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Refrigerator Analysis 2006 

Duke Kentucky and its Energy Collaborative proposed in the September 27,2002 filing 
in Case No. 2002-358 and subsequently received approval to expand the low income 
weatherization program to include refrigerators as a qualified measure in owner occupied 
homes. This program is also offered in the Duke Ohio territory. This memo is to report 
the data analysis to determine the average savings for the Low Income Refrigerator 
replacement program in Ohio & Kentucky territories during 2006. 

Field Protocol 

To understand the data results, it is important to understand the field protocol to 
determine the existing refrigerator’s efficiency and whether it qualifies for replacement. 
The refrigerators are tested in homes that are being weatherized through either the Duke 
Energy Low Income Weatherization program and its delivery contractor, or the State 
Weatherization program delivery by the state weatherization agency in the area. When 
an delivery contractor auditor comes to the home to determine weatherization 
requirements, they install a digital power meter directly to the refrigerator. The 
refrigerator plugs into the power meter, manufactured by Brand Electronics, which then 
plugs into the wall. The auditor calibrates the unit and then lets it run for two hours at a 
minimum. Two hours is required so that the unit can stabilize and cycle. While more 
time would be optimal for increased accuracy, two hours has been shown to be able to 
determine poorly operating units that need replaced. 

The Protocol which follows specifies the steps that are taken by the auditor in the home 
and the applicable data entered. 

Protocol Steps 
I .  Clean refrigerator coils and Check seal on door gasket. 

2. Check to see that the refrigerator closes tightly. 

I SELECTION OF HIGH USAGE REFRIGERATORS AND FREEZERS by Jim Mapp April 16, 1998. & 
Low-Income Refrigerator Repiacement - Selection Criteria, for High Usage Refrigerator Replaceinent by 
Jim Mapp Ph. D. Wisconsin Division of Energy, Kathy Schroder, Program Manager Cinergy Corp, and 
Rick Morgan, President Morgan Marketing Partners, 200 1 IEPEC 
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3. Open door and take data: Brand 

Model Number Size 

Serial Number 

4. Close Door when compressor comes on and note wattage. (remember to zero the 

watt meter before you start) Running Wattage: watts 

5. Let operate normally for two hours or more with door closed and take the total 

minutes and the kWhY reading (kWh per year estimate). 

Total Minutes: 

6. Record peak running wattage at end of the test. 

7. IfPeak Wattage is less than 325 watts E d  the refrigerator has an estimated 

annual energy usage over 131 5 kWhY - Replace the unit. 

8. I f  Peak Wattage is more than 325 watts and the refrigerator has an estimated 
annual energy usage over I565 kWhY - Replace the unit, 

k Wh Y reading: 

Peak Watts 

Additional Information Collected 
0 Customer Name 

0 Address Where tJnit Installed 

0 

0 Number in Family 

0 Square Feet of dwelling 

0 

0 

0 Date New Unit Ordered 

0 Date New Unit Delivered 

0 Old Unit Removed by 

0 

0 Auditor Name 

Customer Duke Energy Electric Account Number 

Replacement IJnit Size in ft3 

Special Conditions in the home 

A second refrigerator used by the customer to be removed 

6205 Davenport Drive, Madison, WI 5371 1 
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The meter calculates the annual kWh consumption based on the watts used over the 
period of the test. If the refrigerator is calculated by the meter to consume over 13 15 
kWh year (kWhY) it is replaced at no charge to the customer. However, defrost cycles 
sometimes initiate over the two hour test period which would skew consumption 
estimates. When a defrost cycle is occurs the meter measures a higher peak watt 
consumption during the test which is seen in the data. If the unit shows higher than 325 
peak watts during the test, it is assumed that the unit has gone into defrost mode. The 
325 was chosen as most Compressors use 250 watts or less to operate and then with the 
lights included, would equal 300 peak watts or less. When the unit shows this high 
wattage demonstrating defrost mode, the kWh per year must equal 1565 kWh or more to 
be replaced. TJnits that have bad seals as determined by the auditor can be replaced in 
special cases even if the meter wattage is below the requirement. 

If a unit is found to need replacement, the auditor orders a unit from the specified vendor 
providing the Energy Star unit. Three sizes are available, 21 cubic feet, 18 cubic feet and 
15 cubic feet. The auditor determines the size for the replacement. The auditor is 
allowed to go to larger sizes under special circumstances. Of the total units replaced in 
both states, 40% were 21 ft3, 58% were 18 ft3 and 2% were 15 ft3. 

Old units are required to be removed by the refrigerator supplier at the time of the 
delivery of the new unit and the old unit is environmentally recycled. This assures that 
the old refrigerator does not continue to be used by the customer or get resold in the 
secondary market thus taking it permanently off the grid. If there is a second refrigerator 
on the premise that is working and the customer does not want it anymore, the program 
will remove and recycle the unit for free. The program has not been successfd in getting 
second units removed as no second units were picked up during 2006. This may be an 
area that the program wants to work on in hture years. 

Field data is then entered into a database and was reviewed for this analysis. Savings is 
determined by taking the metered consumption estimate for the year (kWhY) minus the 
energy consumption rating for the specific Energy Star refrigerator replacing the original 
unit, These Energy Star consumption estimates are determined by the standardized 
manufacturer testing in accordance with Energy Star guidelines. Those consumption 
estimates are: 

0 

0 

0 

443 kWWyr for 21 cubic foot 
434 kWWyr for 18 ft3 
372 kWWyr for 15 ft3 
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Totals 
KY 
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517 227 44% 

666 29 1 43.7% 
149 64 43% 

Results 

The program data shows that there were 666 units tested in Ohio and Kentucky programs 
and 291 replaced. That is 43.7% replacement rate. By state information is listed below. 

I State I Tested 1 Redaced I Percent 

Rased on the 2006 data from the field protocol outlined above, savings is on average 
1089 kWh for all the units replaced. The highest savings was over 3300 kWh per year 
and the lowest 6 kWh. There were 43 units with less than the minimum savings (1 3 15 
kWhY minus 443 kWh of the 21 ft3 unit = 872 kWh). A majority had broken seals or 
other problems however these installations should be reviewed by Duke to assure that the 
protocols are being followed by all auditors. 

[ State I Average Savings kWh/yr 1 
1033 

Ohio 
KY 

The data used for analysis is within the attached spreadsheet. Due to privacy, customer 
names have been removed. 

DSMore Analysis 

To complete the DSMore analyst> of cost effectiveness, savings should be applied across 
all hours with an annual savings of 1089 kWh. By using the two hour meter test, natural 
diversity of load is automatically included, thus using Mode 3 standard testing will work. 
Life of the measure is related to how early the unit is being replaced. Effective useful life 
of the new unit is 8 years based on research completed in California on a long term 
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recycling program. ’ This reflects the time the unit would be normally replaced with a 
new unit and the time that the replaced unit might be used as a secondary refrigerator 
before ultimate operations failure. 

Duke should note additional non-energy environmental benefits in the consideration of 
the program. The refrigerator that is recycled gains non-energy environmental benefits by 
ensuring that the collected refrigerators are processed and recycled in a manner that 
meets and exceeds both federal and state environmental laws and regulations. Ozone- 
depleting chlorofluorocarbon refrigerants and foam insulation blowing agents 
(CFCs/HCFCs/HFCs), mercury, used oils, plastics, metals, and glass are recovered and 
recycled. Polychlorinated biphenyls (PCRs) are also recovered for disposal. 

Cost for the program is approximately $1 000 per replaced refrigerator which includes the 
refrigerator delivered cost, recycling, testing and administration. These costs vary 
slightly by size, but for modeling the $1000 average cost is appropriate. 

Residential Refrigerator Recycling Ninth Year. Retention Study Study ID Nos. 546B, 563 prepared for 
Southern California Edison Company by KEMA July 22, 2004 
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Independent Review and Assessment of the 2007 Duke Energy ICentucky Power 
Manager Impact Estimates 

Dr Michael Ozog, Vice President, Integral Analytics 

In September/ October, 2007, I reviewed tlie enclosed text, findings, datasets, conclusions 
and load reduction estimates related to tlie Duke Energy Kentucky Power Manager 
program. The objective of this review was to provide an expert aiid independent third 
party assessment of tlie reliability and validity of the load reduction estimates and overall 
evaluation activities and findings contaiiied within this report. Given that the Power 
Manager program evaluation efforts significantly depend on Duke Energy meters, staff, 
sampling and operations, this tliird party review and assessineiit is an important exercise 
to glean riot only an independent perspective on tlie evaluation effort aiid load reduction 
estimates, but to also offer possible improveriients aiid recoinmendations for subsequent 
evaluation activities. 

Overall, I found the 2007 Duke Energy Kentucky load reduction estimates to be 
reasonable and accurate. The sampling protocols, coverage of load research meters 
across the service tei-ritoty, paging and operational testing, duty cycle modeling, 
regression methods and load reduction estimations were satisfactory and reasonable. 
Sufficient sample sizes were employed to yield tlie desired precision and accuracy in load 
reduction forecasts, and considerable attention was afforded to correcting tlie switch, 
operating and paging problems previously identified in tlie 2006 Duke Energy Kentucky 
Power Manager evaluation study. The past year’s efforts and attention to quality control 
and assessineiit appear to have iiicreased tlie load reduction capability arid reliability of 
the program significantly. As such, I am confident that the average household load 
reduction forecast of 1.04 KW is a reasonable and accurate load impact for tlie program, 
given this 2007 group of customers. This level of impacts is comparable to impacts I 
have found for similar programs in other areas of tlie country. 

For future evaluations, I recoininend tlie following possible improvements or 
enlianceinents to help improve program effectiveness and load reduction forecast 
precision. First, it would be useful to migrate load research meters froin current year 
sample to new lioines for the 2008 season. This sample migration will insure that any 
potential sampling bias is mitigated aiid does not confound the load reduction impact 
estimates. Second, continued, and perhaps expanded use of, supplementary logger aiid 
instantaneous deinand measures are relatively inexpensive ways to boost sampling power 
and improve load reduction forecasts at a reasonable cost. Third, expanded use of a 
“nested” sample of logger and interval end-use meters to better uiiderstand the 
relationship between duty cycle and air conditioner load. In all cases, additional sample 
points would be desirable, though not required. 

And finally, tlie approach used in this analysis relied upon the average duty cycle (per 
unit) to estimate run time. This is a reasonable assumption. However, there may be 
significant benefits to developing statistical models that relate the individual run-time to 
such things as tlie time of day, day of week, month, and weather, or other influential 
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variables. This approach may produce more meaningful estimates of the program effect. 
Therefore, future analysis should look into using more advanced statistical metliods to 
estimate of the impacts of the Power Manger program. 
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Multi-year evaluation of Idaho Power Company’s (IPCo) Residential Air- 
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curtain irrigation during peak demand periods. 
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control program for water heating and air conditioning. 
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Introduction 

Duke Energy offers residential customers a load control prograin called Power Manager. 
This program offers customers a monetary incentive for reducing tlieir air conditioning 
during peak demand periods. This report presents the load impact analysis for 2007 
Power Manager control periods. The first two sections below are devoted to estimating 
the potential average (i.e., per-participant) impact fiom Power Manager load control; the 
first section describes data collection and the next section focuses on models derived 
froin this data. The following section presents the operability study conducted in 2007 to 
identify an explicit de-rating factor for Power Manager load control. This is an important 
difference froin tlie 2006 load impact analysis, where de-rating was implicit in the impact 
estimates and not separated from other influential factors such as weather. Hourly load 
impact estimates for Power Manager control days are given in the next section, in Tables 
512(d). The inaximuin impact was 39 MW for Duke Energy Iiidiana and 8 MW for 
Duke Energy Kentucky on August 8. It should be noted that Duke Energy Indiana 
impacts during August were reduced about 4 MW by an IT change unrelated to tlie 
program, and this problem is now resolved. The final section describes Duke Energy’s 
plan for diagnostic field testing to be conducted over the next few weeks at customer 
locations identified in the operability study where switches failed to shed during control 
periods this summer. Results froin these tests will be used to improve future load 
impacts. 

To ensure that Duke Energy maximizes the impacts of the program a quality assurance 
action plan was put in place prior to the 2007 control season. An assessment of the 
accuracy of the data and quality of tlie equipment and procedures being used to evaluate 
the prograin was done. One of the factors for tlie evaluation was the low impacts that 
were discovered during the 2006 control season. The impact estimates for the 2006 
control season were significantly below the targeted load reduction. Details of the quality 
assurance plan and the impacts measured in 2006 are found in appendix 8. 
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Load Research Sample 

A fi-esh load research sample (“RS” group) was recruited for summer 2007, with no 
holdovers from 2006. For each RS participant, HOBO 1J-9 state data loggers were 
installed on all AC units and the household kWh meter was replaced with an interval 
meter. Data logger’s records times at which the AC unit turns on or off, allowing duty 
cycle to be constmcted at any desired temporal resolution. To enable efficient collection 
of logger data, prospective candidates for tlie research sample were randomly selected 
with a two stage cluster sampling method. The clusters are based upon zip code, and 
required to contain at least 120 Power Manager customers to provide an adequate pool 
for recruitment. Prior to sampling (in January, 2007), small zip codes were combined 
with adjacent zip codes into a single cluster, so that all clusters meet the minimum size 
requirement. In the first stage of sampling, eight clusters were randomly selected in 
Indiana and four clusters in Kentucky. These clusters were drawn in such way that the 
probability of selection for a cluster was proportional to the number of Power Manager 
participants in that cluster. 

In the second stage of sampling, customers were classified as liigli, medium, or low users 
based upon billed kWH for the months June - September of 2006. The kWH breakpoints 
used for classification were determined at the state level, so that equal numbers are 
assigned to each category in both Indiana and Kentucky. Clusters selected in the first 
stage were separated into six groups based upon 1tWH usage level and program option 
(1 .S 1tW or 1 .O kW). Using randomized selection within these groups, two participants 
were recruited from each 1.5 1tW group and one participant from each 1 .O kW group, for 
a total of nine recruits in each cluster. 

Due to a mistake in the preparation of randomized lists for recruiting, several customers 
were recruited firom a zip code cluster that liad not been selected in the stage 1 random 
draw. Tliis cluster was substituted for a nearby cluster which liad been selected in tlie 
random draw but where no recruits had yet been obtained. 
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Load Impacts with the Duty Cycle Method 

The duty cycle method will be used to estimate load impacts during Power Manager 
control periods. Air-conditioner (AC) natural duty cycles are measured with HOBO data 
loggers for the Power Manager load research samples during 2006-2007 simmer seasons. 
Together with Connected loads for research sample AC units, the natural duty cycle data 
enables evaluation of the average load reduction achieved by a cycling strategy within the 
research sample. Hourly models have been constructed for average load reduction within 
the research sample as a fkct ion of weather conditions and cycling strategy. The 
potential load impact during a Power Manager control period is determined by evaluating 
these models with the cycling strategy employed and weather conditions during the 
control period. The potential load impacts estimated in this maimer represent the load 
reduction which would be achieved if all switches controlled as expected. 

Validation of Logger Data 

We have found that HOBO U-9 state data loggers, wheii properly installed record the 
start and end times of AC duty cycles with good reliability. Iiistallation procedures are 
given Appendix 1. Nevertheless, it is to be expected that some logger data will not 
accurately reflect AC cycles, and should be discarded. Premise interval kWh (1 S-minute) 
collected for customer sites where data loggers are installed is used to validate the logger 
data. The validation process is accomplished with a sequence of computer programs that: 
1) convert the time stamp data collected froin TJ-9 data logger into interval duty cycle; 2) 
display time series plots of premise kWh and duty cycle with control over time resolution 
enabling visual comparison of plot detail; 3 )  calculate cross-correlation between interval 
kWh arid iiiterval duty cycle and display cross-plots of kWh vs. duty cycle. Every logger 
data file collected fiom a customer site is reviewed in this fashion, and added to the duty 
cycle model database when the interval kWh provides confirmation of the AC cycles in 
the logger data. 

Connected Load 

Connected load is the average power demand (kW) of a nximing AC unit over a full 
cycle. It detenniiies the load reduction (kWH) achieved when AC run time is reduced. 
Connected load is specified for research sample AC units through tlie basic engineering 
formulas, 

Apparent Power (kVA) = (Compressor Amps + Fan Amps) * 240 Volts / 1000 
Connected Load (kW) = Power Factor :k Apparent Power 

Rated amps for the compressor (FLA) and fan (RLA) are typically listed on tlie AC 
faceplate, and were obtained for 107 of the 1 12 research sample AC units. 

Power factor in this formula is actually different for different AC units, and even varies 
somewhat for different cycles of the same unit, increasing at high temperature arid 
humidity. However, we can use the syiclu-onous AC duty cycle and interval kWH data 
obtained from the research sample to estimate a single, best-fitting power factor within 
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the research sample. The first step is a regression, for each sample participant with 
adequate data, of interval kWH on duty cycle, 

Notice that if tlie AC unit runs for an entire 15-minute interval, so that DC, = 1, then the 
regression coefficient b equals the kWH attributed to the unit during that interval. 
Dividing by the length (in hours) of the interval converts to kW, so 4*h is the appropriate 
estimate of the unit's connected load. Next, the results for connected load obtained in the 
pervious step become the independent variable, and are regressed on Apparent Power 
(fi-om faceplate FLA and RLA) . The slope computed in this regression (Apparent Power 
vs. connected load) is tlie best-fitting power factor for the group. The power factor 
obtained for the 2006 research sample was 0.834, and for the 2007 research sample it was 
0.826. 

kWHt = a + b+ DCt + E [  

For AC units where information on rated amps is not available, the first regression above 
provides an estimate of connected load for the unit whicli can be used instead. 

Hourly Models for  Load Reduction 

The key parameter to a Power Manager control strategy is the shed percentage, tlie 
percentage of time within a control interval that AC units are prevented from running. 
When the natural duty cycle of an AC unit exceeds the cornpleineiit of the shed 
percentage within a control interval, then run time for the unit is reduced and load 
reduction is realized. For shed percentage and natural duty cycle expressed as fractions 
between zero and one, hourly load reduction caii be calculated as follows: 

Run time reduction = MAX[Duty cycle - (1 - Shed percentage), 01 

Load reduction = Connected load 4: Run time reduction 

These calculations can be performed in any hour of any day (Le., hour 16 on June 13) for 
all AC uiiits of the RS group with valid natural duty cycles in that hour to get average 
load reduction within the RS group for that particular hour. Hourly average load 
reductions computed in this manner comprise the dependent variable data in the load 
reduction models. 

Hourly weather is represented in the load reduction models with heat index, whicli 
coinbiiies temperature and humidity into a single variable. Appendix 2 describes how 
heat index is calculated from temperature and relative humidity. Separate models for 
load reduction as a function of heat index are fit for each combination of shed percentage 
and hour of the day needed in the impact evaluation. The heat index variable in tlie 
models is a composite based on weatlier observations from Cincinnati airport, 
Indianapolis airport, and Louisville airport. Further detail on model fits is given in 
appendix 3. 
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Register Identifier Register Value 

OpRegl 1 :3 
(upper: lower) 1:l 

OpRegS 1 :2 
(upper: lower) 1:l 

1:3 
Wildcard 00:22: 12 
(1di:inrri:ss) 00: 16: 12 

00:09: 18 

2:37 

Operability Study 

Power Manager Code 

DEI 
DEK 
RS group 
1.5 kW 
1.0 kW 
0.5 kW 
1.5 kW 
1.0 kW 
0.5 1tW 

Some switches fail to perfoiin as expected when load control is initiated. A study has 
been conducted during summer 2007 to estimate the proportion of Power Manager 
switches in Indiana and Kentucky (Model ACP/F032803 manufactured by Corporate 
Systems Engineering) that shed the AC unit for tlie prescribed length of time during 
Power Manager load control events. Tlie operability study involves about 250 Power 
Manager participants selected randomly, but in such a way as to ensure adequate 
geographic representation. The RS group described above is included, and 1 50 additional 
Power Manger participants (tlie “OP” group) were selected randomly froin zip codes not 
represented by the RS group. A large proportion (1 00-200) of these customer sites were 
visited after each control day (or group of consecutive control days), and tlie contents of 
switch registers downloaded into a Palm PC device designed for tliis purpose. Switch 
data is transfell-ed to a PC and aggregated into spreadsheet files for analysis. Tlie de- 
rating factor (or net-to-gross ratio) obtained fi-om the operability study is incorporated 
into tlie load impacts reported for the Power Manager program in this report. Tlie 
remainder of this section describes in detail the switch data collected and how tliis data is 
used to obtain a statistically reliable estimate for the de-rating factor. 

Based upon the structure of switch registers aiid the operation of the Power Manager 
program, tlie de-rating factor is constructed as a product of two distinct components: the 
programming factor and the shed factor. In general terms, tlie programming factor 
involves switch register settings that can be established piior to a control day and need 
not be modified from one control day to tlie next, while the shed factor measures correct 
switch response to paging signals sent immediately prior to aiid during a load control 
event. 

Tlie switch registers which are examined to set tlie value of the prograinming factor are 
shown in Table 1. 

Intended values for these registers are shown in column 2 of this table, and column 3 
sliows what determines correct values for a particular switch. Correct values depend 
upon the custoiner’s choice of program option, tlie customer’s location , aiid whether tlie 
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Control Groups Control 
Date Controlled Period 

(in i n) 

customer is in tlie RS group. Tlie wildcard register sets tlie ainouiit of shed time within a 
30-minute control period, so tlie correct values in Table 1 correspond to shed percentages 
of 74% for tlie 1 .5 kW option, 54% for 1 .O kW, and 3 1% for 0.5 1tW. If values of tlie 
three registers in switch data collected froni a customer site inatcli the correct values for 
that customer, then tlie prograininiiig factor for that observation is set to one. If there is 
any discrepancy in the register values, then tlie programming factor for that observatioii is 
usually zero, although there are infrequent cases with values between zero and one 
(discussed further below). 

Counters Activation Cumulative Shed 
Cleared Counter Increment (inin) 

1.5 kW I 1.0 kW Increment 

The shed factor is a conditional statistic, conditioned on correct programming, or more 
precisely programming factor greater than zero. Aside from this, tlie switch registers 
examined to deteiiniiie a value for tlie shed factor are the activation counter and 
cuinulative shed time. Tlie activation counter records the number of times that tlie switch 
has shed since the last clear counters coininand was received. For example, a t h e e  hour 
control event with 30 niiiiute control period sliould increment tlie activation counter by 
six. The cumulative shed time records tlie total minutes that the switch lias shed since tlie 
last clear counters coinmalid was received, wliere shed time during a control period is 
rounded to tlie nearest minute for accumulation in this register. Table 2 gives tlie 
expected increinerits to these registers associated with each control day of summer 2007. 
Table 2 also indicates if counters were cleared iinrriediately prior to a control day. 

May30 
June 7 

RS 30 Yes 4 88 I 64 
DEI; DEK 30 Yes 6 132 I 96 

June21 
July 1'7 
Aug 1 
Aug 8 
Aug 9 

RS 30 Yes 6 132 i 96 
DEI< 30 Yes 4 88 I 64 
DEI; DEI<; RS 30 Yes 8 176 I128 
DEI; DEK 30 Yes 6 132 1 96 
DEI; DEK; RS 30 No 4 88 I 64 

Aug 16 
Aug 23 
Aug29 1 DEI; DEK I30 I No 1 4  I 88 I 64 

DEI; DEK; RS 45 Yes 4 1201 90 
DEI; DEI<; RS 30 Yes 4 88 1 64 

For switch data collected on a given date froin a particular customer site, tlie information 
in Table 2 is sufficient to detennine tlie expected contents of tlie activation counter and 
Cumulative shed time registers. If the collected data values match these expected values 
(and programming factor is nonzero), then tlie slied factor for this observation is set to 1. 
Tlie most coiniiion discrepancy encountered is when tlie activation counter aiid 
cumulative slied time collected froin a switch are zero, aiid in this case tlie shed factor is 
set to zero. Otlier cases require further inspection to detenniiie an appropriate shed factor 
for tlie observation, aiid occasionally result in a value between zero and one. 

12 
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1 Switch count 

A computer program has beeii coiistnicted to process switch data and identifies 
observations for which values iii registers described above do not match the values 
expected for that observation. Because of rounding issues, the value for cumulative shed 
time is considered to matcli if it is at least as large as the appropriate value from Table 2, 
and no larger than that value plus one minute for each expected activation. Observations 
not matching expected values were examined individually to detennine if tlie observation 
should be retained (i.e., not off-program due to a dropout or tenant change), and to assign 
appropriate programming and shed factors. 

151 

Resirlts for Prograrrriiiiizg Factor 

Sample mean 
Standard error 

The RS group has special programming, as shown in Table 1 , to enable it to be controlled 
independent of the general population. Special attention was devoted to achieving proper 
programming of the RS group. For these reasons, it is not appropriate to include switch 
data from the RS group in deteiiiiiiiing a programining factor for the general population. 
Results described below for tlie prograrnining factor are based entirely on data froin the 
OP group. 

0.809 
0.032 

Although tliere were multiple observations for more than half of the OP switches, only 
three showed a change in the program factor over the suininer. For a11 three switches, an 
incorrect factor observed after June 7 was corrected in subsequent observations. Normal 
programming changes to switch registers, such as tenant transfers, were excluded from 
the analysis. Programming factor data is aggregated by switch for statistical analysis, 
using tlie average value for tlie few switches with obseivatioiis not all identical. Of 15 1 
OP switches, 121 were correctly programmed (factor = 1) iii all observations and 27 were 
incorrectly programmed in all observations (factor = 0). Table 3 shows statistical results. 

Table 3. Programming factor statistics 

I 90% confidence 1 0.7.57-0.861 I 
A variation adopted in the analysis of the programming factor for 1 .S  kW switches in 
Indiana requires some further explanation. Early in tlie 2007 control season, it was 
decided to refresh the programming of all Power Manger switches. To do this efficiently, 
a global coiiiniaiid was issued on June 27 to reprogram all Power Manager switches in 
Indiana and Kentucky, and this coininarid set tlie program option in all switches to 1 .O 
1tW. The plan was to reset appropriate switches to program option 1 .S kW with 
individual paging commands. This process was completed July 9 for I<entuclty 
switches, but stalled midway tlxougli tlie list of Indiana switches. The reason was 
eventually identified and corrected - a Duke Energy IT change unrelated to tlie Power 
Manager program. But for control days in August approximately SO% of Indiana 1 .5 kW 
customers were actually programmed to 1.0 kW (see OpRegS in Table I ) .  This 
discrepancy was temporary in nature and not related to switch performance, and so it was 

13 
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Observation count 
Switch count 

disregarded in setting the prograiniiiing factor. The discrepancy is incorporated into tlie 
impacts reported for August control days by modifying tlie Indiana participant counts for 
1 .5 kW and 1 .O kW in Tables 7-12(a) below. 

566 
208 

Results for  Shed factor 

MS between 
MS within 
Sainule mean 

The registers examined for the slied factor (activation counter and cuinulative slied time) 
function in exactly the same manner for correctly programmed RS arid OP switches, so it 
is appropriate to use switch data from both groups to derive shed factor statistics. The 
shed factor for a single observation is normally zero or one, altliougli there are a few 
observations with activations and cumulative shed greater than zero but less than 
expected for tlie control period. It is much more common for multiple observations of a 
switch to result in a shed factor of one on some control days and zero on other control 
days. Nevertheless there is correlation between multiple observations of the same switch. 
To allow for this correlation, a random effects model has been adopted to analyze shed 
factor obsei-vations, wliicli allows for distinct variances within and between switclies. 
Statistical results with this model are given in Table 4. 

0.282. 
0.062 
0.823 

Table 4. Shed factor statistics 
(OP and RS switches correctly programmed) 

Standard error 
90% confidence 

0.023 
0.785 - 0.861 

August 16 Shed Avoiding the Wildcard Register 

Incorrect wildcard register settings have been identified as a persistent problem for a 
significant proportion of switches in the OP group, and are tlie principal source of deficit 
in tlie programming factor. Shedding with the wildcard register enables complete 
flexibility in specifying the shed percentage that is imposed, and for this reason Power 
Manager protocols have relied upon configuring tlie wildcard register. However, tlie 
switches allow an alternate s l i d  mechanism wliicli involves selecting from a limited 
number of fixed shed times, with no need to configure the wildcard register. This 
alternate meclianism was used on August 16, and data was collected from more than 20 
switches with incorrect wildcard registers. Careful examination of tlie activation counts 
and cumulative slied time in this data found no evidence any slied on August 16 among 
those switches with incorrect wildcard registers. In view of these findings, tlie de-rating 
factors derived above (Tables 3 and 4) are used for the August 16 load impacts in spite of 
the different slied mechanism employed. 

14 
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Load Impacts for 2007 Control Days 

In all control periods of 2007 except 011 August 16, the slied percentages were 74% for 
program option 1 .5 kW, 54% for 1 .O kW, and 3 1 % for 0.5 1tW. These shed percentages 
were chosen to achieve the corresponding load reduction target under typical (median) 
weather conditions at tlie summer peak, which correspond to a temperature of 93 deg-F 
and dew point of 73 deg-F (heat index about 103) . 

Hourly weather observations from tliree weather stations are used in the impact 
evaluation; Cincinnati airport (CVG), Indianapolis airport (IND), and Louisville airport 
(SDF). Power Manager customers are assigned to weather region by zip code. Kentucky 
zip codes and zip codes in southeast Indiana are assigned to CVG, zip codes in south- 
central and southwest Iiidiana to SDF , and in central Indiana to IND (Indianapolis 
airport). Indiana zip codes assigned to CVC or SDF are listed in appendix 4. The 
blended heat index for Duke Energy Indiana in Tables 5-1 2(b) is calculated as a weighted 
average of tlie corresponding hourly heat index in these weather regions. The weights 
used for each program option correspond to the counts of Power Manager customers for 
that program option in the tllree weather regions. 

Average shed kW in Tables 5-12(c) is computed with the hourly load reduction models 
described in that section and appendix 3. The model developed for the indicated hour 
and slied percentage is evaluated at the appropriate heat index for the prior hour shown in 
Tables 5-12(b). The CVG lieat index is used to compute shed kW for Dulte Energy 
Kentucky, and blended heat index for the corresponding program option is used to 
coinpute shed kW for Dulte Energy Indiana. 

Hourly potential load impacts in Tables 5- 12(d) are computed with the participation 
counts in Tables 5-12(a) and the average shed kW in Tables 5-12(c). A derating factor 
is applied to these potential impacts to get the de-rated impacts appealing in Tables 5- 
12(d). This factor is 0.666, the product of sample ineaiis obtained for the programming 
factor (0.809, fi-om Table 3) and shed factor (0.823, from Table 4) in the section 
discussing the Operability Study. August hourly impacts for Duke Energy Iiidiaiia in 
Tables 7-1 2(d) were reduced about 4 MW by the reprograinmirig probleni discussed in 
the previous section. The weather normalized, de-rated, per-participant impact is 1.22 kW 
for option 1.5,0.80 kW for option 1 .O, and 0.39 kW for option 0.5 (hour 17, heat index 
103). 
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Hour 
14 
15 
16 
17 

Table 5. Load Impacts for June 7 

(Sa) 

Heat Index Blended Heat Index for DEI 
CVG IND SDF 1.5 - kW 1.0 kW 0.5 kW 
92.6 91.5 93.8 91.8 91.9 91.7 
92.6 91 .0 93.8 91.4 91.5 91.3 
93.8 91.5 9.5.5 92.1 92.2 91.9 
93.3 91.5 94.9 92.0 92.1 91.9 

-- 

II ParticiDant Count I 

DEI DEK 
1.5 kW 1.0 kW 0.5 kW 1.5 kW 1.0 kW b.5 kW 

1.17 0.69 0.30 1.24 0.74 0.32 
1 .30 0.79 0.35 1.38 0.85 0.39 

-- 
1.12 0.6.5 0.28 1.16 0.68 0.T0 

DEI 
DEI< 

Hour 

Potential Impact De-rated Impact 
(MW)- (MW) 

DEI I DEK DEI< 

Hour 
15 
16 
17 

15 
16 
17 

II Dutv Cvcle Model Average Shed kW I 

24.0 5.3 16.0 3.5 
33.5 7.5 22.3 5.0 
37.4 8.5 24.9 5.7 

16 
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Heat Index Blended Heat Index for DEI 
SDF 1.5 kW 1.0 1tW 0.5 kW - I_- 

Hour CVG IND 
14 9i.6 91 .S 93.8 - - - 
15 92.6 91.0 93.8 - 
16 93.8 91 .5 95.5 - - 
17 93.3 91.5 94.9 - - - 

Table 6. DEK Load Impacts for July 17 

( 6 4  

, ,  v 

DEI DEK 
1.5 kW 1.0 1tW 0.5 ltW 1.5 1tW 1.0 kW 0.5 kW 

- 1.24 0.74 0.32 
- - 1.38 0.85 0.39 

. -  
- - 1.16 0.68 0.30 

- - 

Participant Count 

DEI< 4447 2816 

Potential Impact 
(MW) 

DEI I DEI< 

De-rated Impact 
(MW) 

DEI DEI<. 

Hour 
15 
16 
17 

- 5 :3 - 
7.6 

- 8.5 

II Dutv Cvcle Model Average Shed 1tW I 

3.5 
5.0 
5.7 

Hour 
15 
16 
17 

17 
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1.5 kW 
2056.3 

4442 
10282 

- 

Table 7. Load Impacts for August 1 

1.0kW 0.5 kW 
13993 23 
2812 2 

24274 23 

I 

Hour 
14 
1s 

1 16 
17 

I I% 
DEI Reprogram 

95.0 
96.1 
94.0 

90.6 90.7 90.4 
92.9 93 .O 92.8 
92.3 92.4 92.3 

92.0 
93.0 

0.5 kW 
0.6 1 0.26 

1.13 0.66 0.28 
1.34 0.37 

18 1.38 0.85 0.38 

16 
17 

~- 
DEI< 

1.5 kW 1.0 kW 0.5 kW 
1.10 0.64 0.28 
1.13 0.66 0.28 
1.29 0.78 0.35 
1.41 0.87 0.40 

IND 
89.9 
89.9 
92.5 
92.0 

11 Blended Heat Index for DEI I 

93.9 

Potential Impact De-rated Impact 11 (MW) 11 (MW) 

15.1 3.3 
32.6 21.7 
39.0 7.9 26.0 5.3 

18 40.2 8.7 26.8 5.8 

18 
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109.2 
17 

Table 8. Load Impacts for August 8 

1.0 kW 0.5 kW 
104.0 103.6 
104.8 104.5 
105.9 105.7 
106.6 106.4 

1 
DEI Reprogram 

Hour 
15 
16 
17 

Participant Count 

4439 

1 .7 :iOrycle Model Average Shed kW 
DEK 

1.5 kW 1.0 kW 0.5 kW 1.5 kW 1.0 kW 0.5 kW 
0.56 1.66 1 .os 0.49 

1.85 1.21 0.56 2.02 1.33 0.63 
1.97 1.32 0.65 1.89 1.25 0.62 

I Potential Impact De-rated Impact / /  (MW) /I (MW) 
Hour 

15 
16 
17 

19 
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DEI 
DEI< 

DEI Reprogram 

Table 9. Load Impacts for August 9 

Participant Count 
1.5 kW 1.0kW 0.5 kW 
20533 13968 25 
4442 2815 2 

10267 24234 25 

Heat Index 
CVG IND SDF 
105.5 101.6 109.7 

98.9 108.8 
98.9 108.8 

106.7 

Blended Heat Index for DEI 
1.5 kW 1.0 kW 0.5 kW 

100.3 100.6 99.9 
100.3 100.6 99.9 
101.2 101.4 101.0 

102.8 103.0 102.4 

Hour 
16 
17 

_. 3 

1.5 kW 1.0 kW 0.5 ItW 1.S kW 1.0 kW 0.5 kW 
1.63 I .os 0.47 1.87 1.22 0.57 
1.70 1.11 0.52 1.90 1.27 0.62 

Hour 
16 
17 

20 

Potential Impact De-rated Impact 
(MW) (MW) 

DEI DEK DEI DEK 
36.0 8.8 24.0 5.9 
50.4 12.0 33.6 8.0 
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DEI 
DEI< 

DEI Reprogram 

Table 10. Load Impacts for August 16 

Participant Count -- 
1.7 kW 1.0ItW 0.5 kW ~ 

20495 1.3942 29 
443 3 2813 4 

10248 24189 29 

Hour 
14 
15 
16 
17 

Heat Index Blended Heat Index for DEI 
CVG IND SDF 1.5 kW 1.0 kW 0.5 kW 
107.2 101.6 107.8 102.6 102.8 102.4 
104.2 97.5 106.0 98.8 99.1 98.5 
104.7 104.1 107.8 104.6 104.7 104.4 
99.7 92.2 93.2 92.5 92.7 92.8 

Duty Cycle Model Average Shed kW I It- DEI DEK 

16 1.34 0.88 0.29 0.36 
17 1.68 1.15 1.68 1.15 0.42 

I] Potential Impact 11 De-rated Impact I 
Hour 

15 
16 
17 

21 
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DEI 
DEK 

DEI Reprogram 

Table 11. Load Impacts for August 23 

20456 13946 32 
4428 280 1 5 

10228 24174 32 

II Partici~ant Count I 

Hour 
14 
I5 
16 
17 

11 1.5 kW I 1.0 kW I 0.5 kW I 

Heat Index Blended Heat Index for DEI 
CVG IND SDF "T5 kW 1.0 kW 0.5 1tG 
100.8 98.0 103.0 98.8 98.9 98 .5  
101.3 99.3 103.5 99.9 100.0 99.7 
101.4 98.6 103.5 99.3 99.4 99.0 
100.8 98.6 102.7 99.2 99.3 99.0 

Hour 
15 
16 

Duty Cycle Model Average Shed kW 
DEI DEI< 

1.5 kW 1.0 kW 0.5 kW 1.5 1tW 1.0 kW 0.5 1tW 
1.46 0.90 0.41 1.56 0.97 0.45 
1.60 1.02 - 0.46 I .68 1.07 0.49 

Hour 
15 
16 

Potential Impact De-rated Impact 
(MW) (MW) 

DEI . DEI< DEI DEK 
31.9 7.2 21.2 4.8 
47.1 10.4 31.3 7.0 

22 
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DEI 
DEI< 

DEI Reprograin 

Table 12. Load Impacts for August 2,9 

( 1  2a> 

Participant Count 
1.5 kW 1.0kW 0.5 kW 
20453 13937 33 
4429 2796 6 

10227 24163 33 

Hour 
14 
15 
16 
17 

Blended Heat Index for DEI 
SDF- 1.TkW 1.0 kW 0.5 kW 

97.9 95.1 95.8 95.3 95.4 95.3 
96.1 96.1 101.1 96.8 96.9 96.4 
96.7 94.5 101.3 95.5 95.6 95.0 
98.0 95.8 95.5 95.8 95.8 95.9 

-- -.- Heat Index -.- 
-- CVG IND 

( 1 2 4  

Hour 
16 
17 

- Duty Cycle Model Average Shed kW 
DEI DEI< 

~ 1.5 kW 1.0 kW 0.5 kW 1.5 kW 1.0 kW 0.5 klf - 
1.45 0.90 0.40 1.41 0.87 0.39 
1.46 0.92 0.42 1 .52 0.96 0.45 

I 
l Hour 

16 
I 17 43 6.3 I 42.7 28.4 

23 
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Action Plan for Improving Load Impact 

The operability study lias identified many customer sites where switclies have not been 
effectively configured with paging signals (62 in Indiana, 16 in Kentucky), or where 
properly configured switches appear not to have not shed during any of tlie 2007 control 
intervals (8 in Indiana, 6 in Kentucky). Diagnostic testing of these sites and switches will 
begin immediately, to identify the cause of these problems and determine whether the 
problems are associated with tlie customer site (e.g., a problem with the paging signal or 
switch installation) or with tlie switch itself. The customer locations are displayed in 
appendix 5 and 6. 

A technician will visit several of these customer sites with problematic switch 
performance. The technician will coiiirnuiiicate by phone with someone using the paging 
software and document results of several switch tests. He will also use tlie handlield 
device to observe and download tlie results of tlie tests. The type of additional testing on 
the switches will include: 

Observing whether or not our test oldtest off coiniiiands are being 
transmitted to the switch 
Sending a test paging command to a different paging device at tlie same 
location as tlie switch to determine if the page can be transmitted 
successfully 
Plugging in a special test switch to an outside outlet if available at tlie site 
and sending commands to it to determine if tlie paged coinmands get 
transmitted. 
Operdclose tlie disconnect and repeat tlie paging tests and record results 
Obsei-ve and record any indication of tampering 
Record locatio11 of possible physical structures that could impede paging 
commands 

A cliecklist showing actions to be performed during site visits for diagnostic testing is 
attached as appendix 7. Switches that appear to be completely non-fimctioning will be 
removed at a later time and taken to the switch vendor for internal component testing. A 
technical resource from tlie switch vendor lias already been assigned to this project. 

In addition to these tests, we will revisit a sampling of switches that were found to be 
incorrectly repi-ogrammed last year. Again the registers will be read with the hand-held 
device and the data downloaded. The purpose of this will be to assess tlie success of tlie 
reprogramming effort. 

24 
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Appendix 1. HOBO U9 Logger Installation and Data Retrieval Procedure for 2007 

HOBO U9 Logger 
The HOBO lJ9-001 logger records tlie change of state of tlie compressor by direct 
connection. Each time tlie compressor starts or stops, the logger records the new state, 
along with tlie date/tiniestamp. Tlie logger directly reads tlie continuity of a set of relay 
contacts that close when the compressor is started. The relay is field installed at tlie time 
of the logger installation. Tlie relay has a 240 volt coil wired in parallel with the 
compressor and when the compressor is energized by tlie compressor contactor, tlie relay 
coil is simultaneously energized, pulling in the contacts. The logger interprets this as a 
change of compressor state (tlie start of the compressor). When the contactor deeiiergizes 
the compressor windings, the relay contacts open and the logger interprets this as another 
change of state (the elid of the compressor run cycle). 

The loggers will be installed in a weatherproof enclosure to keep them dry. 

Definitions: 

HOBOware - the software application that is used to launch and readout the HOBO 
loggers. 

Launch - Process that turns on the logger, checks its battery and prepares it to begin 
logging data. A logger must be launched initially and after each data readout. L,aunching 
deletes all on/off state data in the logger. 

Readout - off-loads the data from the logger. When reading out a logger, it is possible to 
either stop the logging process or to continue logging. The data in the memory is not 
deleted simply by reading out the logger. You must launch the logger to delete tlie old 
data. 

Procedures 
Update your HOROware version. The version on tlie CD is out of date. You need to 
update to HOBOware Pro. 

PC Time Set 
Each HOBO U9 logger is launched by the HOBOware application on the PC - this sets 
the clock in tlie logger. Set the PC time each day before connecting the PC to a logger. 
This can be done by either tlie time-syncing feature of tlie Microsoft operating system (if 
your version supports that feature) or by coimectiiig over tlie Internet to a site to sync 
with the atomic clock. Here are links to free utilities that can sync the PC to tlie atomic 
clock. 
http ://www . analogx . codcontent s/do w nload/net w orMat s .lit in 

http://www. worldtirneserver.com/atoinic-clock/ 

During tlie initial launch, install new battery in all loggers. 

25 
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Replacing Batteries 
1 I 
2. 
3. 
4. 
5.  

Remove logger from weather proof case 
Unplug grey wire from logger 
Remove battery using a pencil. 
Install new battery with positive side facing up. 
Plug the grey wire back into the logger. 

Installation 
Suggested tools: Nut driver, screw drivers, small diagonal cutters. 
Materials: Logger, relay, 2 conductor wire, nylon cable ties, extra sheet metal screws. 

1. Do not install oil rainy days or when humidity approaches 95% (near dewfall). 
2. Set the PC time before leaving home. 
3. Open disconnect switch or pull fuses. 
4. Open A/C unit. 
5. Determine which relay to use. 

a. If voltage is present on the load side of the contactor, a 24 volt coil relay 
must be used (Part number 90-293q). To energize this relay, low voltage 
from the contactor must be connected to 1 and 3. The black aiid white 
wire from the logger should be coniiected to numbers 2 and 4 on the relay 
(normally open). 

b. If voltage is NOT present on the load side of the contactor, a 240 volt coil 
relay must be used (Type 91 relay). To energize the Type 91 relay, 
connect wires on the load side of tlie contactor to each side of the coil on 
the relay. The logger should be connected to 1 and 3 (normally open). 

c. If voltage is NOT present and there are clearance issues, the part number 
90-29Sq should be used. To energize this relay, connect two wires from 
tlie load side of the contactor to 1 aiid 3 on the relay. The logger should be 
connected to 2 and 4 (normally open). 

6. Mount the relay in the control coinpartment of the A/C unit, near the contactor. 
7. Mount the black case outside of the ac unit. Attach black case to the conduit 

between the Power Manager switch and the air conditioning unit with a wire-tie. 
Locate the black case containing the logger in the shade and out of direct rainfall 
if possible. 

8. Run the gray wire from the logger along the conduit and through a grommet 
leading to the air conditioning unit control compartment. 

9. Connect the black aiid white wires from the logger to the relay as described above 
in step 5. 

10. Secure all wiring with cable ties. 
1 1. Connect tlie logger to the PC with the USB cable aiid launch the logger by 

clicking the Launch Logger icon. 
12. HOBOware Launch L,ogger screen. These fields are to be completed at time of 

launch: 
Description: must be set to serial number 
State channels S-1: iianie = State Sensor, open = State Off, closed = State 
011 

26 



Case No. 2007-00369 
Application, Appendix c 

rage 27 or 90 

Channels to log: IJN-check Logger’s Battery Voltage 
Launch Options: Now. 

13. After all fields have been set, click Launch. 
14. After tlie logger has been relaunched, click the Logger status icon aiid verify that 

the current status is “Launch, Logging” and the proper state of compressor 
running, 011 or Off, is being displayed. 

15. While in the logger status mode, verify that tlie logger is correctly recording the 
coinpressor starts arid stops. To do this, close tlie discoruiect switch, manually 
engage tlie contactor to force the compressor to start, taking care to avoid the high 
voltage terminals on tlie contactor or start capacitor. Verify the state sensor 
display on the screen iridicates State On when tlie coinpressor is running and State 
Off when the conipressor is off. If you are not getting tlie correct response, see 
the Troubleshooting sectioii below. 

enclosure, remount the logger. 
16. After verifying proper operation, disconnect the TJSB cable, close tlie logger 

17. Close A/C unit, replacing any lost or damaged sheet metal screws. 
18. If still open, close disconnect switch or replace fuses. Malm sure fuse holder is 

properly oriented. 

Readout/Relaunch 
The readout schedule for U9 loggers is every four weeks. 

Do not readout tlie logger during a Power Manager event. You can call 877-392-4848 to 
see if tliere it an event under way. If the red L,ED on tlie Power Manager device is lit, 
tliere is an event under way aiid you should wait until a lion-event day to readout the 
loggers. 

L,oss of good data will be minimized if you can avoid readouts during afternoon hours 
(12:OO - 6:OO PM), especially when temperature exceeds 85 deg-F. However, this is not 
an essential requirement, and car1 be disregarded wlien it would significantly complicate 
data collection. 

Suggested tools: Nut driver, screw drivers, small diagonal cutters. 
Materials: nyloii cable ties, extra sheet metal screws, logger batteries 
1. 
2. 
3. 
4. 

5.  

6. 
7. 
8. 

Do not readout on rainy days or when humidity approaches 95% (near dewfall). 
Set the PC time before leaving home. 
Connect logger to PC using the TJSB cable. 
Using HOBOware, click the Readout logger icon. It will ask if you want to stop 
logging. Click Stop. 
While doing tlie readout, HOROware will suggest a file name based on the 
Description that was defined at tlie time of last launching. This file name should be 
the logger serial iiumber perhaps with additional numerical suffixes if you are saving 
to a folder with other files with the same name. Click Save. 
The Plot Setup screen will now appear. Click Cancel. 
You must relaunch tlie logger to clear its memory. Click the L,aunch Logger icon. 
HOBOware Lauiicli L,ogger screen. 
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9. If tlie battery level is 25% or less, you must replace tlie battery in tlie logger. 
I O .  To replace battery, remove logger from weather-proof case. 
1 1 I Unplug grey wire from logger. 
12. Remove battery. 
13. Install new battery with positive side facing up. 
14. Plug tlie grey wire back into tlie logger. 
15. These fields to be completed at time of launch: 

Description: must be set to serial number 
State channels S-1: name = State Sensor, open = State Off, closed = State 
on 
Channels to log: UN-check Logger’s Battery Voltage 
L,aunch Options: Now. 

16. After all fields have been set, click Launch. 
17. After the logger has been relaunched, click the Logger status icon and verify that the 

current status is “Launcli, Logging” and tlie proper state of compressor running, On 
or Off, is being displayed. 

enclosure, remount the logger. 

on tlie liirige side of the case lid. The length adjustment of grey wire can be 
accomplished by loosening the outside nut on the case and adjusting the wire so that 
the lid of tlie case closes easily. A 2 % inch length of grey wire on the inside of tlie 
case will allow tlie lid to close easily. 

18. After verifying proper operation, disconnect tlie USB cable, close tlie logger 

19. Helpful tip on closing weather-proof case: Place logger in case such that grey wire is 

- 

Einail tlie all data files to Carol Bunvick at amanda.goins@,duke-energy.com . Save a 
backup copy of the data files to a diskette or CD. 

Troubleshooting 
You can check tlie green LED to see if tlie logger is recording the A/C start but in 
sunlight it will probably be easier to look at tlie Logger Status screen in HOBOware. The 
status should be Launched, Logging and tlie State should be On when the compressor is 
running and Off when the compressor is off. 

If the logger is not logging, it needs to be launched. 

If tlie State does not change to On when the compressor starts, tlie problem is either with 
relay or the wiring. Make sure tlie relay contacts close when the compressor starts and 
they open when tlie compressor stops. You can do this by checking the stereo plug with 
an ohm meter. Connect tlie meter to tlie tip aiid sleeve of tlie plug (tlie middle ring is not 
connected to anything) aiid measure tlie resistance when tlie compressor is off and again 
when tlie cornpressor is running. When tlie coinpressor is running, tlie resistance should 
be near zero (less than 5 olinis). When tlie conipressor is off, tlie resistance should be 
infinity. If this is not tlie case, make tlie same check at tlie terminals of the relay contacts 
to determine if the problem is with tlie relay or the cable. Also verify that the relay coil is 
energized with 240 vac when the unit is running. If not, rewire it. 
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Appendix 2. Heat Jndex 

The basic formula we use to calculate heat index is a 16 element polynomial in 
temperature (T, deg-F), and relative humidity (H, 0-1 OO), 

HI = 1.6923e+l + 1.85212e-1 * T + 9.4169Se-3 * TA2 
- 3.8646e-5 * TA3 + 5.37941 * H + 7.28898e-3 * HA2 

-t- 2.91583e-5 * HA3 - 1.002.54e-1 * (T * H) 
-t- 3.4.5372e-4 * TA2 4: 13 + 1.42721e-6 #: TA3 * H 
1- 8.14971e-4 * T * HA2 + 1.97483e-7 :k T * HA3 
+ 1.02102e-S * TA2 * HA2 - 2.18429e-8 * TA3 * HA2 
-+ 8.43296e- 10 * TA2 * HA3 - 4.8 1975e-11 * TA3 * HA3 

This fonnula is not used for temperature below 70, and in this case we define heat index 
to be identical to temperature. To achieve a smooth transition, we use the following 
definition for temperature between 70 and 80, 

Heat index = 0.1 * (T - 70) * HI + 0.1 * (80 - T) * T 

For teinperature above 80, the heat index is HI. 
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Appendix 3. Hourly Load Reduction Model Fits 

The model specification for hourly load reduction is of the form 

LR = a + b *: MAX[(HI - HIo), 01 

Coefficients a, b and the knot point HI0 are model parameters to be determined through 
the model fit procedure. Data for average load reduction (L,R) used in the model fit 
procedure was obtained from the RS group as described in section 2.3. The data for 
hourly heat index (HI) is a composite of heat index computed fiom hourly weather 
observations at the weather stations CVG, IND, SDF. Each RS group participant is 
associated with a weather station, as described in Section 4 (see also Appendix 4). The 
relative weighting of each weather station in the composite HI is determined on an hourly 
basis according to the counts of valid RS duty cycles in that hour associated with the 
three weather stations. Weather observations are collected near the end of an hour. Since 
we want HI in the above formula to be heat index at the beginning of the hour of the LR 
data, HI must correspond to the weather observations for the prior hour. 

For impact evaluation during 2007 control periods, models are needed for hours 15-1 8 
and shed percentages 74%, 54%, 3 1 %, 67%, SO%, 22% (not all combinations are 
required). The general approach of the model fit procedure is to perform a sequence of 
regressions with the equation given above, resulting in values for parameters a and b, as 
the knot point HI0 varies over a grid. The model with highest R,-square is selected. 
Model parameters obtained with this procedure are given in the table below: 

Load I. 
Shed% 

74 
74 
74 
74 
54 
54 
54 
54 
31 
31 
31 
31 
67 
67 
67 
50 
so 
so 
22 
22 
22 

Hour 
1 5 
16 
17 
18 
1s 
16 
17 
18 
1 5 
16 
17 
18 
15 
16 
17 
1.5 
16 
17 
15 
16 
17 

hction 
I070t 
8.5.9 
87.2 
85.2 
8.5.2 
8.5.9 
87.2 
8.5.2 
8.5.2 
86.3 
87.2 
8.5.2 
87.3 
85.9 
87.2 
85.2 
86.0 
87.2 
85.2 
86.0 
87.2 
85.2 

ode1 Para] 
a 

0.83 1 
0.958 
0.960 
1.015 
0.441 
0.525 
0.525 
0.564 
0.183 
0.2 15 
0.209 
0.269 
0.676 
0.79 1 
0.794 
0.385 
0.456 
0.4.56 
0.1 10 
0.136 
0.127 

:ters 

b 
0.490 
0.509 
0.487 
0507 
0.356 
0.387 
0.382 
0.397 
0.184 
0.198 
0.214 
0.227 
0.4.5 1 
0.47.5 
0.456 
0.326 
0.354 
0.3.54 
0.122 
0.134 
0.149 

R-sq 
0.71 1 
0.685 
0.637 
0.609 
0.714 
0.713 
0.6.55 
0.607 
0.667 
0.673 
0.644 
0.567 
0.712 
0.700 
0.647 
0.7 12 
0.710 
0.656 
0.626 
0.66.5 
0.638 
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Appendix 4. Indiana Weather Regions 

Indiana Zip Codes Assigned to Weather Region CVG: 

4700 1 
47003 
47006 
4jO 1 0 
47012 
47016 
4701 8 
47022 

47023 
47024 
47025 
47030 
4703 1 
47032 
47034 
47035 

47036 
47037 
4704 1 
47042 
47043 
47060 
47223 
47250 

Indiana Zip Codes Assigned to Weather Regions SDF: 

47 102 
47 104 
47 106 
47 108 
471 11 
471 12. 
471 14 
471 15 
47118 
471 19 
47 120 
47122 
47 123 
47 124 
47 125 
47 129 
47 130 
47136 
47137 
47138 
47 140 
47145 
47 147 
47150 

47161 
47 162 
47164 
47165 
47 166 
47 167 
47172 
47220 
47227 
47229 
47230 
4723 1 
47243 
47260 
47270 
4728 1 
47282 
47432 
47446 
47452 
47454 
47469 
47470 

47524 
47553 
47557 
47567 
4758 1 
47584 
47591 
47597 
4761 2 
476 13 
47616 
47619 
47633 
47639 
47640 
47647 
47649 
47654 
47660 
47665 
47666 
47670 
47683 
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Appendix 5. Indiana - Field Testing Locations 
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Appendix 6. Kentucky- Field Testing Locations 
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Switch Data 
- Option (Register 5) 
Opco (Register 1) 
Substation (Register 3) 
Feeder (Register 4) 
Group (Register 8) 

Appendix 7. Power Manger QC Field Test Check List 

Date 
Time 

Address 
Temperature 

Switch ID 

o Once at the liouse have Rose send the test to the plug in switch. 
Plug into the switch and read the register information: 

Activation Information 
Relav #1 Activation Counter 
Relay #1 Cumulative Shed 
Frequency 

General Inspection 

n Verify that the switch is still connected to the air conditionei- 
n Yes 
o No 

n Check if the amber light is flashing on the switch 
o Yes 
o No 

Check the test on/ off light- (Green is on) 
n On 
0 Off 

o Vei-ify the Paging signal 1.. . ..2.. . . . .3 

o Call Rose and have the switch put in the special test group 
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o Plug into the switch and read the register information 

I SwitchData I I 
Option (Register 5 )  
OPCO (Register 1) 
Substation (Register 3) 
Feeder (Register 4) 

o If the switch was verified in group 
switch. Plug into the switch and read the register information 

have Rose send a short event to the 

I SwitchData 
Option (Register 5 )  
Opco (Register 1) 
Substation (Register 3) 
Feeder (Register 4) 

Activation Information 
Relay #1 Activation Counter 
Relav #1 Cumulative Shed 

1 Frequency 

o If the switch responds to one or both of the tests above, move oil to the next 
switch 

o If the switch doesn’t respond to the tests, open and close the disconnect and retry 
both tests. 

Discoruiect opened and closed: 

Call Rose and have the switch put in the special test group 

CI Plug into the switch and read the register information 

Group (Register 8) 
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o If the switch was verified in group have Rose send a short event to the 
switch. Plug into the switch and read the register information 

Switch Data 
Option (Register 5 )  
Opco (Register 1) 
Substation (Register 3) 
Feeder (Register 4) 
Group (Register 8) 

I Activation Information 
Relay #1 Activatioii Counter 
Relav #1 Curnulative Shed 

I Frequency 
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Appendix 8: Power Manger Customer and Impact Evaluation Study 2006 

Power Manager Customer and Impact Evaluation Study 

Duke Energy Indiana 
Duke Energy Kentucky 

2006 Event Year 

Impact Modeling/ Metering 
conducted by Duke Energy staff/ contractors 

Customer Evaluation 
conducted by Integral Analytics 

Report Compilation and Review 
conducted by Integral Analytics 
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Quick Summary 

Duke Energy cui-rently offers a residential load control program called Power Manager to 
qualifying residential customers. This prograin offers customers a monetary iriceiitive for 
reducing their air conditioning during peak demand periods. Duke is evaluating tlie 
current program to find ways to increase participation, iiisure customer satisfaction and 
improve tlie impact of tlie program. Several different methods of analysis were used to 
evaluate the program. A mail satisfaction survey was conducted with current 
participants. A conjoint study was conducted with participants as well as lion- 
participants to discover what attracts customers to sign up for tlie program. Finally, a 
load research impact evaluation was completed using data loggers, end use metering arid 
whole house metering equipment. 

The Power Manager Satisfaction survey revealed that tlie participant’s satisfaction with 
tlie phone representative that handled their call was the most important indicator of 
overall satisfaction of tlie Power Manager program The survey also revealed that the 
level of the participant’s coinfoit during a control event was tlie second most important 
factor of participant’s satisfaction. This important finding suggests that Duke needs to 
pay just as much attention to the process and operational aspects of participant sign up as 
it does on the program design and/or financial incentives. 

Further, It was discovered through tlie conjoint analysis that tlie current program 
incentive offering of $25 and $35 was tlie most attractive incentive to customers to 
participate in the program. Alternatives like free thennostats held less appeal. It was 
also uncovered that a per event incentive is the most important feature to customers when 
they are considering signing up for the program. Presumably, this event savings is 
attractive in that it is shared with customers, and it increases as the level of potential 
interruptions increases. 

Finally, It was discovered tluougli tlie impact evaluatioii of tlie prograin that load impact 
estimates of the load control events done during tlie suinnier were substantially below tlie 
targeted load reduction. However, tlie report details possible reasons for the low impacts, 
cites a plan to diagnose the source of the problem, and fix it. At present, i t  is believed 
that tlie most likely reason for the low impacts is due to operational problems experienced 
with tlie signaling software tested among just tlie metered homes, and perhaps did not 
occur to tlie same extent, or perhaps not at all, among the population participants at large. 

Although, tlie load impact estimates were substantially below tlie targeted load reduction 
expected, tlie program still passed cost-effectiveness tests. The Utility Cost Test result 
was 2.38. 
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Power Manager Satisfaction Survey 

A Power Manager Satisfaction study was conducted in September 2006. A survey was 
sent to a raiidorn sample of 3,000 current Power Manager customers, 2,000 Indiana and 
1,000 Kentucky. Of the 3,000 surveys that were sent out 1,392 customers responded for 
a 46% response rate. The intent of the study was to discover ways to increase the iiumber 
of customers signing up for the program as well as to increase the satisfaction of the 
customers currently on the program. 
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Power Manager Participants Square Footage 

More than SO% of respondeiits live in a house between 1,000 and 2,000 square feet. 
Less than 1% lives in home smaller than 500 square feet. About one quarter of the 
population lives in homes between 2,000 and 2,999 square feet. 

Less than 500 
0 500-999 
0 1000-1499 

1500- 1999 
2000-2499 
2500-2999 
3000-3499 
3500-3999 
4000 or more 
Don't know 

About how many square feet of living space are in your home? 
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Heat Pump Participants vs. Central Air Participants 

The primary source of cooling among participants currently is central air system. Only 
14.4% of the respondents use heat pumps for cooling their homes. 

100. 

80 

.id 60 

2 
S 
Q) 

Q) a 

40 

20 

0 
Heat pump 

Do you use one or more of the following to cool your home?(Heat pump for 
cooling ) 
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Window Unit Participants vs. Other Cooling System Participants 

Although window unit cooliiig systems are not usually as efficient 5.7% of participants 
use window/wall units (sometimes in conjunction with AC). This group would make a 
good candidate for participation in the program due to high usage duiing peak hours. 

100 

80 

.cI 60 

2 
n 

S 
a, 

a, 

40 

20 

0 
Not window/wall unit 

.L____,_______L-- 
Windowlwall unit 

Do you use one or more of the following to cool your home?(Window or 
through the wall unit) 

42 



Case NO. 2007-00369 
Application, Appendix C 

Page 43 of 90 

Age of Cooling System 

More than half of the sample population has cooling systems that have been installed 
between 5 and 14 years ago. One third of the cooling systems were about 5 to 9 years 
old. 18.34% of participants had cooling systems that were 10-30 years old or more. 
Only about 12.42% are using newer high efficient cooling systems that have been 
installed during the past two years. It is suggested to try and not target customers with 
high efficient cooling systems. 

Less than 1 year 
1-2 years 

i-J 3-4 years 
5-9 years 
10-14 years 
15-19 years 
20-29 years 

lJ 30 or more years 
Missing 

How old is your cooling system? 
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Thermostat Participants vs. No Thermostat Participants 

Only about 3.3% of participants have 110 tliermostat. Not having a tliennostat is a good 
iiidication of an older cooling system. Older systems with no thermostat are less 
efficient. 

No thermostat 
0 Has thermostat 

Do not have a thermostat 
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Temperature of Thermostat Summer Weekday Morning 

About oiie third of respondents set tlieir theniiostat between 73 to 7.5 degrees in suminer 
weekday inoi-niiigs. 37.1 YO of custoiners set their thermostat above 76 degrees with .9% 
of wliicli turn it off during summer nioniiiig weekdays. 

65-69 70-72 73-75 76-77 78-79 80-85 Off 

Q5 Summer weekday MORNING 
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Temperature of Thermostat Summer Weekday Afternoon 

About one third of respondents set their themostat between 73 to 75 degrees. 
38.9% of customers set their thei-rnostat above 76 degrees with .5% of which turn it off 
during summer afternooil weekdays. 

30 

Percent 

20 

10 

0 
65-69 70 72 73-75 76-77 78-79 80-85 OH 

Q5 Summer weekday AFTERNOON 
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Temperature of Thermostat Summer Weekday Evening 

About one third of respondents set their thennostat between 73 to 75 degrees. 
35.1% of customers set their thennostat above 76 degrees with .6% of which turn it off 
during summer evening weekdays. 

Q5 Summer weekday EVENING 
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Temperature of Thermostat Summer Weekday Night 

Less tliaii one third (3 1.3%) of respondents set their theiinostat between 73 to 75 degrees. 
36.4% of customers set their thennostat above 76 degrees with 1.4% of which turn it off 
duiing surniner niglit weekdays. 

Q5 Summer weekday NIGHT 
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Temperature of Thermostat Summer Weekend Morning 

About one third of respondents set their thermostat between 73 to 75 degrees. 
35.5% of customers set tlieir thennostat above 76 degrees with .9% of which either set it 
on higher than 85 degrees or turn it off during Summer weekend mornings. 
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Temperature of Thermostat Summer Weekend Afternoon 

More than one tliird of respondents set their thennostat between 73 to 75 degrees. 35.5% 
of customers set their thennostat above 76 degrees with 3% of which turn it off during 
summer weekend afternoons. 

Q7 Summer weekend AFTERNOON 
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Temperature of Thermostat Summer Weekend Evening 

About one third of respondents set their thermostat between 73 to 75 degrees. 
35% of customers set their thetinostat above 76 degrees with .S% of which turn it off 
during summer weekend evenings. 

<65 65-69 <65 65-69 70-72 73-75 78-'79 80-85 off 
Q7 Summer weekend EVENING 
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Temperature of Thermostat Summer Weekend Night 

L,ess than one third of respondents set their themostat between 73 to 75 degrees. 36.4% 
of customers set their thennostat above 76 degrees with 1.2% of wliicli tun1 it off during 
suininer weekend nights. It is recorninended to target custoiners with thermostats set in 
cooler degrees during peak hours of weekdays. 

Percent 

3 0 ~  

6549 70-+2 73-+5 78-i9 80-85 Ok 

30 

Percent 

20 

10 

0 I I I I I I I I 
6569 70-72 73-75 76-77 78-79 80-85 OH 

Q7 Summer weekend NIGHT 
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Length of Participation in Power Manager Program 

Less than one third of the customers have been participating in the program for less than 
1 year, while 39.07% have been in the program for one year. One fourth of participants 
have been with the program for two years and less than 6% have been with the program 
for three to four years. It might be a good idea to send an appreciation note to customers 
who are in their first or second year of participation. 

Less than 1 year 
I year 
0 2 years 

3 years 
4 years 
Missing 

How long have you participated in the Power Manager Program? 
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Importance of Monetary Incentive 

Money is a significant factor for more than 80% of participants while only less then 4% 
of participants claim that money is not an impoi-tant factor for them. Depending on 
budget limitations, increasing monetary rewards would satisfy most participants. 

Very important 
Important 
Neither 

Not at all important 
Missing 

Not important 

QIO Factors - MONEY 
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Importance of Environment 

More than 82% of participants consider environment as an important or very important 
factor while only about 5% claimed that environment is not an important factor for them. 
Improving the environment is as strong of a factor as monetary rewards. It is 
recommended to send participants information on the impact their participation in the 
program is making on the environment. 

El Very important 
0 Important 
c] Neither 

c] Not at all important 
Not important 

Missing 

Q I O  Factors - ENVIROMENT 
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Importance of Not Building Power Plants 

For almost two third or 67.5% of participants “Not Building a Power Plant” is either 
important or very important. About 20% of participants are indifferent. While only 
7.37% of participants believe that “Not Building a Power Plant” is not important. It 
could be beneficial to send participants inforrnation on the impact that their participation 
in the program has on plans to build additional power plants since for the majority of 
participants not building a Power Plant is an important factor. 

@j Very important 
c] important 
c] Neilher 

Not important 
c] Not at all importanl 

Missing 

QIO Factors - NOT BUILD POWER PLANTS 
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Option to Opt out of Control Event 

Only about 1.77% of participants would choose to opt out of one of the control events. 

Yes 

tl No 
Missing 

Did you ever choose to opt out of one of the control events? 
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Participants that were Home during Control Events 

About two third of participants were home during the control events. 30.22% of 
participants did not answer this question suggesting that they might not have noticed 
when the control event happened, indicating they did not experience any discomfort. 

Were you usually home during control events that occurred? 
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How Comfort Level was Affected during Control Event 

More than 90% of participants either did not notice or were comfortable during the 
control event. 
Oiily less than 1 % of participants were very uncoinfortable while 3.2% were either 
uncoinfortable or very uncomfortable. It could be recorninended to give the people who 
are uncoinfortable the option to receive a notice a day in advance about the coiitrol event 
occurring and give thein the option to opt out. 

Did not notice 
[LI Comfortable 

Noticeable but not 
uncomfortable 
Uncomfortable 
Very uncomfortable 

How much did the control event affect your comfort level? 
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Retention of Informational Door Hanger 

More than half of the participants received a door hanger with the power manager 1-800 
number on it, more than one fourth of which kept it. 

Did you receive a door hanger with the Power Manager 1-800 
number when your switch was installed? 

future reference? 
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Satisfaction with Power Manager Phone Representative 

76.74% of participants were either satisfied or very satisfied with the Power Manager 
phone representative whereas 7.55% were dissatisfied or very dissatisfied with phone 
representatives. More research could be dolie to uncover what made them unsatisfied 
with the phone representative. Based on the research the phone representative could than 
be trained better in those areas. 

Overall, how satisfied were you with the Power Manager phone 
representative who handled your questions? 
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Overall Satisfaction with Power Manager Program 

8 1.57% of participants were either satisfied or very satisfied with the Power Manager 
program whereas only 5.41 % were dissatisfied or very dissatisfied. 

6 0  

5 0  

4 0  

Percent 

3 0  

20  

10 

0 
Very dissatisfied Dissatisfied Neither Satisfied Very satisfied 

Overall, How satisfied are you with the Power Manager program? 
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Likelihood to recommend Power Manager to a Friend 

76.47% of participants are either likely or very likely to recommend tliis program to a 
friend whereas 8.1 1 YO of them are unlikely or very unlikely to do so. To increase the 
word of mouth about the program, a monetary reward to get a friend to sign up could be 
implemented. 

50 

40 

30 

Percent 

20 

10 

Very inlikely Unlikely Neither Likely Ver); likely 

How likely are you to recommend this program to a friend? 
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Age of Participants 

More than half of the participants (53.8%) are between 35 and 59 years of age while 40% 
of them are 65 and over. 

25. 

20. 

15. 

Percent 

10. 

5, 

0.  
18-34 35-49 50-59 60-'64 

What is yaur age group? 
65-74 Over 74 
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30 - 

Annual Income of Participants 

About 49% of the participants had annual income of 30,000 to 74,999. While 19.4% of 
people had annual income of less than 30,000, over 3 1 % of participants have an aiinual 
income of 7S,OOO or inore. 

Percent 

10 

Under 15000 15000-29999 3000049999 50000-74999 
I I 

75000-Id0000 Over IOOOOO 
Annual household income. 
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Drivers of the Power Manager Program Participant’s Satisfaction 

A regression analysis was done to discover which variables are the most 
important attributes at contributing to satisfaction of the Power Manager prograin. The 
followiiig is the results of the analysis. 

Participant’s satisfaction of how the power manager phone representative handled their 
questions is the most important indicator of overall Satisfaction of the power manager 
program. This inay suggest: 

0 

0 

0 

Special attention to training phone representatives is viable. 
Constant tracking of the performance of plioiie representatives is important. 
Placing courtesy thank you calls after control events may sustain/increase 
satisfaction. 

To what extent participants become uiicotnfortable duiiiig control events is the second 
most iinportaiit indicator of participant’s satisfaction. The inore uncomfortable they 
become the greater the dissatisfaction. Recoinmeiidatioiis are: 

o 

0 

Targeting younger customers may increase participation as they are less sensitive 
to change in temperature during control events. 
Targeting customers who are iiot at home during control events is recommended. 

Helping the eiivirorimeiit is aii important factor in satisfying participants. 
Recommeiidatioiis are: 

0 

0 

Emphasizing on eiiviroiiineiital outcomes in marketing campaign is aii effective 
tool in obtaining Customers in the program. 
Reiniiidiiig participants of the eiivironmeiital benefits when they call the 800 
iiuinb er . 

There is a relationship between temperature settings and summer weelterid nights. This 
indicates that participants who have the habit of setting their thermostat on higher degrees 
duiiiig the summer are generally more satisfied with the program since they have a higher 
tolerance for heat. This may suggest: 

0 Targeting Customers with such habits as turning their thermostat up in the 
summer. 
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Target Marketing Recommendations 

A correlation analysis was performed on the most important Power Manager attributes 
froin tlie regressioii analysis to discover how those attributes related to each other. IJsiiig 
focused cluster and regression analysis makes it possible to have a better understaiiding 
of causes of satisfaction and dissatisfaction of participants and will provide more 
effective ways to promote and keep these participants. 

Details regarding the correlation analysis can be found in Appendix A. 

Grouping the participants based on income and age provides very accurate results for 
deciding which groups to target for future marketing in tlie program. 

Participants with lower iricoine are more likely to witness the control event and call the 1 - 
800 number and in general feel more uncomfortable during the event. On the otlier hand 
the very wealthy people are more likely to have newer and more efficient cooling system 
and are less likely to have lieat pumps in their homes. In general, the wealthy people are 
less concerned about the Power Manager Program. So we could conclude that tlie very 
low income aiid very high income households would not make a good candidate for the 
prograin while the middle income households (income between 30,000 aiid 100,000) 
would be tlie best candidates. 

Older people are more likely to own older cooling systems as well as using window unit 
as cooling systems. Older people are also more likely to have less income and to keep the 
iiifoirnatioiial door hanger. They are also less likely to call tlie 1-800 numbers and they 
tend to stay in tlie program longer. Despite tlie fact that in general participants who were 
home during control events experienced more discomfort and would leave tlie program, 
the older group of participants tend to stay longer in the program even though they were 
inore likely to be home inore often during control events than the younger participants. 

In order to maximize participation in the future, the study also suggests a closer look at 
people with homes between 1,000 and 2,999 square feet. Customers with hoines in the 
above mentioned range make up 75% of total participants in the program thus a 
significant target for any promotional campaign. Targeting residents of smaller homes 
(less than SO0 square feet) does not seem to be effective since these are low usage 
Customers also make up less than one percent of participants in the prograin. 
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Satisfaction of the Power Manager Phone Representatives 

The most important indicator of overall satisfactioii was the participant's satisfaction of 
the power manager phone representative that handled their call. Due to this attributes 
importance fiirtlier analysis was done on the satisfaction of the phone representative and 
overall satisfaction. 

Satisfaction of Power Manager Phone Representative by Age Groups 

Regressing overall satisfaction against satisfaction of phone representatives for different 
age groups for those customers who called power manager phone representative shows a 
lower coefficient for younger customers. This suggests that participants younger than SO 
years, especially age 35 and below, are less satisfied with the service they received from 
the Power Manager phone representative. 
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Satisfaction of Power Manager Phone Representative by Income Groups 

Regressing overall satisfaction against satisfaction of phone representatives for different 
household iiicoine groups shows a lower coefficient for customers with annual income of 
S0K to 30K as well as customers having lower iiicoine of fewer than 1 SI< suggesting 
these income groups are less satisfied with the service they received from the Power 
Manager phone represent a ti ve . 
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Satisfaction of Power Manager Phone Representative by Length of Participation 

The results of regressing overall satisfaction against satisfaction of phone representatives 
for different participation time period shows a higher coefficient for customers who have 
been with the prograin longer. This might suggest that participants who stay longer with 
prograin find the phone representatives inore helpful or the upward coefficient trend is 
because satisfied participants stay longer in the program. 
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Additional insight on increasing participation in the Power Manager Program 

To gain further iiisiglit on ways to increase participation in the Power Manager program a 
conjoint study was conducted was conducted in November 2006 in the Duke Energy 
Midwest Region to over 100 respondents. Respondents included a blend of current 
Power Manager Customers, and lion-Power Manager Customers. All customers surveyed 
were eligible for the Power Manager program. 

Results indicate that the current program offering sign up incentive of $25 (and $35) 
obtain the highest participation likelihood scores compared to a proposed free thermostat 
as a participation incentive. The free thennostat sign up incentive was still a viable 
option, but would need a considerable amount of marketing to communicate the benefits 
and value of a programmable tliennostat, as well as educational material and additional 
features such as a toll free technical assistance pliorie number for operational questions. 
Over 60% of the customers indicate they do not adjust their thennostats settings 
(programmable or non-programinabl e) througliou t the day. 

Additional results indicate a per event incentive is the most important feature to 
custoiners coiisidering signing up for a Power Manager program option, compared to 
features such as sign-up incentive, event credit, notification, and opt-out options. 

Per Event Credit 

Hours of AC Cycle 
Time 

Participation Incentive 

Event Notification 

Daily Opt-Out Option 

10 00 15 00 20 00 25 00 30 00 35 00 

Utlllf” V0l“C 

(Mow important the attribute is compaied to the otheis) 

The cui-reiit prograin offering includes a $2.5 sign-up incentive for a 1 kW reduction in 
load, and a $3.5 incentive for 1.5 kW reduction in load. Average AC cycle times for 
2006 in total were around 3 hours. Event credits were giveii on a per kW basis. 
Customers were offered a 1 time per moiith opt-out option. This current opt-out offering 
is preferred by customers, and increases participation. Offering more than 1 opt-out 
option is not recommended, as it will not increase participation likelihood significantly. 
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Sign Up Incentive 
Hours Cycle Time 

Based on the conjoint results, three (3) hours of AC cycle time obtained a positive utility 
value. Increasing the cycling time froin thee  (3) hours to five ( 5 )  hours reduces the 
probability of participation from 37% to 27%. But adding program feature 
eidiancements will offset this difference. 

Option Option 
A I3 

$25 $35 
3 3 

~~ 

Increased sign-up likelihood can come from program enhancements such as an email 
notification of an event occui-ring 1 day ahead, which moreover would be the least cost 
notification method. Respoildents preferred email notification to phone call notification, 
and some notification to no event notification. 

Event Credit 1 
Event Notification None 

CURRENT OFFERINGS 10% 

Increase Cycle Time to 5 

Monthly Opt-Out 1 

hours 7 yo 

Additional suggestions include a per event credit instead of a per kW credit. Per Event is 
defined as any day that Duke Energy cycles a customer’s AC, unit on and off. 

2 
None 

1 
15% Relative Share 

New Relative 
13% Share 

Add Event Notification 
Final Relative 

11% 17% Share 

Relative Share of preference can be thought of as how many consumers would chose one 
option over another in the same menu. Share of Preference scores capture information 
about what product is most preferred and also the relative desirability of the remaining 
products. Share of preference does not represent market share potential. However, to 
some extent it can be viewed as a relative gauge, if both programs were offered by Duke 
Energy to every eligible customer and exteiiial effects were applied. An external effects 
multiplier can be included to better represent a market share potential, but again does not 
represent market share, as it is missing factors such as level and effectiveness of 
advertising, length of time on the market, and competitive or similar programs on the 
market. External Effects have been applied above to obtain the relative share estimates 
based on cull-ent share of participants to eligible customers. Current share of eligible 
customers is .047 for Option A and .082. for Option B. 
Temperature Settings 

9 On average, respondents set their thennostats in the summertime to between 73 
and 7 5  degrees. 
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Regardless of temperature setting, it can be determined that having a thermostat 
set at 2 degrees wanner than current setting, custoniers will experience no 
difference in comfort level. 
4 degrees warmer, causes customers to feel slightly less Comfortable, except those 
setting their temperatures initially at 65 - 69. 

. 
Evaluating the impacts of the Power Manager Program 

To evaluate tlie impacts of tlie prograrn a load research study was conducted during 
summer 2006 of Power Manager. During summer 2006, nearly 29,000 Duke Energy 
Indiana residential customers in Indiana and 5,900 Duke Energy Kentucky residential 
customers in Kentucky participated in Power Manager load control events. Tlie main 
purposes of tlie load research study is to evaluate how well load reduction targets were 
achieved during load control events and provide data for modeling purposes to support 
the program in fiture years. A new control model was developed for the 2006 Power 
Manager program based on data captured during 2005. This model called for 
substantially greater cycling percentages to achieve 1 .O or 1.5 kw target reduction levels 
than were in effect in tlie 2005 model. Overall load reduction achieved in 2005's 
program was generally too low according to tlie impact evaluation. The difference in the 
model is largely due to better capturing tlie "flattening" of the AC KW curve at higher 
temperatures. The summer of 2005 had many days with temperatures above 89 degrees; 
so this flattening was well represented in tlie dataset. This was not the case for the 
summer of 2004, tlie basis for 2005's model. 

Tlie results from this study are estimates of the load impact of tlie Power Manager 
program during five load control events conducted in summer 2006. These estimates are 
significantly below the targeted load reduction. Potential soiirces of this discreparicy 
include failures in paging communication and incorrect prograrnining of switches, both of 
which have been encountered in spot field tests. A QA plan addressing how these 
problems will be investigated and remedied is presented. It may also be that expected 
load reductions from tlie Power Manager control model are too high for tlie moderate to 
low temperatures that prevailed during control periods this summer (see Table 2 below). 
To address tliis possibility, model methodology and data sources will be carefully 
reviewed and model results will be compared to studies in other areas. Lastly, model 
error in estimating realized shed kWh within tlie research sample during load control 
periods may also contribute to tlie discrepancy. Other results in this study include a small 
study with apartments, and estimates of payback during the two hours immediately 
following Power Manger load control events. 

Power Manager Control Events 

In a Power Manager control event, air conditioner units on the program are cycled off for 
a portion of each 30-minute interval; a random delay of up to 30 minutes at the beginning 
of the control period is used to stagger tlie off and on periods. The cycling percentage 
(i.e., percentage off)  is cliosen to achieve a specific load reduction target. This is 
accomplished with tlie Power Manger control model, which uses forecasted weather for 
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1.5 kW 
Target DEI< % DEI % 

July 17 3.3 62 58 
July 19 3.6 65 65 
July 26 3.9 76 73 

August 2 4.5 71 71 
August 7 4.5 75 75 

the control period to calculate the cycling level needed to achieve a specified target 
reduction, on average, over tlie program population. A choice of program options with 
different target reduction levels is offered. The two coinmoiily used prograin options are 
identified by typical target levels, “1 .O kW” and “1 .5 kW,” but otlier load reduction 
targets can be specified for either program option. 

1.0 kW 
Target DEK% DEI% 

3.0 58 52 
3 .0 58 58 
3.0 63 60 
3 .0 48 48 
3.0 56 56 

Power Manager load control was implemented on five days during su imer  2006; July 
17, 19,26 and August 2, 7. The time period for each load control event was 2:OO - 5:OO 
PM (EDT). A simplified cycling strategy was adopted tliis year. Rather than modifying 
tlie cycling in each hour to achieve a fixed hourly load reduction, a fixed cycling 
percentage was imposed in all hours of an event. This cycling percentage was calculated 
with tlie Power Manager control model to achieve the load reduction target over the event 
as a whole, but not necessarily in each hour of tlie event. The load reduction targets (total 
kWli for tlie t h e e  hour event) and corresponding cycling percentages specified for the 
control events of summer 2006 are shown in Table 1. Cycling percentages for Duke 
Energy Kentucky were calculated with the CVG weather forecast, and cycling 
percentages for Duke Energy Indiana were calculated with the IND weather forecast. 

Julv 17 

Table 1. Control Event Cycling 

CVG IND SDF 
90 93 89 93 91 95 

July 19 
Julv 26 

An initial estimate of load impact after a control event can be obtained with the control 
model algoritlim, using actual weather during tlie control period together with tlie cycling 
percentages imposed. Deviation of actual weatlier from the weather forecast results in a 
total impact estimate different than the load reductioii target. These estimates are the 
starting point for load impact results developed later in this report (see Table 6-a). Table 
2 provides an overview of the weather experienced during Power Manager load control 
events f summer 2006, showing average hourly temperature and heat index during the 
control period. Notice tlie very low temperature at TND during tlie August 7 event. 

91 97 89 95 93 100 
86 89 83 88 88 95 

Table 2. Temperature and Heat Index (deg-F) during Control Periods 

August 2 
Aueust 7 

91 99 91 99 94 104 
90 96 77 80 94 101 

I .j , , , I 
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CVG 
CVG 

Load Research Sample 

RS 1 11 
RS2 12 

The 2006 load research sample consists of 159 single-family residences in the main load 
impact study, and 12 apartments in a side study of the effectiveness of Power Manager 
for multi-tenant properties. Interval KWH (1 5-minute) is collected for all research 
sample participants. State data loggers were installed on the air-conditioner units for 
about half (83) of the main study and all in the apartment study, which allow air- 
conditioner duty cycles to be constructed. The research sample for the inain study was 
chosen to achieve reasonable geographic representation of the Power Manager population 
in Iiidiaiia aiid Kentucky, while also allowing for reasonably efficient data collection 
(residences with data loggers were visited every 4 weeks for data collection). 
Participants with data loggers are distributed in clusters in the Indianapolis area (32), 
Kokoiiio (1 0), Tei-re Haute (9), Jeffersonville-New Albany (9), arid Ciiicinnati area (23). 
The rest of the sample for the main study, with interval meters only, was selected from 
areas not represented in the clusters. 

SDF 

Research sample participants with data loggers were separated into two control groups, 
RS 1 and RS2, with about an equal split in each cluster. In Power Manager events, one 
group was controlled along with the general population and the other group was not 
controlled, aiid so provided information 011 the natural duty cycle. For evaluation of load 
impact, participants in the main study are grouped according to weather region (CVG, 
IND, SDF), aiid control group. The control group is RSI or RS2 for participants with 
data loggers, or MET for participants with interval meters only. Table 3 below shows the 
breakdown into these evaluation groups. 

RS2 4 

Table 3. Evaluation Groups 

SDF MET 

I Weather Region I Control Group I Participants 1 

10 

CVG 

IND MET 
SDF RS 1 

Weather regions are assigned by zip code. All Kentucky zip codes are assigned to CVG 
(Cincinnati airport). Zip codes in southeast Indiana are assigned to CVG, in south-central 
aiid southwest Indiana to SDF (Louisville airport), aiid in central Indiana to IND 
(Indianapolis airport). Appendix E lists Indiana zip codes assigned to CVG or SDF. 

The research sample was also chosen to achieve balanced representation of high and low 
ltWh usage. Quartile statistics of moiithly kW1i during summer 2005 were used to divide 
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Q 

(separately for DEI and DEK) Power Manager participants into low (below Q25),  
medium (between Q2.S and Q75), and high (above 475) usage segments. About 25% of 
the research sample participants were drawn from each of the low aiid high segments, and 
the remaining SO% were drawn from the medium segment. Table 4 illustrates this 
balance, comparing quaiitiles of overall 2006 suininer usage for the research sample 
(main study) and the Power Manager population in each weather region. The numbers in 
Table 4 are total monthly K WH for June - September, 2006 billing cycles. 

Table 4. Quantile Statistics for Summer-2006 KWH 

CVG IND SDF 
Population Sample Population Sample Population Sample 

0.1 
0.2 

3312 3020 3154 2758 3106 3571 
3853 3794 3786 3586 3782 3786 

0.3 
0.4 
0.5 
0.6 
0.7 

4351 4199 4266 3930 4215 40.50 
4819 4580 4743 4488 472 1 4744 
5315 5518 5259 5099 5255 4822 
5828 6160 5832 5616 5902 6600 
6505 6807 6529 6032 6569 81 14 

Load Reduction within Research Sample 

0.8 I 7446 7139 
0.9 I 8824 8564 

This section describes the method used to estimate load reduction withiii the portioii of 
the research sample controlled during each Power Manager event of summer 2006. 
Group MET was controlled on all event days, group RSI was controlled July 17,26 and 
August 2, aiid group RS2 was controlled July 19 and August 7. 

7446 7465 7552 8803 
9024 9678 9164 1001 1 

Impact evaluation is based on separate models for average 30-minute interval ICWH 
withiii each of the evaluation groups in Table 3. Explariatoiy variables in these models 
are linear temperature splines based at 66,77, and 88 deg-F, a humidity adjustineiit 
factor, the hour of the day, and interventioiis for intervals during control events. The 
humidity variable in the model depends upon both temperature and humidity, and is 
defined as the natural logarithm of the ratio of heat index to temperature. The models are 
estimated with research sample interval KWH for 1 :OO-7:00 PM (EDT) on non-holiday 
weekdays from Memorial Day to Labor Day (May 30 - September 1, 2006). By 
including the hour prior to control period and two hours subsequent to the control period 
in the model, it will be possible to investigate additional effects such as autocorrelation 
and payback. Interaction variables between temperature splines and hour of the day were 
investigated but discarded from all models. The temperature spline at 88 deg-F was 
retained in IND models, but was not significant and was dropped from CVG and SDF 
models. 
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Group 
CVG 

The load reduction achieved within each evaluation group of Table 3 during load control 
is estimated by coefficients of corresponding intervention variables in the model for this 
group. A unique intervention variable is specified for each 30-minute interval during a 
control event, and so the models estimate average load reduction within each group 
during every 30-minute interval of the control event. Intervention variables are also 
specified for the intervals subsequent to a control event (four 30-minute intervals for tlie 
period 5:OO - 7:00), and coefficients of these variables estimate payback, which will be 
discussed further later in the report. 

July 17 July 19 July 26 August 2 August 7 
2.80 3.41 3.2s" 

For overall impact evaluation of the Power Manager program, we focus on the total load 
reduction achieved in evaluation groups on a control event day. This is the sum of 
interveiltion coefficients for the control period, 2:OO - S:OO PM for all control days in 
summer 2006. In summing estimated interveiltion coefficients, a positive coefficient is 
treated as zero load reduction. Table 5 gives the results obtained for total load reduction 
witliiii evaluation groups on control event days. hi blocks with results, the middle row is 
the weighted average of total ICWH reduction for two evaluation groups identified in tlie 
leftinost column. The top row gives tlie expected total ICWH reduction calculated with 
the Power Manager control model using actual weather and event cycling levels, and 
reflecting tlie mix of program option (1 .5 ICW or 1 .O ICW) in the evaluation groups. The 
bottom row shows the ratio of realized ICWH reduction (middle row) to expected KWH 
reduction (top row). A complicating factor is that MET groups are sub.ject to a random 
delay of up to 30 minutes in the start of the control period, tlie same as for the general 
program population. This means that initial MET intervention coefficients (for 2:OO - 
2:30) will be somewhat reduced. The remaining MET intervention coefficients during 
the control period are not affected. RSl and RS2 groups are not subject to random delay. 
To deal with this, sums were calculated both with and without tlie initial 30-minute 
interval of the control period. Results with the greater ratio appear in Table 5 arid are 
used in tlie impact evaluation. 

RS 1 -MET 

CVG 
RS2-MET 

IND 
RS 1 -MET 

IND 
RS2-MET 

SDF 

Table 5.  Estimated load reduction within research sample by weather region. 

0.49 1.06 1.42 
18% 31% 44% 

2.82" 3.63 
1.77 1.32 
63% 3 6% 

2.42 2.38" 3.12" 
0.35 1.36 1.90 
14% 57% 61% 

2.69'': 0.93 
1.35 0.0 
5 0% 0% 

2 .. 34:" 3.06" 3.55" 
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RS 1 -MET 1.23 
52% 

SDF 3.61 
RS2-MET 1 ..55 

43% 

0.74 1.02 
24% 29% 

3.75”F 
0.85 
23 yo 

* load reduction excludes initial half-hour of event period 

Figures 1 (a)-(c) provide a graphic representation of load reduction estimates witliin tlie 
research sample - Figure l(a) shows estimates for the CVG weather region, Figure I(b) 
for IND and Figure 1 (c) for SDF. The horizontal axis in each individual graph 
coi-responds to the period 1:00 - 7100 PM, the hours covered by our model, on a Power 
Manager control day. The vertical axis corresponds to I< WH within 30-minute intervals. 
The solid blocks show KWH at 3 0-minute intervals averaged over research sample 
groups controlled that day. The line with open blocks shows the composite model fit for 
the controlled groups, excluding intervention terms. Moving left to right in tlie graphs, 
the first two points (open or closed blocks) correspond to the hour prior to the control 
period, the next 6 points correspond to the thee-hour control period, and the final 4 
points correspond to the two hours immediately after control is released (ignoring random 
delay, which complicates the picture a bit for the first interval of the control period and 
the first interval after the control period). During the control period, the distance of the 
solid block below tlie line is the estimated load reduction. After the control period, the 
distance of the solid block above tlie line is the estimated payback. In both cases, since 
the estimate is for a 30-minute interval, it must be doubled to correspond to ltwh. 
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Figure 1 (a). Controlled Groups in CVG Weather Region 

35 

41 42 
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Figure I@). controlled Groups in IND Weather Region 
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Figure 1 (c). Controlled Groups in SDF Weather Region 
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Power Manager Program Load Impact 

This section presents hourly impact estimates for Power Manager load control events of 
suinmer 2006. Tables 6(a)-(b) illustrate intermediate steps in tlie calculation of these 
estimates, arid final impact results are in Table 6(c). 

Table 6(a) shows separate estimates of average hourly shed 1cWh during control events 
for each weather region (CVG, IND, SDF) and program option (1 .S  kW, 1 .0 kW). These 
estimates were computed with the Power Manager control model algorithm using the 
control event cycling percentage (see Table 1) and actual weather during the control 
pei-iod. Also shown in Table 6(a) are participant counts by operating company (DEI, 
DEK) for each weather region and program option. Participants are assigned to weather 
regions according to their zip code. 

In Table 6(b), the results from Table 6(a) are accumulated for each operating company 
These numbers represent expected impacts immediately after an event, before any 
consideration of results from tlie research sample. 

The upper section of Table 6(c) lists the adjustment factors froin Table S of the previous 
section, deiived froin the research sample. The lower sections of Table 6(c) contain the 
final hourly impact estimates by operating company. These estimates start with tlie 
product of three factors wliicli have been described: 

1) Control model average kWh reduction with event cycling and actual weather; 
2) Participant count by operating company; 
3) Adjustment witliiri weather regions based upon research sample resid ts. 

Factors 1 and 2 appear in Table 6(a) and factor 3 is from the upper section of Table 6(c) 
(and also Table 5).  For each operating company, these products are summed over 
weather regions and prograin options to get overall hourly impact estimates. 

81 



Case No. 2007-00369 
Application, Appendix C 

Page 82 of 90 

4210 

0.77 
0.86 
0.98 
1465 

0.77 
0.86 
0.98 
483 

Table 6(a). Expected Hourly Shed with Control Model Algorithm 

4215 4228 4264 4260 

0.84 0.77 0.7 1 0.77 
0.97 0.86 0.82 0.90 
1.10 0.98 0.92 0.92 
1470 1482 1565 1550 

1 .oo 0.99 1.22 1.18 
1.14 1.09 1.35 1.36 
1.27 1.21 1.48 1.40 
483 483 480 480 

ZVG-DEK 1 .S-kw 
Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

Count 

0.85 
358 

2VG-DEK. 1 .O-ltw 
Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

1.10 0.89 0.92 0.92 
358 358 355 3 54 

Count 

Model Shed - Hr 15 
Model Shed - Hr 16 
Model Slied - Hr 17 

Count 

ZVG-DEI 1.5-ltw 

0.73 
0.85 
0.92 

16568 

0.62 
0.74 

CVG-DEI 1 .O-kw 
Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

0.99 0.82 1.23 0.24 
1.08 1.17 1.38 0.37 
1.20 0.96 1.42 0.44 

16579 16596 16643 16623 

0.82 0.55 0.73 0.10 
0.91 0.84 0.83 0.16 

Count 

Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

Count 

Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

Count 

IND-DEI 1 .S-kW 

IND-DEI 1 .O-kw 

0.79 
6969 

SDF-DEI 1 .S-kW 
Model Shed - Hr 15 
Model Shed - Hr 16 
Model Shed - Hr 17 

1.01 0.67 0.85 0.20 
7059 7104 7316 7238 

Count 

Model Shed - Hr 1.5 
Model Shed .. Hr 16 
Model Shed - Hr 17 

SDF-DEI 1 .O-kw 

0.84 
0.93 
1.04 

2533 

0.73 
0.8 1 

COUllt 

1.10 1.17 1.32 1.33 
1.25 1.23 1.47 1 .so 
1.29 1.35 1.60 1.66 

2552 2561 2575 2568 

0.94 0.86 0.8 1 0.90 
1.07 0.9 1 0.93 1 .os 

0.85 
0.94 1.14 1.18 1.35 1.36 
1.06 1.27 1.31 1.48 1.40 

0.91 
1422 

1.11 1.01 1.03 1.20 
1463 1480 1529 1.521 
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DEI 
Hr 15 
Hr 16 
Hr 17 

Table 6(b). Operating Company Total Expected Hourly Shed (MW) 

15.1 20.4 16.9 23.5 7.7 
23.5 30.0 30.8 35.1 13.7 
25.4 33.0 26.5 36.6 15.9 

Hr 15 3.5 
Hr 16 5.2 6.2 6.3 7.0 7.2 
Hr 17 5.9 7.0 7.0 7.8 7.4 

Jul-17 
Research 
Sample 

Adj us tinelit 
CVG 18% 
TND 14% 
SDF 52% 

DEI< Inipact 
Hr 15 0.6 
Hr 16 0.9 
Hr 17 1.1 

Hr 15 3 "0 
Hr 16 4.6 
Hr 17 5.1 

DEI Impact 

Jul-19 

63% 
50% 
4.3 % 

2.6 
3.9 
4.4 

10.0 
14.8 
16.3 

Note: First event hour reduced 25% to account for raiidoin delay 

44% 
61% 
29% 

2.1 
3.1 
3.4 

13.1 
19.6 
20.3 

Table 6(c). Operating Coinpaiiy Hourly Iiiipact Estimates (MW) 

36% 
0% 

23% 

1.7 
2.6 
2.7 

1.1 
1.6 
1.8 

Jul 26 

31% 
57% 
24% 

1.3 
1.9 
2.2 

8.4 
15.8 
13.2 

Aug-2 Aug-7 I 

Note: First event hour reduced 25% to account for random delay 
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Account 
26502594 

Apartrnen t Study 

Size (Sq Ft) Summer KWH 
1066 3577 

Twelve participants were recruited from apartment complexes in Franklin, IN (IND 
weather region) and New Albany, IN (SDF weather region) to investigate the suitability 
of multi-tenant properties for Power Manager program. Both state data loggers and 
interval meters were installed for the apartment sample, but data for the bulk of summer 
2006 is available for only 8 of these participants. These apartment accounts are listed in 
Table 7 below, with apartment size and total kWH for June - September bill cycles. 
Notice the comparatively low KWH usage for two accounts, even though one is the 
largest apartment in the study. 

90602594 
79802594 

Table 7. Apartment Research Sample Characteristics 

833 331 1 
962 3189 

06202929 1360 3797 
9 1602946 3756 
4.5602946 
93302929 1440 1943 
96302929* 1080 1845 

* tenant changes in  July and August 

Separating apartment accounts into evaluation groups and modeling average kWh usage 
within these groups is not feasible due to the small sample size. Instead, load reduction 
by apartment accounts is estimated individually for each account by comparing kWh 
usage during a control period to kWh usage during the same time period on days with 
similar weather. For each control event and account, three weekdays are selected to most 
closely match temperature and heat index during the control period, avoiding any days 
where load control was implemented or kWh data is not available for that account. Total 
kWh during the control period is subtracted from total kWTh during the same time period, 
averaged for the three comparable days. Table 8 below gives results for each apai-tment 
account and Power Manger control event. The layout of Table 8 is similar to Table 5 ;  the 
top row in each block is the estimated load reduction for the apartment, the middle row is 
the expected load reduction computed by the Power Manager control model (with 1 .O kw 
program option and appropriate weather region), and the bottom row is the ratio between 
the top atid middle rows. The bottom row of Table 8 sliows averages for all apartments 
controlled in each Power Manager control event. 
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Account July 17 July 19 July 26 August 2 
26502594 2.48 1.29 1.43 
IND-RS 1 2.15 2.06 4.02 

115% 63% 36% 
90602594 0.00 1.39 0.00 
IND-RS 1 2.15 2.06 4.02 

0% 67% 0% 
79802594 0.00 
IND-RS2 2.74 

0% 
06202929 2.0s 0.55 1.42 
SDF-RS 1 2.45 2.78 4.40 

84% 20% 32% 
9 1602946 3.57 1.06 0.00 
SDF-RS 1 2.45 2.78 4.40 

146% 3 8% 0% 
45602946 1.65 
SDF-RS2 3.12 

53% 
93302929 0.00 
SDF-RS2 3.12 

0% 
96302929 1.57 
SDF-RS2 3.12 

50% 
-2.03--- Event 0.8 1 1.07 0.71 

Average 2.30 3.03 2.42 4.21 
88% 27% 44% 17% 

Table 8. Estimated Load Reduction for Apartments 

August 7 

0.00 
0.46 
0% 

0.00 
3.15 
0% 
0.00 
3.15 
0% 
0.00 
3.15 
0% 
0.00 
2.48 
0% 
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Group 

RS I -MET 
CVG 

CVG 

Payback 

July 17 July 19 July 26 August 2 August 7 
-0.49 -1.06 -1.63 
1.02 0.34 0.61 

-2.03 -1.32 

As discussed previously, the models used to measure average kWh impact within the 
evaluation groups during control events include intervention coefficients for four 30- 
iniiiute intervals subsequent to each control event (the time period 5:OO - 7:OO PM). 
These intervention coefficients measure the increase in average kWh usage within 
evaluation groups above the expected level (i.e., the model) immediately after a control 
period, which is often referred to as payback. The sum of these intervention coefficients 
estimates the total payback during the two hours immediately after a control event, on 
average within the evaluation group. Payback results are given in the bottom row of 
blocks in Table 9. For comparison, the top row of these blocks contains the estimated 
total load reductio11 during the control period (the sum of intervention coefficients during 
the control period). 

RS2-MET 
IND 

Table 9. Payback (kWh) over Two-Hour Period After Control 

0.0 1.83 
-0.35 -1.48 -2.20 

IND 
RS2-MET 
SDF 
RS 1 -MET 
SDF 
RS2-MET 

-3.16 0.0 
0.0 

-1.23 -0.85 -1.13 
0.0 0.19 0.10 

-1 .55 -0.85 
0.0 0.0 

RS1-MET I 1.04 1 I 0.33 I 0.54 I 
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Power Manager Quality Assurance Action Plan 

As a result of tlie Power Manager impact evaluatioii analysis, and in order to maximize 
the impact of the program, Duke Energy has developed the following action plan for 
2006-7 to insure that tlie full program impacts can be realized prior to the execution of 
the 2007 control season. During November and December, 2006, discussions took place 
Duke Energy persoiiiiel and service provider partners, so that we could better understand 
control equipment performance issues. Tlie lower than expected load reductions during 
tlie 2006 seasoii could possibly have been due to somewhat milder peak temperatures 
than expected, but it is also possible that other structural causes may be the cause. To 
insure that all causes are systematically analyzed and corrected, where needed, prior to 
the 2007 season, Duke Energy intends to pursue tlie following quality assurance action 
plan. 

Validate Data and Complete On-site Assessments 

Work started iii December 2006 is targeted to insure that the data used to complete the 
analysis of impacts is accurate and representative of the actual load reductions during the 
control events. Verification of tlie data received from tlie interval meters (measures 
actual energy usage in 15 minute intervals), data loggers (shows time stamped ordoff 
cycling of A/C units) and weather data will be coinpleted before Jaii 2007. The 
modeliiig logic used to forecast load reduction potential will also be reviewed to ensure 
proper representation. 

An on-site visit will be made to more than 100 homes that eiicoinpass the representative 
data sample. Technicians will visit each site with portable diagnostic equipment that will 
detennine the operational condition of each switch. The iiispection will evaluate tlie 
following: 

P Switch programming 
P Event history - did the switch receive tlie cominarids 
P Signal strength 
P Proper installation and functionality 
P Switch tampering 

If required, technicians will make repairs while on site and they will document their 
findings, so that tlie system integrity can be evaluated. 

Analyze the results 

Tlie information gathered from the site visits will point the way to improving system 
performance and ultimate load reduction potential. The data will be analyzed and a list of 
prioritized initiatives will be developed and iinplenieiited to maximize performance for 
the 2007 Power Manager event season. A list of modification or repairs includes, but is 
not limited to the following: 
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P Programming enhancerneiits to software (switch or command software) 
P Changes in the paging or corninand protocol 
P Paging company coverage improvements 
P Antennae modifications 
> Additional site visits assessments 
P Switch replacement 
P On site monitoring during a simulated command event 

These options and others will be coiisidered as opportuiiities to improve load reduction 
impacts. Tlie items listed above have varied timeframes for implementation, so a 
comprehensive solution will incorporate short and long tenn solutions. Ideally, the 
chosen remedies will be iinpleinented in parallel when possible and test will be 
conducted to verify results. The following chart represents the proposed tiineliiie for 
implementing the action plan. 

I Dec I Jaiz I Feb 1 Mar I Apr I May I Juiz I JuZ I Azig I Sep I Oct 1 
Actions 

data 

Initial results 

Tlie initial stage of the Power Manger QA program involved site visits to 96 program 
participants in late December and early January. 45 of tliese were selected froin tlie 2006 
research sample, after analysis of interval load data indicated little or no load reduction 
from these households during load control events. 5 1 were selected from tlie general 
population of Indiana program participants. Key registers in the switches still contained 
values from the final Power Manger event of tlie summer, on August 7. Analysis of the 
switch register data collected in the test has identified two types of switch problem that 
contributed to lower than expected impact: some switches were not correctly 
programmed prior to the August 7 event, and marly switches (24 from the research 
sample and 8 from the other group) apparently correctly programmed did not actually 
shed during the event period. The first problem will be addressed by re-programming all 
Power Manger switches (remotely, by paging) prior to next suinrner. Further QA tests 
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will be conducted early in 2007 to identify the source of the second problem. No 
significant problem with paging signal strength, iiistallation, or switch tampering were 
fourid in the site visits. 
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