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Executive Summary

East Kentucky Power Cooperative (EKPC) selects Demand-Side Management (DSM)
programs to offer on the basis of meeting customer needs and resource planning
objectives in a cost-effective manner. EKPC analyzes DSM measures and programs
using both qualitative and quantitative criteria. These criteria include customer
acceptance, measure applicability, savings potential, and cost-effectiveness. The cost-
effectiveness of DSM resources is analyzed in a rigorous fashion using standard
(California) tests for cost-effectiveness.

For the 2015 IRP, EKPC has significantly enhanced its DSM planning capabilities by
undertaking a comprehensive study of energy efficiency (EE) savings potential.

For the EE potential study, GDS Associates (GDS) conducted a cost-effectiveness
screening of a comprehensive set of measures using the Total Resource Cost test from the
California standard. ~ This resulted in a greater number of DSM measures receiving
cost-benefit analysis and a comprehensive evaluation of DSM measures for this IRP.

EKPC evaluated 207 DSM measures for the 2015 Integrated Resource Plan. These
include 54 residential energy efficiency measures, 82 commercial efficiency measures,
and 66 industrial measures, plus 5 demand response programs.

For more details on the energy efficiency measures and the results of the economic
screening of those measures, please see the GDS Energy Efficiency Potential report. All
five of the demand response programs are included as resources in this plan.

Individual energy efficiency measures were then bundled together according to program
categories, both existing and new. EKPC then prepared cost and participation estimates
for all of the DSM programs, and conducted a final cost-effectiveness analysis for each
DSM program using the DSMore software tool.

For three programs, cost-effectiveness analysis was done for individual measures in that
program as well: Direct Load Control of Air Conditioners and Water Heaters (2
measures), ENERGY STAR® Appliances (7 measures), and Commercial & Industrial
Equipment Rebate (5 measures). All of the programs were shown to be cost-effective
using the TRC test.

All programs that were implemented in 2014, plus any additional programs in the tariff
approval process, are considered “Existing” for the purposes of this IRP. “New”
programs target measures with significant potential that are not included in Existing
programs.
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For this 2015 IRP, EKPC has fine-tuned its DSM modeling projects to close the gap
between its theoretical and actual peak demand and energy savings. In order to close
this gap, EKPC established a ramp-up period of six years (2015-2020) during which time
it plans to steadily increase its investment in DSM resources so that EKPC attain its goal
of 1% of annual retail savings by the year 2020.

The DSM portfolio for the 2015 IRP includes fourteen (14) Existing programs, and
eleven (11) New programs.

EKPC presents the following DSM Program Portfolio for the 2015 IRP:
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Table DSM-1

Existing Programs'

Program Name Class Summer Annual Total
Peak Energy Resource
Demand Impact in Cost Test
Impact in 2029 Benefit/
2029 (MWh) Cost Ratio
MW)
Button-Up Tiered Weatherization | Residential 20.2 85,739 1.15
Heat Pump Retrofit Residential 6.1 142,905 1.34
Direct Load Control of AC & WH | Residential 49.7 1,806 2.29
Residential Lighting Residential 4.5 40,745 213
Touchstone Ener%y (TSE) Home | Residential 2.0 7,619 1.36
ENERGY STAR™ Manufactured 4.27
Home Residential 1.0 23,894
Tune-Up HVAC w/ Duct Sealing | Residential 2.2 7,585 245
Low Income with Community 1.34
Action Residential 1.2 7,569
ENERGY STAR® Appliances Residential 17.6 55,886 1.36
Appliance Recycling Residential 3.1 21,583 2:.31
Commercial Lighting Commercial 26.6 133,053 1.93
Compressed Air Industrial 0.0 0 1.84
Large Interruptible Industrial 85.0 30,600 NA
Other Interruptible Industrial 24.0 8,640 NA

" All impacts are cumulative incremental starting with 2015 new participation except for the Interruptible
programs. All impacts represent net savings at the customer meter.
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Table DSM-2
New Programs

2

Program Name Class Summer Annual Total
Peak Energy Resource
Demand | Impactin | Cost Test
Impact in 2029 Benefit/
2029 (MWh) Cost Ratio
MW)
Consumer Electronics Residential 53 33,882 2.07
Exterior Lighting Residential 0.0 15,442 3.06
Water Heater Conservation Residential 1.9 25,902 497
Smart Thermostat Residential 15.5 66,114 3.48
Home Energy Information Residential 16.3 76,486 1.41
Commercial,
C&I Demand Response Industrial 18.2 5,250 4.39
Industrial Process Industrial 5.1 25,840 1.43
Industrial Machine Drive Industrial 14.1 131,066 2.97
DLC for Commercial Central AC | Commercial 12.0 691 7.06
C&I Equipment Rebate Commercial 212 108,492 2.54
Commercial,
C&I New Construction Industrial 6.5 24,944 3.57

This portfolio of existing and new DSM programs is projected to produce $820 million of
benefits and $400 million of net benefits (2015 $) on a total resource basis over the
lifetime of the cost-effectiveness study (25 years). They will require an investment of
$420 million (2015 $) by EKPC, its member cooperatives, and participating customers in

order to produce these savings.

? All impacts are cumulative incremental starting with 2015 new participation. All impacts represent net

savings at the customer meter.
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Major Enhancements Since Last IRP

EKPC has made several improvements to its DSM planning since the 2012 IRP. They
include:

1.

10.

11,

12,

Sponsored GDS Associates to prepare an Energy Efficiency Potential Study for
EKPC (see Exhibit DSM-1). The project scope included a detailed energy
efficiency potential study for residential and commercial/industrial customers.
This resulted in evaluating a more comprehensive set of DSM measures in
preparing DSM projections in this IRP.

EKPC is now implementing several new programs that were proposed in the 2012
IRP. These include Button-Up Tiered Weatherization, the ENERGY STAR®
Manufactured Home, Low Income, ENERGY STAR® Appliances, and the
Appliance Recycling program.

. Adapted a DSM planning approach and avoided cost values to match participation

as a member in the PJM market.

Currently participating in the PJM capacity market auctions, bidding in demand
response resources.

Cost-benefit analysis performed on a greater number of DSM measures by
incorporating cost-benefit analysis into the energy efficiency potential study.

More ambitious targets for energy (MWh) savings established, to align DSM
portfolio with changing resource needs and to enhance the use of DSM as an
environmental compliance option.

Commissioned a comprehensive Assessment of Evaluation, Measurement and
Verification (“EM&V) for DSM Programs which was conducted by KEMA in
2013.

Procured and implemented a DSM Tracking software system provided by Direct
Technology to improve data collection and program administration and reporting
capabilities for DSM programs.

Sponsored Quarterly DSM Collaborative meetings over the two-year life of that
organization, and submitted two annual reports on the findings of the
collaborative.

Prepared and submitted DSM Annual Report for 2013 (see Exhibit DSM-2);
2014 is now in progress.

Updated avoided costs for capacity to match current plans for transmission,
distribution, and generation investment (including environmental compliance
costs).

Enhanced program designs to incorporate lessons learned in the field as well as
best practice in the industry.
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Introduction

East Kentucky Power Cooperative (EKPC) evaluates the future electric service
requirements for its member cooperatives with balanced consideration of demand-side
and supply-side resource options. The purpose of this section is to describe the
evaluation of demand-side management (DSM) resources for inclusion in the integrated
analysis portion of the 2015 Integrated Resource Plan (IRP).

DSM resources consist of customer energy programs that seek to change the power
consumption of customer facilities in a way that meets planning objectives. They
include conservation, load management, demand response, and other demand-side
programs.

EKPC’s DSM analysis is conducted on an aggregate basis, with all member cooperatives
combined, rather than on an individual cooperative basis.

Screening Criteria

EKPC analyzes DSM measures and programs using both qualitative and quantitative
criteria. These criteria include customer acceptance, measure applicability, savings
potential, and cost-effectiveness. The cost-effectiveness of DSM resources is analyzed in
a rigorous fashion using standard (California) tests for cost-effectiveness.

Description of DSM Measure/Program Screening and Evaluation

EKPC has used an enhanced process to screen and evaluate DSM resources for inclusion
in this plan.

For the 2015 IRP, EKPC has significantly enhanced its DSM planning capabilities by
undertaking a comprehensive study of energy efficiency (EE) savings potential. In the
summer of 2014, EKPC selected GDS Associates as its contractor to conduct this energy
efficiency potential study.

The residential class results from that study were available at the time EKPC conducted
its analysis of DSM programs and therefore have been directly incorporated into the
projections of DSM resources for this 2015 IRP. The residential class accounts for
approximately 60% of the retail load served by EKPC.

In addition, GDS made available high level results for the industrial class, and EKPC
supplemented these with findings from neighbor utilities regarding the commercial class.
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For the EE potential study, GDS conducted a cost-effectiveness screening of a
comprehensive set of measures using the Total Resource Cost test from the California
standard.  This resulted in a greater number of DSM measures receiving cost-benefit
analysis and a comprehensive evaluation of DSM measures for this IRP.

The EE potential study also used applicability factors for each measure in determining
the savings potential.

For more details, including the measure lists, screening results, and estimates of
economic and achievable potential, please refer to the Final Report for the Energy
Efficiency Potential Study submitted by GDS. That report can be found in Exhibit
DSM-1.

EKPC reviewed the findings of the potential study with its member cooperatives. At that
point, a small number of measures were screened out because they had very low savings
potential. However, this set of measures represented only 2% of the achievable potential
in the residential class, and 3% of the industrial potential.

EKPC evaluated 207 DSM measures for the 2015 Integrated Resource Plan. These
include 54 residential energy efficiency measures, 82 commercial efficiency measures,
and 66 industrial measures, plus 5 demand response programs.

DSM Program Bundling and Final Cost-Effectiveness Analysis

Individual energy efficiency measures were then bundled together according to program
categories, both existing and new. EKPC then prepared cost and participation estimates
for all of the DSM programs, and conducted a final cost-effectiveness analysis for each
DSM program using the DSMore software tool.

For three programs, cost-effectiveness analysis was done for individual measures in that
program as well: Direct Load Control of Air Conditioners and Water Heaters (2
measures), ENERGY STAR® Appliances (7 measures), and Commercial & Industrial
Equipment Rebate (5 measures). All of the programs were shown to be cost-effective
using the TRC test.

Quantitative Evaluation Process

For this IRP, EKPC is once again using the DSMore sofiware package to conduct the
more detailed quantitative evaluation. DSMore was developed in 2003 by Integral
Analytics.

The Demand Side Management Option Risk Evaluator (“DSMore™) is a financial analysis

tool designed to evaluate the costs, benefits, and risk profile of demand side management
programs and measures.
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This tool combines Microsoft Excel spreadsheets with a separate component that
performs detailed calculations. The user interfaces only with the Excel spreadsheet,
which accepts inputs and returns outputs.

All of the standard DSM cost-effectiveness tests can be calculated using this tool: the
Total Resource Cost test, the Utility Cost test, the Participant Cost test, the Ratepayer
Impact Test, and the Societal Test. DSMore provides the results of those tests for both
energy efficiency and demand response programs. This tool is one of the few packages
viewed as “best practice” in the industry. DSMore has been used by more than 20
utilities, including other utilities in Kentucky.

DSMore calculates the impact of DSM programs on utilities and their customers. The
software tracks both the physical changes, such as the level of power demand, and the
dollar flows. DSMore produces a quantitative estimate of the costs and benefits for each
of the parties using models of the electric system and its customers.

DSMore determines the cost-effectiveness of DSM programs by reporting results
according to the cost-benefit tests established in the California Standard Practice Manual
for Economic Analysis of Demand Side Programs’ .

EKPC uses these tests to examine cost-effectiveness from three major perspectives:
participant cost (PC), ratepayer impact measure (RIM), and total resource cost (TRC). A
fourth perspective, the societal cost (SC), is treated as a variation on the TRC test.

The results of each perspective can be expressed in a variety of ways, but in all cases, it is
necessary to calculate the net present value of program impacts over the life cycle of
those impacts. DSMore uses this information to calculate the benefit/cost (b/c) ratio for
each of these four tests.

These tests are not intended to be used individually or in isolation. The first critical test
that a DSM program must pass is the Participant Cost test, because without participants
no savings occur. The results of tests that measure efficiency, such as the TRC and the
SC, must be compared not only to each other, but also to the RIM test.

This multi-perspective approach will require reviewers to consider tradeoffs between the
various tests. The use of multiple tests helps ensure that the resulting portfolio of DSM
programs attracts participants, results in the wise use of resource, and limits cross-
subsidization.

EKPC is a full requirements Generation and Transmission provider for its 16 member
cooperatives. Each cooperative is an independent non-profit corporation and operates
distinct from EKPC.

* California Public Utilities Commission and California Energy Commission, "Standard Practice
Manual for Economic Analysis of Demand-Side Management Programs,” Document Number
P400-87-006, December 1987.
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As aresult, it is necessary to examine the impacts of DSM programs separately for
EKPC and for the typical distribution cooperative. EKPC uses a customized version of
DSMore to separately report the RIM test for EKPC and for the distribution cooperative.

Each of the 25 DSM programs was modeled in detail with DSMore. The model includes
for each DSM program:

Typical participant electricity savings (kWh and kW)
Lifetime of the measure savings

Incremental measure costs (participant costs)

EKPC and distribution cooperative administrative costs
Rebates to customers, and from EKPC to the cooperative
Detailed retail and wholesale rate schedules

Customer participation levels including free rider estimates.

In addition to the detailed modeling of the DSM programs, DSMore also includes a
detailed model of the supply side costs. Major categories of supply side costs that are
accounted for by the model include:

Marginal energy costs (by hour of the year, correlated with weather and load)

e Marginal generation capacity costs (by year, including seasonal allocation)
Marginal transmission & distribution capacity costs (by year, incl. seasonal
allocation)

Fossil fuel (natural gas & propane) costs (by year)

e Environmental externality costs (costs not internalized in energy or capacity costs;

chiefly carbon related)

DSM-10



Existing and New Programs

All programs that were implemented in 2014, plus any additional programs in the tariff
approval process, are considered “Existing” for the purposes of this IRP. Savings from
Existing programs are included in the Load Forecast. This includes future participation
for the period 2015 through 2019.

In most cases, the potential study identified additional savings beyond those in the load
forecast for Existing program measures. These additional savings for additional
participation in the years 2020 through 2029 have been modeled as New resources in this
IRP. However, in order to avoid confusion, these additional savings are reported with the
same Existing program category in the program impact tables.

Theoretical versus Actual: Closing the Gap

For this 2015 IRP, EKPC has fine-tuned its DSM modeling projects to close the gap
between its theoretical and actual peak demand and energy savings. EKPC has set the
goal of achieving the equivalent of 1% of annual retail sales in new DSM annual kWh
savings each year. The findings from the potential study show that this goal is achievable
in the medium and long term. However, the levels of activity and spending far outstrip
current performance and budgeting. In fact, EKPC is currently producing 0.2% of annual
retail sales in new DSM annual kWh.

In order to close this gap, EKPC has established a ramp-up period of six years (2015-
2020) during which time it plans to steadily increase investment in DSM resources so that
EKPC can attain its goal of 1% of annual retail savings by the year 2020. Participation
projections reflect this steady increase in the years 2015-2020 then leveling off at
participation levels that consistently achieve the 1% goal thereafter (from 2020-2029).
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Descriptions of the Existing and New DSM Programs

Exhibit DSM-3 provides assumptions sheets for each DSM program. For three
programs, separate analysis was performed for individual measures and then aggregated.
Separate assumptions sheets were completed for each measure for those programs:
Direct Load Control of Air Conditioners and Water Heaters (2 measures), ENERGY
STAR® Appliances (5 measures), and the Commercial & Industrial Rebate Program (5
measures).

Exhibit DSM-4 provides more detailed results of the quantitative screen in the form of
summary sheets for each DSM program.

Exhibit DSM-5 provides program descriptions for each of the existing programs, while
Exhibit DSM-6 provides program descriptions for each of the new programs.
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Recommendations

Coming out of the Quantitative Screening and review, 11 New DSM programs along with
14 Existing DSM programs comprise the DSM portfolio and were passed on to the
integrated analysis portion of the IRP. The integrated analysis determines the direction
that EKPC should take in meeting the future needs of its member cooperatives and their

customers.

EKPC presents the following DSM Program Portfolio for the 2015 Integrated Resource

Plan:
Table DSM-3
Existing Programs4

Program Name Class Summer Annual Total

Peak Energy Resource

Demand Impact in Cost Test
Impact in 2029 Benefit/

2029 (MWh) Cost Ratio

(MW)
Button-Up Tiered Weatherization | Residential 20.2 85,739 1. 15
Heat Pump Retrofit Residential 6.1 142,905 1.34
Direct Load Control of AC & WH | Residential 49.7 1,806 2.29
Residential Lighting Residential 4.5 40,745 2,13
Touchstone Energy (TSE) Home | Residential 2.0 7,619 1.36
ENERGY STAR® Manufactured 4.27
Home Residential 1.0 23,894
Tune-Up HVAC w/ Duct Sealing | Residential 2.2 7,585 2.25
Low Income with Community 1.34
Action Residential 1.2 7,569
ENERGY STAR® Appliances Residential 17.6 55,886 1.36
Appliance Recycling Residential 3.1 21,583 231
Commercial Lighting Commercial 26.6 133,053 1.93
Compressed Air Industrial 0.0 0 1.84
Large Interruptible Industrial 85.0 30,600 NA
Other Interruptible Industrial 24.0 8,640 NA

Total for Existing Programs 243.2 567,624 -

* All impacts are cumulative incremental starting with 2015 new participation except for the Interruptible
programs. All impacts represent net savings at the customer meter.
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Table DSM-4
New Programs

5

Program Name Class Summer Annual Total

Peak Energy Resource
Demand | Impactin | Cost Test
Impact in 2029 Benefit/

2029 (MWh) Cost Ratio
(MW)

Consumer Electronics Residential 53 33,882 2.07

Exterior Lighting Residential 0.0 15,442 3.06

Water Heater Conservation Residential 1.9 25,902 4.97

Smart Thermostat Residential 15.5 66,114 3.48

Home Energy Information Residential 16.3 76,486 1.41

Commercial,

C&I Demand Response Industrial 18.2 5,250 4.39

Industrial Process Industrial 5.1 25,840 1.43

Industrial Machine Drive Industrial 14.1 131,066 2.97

DLC for Commercial Central AC | Commercial 12.0 691 7.06

C&I Equipment Rebate Commercial 272 108,492 2.54

Commercial,
C&I New Construction Industrial 6.5 24,944 3.57
Total for New Programs 122.1 514,109 -

This portfolio of existing and new DSM programs is projected to produce $ 820 million
of benefits and $400 million of net benefits (2015 $) on a total resource basis over the
lifetime of the cost-effectiveness study (25 years). They will require an investment of
$420 million (2015 $) by EKPC, its member cooperatives, and participating customers in

order to produce these savings.

* All impacts are cumulative incremental starting with 2015 new participation. All impacts represent net

savings at the customer meter.
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DSM program design and implementation are complex and dynamic undertakings. It is
possible that DSM programs that are selected through this evaluation process may not be
implemented as they have been described in this document. DSM programs that are
ultimately launched will first be subjected to a much more rigorous program design
effort. In certain cases, a demonstration or pilot project may precede full-scale
implementation to test the validity of the program concept. This could mean that certain
program concepts are modified, and some may not ultimately be implemented.
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Estimated Impacts

This section provides the estimated impacts of both the Existing and New DSM programs
Impacts for Existing DSM programs are
accounted for in the load forecast. Impacts for New DSM programs are accounted for in
the integrated resource plan.

in utility sales and coincident peak demands.

The following table provides the forecasted impacts of the Existing DSM programs.
Negative values denote reductions in load requirements while positive values denote
increases in load requirements.

Table DSM-5
Load Impacts of Existing Programs
(negative value= reduction in load)

Year Impact on Energy Impact on Winter Impact on Summer
Requirements Peak (MW) Peak (MW)
(MWh)
2015 -67,218 -122.8 -141.9
2016 -96,372 -130.7 -152.4
2017 -130,904 -139.4 -163.9
2018 -168,432 -148.4 -176.1
2019 -207,943 -157.6 -188.6
2020 -252,601 -167.5 -195.8
2021 -297,290 -177.2 -202.8
2022 -339,206 -186.4 -209.3
2023 -379,428 -195.2 -215.5
2024 -418,582 -203.7 -221.3
2025 -454,088 -211.9 -226.4
2026 -490,201 -220.1 -231.6
2027 -523,942 -227.5 -236.5
2028 -546,687 -233.2 -239.9
2029 -567,623 -238.6 -243.0
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The following table provides the projected estimated impacts of the New DSM programs.
Negative values denote reductions in load requirements while positive values denote
increases in load requirements.

Table DSM-6
Load Impacts of New Programs
(negative value = reduction in load)

Year Impact on Energy Impact on Winter Impact on Summer
Requirements Peak (MW) Peak (MW)
(MWh)

2015 -7,000 -6.0 -9.0
2016 -16,152 -14.1 -20.2
2017 -26,536 -20.5 -30.1
2018 -67,134 -31.4 -40.3
2019 -121,212 -46.5 -52.9
2020 -192,681 -65.5 -65.9
2021 -246,597 -78.4 -75.1
2022 -290,724 -88.0 -82.8
2023 -328,525 -95.3 -89.3
2024 -362,816 -102.5 -95.3
2025 -395,312 -109.6 -101.0
2026 -426,559 -116.7 -106.5
2027 -457,351 -123.8 -111.9
2028 -487,053 -130.8 -117.1
2029 -514,111 -137.4 -122.1

Year by year impacts for each individual program are provided in Exhibit DSM-7.

Other Exhibits

Exhibit DSM-8 contains the remaining required program-specific tables: targeted
classes and end uses, the expected duration of each program, projected costs, and

projected cost savings.

Exhibit DSM-9 contains the two Annual Reports produced by the DSM Collaborative.

Exhibit DSM-10 contains a table that shows the amount of demand response peak
savings that EKPC has offered into the PJM auction.
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Factoring Environmental Cost Considerations into DSM Evaluation

EKPC has explicitly factored environmental costs into this evaluation of DSM resources.
There are three major categories of environmental cost:
allowances; (2) the capital costs of compliance at power plants; and (3) externality costs.

(1) the cost of purchasing

EKPC has accounted for all three categories of environmental cost in its DSM evaluation.

The following table describes how this was accomplished:

Table DSM-7
Accounting for Environmental Costs
ENVIRONMENTAL WHERE ACCOUNTED SPECIFICS
COST FOR
Allowance purchases Marginal energy costs SOx and NOx

Capital investments for
compliance

Marginal capacity costs

Primarily Scrubbers, SCRs,
other controls

Externalities

Externality adder

Used in Societal Cost test;
value is set to $0/MWh.
Value based on current
assessment of likely value
placed on carbon dioxide
over the 15 year planning
period.
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1 EXECUTIVE SUMMARY
1.1 BACKGROUND

This energy efficiency potential for the East Kentucky Power Cooperative (EKPC) study provides a
roadmap and identifies the energy efficiency measures having the greatest potential savings and the
measures that are the most cost-effective. In addition to technical and economic potential estimates, the
development of achievable potential estimates for a range of feasible energy efficiency measures is useful
for program planning and modification purposes. Unlike achievable potential estimates, technical and
economic potential estimates do not include customer acceptance considerations for energy efficiency
measures, which are often among the most important factors when estimating the likely customer
response to new programs. For this study, GDS Associates, the consulting firm retained to conduct this
study, produced the following estimates of energy efficiency potential:

O  Technical potential
0 Economic potential
O Achievable potential

Definitions of the types of energy efficiency potential are provided below.

1. TECHNICAL POTENTIAL is the theoretical maximum amount of energy use that could be
displaced by efficiency, disregarding all non-engineering constraints such as cost-effectiveness
and the willingness of end-users to adopt the efficiency measures. It is often estimated as a
“snapshot” in time assuming immediate implementation of all technologically feasible energy
saving measures, with additional efficiency opportunities assumed as they arise from activities
such as new construction.

2. ECONOMIC POTENTIAL refers to the subset of the technical potential that is economically
cost-effective as compared to conventional supply-side energy resources. Both technical and
economic potential are theoretical numbers that assume immediate implementation of efficiency
measures, with no regard for the gradual “ramping up” process of real-life programs. In addition,
they ignore market barriers to ensuring actual implementation of efficiency. Finally, they only
consider the costs of efficiency measures themselves, ignoring any programmatic costs (e.g.,
marketing, analysis, administration) that would be necessary to capture them.

3. ACHIEVABLE POTENTIAL is the amount of energy use that efficiency can realistically be
expected to displace assuming different market penetration scenarios for cost effective energy
efficiency measures. An aggressive scenario, for example, could, provide program participants
with payments for the entire incremental cost of more energy efficient equipment). This is often
referred to as “maximum achievable potential”. Achievable potential takes into account real-
world barriers to convincing end-users to adopt cost effective energy efficiency measures, the
non-measure costs of delivering programs (for administration, marketing, tracking systems,
monitoring and evaluation, etc.), and the capability of programs and administrators to ramp up
program activity over time.! Achievable savings potential savings is a subset of economic
potential.

This potential study evaluates achievable potential represented by the amount of energy use that
efficiency can realistically be expected to displace assuming transfer payments (incentives and cost
recovery) equal to 48% of the incremental measure cost and no spending cap. Cost effectiveness of
measures was determined with the Total Resource Cost (TRC) Test.

1 These definitions are from the November 2007 National Action Plan for Energy Efficiency “Guide for Conducting Energy
Efficiency Potential Studies”
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The purpose of this energy efficiency potential study is to provide a foundation for the continuation of

EKPC’s energy efficiency programs and to determine the remaining opportunities for cost-effective

energy efficiency savings. This detailed report presents results of the technical, economic, and achievable
potential for electric efficiency measures for the following time period:

QO  The ten-year period from January 1, 2015 through December 31, 2024

All results were developed using customized residential, commercial and industrial sector-level potential
assessment analytic models and Kentucky-specific cost effectiveness criteria including the most recent
EKPC-specific avoided cost projections for electricity and natural gas. To help inform these energy
efficiency potential models, up-to-date energy efficiency measure data were primarily obtained from the
following recent studies and reports:

1) EKPC measures list)

2) Energy efficiency baseline studies conducted by EKPC

3) 2009 EIA Residential Energy Consumption Survey (RECS)

4) 2007 American Housing Survey (AHS)

5) 2003 EIA Commercial Building Energy Consumption Survey (CBECS)?2
6) Indiana Technical Reference Manual

7)  Mid- Atlantic Technical Reference Manual

The above data sources provided valuable information regarding the current saturation, costs, savings
and useful lives of electric and natural gas energy efficiency measures considered in this study.

The results of this study provide detailed information on energy efficiency measures that are the most
cost effective and have the greatest potential electric savings for EKPC. The data used for this report
were the best available at the time this analysis was developed. As building and appliance codes and
energy efficiency standards change, and as energy prices fluctuate, additional opportunities for energy
efficiency may occur while current practices may become outdated.

1.2 STUDY SCOPE

The study examines the potential to reduce electric consumption and peak demand and natural gas
consumption through the implementation of energy efficiency technologies and practices in residential,
commercial, and industrial facilities in EKPC member service territories. This study assesses electric
energy efficiency potential over ten years, from 2015 through 2024.

The study had the following main objectives:

d  Evaluate the electric energy efficiency technical, economic and achievable potential savings for
EKPC;

9 Calculate the economic and achievable potential energy efficiency savings based upon cost
effectiveness screening with the TRC benefit/cost ratios.

As noted above, the scope of this study distinguishes among three types of energy efficiency potential;
(1) technical, (2) economic, and (3) achievable potential. The definitions used in this study for energy
efficiency potential estimates were obtained directly from a 2007 National Action Plan for Energy
Efficiency (NAPEE) report. Figure 1-1 below provides a graphical representation of the relationship of
the various definitions of energy efficiency potential.

? This is the latest publicly available CBECS data released by the Energy Information Administration (EIA).
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Figure 1-1: Types of Energy Efficiency Potential?
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Limitations to the scope of study: As with any assessment of energy efficiency potential, this study necessarily
builds on a large number of assumptions and data sources, including the following:

Energy efficiency measure lives, measure savings and measure costs

The discount rate for determining the net present value of future savings

Projected penetration rates for energy efficiency measures

Projections of EKPC specific electric avoided costs

Future changes to current energy efficiency codes and standards for buildings and equipment

000D

While the GDS Team has sought to use the best and most current available data, there are many
assumptions where there may be reasonable alternative assumptions that would yield somewhat different
results. Furthermore, while the lists of energy efficiency measures examined in this study represent most
commercially available measures, these measure lists are not exhaustive.

Finally there was no attempt to place a dollar value on some difficult to quantify benefits arising from
installation of some measures, such as increased comfort or increased safety, which may in turn support
some personal choices to implement particular measures that may otherwise not be cost-effective or only
marginally so.

1.3 SUMMARY OF RESULTS
This study examined 407 electric energy efficiency measures in the residential, commercial and industrial

sectors combined.

Figure 1-2 below shows that cost effective electric energy efficiency resources can play a significantly
expanded role in EKPC energy resource mix over the next ten years. For the EKPC, the achievable
potential for electricity savings based on the TRC in 2024 is 8.5% of forecast MWh sales for 2024.

3 Reproduced from “Guide to Resource Planning with Energy Efficiency” November 2007. US EPA. Figure 2-1.
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Figure 1-2: Electric Energy Efficiency Potential Savings Summary
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Table 1-1 presents additional detail, providing the energy efficiency savings potential for all scenarios
over a period 10 years.

Table 1-1: Summary of Technical, Economic and Achievable Electric Energy Savings for 2024

ECONOMIC  ACHIEVABLE
TECHNICAL

END USE POTENTIAL POTENTIAL
POTENTIAL

(TRC) (TRC)

Electric Sales MWh

e
Savitigs %o 57.50% 50.50% 9.10%
| Residential

29.90% 28.30% 8.80%

| i % -
Sewinge Ve 22.20% 17.20% 7.00%
‘ Industrial

[_A 3] o —
Savings % 42.84% 37.32% 8.47%

[ Total

| Savings

mWh - 4559451 4,006,425 724,790
Residential

Savings

mWh - 671,288 636,670 196,736
Commercial

| Savings

' mWh - 863,024 666,015 283,812
Industrial

| Savings

' mWh - 6,093,763 5,309,110 1,205,338

' sa‘n'ngs % > B e R &
| Commercial
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Table 1-2 presents the annual utility budgets in total and by sector required to achieve the savings levels
in each achievable potential scenario.

Table 1-2: Annual Program Budgets Associated with the Maximum Achievable TRC Scenario

2016 2017 2018 2019 2020 2021 2022 2023 2024

Residential 21161766  $23851062  $26072,192  $27,949.945  $29.607.024  $31102128  $32,626531 $34050,500  $35487.444  $36,748,485
Commercial S+253301  S4283905  $4284513  SA324001  S4335192  S4358833  SA0L097 4635577 84682010 54,713‘(,2(,—1:
Tadustrial $3255,539  $3,868.445  $4,151,869  $4,181,598  $3,657,061  $3,719921  $3455,122  $3,493481  $3,613,002  $3,928857 {
Total $28,700,606 $32,003,412 $34,508,574  $36,456,234  $37,599,277 $39,180,882 $40472,750 $42,179,558 $43,782456  $45,395,968 |
Budgets o ‘7

1.4 ENERGY EFFICIENCY POTENTIAL SAVINGS DETAIL BY SECTOR

Note that Sections 6, 7 and 8 of this report include additional detail about the electric energy efficiency
savings potential for EKPC by 2024.

1.5 CosT EFFECTIVENESS FINDINGS

This study examines economic potential scenario using the Total Resource Cost (TRC) test. This energy
efficiency potential study concludes that significant cost effective electric energy efficiency potential
remains for EKPC. Table 1-3 show the preliminary present value benefits, costs and benefit-cost ratios
for the Maximum Achievable Potential scenario examined in this study.

PREPARED BY GIDS ASSOCIATES, INC.
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Table 1-3: Benefit-Cost Ratios for Achievable Potential Scenarios For 2015 to 2024 Time Period

ACHIEVABLE BENEFIT/COS

POTENTIAL NPV $ BENEFITS NPV $ COSTS T RATIO NET BENEFITS
SCENARIOS

%;h(‘:evable $1,114,326,815 $527,373,703 3.10 $1,105,280,447

In addition, GDS did calculate TRC benefit/cost ratios for each energy efficiency measure considered in
this study. Only measures that had a benefit/cost ratio greater than or equal to 1.0 were retained in the
economic and achievable potential savings estimates.

1.6 REPORT ORGANIZATION
The remainder of this report is organized as follows:
Section 2: Glossary of Terms defines key terminology used in the report.
Section 3: Introduction highlights the purpose of this study and the importance of energy efficiency.

Section 4: Characterization of Electric Energy Consumption provides an overview of the economic/demographic
characteristics a brief discussion of the historical and forecasted electric energy sales by sector as well as
electric peak demand.

Section 5: Potential Study Methodology details the approach used to develop the estimates of technical,
economic and achievable potential savings for electric and natural gas energy efficiency savings.

Section 6: Residential Electric Energy Efficiency Potential Estimates provides a breakdown of the technical,
economic, and achievable energy efficiency savings potential in the residential sector.

Section 7: Commercial Sector Electric Energy Efficiency Potential Estimates provides a breakdown of the technical,
economic, and achievable energy efficiency savings potential in the commercial sector.

Section 8: Industrial Sector Electric Efficiency Potential Estimates provides a breakdown of the technical,
economic, and achievable energy efficiency savings potential in the industrial sector.

PREPARED BY GDS ASSOCIATES, INC.
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2 GLOSSARY OF TERMS*

The following list defines many of the key energy efficiency terms used throughout this energy efficiency
potential study.

ACHIEVABLE POTENTIAL: The November 2007 National Action Plan for Energy Efficiency “Guide for
Conducting Energy Efficiency Potential Studies” defines achievable potential as the amount of energy
use that energy efficiency can realistically be expected to displace assuming the most aggressive program
scenario possible (eg, providing end-users with payments for the entire incremental cost of more
efficient equipment). This is often referred to as maximum achievable potential. Achievable potential
takes into account real-world barriers to convincing end-users to adopt efficiency measures, the non-
measure costs of delivering programs (for administration, marketing, tracking systems, monitoring and
evaluation, etc.), and the capability of programs and administrators to ramp up program activity over
time.

APPLICABILITY FACTOR: The fraction of the applicable housing units or businesses 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 the CFLs may not fit in every socket in a
home).

AVOIDED COsTS: For purposes of this report, the electric avoided costs are defined as the generation,
transmission and distribution costs that can be avoided in the future if the consumption of electricity or
natural gas can be reduced with energy efficiency or demand response programs. For a natural gas utility,
the avoided costs include the cost of the natural gas commodity and any other natural gas infrastructure
costs that can be reduced with energy efficiency programs.

BASE ACHIEVABLE POTENTIAL: For purposes of this study, an achievable potential scenario which
assumes incentives are set to 48% of the incremental or full measure cost.

BASE CASE EQUIPMENT END-USE INTENSITY: The electricity or natural gas used per customer per
year by each base-case technology in each market segment. This is the consumption of the electric or
natural gas energy using equipment that the efficient technology replaces or affects. For example, if the
efficient measure is 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 or halogen light bulb that provides
equivalent lumens to the CFL.

BASE CASE FACTOR: The fraction of the market that is applicable for the efficient technology in a given
market segment. For example, for the residential electric clothes washer measure, this would be the
fraction of all residential customers that have an electric clothes washer in their household.

CAPITAL RECOVERY RATE (CRR): The return of invested capital expressed as an annual rate; often
applied in a physical sense to wasting assets with a finite economic life.5

COINCIDENCE FACTOR: The fraction of connected load expected to be “on” and using electricity
coincident with the electric system peak period.

CONSTRAINED ACHIEVABLE: An achievable potential scenario which assumes a lower level of
incentives or lower annual program budgets than in the base case scenario.

*+ Potential definitions taken from National Action Plan for Energy Efficiency (2007). “Guide for Conducting Energy
Efficiency Potential Studies.” Prepared by Philip Mosenthal and Jeffrey Loiter, Optimal Energy, Inc.
5 Accuval. http://www.accuval.net/insights/glossary/

PREPARED BY GDS ASSOCIATES, INC.
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CosT-EFFECTIVENESS: A measure of the relevant economic effects resulting from the implementation

of an energy efficiency measure or program. If the benefits are greater than the costs, the measure is said
to be cost-effective.

CUMULATIVE ANNUAL: Refers to the overall annual savings occurring in a given year from both new
participants and annual savings continuing to result from past participation with energy efficiency
measures that are still in place. Cumulative annual does not always equal the sum of all prior year
incremental values as some energy efficiency measures have relatively short lives and, as a result, their
savings drop off over time.

COMMERCIAL SECTOR: Comprised of non-manufacturing premises typically used to sell a product or
provide a service, where electricity is consumed primarily for lighting, space cooling and heating, office
equipment, refrigeration and other end uses. Business types are included in Section 5 — Methodology.

DEMAND RESPONSE: Refers to electric demand resources involving dynamic hourly load response to
market conditions, such as curtailment or load control programs.

EARLY REPLACEMENT: Refers to an energy efficiency measure or efficiency program that seeks to
encourage the replacement of functional equipment before the end of its operating life with higher-
efficiency units.

EcoNomIC POTENTIAL: The November 2007 National Action Plan for Energy Efficiency “Guide for
Conducting Energy Efficiency Potential Studies” refers to the subset of the technical potential that is
economically cost-effective as compared to conventional supply-side energy resources as economic
potential. Both technical and economic potential are theoretical numbers that assume immediate
implementation of efficiency measures, with no regard for the gradual “ramping up” process of real-life
programs. In addition, they ignore market barriers to ensuring actual implementation of efficiency.
Finally, they only consider the costs of efficiency measures themselves, ignoring any programmatic costs
(e.g., marketing, analysis, administration, evaluation) that would be necessary to capture them.

END-USE: A category of equipment or service that consumes energy (e.g, lighting, refrigeration, heating,
process heat, cooling).

ENERGY EFFICIENCY: Using less energy to provide the same or an improved level of service to the
energy consumer in an economically efficient way. Sometimes “conservation” is used as a synonym, but
that term is usually taken to mean using less of a resource even if this results in a lower service level (e.g,
setting a thermostat lower or reducing lighting levels).

ENERGY USE INTENSITY (EUI): A unit of measurement that describes a building’s energy use. EUI
represents the energy consumed by a building relative to its size.6

FREE DRIVER: Individuals or businesses that adopt an energy efficient product or service because of an
energy efficiency program, but are difficult to identify either because they do not receive an incentive or
are not aware of the program.

FREE RIDER: Participants in an energy efficiency program who would have adopted an energy efficiency
technology or improvement in the absence of a program or financial incentive.

GROSS SAVINGS: Gross energy (or demand) savings are the change in energy consumption or demand
that results directly from program-promoted actions (e.g., installing energy-efficient lighting) taken by
program participants regardless of the extent or nature of program influence on their actions.

6 See http://www.energystar.gov/index.cfm?fuseaction=buildingcontest.eui
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INCENTIVE COSTS: A rebate or some form of payment used to encourage people to implement a given
demand-side management (DSM) technology.

INCREMENTAL: Savings or costs in a given year associated only with new installations of energy
efficiency or demand response measures happening in that specific year.

INDUSTRIAL SECTOR: Comprised of manufacturing premises typically used for producing and
processing goods, where electricity is consumed primarily for operating motors, process cooling and
heating, and space heating, ventilation, and air conditioning (HVAC). Business types are included in
section 5 — Methodology.

MAXIMUM (OR MAX) ACHIEVABLE: An achievable potential scenario which assumes incentives for
program participants are equal to 100% of measure incremental or full costs.

MEASURE: Any action taken to increase energy efficiency, whether through changes in equipment,
changes to a building shell, implementation of control strategies, or changes in consumer behavior.
Examples are higher-efficiency central air conditioners, occupancy sensor control of lighting, and retro-
commissioning. In some cases, bundles of technologies or practices may be modeled as single measures.
For example, an ENERGY STAR® ™ home package may be treated as a single measure.

MW: A unit of electrical output, equal to one million watts or one thousand kilowatts. It is typically
used to refer to the output of a power plant.

MWH: One thousand kilowatt-hours, or one million watt-hours. One MWh is equal to the use of
1,000,000 watts of power in one hour.

NET-TO-GROSS RATIO: A factor representing net program savings divided by gross program savings
that is applied to gross program impacts to convert them into net program load impacts

NET SAVINGS: Net energy or demand savings refer to the portion of gross savings that is attributable to
the program. This involves separating out the impacts that are a result of other influences, such as
consumer self-motivation. Given the range of influences on consumers’ energy consumption, attributing
changes to one cause (i.e., a particular program) or another can be quite complex.

NON INCENTIVE CoOsT: Costs incurred by the utility that do not include incentives paid to the customer
(le.: program administrative costs, program marketing costs, data tracking and reporting, program
evaluation, etc.)

NONPARTICIPANT SPILLOVER: Savings from efficiency projects implemented by those who did not
directly participate in a program, but which nonetheless occurred due to the influence of the program.

PARTICIPANT COST: The cost to the participant to participate in an energy efficiency program.

PARTICIPANT SPILLOVER: Additional energy efficiency actions taken by program participants as a result
of program influence, but actions that go beyond those directly subsidized or required by the program.”

PORTFOLIO: Either a collection of similar programs addressing the same market, technology, or
mechanisms; or the set of all programs conducted by one energy efficiency organization or utility.

PROGRAM: A mechanism for encouraging energy efficiency that may be funded by a variety of sources
and pursued by a wide range of approaches (typically includes multiple energy efficiency measures).

7 The definitions of participant and nonparticipant spillover were obtained from the National Action Plan for Energy
Efficiency Report titled “Model Energy Efficiency Program Impact Evaluation Guide”, November 2007, page ES-4.
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PROGRAM POTENTIAL: The November 2007 National Action Plan for Energy Efficiency ‘Guide for
Conducting Energy Efficiency Potential Studies” refers to the efficiency potential possible given specific
program funding levels and designs as program potential. Often, program potential studies are referred
to as “achievable” in contrast to “maximum achievable.” In effect, they estimate the achievable potential
from a given set of programs and funding. Program potential studies can consider scenarios ranging
from a single program to a full portfolio of programs. A typical potential study may report a range of
results based on different program funding levels.

REMAINING FACTOR: The fraction of applicable units that have not yet been converted to the electric
or natural gas energy efficiency measure; that is, one minus the fraction of units that already have the
energy efficiency measure installed.

REPLACE-ON-BURNOUT(ROB): An energy efficiency measure is not implemented until the existing
technology it is replacing fails or burns out. An example would be an energy efficient water heater being
purchased after the failure of the existing water heater at the end of its useful life.

RESOURCE ACQUISITION Co0sTS: The cost of energy savings associated with energy efficiency
programs, generally expressed in costs per first year or per lifetime MWH saved (§/MWh), kWh
($/kWh), or MMBtu (§/MMBtu) in this report.

RETROFIT: Refers to an efficiency measure or efficiency program that seeks to encourage the
replacement of functional equipment before the end of its operating life with higher-efficiency units (also
called “early retirement”) or the installation of additional controls, equipment, or materials in existing
facilities for purposes of reducing energy consumption (e.g., increased insulation, low flow devices,
lighting occupancy controls, economizer ventilation systems).

SAVINGS FACTOR: The percentage reduction in electricity or natural gas consumption resulting from
application of the efficient technology. The savings factor is used in the formulas to calculate energy
efficiency potential.

SOCIETAL CoOsT TEST: Measures the net benefits of the energy efficiency program for a region or
service area as a whole. Costs included in the SCT are costs to purchase and install the energy efficiency
measure and overhead costs of running the energy efficiency program. The SCT may also include non-
energy costs, such as reduced customer comfort levels. The benefits included are the avoided costs of
energy and capacity, plus environmental and other non-energy benefits that are not currently valued by
the market.

TECHNICAL POTENTIAL: The theoretical maximum amount of energy use that could be displaced by
energy efficiency, disregarding all non-engineering constraints such as cost-effectiveness and the
willingness of end-users to adopt the energy efficiency measures. It is often estimated as a “snapshot” in
time assuming immediate implementation of all technologically feasible energy saving measures, with
additional efficiency opportunities assumed as they arise from activities such as new construction.

ToTAL RESOURCE COST TEST: The TRC measures the net benefits of the energy efficiency program
for a region or service area as a whole from the combined perspective of the utility and program
participants. Costs included in the TRC are costs to purchase and install the energy efficiency measure
and overhead costs of running the energy efficiency program. Costs include all costs for the utility and
the participants. The benefits included are the avoided costs of energy and capacity plus any quantifiable
non-energy benefits (such as reduced emissions of carbon dioxide).

PREPARED BY GDS ASSOCIATES, INC.
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3 INTRODUCTION

This report assesses the potential for electric energy efficiency programs to assist EKPC in meeting
future energy service needs. This section of the report provides the following information:

Defines the term “energy efficiency”;

Describes the general benefits of energy efficiency programs;

Provides results of similar energy efficiency potential studies conducted in other states; and,
Describes contents of the Sections of this report.

|

The purpose of this energy efficiency potential study is to provide a detailed assessment of the technical,
economic and achievable potential for electric energy efficiency in EKPC member service territories.
This study has examined a full array of energy efficiency technologies and energy efficient building
practices that are technically achievable. The results of this study can be used to develop energy
efficiency goals for EKPC in the short and long-term.

3.1 INTRODUCTION TO ENERGY EFFICIENCY

Efficient energy use, often referred to as energy efficiency, is using less energy to provide the same level
of energy service. An example would be insulating a home or business in order to use less heating and
cooling energy to achieve the same inside temperature. Another example would be installing fluorescent
lighting in place of less efficient halogen or incandescent lights to attain the same level of illumination.
Energy efficiency can be achieved through more efficient technologies and/or processes as well as
through changes in individual behavior.

3.1.1  General Benefits of Energy Efficiency

There are a number of benefits that accrue due to electric energy efficiency programs. These benefits
include avoided cost savings, non-electric benefits such as water and fossil fuel savings, environmental
benefits, economic stimulus, job creation, risk reduction, and energy security.

Avoided electric energy and capacity costs are based upon the costs an electric utility would incur to
construct and operate new electric power plants or to purchase power from another source. These
avoided costs of electricity include both fixed and variable costs that can be directly avoided through a
reduction in electricity usage. The energy component includes the costs associated with the production
of electricity, while the capacity component includes costs associated with the capability to deliver
electric energy during peak periods. Capacity costs consist primarily of the costs associated with building
peaking generation facilities. The forecasts of electric energy and capacity avoided costs and natural gas
avoided costs used in this study were provided to GDS by EKPC. Avoided costs for natural gas include
the avoided costs of the natural gas commodity and any other savings on the natural gas distribution
system for operations and maintenance expenses or natural gas infrastructure expenditures.

At the consumer level, energy efficient products often cost more than their standard efficiency
counterparts, but this additional cost is balanced by lower energy consumption and lower energy bills.
Over time, the money saved from energy efficient products will pay consumers back for their initial
investment as well as save them money on their electric bills. Although some energy efficient
technologies are complex and expensive, such as installing new high efficiency windows or a high
efficiency boiler, many are simple and inexpensive. Installing compact fluorescent lighting or low-flow
water devices, for example, can be done by most individuals.

PREPARED BY GDS ASSOCIATES, INC.
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3.2 THE EKPC CONTEXT

3.21 Continuing Customer Growth

The annual kWh sales and electric system peak load for EKPC is projected to increase over the next
decade. This report assesses the potential for electric and natural gas energy efficiency programs to assist
EKPC in meeting future electric energy service needs.

3.2.2 Energy Efficiency Activity

Making homes and buildings more energy efficient is seen as a key strategy for addressing energy
security, reducing reliance on fossil fuels from other countries, assisting consumers to lower energy bills,
and addressing concerns about climate change. Faced with rapidly increasing energy prices, constraints in
energy supply and demand, and energy reliability concerns, states are turning to energy efficiency as the
most reliable, cost-effective, and quickest resource to deploy.®

3.2.3 Recent Energy Efficiency Potential Studies

Table 3-1 below provides the results from a GDS review of a recent energy efficiency potential study
conducted for Big Rivers Electric Corporation (also in Kentucky). It is useful to examine these results to
understand if they are similar to this latest study for EKPC.

Table 3-1: Results of Recent Energy Efficiency Potential Studies in Kentucky

STUDY STUDY ACHIEVABLE

AUTHOR
~ YEAR 7 E J PERIOD POTENTIAL

2013 GDS 2014-2023 10 11.2% 1

1 Big Rivers

3.3 COST-EFFECTIVENESS FINDINGS

The Total Resource Cost (TRC) Test calculations in this study follow the prescribed methodology
detailed in the latest version of the California Standard Practice Manual (CA SPM). The California
Standard Practice Manual establishes standard procedures for cost-effectiveness evaluations for utility-
sponsored or public benefits programs and is generally considered to be an authoritative source for
defining cost-effectiveness criteria and methodology. This manual is often referenced by many other
states and utilities.

The GDS cost-effectiveness screening tool used for this study quantifies all of the benefits and costs
included in the TRC test. For purposes of this study, quantified benefits of the TRC Test include electric
energy and capacity avoided supply costs, avoided electric transmission and distribution avoided costs,
and alternative fuel and water savings. Costs include the specified measure cost (incremental or full cost,
as applicable), any increase in supply costs (electric or fossil fuel), as well as operation and maintenance
costs. In addition, the GDS screening tool is capable of evaluation of cost-effectiveness based on various
market replacement approaches, including replace-on-burnout, retrofit, and early retirement.

The forecast of electric and natural gas avoided costs of energy and generation capacity were obtained
from EKPC. The value for electric T&D avoided costs were obtained from a report from the New York
Public Service Commission based on the upstate New York region.

8 The December 2008 National Action Plan for Energy Efficiency (NAPEE) “Vision for 2025: A Framework for Change”
states that “the long-term aspirational goal for the Action Plan is to achieve all cost-effective energy efficiency by the year
2025. Based on studies, the efficiency resource available may be able to meet 50% or more of the expected load growth
over this time frame, similar to meeting 20% of electricity consumption and 10 percent of natural gas consumption. The
benefits from achieving this magnitude of energy efficiency nationally can be estimated to be more than $100 billion in
lower energy bills in 2025 than would otherwise occur, over $500 billion in net savings, and substantial reductions in
greenhouse gas emissions.”

PREPARED BY GDS ASSOCIATES, INC.
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This energy efficiency potential study concludes that there remains significant achievable cost effective

potential for electric energy efficiency measures and programs in EKPC member service territories.
Table 3-3 shows the overall benefit-cost ratio ten-year implementation period starting in 2015.

Table 3-3: Scenario #2: TRC Test Benefit-Cost Ratios for the Achievable Potential Scenario Based on TRC
Screening 10-Year Implementation Period

TRC

ACHIEVABLE POTENTIAL SCENARIOS TRC $ BENEFITS TRC $ COSTS BENEFIT/COST
RATIO

10-yr period $1,632,654,150 $527,373,703 3.10

PREPARED BY GDDS ASSOCIATES, INC.
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4 CHARACTERIZATION OF ELECTRICITY CONSUMPTION IN
EKPC SERVICE AREAS

This chapter provides up-to-date historical and forecast information on electricity consumption,
consumption by market segment and by energy end use in EKPC’s member service territories. This
chapter also provides an overview of the number of households and housing units in EKPC’s service
area. Developing this information is a fundamental part of any energy efficiency potential study. It is
necessary to understand how energy is consumed in a state or region before one can assess the energy
efficiency savings potential that remains to be tapped.

4.1 EKPC MEMBER SERVICE AREAS

EKPC member service territories are located in an area from central Kentucky to eastern Kentucky.
Figure 4-1 shows a map of the 16 cooperatives in EKPC’s service area. Note that the size of service
areas varies.

Figure 4-1: Map of the 16 Cooperatives in EKPC Service Area
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Kentucky Power Cooperative
service area
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4.2 ECONOMIC/DEMOGRAPHIC CHARACTERISTIC

Kentucky is 39,486.34square miles. According to an estimate done by the Census Bureau, during the year
2014, the total population of Kentucky is 4,413,457. 9. There are 109.9 Persons per square mile, per
2010 census data.

Kentucky’s state’s population distribution by age is as follows:

O Under 5-6.3%
O Under 18 —23.1%
O Above 65 —14.4%

The estimated number of Kentucky housing units from the 2013 census was 1,936,565.

9 U.S. Department of Commerce, Bureau of the Census, at http://quickfacts.census.gov/qfd/states/21000.html
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Table 4-1 provides historical data for the number of electric customers by sector.

Table 4-1: Number of Electric Customers by Market Sector

COMMERCIAL &
INDUSTRIAL TOTAL ELECTRIC

RESIDENTIAL
ELECTRIC

ELECTRIC CUSTOMERS
CUSTOMERS 3

CUSTOMERS

421,353 30,234 451,587
2002 431,129 32,379 463,508
2003 441,589 52,112 473,701
2004 451,047 33,716 484,763
2005 455,943 36,327 492,270
2006 465,468 36,049 501,517
2007 471,495 36,964 508,459
2008 478,951 38,063 517,014
2009 480,398 38,367 518,765
2010 481,691 38,637 520,328
2011 482,351 38,798 521,149
2012 487,769 34,754 522,523
2013 489,630 35,042 524,672

4.3 RESIDENTIAL, COMMERCIAL AND INDUSTRIAL SECTOR BASELINE SEGMENTATION
FINDINGS

This section provides detailed information on the breakdown of residential, commercial and industrial
electricity sales by market segment and end use.
4.3.1 Electricity Sales by Sector

Figure 4-2 and Table 4-2 show historical and forecast electricity sales by sector (in millions of kWh) for
East Kentucky Power Cooperative for the period 2003 to 2025. The breakout of Industrial versus
Commercial sales was estimated based on a sample of customer non-residential data provided by EKPC.

Figure 4-2: EKPC Annual Electric Sales
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Table 4-2: EKPC Actual and Projected Electric GWh Sales by Sector

RESIDENTIAL COMMERCIAL INDUSTRIAL
2003 6,205 1,443 3,032 10,680
2004 6,338 1,490 3,189 11,017
2005 6,752 1,602 3,189 11,543
2006 6,546 1,641 3,239 11,426
2007 6,998 1,718 3,317 12,033
2008 7,055 1,731 3,204 11,990
2009 6,789 1,652 3,024 11,465
2010 7,389 1,783 3,062 12,234
2011 6,967 1,737 3,105 11,809
2012 6,573 1,753 3,107 11,433
2013 6,905 1,818 3,225 11,948
2014 6,965 1,885 3,328 12,178
2015 7,043 1,930 3,416 12,389
2016 7,157 1,978 3,512 12,647
2017 7,253 2,013 3,581 12,847
2018 7,358 2,049 3,652 13,059
2019 7,452 2,083 3,720 13,255
2020 7,518 2,122 3,797 13,437
2021 7,594 2,148 3,846 13,588
2022 7,689 2,177 3,903 13,769
2023 7,808 2,209 3,967 13,984
2024 7,928 2,248 4,049 14,225
2025 8,035 2,278 4,112 14,425

4.3.2 Electricity Consumption by Market Segment

Figure 4-3 shows the breakdown of electricity consumption by building type for the commercial sector.
Figure 4-4 shows a similar breakdown of sales by industrial market segment for the industrial sector. The
Other market sector (21%) consumes the largest share of commercial electricity consumption, followed
by Mercantile (15%) and Education (13%). In the industrial sector, Primary Metals (34% of annual
industrial electricity sales) is the largest sector, followed by Converted Paper Products (11%) and
Transportation Equipment (10%).

PREPARED BY GDS ASSOCIATES, INC.
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Figure 4-3: 2015 Commercial Electricity Consumption by Market Segment
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Figure 4-4: 2015 Electric Industrial Energy Consumption by Market Segment
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Table 4-3: 2015 Electric Industrial Energy Consumption by Segment

SEGMENT CONSUMPTION (MWH) ELECTRICITY SHARE
Food 148,556 4%
Beverage 30,687 1%
Chemicals 122,698 g 4%
Computer & Electronics 14,587 0%
Fabricated Metals 102,358 3%
Wood 81,241 2%
Plastics & Rubber 318,692 9%
Primary Metals 1,154,217 34%
Petroleum 42,589 1%
Machinery 22,704 1%
Nonmetallic Mineral 224,033 7%
Transportation Equipment 345,187 10%
Coal Mining 31,427 1%
Converted Paper Products 389,943 11%
Glass 200,779 6%
Furniture 11,552 0%
Misc. 174,979 5%
Total 3,416,229 100%

4.3.3 Electric Consumption by End-Use

Table 4-3 shows the breakdown of electric energy consumption by the industrial market segment. Table
4-4 shows the breakdown of electric energy consumption by commercial market segment by end use.
Tables 4-4, 4-5, and 4-6 show the same breakdown for the industrial sector by market segment.
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Table 4-4: Breakdown of Commercial Electricity Sales by Market Segment and End-Use

SPACE COOLING VENTILATION WATER LIGHTING COOKING REFRIGERATION OFFICE OTHER

HEATING HEATING EQUIPMENT TorAL
Education 12.34% 11.90% 21.32% 17.70% 13.14% 7.23% 4.59% 16.62% 6.94% 13%
Food Sales 10.41% 2.30% 0.82% 1.10% 5.15% 14.58% 39.69% 3.44% 2.37% 8%
Food Service 2.02% 2.29% 1.75% 4.75% 1.13% 29.40% 6.03% 1.03% 1.29% 2%
Health Care - 1.64% 10.25% 10.27% 2.69% 8.98% 11.09% 0.87% 6.74% 7.85% 8%
Inpatient &
Outpatient
Lodging 3.12% 1.75% 0.78% 4.13% 3.68% 7.69% 0.32% 0.70% 1.68% 2%
Mercantile 43.29% 16.23% 9.33% 50.23% 16.96% 18.17% 3.60% 11.80% 12.02% 15%
Office 5.37% 8.95% 4.32% 1.94% 7.81% 0.06% 1.50% 16.14% 6.37% 6%
Public Assembly 8.48% 8.37% 33.76% 0.24% 5.81% 0.78% 2.65% 3.41% 11.67% 11%
Public Order and 8.61% 8.63% 7.29% 12.11% 4.98% 7.32% 4.16% 6.65% 7.49% 6%
Safety
Religious Wotship 1.33% 3.30% 2.50% 0.95% 2.54% 3.56% 1.25% 1.50% 6.17% 3%
Service 0.72% 1.02% 0.91% 0.12% 1.12% 0.00% 0.43% 1.07% 1.40% 1%
Warehouse and 2.69% 1.87% 1.79% 0.61% 3.90% 0.13% 7.56% 1.84% 2.51% 3%
Storage
Other 0.00% 23.11% 5.16% 3.43% 24.80% 0.00% 27.36% 29.05% 32.23% 21%
Vacant 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0%
Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Table 4-5: Electric Industrial Energy Consumption by End Use (Table 1 of 3)

BEVERAGE CHEMICALS COMPUTER & FABRICATED PLASTICS &
ELECTRONICS METALS RUBBER
Conventional Boiler Use
Process Heating 5% 6% 4% 10% 21% 6% 18%
Process Cooling and Refrigeration 28% 26% 8% 9% 3% 1% 11%
Machine Drive 43% 34% 59% 23% 41% 72% 43%
Electro-Chemical Processes 0% 0% 15% 2% 3% 1% 0%

PREPARED BY GDS ASSOCIATES, INC.
19 |



Exhibit DSM -1
G EAST KENTUCKY POWER COOPERATIVE ENERGY EFFICIENCY POTENTIAL

Foop BEVERAGE CHEMICALS COMPUTER & FABRICATED Woob PLASTICS &
ELECTRONICS METALS RUBBER
Other Process Use 1% 2% 1% 5% 3% 1% 3%
Facility HVAC (g) 8% 10% 6% 30% 9% 6% 10%
Facility Lighting 8% 8% 4% 12% 11% 8% 8%
Other Facility Support 2% 2% 1% 5% 2% 2% 2%
Onsite Transportation 0% 0% 0% 0% 0% 0% 0%
Other Nonprocess Use 0% 0% 0% 1% 0% 1% 0%
End Use Not Reported 2% 9% 1% 4% 6% 2% 2%
Total Industrial 100% 100% 100% 100% 100% 100% 100%

Table 4-6: Electric Industrial Energy Consumption by End Use (Table 2 of 3)

PRIMARY METALS PETROLEUM MACHINERY NONMETALLIC TRANS. CoAL MINING
MINERAL EQUIPMENT

Conventional Boiler Use 0% 1% 1% 0% 1% 1%
Process Heating 32% 0% 11% 26% 11% 11%
Process Cooling and Refrigeration 1% 5% 3% 3% 5% 3%
Machine Drive 28% 83% 40% 54% 36% 40%
Electro-Chemical Processes 26% 0% 0% 1% 2% 0%
Other Process Use 3% 2% 3% 2% 4% 3%
Facility HVAC (g) 4% 4% 20% 6% 19% 20%
Facility Lighting 3% 3% 15% 5% 15% 15%
Other Facility Support 1% 1% 4% 1% 3% 4%
Onsite Transportation 0% 0% 0% 0% 1% 0%
Other Nonprocess Use 0% 0% 1% 0% 1% 1%
End Use Not Reported 0% 2% 1% 1% 3% 1%
Total Industrial 100% 100% 100% 100% 100% 100%
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Table 4-7: Electric Industrial Energy Consumption by End Use (Table 3 of 3)

Conventional Boiler Use

CONVERTED

PAPER

PrRODUCTS

GLASS

FURNITURE

TOTAL
INDUSTRIAL

23,877

Process Heating 10% 15% 5% 11% 659,995
Process Cooling and Refrigeration 9% 4% 1% 5% 192,297
Machine Drive 23% 37% 47% 30% 1,232,175
Electro-Chemical Processes 2% 5% 1% 5% 364,517
Other Process Use 5% 4% 2% 3% 104,455
Facility HVAC (g) 30% 15% 18% 25% 399,920
Facility Lighting 12% 10% 17% 14% 269,668
Other Facility Support 5% 7% 4% 4% 85,785
Onsite Transportation 0% 0% 1% 0% 7,057
Other Nonprocess Use 1% 0% 1% 0% 17,565
End Use Not Reported 4% 0% 4% 1% 58,918
Total Industrial 100% 100% 100% 100% 3,416,229
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4.4 CURRENT EKPC ENERGY EFFICIENCY PROGRAMS

4.4.1 Current EKPC Energy Efficiency Programs

EKPC provides several energy efficiency programs to its customers in the residential, commercial and
industrial markets.

4.4.1.1 Residential Programs
Residential Enetgy Efficiency Program (Electric)

EKPC offers energy audits, information, and rebates for the installation of qualifying energy
efficiency improvements through the following programs:

Residential Energy Audits
EKPC offers energy audits of homes conducted by trained experts from the local co-ops.
SimpleS aver Program

The SimpleSaver Program is a load management program to remotely manage power usage of air
conditioners and electric water heaters. Participation is voluntary and participants receive incentives.

CFL Bulb Program

Local co-ops provide CFL bulbs to customers at no cost and have given away thousands of CFL
bulbs since 2003.

Touchstone Energy Homes
The Touchstone Energy Homes Program complements federal Energy Star standards for new

homes, as well as standards being adopted voluntarily by many Kentucky builders. Rebates are
available for qualifying energy efficiency measures.

Button-Up Program

The Button-Up Program offers customers a way to identify leaks in the home’s envelope and areas
with inadequate levels of insulation and provides valuable tips on insulation and air sealing. Rebates
are also available for qualifying measures such as insulation and air sealing.

Heat Pump Retrofit

The Heat Pump Retrofit program offers customers an incentive to convert residential homes from
electric resistance heat to an energy efficient heat pump.

HVAC Duct Seal

The HVAC Duct Seal program provides a rebate to customers that seal their leaking duct systems.

4.4.12 Commercial/ Industrial Programs
Commercial and Industrial Energy Efficiency Program
EKPC provides energy audits to commercial and industrial customers.
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Commercial and Industtial Energy Audits

EKPC offers energy audits of businesses conducted by Envision Energy Services. The audit
includes inspections of energy use, lighting, and compressed air systems to identify savings
opportunities. Infrared inspections are also available.
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5 POTENTIAL STUDY METHODOLOGY

This section describes the overall methodology that was utilized by GDS to develop the energy efficiency
potential study for EKPC. The main objective of this energy efficiency potential study is to quantify the
technical, economic and achievable potential for electric energy efficiency savings in EKPC member
service territories. This report provides estimates of the potential kWh and kW electric savings for each
level (technical, economic and achievable potential) of energy efficiency potential. This document
describes the general steps and methods that were used at each stage of the analytical process necessary
to produce the various estimates of energy efficiency potential. GDS did not examine delivery
approaches for energy efficiency programs as this task was not included in the scope of work for this
study.

Energy efficiency potential studies involve a number of analytical steps to produce estimates of each type
of energy efficiency potential: technical, economic, and achievable. This study utilizes benefit/cost
screening tools for the residential and non-residential sectors to assess the cost effectiveness of energy
efficiency measures. These cost effectiveness screening tools are Excel-based models that integrate
technology-specific impacts and costs, customer characteristics, utility avoided cost forecasts and more.
Excel was used as the modeling platform to provide transparency to the estimation process and allow for
simple customization based on EKPC’s unique characteristics and the availability of specific model input
data. The major analytical steps and an overview of the potential savings are summarized below, and
specific changes in methodology from one sector to another have been noted throughout this section.

Measure List Development

Measure Characterization

Load Forecast Development and Disaggregation
Potential Savings Overview

Technical Potential

Measure Cost-Effectiveness Screening
Economic Potential

Achievable Potential

000800 55

5.1 MEASURE LIST DEVELOPMENT

The energy efficiency measures included in this study cover energy efficiency measures currently
included in EKPC’s energy efficiency programs, as well as additional measures suggested by the GDS
Team based on existing knowledge and current databases of electric end-use technologies and energy
efficiency measures. The study scope includes measures and practices that are currently commercially
available as well as emerging technologies. The commercially available measures are of the most
immediate interest to EKPC. However, a small number of well documented emerging technologies were
considered for each sector. Emerging technology research was focused on measures that are
commercially available but may not be widely accepted at the current time. In June 2014, the GDS Team
provided the energy efficiency measure lists for each sector to interested stakeholders for review and
comment. These measure lists were then reviewed, discussed and updated as necessary. A complete
listing of the energy efficiency measures included in this study is provided in the Appendices of
this report.

In addition, this study includes measures that could be relatively easily substituted for, or applied to,
existing technologies on a retrofit or replace-on-burnout basis. Replace-on-burnout applies to equipment
replacements that are made normally in the market when a piece of equipment is at the end of its useful
life. A retrofit measure is eligible to be replaced at any time in the life of the equipment or building.
Replace-on-burnout measures are generally characterized by incremental measure costs and savings (e.g.
the costs and savings of a high-efficiency versus standard efficiency air conditioner); whereas retrofit
measures are generally characterized by full costs and savings (e.g. the full costs and savings associated
with adding ceiling insulation into an existing attic). For new construction, energy efficiency measures
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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.

5.2 MEASURE CHARACTERIZATION

A significant amount of data is needed to estimate the kWh and kW savings potential for individual
energy efficiency and demand response measures or programs across the entire existing residential and
non-residential sectors for EKPC. GDS used Kentucky specific data wherever it was available and up-to-
date. Considerable effort was expended to identify, review, and document all available data sources.!0
This review has allowed the development of reasonable and supportable assumptions regarding:
measure lives; measure installed incremental or full costs (as appropriate); and electric savings and
saturations for each energy efficiency measure included in the final list of measures in this study.

Costs and savings for new construction and replace on burnout measures are calculated as the
incremental difference between the code minimum equipment and the energy efficiency measure. This
approach is utilized because the consumer must select an efficiency level that is at least the code
minimum equipment. The incremental cost is calculated as the difference between the cost of high
efficiency and standard (code compliant) equipment. However, for retrofit measures, the measure cost
was considered to be the “full” cost of the measure, as the baseline scenario assumes the consumer
would do nothing. In general, the savings for retrofit measures are calculated as the difference between
the energy use of the removed equipment and the energy use of the new high efficiency equipment (until
the removed equipment would have reached the end of its useful life).

Savings: Estimates of annual measure savings as a percentage of base equipment usage were developed
from a variety of sources, including:

0 EKPC existing program measures

0  Secondary sources such as the American Council for an Energy-Efficient Economy (“ACEEE”),
Department of Energy (“DOE”), Energy Information Administration (“EIA”), ENERGY
STAR, Air Conditioning Contractors of America (“ACCA”) and other technical potential studies
and Technical Reference Manuals

Measure Costs: Measure costs represent either incremental or full costs, and typically include the
incremental cost of measure installation. For purposes of this study, nominal measures costs were held
constant over time. This general assumption is being made due to the fact that historically many measure
costs (e.g., CFL bulbs, Energy Star appliances, etc.) have declined over time, while some measure costs
have increased over time (e.g., fiberglass insulation). Cost estimates were obtained from the following
types of data sources:

O  Secondary sources such as ACEEE, ENERGY STAR, NREL, NEEP Incremental Cost Study
Report, and other technical potential studies and Technical Reference Manuals

O Retail store pricing (such as web sites of Home Depot and Lowe’s) and industry experts

0 Indiana TRM and Mid-Atlantic TRM

Measure 1ife: Represents the number of years that energy-using equipment is expected to operate. Useful
life estimates have been obtained from the following data sources:

Manufacturer data

Savings calculators and life-cycle cost analyses

Secondary sources such as ACEEE, ENERGY STAR, and other technical potential studies
The California Database for Energy Efficient Resources (“DEER”) database

Evaluation reports

000018

10 The appendices and supporting databases to this report provide the data sources used by GDS to obtain up-to-date data
on energy efficiency measure costs, savings, useful lives and saturations.
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0 GDS and other consultant research or technical reports

Baseline and Efficient Technology Saturations: In order to assess the amount of electric and natural gas
energy efficiency savings still available, estimates of the current saturation of baseline equipment and
energy efficiency measures, or for the non-residential sector the amount of energy use that is associated
with a specific end use (such as HVAC) and percent of that energy use that is associated with energy
efficient equipment are necessary. Up-to-date measure saturation data were primarily obtained from the
following recent studies:

2013 EKPC Member System End-use Survey

2009 EIA Residential Energy Consumption Survey (RECS)

2007 American Housing Survey (AHS)

2010 EIA Manufacturing Energy Consumption Survey (MECS)

2003 EIA Commercial Building Energy Consumption Survey (CBECS)

o00RB

Further detail regarding the development of measure assumptions for energy efficiency in the residential
and non-residential sectors are provided in this report in later sections. Additionally, as noted above, the
appendices of the report provide a comprehensive listing of all energy efficiency measure assumptions
and data sources.

5.3 FORECAST DISAGGREGATION FOR THE COMMERCIAL AND INDUSTRIAL SECTORS

For the commercial sector, the baseline electric and natural gas load forecasts were disaggregated by
combining sales breakdowns by business type derived from information provided by EKPC with
regional energy use estimates by business type available from the U.S. Energy Information
Administration (EIA)!"! The forecasts were then further disaggregated by end use based on end use
consumption estimates for the East North Central Region (Michigan, Wisconsin, Ohio, Indiana, Illinois).
The disaggregated electric and natural gas sales forecasts provide the foundation for the development of
energy efficiency potential estimates for the commercial sector. It was not necessary to develop a
disaggregated residential sales forecast because a bottom-up approach was used for the residential sector.

For the industrial sector, the baseline electric and natural gas demand forecasts were disaggregated by
industry type derived from information provided by EKPC and then by end use. The industry type
breakdowns are based on value of shipments data and U.S. energy intensity data (consumption per § of
value shipped) by industry from the U.S. Census Bureau’s Annual Survey of Manufacturers. Further dis-
aggregation by end use is based on data from the EIA’s 2010 Manufacturing Energy Consumption
Survey (MECS) The disaggregated forecast data provides the foundation for the development of energy
efficiency potential estimates for the industrial sector.

5.4 ROLE OF NATURALLY OCCURRING CONSERVATION

Naturally occurring conservation exists through government intervention, improved manufacturing
efficiencies, building energy codes, market demand, and increased energy efficiency implementation by
early adopters, who will implement measures without explicit monetary incentives. The impacts of new
Federal government mandated energy efficiency standards have already been reflected in the baseline
data for equipment unit energy consumption being used for this potential study. These new government
standards, such as the new standards included in the Federal government’s December 2007 Energy
Independence and Security Act (EISA)!2, can significantly increase naturally occurring potential through
tax incentives, stimulus funding or stricter manufacturing standards. These forces cause certain sector
end-use energy consumption values to improve across the baseline forecast. It is important to account
for these forces as thoroughly as possible to ensure the energy efficiency potential is not double-counted,

112003 EIA Commercial Building Energy Consumption Survey (CBECS), East North Central and Midwest Regions.
12 PUBLIC LAW 110-140—DEC. 19, 2007. Energy Independence and Security Act of 2007
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by over-stating the potential that could occur for end-uses where codes and standards are reducing
baseline unit energy consumption. In addition, GDS has reflected the impacts of new EISA lighting
standards that went into effect starting in 2012, as well as changes to other federal baseline standards
across a variety of end uses. These adjustments reduce energy efficiency potential starting in the years
these standards come into effect, and in subsequent years.

5.5 POTENTIAL SAVINGS OVERVIEW

Potential studies often distinguish between several types of energy efficiency potential: technical,
economic, and achievable. However, because there are often important definitional issues between
studies, it is important to understand the definition and scope of each potential estimate as it applies to
this analysis. The first two types of potential, technical and economic, provide a theoretical upper bound
for energy savings from energy efficiency measures. Still, even the best designed portfolio of programs is
unlikely to capture 100 percent of the technical or economic potential. Therefore, achievable potential
attempts to estimate what may realistically be achieved, when it can be captured, and how much it would
cost to do so. Figure 5-1 below illustrates the three most common types of energy efficiency potential.

Figure 5-1: Types of Energy Efficiency Potential'3
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5.6 TECHNICAL POTENTIAL

The GDS Team has used the energy efficiency potential definitions included on pages 2-4 of the
November 2007 National Action Plan for Energy Efficiency (NAPEE) Guide for Conducting Energy
Efficiency Potential Studies. Technical potential is the theoretical maximum amount of energy use that
could be displaced by efficiency, disregarding all non-engineering constraints such as cost-effectiveness
and the willingness of end-users to adopt the efficiency measures. It is often estimated as a “snapshot” in
time assuming immediate implementation of all technologically feasible energy saving measures, with
additional efficiency opportunities assumed as they arise from activities such as new construction. '

In general, this study utilizes a “bottom-up” approach in the residential sector to calculate the potential
of an energy efficiency measure or set of measures as illustrated in Figure 5-2 below. A bottom-up
approach was used for the residential sector due to the amount of data available for this sector from
EKPC, from Federal government surveys and research done in nearby states. A bottom-up approach
first starts with the savings and costs associated with replacing one piece of equipment with its high
efficiency counterpart, and then multiplies these values by the number of measures available to be
installed throughout the life of the program. The bottom-up approach is applicable in the residential
sector because of better secondary data availability and greater homogeneity of the building and
equipment stock to which measures are applied, compared to the non-residential sector. However, this
methodology was not utilized in the non-residential sector. For the non-residential sector, a “top-down”
approach was used for developing the technical potential estimates. The “top down” approach builds an
energy use profile based on estimates of kWh sales by business segment and end use. Savings factors for

13 Reproduced from “Guide to Resource Planning with Energy Efficiency” November 2007. US EPA. Figure 2-1.
14 National Action Plan for Energy Efficiency, “Guide for Conducting Energy Efficiency Potential Studies”, page 2-4
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energy efficiency measures are then applied to applicable end use energy estimates after assumptions are

made regarding the fraction of sales that are associated with inefficient equipment and the
technical/engineering feasibility of each energy efficiency measure.

Figure 5-2: Residential Sector Savings Methodology - Bottom Up Approach

“BOTTOM-UP APPROACH”
Residential Energy Savings

Factors

Measures

End Use

# of Residential Homes

As shown in Figure 5-2, the methodology starts at the bottom based on the number of residential
customers (splitting them into single-family, multi-family and manufactured housing types as well as
existing homes vs. new construction). From that point, estimates of the size of the eligible market in
EKPC’s service area were developed for each energy efficiency measure. For example, energy efficiency
measures that affect electric space heating are only applicable to those homes in EKPC’s service area that
have electric space heating.

Estimates of energy efficient equipment saturations were based on several sources, including data
collected from the 2009 RECS and the baseline studies provided by EKPC.

The goal of the approach is to determine how many households that a specific measure applies to (base
case factor), then of that group, the fraction of households/buildings which do not have the energy
efficient version of the measure being installed (remaining factor). In instances where technical reasons
do not permit the installation of the efficient equipment in all eligible households an applicability factor
is used to limit the potential. Alternative water heating technologies (efficient water heater tanks, heat
pump water heaters or solar water heating systems) are then utilized to meet the remaining market
potential. The last factor to be applied is the savings factor, which is the percentage savings achieved
from installing the efficient measure over a standard measure.

In developing the overall potential electricity savings, the analysis accounts for the interactive effects of
measures designed to impact the same end-use. For instance, if a home were to properly seal all
ductwork, the overall space heating and cooling consumption in that home would decrease. As a result,
the remaining potential for energy savings derived from a heating/cooling equipment upgrade would be
reduced. In instances where there are two (or more) competing technologies for the same electrical (or
natural gas) end use, such as heat pump water heaters, water heater efficiency measures and high-
efficiency electric storage water heaters, in most cases an equal percentage of the available population is
assigned to each measure using the applicability factor!. In the event that one of the competing
measures is not found to be cost-effective, the homes/buildings assigned to that measure are
transitioned over any of the remaining cost effective alternatives.

15 GDS used its professional judgment in some cases to assign unequal applicability factors to attempt to avoid overstating
or understating the potential of the set of competing technologies.
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The savings estimates per base unit are determined by comparing the high-efficiency equipment to
current installed equipment for existing construction retrofits or to current equipment code standards for
replace-on-burnout and new construction scenarios.

5.7 CORE EQUATION FOR THE RESIDENTIAL SECTOR

The core equation used in the residential sector energy efficiency technical potential analysis for each
individual efficiency measure is shown below in Equation 5-1 below.

Equation 5-1: Core Equation for Residential Sector Technical Potential

Technical Base Cise
a -
Potential Yotal Equipment ’ Saw;;:—.—
. . Number of
S ETent Households End Use x s

Measure Intensity

Where:

3 Total Number of Households = the number of households in the market segment (e.g. the
number of households living in detached single-family buildings)

Q Base Case Equipment End-use Intensity = annual energy consumption (kWh or MMBtu)
used per customer, per year, by each base-case technology in each market segment. This is the
consumption of energy using equipment that efficient technology replaces or affects. This
variable fully accounts for any known building characteristics in the service area, such as average
square footage of homes in Kentucky.

Q  Saturation Share = this variable has two parts: the first is the fraction of the end use energy
that is applicable for the efficient technology in a given market segment. For example, for
electric residential water heating, this would be the fraction of all residential electric customers
that have electric water heating in their household; the second is the share of the end use electric
energy that is applicable for the efficient technology that has not yet been converted to an
efficient technology.

2 Applicability Factor = this factor ensures that a household cannot receive two of the same type
of measure. For example, if we assume there are two tiers of efficient air conditioning units, one
which yields 10% savings and another which yields 20% savings, a household that needs to
replace its unit could either receive the unit which yields 10% savings or the unit which yields
20% savings, but could not receive both units. In general, GDS applies an even distribution to
the same type of measure across eligible households when applying this factor. GDS may, in
some cases, assign unbalanced applicability factors, if it believes an even distribution is
inappropriate!¢. The applicability factor also captures the fraction of applicable units technically
feasible for conversion to the efficient technology from an engineering perspective (e.g., it may
not be possible to add wall insulation in all homes because the original construction of some
homes does not allow for wall insulation to be installed without requiring major reconstruction
of the house, which would be an additional cost that does not yield any energy benefits).

O Savings Factor = the percentage of energy consumption reduction resulting from application of
the efficient technology. The savings factor is a general term used to illustrate the calculation of a
measure’s technical potential. The Excel-based model GDS uses fully integrates the necessary
assumptions to determine the measure-level savings, given the Base Case Equipment End-use
Intensity, and the expected savings of each technology.

16 For example, if historical data indicates a technology has been able to garner a large share of the market GDS may
assign a higher applicability factor to this technology in order to properly reflect this knowledge.
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Technical energy efficiency potential in the residential sector is calculated in two steps. In the first step,
all measures are treated independently; that is, the savings of each measure are not reduced or otherwise
adjusted for overlap between competing or interacting measures. By analyzing measures independently,
no assumptions are made about the combinations or order in which they might be installed in customer
buildings. However, the cumulative technical potential cannot be estimated by adding the savings from
the individual savings estimates because some savings would be double-counted. For example, the
savings from a measure that reduces heat loss from a building, such as insulation, are partially dependent
on other measures that affect the efficiency of the system being used to heat the building, such as a high-
efficiency furnace; the more efficient the furnace, the less energy saved from the installation of the
insulation. In the second step, adjustments are made to account for such interactive effects. The
adjustments for interactive effects were made by upgrading the baseline conditions while holding the
savings percentages constant. The upgraded baseline conditions vary by measure and assume some
measures (such as weatherization measures) are installed to increase the building efficiency prior to the
installation of the measure that is subject to the baseline adjustment (ex. high efficiency furnaces).

Finally, the GDS Team has developed a supply curve to show the amount of energy efficiency savings
available at different cost levels. A generic example of a supply curve is shown in Figure 5-3. As shown
in the figure, a supply curve typically consists of two axes; one that captures the cost per unit of saving a
resource (e.g., dollars per lifetime kWh saved) and another that shows the amount of savings that could
be achieved at each level of cost. The curve is typically built up across individual measures that are
applied to specific base-case practices or technologies by market segment. Savings measures are sorted
based on a metric of cost. Total savings available at various levels of cost are calculated incrementally
with respect to measures that precede them. Supply curves typically, but not always, end up reflecting
diminishing returns, i.e., costs increase rapidly and savings decrease significantly at the end of the curve.

Figure 5-3: Generic Example of a Supply Curve

High Cost - Low Potential

Mid Cost - Mid Potential

Cost per Unit Saved or Avoided

W Each point
represents an
individual measure
in a patrticular
appiication

Percentage or Absolute Units Saved or Avoided

As noted above, the cost portion of this energy efficiency supply curve is represented in dollars per unit
of lifetime energy savings. Costs are annualized (often referred to as levelized) in supply curves. For
example, electric energy efficiency supply curves usually present levelized costs per lifetime kWh saved
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by multiplying the initial investment in an efficient technology or program by the capital recovery rate
(CRR), and then dividing that amount by annual kWh savings:

Therefore,
Levelized Cost per lifetime kWh Saved = Initial Cost x CRR/Annual kWh Savings

5.8 CORE EQUATION FOR THE COMMERCIAL SECTOR

The core equation utilized in the commercial sector technical potential analysis for each individual
efficiency measure is shown below in Equation 5-2.

Equation 5-2: Core Equation for Commercial Sector Technical Potential

Technical Total End

Potential Use Sales by P ORRNg

Factor

Convertible Factor

of Efficient Industry
Measure Type

Where:

0 Total end-use kWh or natural gas sales by commercial sector and by building type = the
forecasted electric or natural gas sales level for a given end use (e.g., space heating) in a
commercial or industrial industry type (e.g., office buildings or fabricated metals).

O Base Case factor = the fraction of end-use energy applicable for the efficient technology in a
given commercial sector type. For example, with fluorescent lighting, this would be the fraction
of all lighting kWh in a given industry type that is associated with fluorescent fixtures.

O Remaining factor = the fraction of applicable kWh or natural gas sales associated with
equipment not yet converted to the electric or natural gas energy efficiency measure; that is, one
minus the fraction of the industry type with energy efficiency measures already installed.

0 Convertible factor = the fraction of the equipment or practice that is technically feasible for
conversion to the efficient technology from an engineering perspective (e.g., it may not be
possible to install variable-frequency drives (VFDs) on all motors.

0O  Savings factor = the fraction of electric or natural gas consumption reduced by application of
the efficient technology.

For the commercial sector, the development of the energy efficiency technical potential estimate begins
with a disaggregated energy sales forecast over the ten year forecast horizon (2013 to 2022). The
commercial sector energy sales forecast is broken down by building type, then by electric or natural gas
end use. Then a savings factor is applied to end use electricity or natural gas sales to determine the
potential electricity or natural gas savings for each end use. The commercial sector, as defined in this
analysis, is comprised of the following business segments:

Warehouse

Retail

Grocery

Office

Lodging

Healthcare

Restaurant

Institutional, including education
Other

0000000 D DO

Similar to the residential sector, technical electric or natural gas energy efficiency savings potential in the
commercial sector is calculated in two steps. In the first step, all measures are treated zndependently; that is,
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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 space heating equipment or high-efficiency air conditioning systems; the more efficient
the space heating equipment or electric air conditioner, the less energy saved from the installation of
low-e ENERGY STAR windows. Accordingly, the second step is to rank the measures based on a
metric of cost-effectiveness (using the Total Resource Cost test) and adjust savings for interactive effects
so that total savings are calculated incrementally with respect to measures that precede them.

5.9 CORE EQUATION FOR THE INDUSTRIAL SECTOR

Estimating energy efficiency potential for the industrial sector can be more challenging than it is for the
residential and commercial sectors because of the significant differences in the way energy is used across
manufacturing industries (or market segments). How the auto industry uses energy is very different from
how a plastics manufacturer does. Further, even within a particular industrial segment, energy use is
influenced by the particular processes utilized, past investments in energy efficiency, the age of the
facility, and the corporate operating philosophy.

Recognizing the variability of energy use across industry types and the significance of process energy use
in the industrial sector, GDS employed a top-down approach that constructed an energy profile based
on local economic data, national energy consumption surveys and any available studies related to
industrial energy consumption.

5.10 INDUSTRIAL SECTOR SEGMENTATION & END USE BREAKDOWN

Estimates of energy efficiency potential were developed employing a top-down approach using
economic data for key industrial segments (Primarily 3 digit NAICS codes) in EKPC’s service area to
develop industry-specific energy use estimates based on national energy intensities for each industry.
Value of shipments data is available from the U.S. Census Bureau. This economic data was used in
conjunction with energy use estimates from the 2010 Manufacturing Fnergy Consumption Surveyl?
which is produced by the Energy Information Administration (EIA), to develop estimates of industrial
electric and natural gas energy use by industry type and end use.

Industrial baseline energy consumption data was advanced to 2013 and future years based upon the
observed historical trend in industrial consumption and EIA’s industrial electricity and natural gas
consumption forecast for the U.S. (i.e., Annual Energy Outlook 2013).

End use electric and natural gas energy consumption estimates were calculated for the following end use
categories for specific manufacturing segments:

0 Indirect Uses — Boilers
=  Conventional boiler use

0 Direct Uses - Process
® Process heating (e.g., kilns, furnaces, ovens, strip heaters)
= Process cooling & refrigeration
®  Machine drive
®  Electro-chemical processes
®  Other direct process use

17 ) .eia. m ntents.html
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0 Direct Uses — Non-process
* Facility heating, ventilation and air conditioning
* Facility lighting
®*  Other facility support (e.g., cooking, water heating, office equipment)

0  Other Non-process Use

5.11 DEVELOPMENT OF POTENTIAL ESTIMATES

Estimates of industrial energy use by industry type and end use served as the foundation upon which
energy efficiency potential estimates were calculated. The basic equation for determining technical
potential is shown below.

The core equation for estimating technical potential in the industrial sector analysis for each measure is
provided below:

Technical
Potential

IE T

of Efficient
Measure

Use Sales by Base Ca;e . Remaini.nb T —— /,.S,..‘. _
o “ Convertible Factor D
Type

O Total end-use sales by industry type = the forecasted electric or natural gas sales level for a given
end use (e.g., space heating) by industrial industry type (e.g., fabricated metals, automobile
manufacturing, paper and allied products, etc.).

O Base Case factor = the fraction of end-use energy applicable for the efficient technology in a
given industry type. For example, with fluorescent lighting, this would be the fraction of all
lighting kWh in a given industry type that is associated with fluorescent fixtures.

O  Remaining factor = the fraction of applicable sales associated with equipment not yet converted
to the electric energy-efficiency measure; that is, one minus the fraction of the industry type with
energy-efficiency measures already installed.

O Convertible factor = the fraction of the equipment or practice that is technically feasible for
conversion to the efficient technology from an engineering perspective (e.g., it may not be
possible to install variable-frequency drives (VFDs) on all motors.

QO Savings factor = the fraction of energy consumption reduced by application of the efficient
technology.

Where:

5.12 ECONOMIC POTENTIAL

Economic potential refers to the subset of the technical potential that is economically cost-effective
(based on screening with the TRC test utilized for this study) as compared to conventional supply-side
energy resources. GDS has calculated the benefit/cost ratios for this study according to the cost
effectiveness test definitions provided in the November 2008 National Action Plan for Energy
Efficiency (NAPEE) guide titled “Understanding Cost Effectiveness of Energy Efficiency Programs”.
Both technical and economic potential are theoretical numbers that assume immediate implementation
of energy efficiency measures, with no regard for the gradual “ramping up” process of real-life programs.
In addition, they ignore market barriers to ensuring actual implementation of energy efficiency. Finally,
they typically only consider the costs of efficiency measures themselves, ignoring any programmatic costs (eg., marketing,
analysis, administration, program evaluation, etc.) that wonld be necessary to capture them.

Furthermore, all measures that were not found to be cost-effective based on the results of the measure-
level cost effectiveness screening were excluded from the economic and achievable potential. Then
allocation factors were re-adjusted and applied to the remaining measures that were cost effective.
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5.13 DETERMINING COST-EFFECTIVENESS

GDS Team examined measure cost effectiveness scenarios based on the Total Resource Cost (TRC) test

Total Resource Cost Test"

The TRC measures the net benefits of the energy efficiency program for the region as a whole. Costs
included in the TRC are costs to purchase and install the energy efficiency measure and overhead costs
of running the energy efficiency program, regardless of who pays these costs. The benefits included are
the avoided costs of energy (as with the Utility Cost Test and the Rate Impact Measure Test) as well as
non-energy benefits.

The primary purpose of the TRC test is to evaluate the net benefits of energy efficiency measures to the
region or State as a whole. Unlike the Utility Cost Test, the Rate Impact Measure (RIM) test or the
Participant Cost Test (PCT), the TRC does not take the view of individual stakeholders. It does not
include bill savings and incentive payments, as they yield an intra-regional transfer of zero (“benefits” to
customers and “costs” to the utility that cancel each other on a regional level). For some utilities, the
region considered may be limited strictly to its own service territory, ignoring benefits (and costs) to
neighboring areas (a distribution-only utility may, for example, consider only the impacts to its
distribution system). In other cases, the region is defined as the state as a whole, allowing the TRC to
include benefits to other stakeholders (e.g., other utilities, water utilities, local communities). The TRC is
useful for jurisdictions wishing to value energy efficiency as a resource not just for the utility, but for the
entire region. Thus the TRC is the most frequently used primary test in the United States. The TRC may
be considered the sum of the PCT and RIM, that is, the participant and non-participant cost-
effectiveness tests. The TRC is also useful when energy efficiency might fall through the cracks taken
from the perspective of individual stakeholders, but would yield benefits on a wider regional level

Table 5-1 below shows the key assumptions used by GDS in the development of the economic and
achievable potential estimates based upon cost effectiveness screening using the Total Resource Cost

(TRC) test:

Table 5-1: Key Assumptions Used by GDS in the Development of Measure-Level Screening

KEY ASSUMPTION USED,'N ol
SCREENING

Utility weighted average cost of capital for the discount rate Yes

Forecasts of electric and natural gas energy and capacity avoided Y.

costs provided to GDS by the staff at EKPC =

Forecast of electric T&D avoided costs per kW /year based on 2009 v,

study by the New York Public Service Commission £

Average line losses provided by EKPC Yes

PJM planning reserve margin Yes

Electricity and natural gas savings benefits both valued in the cost

effectiveness test for electric or natural gas energy efficiency Yes

programs

Value of avoided bulb purchases for high efficiency light bulbs Yes

Water savings where applicable Yes

Tax credits Yes

18 It is important to note that GDS decided not to include any unquantifiable non-energy benefits in the calculation of the
TRC Test (beyond savings water, avoided carbon emissions, and O&M savings). While other non-energy benefits may be
present, they have not been quantified in the state of Kentucky and were not available for inclusion in this study.
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GDS has used average line losses to adjust kWh and kW savings at the customer meter to the generation
level of the electric grid.

Financial Incentives for Program Participants

In order to approximate EKPC’s structure for providing transfer payments to its member utilities to
cover both incentives and lost revenue, GDS used an “incentive” level of 48% of measure costs in the
benefit-cost model and used an administrative cost of 25% of incentives.

5.14 ACHIEVABLE POTENTIAL

Achievable potential was determined as the amount of energy and demand that can realistically be saved
assuming an aggressive program marketing strategy and no spending cap. Achievable potential takes into
account barriers that hinder consumer adoption of energy efficiency measures such as financial, political
and regulatory barriers, and the capability of programs and administrators to ramp up activity over time.
Cost effectiveness was determined with the TRC test. Year-by-year estimates of achievable potential for
the period 2015 to 2024 were estimated by applying market penetration curves to this long-term
penetration rate estimate. In general, these curves were developed based on willingness to pay data
collected through survey research. Although this simplifies what an adoption curve would look like in
practice, it succeeds in providing a concise method for estimating achievable savings potential over a
specified period of time. It should be noted that several cost-constrained scenarios were run for the
Residential sector, and these are detailed in Section 6 of this report.

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 effective useful life (referred to as “replace-on-burnout™)
2) Atany time in the life of the equipment or building (referred to as “retrofit”)

For the replace-on-burnout measures, existing equipment is assumed to be replaced with high-efficiency
equipment at the time a consumer is shopping for a new appliance or other energy consuming
equipment, or if the consumer is in the process of building or remodeling. Using this approach, only
equipment that needs to be replaced in a given year is eligible to be upgraded to energy efficient
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
energy efficiency programs.

5.15 MARKET PENETRATION METHODOLOGY

GDS assessed achievable potential on a measure-by-measure basis. In addition to accounting for the
natural replacement cycle of equipment in the achievable potential scenario, GDS estimated measure
specific maximum adoption rates that reflect the presence of possible market barriers and associated
difficulties in achieving the 100% market adoption assumed in the technical and economic scenarios.
The methodology utilized to forecast participation within each customer sector is described below.

RESIDENTIAL

Due to the wide variety of measures across multiple end-uses, GDS employed varied, measures-specific
maximum adoption rates versus a singular universal market adoption curve. These long-term market
adoption estimates were based on publicly available DSM research including market adoption rate
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surveys and other utility program benchmarking.!® GDS acknowledges that reliance on additional studies
and alternate methods could produce different estimates of achievable potential.

For the majority of residential measures, the analysis assumes that increased incentives and reduced
participant costs will also reduce the simple payback period of energy efficiency measures. As incentives
increase and payback periods decline, maximum market adoption rates will increase. Based on available
market adoption surveys with program administrators in the Northeast, GDS assigned end-use specific
market adoption curves to the residential measures included in this analysis.?? Examples of the impact
of incentives on payback and maximum market adoption rates are demonstrated in the table below.
These curves reflect measures that have significant gas and electric achievable potential over the next 10
years.?!

Once the long-term market adoption rate was determined, GDS estimated the time interval required to
reach the ultimate maximum adoption rate. In general, measures that required less up-front cost from
the participant reached their maximum adoption rate over a period of 2-3 years, and continued at the
maximum rate for the remainder of the study. Measures with a more substantial cost to the participant
required more time to ramp-up, and would not reach their maximum adoption rate until later in the
study period. GDS exercised its professional judgment in estimating the time to reach the ultimate
market adoption rate.

Figure 5-4: Example Residential Maximum Adoption Rates — Based on Incentive

0% 5% 50% 75% 1008 0% 25% 50% 75% 100%
Heat Pump WH ‘Window Replacement
{Single Family) [SF Gas Hest/Central AC)
g S————— — 90.0%
0O —————————————————— 7** 800% ———— — — —
70.0% — vvo%¥ ———————— —— —_—

60.0% ——_4¥~7-77,<{~-7-7~ — s00% . :
S00% — 500% — PSS A S S

40.0% W0o%X —— /
0% —  300% / e
N st S ——— D% ———
100% — ———— == e —— 100 ————————
0.0% 0.0% ——=
0% 5% S0% 75% 100% 0% 25% 50% 75% 100%

' Massachusetts Multifamily Market Characterization and Potential Study Volume I. May 2012. Cadmus Group. & Appliance Recycling
Program Process Evaluation and Market Characterization. Volume I. CALMAC Study ID# SCE0337.01. September 2012. Cadmus.

% Massachusetts Multifamily Market Characterization and Potential Study Volume I. May 2012. Cadmus Group. This study presents market
adoption curves based on the perspective of both multifamily property managers as well as utility energy efficiency program administrators. Both
groups of study participants provide support for the contention that increased incentives/reduced payback result in higher maximum adoption
rates.

?' Where current energy efficiency saturation data exceeded the estimated maximum market adoption, GDS assumed future efficiency
installations would occur at the current EE saturation percentage so that the long-term market saturation of energy efficiency measures would not
decrease over the study time-frame.
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One caveat to this approach is that the ultimate long-term adoption rate is generally a simple function of
incentive levels and payback. There are many other possible elements that may influence a customer’s
willingness to purchase an energy efficiency measure. For example, increased marketing and education
programs can have a critical impact on the success of energy efficiency programs. Additionally, other
perceived measure benefits, such as increased comfort or safety as well as reduced maintenance costs
could also factor into a customer’s decision to purchase and install energy efficiency measures. Although
these additional elements are not explicitly accounted for under this incentive/payback analysis, the
estimated adoption rates and penetration curves provide a concise method for estimating achievable
savings potential over a specified period of time.

The market penetration of residential lighting was also strategically adjusted to account for the expected
decline in LED bulbs costs over the next decade and an anticipated shift in market adoption from CFL
bulbs to LED bulbs. Because LED bulb prices are expected to decline significantly over the next
several years, decreasing to typical CFL bulb incremental cost levels, GDS assumed the maximum
adoption rate for LED bulbs to be similar to those used for CFL bulbs. Additionally, GDS relied on
future unit penetration rates for various lighting sources to model the long term shift towards increased
market penetration of LED bulbs compared to CFL bulbs.22 The table below shows the year-by-year
shifting market penetration of CFL and LED bulbs estimated in this analysis. By 2019, LED bulbs are
expected to be installed at a greater rate than their CFL counterparts.

Table 5-2. CFL vs. LED Market Penetration Share of Anticipated High Efficiency Residential Lighting

Installations
2016 2017 2018 2019 2020 2021 2022 2023 2024
LED 32% 39% 45% 50% 53% 58% 64% 66% 68% 70%
CFL 68% 61% 55% 50% 47% 42% 36% 34% 32% 30%

NON-RESIDENTIAL

The non-residential approach for estimating market adoption rates is very similar to the residential sector
approach. GDS employed varied, measures-specific maximum adoption rates versus a singular universal
market adoption curve.

GDS used this data to estimate long term market penetration for commercial and industrial (process)
measures based on the assumed incentive level stated as a percent of incremental cost. GDS assumed
two different paths to achieving long term market penetration, one for full cost measures such as
insulation and another for incremental cost measures such as energy efficient fluorescent lighting. Those
paths are shown below in Table 5-3.

Table 5-3: Path to Achieving Long Term Market Penetration (% of Long Term Market Potential)

YEAR 1 2 3 4 5 6 7 8 9
Full Cost Measure 5% 15% 20% 20% 10% 10% 5% 5% 5% 5%

Incremental Cost Measure 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%

As with the residential approach, the non-residential market penetration methodology uses the
relationship between incentives and program participation as a concise quantitative method for
estimating achievable savings potential over a specified period of time. While there are many other
elements that may influence a business customer’s willingness to install an energy efficiency measure,
such as access to capital, corporate policy or reduced maintenance costs, these factors are difficult to
quantify and fit into a forecasting approach.

* Fox, Jamie. Does LED Lighting Have a Tipping Point? IMS Research. April 2012.
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6 RESIDENTIAL ELECTRIC ENERGY EFFICIENCY POTENTIAL
ESTIMATES

This section provides electric energy efficiency potential estimates for the residential sector for EKPC
which includes all residential buildings. Estimates of technical, economic and achievable potential are
provided.

6.1 RESIDENTIAL ELECTRIC POTENTIAL

According to 2013 historical sales data, the residential sector accounts for approximately 93% of total
customers and 58% of total energy sales. The average residential consumer uses approximately 14,100
kWh per year. From 2001-2013, the residential sector sales and customers have experienced steady
growth. This analysis assumes residential MWh sales increase at roughly 1.59% annually based upon the
based on EKPC utility load forecasts. The residential electric potential calculations are based upon these
approximate consumption values and sales forecast figures over the time horizon covered by the study.
The potential is calculated for the entire residential sector and includes breakdowns of the potential
associated with each end use.

6.1.1 Energy Efficiency Measures Examined

For the residential sector, there were 134 total electric savings measures included in the potential energy
savings analysis?. Table 6-1 provides a brief description of the types of measures included for each end
use in the residential model. The list of measures was developed based on a review of EKPC program
measures and measures found in other residential potential studies and TRMs from the Midwest.
Measure data includes incremental costs, electricity energy and demand savings, gas and water savings,
and measure life.

Table 6-1: Measures and Programs Included in the Electric Residential Sector Analysis

END USE TYPE MEASURES INCLUDED

| Appliances * Energy Star Compliant Top-Mount Refrigerator
E * Energy Star Compliant Side-by-Side Refrigerator

* Energy Star Compliant Chest Freezer

* Energy Star Compliant Upright Freezer (Manual Def.)
* Energy Star Dehumidifer

* Second Refrigerator Turn In

! * Second Freezer Turn In

Con_sumet Electronics - » Efficient Televisions
Single Family/Mobile * Energy Star Desktop Computer
Home .

Energy Star Computer Monitor
| * Energy Star Laptop Computer
: * Smart Strip Power Strip
‘ * Efficient Set Top Box
Lighting - Single Family * Standard CFL - Average Use (3 hours/day)
/Mobile Home * Standard LED - Average Use (3 hours/day)
* Specialty CFL
* Specialty LED
* Energy Star Torchiere
* LED Nightlight

23 This total represents the number of unique electric energy efficiency measures and all permutations of these unique
measures. For example, there are 12 permutations of the “Improved Duct Sealing” measure to account for the various
housing types, heating/cooling combinations, and construction types.
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END USE TYPE

MEASURES INCLUDED

Exterior CFL Fixture
Exterior LED Fixture

Electric Water Heating -
Single Family/Mobile
Homes

Low Flow Faucet Aerators

Low Flow Showerhead

Water Heater Blanket

Water Heater Pipe Wrap

Heat Pump Water Heater (resistance heat)

Heat Pump Water Heater (ASHP heat)

Solar Water Heating

Energy Star Dishwasher (Electric Water Heating)

Energy Star Dishwasher (Non-Electric WH)

Energy Star Clothes Washer (w/ Elec. WH & Elec. Dryer)
Energy Star Clothes Washer (w/ NG WH & Elec. Dryer)

Space Heating and Space
Cooling Shell Measures -
Single Family Homes w/
Electric AC Only (& Gas
Heat)

Insulation - Ceiling (R-0 to R-19)
Insulation - Floor (R-0 to R-19)
Energy Star Windows (.30 U, .40 SHGC)
Insulation -Ceiling (R-19 to R-38)
Insulation -Ceiling (R-0 to R-38)
Insulation -Ceiling (R-9 to R-38)
Insulation -Ceiling (R-11 to R-38)
Air Sealing (11ach50 to 7ach50)
Duct Sealing (14cfm25 to 8cfm25)
Cool Roof

Complete Weatherization Package
Insulation -Ceiling (R-38 to R-49)
Air Sealing (8.5ach50 to 5ach50)

Space Heating and Space
Cooling Shell Measures -
Single Family Homes w/
Electric Heat Pump

Insulation - Ceiling (R-0 to R-19)
Insulation - Floor (R-0 to R-19)
Energy Star Windows (.30 U, .40 SHGC)
Insulation -Ceiling (R-19 to R-38)
Insulation -Ceiling (R-0 to R-38)
Insulation -Ceiling (R-9 to R-38)
Insulation -Ceiling (R-11 to R-38)
Air Sealing (11ach50 to 7ach50)
Duct Sealing (14cfm25 to 8cfm25)
Cool Roof

Complete Weatherization Package
Insulation -Ceiling (R-38 to R-49)
Air Sealing (8.5ach50 to 5ach50)

Space Heating and Space
Cooling Shell Measures -
Single Family Homes w/
Electric Furnace

Insulation - Ceiling (R-0 to R-19)
Insulation - Floor (R-0 to R-19)
Energy Star Windows (.30 U, .40 SHGC)
Insulation -Ceiling (R-19 to R-38)
Insulation -Ceiling (R-0 to R-38)
Insulation -Ceiling (R-9 to R-38)
Insulation -Ceiling (R-11 to R-38)
Air Sealing (11ach50 to 7ach50)
Duct Sealing (14cfm25 to 8cfm25)
Cool Roof

Complete Weatherization Package
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END USE TYPE MEASURES INCLUDED

Space Heating and Space Air Sealing (15ach50 to 10ach50)
Cooling Shell Measures -« [nsylation - Floor (R-11 to R-30)
Mobile ~ Homes W/ , Eperor Star Windows (.30 U, .40 SHGC)
fll:::)“c AC Only (& Cas' | 1, s Sealing (14chn25 to 10cEm25)

* Complete Weatherization Package

* Air Sealing (10ach50 to 7ach50)

* Insulation - Floor (R-19 to R-30)
Space Heating and Space  * Air Sealing (15ach50 to 10ach50)
Cooling Shell Measures - * Insulation - Floor (R-Oto R-30)
Mobile Homes w/ *  Energy Star Windows (30 U, .40 SHGC)
Flecroic Eless Bump * Duct Sealing (14cfm25 to 10cfm25)

* Complete Weatherization Package

* Air Sealing (10ach50 to 7ach50)

* Insulation - Floor (R-11 to R-22)
* Ceiling Insulation (R-11 to R-38)
Space Heating and Space  *  Air Sealing (15ach50 to 10ach50)
Cooling Shell Measures - * Insulation - Floor (R-0 to R-30)
Mobile Homes w/ * Energy Star Windows (30 U, .40 SHGC)
i e e * Duct Sealing (14cfm25 to 10cfm?25)

* Complete Weatherization Package

Space Heating and Space  *+ HVAC Tune-Up (Central AC) (from 10seer to 11 seer)

C.ooling Eq'uipment.- * HVAC Tune-Up (Heat Pump) (from 10 seer to 11 seer)
f{mgle Family/Mobile « Efficient Room A/C (11 EER to 11.5 EER)
omes

* High Efficiency Central AC - 16 SEER from 14 seer
* Ductless mini-split AC seer 16 (from 11eer RAC)
* High Efficiency Heat Pump (HP Upgrade) - 16 SEER/9.0 HSPF from 14 seer
* Ground Source Heat Pump (HP Upgrade) 18.2 eer from 14 seer ASHP
* Heat Pump (Replacing Electric Furnace and 14 seer AC) - 16 SEER/9.0 HSPF
* Dual Fuel Heat Pump Upgrade (Replacing New ASHP)
* Dual Fuel Heat Pump (Replacing Electric Furnace)
* Ductless mini-split HP (replacing ASHP)
* Ductless mini-split HP (replacing electric furnace)
* ECM Furnace Fan
* Programmable Thermostat - Gas/AC
* Programmable Thermostat - ASHP
* Programmable Thermostat - Elec Furnace/AC
e Smart Thermostat - Gas Heat / AC
* Smart Thermostat - ASHP
¢ Smart Thermostat - Elec Furnace/AC
* Heat Pump (Replacing Electric Furnace) - 16 SEER/9.0 HSPF
* High Efficiency Central AC - 16 SEER (gas) from 14 seer
* Ductless mini-split AC replacing central AC (gas)
Other * Pre-Paid Energy Display Monitor - Gas/CAC
* Home Energy Reports - Gas/CAC
* Pre-Paid Energy Display Monitor - ASHP
* Home Energy Reports - ASHP
* Pre-Paid Energy Display Monitor - Elec Furn/CAC
* Home Energy Reports - Elec Furn/CAC

* Two Speed Pool Pumps

* Variable Speed Pool Pumps
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END USE TYPE MEASURES INCLUDED

*  Premium Efficiency Pool Pump Motor

Multi-family Units *  Multi-Family Homes Efficiency Kit
New Construction Homes * New Construction - 15% more efficient (w/AC only)
- Single Family *  New Construction - 15% more efficient (w/Elec. HP)

* New Construction - 15% more efficient (w/ Dual-Fuel HP (w/gas))

* New Construction - 15% more efficient (w/ Geothermal HP)

* New Construction - 30% more efficient (w/AC only)

*  New Construction - 30% more efficient (w/Elec. HP)

*  New Construction - 30% more efficient (w/ Dual-Fuel HP (w/gas))

*  New Construction - 30% more efficient (w/ Geothermal HP)
Early Retirement * Energy Star Room A/C - Early Retirement

* High Efficiency Central AC/Early Retire - 16 SEER

* High Efficiency Heat Pump/Early Retire (HP Upgrade) - 16 SEER/9.0 HSPF

* Ground Source Heat Pump/