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The myriad of responses in the survey regarding this recommendation (and the following 
recommendation of insulation of sidewalls) require a inore complex table than the other 
measures. Those that responded are broken down into six groups: 

1. Yes, installed attic insulation. These respondents provided fill1 details by 
answering all of the four follow-up questions. 

2. Yes, installed attic insulation, but only partial detail. These respondents answered 
oiily 2 or 3 of the follow-up questions. 

3. Yes, installed attic insulation, but little or no detail. These respondents answered 
0 or 1 of the follow-up questions. 

4. No, but plan to install attic insulation. These respondents provided full details by 
answering all of the four follow-up questions. 

5.  No, but plan to install attic insulation, but only partial detail. These respondents 
answered oiily 2 or 3 of the follow-up questions. 

6. No, but plan to install attic insulation but little or no detail. These respondents 
aiiswered 0 or 1 of the follow-up questions. 

The impacts for groups 2, 3 ,  5 and 6 are estimated using the ineari value of the responses 
of those that provided the needed details. The impacts are presented in Table 48 below. 

Table 48. Total Impact Estimates for Attic Insulation 
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Kentucky Kits 74 1 
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only partial detail 
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Table 49. Mean Impact Estimates for Participants Installing Attic Insulation 
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Sidewall Insulation 
Less than 10% have taken this action as a result of the PER recommendation, with 
another 3-5% plaiiiiing on doing this. The energy savings are higher for this measure 
tliaii for attic insulation, since the base assumption is that the wall is uninsulated. 

Table 50. Frequency of Recommendation Taken: Sidewall Insulation 
1_ jl *."." ..', - - 1 

Kentucky Kits Kentucky Kits Kentucky No Kentucky No 1 
i Kits (n) Kits (YO) 1 

1 -l 

j Yes- 34 ! 5.0% 133 - _ _  7:7% 1 
No- 606 , - - - _ _  88.5Yo . -  1,486 862% I 

No, but plan to do this- ' 3.3"/0 1 

(%) 
Action 

-%- -.I 1_. x- ,**" -- "W." .,- --d--a---* x _  
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Table 51. Total Impact Estimates for Sidewall Insulation 

Population 
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X X L  ~ 1 ~ 
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Table 52. Mean Impact Estimates for Participants Installing Sidewall Insulation 

Mean kW Mean kWh Mean Therm 
Savings _*. Savings *"" Savings 

' Population 

Kentucky Kits 741 
* "  * ~ " " " X  * X - Y I I I  

20 Yes, installed 
sidewall insulation 0.34738 132.8 1 3.1 

0.15913 ' 94 i 3.9 

149 3.8 0.07273 I 
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little or no detail 

Kentucky No Kits 1879 
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*" _j I _ Y " _  " ~ )j "" - x1 ~ * - 

Yes, installed, but 
only partial detail 16 0.08025 

Yes, installed, but 
little or no detail 199 0.07999 

Duct InsulationlRepair 
Respondents were inore likely to repair the ducts than to insulate them, but many report 
that they plan on taking both actions. Unfortunately, over 60% of the ducts are located in 
heated areas of the home in which insulation or repair will iiot provide savings. 

Table 53. Frequency of Recommendation Taken: Duct Insulation or Repair 
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Repaired holes in ducts 
Yes 
No 
No, but plan to do this ' 

' Don't Know 
: Location of ducts 

77 23.2% 173 19.9% 1 

230 69.3% 599 , 68.9% 1 
8 2.4% 24 , 2.8% I 
17 5 1 Yo 73 8.4% ! 

I i insulated I 

26.2% . 193, 25.9% 
64.9% 462 62.0% 

i Unheated area 74 " 

Heated area 183 
Don't Know 25 8.9% 90 12.1% : 

.LV_I I -  11." ."/ *..&I,_xu LWX ~ ~* 0 ., 1' % " y x  ~ x_ 

The tables below present the savings for the duct work, and the breakdowii of how many 
of them repaired or insulated ducts in heated areas. 

4.071 3,896 
__ - __ - - - - - __ - ___-_---_-______---- ~ - 41 I ~ Yes, insulated ducts 

1 Yes, insulated ducts, 
1 but they were in a 32 ~ 0 0 

heated area 

2,808 
7 -- 

-- * --a-a---..--"----- _- 

6.688 16,648 

0 

_ _  - __ IO4 I - .  

; but they were in a 96 ~ 0 

, Yes, insulated ducts 
1 -  
i Yes, insulated ducts, I 

- _ _ _  - ; heated area - -  
I 
I No, but plan to 64 3 173 6,692 

Yes, insulated ducts 0.09928 95.0 2.1 1 

Yes, insulated ducts 104 i 0.06431 160.1 2.0 I I 

Table 56. Total Impact Estimates for Duct Repair 
,"."--* _ x y , y  LILX *x"x.^uLIx - ~ x ."* j" .~ -- ' .I+* '" .*-".,---*, 
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x . 

Yes, repaired ducts 37 j 7.495 4,408 58.1 

Yes, repaired ducts, 

heated area 

No, but plan to 

I 

but they were in a 36 j 0 0 0 
i 

- __ I 
I 

"*------ 

Yes, repaired ducts 

Yes, repaired ducts, 
but they were in a , 
heated area I 

No, but plan to 

I I 

0 0 0 
, 79 I 

24 I 1.155 2,486 23.9 
__pr --w ~ -ax"-- ~ - "  " "_" *^ x ~ -_- Y *",".---'* .,* -? -_-- - - - . ~ ~ - - - ~ -  - ~ "  

Table 57. Mean Impact Estimates for Participants Performing Duct Repair 

Installed a New Central Air Unit 
Just over 20% of tlie respondents indicated that they have iiistalled a new central air unit 
at least in part because of the PER program. Over half of the participants report that their 
new units are liigli efficiency units. Most of tlie respondents did not know the SEER 
number for their new unit, and many of tlie responses had to be ad.justed in this analysis 
as a result. For example, some respondents said that they installed a high efficieiicy unit 
and also reported that it had an SEER of 12. When this occurred, we assumed the SEER 
number was correct and changed the efficieiicy to "standard". We also distributed the 
SEER values of the people who could report them across tlie values for the individuals 
that could not report them. This provided a way to adjust the SEER ratings for the people 
who reported buying a high efficiency unit, but did not know the SEER rating to account 
for the fraction of the participants who actually purchased a inore standard SEER unit. 

Close to 3% of the respondents indicated that they plailtied on installing a new central air 
unit. 

Table 58. Frequency of Recommendation Taken: New Central Air Unit 

_ _  
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Action Kentucky Kits Kentucky Kits 

Installed a new central 

154 

18 
5 

22.1% 
air unit 

Yes 
No 519 74.6% 
No, but plan to do this 2.6% 
Don't Know 0.7% 

High efficiency 139 ' 52.1 '/o 
24.3% Standard 65 

Don't Know 63 23.6% 

=<I 1 14 6.0% 
12 12 i 5.2% 
13 21 9.1 Yo 
14+ 20 I 8.6% 

71.1% Don't Know 165 

Efficiency of unit 

SEER number for unit . 

".v-cxy. -.". rx-Ixy-"II1y"IITxIuI 

Kentucky No Kentucky No 
_ j .  J Kits x *  Y (n) - *  & * -  Kits ~ -..% (%) ~ .- ~ 

386 22.3% 
1,291 74.8% 

4 3 .  2.5% 
6 

! 
0.4% I 

325 49.2% ; 
135 20.4% 
20 1 30.4% ' 

, 
16 2.8% 

Only 58 respondents who also received the kits provided any details on the new central 
air unit they installed. The other 96 cases provided partial or 110 details, so we used the 
mean respoiises from the 58 cases that provided purchase details to determine impact 
estimates. We used this same method for the 269 cases iii the "no kits" group who also 
were unable to provide full details about the efficiency of their units. We oiily calculated 
estimated savings for those that plan to install a new central air unit if they provided the 
details 011 the efficiency level that they planned to purchase. 

Table 59. Total Impact Estimates for New Central Air Units 

117 1 26.778 I 34,523 0 Yes, installed a new i 
central air unit 
Yes, installed, but ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L..- 

i 
269 1 58.680 : 68,558 0 

little or no detail 1 

No, but plan to, with 
full detail 

I 
7 1  1.545 

__ - 

2,244 0 
I 

No, but plan to, but 
little or no detail 

, I 

36 i 4.988 4,939 0 

July 27, 2007 35 Duke Energy 



TecMarket Works and AEC 
Case No. 2007-00369 

Application, Appendix E 
Page 36 of 99 

Table 60. Mean Impact Estimates for Participants Installing New Central Air Units 
I .............. ,,I/" ........... ,-.~,*>-,. ""_._ .. LI_I.xyx.*.-xIx-LI x_ "Y.. ......... 

Mean kWh Mean Therm 
ings ....... &.'."..... .............. .....I..x 

I 741 ~ ....-... =-.....-.....*.-.. ........ .......-.. ...... - ............. -j-.m__. x~ux.',I.y.'c-ill 

0.791 03 300.2 0 Yes, installed a new 
central air unit 

Yes, installed a new 
central air unit 
Yes, installed, but 
little or no detail 

I l 7  I 
269 1 

0.22887 

0.21 81 4 

295 1 

254.9 

0 

0 

Installed a New Heat Pump 
About 7% of the respondents indicated that they installed a new heat pump, but most of 
tliern do riot know the SEER of their new units. However, they indicated that more than 
half of thein were high efficiency. Here again, we used tlie efficiency distributions from 
the participants who did report their SEER, at the same ratio for those who did not lcnow 
the SEER. 

1 
7.3% 1 110 ; 6.8% I 
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I !  ., 1.9% i ,-. . -- 6 !  5.0% 
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~ 12 

12.4% 16.7Y 15 .,.. 

1 13 
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: . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  ,. . . . . . . . . . . . .  .,. ..., ..... .p .. :. . . . . . .  . . .  . . . . .  
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, ~ .... 

. ,  . . . . . . . . . . . . . . . . . .  ! . . . . . . . . . .  1 ............. . . . .  ......... 

,- , .: i ..... ....... . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  ............... 11.1% : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 :  
9 /  
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-,-,-.-~*-"~~.$-,s~ '-"' 74 
--.>.-*> .I_ 
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Table 62. Total Impact Estimates for New Heat Pumps 
.................-.-.-............-.--.... _.-- I ..-I I'.~'~.'.:,,~-.-.~-~.-~~ .-., .. II.......c,..I ..... .,.-,.=. ...................... 

I Savings -....&-* ~ 
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-.," *""^(yxIxI 

Kentucky Kits 

Yes, installed a new 
heat pump 
Yes, i nsial led ,bu t 
little or no detail 
No, but plan to, with 
full detail 

."I-__X , _< I xTL.Ixx~_I(x."'"..".,"I x_ 

- - - -_ - - 

No, but plan to, but 
little or no detail 

Kentucky No Kits 

Yes, installed a new 
heat pump 
Yes, installed, but 
little or no detail 

.----- IXw--- .,.--* 
---%=L._l-.. 

---%.'"-----.- 

No, but plan to, with 
full detail 

No, but plan to, but 
little or no detail 
*-----=s--.- .-=- 

16 

32 

0 

5 

114 

5.126 11,288 

9.831 18,921 
- 

13.41 0 18,474 

_ ? ~ - - i s _ ~ i i l i _ l  __i*--iy* y"3"l? -----*i-- -xl-=- '- 

10.626 24,289 

25.31 8 48,152 

1.184 1,910 

I _  . -  

0 

0 

Table 63. Mean Impact Estimates for Participants Installing New IIeat Pumps 
_I_yy_?_ ~ ~ - - - - ~ - ~ ~ " ~ - - ~ ~ ~ ~ ~ ~ - -  -. --r-m" 7 MeankW Mean kWh Mean Therm 

-rPopulation i 
Savings - -I- --~--~--"=----~---~-~~~ Savings --* Savings ---- ".,=*- -. i i i - --- - 

Kentucky Kits 1741 

Yes, installed a new 
heat pump 

16 
0 32038 705.5 0 

- 
0.32881 625.4 

Yes, installed, but 1 77 
little or no detail 0 

Installed a New Furnace 
About 20% of the respondents indicated that they installed a new furnace at least in part 
because of the PER report, and about 2-3% indicated that they plan on taking this action. 

Table 64. Frequency of Recommendation Taken: New Furnace 

, 
j installed a new furnace 
' Yes 131 1 19.3% i 278 

30 

i , 
16.9% 

No 526 ; 77.4% ! 1,323 80.6% ~ 

No, but plan to do this 1.8% -- I. w ~ . ~ ~ y x x  "-_ "-.~ --* 
18 2.6% ~ - -r-iLw,ruru- (( jj *1 " . "I_" 'l.l_..l il,xxxlll IIX(O-CI("̂ -.-XIL.I 
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Don't Know 5 0 7 % .  11 0.70/, 
! , -  Exhaustlefficiency I 

' Plastic pipe 133 78.7% . 245 62.0% 
j Chimney or flue 27 16.0% 94 23.8% 

14.2% i 
"4.1 * 

56 ' 
I_x >-_ ,",, 9 i  5 3% i ,(-"cI",w Don'tKnow ~"-I,.. II.IIy(c- - " " < ~ , ~ * " , . ~ . . ~ ~ . " . ~ -  >-l/Ia"_y **-".,."i" -." 

Most of the respondents that plan to install a new fimace did not provide details on the 
efficiency of the units, so only a small number of participants have impact estimates 
applied. The 409 respondents that did install a new furnace and who could provide 
infonnation on energy efficiency are saving an estimated 6 1 thernis annually. 

Table 65. Total Impact Estimates for New Furnaces 
. ....l..XIUXI...X.jj..j...... '............-..............-..........--..., 

! 1 Population 
. I I x x ~ ~ . " " " " "  ~,",iL--"".- I 

74 1 Kentucky Kits 

131 
Yes, installed a new 
furnace 

18 No,but plan to- - -1 
.. 1(____^13__.__ll(_ilI----....j.~~~----.^- .... 
Kentucky No Kits 1 74 1 

131 
Yes, installed a new 
furnace 

18 No, but plan to 

I 
1 - __ - I __ -- - 

__ I 
I 

I 

, -- i - -_ - -- 
, 
I 

Savings ; Savings i Savings ~ ~ ~ " ~ ~ " , . . ~ ~ - . ~ - ~ " - " ~ , ~ ~ ~ . ~ . * ~ ~ ~ ~ . . - .  ,zIx.*-*< .'-...-....... ...................-.................-.-*.-...........-.- .,,-3-.**".- 

....... ................................................. 

- .  381.9 

- .  94.9 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ .  

...*.--... .......-......-.....-..-....--..........-.......... -.....--..-..-. ...-....-.......... ... 
: .  - .  

841.3 

- :  104.7 
........... . . . . . . . . . . . . . . . . . . . .  - - ............................................ - . . . .  

Table 66. Mean Impact Estimates for Participants Installing New Furnaces 

I 
278 1 

Visited the Duke Energy Web Site 
Most of the respondents have not visited the Duke Energy web site. Only about 20-30% 
said that they have or that they plan to visit the site. Of those that have visited the site, 
over half of them said that they found the web site helpful. 
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All Recommendations 
Tlie following tables summarize the number of recomineiidations taken and the savings 
estimates based on those recommendations. Tliese tables do not include the savings 
estimates of those that plan to take the recommendation. 

Those customers who received the kits followed about 2 1.7% of the recommendations 
overall, and were able to save 406 kW, over 2 million kilowatt hours, and almost 47,000 
therms. If the information they provided on their survey is accurate. The following table 
summarizes the savings achieved. 

Table 67. Summary of Total Savings for All Recommendations Taken by Those Receiving 
Kits 
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Those that did riot receive the kits also followed 2 1.7% of the recommendations, but had 
much higher total savings due to the number of participants providing the survey. 

Table 68. Summary of Total Savings for All Recommendations Taken by Those Not 
Receiving Kits 

Daytime savings 
---I- 

Purchased and installed CFLs 
Switched to cold water 

Window Shrink __.._ Î 
insulated water heater 
Manages draperies 
Cleaned baseboards 

- - ~ ~ ~  

d a new central air unit 

The following two tables show the mean savings for the recoininendation based on the 
total savings and the number of respondents following the recommendation. 

Table 69. Summary of Mean Savings for All Recommendations Taken by Those Receiving 
Kits 
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^ ~ ~ ~- 
385.2 1 -0.2 

0.01 446 71.0 --I-7 i 10.0 
-36.06 [ -0.12 

Closed off fireplace o.Oo??LL-- 5.8 - ! 0.1 
Stopped heating unused rooms 0.21 345 86.6 1 I .I 

_. 0.01112 1 1 32.2 !.- I -. 3.5 
__-_ Manages draperies -LIl-l------ ! 

"....~...~___..___-___.I_________.._ ._.__.._I__ .-I__ ___._.-._I.._. 7- 2. --.___ 
Installed attic insulation 0.10165 1 64.1 1 .I  

__ ____ ____I 

Purchased and installed CFLs 
Switched to cold water 
Replaced furnace filter -0.01779 1 _._-_____I_-__.- ~ -____I_- - ~ - . . , . _ - _ I _  

-4 ~l______l_-l 

- _______-I_-- 
0.03128 1 15.0 0.3 

61.8 I 2.8 

.-----..+ 

___-_. 

8 0 '  

--I- ---_____-_ 
Window Shrink __ 
Insulated water heater 

Cleaned baseboards 

-- 
__ .. _._.__-._.._.-..__I.___.-.._._-_ _---- 

~ - - , ~  

1.5 
3. I 
3.9 

Installed. but little or no detail 0.07273 1 149 ! 3.8 

Installed, but little or no detail _ _ ~ -  
Installed sidewall insulation 

--~.l__-l_____._ - 

Installed a central air unit, but 

Installed a new heat pump 

no detail 

______-_I_-______-- ____ 
Installed heat pump, but little or 

Table 70. Summary of Mean Savings for All Recommendations Taken by Those Not 
Receiving Kits 

119.7 1 1.2 
Window Shrink i _ _ _ O . 0 1 _ ? ? _ 3 _ !  ~ 21.2 j .____^ 0.3 
Insulated water heater 42.6 3.4 

Cleaned baseboards 

__.-I ..---..I_-- I ~ - _ _ _ _ _  

.__l_-̂ _l_--- 
Replaced furnace filter 

~ ____-l_.-.-_l.-- 
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Savings Distributions 
There are substantial risks associated with relying on self-repoi-ted behavioral changes, 
because the foundation of the savings estimates are based solely on the participant’s 
responses, with no means to verify that the respondent has installed tlie kit’s measures or 
has actually taken the recommendation provided in the Personalized Energy Report. 
There are two main sources of bias with these types of surveys that directly impact the 
conclusioiis drawn from the responses. These sources of bias are Self-Selection Bias and 
False Response Bias. There is also an issue regarding the accuracy of the baseline energy 
use conditions used by the evaluation contractor to estimate savings in that many of these 
conditiolis need to be based on assumptions rather than on measurements. These three 
conditions significantly impact the evaluation contractor’s ability to provide accurate 
estimates of energy impact. These issues are discussed in more detail in the following 
paragraphs. 

Self-Selection Bias 
Tlie survey was sent to 5,401 PER Program participants - 3,562 customers that did not 
receive the kit, and 1,839 customers that did receive tlie Energy Efficiency Starter Kit. 
The data collection efforts resulted in 1,879 responses fioin PER participants who only 
received the PER (response rate = 52.8%), and 741 responses (response rate = 40.3%) 
froin Kentucky PER participants who received tlie Energy Efficiency Kit. The people 
that filled out and returned the survey are the participants that are inore likely to install 
measures from the Energy Efficiency Kit and consider taking actions based 011 the 
recommendations from the Personalized Energy Report. That is, they self-selected 
themselves to return the survey because they have a higher interest in tlie subject matter 
than the people who did not. These iiidividuals also will often respond to a survey in 
order to let it be luiowii that they did the light thing, and that they are taking steps to be 
more energy efficient. The customers that did not retuni the survey are more likely to 
have a lower interest in tlie subject matter, and are less likely to take actions. Tlius, tlie 
people who retunled tlie survey are not tlie typical pai-ticipant, but rather are the 
participant that is inore likely to take actions. With 47.2% of tlie PER group and 59.7% 
of the Kit group not responding, we are setting the self-selection bias used to estimate tlie 
potential range of impacts at half of the lion-response rate. As a result, all estimated 
energy impact estimates will be discounted 29.9% for customers that received the Energy 
Efficiency Kit and tlie Personalized Energy Report, and 23.6% for those that only 
received the Personalized Energy Report. All impact estimates will be discounted by this 
percentage in order to calculate the low end of the range of savings estimates for each 
measure and recommendation. This adjustment approach is subjective, and is not based 
on the evaluation literature or on completed research within the energy program 
evaluation field. Within the energy program evaluation field there is a substantial lack of 
research indicating the range of self-selectioii bias associated wi tli energy efficiency 
programs. As a result, the authors of this study elected to apply a significant self- 
selection bias factor in order to be conservative in our estimates of program impacts. 
Setting tlie factor at half of the non-response rate is based on professional conservative 
judgrneiit from conducting surveys and metering studies of energy efficiency programs 
for over 28 years and interacting with the evaluation community regarding these rates, 
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Measure False Other Discounting and Notes 
Response Bias 
1 0% CFLs Used ranges for wattage of bulb removed (as opposed 

to most common wattage in range) and hours of use 
__ __ ____ _. __ _ _  - . . - . - - __ _ _  - - - - . - . -_I for ___ the lamp - (as opposed _- to __ the mean of the r a n g e  - _-- 

. - -_ - I - . - - - - . -- - - - . - . .- - - - - - - - - __ - - - 10% 
Outlet gaskets 10% 
Weatherstripping __ - -- . - . - - 

Window shrink kit - - ___ loo/o . - - - . -. Adjusted - -__.I- square _. -_ footage . - .- - of I-- window: if customer ._ - _- - 
_ _ _ _  __ __ --.. - . _- . _____ - . .. I__ - _ _  - - ___I____ _I 

_ -  - 
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but we can point to no research that ob,jectively assesses if this level of self-selection bias 
is too liigli or too low. 

False Response Bias 
False Response Bias is a problem with inariy self-reporting surveys. The participants 
respond not with the truth, but with the socially acceptable response. hi short, they give 
the answer that they think is the right answer about what measures they installed or what 
actions they have taken as a result of tlie Personalized Energy Report. False response 
bias is typically not a large ad.justment, depending on the controversy around the subject 
being discussed. False response bias adjustments typically range from a low of two or 
three percent to a high of 15 percent depending on tlie topic and tlie population being 
tested. The False Response Bias for this assessment was set at from a low of 10% to a 
high of 50% because of a specific rational relating to the coiiditioiis that act to increase or 
decrease this estimated average rate. A 10 YO to 50% discount is be applied to each PER 
recoininended measure impact estimate to calculate tlie low-end of tlie range of savings 
estimates for each measure and recommeiidation. 

Baseline Energy Use Assumptions 
When a mail survey is used to conduct an evaluation, the evaluation contractors are 
unsure of the actual conditions in tlie home that have experienced a change. For 
example, while a new showerhead may have been installed, it is impossible to estimate 
precise savings unless the flow rates and use conditions associated with the previous 
showerhead are well understood. For this study we established our baseline assumptions 
based on the survey results and our past research and experience with programs and 
program evaluations that have taken measurenieiit of baseline conditions. We have also 
used housing-type coinputer models to estimate baseline conditions and behaviors. As a 
result, we are not adjusting tlie baseline coiiditions applied in this study, but rather using 
the survey results, the literature, our past research and field experience to set baseline 
conditions. However, because these are not prograin-participant measured baseline 
coiiditions, it is important to let the reader know that the baselines used in this study are 
estimated. 

Methodology 
The level of discounting used to determine the ranges for each of tlie measures aiid 
recommendations can be found in the table below. The self-selection bias discount factor 
for all measures and recoinmendations for the Kentucky PER is 29.9% for customers that 
received the Energy Efficieiicy Kit and tlie Personalized Energy Report, arid 23.6% for 
those that only received tlie Personalized Energy Report. 
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“average” or “large”, sq ft reduced by %. - _ _  __  _ _  
Used 2.75 gpm for base showerhead (as opposed to 

__ __ __ - - _ _  - - _ - _-_ __ . .. - __ -. - . 

alreadv an aerator installed for the low estimates. 

_ _ _ ~ I . . . _ _ . _ _ .  

Showerhead 

Aerators 
__ __ . __ - . _ - - -. . .- ___ - - - 

Recommendation 

CFLs 

Clean baseboards 
Close off fireplace 
Install new central air 
unit 

Install new furnace 

Install a new 
refriaerator 
Install a new heat 
Pump 

Install attic insulation 

- 
Install sidewall 
insulation 

Install window shrink 
kits 

Insulate or repair 
ducts 
Insulate water heater 

Lower temperature in 
winter 
Manage draperies 

Replace furnace filter 
Stop heating unused 
rooms 

False 
ResDonse Bias 
50% 

50% 
50%” 
50% 

50% 

50% 

50% 

50% 

50% 

50% 
50% 

Other Discounting and Notes 

Used ranges for wattage of bulb removed (as opposed 
to most common wattage in range) and hours of use 
for the lamp (as opposed to the mean of the range). 
Used ranges for wattage of CFL installed. For high 
range, used 15 CFL replacements when respondent 
indicated they replaced I O +  bulbs. 

Low end of savings obtained by further cutting savings 
by half under the assumption that half of new 
installations were normal replacement instead of early 
replacement. 
Low end of savings obtained by further cutting savings 
by half under the assumption that half of new 
installations were normal replacement instead of early 
replacement. 
1Jsed 1700 for base. 

~~~~ 

Low end of savings obtained by further cutting savings 
by half under the assumption that half of new 
installations were normal replacement instead of early 
replacement. 
For partial installation, used a range of 25% coverage 
instead of 50% lJsed a low range of 225 square feet 
per room. 
Removed savings for those that indicated that they 
installed 7-1 2” or 13”+ of sidewall insulation Used a 
low range of 225 square feet per room. Halved the 
fraction used in calculating wall area as a fraction of 
floor area 

- __ _-- 

Adjusted square footage of window: if customer 
indicated “small” window, sq ft reduced by 1/3; if 
“average” or “large”, sq ft reduced by %. 
Savings cut in half based on having less insulation 
than before and lower leakage rates. 
UA table modified to reflect a 1” blanket. Also used a 
lower set Doint of 120 dearees. 

Reduced the savings by % for 2/3 of the windows to 
account for direction of window. 

Further reduced savings by 20% because of the 
inability to completely shut off a room, and the 
conductive losses through the uninsulated walls. 
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j ~ 

Total Therm ____.___I_._...._.__ Savings _._ 

Low High Low i High 
Mean ___...._.______I_.________._I..____ Therm Savings (per __ install) Measure 

j -31.7 -141.3 0.0 I -0.2 
-29.5 -1 30.8 -0.1 I -0.2 

Weatherstripping 1 19.7 51.3 0.1 1 0.2 

15-watt CFL 
20-watt CFL 

Outlet gaskets 533.3 126.4 1.5 i 0.3 
Window shrink kit 1 14.5 44.9 0.1 ; 0.4"- 
Shower head 1,624.4 3,724.6 3.5 1 8.0 
Bathroom aerator / 85.7 149.5 0.2 1 0.4 

, 
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.. "__ -- .. -_ - 

i Switch to cold water 
for laundrv 

Savings Estimates 
Each of tlie Kit measures and PER recoriimendatioiis are recalculated here in order to 
provide reasonable ranges of energy savings associated with each item. The tables below 
provide the low and high estimates for each of the measures and recommendations 
provided to tlie Indiana participants. Savings estimates are provided for only those 
participants wlio indicated that they iiistalled the measure. For recommendations, savings 
are provided for only those who indicated that they took the action, and provided full 
details on follow-up questions on tlie survey. 

Table 71. Kentucky Kit Participants' Range of Kilowatt Savings 

Table 72. Kentucky Kit Participants' Range of Kilowatt-Hour Savings 

Table 73. Kentucky Kit Participants' Range of Therm Savings 
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High 

Table 74. Kentucky Kit Participants' Range of Kilowatt Savings for Recommendations 

CFLs 

Close off fireplace 
Install new central air unit 
Install new furnace 
Install a new heat pump 
Install attic insulation 
Install sidewall insulation 
Install window shrink kits 
Insulate ducts 
Repair ducts 
Insulate water heater 

Clean baseboards 

Lower temp in winter - day 
Lower temp in winter - night 

Replace furnace filter 
Stop heating unused rooms 

Manage draperies 

Switch to cold water for laundrv 

25.255 45.505 1 0.06426 0.11579 

0.642 0.898 1 0.00336 0.00470 
12.865 73.408 1 0.791 03 1.26566 

5.126 29.242 1 0.32038 1.82763 
25.1 07 40.171 I 0.1 01 65 0.16264 
6.948 11.116 0.34738 0.55580 
2.1 27 3.832 i 0.031 28 0.05635 
4.071 6.513 1 0.09928 0.15885 

0.3241 1 7.495 11.992 1 0.20257 
1.134 2.044 1 0.01112 0.02004 

- I  - 

- i  - 

- 1  

_ i  - 
! - 

86.448 86.448 0.21 345 0.21 345 
5.582 8.931 0.01 446 0.0231 4 

-2.240 -2.240 i -0.01 779 -0.01 779 

Table 75. Kentucky Kit Participants' Range of Kilowatt-Hour Savings for 
Recomniendations 

Manage draperies 36371 I 43,960 I 61.8 I 74.6 
Replace furnace filter -3,934 I -3,934 I -36.1 1 -36.1 

- _- - . _  I__ __ ~ 
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____ - __ _-__I - - - - _ - _- - __ - ____ __ __ - - - - - - - -- - . - - - . 
35061 125,041 -. ._ 86.6 

27404 

Stop heating unused rooms _ * - -  i - -  __ -. _ - - __ .. - . , , 71 0 78,186 Switch to cold water for 
laundry 
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. - - - - __ -_ --- 
308.7 
202.6 

- _-. - __ - - 

Recommendation 

CFLs 

Table 76. Kentucky Kit Participants' Range of Therm Savings for Recommendations 

Total Therm Savings 1 Mean Therm - Savings (per install) 
Low High Low High 

-67.2 -980 -0.2 -2.5 
Clean baseboards 
Close off fireplace 
Install new central air unit 
Install new furnace 
Install a new heat pump 
Install attic insulation 
Install sidewall insulation - 
Install window shrink kits 
Insulate ducts 

Insulate water heater 
Lower temp in winter - day 
Lower temp in winter - night 
Manage draperies 

Repair ducts 

Replace furnace filter 
Stop heating unused rooms 
Switch to cold water for laundry 

I - ,  

20.7 68 0.1 0.4 

381.9 2,178 1 2.9 16.6 
- :  

I 
- j  

267.5 1,159 I 1 . I  4.7 
61.9 554 j 3.1 27.7 
18.9 106 I 0.3 1.6 
88.1 504 1 2.1 12.3 

354.1 1,868 ' 3.5 18.3 
2727.0 7,781 1 4.5 12.8 
1080.0 3,080 1 1.8 5.1 
1641 .O 2,145 I 2.8 3.6 

-21 -21 1 -0 ., 4 -0.1 

3875.6 11,057 1 10.0 28.6 

58.1 333 ; 1.6 9.0 

-~ 

437.0 1 , 5 6 d  1.1 3.9 

Table 77. Kentucky No Kit Participants' Range of Kilowatt Savings for Recommendations 
- _ _  - 

Total kW Savings 1 Mean kW Savings (per install) 
Low High I High 

Recommendation 
Low 

CFLs 5.503 
Clean baseboards 

Install new central air unit 26.778 
Install new furnace 

10.626 
Install attic insulation 31.440 
Install sidewall insulation 5.746 

Close off fireplace 0.340 

47.649 i 0.0061 2 0.05300 
1 

- >  

0.891 j 0.00067 0.001 75 
140.328 I 0.22887 1 .I9938 

55.632 1 0.32199 I .68582 
123.745 I 0.05006 0.19705 
50.692 1 0.07561 0.66700 

Table 78. Kentucky No Kit Participants' Range of Kilowatt-Hour Savings for 
Recommendations 

Install window shrink kits 
Insulate ducts 
Repair ducts 
Insulate water heater 
Lower temp in winter - day 
Lower temp in winter - night 

July 27, 2007 48 

0.06725 2.1 47 0.01 293 
35.017 0.06431 0.33670 6.688 

7.754 40.600 i 0.08429 0.441 30 
1.288 6.303 0.00486 0.02378 

! - 1  

- 1  

Duke Energy 

Manage draperies 
Replace furnace filter 
Stop heating unused rooms 
Switch to cold water for laundry 

I - I  

-0.880 -1.520 1 -0.0185 -0.00332 
81.334 266.144 i 0.07881 0.25789 

7.159 18.741 1 0.00725 0.01 899 
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Recommendation 

CFLs 
Clean baseboards 
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Total Therm Savings 
Low 

Mean Therm Savings (per install) 
, High High Low I 

-1 36.0 -1,852.9 -0.2 -2.1 
- I  - 

Table 79. Kentucky No Kit Participants' Range of Therm Savings for Recommendations 

22.5 58.9 
Install new central air unit 
Install new furnace 841.3 4,404.8 

~ - 
0.0 j 0.1 

- 1  
3.0 1 15.8 

- _ _  - - 
July 27, 2007 

Install a new heat pump 
Install attic insulation 
Install sidewall insulation 

_ _  
49 

- ,  
857.4 3,389.7 1.4 1 5.4 
276.3 2,121.1 3.6 27.9 

ppp 

Duke Energy 

Install window shrink kits 48.9 
Insulate ducts 21 0.1 
Repair ducts 94.1 
Insulate water heater 901.4 
Lower temp in winter - day 7255.2 
Lower temp in winter - night 2778.1 
Manage draperies 4371.6 
Replace furnace filter 5.5 
Stop heating unused rooms 1270.4 
Switch to cold water for laundry 1021 0.6 

253.6 0.3 1.5 
1,100.1 2.0 10.6 

4,358.4 3.4 I 16.4 
492.7 1.0 1 5.4 

18,992.8 4.7 1 12.2 
7,272.6 1.8 1 4.7 

34,315.0 3.0 1 23.7 
16.0 0.0 1 0.0 

4,157.0 1.2 i 4.0 
26,729.3 10.3 27.1 
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Appendix B: PER Survey 
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Wattage of 
bulb reiiioved 

Case No. 2007-00369 
Application, Appendix E 

Page 57 of 99 

Notes 

Appendix C: Impact Algorithms Used 

<= 44 
45 - 70 

CFLs 

40 
60 

Most popular size < 44 W 
Lumen eauivalent of 15 W CFL 

General Algorithm 

71 -99 
> =  100 

Gross Suinrner Coiiiciderit Demand Savings 

75 
100 

Most popular size in range 
Most popular size in range 

x CFs x (1 + HVACd s) I (Watts x DFs has, - (Watts x DF, ),, i I000 
AkWs =units x 

Gross Annual Energy Savings 

1 x FLH x (1 + HVAC,) 
(Watts x DF)base - (Watts x DF),, i 1000 

AkWli = units x 

AI< W 
AkWh 
Atlienn 
units 

Wattsb as e 
FLH 
DF 
CF 
HVAC, 
HVACd 
HVACg 

Wattsee 

= gross coincident demand savings 
= gross annual energy savings 
= gross aimual tlienn interaction 
= iiuinber of units installed under the program 
= coiuiected (nameplate) load of energy-efficient unit 
= coixiected (nameplate) load of baseline unit(s) displaced 
= full-load operating hours (based on connected load) 
= demand diversity factor 
= coincidence factor 
= HVAC system iiiteraction factor for annual electi-icity consumption 
= HVAC system interaction factor for demand 
= HVAC system interaction factor for annual gas consumption 

15 W CFL Measure 

Wattsee = 15, which is the input power of prograin supplied CFL, 
WattSbase - calculated from survey responses as shown below: 
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Hours of use FLH Notes 
per day 
<1 183 Average value over range 
l"2 548 Average value over range 
3 -4 1278 Average value over range 

' 5-10 2738 Average value over range 
11-12 4198 Average value over range 
13-24 6753 Average value over range 

--- 
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Heating System Cooling System 
Any except Any except Heat 

FLH - calculated from survey responses as shown below: 

HVACc HVACg 
0 0 

Central Furnace 

DF = 1.0 and CF = 0.10 

None 0 -0.0021 

The coincidence factor for this analysis was taken as the average of the coincidence 
factors estimated by PG&E and SCE for residential CFL program peak demand savings. 
The PC&E and SCE coincidence factors are combined factors that consider both 
coincidence aid diversity, thus the diversity factor for this analysis was set to 1 .O 

RoomIW itido w 
Central AC 

HVAC, - the HVAC interaction factor for aiuiual energy consumption depends on the 
HVAC system, heating fuel type, and location. The HVAC interaction factors for annual 
energy consumption were taken from DOE-2 simulations of the residential prototype 
building described at the end of this Appendix. 

0.079 -0.0021 
0.079 -0.0021 

Covington, KY 
Heating Fuel 
Other 

Other 

Any 
Gas 
Propane 
Oil 

i 

None 0 -0.002 1 
RoomIWindow 0.079 -0.0021 

Electricity Central furnace 

I 

Central AC 0.079 -0.002 1 
None -0.45 0 
Rooni/Window 1 
Central AC 

-0.36 I 0 
-0.36 0 

Electric 
baseboard 

None -0.45 0 
RooidWiiidow -0.36 0 
Central AC -0.36 0 

O ther I None -0.45 0 
RooinIWindow 
Central AC 

-0.36 0 
-0.36 0 

I __ - I - I - - ̂ - -- - - 
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Cooling System 
None 

Case No. 2007-00363 
Application, Appendix E 

rage 59 or 99 

HVACd 
0 

HVACd - tlie HVAC interaction factor for demand depends on the cooling system type. 
The HVAC interactioii factors for suinmer peak demand were takeii from DOE-2 
simulations of the residential prototype building described at the end of this Appendix. 

Room/ Window 
Central AC 

Covington. ICY 

.17 

.I7 

Wattage of 
bulb removed 
<= 44 
45 - 70 
71 -99 
>=  100 

Watt Sbase Notes 

40 
60 
7 5 
100 

Most popular size < 44 W 
Most popular size in range 
Lurneii equivalent of20 W CFL, 
Most popular size in range 

1 Heat Pump 1 .17 

20W CFL Measure 

Wattsee = 20, whicli is tlie input power of program supplied CFL 
WattSbase - calculated from survey responses as shown below: 

Weatherstripping, Outlet Gaskets, and Fireplace Closure 

Gross Summer Coincident Demand Savings 
AkW, = units x (AcJi7dmit) x (kW / c j n )  x DF, x CFs 

Gross Annual Energy Savings 
AkWli = units x (Acfndiinit) x (kWh /c f ;n)  

Athenn = units x (Acf;lz / iinit ) x ( t h e m  / c j n )  

where: 

AkW 
AkWli 

= gross coincident demand savings 
= gross annual energy savings 

__ - -  - I  - _ -  
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Location 

Covington 
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Average Average Average wind Specific 
outdoor temp indoorloutdoor speed (mph) infiltration rate 

temp difference (cfm/in2) 
33 35 22 1.92 

units 
Acfin/uiiit 
DF 
CF 
kW/cfin 
kWhlcfm 
tlierm/cf'ni 

= number of buildings sealed urider the program 
= uiiit infiltration airflow rate (ft3/initi) reduction for each measure 
= demand diversity factor = 0.8 
= coincidence factor = 1 .O 
= demand savings per unit c h i  reduction 
= electricity savings per unit cfm reduction 
= gas savings per unit cfin reduction 

Measure 

Outlet gaskets 
Weather strip 
Fireplace 

Unit cfm savings per measure 

Unit ELA change ACfmlunit (KY) 
(in2/unit) 

Each 0.357 0.69 
Foot 0.089 0.1 7 
Each 1.86 3.57 

The cfin reductions for each measure were estimated from equivalent leakage area (ELA) 
change data taken froin the ASHRAE Handbook of Fuiidaineiitals (ASHRAE, 200 1). 
Tlie equivalent leakage area changes were converted to infiltration rate changes using the 
Sherman-Grimsi-ud equation: 

where: 

A = stack coefficient (ft3/min-iii4-"F) 

AT 

B = wind coefficient (ft3/min-iii4-mph2) 

V 

= 0.015 for one-story house 
= average iiidoor/outdoor temperature difference over the time interval of 

in teres t ( O F  ) 

= 0.0065 (moderate shielding) 
= average wind speed over the time interval of interest measured at a local 

weather station at a height of 20 f3 (mph) 

The locatioii specific data are shown below: 

Measure ELA impact and cfin reductions are as follows: 

Unit energy arid demand savings 

- "  - _- I _  
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Heating 
S y s tein 
Any except 
Heat Pump 
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Cooling System 

Any except Heat 
k Wldcfin k W/cfin therm/cfin 

Pump 1.14 0.00000 0.000 

The energy and peak demand impacts of reducing infiltration rates were calculated from 
infiltration rate parametric studies conducted using the DOE-2 residential building 
prototype models, as described at the end of this Appendix. The savings per cfin 
reduction by heating and cooling system type are sliowii below: 

Heat Pump 
Central 
Furnace 

Heating Fuel 

Other 

Any 
Gas 
Propane 
Oil 

Electricity 

Heat Pump 12.85 0.00248 0.000 
None 0 0 0.124 
RoordWindow 1.14 0.00000 0.124 
Central AC 1.14 0.00000 0.124 

I 

None 
RoomAYindow 

0 0 0.124 
1.14 0.00000 0.124 

Central 

Other 

Central AC 1.14 0.00000 0.124 
None 23.27 0.01 238 0.000 

furnace RoordWindow 23.84 0.01485 0.000 
Central AC 23.84 0.01485 0.000 

Electric 
baseboard 

None 23.27 0.01238 0.000 
RoomNindo w 23.84 0.01485 0.000 
Central AC 23.84 1 0.01485 1 0.000 

Window Shrink Kit 

Gross Summer Coincident Demand Savings 
AkW, = no. windows xSF/window x (AkW/SF) x DF, x CF, 

Gross Aimual Energy Savings 
AkWh = no. windows xSF/window x (AkWWSF) 

Atheiin = no. windows xSF/window x (Atlierm/SF) 

Other 

where: 

None 23.2,7 0.01238 0.000 
Room/Window 23.84 0.01485 0.000 
Central AC 23.84 0.01485 0.000 

AkW 
AkWh 
No windows 

= gross coincident demand savings 
= gross annual energy savings 
= quantity of windows treated with wiiidow film from survey 
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Window Type 

Case No. 2007-00369 
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Size (SF) 

SF/window 
DF = demand diversity factor 
CF = coincidence factor 
AkW/SF 
AkWh/SF 
AthemdSF 

= window square feet based on window size 

'= electricity demand savings per square foot of window treated 
'= electricity consumption savings per square foot of window treated 
'= gas consumption savings per square foot of window treated 

Small 

Coincidence arid Diversity Factors: 

9 

DF = 0.8 
C F =  1.0 

Average 
Large 

The diversity arid coiiicideiice factors were taken from Engineering Methods for- 
Estimating the Impacts of DSM Progi-ams, Volurne 2 (EPRI, 1993). These values are 
typical for residential cooling loads in summer peaking utilities. 

18 
30 

Window area assumptions (per window): 

Window type 
Single 

Single with storm 
Double 

Without window film 
1J-value SHGC U-value SHGC 

1.27 0.86 0.81 0.76 
0.81 0.76 0.67 0.68 
0.81 0.76 0.67 0.68 

With window film 

(Btu/hr-SF-OF) (Btu/hr-SF-OF) 

Unit energy and demand savings data 

The unit energy savings were taken froin DOE-2 simulations of the residential prototype 
building described at the end of this Appendix. The basic simulation assumptions for 
window U-value and solar heat gain coefficient (SHGC) were taken from the ASHRAE 
Handbook of Fundamentals (ASHRAE, 2001), and are described below: 

The unit energy savings depend on the heating fuel, heating system, cooling system and 
window type: 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

I Window I AkWhlSF I AltW/SF I AthermlSF I 
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type 
All 
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0 0 0 

Window type 
Single 

Single with storm 
Double 

Heating Fuel 
Heating System 
Cooling System 

A.kWh/SF AkW/SF AtherdSF 
0.795 0.000853 0 
0.566 0.000498 0 
0.566 0.000498 0 

0 t h  
Any except Heat Pump 
Room/Window or Central 
AC 

Window type 
Single 

Siride with storm 

AItWhlSF AkW/SF AtherdSF 
4.757 0.001280 0.000 
1.621 0.00071 1 0.000 

Heating Fuel Any 
Heating System Heat Pump 
Cooling System Heat Pump 

Double 1.62 1 0.0007 1 1 0.000 

Window type 
Single 

Single with storm 
Double 

Heating Fuel 
Heating System 
Cooling System None 

Gas, propane or oil 
Any except Heat Pump 

AltWhlSF A\kW/SF AtherdSF 
0 0 0.039 
0 0 0.01 1 
0 0 0.01 1 

Window tvae 

Heating Fuel 
Heating System 
Cooling System Roodwindow or Central 

Gas, propane or oil 
Any except Heat Pump 

AC 

AkW h/SF I AltW/SF AtherdSF 
Single 

Single with storm 
Double 

0.795 0.000853 0.03 9 
0.566 0.000498 0.01 1 
0.566 0.000498 0.01 1 

- I __ -- I - - _. -̂ - - 
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Window type 
Single 

Single with storm 
Double 
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AltWhISF AltWISF AthermlSF 
8.748 0.004979 0.000 
2.43 1 0.001 35 1 0.000 
2.43 1 0.001 35 1 0.000 

Heating Fuel Electricity 
Heating System 
Cooling System None 

Any except Heat Pump 

Window type 
S iiigl e 

Single with storm 
Double 

AltWhlSF AkWISF AthermlSF 
9.335 0.005690 0.000 
2.940 0.001 849 0.000 
2.940 0.001 849 0.000 

Heating Fuel 
Heating System 
Cooling System 

Electricity 
Any except Heat Pump 
Room/Window or Central 
AC 

Low-Flow Showerhead 

Gross Summer Coincident Demand Savings 
( GPDbflse - GPD,, ) x 8.3.3 x AT AkW, = units x xDF,x  CFs 

341.3$ 

Gross Annual Energy Savings 

(GPD,,,, - GPD,,) x 8.33 x E 
3413 

AkWh = units x x 365 

(GPDbnse - GPD,,) x 8.3.3 x TT 365 
Atherm= units x X 

I00000 

where: 

AkW 
AltWli 
units 

= gross coincident demand savings 
= gross annual energy savings 
= number of units installed under the program 
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City Average cold water 
temuerature 
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Shower use Average AT 
teinu eratur e 

GPDbase 
GPDee 
AT 

DF 
CF 
8.33 
341 3 
24 
365 
100000 

= daily hot water consumption before iristallation 
= daily hot water consumption after flow reducing measure installation 
= average difference between entering cold water temperature arid the 

= demaiid diversity factor for electric water heating 
= coincidence factor 
= conversion factor (Btu/gal-OF) 
= conversion factor (Btu/kWh) 
= conversioii factor (ldday) 
= conversion factor (dayslyr) 
= conversion factor (Btdtlierm) 

shower use temperature 

Showerhead 

GPDbase = sliowers/week / 7 x 3.1 gpin x 5 minutes/shower 

GPDee = showers/week / 7 x 1.5 gpni x 5 minutes/shower 

AT 

I Covington I 53.9"F I 100°F I 46.1"F 

Water heater efficiency 

Combustion efficiency for residential gas water heater = 0.70 

Demand diversity factor = 0.1 

Coincidence factor = 0.4 

The diversity and coincidence factors were taken from Bngirzeevirzg Methods foi- 
Estimating the Impacts of DSM Piwgranzs, Volume 2 (EPRI, 1993). These values are 
typical for the residential water heating end-use in a suniiner peaking utility. 

Faucet Aerators 

This measure used the Efficiency Vermont deemed savings (Efficiency Veimont, 2003) 
adjusted for entering water temperature: 

Demand Savings 
AkW = 0.0171 kW x AT / ATVT x DF x CF 
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City Average cold water Hot water use 

Covington 53.9"F 100°F 
temperature temperature 

Burlington VT 44.5 100°F 

Energy Savings 

Athenns = 2.0 x AT / ATVT i 

AkWhi = 57 kWh x AT / ATV1 

Average AT 

46.1 "F 
55.5 

Case No. 2007-00369 
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Setback strategy Setback schedule 
Night 1-3 
Night 4-6 

Night 7-1 0 

10 pm to 5 am 7 days per week 
Setback temperature 

68°F 
65°F 

61.5"F 

Demand diversity factor = 0. I 

Coincidence factor = 0.4 

The diversity and coiiicidence factors were taken froin Engineering Methods for 
Estimating the Impacts qf DSM Programs, Volzrrne 2 (EPRI, 1993). These values are 
typical for the residential water heating end-use in a summer peaking utility. 

Lowering the Temperature in Winter 

Gross Annual Energy Savings 
AkWh = (AkWldunit) 

Atlienn = (Atherm/unit 

where: 

AkW 
Ak Wli 
DF = demand diversity factor 
CF = coincidence factor 
AkWunit 
AltWldSF 
Atlienn/SF 

= gross coincident demand savings 
= gross annual energy savings 

'= electricity demand savings per dwelling 
'= electricity consumption savings per dwelling 
'= gas coiisumptioii savings dwelling 

Unit energy savings data 

The unit energy savings were taken from DOE-2 simulations of the residential prototype 
building described at the end of this Appendix. The basic assumptions used in the 
simulations are shown below: 

July 27, 2007 66 Duke Energy 



TecMarket Works and AEC 

Night 11 + 
Day 1-3 
Day 4-6 

Day 7-1 0 
Day 1 I +  

5 am to 10 pm 7 days per week 

Case No. 2007.-00369 
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59°F 
68°F 
65°F 

61.5"F 
59°F 

Setback strategy 
All 

The baseline heating setpoint is asstirned to be 70°F with no setback. 

AkWhlunit Atherdunit 
0 0 

The unit energy savings depend on the heating fuel, heating system, cooling system and 
setback strategy. Since this is a heating season measure, there are no suintner peak 
demand savings. 

Setback strategy AkWhlunit Atherdunit 
Night 1-3 58 0 
Night 4-6 107 0 
Night 7- 10 138 0 

Day 1-3 80 0 
Day 4-6 159 0 
Day 7-10 204 0 
Day 1 I +  232 0 

149 0 
~ ~ _ _  ~ 

Night 1 1 + 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

Setback strategy 
Night 1-3 
Night 4-6 

AltWhlunit Atherdunit 
3 86 0.0 

1,114 0.0 

Heating Fuel Other 
Heating System 
Cooling System RoomlWindow or Central 

Any except Heat Pump 

AC 

Night 7- 1 0 
Night 1 1+ 

2,080 0.0 
2,767 0.0 

Heating Fuel Any 
Heating System Heat Pump 
Cooling System Heat Puiiip 
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Day 1-3 
Day 4-6 
Day 7-1 0 
Day 11+ 
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95 1 0.0 
2,518 0.0 
4,394 0.0 
5,715 0.0 

Night 1-3 
Night 4-6 

Heating Fuel 
Heating System 
Cooling System None 

Gas, propane or oil 
Any except Heat Pump 

0.0 4.0 
0.0 10.0 

1 Setback strategv I AkWhhnit I Atherdunit 

Night 7- 1 0 
Night 1 I +  
Dav 1-3 

0.0 16.0 
0.0 19.8 
0.0 8.5 

Day 4-6 
Dav 7-10 

0.0 20.5 
0.0 33.3 

Day 11+ 

Heating Fuel 
Heating System 
Cooliiig System Room/Window or Central 

Gas, propane or oil 
Any except Heat Pump 

AC 

0.0 41.3 

Setback strategy 
Night 1-3 
Night 4-6 
Night 7- 10 

AltWhhnit A therndunit 

107 10.0 
138 16.0 

58 4.0 

Night 1 1 + 

Heating Fuel Electricity 
Heating System 
Cooling System None 

Any except Heat Pump 

149 19.8 

1 Setback strategv I AkWhhnit I Atherdunit 

Dav 1-3 1 80 8.5 

July 27,2007 

Day 4-6 
Day 7-10 
Day 1 I +  

68 

159 20.5 
204 33.3 
232 41.3 

Duke Energy 

Night 1-3 
Night 4-6 
Night 7-1 0 
Night 1 I +  

918 0.0 
2,164 0.0 
3,390 0.0 
4,095 0.0 
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Day 1-3 
Day 4-6 
Day 7-10 
Day 1 I+ 

Case No. 2007-00369 
Application, Appendix E 

Page 69 of 99 

1,863 0.0 
4,419 0.0 
7,030 0.0 
8,615 0.0 

Night 1-3 
Night 4-6 

Heating Fuel Electricity 
Heating System 
Cooling Systern RooidWiiidow or Central 

Any except Heat Pump 

AC 

0.0 
957 

2,228 

1 Setback stratem 1 AltWhlunit 1 A therm/uni t 

Night 7- 1 0 
Night 1 1 + 

3,467 0.0 
4,171 0.0 

Day 4-6 
Dav 7- 10 

S 
4,492 0.0 
7.100 0.0 

Dav 1-3 I 1.903 I 0.0 I 

Day 1 I+ 8,686 0.0 

Using Cold Water for Laundry 

The energy arid demand savings for this measure were taken from the Efficiency 
Veilnolit Technical Reference Manual (Efficiency Vennont, 2001), based on the savings 
per load and the number of loads reported by the survey respondents. 

I 13+ 1439 1 0.164 I 

Replacing Furnace Filter 

Gross Summer Coincident Demand Savings 
AkW, = (kW/unit,,, - kW/uiiitpos,) x DFs x CFs 

Cross Annual Energy Savings 

" _  _ _  - - - "_ - - I 
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Filter change frequency 
< l/yr 
l x / y r  
2x I yr 

7 2 x / y r  

Findings 
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Percent savings 
0% 
1.7% 
3.3% 
5% 

~~ 

AkWh = (kWl~unit,,, - kWh/unit,,,,,) 

Atherm = (tlieim/unit,,, - therin/uiiitpOst) 

where: 

AkW 
AkWh 
DF = demand diversity factor 
CF = coincidence factor 
kWuni tple = HVAC electricity demand per dwelling based on pre report 

kWunitpOst = HVAC electricity demand per dwelling based on post report 

kWh/unit,,, = HVAC electricity consumption per dwelling based on pre report 

kWh/unit,,,, = HVAC electricity consumption per dwelling based on post report 

thenn/unit,,, = HVAC gas consumption per dwelling based on pre report 

therrn/unitpOst = HVAC gas consumption per dwelling based on post report 

= gross coincident demand savings 
= gross annual energy savings 

filter change frequency 

filter change frequency 

filter change frequency 

filter change frequency 

filter change frequency 

filter change frequency 

Coincidence and Diversity Factors: 

DF = 0.8 
CF = 1.0 

The diversity and coincidence factors were taken from Engineering Methodsfor 
Estimating the Impacts of DSM Programs, Voluine 2 (EPRI, 1993). These values are 
typical for residential cooling loads in summer peaking utilities. 

Unit energy and demand data 

The unit energy and demand savings were taken from DOE-2 simulations of the 
residential prototype building described at the end of this Appendix. The analysis 
assumes that furnace filter change outs result in a 5% savings relative to an un- 
maintained system. The 5% overall savings were allocated to the survey respoilses as 
follows: 

__ - _ _ _  __. --- - - - - _ I _  - 
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Filter change 
frequency kWh kW 
all 0 0 

Data depend on the heating fuel, heating system, cooling system type and the pre and 
post filter change frequeiicy 

therm 
0 

Heating Fuel Other 
Heating System 
Cooliiig System None 

Any except Heat Pump 

Filter change 
frequeiic y 
< llvr 

kWh 
4.453 5.2 

Heating Fuel Other 
Heating System 
Cooling System Central AC 

Any except Heat Pump 

2 x l y r  
> 2 x / y r  

4,302 5.0 0 
4,23 1 4.9 0 

- J -  I >  I I 

l x l y r  1 4,375 1 5.1 I 0 

2x I yr 21,054 11.3 
20,704 11.1 

0 
0 

Heating Fuel Any 
Heating Systeni Heat Pump 
Cooling System Heat Pump 

Filter 
change 
frequency 

l l y r  

Filter change I frequency 
1tWi 1 Fz 1 t h r  ~ < I lyr 2 1,793 

l x l y r  21,410 11.5 

kW h kW therm 
0 0 148 

Heating Fuel 
Heating System Furnace 
Cooling System None 

Gas, propane or oil 

.- I _I ___ - - 
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Ix I yr 
2x I yr 
> 2x I yr 

Findings 

Case NO. 2007-00369 
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0 0 143 
0 0 141 

Filter 
change 
frequency 
< l/yr 
I x  I yr 
2x I yr 

2x / yr 

Heating Fuel 
Heating System Furnace 
Cooling System Central AC 

Gas, propane or oil 

kW h kW therm 
31,073 19.5 0 
30,527 19.2 0 
30,020 18.8 0 
29,520 18.5 0 

Filter 
change 
frequency 

I x  / yr 

> 2x I yr 

frequency 
< l l y r  

therm 
4,453 
4,375 
4,302 5.0 143 
4,231 4.9 141 

kWh kW therm 
34,936 24.3 0 

Heating Fuel Electiici ty 
Heating System Furnace 
Coo 1 iiig S ys tern Nolie 

I x  I yr 
2x I yr 

2x I yr 

34,322 23.9 0 
33,752 23.5 0 
33,190 23.1 0 

Heating Fuel Electricity 
Heating System Furnace 
Cooling System Central AC 

Filter 
change 
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Number of rooms AkWhlunit AkWlunit 
All 0 0 

Findings 

Case NO. 2007-00363 
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Atherdunit 
0 

Stopping Heating Unused Rooms 

Gross Suininer Coincident Demand Savings 
AkW, = (AkWlunit) x DFs x CFs 

Gross Annual Energy Savings 
AkWh = (AkWh/unit) 

Athenn = (Atliennlunit 

where: 

AkW 
AkWh 
DF = demand diversity factor 
CF = coincidence factor 
Ak Wuni t 
AkWldSF 
AthennlSF 

= gross coincident demand savings 
= gross annual energy savings 

'= electricity demand savings per dwelling 
'= electricity consumption savings per dwelling 
'= gas consumption savings dwelling 

Coincidence and Diversity Factors: 

DF = 0.8 
CF = 1.0 

The diversity and coincidence factors were taken from Engineering Methods for 
Estimating the Impacts of DSM Programs, Volume 2 (EPRI, 1993). These values are 
typical for residential cooling loads in summer peaking utilities. 

Unit energy and demand savings data 

The unit energy and demand savings were taken from DOE-2 simulations of the 
residential prototype building described at the end of this Appendix. The analysis 
assumes that each room is 220 SF in size. Savings data depend on the heating fuel, 
heating system, cooling system and duct treatment 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

Heating Fuel Other 
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Heating System 
Cooling System Central AC 

Any except Heat Pump 

Number 
of 
rooms AkWhlunit AltWlunit Atherdunit 

1 80 0.09 0 
2 161 0.19 0 
3 24 1 0.28 0 
4 32 1 0.37 0 
5 401 0.47 0 

6+ 482 0.56 0 

Heating Fuel Any 
Heating System Heat Pump 
Cooliiig Systeiii Heat Pump 

Number 
of 
rooms AltWhlunit AkWlunit Atherdunit 

1 393 0.21 0 
2 786 0.42 0 
3 1,179 0.63 0 
4 1,571 0.84 0 
5 1,964 1.05 0 

6+ 2,357 1.26 0 

Heating Fuel 
Heating System Furnace 
Cooling System None 

Gas, propane or oil 

Number 
of 
rooms AltWhlunit AkWlunit Atherdunit 

1 0 0 3 
2 0 0 5 
3 0 0 8 
4 0 0 11 
5 0 0 13 

6+ 0 0 16 

Heating Fuel 
Heating System Funiace 

Gas, propane or oil 

Case No. 2007-00369 
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Cooling System 

Number 
of 
rooms AlWhlunit 

1 80 
2 161 
3 24 1 
4 321 
5 40 1 

6+ 482 

Heating Fuel 
Heating System 
Cooling System 

Number 
of 
rooms AltWhlunit 

1 560 
2 1,120 
3 1,680 
4 2,241 
5 2,801 

6+ 3,361 

Heating Fuel 
Heating System 
Cooling System 

Number 
of 
rooms AkWhlunit 

1 630 
2 1,260 
3 1,889 
4 231 9 
5 3,149 

6+ 3,779 

Central AC 

AlWlunit Atherdunit 
0.09 3 
0.19 5 

0.37 I 1  
0.47 13 
0.56 16 

0.28 a 

Electricity 
Furnace 
None 

AltWlunit Atherdunit 
0.35 0 
0.70 0 
1.05 0 
1.41 0 
1.76 0 
2.1 1 0 

Electricity 
Furnace 
Central AC 

AltWlunit Atherdunit 
0.44 0 
0.88 0 
1.31 0 
l "75  0 
2.19 0 
2.63 0 

Insulated Water Heater 

Gross Summer Coincident Deinand Savings 

AkWs 

Case No. 2007-003G9 
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Water heater 
size (gal) 

30 
50 
60 
75 
80+ 

Findings 

Case No. 2007-00369 
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Electric Gas 
UAee 

3.84 1.69 4.21 1.76 
4.67 1.83 5.13 1.91 
4.13 2.06 4.54 2.14 
5.00 2.42 5.50 2.52 
5.72 2.53 6.28 2.64 

UAbase XJAee UAbase 

Gross Aimual Energy Savings 

AkWh 

( 71Abase - (/A,, ) x AT 8 760 Athenn = units x X 
117wa~er/iearer I00000 

where: 

AlcW 
AkWh 
units 
UAbase 

= gross coincident demand saviiigs 
= gross annual energy savings 
= number of water heaters installed under the program 
= overall heat transfer coefficient of base water heater (Btuh-OF) 

UAee 
AT 
DF 
CF 
3413 
8760 
100000 
rl watettieater 

= overall heat transfer coefficient of improved water heater (Btu/hr-OF) 
= temperature difference between the tank and the ambient air (OF) 
= demand diversity factor 
= coincidence factor 
= conversion factor (Btu/kWh) 
= conversion factor (lulyr) 
= conversion factor (Btu/tlieiin) 
= water heater efficiency 

Water heater tank UA 

AT = 140°F water setpoint temp - 65°F room temp = 75°F 

DF = 1.0 
CF= 1.0 
qwateitieater = 0.7 

The diversity and coincidence factors were taken from Engineering Methods for  
Estimating the Impacts ofDSM Programs, Volume 2 (EPRI, 1993). These values are 
typical for residential water heaters meeting standby losses. 
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Number of windows t All 

Findings 

AkWhlunit Ak W/un i t A themdunit 
0 0 0 

Manage Draperies 

Case NO. 2007-00369 
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Gross Summer Coincident Demand Savings 
AltW, = windows x (AkWIwindow) x DFs x CFs 

Gross Arltiual Energy Savings 
AkWh = windows x (AkWhf window) 

Atlieim = windows x (Atlieid window) 

where: 

AkW 
AkWi 
Wiiido w s 
DF 
CF 
AkWI window 
AkWhfwindow 
Athernilwindow 

= gross coincident demand savings 
= gross annual energy savings 
= number of windows rnariaged 
= demand diversity factor 
= coiiicideiice factor 
’= electricity demand savings per window 
‘= electricity consuinptioii savings per window 
’= gas consumption savings per window 

Coincidence and Diversity Factors: 

DF = 0.8 
CF = 1.0 

The diversity and coincidence factors were taken from Engineering Methods for 
Estimating the Impacts of DSM Progranzs, Volume 2 (EPRI, 1993). These values are 
typical for residential cooling loads in suininer peaking utilities. 

Unit energy and deinand savings data 

The unit energy and demand savings were taken from DOE-2 siinulations of the 
residential prototype building described at the end of this Appendix. The analysis 
assumes drapes open during daylight hours on south facing windows only. The savings 
depend on the heating fuel, heating system, cooling system and number of windows 
managed. 

Heating Fuel Other 
Heating System 
Cooling System Any or none 

Any except Heat Pump 

_ - _ _  
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8-12 
134- 

Findings 

Case No. 2007-00369 
Application, Appendix E 

Page 78 or 99 

497 0 
647 0 

Heating Fuel Any 
Heating System Heat Puiiip 
Cooliiig System Heat Pump 

I Number I 
I windows I AltWhlunit 

Number 

4-7 274 

AltWlunit [ Atherdunit -- 
1-3 
4-7 

Atherdunit 

0 0 3 
0 

0 

I I 0 
8-12 1 0 0 

0 

5 
8 

0 

8-12 
13+ 

0 

82 1 0 0 
1067 0 0 

Heating Fuel 
Heating System 
Cooliiig System Aiiy or none 

Gas, propane or oil 
Any except Heat Pump 

I of I 

Heating Fuel Electricity 
Heating S ys tein 
Cooliiig System Any or none 

Any except Heat Pump 

Number 

4-7 4.5 1 

Cleaned Electric Baseboards 
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Savings are based on reduced lieat losses from back of electric baseboard unit through 
insulated wall to the outside. Cleaning unit is assumed to reduce the average teinperature 
inside the unit froin 1 15°F to 90°F. Heat losses are estimated based on an R- 1 1 wall and 
40°F outside temperature. Each unit is assumed to be 8 ft long. Heat loss reductioiis are 
estimated to be 0.13% of the baseboard rated input, resulting in 4.25 kW1i per baseboard 
unit cleaned. Apply only when heating fuel = electric and heating system type = 

baseboard. No kW savings. 

Attic I nsu I at i o n 

Gross Summer Coincident Demand Savings 
AkWs = SF x (kW/SFb,,e - kW/SFee) x DFs x CFS 

Gross Annual Energy Savings 
AkWh =L SF x (ltWh/SFbase - kW1.1/SFee) 

Atherin = SF x (tlienn/SF,,,, - t hedSFee )  

where: 

AkW 
AkWh 
SF 
DF = demand diversity factor 
CF = coincidence factor 
ltW/SF ’= electricity demand per square foot of insulation installed 
kWh/SF 
therm/SF 

= gross coincident demand savings 
= gross armual energy savings 
= insulation square feet installed 

‘= electricity consumption per square foot of insulation installed 
’= gas consumption per square foot of insulation installed 

Coincidence and Diversity Factors: 

DF = 0.8 
CF= 1.0 

The diversity and coincidence factors were taken from Engineering Methods~ for 
Estirnating the Impacts of DSM Programs, Volume 2 (EPRI, 1993). These values are 
typical for residential cooling loads in suininer peaking utilities. 

Irisulation square foot assumptions: 

Average house size from site data (Carolinas), or estimated from number of rooms 
(Kentucky) 

Size of house = number of rooins 330 SF/rooin 
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6 
8 

Findings 

Case No. 2007-00369 
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21 
28 

Average ceiling area = house size / 1.2 

If partial insulation, then reduce ceiling area by 50% 

R value assumptions 

Rbase: 

Added 

7. 
Base thickness t hicltness 

Ree 
fiberglass, cellulose or other 1 Foam 

14.00 I 18.20 

4 
6 

Assumes existing insulation is fiberglass or cellulose, at R-3.5 per inch. This assumption 
addresses insulation R-value only. The R-value assumptioils for other inaterials within 
the ceiling consti-uction are embedded in the siinulation model. 

28.00 36.40 
35.00 47.60 

Ree 

8 42.00 

The R-value of the wall with added insulation depends on base thickness, added 
insulatioii thickness and insulation type: Fiberglass, cellulose and “other” insulation is 
assumed to have an R-value of 3.5 per inch. Foam insulation is assumed to have an R- 
value of 5.6 per inch. 

58.80 

4 
6 

- I I 

4 21.00 29.40 

10 49.00 70.00 
12 56.00 8 1.20 
2 28.00 32.20 
4 3.5.00 43 -40 
6 42.00 54.60 

5 1.80 
6 28.00 
8 35.00 
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8 49.00 
10 56.00 
12 63 .OO 
2 35.00 
4 42.00 
6 49.00 
8 56.00 
10 63 .OO 

8 12 70.00 
2 42.00 
4 49.00 
6 56.00 
8 63.00 
10 70.00 

10 12 77.00 
2 49.00 
4 56.00 
6 63.00 
8 70.00 
10 77.00 

12 12 84.00 

-- ~ 

~. 
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65.80 
77.00 
88.20 
39.20 
50.40 
61.60 
72.80 
84.00 
95.20 
46.2,O 
57.40 
68.60 
79.80 
91 .00 
102.20 
53.20 
64.40 
75.60 
86.80 
98.00 
109.20 

All 

Unit energy and demand data 

0 0 0 

The unit energy savings were taken from DOE-2 simulations of the residential prototype 
building described at the end of this Appendix. The unit energy and demand savings 
depend on the heating fuel, heating system, cooling system type and Rvalue 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

I R-value I lWh/SF I ltW/SF I therm/SF I 

Heating Fuel Other 
Heating System 
Cooling System Room/Wiiidow or Central 

Any except Heat Pump 

AC 

1 R-value I kWh/SF I ltW/SF I therm/SF 1 

I _  
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42 0 
49 0 
56 0 
63 0 
70 0 
77 0 
84 0 

0 0.03738 
0 0.03708 
0 0.03688 
0 0.03668 
0 0.03658 

0.03648 0 
0 0.03638 I 

~~ 

109 0 0 

Heating Fuel 
Heating System 
Cooling System Room/Window or Central 

Gas, propane or oil 
Any except Heat Pump 

AC 

0.03618 

I R-value I kWh/SF I ltW/SF I t h e r d S F  1 
7 
14 

1.339 0.001 57 0.0441 8 
1.272 0.00 149 0.04058 

21 
28 
35 
42 
49 
56 
63 
70 
77 

1.245 0.00145 0.03908 
1.23 1 0.00 143 0.03828 
1.220 0.00142 0.03768 
1.214 0.00 14 1 0.03738 
1.210 0.00141 0.03 ‘7 0 8 
1.206 0.00140 0.03688 
1.203 0.00 140 0.03668 
1.201 0.00140 0.03658 
1.200 0.00140 0.03648 

Heating Fuel Electricity 
Heating System 
Cooling System None 

Any except Heat Pump 

84 
109 

I 

1.196 0.00139 0.03638 
1.194 0.00139 0.036 18 

- - - -  _ -  
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R-value 
7 
14 
21 
28 
35 
42 
49 

Findings 

Case No. 2007-00367 
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ltWh/SF kWlSF t h e r d S F  
9.063 0.00501 0.00000 
8.254 0.00463 0.00000 
7.915 0.00447 0.00000 
7.728 0.00439 0.00000 
7.610 0.00432 0.00000 
7.528 0.00429 0.00000 
7.468 0.00426 0.00000 

Duke Energy 
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63 
70 
77 

Case No. 2007-00369 
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7.387 0.00422 0.00000 
7.358 0.00421 0.00000 
7.334 0.00420 0.00000 

84 
109 

7.3 13 0.0041 9 0.00000 
7.262 0.004 17 0.00000 

10.184 
9.327 

Heating Fuel 
Heating System 
Cooling System 

0.00646 0.00000 
0.0060 1 0.00000 

Electricity 
Any except Heat Pump 
Room/Window or Central 
AC 

0.00581 
0.00571 

I R-value 1 kWh/SF I kW/SF 1 therm/SF I 

0.00000 
0.00000 

35 
42 

8.645 0.00564 0.00000 
8.560 0.00560 0.00000 

49 
56 
63 

8.497 0.00557 0.00000 
8.448 0.00554 0.00000 
8.41 0 0.00552 0.00000 

1 

0.0055 1 0.00000 
0.00550 0.00000 

84 
109 

Sidewall Insulation 

8.33 1 
8.279 

Gross Summer Coincident Demand Savings 
AkWs = SF x (kW/SFb,se - kW/SFee) x DFS x CF, 

Gross Annual Energy Savings 
AkWh = SF x (kWh/SFbase - kWh/SFee) 

Atlienn = SF x (therm/SFb,,, - t hedSFee )  

where: 

AkW 
AkWh 

= gross coincident dernaiid savings 
= gross annual energy savings 
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Rase thickness 
0 

Findings 

Rbase 
0.9 1 

SF 
DF = deinaiid diversity factor 
CF = coincidence factor 
kW/SF ’= electricity demand per square foot of insulation installed 
ktWIdSF 
thenn/SF 

= insulation square feet installed 

’= electricity coiisumptiori per square foot of insulation installed 
’= gas consumption per square foot of insulation installed 

Case No. 2007-00369 
Application, Appendix ]E: 

Page 85 of 99 

Coincideiice arid Diversity Factors: 

DF = 0.8 
CF = 1.0 

The diversity and coincidence factors were taken from Engineering Methods for 
Estimating the Impacts of DSM Programs, Volume 2 (EPRI, 1993). Tliese values are 
typical for residential cooliiig loads in summer peaking utilities. 

Insulation square foot assumptions: 

Average house size froin site data (Carolinas), or estimated from number of rooms (KY) 

Size of liouse = number of rooms * 330 SF/room 

Number of walls Wall area as a fraction of floor area 
1 0.26 
2 0.52 
3 0.72 

4+ 0.92 

R value assumptioils 

Rbase: 

The base case assumes an uninsulated wall with 3.5 iiicli air gap. This assumption 
addresses “insulation” R-value only. The R-value assumptions for other materials within 
the wall construction are embedded in the simulation model. 

Ree 

Tlie insulated wall R-value depends on added insulation thickness and insulation type. 
Fiberglass, cellulose and “other” insulation is assumed to have an R-value of 3.5 per inch. 
Foam iiisulatiori is assumed to have an R-value of 5.6 per inch. 
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I Added 

Case NO. 2007-00369 
Application, Appendix E 

Page 86 of99 

Ree 
thickness 

1-3 
fiberglass, cellulose or 

7.9 
I 4-6 I 18.4 I 28.9 I 

7-12 30.7 48.5 

Unit energy and demand data 

13+ 

The unit energy and demand savings were taken froin DOE-2 simulations of the 
residential prototype building described at the end of this Appendix. The unit energy and 
demand savings depend 011 tlie heating fuel, heating system, cooling system type and wall 
Rvalue: 

46.4 73.7 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

R-value 
F A 1 1  

ItWh/SF ltW/SF therm/SF 
0 0 0 

Heating Fuel 
Heating System 
Cooling System 

0.91 
7.9 

Other 
Any except Heat Pump 
RooidWindow or Central 
AC 

2.361 0.00273 I 0 
2.046 0.00238 1 0 

1 R-value I ItWh/SF I ItW/SF 1 therndSF I 

18.4 
30.7 
46.4 

1.950 0.00227 0 
1.908 0.00224 0 
1.887 0.00220 0 
1.988 
1.91 7 

0.00230 0 
0.00224 0 

48.5 
73.7 

Heating Fuel Any 
Heating System Heat Pump 
Cooling System Heat Pump 

1.886 0.00220 0 
1.874 0.00220 0 

I R-value 1 1  
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7.9 
18.4 
30.7 

9.865 0.00605 0.00000 
9.160 0.00588 0.00000 
8.892 0.00581 0.00000 

Findings 
Case No. 2007-00369 

Application, Appendix E 
Page 87 of 99 

46.4 
12.1 
28.9 

8.734 0.00578 0.00000 
9.477 0.00597 0.00000 
8.91 8 0.00583 0.00000 

48.5 
73.7 

8.721 0.00578 0.00000 
8.620 0.00.575 0.00000 

Heating Fuel 
Heating System 
Cooling System 

12.1 
28.9 

Gas, propane or oil 
Any except Heat Pump 
Nolie 

0 0 0.06230 
0 0 0.05767 

0.08530 

18.4 0.0.5974 

48.5 
73.7 

0 0 0.0575 1 
0 0 0.05623 

0 0 0.05623 
0 0 0.05543 

R-value ltWh/SF ltW/SF 
0.91 2.361 0.00273 

t h e r d S F  
0,08530 

Heating Fuel 
Heating System 
Cooling System 

7.9 
18.4 

Gas, propaiie or oil 
Any except Heat Pump 
RooidWindow or Central 
AC 

2.046 0.00238 0.06565 
1.950 0.00227 0.05974 

30.7 
46.4 
12.1 

1.908 0.00224 0.05751 
1.887 0.00220 0.05623 
1.988 0.00230 0.06230 

28.9 
48.5 
73.7 

1.91 7 0.00224 0.05767 
1.886 0.00220 0.05623 
1.874 0.00220 0.05543 
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R-value 
0.91 
7.9 

Heating Fuel 
Heating System 
Cooling System 

ItWh/SF IrW/SF therm/SF 
17.807 0.00963 0 
13.354 0.00749 0 

Electricity 
Any except Heat Pump 
None 

18.4 
30.7 

Findings 

Case No. 2007.00369 
Application, Appendix E 

page 88 of 99 

12.045 0.00685 0 
11.552 0.00663 0 

12.1 
28.9 

12.616 0.00712 0 
11 399  0.00665 0 

I 46.4 I 11.277 I 0.00650 I 01  

48.5 
73.7 

1 1.254 0.00649 0 
11.075 0.00641 0 

R-value 
0.91 
7.9 

Heating Fuel 
Heating System 
Cooling System 

IWh/SF kW/SF therm/SF 
12.078 0.00655 0.00000 
9.865 0.00605 0.00000 

Electricity 
Any except Heat Pump 
Room/Window or Central 
AC 

18.4 
30.7 

9.160 0.00588 
8.892 0.00581 

46.4 
12.1 

8.734 0.00578 
9.477 0.00597 

28.9 
48.5 

I 73.7 I 8.620 I 0.00575 I 0.00000 I 

8.91 8 0.00583 0.00000 
8.721 0.00578 0.00000 

Duct Insulation and Repair 

Gross Summer Coincident Demand Savings 
AkW, = (AkW/unit) x DF, x CF, x L,F 

Gross Annual Energy Savings 
AkWh = (AkWWunit) x LF 

Atherni = (Atherm/unit) x LF 
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Heated Area Unheated Area 
0 1 

Findings 
Case No. 2007-00369 

Application, Appendix E 
Page 89 of99 

DIVNo Response 
.43 

where: 

AkW 
AkWh 
DF 
CF 
LF 
Ak Wurii t 
AkWWSF 
Athenn/SF 

= gross coincident demand savings 
= gross annual energy savings 
= demand diversity factor 
= coincidence factor 
= location factor 
’= electricity demand savings per dwelling 
’= electricity consumption savings per dwelling 
’= gas consumption savings dwelling 

Coincidence and Diversity Factors: 

DF = 0.8 
CF = 1.0 

The diversity and coincidence factors were taken from Engineering Methods for 
Estimating the Impacts of DSMPrograrns, Volume 2 (EPRI, 1993). These values are 
typical for residential air conditioners and heat pumps in suininer peaking utilities. 

The location factors used are as follows: 

Unit energy and demand savings data 

The unit energy and demand savings were taken from DOE-2 simulations of the 
residential prototype building described at the end of this Appendix. The basic 
assumptions are listed below: 

As sump ti on 
Duct insulation 

Duct sealing 

Pre treatment 
Uninsulated 

26% leakage 

Post treatment 
R-19 

8% leakage 

Notes 
Consistent with 
Smart Saver 
program 
requirements 
Duct leakage 
assumptions used in 
CA for Title 24 arid 
utility program 
design. Evenly 
distributed between 
supply and return 

The unit energy and demand savings depend on the heating fuel, heating system, cooling 
system and duct treatment as follows: 
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Duct treatment I AltWhlunit I Alt Wluni t 

Findings 

Atherdunit 

Case No. 2007-00369 
Application, Appendix E 
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All 

Heating Fuel Other 
Heating System 
Cooling System None 

Any except Heat Pump 

0 0 0 I 

Duct treatment 
Insulate 

Seal 

AltWhlunit AltWlunit Atherdunit 
3 84 0.10 0 
466 0.25 0 

Heating Fuel Other 
Heating System 
Cooliiig System Central AC 

Any except Heat Pimp 

Duct treatment 
Iiisul ate 

Seal 

AI< W hluni t AlrWlunit Athermlunit 
1,520 0.48 0.0 
2,422 0.78 0.0 

Heating Fuel Any 
Heating System Heat Pump 
Cooling System Heat Pump 

I Duct treatment I AkWhlunit I AltWlunit A therndunit 

Heating Fuel 
Heating System Furnace 
Cooling System None 

Gas, propane or oil 

Insulate 
Seal 

0.0 0.0 17.3 
0.0 0.0 16.5 

Duct treatment 
Insulate 

Heating Fuel 
Heating System Furnace 
Cooling System Central AC 

Gas, propane or oil 

AkWhlunit AlrWlunit Athermlunit 
3 84 0.10 17.3 

S ea1 466 0.25 16.5 

- _- - _- - - - 
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Insulate 3,917 

Seal 3.798 
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AkWlunit Atherdunit 
3.13 0.0 
2.98 0.0 

Case No. 2007-00369 
Application, Appendix E 
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Duct treatment 
Insulate 

Seal 

Heating Fuel Electricity 
Heating System Fui-nace 
Cooling Systeiii Noiie 

AkWhlunit AkWlunit Atherdunit 
4,285 3.18 0.0 
4,211 3.18 0.0 

Heating Fuel Electricity 
Heating Systein Fui-nace 
Cooliiig System Central AC 

Installed a New AC or Heat Pump 

Gross Summer Coincident Demand Savings 
AkW, = (AltW/unit) x DFs x CFs 

Gross Aiuiual Energy Savings 
AlcWh = (AkWlduiiit) 

Atherin = (Atheim/unit 

where: 

AkW 
AkW1i 
DF = deiiiaiid diversity factor 
CF = coiiicideiice factor 
AkWuiiit 
AkWldSF 
AtlieiidSF 

= gross coincident deinaiid savings 
= gross aiuiual energy savings 

'= electricity demand savings per dwelliiig 
'= electricity consumption savings per dwelling 
'= gas coiisuinptioii saviiigs dwelling 

Coiiicideiice and Diversity Factors: 

DF = 0.8 
CF = 1.0 

- -  " - 
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Replacement 
efficiency 

All 

Case No. 2007-00369 
Application, Appendix E 

Page 92 of 99 

AltWhhnit AltWhnit Atherdunit 
0 0 0 

The diversity and coincidence factors were taken froin Engineering Methods for 
Estimating the Impacts of DSM Programs, Voltiine 2 (EPRI, 1993). These values are 
typical for residential air conditioners and heat pumps in simmer peaking utilities. 

Replacement 
efficiency 

<11 
12 

LJnit energy and demand savings data 

AltWhlunit AkWlunit Atherdunit 
674 0.92 0 
944 1.28 0 

The unit energy and demand savings were taken froin DOE-2 simulations of the 
residential prototype building described at the end of this Appendix. Unit energy savings 
are based on replacement of an existing SEER 8.5 air conditioner or heat pump. Tlie unit 
energy and demand savings depend on the heating fuel, heating system, cooling system 
and replacement efficiency. 

13 
14+ 

Heating Fuel Other 
Heating System 
Cooling S ys tein None 

Any except Heat Pump 

I 

1,213 1.65 0 
1,346 1.80 0 

Replacement 
efficiency 

<11 
12 
13 

14+ 

Heating Fuel Other 
Heating S ys tein 
Cooling System Central AC 

Any except Heat Pump 

AltWhhnit AltWlunit Atherdunit 
2,941 1.36 0 
2,941 1.36 0 
5,294 2.45 0 
6,496 2.98 0 

Heating Fuel Any 
Heating System Heat Pump 
Cooling System Heat Pump 

- -  
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Replacement 
efficiency 

All 

Findings 

AIWhhnit AkWhnit Atherdunit 
0.0 0.0 0 

Case No. 2007-00369 
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Replacement 
efficiency AltWhhnit AkWlunit 

<1 1 674 0.92 
12 944 1.28 
13 1,213 1.65 

14+ 1,346 1.80 
- 

Heating Fuel 
Heating System 
Cooling System 

A therdunit  
0 
0 
0 
0 

Gas, propane or oil 
Any except Heat Pump 
None 

Replacement 
efficiency 

All 
AkWh/unit AIWlunit Atherdunit 

0.0 0.0 0 

Heating Fuel 
Heating System 
Cooliiig System 

Replacenient 
efficiency 

<11 
12 
13 

14+ 

Gas, propane or oil 
Any except Heat Pump 
Central AC 

AkWhlunit AkWlunit Atherdunit 
674 0.92. 0 
944 1.28 0 

1,213 1.65 0 
1,346 1.80 0 

0 

Heating Fuel Electricity 
Heating System 
Cooling System None 

Any except Heat Pump 

Heating Fuel 
Heating System 
Cooling System 

Electricity 
Any except Heat Pump 
Central AC 

- 
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Furnace Type 
Baseline 
Standard efficiency (metal flue pipe) replacement 
Condensing furnace (plastic flue pipe) replacement 

Findings 
Case No. 2007-00369 

Application, Appendix E 
Page 94 of99 

AFUE 
0.78 
0.80 
0.90 

Installed a New Furnace 

Gross Aiuiual Energy Savings 
Atheiin = (Atherm/uiiit) 

where: 

Athenn/SF ’= gas consumption savings dwelling 

TJnit energy aiid demand savings data 

The unit energy and demand savings were taken from DOE-2 simulations of the 
residential prototype building described at tlie end of this Appendix. The basic 
assumptions are listed below: 

The unit energy aiid demand savings depend on the heating fuel, heating system type, 
and replacement furnace type: 

Heating Fuel 
Heating System Furnace 

Gas, propane or oil 

I Replacement efficiency I Atherdunit 
Standard (metal pipe) 

Condensine (Dlastic uiue) 

Otherwise 0 

Prototypical Building Model Description 
The impact analysis for many of the HVAC related measures are based on DOE-2.2 
simulatioiis of a set of prototypical residential buildings. The prototypical simulation 
models were derived from the residential building prototypes used in the California 
Database for Energy Efficiency Resources (DEER) study (Itron, 2005), with adjustments 
make for local building practices and climate. The prototype “model” in fact contains 4 
separate residential buildings; 2 one-story and 2 two-story buildings. The each version of 
tlie 1 story aiid 2 story buildings are identical except for the orientation, which is shifted 
by 90 degrees. The selection of these 4 buildings is designed to give a reasonable 

- - ”  _ -  - - - - _ _  - - I_ 
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Characteristic 

Case NO. 2007-00369 
Application, Appendix E 

Page 95 of 99 

Value 

average response of buildings of different design and orientation to the impact of energy 
efficiency measures. A sketch of the residential prototype buildings is shown in Figure 1 .  

Figure 1. Computer Rendering of Residential Building Prototype Moclel 

The general charactelistics of the residential building prototype model are summarized 
below: 

Glazing ___ - type ____ -___ - __ _-. 

July 27, 2007 95 Duke Energy 



TecMarket Works and AEC 

Characteristic 
HVAC system type 
HVAC system size 

Case No. 2007-00369 
Application, Appendix E 

Page 96 of 99 

Value 
Packaged single zone AC or heat pump 
Based on peak load with 20% oversizing. Average 

Thermostat setpoints 

Duct location 
Duct surface area 

Duct insulation 
Duct leakage 
Cooling season 

Natural ventilation 
- I__-_________- 

Heating: 70°F with setback to 60°F 
Cooling: 75°F with setup to 80°F 
Attic (unconditioned space) 
Single story house: 390 SF supply, 72 SF return 
Two story house: 505 SF supply, 290 SF return 
Uninsulated 
26%; evenly distributed between supply and return 
Charlotte - April 17 to October 6 
Covington 
Allowed during cooling season when cooling 
setpoint exceeded and outdoor temperature < 
65°F. 3 air changes per hour 

~ - . 
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TecMarket Works and AEC 

Frequency Percent Valid Percent 
Detached single-fam ily 654 88.26% 88 .2 6% 
Manu factu redlModu lar home 23 3 10% 3.1 0% 
Condominium 41 5.53% 5.53% 
DupiexXl2-fa mily 14 9.89% I .a9% 

Case No. 2007-00369 
Application, Appendix E 

rage 97 of 99 

Frequency Percent Valid Percent 
1681 89.46% 89.46 % 

111 5.91% 5 91 % 
23 122% 1.22% 

56 2 . 9 8 ~ ~  2 . 9 8 ~ ~  

Appendix D: Housing Characteristics 

Type of home Kentucky Kits Kentucky No Kits 

227 30.63% 30.63% 
177 23.89% 23.89% 
a3 I 1.20% 11 20% 

103 1390% 13.90% 
65 8.77% 8 77% 

548 29 16% 29 16% 
514 2735% 27 35% 
183 9 74% 9.74% 
269 14 32% 14 32% 
157 836% 8 36% 

Total 

524 7072% 71.1 0% 
2 0.27% 0.2 7% 
4 0.54% 0.54% 

Multi-family (3 or more units) 9 1.21% 1.21%1 a 0.43% 0.43% 
741 ioo.aoyo 1 00.00% I I a79 IOO.OOY~ I o o . 0 0 ~ ~  

69.94% 
4 0.21% 0.21 % 
5 0.27% 0.27% 

1312 69.82% 

Year home was built 

741 m o o %  

Don’t Know 
Before 1959 
1960-1 979 

1990-1 997 
1980-1 989 

I 998-2000 

1879 100.00% 

Frequency Percent Valid Percent1 Frequency Percent Valid Percent 
5 0.67% 0.67%1 16 0.85% 0 85% 

a i  10.93% 10.93% 1 192 10.22% 10.22% 
741 100.00% 100.00% I I 879 i o 0 . 0 0 ~ ~  I 00 ooy0 

Number of rooms in home (excluding bathrooms) 

Don’t Know 
1-3 
4 
5 
6 
7 

9 
1 0+ 

a 

Total 

Number of occupants 

Don’t Know 
1 
2 
3 
4 
5 
6 
7 
a+ 

Total 

Heating fuel 

Total 

electric 
natural gas 
oil 
propane 

Fiequency Percent Valid Percent1 Frequency Percent Valid Percent 
3 0.40% 0 ..40% 1 a 0.43% 0.43% 

11 
40 

111 
145 

131 
68 
74 

74 1 

I 58 

I “48% 
5.40% 

I 4.98% 
19.57% 
21.32% 
I 7.68% 
9.18% 
9.99% 

100.00% 

5.40% 
I 4 “98% 

17.68% 
9.1 8% 

19.57% 
21.32% 

100.00% 

34 i a i y o  1.81 yo 
91 484% 4 84% 

279 1 4 8 5 ~ ~  14 85% 
20 06% 377 2006% 

426 2267% 22 67% 
305 1623% 16 23% 
156 a 30% a 30% 
203 1 0 . 8 0 ~ ~  io.aoyo 

1879 100 00% 100 00% 

Frequency 
1 

131 
359 
114 
86 
35 
11 
2 

Percent 
0.13% 

I 7.68% 
48.45% 
I 5.38% 

I “48% 

11.61% 
4.72% 

0.27% 

Valid Percent 

17.68% 
48.45% 
I 5 “3 8% 
11 61% 
4.72% 

0.2 7% 

Frequency 
4 

387 
928 
256 
205 
62 
29 

5 

Percent 
0.21% 

20.60% 
4 9.39% 
13.62% 
10.91% 
3.30% 
1.54% 
a . 2 7 ~ ~  

Valid Percent 
0.21 % 

20.60% 
49.39% 
13.62% 
10.91 % 
3.30% 
1.54% 
0 27% 

2 0.27% 0.27%) 3 0.16% 0.16% 
I a79 IOO.OOY~ I 00.00% 741 100.00% I a0 .ao% I 

Frequency Percent Valid Percent] Frequency Percent Valid Percent 
139 18.76% 18.86%1 415 22.09% 22.12% 

other 68 9.18% 9.23%1 140 7.45% 7.46% 
ITotal 737 99.46% 100 00% I 1876 99 84% ioo.oo%I 
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Total 741 100.00% 

Case NO. 2007-00369 
Application, Appendix E 

Page 98 of 99 

1879 100.00% 

Heating system Kentucky Kits Kentucky No Kits 

213 28.74% 28 74% 
220 29.69% 29.69% 
124 16.73% 16.73% 
163 22.00% 22.00% 
741 100.00% 100.00% 

Central furnace 
Electric baseboard 
Qther 

491 26.13% 26 13% 
548 29.16% 29 16% 
383 2 0 . 3 8 ~ ~ ~  2 0 . 3 8 ~ ~  
389 20.70% 20.70 ?'o 
I a79 IOO.OOQL~ 100.00% 

Frequency Percent Valid Percent1 Frequency Percent Valid Percent 
600 80.97% a i  .74% I 1555 82.76% 83. I I yo 

Frequency Percent Valid Percent 
Central air conditioning 595 80.30% ao .a4% 

Central and room 12 1.62% 'l 63% 
Room window unit 43 580% 5.84% 

Heat pump 7a 10.53~0 10 60% 

7 0.94% 11 0.59% 0.59% 
49 6.61% 0'95%/ 6.68% 114 6.07% 6.09% 

Frequency Percent Valid Percent 
1524 a i . i i ~ o  a i  45% 

22 1.17% 1.18% 
107 5 69% 5 72% 

191 10 16% 10 21% 

Heat pump 78 10.53% 1 0.63% 1 191 10.16% 10.21% 
[Total 734 99.06% 1 00 .OO% I I a71 99.57% I 00 0 0 ~ ~ 1  

Total 741 100.00% la79 IOO.OO% 

Age of furnace 

Don't Know 
0-4 
5-9 
10-14 
15+ 

Total 

Frequency Percent Valid Percent 
246 33.20% 33.47% 
482 65.05% 65.58% 

Frequency Percent Valid Percent1 Frequency Percent Valid Percent 
21 2.83% 2.83%( 68 3.62% 3.62% 

Frequency Percent Valid Percent 
596 31.72% 31.92% 

1252 66.63% 67.06% 

No Response 
Total 741 100.00% 

. .  
None a 1.08% 1.09% I 27 1.44% 1.44% 

ITotal 736 9933% 10000%1 1871 99.57% 100"00%l 

I a79 I O O . O O ~ ~  

Age of cooling system 

Don't Know 
0-4 31.71% 31.71% 2 7.5 1 Yo 27.51 yo 
5-9 32.79% 32.79% 32.30% 32.30% 
10-14 127 17.14% 17.14% 382 20.33% 20.33% 
15+ 14.30% 14.30% 269 14.32% 14.32 Yo 

Total 741 100.00% 1 00 "00% 1 a79 1 o o . 0 0 ~ ~  100.00% 

Water heater fuel 

Electric 
Natural gas 
Qther 7 0.94% 0.95%[ 19 1.01% 1.02% 

!Total 735 99.19% 100.00%1 1867 99.36% 100.00%1 

Water heater age 
Frequency Percent Valid Percent1 Frequency Percent Valid Percent 

Don't Know 7 0.94% 0.94%) 20 106% 1.06% 

0-4 
5-9 
10-14 
15+ 

Total 

291 3927% 39 27% 
305 41 16% 41 16% 
112 15 11% 15 11% 

704 37.47% 37 47% 
746 3970% 39.70% 

17 08% 321 1 7 . o a ~ ~ ~  
26 3.51% 3.5 1 YO I aa 4 . 6 8 ~ ~  4.68% 

741 100.00% 100.00./~ 1879 IOO.OO% IOO.OOY~ 
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Frequency Percent Valid Percent 
556 7503% 75.75% 
165 22.27% 22.48% 

Case No. 2007-00369 
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Frequency Percent Valid Percent 
1437 76.48% 76.76% 
410 21.82% 21.9Oo/o 

Stove fuel 

741 100.00% 

El e ctric 
Natural gas 

1879 100.00% 

INo Response 85 11.47% 

- 
Other 13 1.75% I .77% I 25 1.33% 1.34% 

(Total 734 99.06% 100 00% I 1872 9963% IOO.OO%l 

217 11.55% 
Total 741 100.00% 

Oven fuel 

1879 100.00% 

Frequency Percent Valid Percent1 Frequency Percent Valid Percent 
513 69.23% 78.20%1 1315 69.98% 79.12% 

Frequency Percent Valid Percent 
604 81.51% 82.1 8% 
114 15.38% 15.51% 

Electric 
Natural gas 135 18.22% 20.58%1 324 17.24% 19.49% 

Frequency Percent Valid Percent 
1504 80.04% 80 38% 

336 17.88% 17 96% 

Other 8 1.08% 1.22% I 23 1.22% 1.38% 
ITotal 656 88.53% 100.00%~ 1662 88.45% IOO.OO% I 

]No Response 6 0.81% 8 0.43% 

Dryer fuel 

741 100 00% 1879 100.OOo/o 

Electric 
Natural gas 
No clothes dryer 17 2.29% 2.31%( 31 1.65% 1.66% 

ITotal 735 99.19% 100.00%~ 1871 99.57% 100.00%1 

Total 

_I”- - - .-I - _ _  _. _ _  - -. - I- 
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