
StateofNewHampshire
Public Utilities Commission~

~ULPJJ.C. Case~
Unitil Energy Systems, Inc. ~hThit No.__~~±~

Responses to Staff Record Requests ~II~SS__

DO N’~T~ FROM FILE

Record Request 3: (Reserved Hearing Exhibit No. 6):

Please provide a copy of the study or studies referenced in paragraph A.4.3, on
page 16 of the Company’s Revised Proposal (Exhibit 2).

Response:

Paragraph A.4.3, states that a 10-15 degree turn down of a thermostat for 8
hours a day can generate a 5% - 15% savings. Attachment RR 1-3 provides a
copy of a study completed by RLW Analytics in December 2006, entitled
“Measuring the Impact of Programmable Thermostats”. Table Ex-1, page 2,
summarizes the results of the study and shows savings of between 6.8% and
10.1% depending on the measures installed. The Company used the proposed
savings estimate, shown on page 3, of 75ccf in its screening model.

Person Responsible: Deborah Jarvis Date: May 7, 2009



D.G. 09-053 DO. 09-053
OR 1-3 Attachment I OR 1-3 Attachment I

& Acknowledgments
The authors wish to thank all of the people at the participating utilities who look the time to

~‘~ support and help with this study. Regrettably, we cannot thank everyone individually, but we do
want to acknowledge the contributions made by Jim Carey, New England Gas Company, David
Weher and Lisa Shea, NSTAR Gas, Subid Wagley, KeySpan Energy Delivery, Lisa Glover,Gash 1etVt‘orks Uuitil, Ken Sadlowski, Berkshire Gas, and Marjorie Izzo, Bay State Gas aitd Norllteris Utilities,

PmucuWm~ N~tmat gas Ethr~uncy Inc.. ‘flie data, insight, and support provided by these individuals helped to establislt tile

foundation for this report. RLIV assumes sole responsibility for any errors or omissions ill this
report.

Measuring the Impact of
Programmable Thermostats

Final Report

December 2006

Prepared by

RIW ANALYTICS

179 Main Street, 3rd Floor
Middletown, CT 06457



(k,sNeworks’~
Measuring the Impact ofProgra,u,nahk. I’herinas!ale

lasNctworks
~~

Meawring the impact of
Programmable Thermostats

Final Report

Table of Contents
Executive Summary 1
Introduction 4
Approach and Methodology 4

Experimental Design 4
Sample Size Requirements 5
Mail Survey 5

Billing Analysis Methodology 6
Temperature Normalization 6
Estimating the Energy Impacts 9

Billing Analysis Results 12
Preliminary Analysis 12
Survey Supported Results 14
Supplemental Variables 16
Additional Sub Group Analysis 17
Isolating the Impacts of the Thermostats 18

Survey Results 20
Appendix A — Billing Analysis Date Request 30

Billing Data 30
Tracking Data 30

Appendix B — Establishing a Control Group 31
Appendix C — Introductory Letter 33
Appendix D — Draft Residential Survey 35

(IasNets’orks’
Aleasuring the Impact ofProgran,n,ahle Iher,uostals

GasNetworks
Sn Stn:u sy

Measuring the Impact of
Programmable Thermostats

Final Report

List of Tables

Table Ex 1 — Isolating Programmable Thermostat Savings 2

Table 1 — Sample Size Requirements 5
Table 2— Preliminary Results: Total House 13
Table 3—Preliminary Results: Variable Load 13
Table 4—Preliminary Results: Edited Outliers 13
Table 5 — Summary of Alternative Models 14
Table 6— Survey Enhanced Analysis 15
Table 7 — Additional Analysis 15
Table 8— Supplemental Variables for Use in the Analysis 16
Table 9—Incorporating Fireplace Variable into the Model 16
Table 10— By Type of Home 17
Table 11— By Age of Home 17
Table 12— By Heating System Type 18
Table 13— By Heating System Condition 18
Table 14 — By Heating System Age 18
Table 15— Participation in Utility Sponsored Heating Program 19
Table 16— Participation in a Utility Sponsored Heating Program 19
Table 17— Home Demographics 21
Table 18 — HVAC System Characteristics 22
Table 19— Temperature Settings 25

List of Figures
Figure 1 — Home Description 20
Figure 2 — Rent or Own Home 20
Figure 3 — Renovations in the Past Two Years 21
Figure 4— Participation in Utility Programs 22
Figure 5 — Type of Air-Conditioning in Home 23
Figure 6— How is the air-conditioner used during a typical summer’ 23
Figure 7—Number of Standard Manual Thermostats in Home 24
Figure B — Number of Programmable Thermostats in Home 24
Figure 9 — How is the Thermostat used’ 25
Figure 10 — Programmable Thermostat “Ease of Installation 26
Figure 11 — Programmable Thermostat “Ease of Use 26
Figure 12— Ratings of Pre-Programmed 5 and 7-Day Scheduling 27

05. 09-053
RR 1-3 Attachment I

0G. 09-053
SR 1-3 Attachment I

GasNetwork~ Page iii December 2006 GasNetworks~t~ Page iv December 2006



0.0.09-053 00 09-053

GasNer,vorks’~ RR 1-3 Attsshn,eni 1 OR 1-3 Ailsch,nent I
A~teassrir,g 11W 1~;ipac1 ojProgrcrn,,,,ahle Ther,,,ostajc

Figure 13— Ratings of Manual Override Programming 27
Figure 14 — Importance of Rebate to Purchase a Programmable Thermostat 28
Figure 15 — Customer Reported Rating of Home Energy Efficiency 28
Figure 16 — Plans to Improve Home Energy Efficiency during the Next 12 Months 29 GasNetworks

List of Equations
Equation 1: Estimation Equation 1 Measuring the Impact of
Equation 2: The PRISM Heating Only Model 6 LI I

Equation 3: Determination of Normalized Annual Consumption (NAC) 7 roglainmaure Tneimostats
Equation 4: The PRISM Heating Only Model 7
Equation 5: Gas PRISM Model, with Second Order Terms Incorporated 8 Executive Summary
Equation 6: Existing Homes Simple Regression Model 10
Equation 7: Simple Regression Model, With Individual Measure Engineering Estimates 12 __________________________________________________________________
Equation 8: Estimation Equation 15 ENERGY STARC Pi’ogrammable Tl,er,noslats Save

L Significant Natural Gas Energy for Consumers

Manufacturers often market programmable or set back thermostats as a tool to help
consumers save energy. The energy savings are derived from tile decrease in temperature
a residence is required to maintain during specific hours, such as unoccupied or night
hours. The current literature is mixed regarding tile energy savings associated with
programmable thermostats. EPA has proposed to discontinue the EnergyStar~ labeling
for programmable thermostats citing various field studies which showed that
programmable thermostat installation achieved no significant savings over non-
programmable thermostats. However, these studies were electric fuel focused and were
criticized for tile relatively small sample sizes employed.

To help provide meaningful input into tills issue, GasNetworks authorized RAW to
conduct a survey supported billing analysis on a large sample of participants iii the
GasNetworks EnergyStar~ Qualified Thermostat Rebate Program. The project used a
test-control experimental design to help control for extraneous variables yielding net
program impacts from the analysis. Tile primary objective was to calculate the net
annual gas energy savings for programmable thermostat program participants.

The basic equation used to estimate savings is presented as Equation I.

PostVariableUse/SF—130+ 8~ * PreVariableUse/SF + 132 * EstSaving + 83 * ProgTherm

Equaiion 1: Esiimaiion Equaiion
Where,

PostVariabieUse/SF= Post Normalized Variable Use per Square Foot,
PreVariableUse/SF = Pre Nonnalized Variable Use per Square Foot,
EstSaving — Estimated Savings based on 5% of PreVariableUselSF
ProgTherm Programmable Thermostat Indicator Variable

GasNetworks1O~ Page 1 December 2006
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Using this equstion, the project team developed an estimated savings of 70ccf, or 5.4% of
total household annual natural gas consumption. This estimate is normalized to a 2,000
square foot home with a pre-program normalized annual consumption (pre-NAC) of
l,287ccf. The estimate was derived using a weighted least squares model on a usage per
square foot, an estimated savings of 5% of the variable household load, and an indicator
variable for programmable thermostats. The relative precision associated with this
estimate is calculated to be ±23.7%. This yields a 90% confidence interval from 53.2ccf
to 86.2ccf or a percent savings range from a low of4.1% to a high of 6.7% of normalized
annual total household consumption.

The average number of programmable thermostats in the test group was 1.63, whereas
there were 0.76 programmable thermostats in the control group. This yields a difference
of 0.87 thermostats. Using this difference to calculate the savings per thermostat yields
an estimate of 80ccf per thermostat or 6.2% of pre-NAC consumption. The 90%
confidence interval for this estimate is 6lccfto 99ccf.

There was concem expressed by the project team that the above analysis was picking up
residual savings associated with the promotion and installation of new heating systems
through the various utility sponsored programs. To isolate these effects a supplemental
analysis was completed that examined customers who indicated that they had participated
in a utility heating program and had installed a new heating system during the
participation window. This analysis yielded the results’ presented in Table Ex I.

Na
Savings PcI Change is

Paris Cuniroi 5~are Font E,tin.ote Pre-NAC Sas logs Progrsos Savings Par
(Cumsi) (Count) Ago of IIonIln~ 5,stern (sqft) (oof( tool) 1%) Thnrmns Tirnsustat

415 830 Progranunats9c Thsouootais 1,932 64 945 6.0% 606 75
38 30 I [calls8 i’grn ss/ i4ow Svsloio 1,999 lIZ 1.119 10 1% 6.49 232

453 868 Total .937 65 960 7.1% 6.04 Si
Table Lx 1 — Isolating Programmable Thermostat Savings

Customers participating in utility sponsored program and installing a new heating system
saved I l2ccf or 10.1% of the pre-NAC consumption. The remaining customers, i.e.,
those installing just programmable thermostats, were estimated to save 64ccf or 6.8% of
the pre-NAC consumption. On a per thermostat basis this estimate is calculated to be
75ccf. This is the recommended estimate for use in quantifying the net annual gas
savings impacts associated with programmable thermostats. The estimated relative
precision is calculated to be ±28% yielding a 90% confidence interval from 54ccf to
96ccf per thermostat.

Additional insights were gained from the survey supported billing analysis including that
the energy savings were greater for the following subgroups of customers:

7 Customers with newer (<Syears) and older(>49year) homes;
7 Customers without gas fireplaces;
7 Customers with boiler heating systems;

The resuhis in Table Ex I will differ slighily from 11w aforementioned results due 10 differences in ssmple
size used in the analysis.

GasNei,,orkri5
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7 Customers with heating systems rated poor or average; and
7 Customers in two-story homes with basements.

0.0.09 053
69 1-3 Asashrneni I

A final analysis was conducted to examine customers in the control group with manual
thermostats that indicated they invoked some form of manual control2. The results of this
analysis are interesting in that the customers that indicated they manually controlled their
thermostats actually increased their usage by 25ccf in the post period compared to other
control group customers with manual thermostats. The combined sample size for this
analysis was over 800 with 36% indicating some form of manual control. This provides
compelling evidence to indicate that in spite of the customer’s good intentions they are
actually doing a poor job of reducing their overall natural gas consumption.

Supported by ihe results obtained in tIns project, we believe that the EPA should ~QI suspend
the Energy Star Labelfor Programmable Thermostats in the Northeast. Other equally valid
reasons include:

We are in the midst of a global energy crisis and tIns is not the time to confsise consumers
and the overall markeipluce with “suspensions” of a well known and entrenched energy-
saving prodttct.
The sesver, more user-friendly programmable tlienstoslats are undeniably more likely to
change coussinler behavior than those used in the studies referenced by EPA, making
these studies inapplicable by loday’s standards.

7 Energy etliciency programs combining ENERGY STAR-labeled products with
consumer education have realized significant fossil fuel savings, particularly in
the Northeast.

7 Maintaining the ENERGY STAR label is more important than ever for marketing
energy- saving products such as programmable thermostats.

7 Rising energy costs provide further incentive for consumers to yield significant
energy savings through setback programming.
Suspension of (he ENERGY STAR label handicaps the utilities ability to promote ssd
incentivize a ksosvn energy-saving devise that can help our consLimeru, including our
niosi vulnerable snd how-income csishomers, nave energy and money on what are their
highest fnmel costs they have ever sees.

7 The option of suspending the program is counter-productive given all of the
recent gains realized here in New England regarding programmable thermostats
(i.e., consumer education, retailer partnerships, demonstrated product
improvements, and much greater consumer acceptance, etc.)
The rationale for EPA’s recommendation to ssispend or “sunset” the program is based on
outdated studies conninling of smahh sample sizes. The current study clearly shows
significant esvings, i.e., 7lcef, in nstsiral gas energy,

These cs,stomers indicaled one or more of [lie fohlonving:
We munsiully torn the ihermuostai down (svinier lime) or up (summer) when we are anvay
We manually change ilme iemnperniures during sleeping periods in the svinier
We turn iherntostai up and dosvn throughout ilse day as needed io be romforiable

GasNetworks’5’ Page 2 December 2006 Gasfietworkd6 Page 3 December 2006
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The EPA has Proposed to Discontinue the ENERGY STAR0

L Programmable Thermostat Label...

Introduction
Manufacturers often market programmable or set back thermostats as a tool to Itelp
consumers save energy. TIse energy savings are derived from the decrease in temperature
a residence is required to maintain during specific hours, such as unoccupied or night
Isours. ‘l’he current literature is nsixed regarding the energy savings associated with
programmable thermostats. To support their position site EPA shared five field studies
whicls showed that programmable thermostat installation achieved no significant savings
over non-programmable thermostats. However, these studies were electric fuel focused
and were criticized for the relatively small sample sizes employed.

To help provide meaningful input into this issue, GasNetworks autlsorized I?L1V to
conduct a survey supported billing analysis on a large sample of participants in site
GasNetworks EnergyStarmn Qualified Therntostat Rebate Program. The energy savings of
prograustmable thermostats almost certainly varies by tlte thermal characteristics of sIte
home; the home’s Iseating system, the climate or region, the ease of programming tlse
thermostat, and gas prices in the region. ‘l’he project objective was to quantit~j site energy
savings associated with programmable thermostats on gas heating consumption.

Approach and Methodology
This section outlines the general approach and methodology used in the evaluation.

Experimental Design
The analysis was conducted using a test/coistrol observational study3. Under the
test/control experimental design, utility tracking and billing information was used to

More detail on the aliernasves considered before deciding on the test/control observationsl study can be
found in theRtWproposal doted and presented to the group on April21, 2056.

o.G.59-s53
OR 1-3 Attnnhrnent

construct a participant pooi of customers with a high likelihood of having a
programmable thermostat and a matched non-participant pooi of residential consumers.
The participant pooi was comprised of customers receiving rebates from the
GasNetworks EnergyStarn Qualified Thermostat Rebate Program, and customers
receivistg the installation ot’ programmable thermostats thronugh one of the utility based
residential audit programs.

The parttcipatmg utilities provided program tracking information and customer billing
data based on the data request presented in Appendix A. A minintum of two years of
billing consumption history was required with a preference given to site three years
period from April 2003 through March 2006.

More than 7,000 participants were available for the study. Once these participants were
identified and mapped to the utility billing information, a large 2:1 non-participant (i.e.,
control group) pooi of approximately 14,000 was drawn to “match” the participant pool
based on pre-participation period connuntption. The pre-participation period wan allowed
to vary depending on when site thermostat was provided to site participating consumer.
The specific methodology deployed in nelecting the control group in outlined in Appendix
B — Establishing a Control Group.

Sample Size Requirements
The number of “completed” surveys required for a meaningful study depends on the
anticipated reduction in gas usage. Table I presents the anticipated relative precision
given various sample size combinations. The table assumes a 1:1 experimental design.
Three thousand (3,000) completed surveys are required to show a statistically significant
reduction in usage if the reduction in gas usage is on the order of 6%. This nteans that we
needed to complete about 1,500 participant and 1,500 non-participant surveys to be able
to measure the difference. If the actual reduction in less then more “completed” surveys
would be required and if the reduction is greater then less surveys are required.

Ass,imntinn,
cv 1 5 I I I 5
z 1.645 1.645 5.645 1.645 1.645 i.645
n_test 750 5,000 500 2,000 2,500 3,000
ncontrot 750 5,000 1,550 2,505 2,500 3,050
ret prec t.5% 7.4% 6.0% 5.2% 4.7% 4.2%

Table I — Sample Size Requirements

We assumed a 20% mail survey response rate requiring nearly 15,000 to be mailed.
Therefore, the project team elected to incltide all participants falling within the
participation window and a smaller nuntber of matched non-participastts. Please note
additional questions were included in tlse survey to provide insight into program
operations,

Mail Survey
An introductory letter and survey were mailed to more titan 21,000 customers and
included site 7,043 participants and a matched set of 14,866 non-participants. A copy of

(jasNe(u’orks5
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the introductory letter and survey are provided in Appendix C Introductory Letter and
Appendix D — Mail Survey. A customer incentive (ic., a random prize drawing) was
deployed to encourage customers to respond to the survey in a timely basis. A total of
4,061 completed surveys were retsirned by the deadline.

Billing Analysis Methodology
The billing analysis using the participant group and the control group employs a “time
series comparison/cross sectional experimental design”. The time series/cross sectional
design helps to reduce concerns about self-selection bias and free-ridership and helps the
evaluation achieve internal and external validity. Internal validity means the evaluation
is conducted in a manner that allows the ressilts to isolate the impact of the activity being
studied. When other factors are not recognized, the changes attributed to the program
may be the result of other phenomena. For example, if the experiment does not recognize
the dynamic nature of a participant’s operational or end-use characteristics, their change
in usage could be explained by changes in other participant characteristics. The nsail
ssirvey helps to refine the analysis and account for the significant infhience that
equipment, building shell and operational characteristics has on the impact of the
installation of programmable thermostats.

In addition, the research design can help achieve external validity by ensuring that the
results are representative of a larger population of interest, allowing for the findings to be
generalized. For example, for the programmable thermostat analysis, the information
determined by a sample of participants, and the corresponding control group, permits the
evaluation to represent the total program impacts.

Temperature Normalization
The temperature normalization procedure used in the analysis is the Prnicelon
Scorekeeping IvIodel (PRISM) algorithm. Through years of experience, ]?LW has taken
the fundamental concept of the PRISM methodology and have refined it to produce more
accurate estimates of normalized annual consumption (NAC).

The PRISM algorithm develops a mathematical model that represents the temperature to
energy consumption relationship. This model is shown in Equation 2.

GasAletworks°
ivi’easuring the Impact ofPrograntmah/e Thermostats

The PRISM model reflects that a customer’s energy usage is equal to some base level ?,
and a linear function between a reference temperatsire ?, and the outside temperature. The
constant proportionality, ?, represents a customer’s effective heat-loss or heat-gain rate.

PRISM recognizes that each customer has unique space conditioning operating
characteristics. To capture these unique space-conditioning characteristics, PRISM
examines a range of heating and cooling reference temperatures. The model chosen to
represent a customer’s energy use is the model that best linearizes the relationship between
usage and degree-days. For each customer, an optimal model based on a unique reference
temperature (‘P is identified by the minimum mean squared error (MSE) of the regression.

Once the optimal parameters have been established, normalized annual consumption is
estimated using Equation 3. In the application for the GasNetworks project the NAC is
calculated based on the number of days in the heating period.

NAC_~365*? .j~) *~D~)
Where:

DO, is the mauher of degree days expected in a iypical year.

Equation 3: Determination of Normatized Annual Consumption (NAC)

When this model is applied to a residence’s heating characteristics, it is referred to as the
healing only model (HOM). When this model is applied to a residence’s cooling
characteristics, it is referred to as the cooling only model (COM),

For the analysis of gas consumption data we will use the healing only model (HOM). The
standard PRISM approach to consider heating only loads is calculated using Equation 4.

For a more comprehensive technical discussion sf PRISM, see impact Evaluation of Deutand-Side
Manageutesm Programs, Vslsme i: A Guide to Curreiti Practice. EPRi Repsri CIJ-7178.Vl. pages 5-6.

D.C. 00-053
RR 1-3 Ananhment I

D.C. 00-053
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U, =? +? ° DD,(?) +
Where;

U, — average daily cansumuptiou in interval i.
DD,(?l — average degree days itt interval i, based on reference temperature?.

— parameters to be esumaied In minimize e.
= a randuut error term.

Equation 5: The PRISM Heating Onty Model

°HDD,fI,)+e,
Where:

U, — The gas usage during cycle i.
HDD,(? )— The healimtg degree days based on reference teutperatnre ? , during cycle i.

The coefficients in he esmimaied to minimize the error term.
e, The errur in predicting U.

Equation 4: The PRISM Iteating Onty Modet

GasNetworks’~ Page 6 December 2006 GasNetworks’5 Page 7 December 2006
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As with the standard PRISM procedure, the optimal heating model is determined by
calculating the regression models assuming various reference temperature values (?i).

Expected annual degree-days are applied to the optimal model to calculate a normalized
annual consumption (NAC). The results of the model can be interpreted as:

? ?,, is an estimate of the average base load for a cycle; and

7 7 I represents the heating slope, or the increase in electric usage for each
incremental increase in heating degree days.

The standard PRISM approach uses usage and degree-day5 data on a billing cycle basis.
However, the data has an inherent variability associated with the varying lengths of billing
cycles. For the estimation of the heating slopes (?~) the effects of the varying lengths of the
billing cycle are mitigated. This is a result of the number of degree-days being directly
correlated to the number of days in the cycle. I’towever, the estimates of base load (?~)
reflects the average base load per cycle and does not account for the days in the cycle. In
eftbct, this estimate infers the base load wilt he ?~, regardless of the length of the cycle.
Since base load usage is a function of time, this result may introduce a slight bias into the
calculation. To eliminate this bias, the augmented PRISM approach sines usage per day as
the dependent variable, and expresses the degree days on a per day basis.

The PRISM methodology assumes that there is a linear relationship between usage and
temperature. However, if the assumption is not valid, it could lead to a violation of a basic
regression assumption (i.e., the error terma are uncorrelated). To avoid any bias, an
additional term is considered in developing individual customer gas load models. The term
is heating degree-days squared. The incorporation of this variable is presented in Equation
5.

tJ~ ?~÷? *ttDD,(~?m)+9a*(ttDD,f))S+O

Equation 5: Gas PRISM Model, will, Second Order Terms Incorporated

Since it is not known if the additional variable is significant, models featuring various
variables are considered for each customer. Accordingly, the incorporation of these
additional variables result in many additional models to consider. For example, for the
gas consumption data, the permutations of four independent variables result in 15
different models to consider for each heating reference temperatures.

Alternative models, with different numbers of independent variables, introduce a challenge
to choosing an optimal model. The standard PRISM approach relies on the maximization
of R2 to indicate the optimal model, However, in building mathematical regression models,
the R2 statistic has a tendency to increase as the number of independent variables increases.
Therefore, when comparing models with different numbers of regressors, the maximum R2

(k,sNels’orks’°
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criteria may not lead to choosing the optimal model between alternative models. To avoid
this possibility, an alternative method to detennine the optimal model was used. The
minimization of the mean squared error of the residsials (M55) is a good alternative. The
MS15 accounts for the decrease in the degrees of freedom when an additional regressor is
added to the equation. Therefore, the model that minimized the MS5 will be used to
determine the optimal model to represent the temperature versus usage relationship.

Lastly, in an effort top obtain the most accurate models possible, a system of re-analyzing
poor performing models is employed. A “poor performing model” is defined as one that
produced a negative heating load.

The determination of the optimal model uses a four-step approach. These steps are:

1) The optimal models are determined using all available data.

2) If the optimal model produced in Step I has a negative heating load, the
model is re-estimated omitting the heating slope variables.

3) From the first two steps, the customers with poor models are identified. For
these customers, their predicted monthly usage is compared to the actual
monthly usage. The monthly usage that was aasociated with the prediction
with the greatest error will be omitted, and the model re-estimated.

4) Step 2 is repeated for the models estimated in Step 3.

The optimal nsodels generated by this algorithm are then sised to estimate the Normalized
Annual Conasunption (NAC), for each period.

Estimating the Energy Impacts
The energy impacts are determined through a multivariate regression (MVR) analysis.
The MVR uses the temperature normalized annual consumption (NAC) for the
participants and representative control group, tracking system data, and survey data. The
proposed regression protocol is a comprehensive and systematic approach that has been
applied with great success to the analysis of market based programs. The regression
protocol consists of six steps that result in the selection of an optimal model that
accurately quantifies the program impact. This sub-section describes the six steps of the
regression protocol,

Step 1: The Si’nplc’ Model

During this step an initial regression model is developed using ordinary least sqsiares
(“OLS”). This simple model determined the effect of one important variable (i.e., the
participation indicator variable statsms, or the participant’s engineering estimate of
savings) on energy or demand savings while controlling for all other variables. The basic
forms of this model are shown in Equation 6.

‘We have elecied to use Bosion’s Logan Airpon as the Class A weather siaoon for one in the analysis.

o.o, on 053
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Step 2: l?egrcssion Diagnostics

As a result of the residual standard deviation being related to the size of the customers
gas usage or demand, one regression assumption most often violated is that the standard
deviation of the error terms, (or “residuals) is not constant across the range of predicted
values. When the standard deviation residuals are related to tlse predicted values, the
model is said to be “heteroscedastic.” Heteroscedasticity can often be detected in cross-
sectional models used to analyze DSM program impact. During this step, verification that
the regression assumptions are valid is performed. If the initial regression model is found
to be “heteroscedastic,” ftirther multivariate regression analyses are performed uisder a
weighted least squares (“WLS”) approach.

Step 3: Weighted Least Squares

As discussed above, oise of tlse fundamental regression assumptions is that the standard
deviation of the error terms (or residuals) has a constant variance across the range of
predicted values. When the residuals are retated to the predicted values, tlse model is said
to be heteroscedastic. hleteroscedasticity is a violation of one of the basic regression
assumptions and could result in the mis-specification of mathematical relationships. As a
result of the residual standard deviation being related to tlse size of the customers gas
usage, heteroscedasticity is often detected in cross sectional models used to analyze DSM
program impact.

When heteroscedasticity is present, an ordinary least squares (OLS) approach to
establishing the relationship between the dependent and independent variables may be
inappropriate. An OLS approach that does not correct for the heteroscedastic relationship
of its residuals will yield confidence intervals that are misleading. More specifically, when
heteroscedasticity is present, the OLS regression coefficients are unbiased estimates of the
true parameters, but they are subject to greater statistical variation tItan the appropriate
estimates. Moreover, tlse standard errors produced by the OLS regression analysis are
biased estimates of the true standard deviations of the regression coefficients.

Weighted least squares (WLS) is one approach to correct for heteroscedasticity in
regression analysis. According to econometric theory, the advantages of WLS are:

a) Under a properly specified heteroscedastic model, WLS yields the best linear
unbiased estimates ofthe true parameters and,

GasNet,rorks°
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b) WLS gives an unbiased estimate of the variance of the estimators, providing
appropriate confidence intervals and p-values.

In other words, WLS provides the most reliable estimate of savings and an accurate
measure of the resulting reliability. The theory of WLS depends on a correct specification
of the Iseteroscedasticity. The theory assumes that a positive-valued variable can be
specified: say:, such that the residual standard deviation is proportional to :. Usually, : is
taken to be some measure of size (for example, the pre-retrofit NAC consumption).

The benefits of WLS depend on the correct choice of:, Therefore, it is usefttl to have a
way of comparing alternative candidates for :. If it can be confirmed that
heteroscedasticity is present, the following procedure6 is employed:

I. Postulate a family of possible candidates for:. In the following analysis, the
regression has been estimated assuming that the residual standard deviation is
proportional to pre-retrofit NAC dampened by raising this variable to some
power between 0 and I. This variable will be termed (NACtsc)3 , where 7? 0.
I-here tlse exponent, gamma, is an unknown parameter that creates a family of
candidate choices of:.

2. For each candidate of:, geometrically standardize : by dividing each value of:
by the geometric mean of then sample values of:. The geometric mean is the
n5’ root of the product of the n values of:.

3. Fit tlse regression model using WLS with each geometrically standardized :,
and calculate the root mean square error (RMSE) of each regression.

4. Minimize the RMSE so find the best choice of: and use this particular WLS
regression to obtain the best estimate of savings.

During this step a residual analysis is performed. If heteroscedasticity is suspected, the
models are estimated using WLS.

Step 4: The unabridged Model

During this step an initial regression analysis (usiisg OLS, or if more appropriate, a WLS
approach) is performed. A multivariate regression full analysis model, the ttnahridged
tnodel, is developed. This model consists of any variable that may be significant in the
determination of the program impacts. For example, during the analysis the model may
consist of first degree, second degree and interaction terms using a Participation Indicator
dunsrny variable, pre-retrofit consumption, weather, and any other significant variables
that are readily available for the participants and control groups. During the multivariate

6 The jestilication for this approach is front the statistical theory of etaximunt likelihood estimation.

Althsugh the WLS is ditt’erest, the mathematical derivation of the methodology is she same as used by
Box and Cox in their paperAn A,talysjs of T,’ansformation.c, (Journal of the Royal Statistical Society, Series
B 1964). A good summary of the approach is gives in the text Econontetrics. by OS. Maddala, McGraw
Hill, 1977, pp. 315-317. A similar ntethodology is given in Elements ofEc’onotttet,’ics, by J. Kmenta in
deal svitlt autoregression is time series analysis.
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NAC, —?u+?1NAC15,tt?2P+?,

Wltere:
NAC~~C, = Post tnsiallaiion Normalized Aimimttahiced Consumption for customer i
NAC~5~ = Pre hmtstallation Normalized Annttahized Cottsttmption for cttstomer i
P = Participamiois litdicntor Variable or Engineerittg Estimate of Savings

= Prediction error

Equation 6: Esisming Homes Simpie Regression Model

0.0.59-053
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approach, the inclusion of variables collected through the survey process will be
incorporated.

After the development of the unabridged model, a residual analysis is performed. This
analysis is used to diagnose, analyze, and correct if necessary, any outliers. After the
outlier analysis is performed, the next step is to re-analyze the unabridged model using
the reduced data. Under WLS, this step is used to determine the best gamma for site in
creating the optimal weights.

Step 5: The Refined 51ev/el

The fifth step develops the re/med model, based on the unabridged model, and if using
WLS, the optimal value of gamma. A step wise regression approach is used to eliminate
any insignificant variables of the unabridged model. After this step, the refined model
will feature only those variables that have mathematical significance in the determination
of the energy or demand savings.

Step 6: (,‘alculatio,i ofEnergy Savings

The final step in the analysis estimates the energy savings by using the resultant models.
In this step the savings are calculated using both the unabridged and the refIned models
to examine the impact on savings of removing the statistically insignificant terms.

$gyj~gs Estimation and Results
The final analysis ‘develops expected savings. A sample model is shown below.

Equation 7: Simple Regression Model, With Individual Measure Eugtneeriug Estimates

This approach accurately determines the savings associated with programmable
thermostats, as well as identify significant demographic and operational characteristics.

Billing Analysis Results
This section presents the results of the analysis in a very systematic way. We begin by
examining the EmIl complement of data available for analysis and proceed to the reduced
ssmrvey supported data set.

Preliminary Analysis
The first step is to examine the 6:11 complement of data with available normalized annual
consumption (NAC). Over 2,650 participanls had sufficient pre-NAC and post-NAC for

Dci ylv’etn’arks°
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inclusion in the preliminary analysis. A 5:1 matched control group pool was drawn from
the more than 14,000 available control group customers. Table 2 presents the preliminary
findings based on the total household gas consumption. The results in the table examine
the savings associated with the 2,658 participants and the 5:1 matched group of 10,688
non-participants. As evidenced by the table, the pre-NAC was a very good match (1,167
ccf versus 1,160 ccfl. Gross savings are estimated to be 126 ccf. Accounting for the
reduction in the control group yields a net savings of 37 ccf or approximately 3.2% of
Pre-NAC.

Gross Gross Net Net
Count Pre-NAC Post-NAC Savings Percent Savings Percent

Group (u) (ccl) (cci) (ccl) (%) (ccl) (%)
Control iO,655 t,i67 1,077
Parts 2,658 i,i60 1,034 i26 iO.90% 37 32%

Table 2— Pretiminary Results: Totat house

In Table 3 we examine just the variable load which is thought to be the load most
impacted by the programmable thermostat. Here again, the results are pretty stable with a
net savings of 36 ccf or approximately 4.1% of Pre-NAC.

Gross Gross Net Net
Count Pre-NAC Posh-NAC Savings Percent Savings Percent

Gronp (n) (ccl) (ccl) (ccf) (%) (ccl) (%)
Coutrot 10688 ss3 ala
Paris 2655 584 782 102 11.50% 36 4.i%

If we examine the distribution of Pre-NAC to Post-NAC we can idenlify some outliers.
If we eliminate the top and bottom 1% of the pre/post NAC ratios then we can recalculate
the results to examine the impact, The revised results are presented in Table 4. These
results show a slight increase in the percentage of savings. For example, the savings
based on total household consuntption increases to 43ccf or 3.7%. Similarly, the savings
based on just the variable load increases to 45ccf or approximately 5% of Pre-NAC.

Based On T~t,d OI,,..~

Gross Gross Net Net
Count Pre-NAC Posi-NAC Savings Percent Savings Percent

Gronp (n) (ccl) (ccl) (ccl) (%) (ccl) (%)
Control 0473 1175 tOts
Parts 2604 I i65 036 i32 I i.30% 43 3.7%
Based On variable 1oad

Gross Gross Net Net
Count Pre-NAC Post-NAC Savimsgs Percent Savings Percent

Group (n) (ccl) (ccl) (ccl) (%) (ccl) (%)
Control 0473 590 s26
Parts 2604 896 787 lOS 12.20% 45 3.8%

‘fable 4— J’relimin:mry Results: Edited Oultiert

DO. 59-053
RR 1-3 Asaohrneni I D.0.s9-s53
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Based On Total house

+ ~1 °NAC10, + ?~ °Savingsl.Nll + ?3 °S+
+ ?

Where:
NAC~0,, t’re-iostatlalion NAC
NAC~,, = Post-inssallatioit NAC
Savings1 — Engineering estimate of Savings for Ttsermostat
S, Stirvey variable i

Based On ~S

Table 3—1 retiuminary tesulis: Variable Load

GasNetworks”~ Page 12 December 2006 GasNetworks”° Page 13 December 2006



GosAfetworky°’
Aleasuring the Impact ofI°rogram,nah,’e ‘Iher,nostatc

A number of additional regression analyses were conducted that examined total
household and variable load using a simple indicator variable and an engineering estimate
of savings based on the consumers pre-NAC consumption. Here, we examined these
models using both ordinary least squares and weighted least squares regressions. Table 5
presents a summary of this analysis. The basis indicates whether the total household
consumption (Total) or the variable household consumption (Variable) was used. The
savings variable indicates whether a simple indicator variable (Indicator) or an
engineering estimate of savings (Save Estimate) was used. The regression type
identifies eitlser the ordinary least squares (OLS) runs or the weighted least squares
(WLS) analysis. In this analysis the savings range from slow of 1,8% toa high of5. 1%.
The preferred model is the variable load model that uses the engineering estimate of
savings and the WLS approach. We prefer this model not because it returns the highest
savings estimate but because it has the following characteristics:

7 The variable load focuses the analysis on the load that is effected by the
programmable thermostat;

? The savings estimates allows for the size of the load to be implicitly recognized in
the analysis; and

? The WLS addresses heterscedasticity not addressed by the OLS.

Savings PcI
Savings Regression Estimate Pre-NAC Savings

Basis Variable Type (ccf)
Total Indictor OLS 61 1,273 4.8%
‘J’oiat Save Estimate OLS 71 273 5.5%
Variable Load tudictor OLE 64 1.273 50%
Variable Load Save Estimate OLS 77 i,273 6.1%
‘total Indictor WLS 22 i,287 1.7%
Total Save Estimate WLS 57 1,287 4.4%
Variable Load tndictor WLS 23 1,287 1.8%
Variable Load Save Eslimale WLS 66 1,257 5.l%

Survey Supported Results
The next step in the analysis is to incorporate the survey responses. A total of 4,061
completed surveys were returned and available for the analysis. This included 2,214
participants and 1,847 non-participants. Not all of the completed surveys could be used
in the analysis do to missing information, e.g., square footage data. However, 683
participants had complete and sisable survey and billing information. ‘l’lsese 683
participants were matched on an approximate 2:1 basis to the non-participant pool.
Therefore, the survey supported hilling analysis used a total of 683 participants and 1,264
non-participants.

‘l’he primary variable gleaned from the survey was the square footage of each residence.
This information has been shown to be a significant variable helping to describe the
energy use of consumers. Table 6 presents the survey square footage enhanced analysis
for the total household load and the variable load. The data and results are presented on a

GasNets c,rk,I°
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per square foot basis. The total household load shows a slightly lower savings (4.7%)
compared to the analysis using just the variable load (5.0%). These resulss are very
consistent with the full complement analysis completed earlier.

Pre Post Grass Gross Net Net
NAC NAC Savings Percent Savings Percent

Grossp n (ccf/sqfl) (ccf/sqfi) ~ (%) (ccr/sqft) ~
Cosstrot 1238 0.643 0.595
Parts 669 0.637 0.559 0.078 2.20% 0.53 4.71%
Itased On Variable O_oatl

Pre Post Gross Gross Net Net
NAC NAC Savissgs Percessl Savings Percent

Group n (ccf/sqft) (ccf/sqfl) ~ (%l (cctYsqftl ,J~j,,,,
Control 1238 0.643 0.595
Paris 669 0.637 5.559 0.068 13.90% 0.032 5.02%

Tattle 6—Survey Esslsanced Analysis

Once again, additional analysis was coisducted under OLS and WLS using the savings
estimate. The results are presented in Table 7. The savings estimates range from a low
of 5.3% to a higls of 6.8%.

Savings Pet
Savings Regressio,t Eslimaie Pre-NAC Savings

Basis Variattle Type (ccl’) (ccf) (%)
Total Save Estimate OLS 87 1,273 6.8%
Varialsie Load Sssve Estinsale OLS 86 1,273 6.7%
Total Save Estimate WLS 68 1,287 5.3%
Variable Load Save Estisnate WLS 70 1,257 5.4%

Table 7— Additional Assalysis

The basic estimation equation is as follows:

PostVariableUse/SF=Bo+ flu * PreVariableUse/SF + Ba * EstSaving + fl~ * ProgTherm

Where,

Equation 8: Eslisssatioss Eqisatiots

PostVariableUse/SF= Post Normalized Variable Use per Square Foot,
PreVariableUse/SF Pre Normalized Variable Use per Square Foot,
EstSaving —Estimated Savings based on 5% of PreVariableUse/SF
ProgTherm -‘Programmable Thermostat Indicator Variable

The best estimate of overall net savings is 70ccf, or 5.4% of Pre-NAC of the total
household load. This estimate is normalized to a 2,000 square foot home wills a pre
program consunsption of I ,287ccf The estimate was derived using the WLS model on a
usage per square foot, and an estimated savings of 5% of tlse variable load, with an

DO. 09.053
RR I.3 Attachment I

DO. 09.553
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Basest flu Total ita,,,,

Tabte 5— Suntnsary of Atterssative Models
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indicator for programmable thermostats. The relative precision associated with the
estimate is calculated to be ±23 7% yielding a 90% confidence interval from 53.2ccf to
86.2ccf. This yields a percent aavings ranging from a low of 4.1% to a high of 6.7% of
Pre-NAC total conaumption. The average number of programmable thermostats in the
test group was 1.63 and 0.76 in the control group. This yields a difference of 0.87
thermostats. Using this difference to calculate the savings per thermostat yields an
estimate of 80ccf per thermoatat installed or 6.2% of pre-NAC consumption. The 90%
confidence interval for this estimate is 6lccfto 99ccf

Supplemental Variables
tn addition to the square footage variable, a series of supplemental variables were tested
to see if they provided any added explanatory power to the analysis. Table 8 presents a
listing of these variables. Only the gas fireplace variable with a 21% saturation rate
showed significance at the 90% level, however, the supplemental heat variable was very
close,

Variable Significant? ~
healed Basement No 0.5347
Ulttity Prograns No 0.6756
Gas beat No 0.si3i
Supplemental heat No 010 13
Tbernsostat Use No 0.7038
Ceiling Fans No 0.5015
Generators No 0.3068
Fireplace Yes 0.0345
Efficient hionse No 0.4049
People No 0. 8407
Aduths No 0.5314
Children No 0.8806
Pets No 08813

Table 8—Supplemental Variables for Use in the Analysts

Table 9 shows the results of incorporating the fireplace variable into the model, This
model indicates that custonsers without gas fireplaces (79% of the population) save
approximately 5.9% of the Pre-NAC consumption versus 4.4% for those with gas
fireplaces. Interestingly, the savings estimates are slightly lower than the best estimate of
5.9% due to a slightly higher normalized annual consumption.

Ssvin~s
Eslimate Pre-NAC Pci Savings

N Variable (ccl) (ceO) (%)
109 Fireplacs 63 1,392 4.55%
542 No Fireplace 72 1,275 5.63%
651 70 1,295 543%

Table 9— tncorporating Fireplace Variable into the Model

GasNeoi’om’ks°
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Additional Sub Group Analysis
Supplemental analysis was conducted to look at various subgroups including:

2 Type of Home;
7 Age of home;
7 Heating System Type: and
7 Heating System Condition.

DO. 50.553
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Once again, these estImates will vary slightly due to a change in the number of sample
points used in the regression analysis.

By Type of Home. Table 10 presents the savings estimates for various types of homes,
The savings estimate range from a low of 2.4% for two-story crawl (please note the
sample is only 20 customers) to 8.7% for single story crawl (here again, the sample size
is small at only 17 customers).

Savings Pct
Paris Control Square Feel Estimate Pre-NAC Savings

(~~9 (~~(l llome Type tsqft) Jgç9_ JSSfL
17 23 Single Story, Crasvl 1,445 79 907 8.7%

145 280 Single Story, Sasenrent 1,570 49 916 5.4%
20 45 Two Story, Crassl 2,016 26 i,i 10 2.4%

348 607 Tsvo Story Sasenrenl 2,152 71 1,008 7.6%
52 ItO Olber 2,027 63 969 6.3%
40 95 ApI or Condo 1,369 40 678 6.0%

622 1.180 1,932 62 961 6.5%
Table 10— By Type of hlonte

By Age of Home. Table II presents the estimated savings by age of home. Surprisingly
new homes saved an average of 11.7% of the Pre-NAC and the oldest homes saved an
average of 8.8% of the Pre-NAC consumption. Houses with an age between 5 and 49
years displayed a reduction in the 3.2% to 3.8% range.

I Savings PcI
~ Parts Control Square Feel Estintate Pre-NAC Savings
[çcpppt) (Count) house Age (sqfl) (ccl) (ccl) (%)

68 133 Less tItanS years 1,990 113 961 I I.7%~
115 244 Sin 24 Years 2.124 29 778 3.s%j
201 321 251049 Years 1,806 30 939 3.2%I
238 482 Overssyears 1.929 90 1.085 5.5%
622 1,180 1,932 64 968 6.6%

Table II — By Age of Itome

heating System Type. Table 12 presents the results by primary heating system types.
The greatest savings were for boiler systems with a 9.1% Pre-NAC savings calculated
compared to a 4.2% for forced air tiirnaces.
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Savings PcI
Paris Control Estimate Pre-NAC Savings

(Count) (Count) Henting System (ccl’) (ccl’) (%>
275 539 Force Air Furnace 38 888 4.24%
328 607 Boiler lOt 1,101 9.14%

Table 12 ... By Iteaiing System Type

Heating System Condition. Table 13 presents the savings estimated based on responses
to the question regarding heating system condition, While the sample size is small, those
customers indtcattng a “poor” heating system condition had the largest percent savings at
nearly 8.7%. For those with “average” system conditions the savings were 7.6% and
8.5% for those classified as “good”.

Ileatiag Savings Pet
Parts Control System Sqnare Feet Estimate Pre-NAC Savings

(Connt) (Count) Condition (sgft) (cci) (ccl’) (%)
tO 45 Psor 1,828 54 967 8.7%

153 334 Average 1,800 76 990 7.6%
445 770 Good 1,984 63 965 6.5%
608 1,149 Total i,935 66 971 6.8%

Table 13— By tteatiog System Condition

Isolating the Impacts of the Thermostats
There was concerned expressed by the sponsors that the impacts of the programmable
thermostat not be conditioned by the replacement of a heating system. To isolate the
impacts we conducted the following supplemental analyses:

7 Heating System Age;
7 Participation in Utility Heating Program;
7 Participation in Utility Heating Program with a New Heating System.

Heating System Age. As conjectured, the age of the heating system has a material
impact on program savings. Table 14 presents the savings based on heating systems that
were installed during the test period (i.e., less than or equal to 2 years) and older systems.
There are significantly more savings for the newer systems wills an estimate of lO4ccf or
10.7% for the new systetnn compared to ólccf for the older systems. In this table we
have included the net change in program thermostats in order to calcstlate the net savings
per added thermostat. The savings per thermostats are calculated to be I 80ccf for the
tsew systems and 67ccf for the older systems.

Net
Savings Pet Change in

Ports Control Age of heating Sqoare Feet Estimate Prc-NAC Savings Program Savings Per
(Connt) (C000tl System (sql’s) (cci) (cci) (%( Tt,rrmos Thermostat

tOO 117 < 2 Years 1,971 i04 973 111.7% 0.58 150
345 751 >2 Years 1,927 61 955 6.3% 0.90 67
451 865 Total 1,937 71 959 7.4% 0.55 53

‘table 14— By Pleating System Age

Participation in Utility Sponsored Ileatitig Program. Similarly, we examined the
impact of customers participating in a utility sponsored heating program. Table 15
summarizes these findings. Customers participating in a utility sponsored program saved
ill ccf or 10.4% of their pre-NAC consumption. On a per thermostat basis the savings
were calcitlated to be I 83ccf. For those customers not participating its a utility sponsored
prograns the savings were calculated to be S7ccf or 5.9% of the pre-NAC consumption.
Here again, on a per thernsoslat basis the estinsate was calculated to be 63ccf per
thermostat.

Net
I Savings Pet Ctsnnge in

Parts Cootrot Sqoare Feet Estimate Pre-NAC Savings Program Savings Per

I tCooot( (Count) Program tsqrt( (ccl’) (eel) (C/n) Thermos Thermostat
67 48 t’rograns 1,968 III 1,073 10.4% 5.6l ItS

447 987 Ne Program 1,931 57 962 5.9% O.9i 63
514 1,035 Total 1.936 64 976 6.6% 0.89 72

Table IS — Participation in Utility Stsonsored heating Program

Participatiott in a Utility Ileatittg Program with a New Heating System. Finally, to
isolate Just the tnspacts of the programmable thermostat program from the new heating
system replacements, we examined customers that indicated they had participated in a
titility sponsored heating program that had a new heating system installed during ostr
participation window, i.e., less than or equal to 2 years. Table 16 presents theses results.
Customers that participated its a heating system program and installed a new heating
system in the past two years saved on average 11 2ccf or 10.1% of their pre-NAC
consumption. This translates to a per thermostat savings of 232ccf. For all other
customers, the savings were estimated to be 64ccf or 6.8% of the pre-NAC consuniption
for a per thermoslal savings of 75ccf. We believe the 75ccf is the best estimate to use for
the addition of a progransmable thermostat installed through the program.

Net
5avtogs Pet Ctussge is

Parts Cantret Srtuarr Pert Estimate Pra.NAC 5ns’iogs Program Sos jogs Per
tCeostt (Conost Age ~,f iteatiog S~steor (srtltj lrrt) (ret) (%l Thermr,r Therorost~st

41) 535 Programnrablo Thorono,tats .932 64 0.i0 68% 056 75
38 30 I tcatnrg ‘gre ,v/ Now Svstc,n .990 112 IllS 11% 049 232

453 868 Total 1,937 68 960 7.1% 084 SI
Table 16— Partici1sahion in a Utility Sponsored tleating Prograns

Noit-participattts Who Controlled titeir Manual Thermostats. A final analysis was
conducted to examine customers in the control group wills manual thermostats that
indicated they invoked some form of manual control7. The results of this analysis are
Interesting in that the customers that indicated they manually controlled their thermostats
actually increased their usage by 25ccf in the post period compared to other control group

These csslsnters indicated one or mnre of the following:
We esaeaally tore ilse thermostat down (winter lime) or op (samnter) when we ore away
We marsually change Ilse temperatures daring sleeping periods in ihe winIer
We tare thermostat up and down ihronglmoat the day as needed lobe comfortable

0.0. so-sOs
SR 5-3 Aennhmenl I 0G. 89.003

RR 1.3 Aitoehmrni I
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Customers with manual thermostats. The Combined sample size for this analysis was over
800 witls 36% indicating some form of manual control. This provides compelling
evidence to indicate that in spite of the customer’s good intentions they are actually doing
a poor job of reducing their overall natural gas consumption.

Survey Results
This section presents additional findings from the mail survey for the participants and
non-participants.

Home Characteristics
Customers were asked how to best describe their home. Figure 1 below shows the
customer reported descriptions of their homes. A two story home with basement
represented the majority of the responses for both the participants and the control groups.

Figure 2 shows the results of the question “Do you own your home or rent it? The
majority of participants (96%) and the control group (9 1%) own their homes.

figure 2— Rent or Own Home

GaxIIesr’orko’
Ahoassring the Impact eofPrragrammahle Thermroslaln

0.0.09-053
RR 1-3 Asauhrnent I

Table 17 below shows additional demographic data about the customer’s homes. Both
the participant and the control groups reported home ages with a mean of over 50 years.
TIse reported length of time in their home for the participants was 14.5 years and 19.4
years for the control group. Next, the customers were asked how many square feet of
living space their home had. Both the participants and the control group reported their
homes to have 1,975 ft2 and 1,958 ft2 respectively.

Moon So, ,onso Modior, I6nsponoo
Control Control

Qnoniion i’orliorponl, (iroop Poriroqornin
I low old no your borno’ 33 000~0 33 term 46 von 43 scorn
low boo lone you (non in tori, Inonno? IS Svo.n,r i94 roam, Oroaru IS room,

I lois retry lbtoflorngspaoo Coos your sine 1,975 II’ 1,959 ti~ 1,80(1 l1~ 1,792 I1~
boro’t(rsolnrdo boated irauernorri arid garages;

Table 17— Home Demographics

Renovations and Utility Program Participation
Figtire 3 provides the answer to the question of what percentage of customers completed
an addition or major renovation in the past two years. Approximately 27% of
participants and 20% of the control group reported an addition or major renovation
project.

Next, custonsers were asked: “l-Iave you participated in a Utility Sponsored energy
efficiency prograns in the past two years?” The participant group reported 30% of
customers having participated in a utility prograns. The control group reported 15%
participating in a utility program.

Figure 4 shows the participant and control group reported types of programs they
participated in. The majority of participation for both the participant (14%) and the
control (6.5%) groups was for heating systems.

Which of the following beat describes your home?
Ham. Typ..

Iignre 1 — home Description

Do you own your home or rent it?

Have you added onto your home or completed any
major renovations in the past two years?

Additions or Major Renovations?

Own or Runt Home?

uaann is, ,,i,,,,i,,.r,,

Participants Control

Figure 3—Renovations in the Past Two \‘ears
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Heating Systems
Table 18 reports the customer heating system information. Both participants and the
control group report boiler systems as their primary heating source. The participant
group reported the average age of heating systems at 11.9 years, and the control group
had an average age of 14.9 years. Most of the customers reported that they felt their
heating system was in “good” condition.

Control
Question Participants Q~gi~p

Types of Heating System:
Forced Air Furnace 409% 47.4%

Boiler (Steam or Hot Water 552% 48.0%
Other 2.9% 3.7%

Mean Age of Ileatins System It .9 Years 14.9 Years
Customer Reparted Condition of
‘4eaties System

Poor 2.2% 3.6%
Averaee 26 3% 30.0%

Good 69.7% 63.7%

Air-Conditioning Systems
In Figure 5 tlte customers were asked “What type of air-conditioning does your home
have?” The majority of customers reported having window a/c units (50% for parts and
49% of the control group), additionally, 35% of parts and 34% of the control group had
central a/c units. Only 14% of parts and 16% of the control group reported no air-
conditioning at the moment.

Customers that reported having air-conditioning were then asked the following question:
“How do you use your air-conditioner during a typical summer?”

As Ftgure 6 below shows, the majority of customers reported using ttseir sic only on very
hot days (40% of participants and 38% of the control group).

Thermostats
This sectton covers the questions regarding types of thermostats and their use in the
custotner’s homes. Ftgure 7 shows the customer reported numbers of manual thermostats
in homes. Not surprisingly, 73% of the participants reported not having any manual
thermostats in their home, whereas, only 40% of the control group reported no manual
thermostats in their home.
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What Type of “Utility Sponsored’ Program?
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Figtire 4— Participation in Utility Programs

What Type of Air-Conditioning
Does Your Home Have?

an,,.,

Figure 8—Type of Air-Conditioning in home

Table 18— HVAC Systent Characteristics

How is the Air-Conditioner used During
a Typical Summer?

guava,, V~ty Hot nays nOnly on Very Hot s,,d Wa,,,, Day.
OOn Stoat Oumma, 0.,,. Oath,,

Figure 6— How is the air—conditioner toed dttring a typical stlntmer?
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Figure 8 reflects the customer responses regarding the number of programmable
thermostats in the home. As one might expect over 93% of the participants reported
having one or more programmable thermostats in the home, conversely, only about 50%
of the control group reported having a programmable thermostat in the home.

Customers were next asked to report how they used their thermostat. Figure 9 shows the
results of that question. Here we see that nearly 60% of the participants report using a
unique schedule that they have programmed into their thermostat. Only 28% of the
control group responded that they used a unique program schedule.

GasNc’tworks°
itleasuring the Impact ofPrograrnntab/e ihen,,u,stats

Figure 9 -~ How is the Thermosiat used?

Table 19 presents the meats and median temperature settings reported by the participants
and control group customers, The participants seemed more energy efficient in their
thermostat settings with higher temperatures in the summer and In wer temperature in the
wittIer.

Participants Csntrnl Group
Daytype Mean Median Mean Median

Summer Weekdays 70.4 74.0 65.t 72.0
Summer Weekends 70.1 73.0 67.8 720
Sunnner Night Tinos 69,7 73.0 67.2 70.0
Winter Weekdays 66.4 6s.0 67.5 6t.0
Winter Weekends 68.0 68.0 68.5 65.0
Winter Night Time 63.8 64.0 64.9 65.0

Tabte t9— Tempertiture Settings

Customer Ratings of Programmab’e Thermostats
This sectton reports the customer responses in regards to the installation and use of their
programmable thermostats. The cctstomers were asked to rate on a scale of 1—Impossible
to S-Easy the following characteristics.

Figure 10 shows the results for “Ease of Installation”. The majority of the respondents
(47% of parttctpants and 22% of the control group) reported that their programtnable
thermostat was “Easy” to install. Approximately 1% of the respondents thought the
programmable thermostat was impossible to install.

Temeeratnre settines

DO. 09-053
RR I-S Attashment I

How Many Standard Manual
Thermostats are in Your Home?

Pe,I,c,panl Mean Nu,,bor of Manuel The~muslals In Home o54s
Cunl,sI Gloup Mean Numbe, of Manual Tha,moolato In Ilnmo o5 96

0G. 09-053
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Figure 7—Number of Staiadard Manual Thermostats in Home

Which Statement Best Describes How You
Use Your Thermostat?

I ~i

How Many Programmable Thermostats
are in Your Home?

‘Pa,I~6panI Mean Nunta,ol P,00tan,,nbIe Tha,noolala In Honn 1 56
Cnnf,oI G,Oup WaCfl 5.4960, 01 P,ou,an.n,Oe Tb~,nealato In Hnme 0 74

Figure 8— Number of Programmable Thermostats in Home
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Figure 10— Programmable Thermostat “Ease of Installation”

Customers were also asked about the “Ease of Use” of the programmable thermostat. As
Figure II below shows 41% of participants and 21% of the control group Ibund their
programmable thermostat easy to use. Less than 1% found it to be impossible to use.

Figure 12 summarizes the customer responses when asked to give a rating of the
programmable thermostats pre -programmed 5 and 7-day schedule. Nearly 60% of the
participants gave it a 4 or 5 rating while only 26% of the control group gave the same 4
or 5 easy to use rating.

Rating of Programmable Thermostat Characteristics
‘Pre-Programmed 5 and 7-Day Schedule’

(1 to5scalev.,lh1 baIflg’in5Oss~blCand5mean~ngea,y)

~
Figure 12— Ratings of Pre-Programmed Sand 7-Day Scheduling

Figure 13 reflects customer responses regarding the ease of using the manual override
programinmg for their programmable thermostat. The mean for tIre participants was 4.3
and the control group reported a mean of 3.5. Nearly 72% of the participants and 34% of
the control group rated it a 4 or 5.

Importance of Rebate
Customers were asked to rate on a I “Not Important” to S “Very Important” scale how
Important the rebate was on their decision to purchase a programmable thermostat.
The vast majority of participants (82% of respondents) indicated that the rebate was an
important factor in their decisi on to purchase a programmable thermostat.

D.C. s9-0s3
RR 1-3 Asachrnnnt I
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Rating of Programmable Thermostat Characteristics
“Ease of nstallatiorl’

(ltosacalacdhl bo~nu~~neclbIe’and5nean,n~eaay)

,pa,,c,m,,m,Iea,l,,easc~rr,co!,e,~ 43~

Measuring the Impact ofProgrammable Thermostats
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Rating of Programmable Thermostat Characteristics
“Ease of Use”

(lies scale call, 1 beIn ,npo&slbl& and 5 n,eanino ‘easy’)

sc
Figure II — Programmable Thermostat “Ease of Use”

Rating of Programmable Thermostat Characterishcs
‘Manual Override Programmin~’

(I io5scslawlh 1 beng’InWassthleandsmeanng’aasy’)

Figure 13— Ratings of Manual Override Programming
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Energy Efficiency
Customers were asked to give a rating of their homes current energy efficiency level on a
I “Very Inefficient” to a 5 “Very Efficient” scate, Both participants and the controt
group gave their homes an average score of only around 3 as seen in Figure 15. This
would lead one to believe that they feel more can be done to make their homes more
energy efficient and provides opportunities for the utility to offer additional energy
efficiency programs to its customers.

Ftgnre IS — Customer Reported Rattag ut home Energy Efficiency

Customers were then asked “Over the next 12 months, what do you plan on replacing to
improve the efficiency of your home?”

Over ihe Nexi 12 Msnihs, Which of ihe Following ds You Pianos
Replacing Is Improve Your Homes Energy Efficiency?

1% Responding Yrsi

OWeaih.,.t,ippi,,g

UE,l,,iar5oo,~

nCeih,g!Anic

nFiaa,insui.ca,,

laylali raW, lion

•WalerO,,l!ng

oNeaSngsyeem

Ftgure 16— Plans to Improve home Energy Efftctency during the Next 12 Months

Weatherstripping (participants 17% and con trol 14%) nvas the number one item
customers planned on accomplishing over the next 12 months to improve their homes
energy efficiency. ‘l’his was followed by windows, doors, insulation measures, water
heating system replacements and lastly heating system re placements,

DC. 09-053
ER 1-3 Asachnneni I

How Important was the Rebate in Your Decision to
Purchase a Programmable Thermostat?

II I, S rail, ,,,fl loaI,,si,! inpa,nnr and S ,nran,,aVa,y inp,,tanfl

Ftgnre 14— Importance of Rebate to Purchase a Programmable Thermostat

(*gsNetii’ork,/t
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Control

Participants

Self Rating of Homes Current Level of Energy
Efficiency

(lix ‘Very inefficient and 5 is ‘Very Efticienr)

Parleiponta Canto!

Petapant G,aup Sot e,ir,g a Hcnoo Enr~ay Elfidonay Mo,, ,5 2
cnn!,,! S”a. Sri! Rating,! Ham,, Enoagy EtSn,o,cy Moan SO
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Appendix A — Billing Analysis Data Request

Billing Data
We need to secure monthly billing data for the full population of programmable thermostat
participants and a relatively large sample of potential non -pariicipasls. The following record
layout describes the informalion typically included in the population billing file:

? Utility identifier, e.g., utilty name;
? Customer identifier, e.g., customer account number;
3 Any available Customer descriptors, e.g., housing type (ic,, single family or

multifamily) geographic region, congestion region, cttstotsser class, rate class, etc.,
? Addressing information including customer tiame, service address, service city,

service zip code, mailing address, mailing city, mailing zip code, and telephone
number.

7 24 months to 36 months of billing history. This information should include at
least 12 months pre-period participation, and 12 tssonths of post -participation data.
At a minimum the monthly billing data shotild encompass the period April 2004
through March 2006. The data should include:

Monthly billed usiige,
Read dates (i.e., fiotn and to),
Number of days in the billing cycle, and
Billing code (e.g., estimated, or actual).

In addition, we would like to obtain a large pool (i.e., 10,000+) of non -participants for
use as a potential control group. Ideally, these would be customers that had not
participated in the programmable thermostat program. The same type billing infonnation
listed above will be needed for the control group pool.

Tracking Data
Available program information for each of the programmable thermostat participants will
be needed. This information includes:

Participation/measure purchase date;
Utility name;
Customer type (i.e., residential or commercial);
Customer name, street address (where install ed), city, state and zip code;
Landlord/Owner natne if ditferent, street, city state, zip code;

~ Thermostat mantifacturer I and model number 1; and
Thermostat manufacturer 2 and model number 2

(jasNeI,i’orks’~
il.leasuring the Impact ofProgrammable Ther,no.aogs

Appendix B — Establishing a Control Group
The Control Group for the billing analysis was developed following a five step algorithm:

I. An appropriate pool of potential control group customers will be established,

2. Criterion will be developed to match control group pool customers to participants.

3. Known participants will b e eliminated from the control group pool.

4. The participant information will be stimmsrized in a manner to allow for the
efticient matching with control group pool tnembers.

5. The control group pool customers will be compared to each participant and
selected to fairly represent the participant pool. We anticipate selecting up to five
control group participants for each lest group participant.

Each of these steps is explained in detail below.

Step I: The E,stahli,sliment of’a (‘ontrol Group Pool

In order to efficiently develop a control group, the sponsoring utilities have been asked to
provide billing information for a large random sample of residential customers that are
otherwise eligible for the programmable thertnostat program. Each bill for the “control
group pool” will be examined. This examination will be consistent with the editing
procedure applied to the participants.

Step 2: Eliminating Knosm’n Participants

After the initial edits, any known past or current programmable thermostat participant
will be eliminated from the control group pool. This will be done by matching the
control group pool to current and past participants derived from the available tracking
data

Step 3: The Eslahlishnscnt ofControl Group Matching Criteria

This billing analysis is somewhat unique in that the variable we are trying to control for is
the presence of a programmable thermostat. Since this is not an indicator that will be
contained on the billing records at the utility, we will be conducting a mail survey to
establish the actual control group pool. The draft survey is provided in Appendix B. The
survey is being sent to bolts the control and participant groups. Once the standard
thermostat customers Isave been established they will be matched to the participant pool
based on annualized usage and correlation of monthly bills.

Step 4: Preparing the Participant Files

To accurately match the participants to the control group a file will be created with all
relevant participant information, This file is expected to in elude participant aeeottnt

0.0.09.053
RR 1-3 Allachrnent I
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number, rate code and annualized pre -installation usage. Up to five stratum will be
structured for use in selecting the control group pool.

Step 5: The fts/ahl,sh,nenl oft/ic Control Group

GasNetii,orkch
IvIc’asiirzng tile Impact afPragramtiia/,Ie ‘ihermoitats

During this step, each control group pool customer will be compared to each participant
in that stratum. For each control group pool customer, the correlation between the
control group customer’s and the participant’s pre -installation period usage will be
examined. The control group pool customers with the Isighest correlation, i.e., slope
closest to I and intercept closest to zero, will be selected as a control group member. For
each participant, we will select up to five control group pool customers with the highest
correlation in normalized annualized usage to represent each participant. These customers
will be designated the final control group.

The control group will be chosen wit/i replocemeni. Selecting a sample with replacement
allows a customer to have the potential of being designated a control group member for
more than one participant.

The billing information for the control group members will be retained. Each control
group ineniber will be assigned its corresponding participant’s installation window in
order to separate the consumptiois between pre- and post-installation periods.

Dear <<name>>
Address
City State Zipcode

GasNetworks continually works to help its customers purchase proven energy saving
products. We need your help now in determining how much natural gas is saved by
using ENERGY S’I~AR~’ programmable or set-back thermostats. It’s real easy to help -

simply answer the questions on the enclosed survey and return the survey to us in the
postage paid self-addressed envelope provided. Please, we need your help even if you
just have a manual thermostat(s) in your home.

Our consultant, l?LW Aiialytics, will use your response to help determine how much
natural gas is saved by using these devices . Your individual responses will be kept
strictly confidential. As an added incentive, if you complete the online survey or return
the mail survey by Wednesday, September 6, 2006 your name wilt be entered in our
“prize” pool drawing. The prize pool includes several very exciting items i ncluding a
large flat screen television (a S 1,500 value), a $500 gift certificate to Home Depot, and
three IPOD shuttles.

Your survey response can be provided in one of two ways:

I.) Fill-out and return the attached survey in the enclosed postage paid
stamped envelope, OR

2.) Go to http://www.energysurveys.org/gasnetworks enter the following
survey code <<Survey ID Code>> in the text box provided and then
proceed with the survey.

Thank you in advance for your help with this very important project. If you have
questions or concerns about the survey, please contact your utility representative. A list
is provided on the back of this letter.

Sincerely,

Curt 0. Puckett, President
RLWAnalytics

0G. 55 053
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Appendix C — Introductory Letter
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July 24, 2006
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GasNetworks

2006 Residential Survey

Utility Contact Sheet

GasNetworks utility contact information:

New England Gas Company
James Carey
Manager, Trade Relations &
Conservation
(401) 574-2061

NSTAR Gas
David Weber
Senior Research Analyst
(781) 441-8763

KeySpan Energy Delivery
Subid Wagley
Program Manager Research Evaluation
(781) 466-5448

Unitil
Lisa Glover
Energy Efficiency Program Analyst
(603) 773-6483

Berkshire Gas
Ken Sadlowski
Lead Analyst
(413) 445-0345

Bay State Gas
Marjorie Izzo,
Residential Program Manager
(508) 836-7350

Northern Utilities, Inc.
Marjorie Izzo,
Residential Program Manager
(508) 836-7350

Unique ID:
Name:

Address:
City, Stats Zip:

QI. Which of the following best describes ysur home:

o Single-story with crswlspace o Msbile Home or Traiter
o Siugle-stsry snith hssemest o Apartment orCssdominium
o Two-story svitts crawlspace o Other, Describe___________________
o Two-stsry with basement

Q2. Do you osvn your home, or is it rented? 7 Own ? Runt

Q3. Flow many rooms are mu your home? (ptease exclude hattways, battsroonss, and basements)

Q4. How otd is you borne? Years

Q5. I-low long have you lived in this home? (If not ssmre, please estimate) Years

Please answer one, or both, of the fottosviug qsestions to help as assess the square footage of your home.

Q6u. Ataproxirnately how many square feel of living space does your house have? (Please exclude an-
heated basements aisd garages) Square ft.

Q6b. If you are unsure of the square footage, please provide the approximate outside dimensions of your
boson? (Esumnple 30 X 50’) ft. X ft.

Q7. What fractioa of the basement is heated?
7 Nose/Na Basement 7 All 7 ¼ 7 ¼ ? /m

QO. Have you added onto your home or completed any major renovations in the past two years?
?No ?Yes

Q I Sc. What type of heating systens do you have?
o Forced Air Furnace
o Boiler (Steana or Ilot Water Radiant)

Qt Od. Please specify the age and condition of your heating system. Years

Condition: ? Poor ? Average ? Good

o Other._______________________________

(;asgeeirorksx
Measuring the Iuipact ofProgrammable Then,mostats
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Appendix D — Draft Residential Survey
GasNetworks

Residential Survey — ENERGY STAR® Thermostats

Q9. Have you participated in a utility sponsored energy efficiency program in the punt tsvo years?
No ? Yes If yosi aassvered “Yes”, did the program involve any of the following:

I leasing System ?Water heating System ? Added Insulation ? Windows ? Audit/Blower Door

QtOa. Is natural gas tIme j~bmw’ tmeatimmg fuel smsed to meat your home? ? Yes ? No

QIOb. What other fimels are used to heal your home?
o None o Propane
o Wood a OIlier:____________________________
o Electric
o Oil
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Q13a. How many of each of the following thermostats do you have in your home? QIS. Do yoa have any indoor pet dog(s) that you let out frequently? ? Yes ? No

) Standard Manaal Thennostats: 7 0 7 1 7 2 ? 3 7 4 7 5 or More

3 0,,

- ~. Prograutmable Thennostats: 7 0 7 I 7 2 ? 3 7 4 ? 5 or More
Qt3b. Whiclt statement best describes how you ase your thenuostat:

o We are using the pm_programmed schedule to control the temperature in our home
o We programmed in a unique schedule for controlling the teusperature iu our tome
o We fealty don’t use it — sve simply maintain the same temperature setting night and day
o We manually torn the thermostat dosvn (winter time) or up (summer) svhen sve are assay
o We manually change the temperatures during sleeping period s in the winter
o We turn tlsenisoslat up and dosvn throughout the day as needed to be comfortable

Q t3c. Please indicate your usual thermostat settings during the following times and seasons. (Please record
your answers is degrees Fahrenheit.)

Sunrnser: Winter:
Weekdays:
Weekends:
Night ‘time:

Qt4. Please rate each of the following characteristics of your programmable thermostat oa a scale of
I-Impossible to 5-Easy? (Please skip if you only have standard manual thermostats).

tmpossible Easy
Ease of Installation: 7 I ? 2 7 3 ? 4 7 5
Ease of Use: ? t 72 ? 3 74 7 5
Findimsg a style/color to issatcls

your home’s decor: ? I 7 2 7 3 7 4 7
Pre-programmed 5-day/7-day schedule: 7 1 ? 2 7 3 7 4 75 7 N/A
Manual Override Programming: 7 1 ? 2 7 3 ? 4 ? 5 7 N/A

QtS. On a scale of Ito 5 swtti I being “Not tniportttut” usd5 being “Very Insportaut”, please rate tmosv
important the rebate season your decisiou to purchase ttse progruasmobte thermostat.

Not Important Very Important
Importance of rebate oil purchase: 7 I 7 2 ? 3 7 4 7 5 7 N/A

Q16. Please speciPy the quantity of each of the following appliamtces you currently have its your home:

Appliance: Quaulily:

Electric Ceiling Fan(s): 7 0 ? I 7 2 ? 3 7 4 7 5 or snore

Natural Gas Range/Stove: ? 0 7 I 7 2

Natural Gas Clothes Dryer: 7 0 7 I 7 2
Natural Gas Hot Water Heater: 7 0 7 I 7 2 ? 3 7 4

Water Heater Tensperature Setting: 7 Loss 7 Medium 7 1-higts 7 Other. Specify
Naturat Gas Fireplace: 7 0 7 1 ? 2 7 3 7 4

How hequently do yost use gas fireplace: 7 Low ? Mediuas ? High 7 Other, Speci~~
Natural Gas fired back-sip geiserator 7 0 ? I 7 2

Qt7a. Please rate your tissue’s current level of energy efficiency on a scale oft (very iuellicient) to5 (very
efficient)? Very Very
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