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I. COST/BENEFIT EVALUATION

Results:

Cost/benefit analyses of DSM programs may be performed using either a historical basis
or a prospective basis. From a historical basis, actual costs and load impacts for DSM programs
participants during a historical period (such as the first year of a program) are utilized to assess
the net benefits. The net benefits may be calculated over a 20-year period for the first year’s
participants. These are after-the-fact analyses that could be utilized to determine the cost-
effectiveness of previous activity, but may not by representative of the future and therefore,
should not be the basis for DSM program decision-making.

Cost/benefit analyses from a prospective basis anticipate future DSM program
participation, costs and impacts. These analyses expand upon actual field experience (cost,
impact, etc.) to estimate the net benefit from projected implementation in the future. The
foundation of DSM program knowledge serves as a basis to estimate projected costs, impacts,
etc. The real value of field experience is applying what has been learned to guide decisions on
future DSM program implementation. Cost/benefit analyses were performed on the TEE Program
for the “All Electric” participants sector and also for the “Base Load” participants sector.

The benefit/cost ratios for the 2003 — 2004 Targeted Energy Efficiency Program are
significantly higher than the benefit/cost ratios seen in previous program evaluations. The
primary drivers for the increased B/C ratios were increased fuel costs and increased emission
rates. A decrease in On Peak and Off Peak system sales utilization negatively affected the B/C
ratios for the program.

The 2002 and 2005 input data files were examined and later compared to determine which

files had significant impacts (greater than 0.1 impact) on the B/C ratios for the program. The files
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that consistently drove this magnitude of change were the marginal cost, emissions, and the system
sales files. For “All Electric” Participants, based on 2002 input files, the Total Resource Cost test
results for marginal costs and emission costs improved 0.43 and 1.13 respectively. The Total
Resource Cost test results for system sales utilization decreased 0.14. For “Base Load” Participants,
based on 2002 input files, the Total Resource Cost test results for marginal costs and emission costs
improved 1.15 and 2.89 respectively. The Total Resource Cost test results for system sales utilization
decreased 0.26.

TEE Program — ““All Electric” Participants:

On a prospective basis, the TEE Program ~"All Electric” participant sector was found to
be cost effective based on the TRC and UC tests. However, the RIM test results, which are highly
significant in today’s environment, are negative. The Participant Test was not applicable since

there was no participant cost in the program.

B/C Ratio Economic Test
1.89 Total Resource Test
0.60 Rate Impact Measure
1.89 Utility Cost
N/A Participant
Assumptions:
L. Program Costs (2003 §)

The cost/benefit analysis was performed using projected program costs based on the
actual program costs realized in the 2003-2004 program evaluation period but adjusted to
exclude any one-time costs such as: RLW evaluation cost, and energy education portion of the
total CAA costs. The program duration covers from 2003-2004 with a total of 330 actual

participants and 2005 with 150 projected participants. The total 2003-2004 TEE Program cost



was $316,861 including equipment/vendor, evaluation, and other miscellaneous costs. A

breakdown of actual total TEE Program costs for both years are outlined in Table 1.

Table 1: Actual TEE Program Costs - All Program Participants (2003-2004)

2003-2004
Evaluation % 0
Equipment/Vendor $ 316,357
Other Costs $ 504
Total Program Costs $ 316,861

Table 2 provides an allocation of the actual TEE Program costs to the “All Electric”
participants sector for cost/benefit analysis. The evaluation cost and other costs are allocated to
the “All Electric” participant sector and the “Base Load” participant sector based on the actual

costs for each sector.

Table 2: Actual TEE Program Costs — “All Electric” Participants (2003-2004)

2003-2004
Evaluation” $ 0
Equipment/Vendor $ 305,402
Other Costs” $ 504
Total Program Costs $ 305,906

*Allocated from the actual total cost in Table 1
The projected/anticipated per participant annual program costs for the “All Electric”

customers during the 2003 — 2005 period are shown in Table 3.

Table 3: Anticipated TEE “All Electric” Costs

Costs Used in Cost/Benefit Analysis | Per Participant
Administrative Costs $ 175
Equipment/Vendor $ 700
Evaluation Cost $ 87
Total $ 962




Additional measure/program characteristics based on the three years of the program and
assumed for the cost/benefit analysis are:

A. Life of measure assumed at 14 years, with no replacement

B. 0% Freeriders

C. Administration Cost at $175 per participant

D. Average Incremental cost $700

E. Evaluation costs set at $87 per participant

F. Includes T&D loss savings of 10% for energy and 11% for demand

G. Anticipated energy impact is 1,792 kWh per participant (based on 2003-2004
Load Impact Evaluation Report prepared by RLW Analytics).

H. Anticipated winter demand impact is 0.605 kW per participant. Anticipated
summer demand impact is 0.122 kW per participant.

‘' TEE Program — “Base Load” Participants:

On a prospective basis, the TEE Program — “Base Load” sector was found to be cost
effective based on the TRC and UC tests. However, the RIM test results, which are highly
significant in today’s environment, are negative. The Participant Test was not applicable since

there was no participant cost in the program.

B/C Ratio Economic Test
4.99 Total Resource Test
0.77 Rate impact Measure
4.99 Utility Cost
N/A Participant




Assumptions:

I Program Costs (2003 §)

The total 2003-2004 actual TEE Program cost for the “Base Load” participants was
$10,955 including actual equipment/vendor costs, allocated evaluation, and other miscellaneous
expenses. A breakdown of actual “Base Load” participants program costs for both years are

outlined in Table 4.

Table 4: Actual TEE Program Costs — “Base Load” Participants (2003-2004)

2003-2004
Evaluation® $ 0
Equipment/Vendor $10,955
Other Costs™ $ 0
Total Program Costs $10,955

*Allocated from the actual total cost in Table 1
The projected/anticipated per participant annual program costs for the “Base Load”
customers for the period 2003 — 2005 period are shown in Table 5. The program duration covers

from 2003-2004 with a total of 158 actual participants and 2005 with 75 projected participants.

Table 5: Anticipated TEE “Base Load” Costs

Costs Used in Cost/Benefit Analysis | Per Participant
Administrative Costs $ 50
Equipment/Vendor '$ 51
Evaluation Cost ; $ 12
Total $ 113

Additional measure/program characteristics based on the three years of the program and
assumed for the cost/benefit analysis are:

A. Life of measure assumed at 13 years, with no replacement

B. 0% Freeriders

C. Administration Cost at $50 per participant



D. Average Incremental cost $51

E.  Evaluation costs set at $12 per participant

F. Includes T&D loss savings of 10% for energy and 11% for demand
G. The anticipated energy impact is 553 kWh per participant (based on 2003-2004
Load Impact Evaluation Report prepared by RLW Analytics).

H. Anticipated winter demand impact is 0.081 kW per participant. Anticipated

sumimer demand impact is 0.049 kW per participant.

Total TEE Program:

The total costs and benefits of the TEE Program, as a whole, can be calculated by totaling
the component costs and benefits from “All Electric” participants and “Base Load” participants.
Results are shown below. On a prospective basis, the TEE Program, as a whole, was cost
effective based on the TRC and UC tests. However, the RIM test results, which are highly

significant in today’s environment, are negative. The Participant Test was not applicable since

there was no participant cost in the program.

B/C Ratio

Economic Test

2.05

Total Resource Test

0.62

Rate Impact Measure

2.05

Utility Cost

N/A

Participant
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. EXECUTIVE SUMMARY

This report summarizes the results of the process and market evaluation, load impact
evaluation, and cost/benefit evaluation for the years 2003-2004 of Kentucky Power Company’s
(KPCo or Company) Residential High Efficiency Heat Pump - Mobile Home (HEHP-MH)
Program. The HEHP-MH Program, initiated by Kentucky Power’s DSM Collaborative, has been
successfully implemented in the Kentucky Power’s service area since 1996. In September 2002,
the Kentucky Public Service Commission (KPSC or Commission) approved a three-year
extension of the program through 2005. This report presents the results of program evaluation
for the period (2003-2004) of program implementation, while supporting the proposal for the
continuation of the program beyond 2005.

KPCo’s major goals for the HEHP-MH Program were: (1) to reduce energy consumption
of electrically heated mobile homes, (2) to assist and encourage mobile home owners to improve
heating, ventilation, and air conditioning (HVAC) efficiency by installing high efficiency heat
pumps, (3) to increase customer satisfaction and services, and (4) to reduce AEP - Kentucky’s
long-range peak demand.

The program evaluation for this time period was based on program participants’ pre and
post HVAC installation data from the 2002 study, demographic data, rebate information, billing
analysis, and the information obtained from the 2002 customer follow-up surveys. The HEHP-
MH Program was found to be cost-effective based on the Total Resource Cost (TRC), Utility
Cost (UC) and Participant (P) economic tests. The Program has significantly reduced
participants’ electric consumption. During the evaluation period (2003-2004) of program

implementation, Kentucky Power promoted the HEHP-MH Program mainly through HVAC



dealers. The Company has successfully secured 150 participants through HVAC dealers during
the evaluation period.

Kentucky Power’s DSM Collaborative agreed to utilize the follow-up survey conducted
by MQA Research during June 2002 as a basis for projecting customer satisfaction and
freeridership. The follow-up survey results indicated high levels of satisfaction among the
participants with their new heat pumps, with the heat pump installer and the program rebate
level. Apbroximately nine out of ten of the program participants said they were “very satisfied”
with these different aspects of the program. The survey also indicated approximately 34% to
48% of the program participants were freeriders.

Based on a previous study, the estimated load impacts for the average 2003-2004 program
participant was an annual energy savings of 4,401 kWh, a winter peak demand reduction of 2.97
kW, and summer peak demand reduction of 0.14 kW. The HEHP-MH total net annual energy
saving was estimated to be 572 MWh (including 10% Transmission and Distribution Loss
Savings and estimated 48% of program freeriders, based on two years of actual and one year of
estimated participation. The total net demand reduction was estimated to be 386 kW in winter
and 18 kW in summer (including 11% Transmission and Distribution Loss Savings and 48% of

program freeriders.)



il. TECHNOLOGY DESCRIPTION
Kentucky Power Company’s HEHP-MH Program was designed to promote a more

efficient HVAC system for mobile home owners. Approximately one third of all the Company’s
electric space heating residential customers live in mobile homes. Many of these mobile homes
are heated and cooled by relatively inefficient HVAC systems. A significant gain in efficiency
can be obtained by upgrading these HVAC systems with high efficiency heat pumps, which
exceed USDOE minimum efficiency standards (split-system 11.0 SEER and 7.2 HSPF; package
system 10.0 SEER and 6.8 HSPF).

Air Source Heat Pump

A heat pump is a high efficiency year-round heating and cooling system which} operates
entirely on electricity. The system is called a heat pump because it pumps or moves heat from
one area to another. The basic components of a heat pump are: a compressor; circulating fluid
(refrigerant); and two heat exchangers, one outside and one inside. In winter, heat is extracted
from cold outdoor air even when the temperature is well below freezing. The heat is absorbed by
the refrigerant, and then is pumped through the compressor to the indoor coil (heat exchanger)
where the refrigerant releases its heat to the indoor air. Since there is less heat available at low
outdoor temperatures, the heat pump system includes a supplemental resistance heater that
automatically provides additional heat when the outdoor air temperature is too low for the heat
pump compressor to supply the home’s total heating demand. In the summer, the heat is
absorbed by the refrigerant in the indoor coil from the circulating indoor air. The heat-laden
refrigerant from the indoor coil is pumped to the outdoor coil where the heat is transferred to the

outdoor air.



The heat pump system is the most efficient way to heat and cool electrically. The most
significant energy savings are obtained during the heating season since it utilizes the “free” heat
that already exists in the outdoor air. The heat pump energy efficiency is determined by the
seasonal energy efficiency ratio (SEER) for summer and the heating seasonal performance factor

(HSPF) for winter, where these are defined as follows:

SEER = Total Cooling Provided During Cooling Season (Btu)
Total Energy Consumed by the System (Watt Hours)
HSPF = Total Heating Provided During Heating Season (Btu)

Total Energy Consumed by the System (Watt Hours)



lll. PROGRAM DESCRIPTION

The HEHP-MH Program was designed to encourage mobile home owners in the
Kentucky Power service area to upgrade their electric heating system with a high-efficiency heat
pump. Eligible customers could receive up to $400 toward installing a heat pump having SEER
and HSPF ratings exceeding U.S. Department of Energy efficiency standards. All applicants
were accepted on a first-come first served basis.

Program Promotion

During the evaluation period (2003-2004) of program implementation, the program
participants were secured mainly through the local HVAC dealer network and by “word-of-
mouth” (program participants telling their neighbors and friends about the program). The
Company was successful in securing a total of 150 program participants during the years of 2003

- 2004. Table 1 summarizes the participation each year.

Table 1: Annual Participation

Year Total
2003 63
2004 87
Total 150

Program Incentive

A customer incentive of $400 approved by KPCo’s Demand Side Management
Collaborative was maintained during the 2003-2004 evaluation period. To increase participation
levels, on August 4, 2003, the DSM Collaborative approved the payment of a $50 incentive to

the HVAC dealer for each high efficiency heat pump installation.



Program Load Impact Estimation

Initially, a heat loss/heat gain analysis (American Society of ﬁeating, Refrigeration and Air-
Conditioning Engineers (ASHRAE)-based) of the existing structure along with an estimated
annual electricity usage of the existing heating/cooling system was performed on the program
participants. Another analysis was completed using the new heat pump equipment to estimate
annual electricity usage. The data required to perform the heat loss/heat gain analysis can be
collected through an energy audit or direct metering of the program participants’ home and/or
HVAC equipment. For the evaluation period (2003-2004), no new energy audits were performed
on the 2003-2004 program participants. Instead, the heat loss/heat gain estimates were
developed by performing regression analyses on a sample of energy audit data from previous
Kentucky Mobile Home Heat Pump program participants. The regression models were used to
estimate heat gain, heat loss and the amount of baseload for each 2003-2004 program participant
based on participant’s mobile home characteristics. This procedure provided the Company with
a comparison energy usage estimate for the existing heating/cooling system with the new heat
pump without spending additional funds on the energy audit and/or load research metering.
Additionally, specific actual billing data, demographic and HVAC data were collected in a

previous study to aid in program evaluation.



IV. DATA COLLECTION

Several aspects of the HEHP-MH Program needed to be evaluated in order to determine
the program’s overall cost-effectiveness, which included market potential and penetration,
customer satisfaction, success of delivery mechanism, dealer performance, load impact and
program costs. The results from the 2000 AEP Eastern States Residential Customer Survey
conducted in the summer of 2000 served as a basis to define the potential market segments, and
future penetration of the program. In addition, a follow-up survey of 50 randomly selected
participants in Kentucky Power service area was conducted by MQA Research (MQA) in June
2002. The follow-up survey was used as a basis to determine why customers chose to participate
in the program and to provide information used to estimate freeriders and snapback effects
among participants. The survey was also used to determine customer satisfaction with the
performance of new heat pump operation, the service performed by the heat pump dealer or
contractor, and overall satisfaction with the rebate level of the program. Key results pertaining to
residential electric heating mobile home market in Kentucky Power service area developed from
AEP 2000 Residential Customer Survey are presented in Appendix A. The results from the
follow-up survey are presented in Appendix B.

For all participants, key participant information regarding the size and type of mobile
home, and characteristics of previous heating and cooling systems were collected through the
installation incentive form developed by Kentucky Power to be used by HVAC dealers at the
time of the new heat pump installation (see Exhibit 1).

Appendix C provides the data summarization of the information collected at the time of

installation. Appendix D includes an energy audit form. This data was collected and used in the



previous program evaluation to calculate the heat gain/heat loss of the mobile home to ensure the
heat pump was sized correctly and to estimate the annual energy savings for a sample of program
participants. For the evaluation period (2003-2004), no additional energy audits were performed
on the new program participants. Instead, the previous collected energy audit data included
energy audits for 127 customers from the previously implemented Residential Smart Mobile
Home Heating System Upgrade Program (1993 in Ashland, Kentucky) and 10 program
participants in the year of 1996 were used to conduct regression analyses. The regression models
were developed, based on the size of mobile home, to estimate heat gain, heat loss and the
amount of baseload for 2003-2004 program participants. Appendix E shows the heat loss, heat
gain and baseload regression equations developed. Additionally, energy consumption of
participants for the twelve months preceding the heat pump installation was retrieved from the
Company’s billing history database in a previous study. This information, along with heat
gain/heat loss calculations from the regression analysis and weather data on heating and cooling
degree days obtained from the National Oceanic and Atmospheric Administration, were used to
develop the final estimates of the load impact of the HEHP-MH Program. Information collected

in the follow-up survey served as a basis to estimate freeriders and snapback effects.



V. PROCESS AND MARKET EVALUATION

Process Analysis

" The process analysis of the HEHP-MH Program utilized the installation data, recruitment
tracking data, and the 2002 follow-up survey results to evaluate the delivery mechanism,
promotional effectiveness, and customer satisfaction.

Delivery Mechanism: Kentucky Power Company utilized the Comfort Assured HVAC
Dealers and the Company DSM program coordinator to administer the program.

Promotional Effectiveness: Based on the 2002 follow-up survey, the Comfort Assured
dealers and mobile home salesman were the main sources for the program awareness to the
participants making up 52% and 10%, respectively. Additionally, 30% of the participants
indicated that they first became aware of the program through friends or relatives. Therefore,
"word-of-mouth" was still an effective source of information on the HEHP-MH Program.

Customer Satisfaction: As participants indicated in the survey, overall satisfaction with
the HEHP-MH Program was exceptionally high, with 84% of the respondents indicating that they
are very satisfied with the rebate level provided by the program. More than nine out of ten (92%)
of the respondents indicated that they were "very satisfied" with the performance of the high
efficiency heat pump. When asked about the service provided by the heat pump installer, 86% of
the participants indicated they were “very satisfied”.

Market Analysis

In the analysis of the marketing of the HEHP-MH Program, the product awareness,

effectiveness of incentives, freeridership and market potential were examined.



Heat Pump Awareness: Customer’s awareness 0f the product, which is a heat pump, is
very high. 82% of the participants had planned on purchasing and installing a high efficiency
heat pump prior to participating in the program.

Effectiveness of Incentives: Only 26% of the participants said the HEHP-MH Program
prompted them to replace their HVAC system sooner than they had planned. Participant's
HVAC system replacement resulted from Kentucky Power Company’s rebate of $400 offered
toward the cost of a new heat pump. However, when participants were asked how likely they
would have been to install a heat pump if there was not a rebate, about one-half (48%) said they
are very likely to install a heat pump without a rebate. In addition, almost all participants (94%)
are either very satisfied (84%) or somewhat satisfied (10%) with the rebate level, indicating the
incentive level is not a concern to the program participants. As recommended in the 2000-2001
evaluation, the rebate was reduced from $500 to $400 beginning January 1, 2003.

Freeridership: To identify the freeriders, which were customers who had planned to
install a heat pump in the absence of this program, some cross tabulations of survey questions
were nécessary. It was assumed that a customer who had planned on purchasing and installing a
high-efficiency heat pump prior to hearing about the HEHP-MH Program and did not replace the
heat pump sooner than planned and likely or very likely to install a heat pump without a rebate,
was a freerider in the program and likely to install a heat pump if there was not a rebate. Based
on this assumption, 48% of participants were identified as freeriders in this program. The
percentage of Clearly Freeriders (those freeriders who indicated very likely to install a heat pump
without rebate) is estimated to be 34%.

Market Potential: A majority of participants cited “to save money” (30%) or “needed a

new cooling or heating system” (30% and 20%, respectively) as the main reason for participating
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in the HEHP-MH Program and they also indicated high awareness of the heat pump and a high
satisfaction with the heat pump performance. Therefore, it was concluded that there is a

significant market potential for this program.
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VI. IMPACT EVALUATION
Findings

Based on two-years (2003-2004) of HEHP-MH Program with 150 participants, the net
total HEHP-MH Program’s annual energy savings was estimated to be 572 MWh (which
includes 10% Transmission and Distribution loss savings and 48% of program freeriders). From
the previous study, each participant experienced an average energy savings of 4,401 kWh at the
meter. The net total demand reduction was 386 kW in winter and 18 kW in summer (including
11% Transmission and Distribution loss savings and 48% of program freeriders). These impacts
resulted from demand reductions per participant as determined in a previous study of 2.97 kW
and 0.14 kW at the meter in winter and summer, respectively. Table 2 summaries the entire

HEHP-MH program load impacts.

Table 2: Average Load Impacts for HEHPMH Program

Participant
Annual Energy Savings/Participant 4,401 kwh"
Winter Demand Reduction/Participant 2.97 kwt"
Summer Demand Reduction/Participant 0.14 kw"
Net Total Annual Energy Savings 572,130 kw®
Net Winter Demand Reduction 386 kw®
Net Summer Demand Reduction 18.2 kw®
(1) Data used from prior study
(2) Includes 10% Transmission and Distribution loss
(3) Includes 11% Transmission and Distribution Loss Savings

The snapback effect was investigated in a previous study by analyzing the follow-up
survey from participants’ responses to the questions regarding the temperature setting of their
thermostat for their existing HVAC system for heating and cooling compared to the temperature

setting with their new heat pump. On average, the participant reported a slight decrease in the
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heating thermostat for their heat pump (73.4°F) compared to the setting for their old electric
furnace (71.9 °F). Also, the participant reported a slight increase in cooling thermostat setting
(from 71.3 °F to 72.4 °F). The differences in heating and cooling thermostat temperature settings
were incorporated in the impact evaluation.

Energy Impact Analvysis

When performing the pre-installation energy audit of the participant's mobile home,
Company Marketing representatives used the Comfort Assured Load Calculator (CALC)
software program, developed in house, to perform an enginéering estimate of the total energy
requirement of the home. CALC is an energy audit analysis software program, based on
ASHRAE industry standards, that uses home thermal characteristics, local weather conditions,
and HVAC system performance characteristics, to estimate the energy consumption of electric
space heating and cooling systems. During the evaluation period, no new energy audits were
performed on the 2003-2004 program participants. The key inputs to the program include heat
loss/heat gain and baseload estimates were developed from performing regression analyses on a
sample of energy audit data from previous Kentucky Mobile Home Heat Pump program
participants. The program, with estimated heat loss/heat gain and baseload developed from
regression analysis, was used to estimate the energy usage of the customer’s existing electric
central furnace, existing central air conditioning, and new high efficiency heat pump systems
(Table 3). Based on program requirements, in the cases where customers did not have air
conditioning, it was assumed that the customer would have installed a standard efficiency central
air conditioner (10 SEER) in the absence of the high-efficiency heat pump.

The estimated energy consumptions from the CALC analysis of the existing electric

central furnace with air conditioning was compared to that of the new high-efficiency heat pump
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to determine the anticipated energy savings for each pa}ticipant during the winter and summer

seasons. The result of the analysis was input into a database to calculate the average percentages

of energy savings for each participant. The engineering estimates from the heat loss/heat gain

analysis from a previous study are shown in Tables 3 through 5.

Table 3: Average Energy Consumption-Based on Engineering Estimate

Pre-Installation
Electric Furnace

Post-installation
High Efficiency HP

Heating 11,318 kWh 7,072 kWh
Cooling 2,313 kWh 2,188 kWh
Base Load 8,895 kWh 8,895 kWh
Total 22,526 kWh 18,1565 kWh

Table 4: Percentage of Total Consumption Based on Engineering Estimate

Pre-Installation
Electric Furnace

Post-Installation

High Efficiency HP

Heating
Cooling
Base Load

50.2%
10.3%
39.5%

39.0%
12.0%
49.0%

Table 5: Average Energy Saving kWh/Participant Based on Engineering Estimate

Electric Furnace/

Central AC To High
Efficiency Heat Pump

Heating 4,246
Cooling 125
Total 4,371
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In order to further refine the energy savings estimate per participant, the average
percentage of calculated energy savings was applied to each paﬂicipaﬁt’s pre-installed billing
energy consumption. The pre-installation monthly energy consumption of participants was
retrieved from a billing history tape. The average annual central air conditioning usage for many
participants was estimated, since, in a previous study, 22.7% of participants did not have air
conditioning and 27.3% had some type of window air conditioning prior to installation of the
heat pump. However, these participants had indicated that they were planning to add central air
conditioning in the near future. From the engineering analysis, it was determined that
approximately 10.3% of the total energy usage of the mobile home was central air conditioning
usage (assuming a standard SEER 10). Therefore, the average annual billing usage of customers
with no air conditioning and customers with window air conditioning had to be adjusted upward
to simulate the energy usage of central air conditioning, as shown in Table 6. The average
adjustment factor for participants with no air conditioning was 11.5% and for participants with
window air conditioning was 7.6%. In addition, the average annual pre-installation heating and
cooling usage was weather-normalized to represent average weather conditions in the Kentucky
Power service area. Table 6 shows the normalized pre-installation consumption for the cooling
and heating seasons for an average participant.

The percentage of energy savings of the previous heating system and standard efficiency
air conditioning system versus the new heat pump system was applied to the normalized
consumption to arrive at an adjusted engineering estimate savings for each participant in the
HEHP-MH Program (see Table 6). Based on the previous study, the average total energy savings

was 4,401 kWh of which 4,275 kWh was heating savings and 126 kWh was cooling savings.
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Table 6: Average Energy Consumption-Based on Pre-Installation Billing Data

Electric Furnace

Average Billed Usage

Without AC 19,938 kWh

With Central AC (Package) 24,500 kWh

With Central AC (Spilit) 24,930 kWh

With Window AC 18,699 kWh
Average Adjusted Billed Usage*

Without AC ‘ 22,237 kWh

With Window AC 20,117 kWh
Average Billed Usage

With AC 22,172 kWh
Percentage of Usage for Each Season

Heating 50.2%

Cooling 10.3%
Seasonal Billed Usage

Heating 11,025 kWh

Cooling 2,341 kWh
Weather Normalized Seasonal Billed Usage

Heating 11,394 kWh

Cooling 2,329 kWh

Base Load 8,895 kWh

Total 22,618 kWh
Percentage of Seasonal Energy Savings

Heating 37.5%

Cooling 5.3%
Estimate of Seasonal Energy Savings

Heating 4,275 kWh

Cooling 126 " kWh

Total 4,401 kWh

*After Adjustment for Air Conditioning Usage
Therefore, the estimate of the post-installation total energy usage of the total mobile
home under normal weather conditions is equal to the weather normalized pre-installation billing
usage minus the estimated energy savings of 4,401 kWh or equal to 18,217 kWh as shown in
Table 7. It was also assumed that the base load usage remained the same for the pre- and post-

installation periods.
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Table 7: Average Energy Consumption-Based on Pre-Installation Billing Data

High Efficiency
Heat Pump

Estimate of Post-Installation Usage

Heating 7,119 kWh

Cooling 2,203 kWh

Base Load 8,895 kWh

Total 18,217 kWh
% of Estimated Annual Usage

Heating 39.1%

Cooling 12.1%

Base Load 48.8%

Demand Impact Analysis

The demand reduction, due to the installation of a high efficiency heat pump, was
estimated based on AEP internal studies that made a comparison of load characteristics between
a high efficiency heat pump system and an electric central furnace with air conditioning. These
studies had incorporated information gathered from AEP system-wide heat pump end-use
metering data, including KPCo data. The seasonal demand reductions are estimated based on
seasonal load factors derived from these studies. These seasonal load factors were applied to the
seasonal energy savings for the HEHP-MH Program to determine the heating and cooling

demand reductions. The results are summarized in Exhibit 2.
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VIl. COST/BENEFIT EVALUATION

Results

Cost/benefit analyses of DSM programs may be performed using either a historical basis
or a prospective basis. From a historical basis, actual costs and load impacts for DSM programs
participants during a historical period (such as the first year of the program) are utilized to assess
the net benefits. The net benefits may be calculated over a 20-year period for all participants.
These are after-the-fact analyses that could be utilized to determine the cost-effectiveness of
previous activity, but may not by representative of the future and therefore, should not be the
basis for DSM program decision-making.

Cost/benefit analyses from a prospective basis anticipate future DSM program
participation, costs and impacts. These analyses expand upon actual field experience (cost,
impact, etc.) to estimate the net benefit from projected implementation in the future. The
foundation of DSM program knowledge serves as a basis to estimate projected costs, impacts,
etc. This is the real value of field experience: applying what has been leamed to guide decisions
on future DSM program implementation.

The benefit/cost ratios for the 2003 - 2004 Mobile Home Heat Pump Program are
significantly higher than the benefit/cost ratios seen in previous program evaluations. The
primary drivers for the increased B/C ratios were increased fuel costs and increased emission
rates. A decrease in On Peak and Off Peak system sales utilization negatively affected the B/C
ratios for the program.

The 2002 and 2005 input data files were examined and later compared to determine

which files had significant impacts (greater than 0.1 impact) on the B/C ratios for the program.
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The files that consistently drove this magnitude of change were the marginal cost, emissions, and
the system sales files. Based on 2002 input files, the Total Resource Cost test results for
marginal costs and emission costs improved 1.29 and 2.87 respectively. The Total Resource Cost
test results for system sales utilization decreased 0.38.

On a prospective basis, the HEHP-MH Program is found to be cost effective based on the
TRC, UC and Participant tests. However, the RIM test results are highly significant in today’s

environment, are negative.

B/C Ratio Economic Test
5.53 Total Resource Test
0.75 Rate Impact Measure
4.42 Utility Cost
3.49 Participant

Assumptions

A. Program Costs (20035)

The cost/benefit analysis was performed using projected program costs based on the
actual program costs realized in the first-year of the program but adjusted to exclude any one-
time costs such as load research meters and contracted electrician costs. The program evaluation
covers the period from 2003-2004 with a total of 150 participants. The total HEHP-MH Program
costs were $65,200 including promotional/administrative, customer incentives, dealer incentives,
evaluation and other miscellaneous costs over the two-year implementation between 2003 to
2004.

A breakdown of actual program costs for the entire two-year is outlined in Table 8.
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The anticipated program costs used in the cost/benefit on per participant basis are shown

in Table 9.

Additional measure/program characteristics based on the first-year of the program and

Table 8: Actual Program Costs

2003-2004
Promotional and Administrative| $ 0
Evaluation $ 0
Customer Rebates $ 60,100
Dealer Rebates $ 5,100
Other $ 0
Total Program Cost $ 65,200

Table 9: Anticipated Costs

Costs Used in Cost/Benefit Analysis

Per Participant

Promotional and Adminstrative $ 20
Evaluation Cost (including AEP Labor) $ 26
Contractor $ 450
Total $ 496

assumed for the cost/benefit analysis are:

A.

B.

E.

F.

Life of a heat pump assumed at 15-years, with no replacement

48% of participants were freeriders
Average rebate of $400 to the customer

Average rebate of $50 to the dealer

Average Incremental cost to the participant $600

Includes T&D loss savings of 10% for energy and 11% for demand

The assumed load impacts are identical to those described in Section VI.
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Exhibit 1: Data Collection Form
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Exhibit 2: Average Demand Reduction
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Exhibit 2
Average Demand Reduction

Kentucky Power Company
High Efficiency Heat Pump Mobile Home Program
Average Energy Consumption of a Mobile Home
2003-2004 Average Demand Reduction

AFEP Previous Studies

Winter Load Factor = 0.283
Summer Load Factor 0.254

For HEHPMH Program

Winter Demand Reduction Winter Energy Saving (kWh)

Winter Load Factor x Hours in Winter Seasons

I

Summer Energy Savings (kWh
Summer Load Factor x Hours in Summer Seasons

Summer Demand Reduction

Therefore

4,275 kWh
0.283 x 5,088 hours = 2.97 kW

Winter Demand Reduction

I

Summer Demand Reduction 126 kWh

0.254 x 3,672 hours = 0.14 kW

(1) Winter season is October through April
2) Summer season is May through September
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Appendix A: AEP 2000 Residential Customer Survey Results



Appendix A’
Kentucky Power Company
Kentucky Mobile Home Heating/Cooling Replacement Market Characteristics
Based on AEP 2000 Residential Customer Survey

Market Size & Penetration of Eiectric Heat Pump

Market Size
Percent of Mobile Home Replaced

Heating System in Last 2-Years 7.9% (3,160 Customers)
Percent of Mobile Home Replaced

Cooling System in Last 2-Years 8.0% (3,190 Customers)
Total Mobile Home

Heating/Cooling Replacement Market 13.7% (5,480 Customers)
Percent of Mobile Home Considering

Replacing or Adding Central AC

Within the next 3-Years 8.1% (3,230 Customers)

Penetration of Heat Pump in Mobile Home Heating/Cooling Replacement Market

Electric Heat Pump 23.6%
Electric Central Furnace & Central AC 37.5%
Electric Central Furnace & Window AC 11.6%
Electric Central Furnace & No AC 0.0%
Non-Electric Central Furnace & Central AC 14.9%

Other 12.4%



Appendix A |
Kentucky Power Company
Kentucky Mobile Home Heating/Cooling Replacement Market Characteristics
Based on 2000 AEP Residential Customer Survey

Market Characteristics:

Location of Home

City or Urban 20.7%
Suburban 3.2%
Town or Village 8.9%
Rural Non-Farm 58.1%
Farm 9.1%

Size of Home
Under 1200 sq. ft. 26.3%
1201 - 2000 sq. ft. 27.9%
2001 - 3000 sq. ft. 5.5%
Over 3000 sq. ft. 0.0%
Do Not Know 40.3%

Education Level

Grade School 35.5%
Some High School 19.3%
Completed High School 21.2%
Some College or Technical College  8.6%
Completed College 9.1%

Do Not Know 6.3%



Appendix A’

Kentucky Power Company
Kentucky Mobile Home Heating/Cooling Replacement Market Characteristics
Based on 2000 AEP Residential Customer Survey

Market Characteristics

Income Level

Under $20,000 70.5%
$20,001 - $30,000  5.9%
$30,001 - $40,000 8.4%
$40,001 - $50,000  0.0%
$50,001 - $60,000  3.5%
$60,001 - $70,000  8.6%
$70,001 - $80,000  3.2%
Over $80,000 0.0%

Natural Gas Available

Yes 44 9%
No 39.8%
Do Not Know 15.3%



Appendix B: Follow-up Survey Results
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Appendix C: Data Summarization of Installation Information Form



Appendix C’
Tabulation of Data from Installation Information Form

. Summarization of Data Regarding Previous HVAC System
A. Size - Connected Heating Load (kW)

<10 23%
10 . 16.0%,
11-14  6.9%
15 550%
16- 19 L 7.6%:
>20 ,:?:,:@_"/9?

B. Previous Space Cooling Type

iﬂVCentraI Spht o 23 3%
Central Packaged . 26. 7%;r
- Window Air Condmonmg 7.3%!
\No Air Conditioning . 22.7%,

C. Size Air Conditioning Ton

‘<=1 | 8.6%:
15102 16.2%
25103 63.8%,
>3 114%

D. Size of Mobile Home (Average Size 1,221 sq. ft.)

<700 . 1.4%
700-800 | 14.5%
1800 - 1000 . 28.3%
1000 - 1 1200 = 1 0.3%,
; 1200 - 1400 10.3%
11400 -1600 = 14.5%:
1600 - 1900 : 11.7%.
>=1900 .  9.0%



Appendix C’

Tabulation of Data from Installation Information Form

Il. Information Regarding New Heat Pump Installation
A. Size - Ton

e

2 13%
25 . 14.0%
3 . 61.3%
35 147%
4 8.0%
5 07%

B. SEER
10 | 553%
1 1 i 13. 30/05
111*119 '200/0%
12 20 70/01

1ﬂ%wwwﬁM87%‘

C. HSPF

<68  07%,
<=6.8 | 454%
6.9-7.5! 32.0%)
‘76 8.0, 19.3%,
>80 U;mméﬁ%i



Appendix C

Tabulation of Data from Installation Information Form

D. Brand

Amen_can Standard 11 4%
Carrier  13.4%)
Coleman . 20%
xDucane - 0.7%
‘Goodman | 7.4%
He” R 40%
Janltrol 20%
Lennox 1 101%
Nordyne . 07%
Paye | 87%
Tempstar o 10 1%f
Trane  295%

E. Type of Heat Pump

Split System . 36.7%
Packaged  63.3%;



Appendix D: Audit Input Form
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Appendix E: Regression Equations



Appendix E°

Kentucky Power Company
High Efficiency Heat Pump Mobile Home Program

Results of Regression Analysis of Heat Loss, Heat Gain and Base Load

A. Estimated Heat Loss Regression Equation: HL = 13,565 + 14.14528 * MHSize
Where:
HL = Estimated Design Heat Loss in Btu/hr
MHSize = Actual Size of Mobile Home in Square Feet
R-Square of the Regression = .68
B. Estimated Heat Gain Regression Equation: HG = 6,430 + 11.26623 * MHSize
Where:
HL = Estimated Design Heat Gain in Btu/hr
MHSize = Actual Size of Mobile Home in Square Feet
R-Square of the Regression = .61
C. Estimated Heat Gain Regression Equation: BaseLoad = 4,823 +3.60213 * MHSize
Where:
BaseLoad = Estimated Base Load of the Mobile Home in kWh
MHSize = Actual Size of Mobile Home in Square Feet

R-Square of the Regression = .88



