only one of the contractors surveyed provides this service as a retrofit. 

Average: 26 
Range: 1 to 100 
Number of respondents: 6 

5 
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Comments: 
On the houses that we build, we have an insulation contractor put up a mesh on the wall then 
blow in fiberglass through the joints, etc. 
Used to do that with the blower door - haven't been doing it lately 
Do that just on new construction 
Only do air-sealing in new construction. It is the most important part 
Only in new construction. 

17. What is your best estimate of the installed cost for air sealing per 
home? 

Average: (weighted by number of jobs) $250/home 
Range: $0.10 per square foot of wall area; $150 to $1400 per home. 
Number of respondents: 6 

Comments: 

We used to charge $50 for blower door test then estimate. We used to think that the air 
losses were around windows and such, but now we know that the losses are up and down - 
like the chimney effect. 

18. To the best of your knowledge, what percent of existing single and 
multi-family homes need additional air sealing, caulking or weather- 
stripping services? 

Average: 67% 
Range: 35% to 90% 
Nnmbcr of respondents: 4 

Commcnts: 
None 

Windows 

19. During 2004, in how many homes did you install vinyl replacement 
windows? 

Average: 81 
Range: 4 to 175 
Number of respondents: 3 

Comments: 
None 
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20. Are the replacement windows Energy Star Rated? 

Three respondents: two answered yes and one answered don’t know 

21. On average, how many vinyl replacement windows do you install per 
home? 

Average: 11 
Range: 10 to 14 
Number of respondents: 3 

Comments: 
None 

22. What is the average cost per window for vinylreplacement windows? 

Average: $433lwindow 
Range: $375 to $500 per home 
Number of respondents: 3 

Comments: 
None 

23. To the best of your knowledge, what percent of existing single and 
multi-family homes need vinyl replacement windows? 

Average: 55% 
Range: 30% to 75% 
Number of  rcspondents: 3 

Comments: 
None 
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Existing IContinuous Dimming, 5L8' Fiuorescent Fixtures $288 945 $ 0.0285 $ 28.94 10.69 

Page 2 of 6 

New 
New 
New 
New 

15 % More Efficient Design (Lighting) $4,000 27,000 $ 0.0285 $ 769.74 5.20 
30 % More Efficient Design (Lighting) $8,000 54,000 $ 0.0285 $1,539.49 5.20 
5 % More Efficient Design (Lighting) $4,000 9,000 $ 0.0285 $ 258.58 15.59 
10 YO More Efficient Design (Lighting) $8,000 18,000 $ 0.0285 $ 513.16 15.59 



I Appendix G - Payback Data for Energy Efficiency Measures - Commercial Sector 
I I I I Average I I 

Commercial I Market 
~ 

Annual Commercial Annual 
Ilncrement) kWh I Retail Rate I Bill I Payback I 

IRerrof I I I I I I 

lCenlrffiyal Cn I er 0 53 hW Ion 5CO tons - 0 0285 I S 5,614 1 G  I 
Fx sling ICentr f-pai Cniilet, 0 51 nW ton 5CO tons I $27,000 I 93281 I S 00285 I S2G5934 I 10 15 

Exist nq 50 14 I S281 500 1 ‘96 926 1 6 
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Appendix G - Payback Data for Energy Efficiency Measures - Commercial Sector 
I I I I Averaae I I I 

Commercial 
Market 

Segment Measure Name 
New Variable Speed Drive Control, 5 HP 

-Existing y Heat Recover 

- 
Annual Commercial Annual 

Increment kWh Retail Rate Bill Payback 
al Cost Savings (2004) Savings (in years) 
$1,925 $ 114.04 16.88 , 

$400,000 203,300 $ 0.0285 $5,795.89 69.01 

Existing Outdoor Lighting Controls (PhotocelliTimeclock) $108 165 $ 0.0285 $ 4.70 

Note: The 2004 average residential retail rate of S.0616 was obtained by GDS from BREC, and it is the weighted average retail 
rate per kWh for residential members of BREC's three member distirbution cooperatives. 

22.96 
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69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

~~~~~~~~ 
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Optimization control PM $0.018 10 4.5 
Scheduling $0.018 10 4.2 

High Consistency forming $0.018 20 3.6 
Process control $0,018 15 6.2 

Electronic Ballasts $0.019 12 4.9 
ASD (loo+ hp) 50.020 6 3.2 

Metal Halides/Fiuorescent $0.021 12 6.2 

High efficiency motors $0.024 6 3.8 

Replace by T8 $0.025 12 6.6 
Controisisensors $0.027 12 7.0 

Autoclave optimization $0.027 10 6.3 
Process Drives - ASD $0.028 10 6.5 

Process Heating $0.028 15 8.4 
Diives - ASD $0.029 10 6.7 

HVAC Management System $0.030 10 7.0 
Programmable Thermostat $0.030 10 7.0 

Clean Room -Controls $0.030 10 7.0 
Efficient electric melting $0.031 20 10.5 

DucUPipe lnsuiationileakage $0.033 10 7.2 
Window film $0.037 8 7.0 

Motor practices-I (1-5 HP) $0.038 14.5 10.4 

Extruders/injection Moulding-multipump $0.040 12 10.5 
Fans - Controls $0.042 10 9.8 

Chiiier O&M/tune-up $0.042 10 9.8 

Direct drive Extruders $0.055 12 11.5 

Clean Room - New Designs $0.060 10 14.0 
Efficient grinding $0.078 15 23.2 

Drying (UVIiR) $0.022 8 4.7 

Gap Forming paper machine $0.024 20 5.7 

Injection Moulding - Direct drive $0.039 12 9.1 

Light cylinders 50.053 10 10.9 

Replace 100+ HP motor $0.057 6 9.1 
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