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REPORT SUMMARY

Performance Measurement: Establishing Energy

Impacts of Commercial Retrofit Programs
A Pacific Northwest Study

- Energy efficiency building retrofit programs can provide substantial bene-

fits to both service providers and customers. Accurate measurement of
program performance, however, is required to assess the value of these
benefits. This report describes a method for determining the performance
impacts of retrofits to smaller commercial buildings. The method inte-
grates telephone surveys, statistical analysis of billing data, and on-site
surveys to provide a reasonable cost approach to impact assessment.

BACKGROUND A common approach to conducting performance measurements of
energy efficiency retrofit programs in the existing building market is to statistically com-
pare changes in the energy usage of “treatment” buildings against changes in energy
usage of “control” buildings. This modeling process has been shown to work best for
larger programs where a significant number of sites can be included in the treatment
and control groups. For smaller programs, the statistical modeling results can be sub-
stantially influenced by “outliers”—sites where energy usage does not behave as pre-
dicted. In this study, outlier sites were subjected to additional data collection efforts to
explain why their energy usage changed in an unexpected manner. Such efforts
should increase the representative nature of performance measurements.

OBJECTIVE To estimate electricity savings from the installation of energy efficiency
measures in existing commercial buildings.

APPROACH The primary approach for this study was a billing analysis of the
change in electricity consumption of participants and nonparticipants in the retrofit
portion of 1991-1992 Energy Smart Design Program. This program was offered to the
construction market by utilities in the Pacific Northwest, including Bonneville Power
Administration, Seattle City Light, and Tacoma Public Utilities. EPRI cosponsored this
project with the above utilities as well as ldaho Power and Puget Power. This analysis
varied from the traditional billing impact methods to include: multivariate regression
analyses incorporating telephone survey data; statistically adjusted engineering (SAE)
models; additional regression models incorporating findings from on-site surveys; and
nonprogram factors affecting energy consumption. ,

RESULTS The preferred billing analysis approach involved developing preliminary
savings estimates using data from focused telephone surveys and then refining the
estimates in light of on-site surveys of outlier locations. Aithough various models were
explored, the SAE model yielded the best outcome. The SAE model provided estimates
of program realization rates, defined as the fraction of engineering-based energy sav-
ings realized in customer bills, controlling for changes in weather, site characteristics,
and market conditions. By controlling for site-specific factors, the analysis was better
able to isolate and estimate the impacts of the DSM measures installed through the
program. Clearly, in programs with a limited number of participants, intensive site
analysis procedures—including customized telephone surveys, on-site surveys, and
follow-up surveys—should be considered in performance measurement plans.
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Using this billing analysis approach, the Energy Smart Design Program .
savings were approximately 84% of the combined utility tracking system
savings. Lighting measures accounted for the bulk of program savings.

EPRI PERSPECTIVE The commercial retrofit market has provided ongo-
ing opportunities for utility marketing initiatives to improve energy efficiency.
Performance measurement of new efficiency-related products and services
will provide an important source of feedback on their value and pricing as
well as the effectiveness of utility marketing initiatives. While this study was
conducted for demand-side management (DSM) programs, issues related to
program effectiveness remain the same. Related EPRI research includes
Performance Measurement: Establishing Energy Impacts of Commercial
New Construction Programs (TR-106924), Performance Impacts: Evaluation
Methods for the Nonresidential Sector (TR-105845), Impact Evaluation of
Demana-Side Management Programs (CU-7179, Vols. 1-2), and Engineering
Methods for Estimating the Impacts of Demand-Side Management Programs
(TR-100984, Vols. 1-3).
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ABSTRACT

The commercial existing building market has provided ongoing opportunities for utility market-
ing initiatives to improve energy efficiency. In the move to a more competitive electric industry,
energy-related products and services will be developed and provided by both utilities and
energy service companies. Performance measurement of these products and services will con-
tinue to prove an important source of feedback on their value and pricing as well as the effec-
tiveness of utility initiatives. The ability to provide cost-effective performance measurement
techniques for commercial energy efficiency programs is particularly challenging for smaller
programs. Statistical techniques that are often effective in the analysis of larger programs can
lose robustness when the sample of program participants is small. EPRI and a group of member
utilities collaborated on a project to develop and demonstrate a method that effectively deter-
mines the performance impacts of retrofits to smaller commercial buildings. The method inte-
grates telephone surveys, statistical analysis of billing data, and on-site surveys to provide a
reasonable cost approach to impact assessment. This report describes the demonstrated method
and presents findings on the effectiveness of the method as well as the performance impacts of
the program measured. Methods such as this one will provide utilities with the information they
need to improve their initiatives and thereby enhance their competitive advantage.
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EXECUTIVE SUMMARY

introduction

This report presents the results of a performance measurement study of commercial buildings in
the 1991-1992 retrofit portion of the Energy Smart Design Program, offered by several utilities in
the Pacific Northwest. While this is a demand-side management (DSM) project, the insight it
offers into equipment retrofit practices and how a utility can influence those practices can be
applied in today’s utility business environment. For readers who do not have a background in
DSM, a glossary of terms can be found in Appendix G.

This is one of two EPRI reports addressing energy saving impacts of commercial energy effi-
ciency programs. The second of these reports, TR-106924, focuses on a study of the new construc-
tion market, which represents a larger portion of an overall project to develop and demonstrate
alternative approaches for conducting performance measurements of commercial programs.

v
For a number of years, utilities have provided their customers with information and financial
incentives to promote the installation of efficient technologies. In the move to a more competitive
electric industry, energy-related products and services will be developed and provided by both
utilities and energy service companies. Performance measurement of these products and ser-
vices will continue to provide an important source of feedback on the value and effectiveness of
utility initiatives.

Energy efficiency opportunities in existing buildings can offer substantial benefits to both the
service providers and the host customers. However, accurate measurement of energy efficiency
-retrofit program performance is required to assess the value of these benefits. Moreover, in a
competitive industry, an understanding of program performance and benefits will provide an
important foundation for pricing energy-related products and services.

A common approach in conducting performance measurements of energy efficiency retrofit pro-
grams in the existing building market is to statistically compare changes in the energy usage of
“treatment” buildings (where energy efficiency opportunities are implemented) against changes
in energy usage of “control” buildings (where energy efficiency opportunities have not been
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Executive Summary

taken advantage of). The statistical modeling process has been shown to work best where a large
number of sites can be included in the treatment and control groups. For smaller efforts, this
approach is not as effective due to the fact that the statistical modeling results can be substan-
tially influenced by “outliers.”

Rather than dropping outliers from the analysis, this study undertook additional data collection
efforts on identified outlier sites in order to explain why their energy usage changed in an unex-
pected manner. The additional data was incorporated into statistical models to provide
improved measurement results.

Approach

The primary approach used to estimate the performance of installed DSM measures was a billing
analysis of the change in electric consumption of program participants and nonparticipants.
Although various models were explored, the approach that yielded the best results was a statis-
tically adjusted engineering (SAE) model. The SAE model provided estimates of program real-
ization rates, defined as the fraction of engineering-based energy savings realized in customer
bills, controlling for changes in weather, site characteristics, and market conditions. Site charac-
teristics and market conditions data were quantified using both telephone and on-site surveys.
A preliminary survey identified sites with unexpected changes in energy use, so visits could be
arranged. A key element of this analysis approach was the inclusion of on-site survey data to
explicitly quantify nonprogram changes in electricity consumption. By controlling for site-
specific, nonprogram factors, the analysis was better able to isolate and estimate the impacts of
the DSM measures installed through the program.

This approach to performance measurement should be readily transferable to other utilities, pro-
vided they have adequate program tracking data to support engineering-based measure savings
calculations. The realization rates estimated in this study are not transferable, however, because
they are based on utility-specific program attributes, including energy savings calculations, pro-
gram delivery, and a mix of participant business types.

Findings

Project findings address both the performance measurement methodology and the performance
impacts themselves. Key findings are highlighted below.

ES-2



Executive Summary

Methodology Findings

Given the demonstration nature of this project, the methodology findings constitute an impor-
tant component of the overall results. Methodology findings primarily address performance
measurement for smaller programs:

For this study, which included fewer than 200 participant sites, models using the standard
telephone survey did not effectively isolate program savings from other nonprogram effects.

Follow-up, on-site surveys of outlier sites provided important additional nonprogram infor-
mation that led to substantial improvement of final analysis models. The ability to explicitly
quantify nonprogram impacts in final models contributed to a 33% increase in realization rate
estimates.

A clear conclusion of this project is that for studies of this type, with a limited number of par-
ticipants, more intensive site analysis procedures should be considered in performance mea-
surement plans. These procedures could incorporate customized telephone surveys, on-site
surveys, follow-up surveys, or some combination of these approaches.

Performance Impact Findings

The performance impacts themselves are of interest to the retrofit program design and imple-
mentation teams in the Pacific Northwest and elsewhere:

Lighting measures, which accounted for the bulk of program savings, achieved a realization
rate of 0.89, while the realization rate for non-lighting measures was estimated to be 0.66. This
differential is not surprising, considering that lighting savings calculations are relatively
straightforward when compared to savings estimates for other measures such as HVAC and
refrigeration.

Levelized regional program costs, which are comprised of fixed program costs and incentives
paid, were estimated to be 28.3 mills per kWh, assuming a 3% real discount rate.

Lighting costs were estimated to be 26.4 mills per kWh, while non-lighting costs exceeded
38.0 mills per kWh. Lighting options were clearly the most cost-effective, partly as a result of
their higher realization rate.

Program savings estimates for the 1991-1992 program years were estimated to be 44.9 GWh
per year—84% of tracking system savings.

ES-3
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INTRODUCTION

Overview

This report presents the Retrofit results of a performance impact study of commercial buildings
in the Pacific Northwest. This is one of two reports documenting the comprehensive impact anal-
ysis of commercial DSM programs. The second of these reports focuses on the New Construction
portion of the evaluation, which represents a larger portion of the overall performance impact
project. The project was co-sponsored by the Electric Power Research Institute as a case study to
develop and demonstrate alternative approaches for conducting performance impact evalua-
tions of commercial DSM programs.

The Retrofit study was designed to estimate electricity savings from the installation of DSM
(demand-side management) measures in existing commercial buildings. Participating utilities
included Seattle City Light (SCL), Tacoma Public Utilities (TPU), and seven additional utilities
served by the Bonneville Power Administration (BPA). The evaluation covered buildings that
participated in DSM programs during calendar years 1991 and 1992. The programs were imple-
mented by participating utilities in connection with BPA through the Energy Smart Design (ESD)

program.

A key aspect of the Retrofit study was the development of techniques that could be used to
evaluate impacts for smaller commercial DSM programs (i.e., programs with fewer than
500 participants). '

Project Baékground
Program

In the Pacific Northwest, many commercial DSM programs implemented by utilities are based on
the BPA’s ESD program, a program that has evolved over several years. In some cases, utilities
have been part of the ESD program; in other cases, utilities have developed their own programs
with ESD as a model. A list of ESD utilities is provided in Appendix F. Initial utility contracts for
the ESD program were signed in September 1988, but most utility programs did not get underway
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Introduction

until 1989. The initial version of the ESD program provided design assistance only. In subsequent
years, the program was expanded to include financial incentive payments to customers for the
installation of program-approved energy conservation measures. The 1991 and 1992 program
years evaluated in this study may be characterized as a start-up period for the incentive portion
of the program.

For the program, individual utilities make resource acquisition payments to their customers in
the form of custom incentives and standardized DSM measure rebates. All commercial buildings
and the non-process portion of industrial plants located within the service territory of BPA cus-
tomer utilities participating in the ESD program are eligible to receive program services.

As part of the ESD program, BPA offers financial support to utilities to provide program man-
agement, technical and design assistance to customers, incentive payments, and start-up and
aftercare activities to ensure that the building operates as designed. In addition, BPA provides
staffing assistance to utilities who lack the in-house staff to implement the program. ESD mar-
keting is provided on a regional basis by BPA in collaboration with regional utilities.

Other activities that support DSM in the Pacific Northwest include the Electric Ideas Clearinghouse
in Olympia, Washington, and the Lighting Design Lab in Seattle, Washington. BPA co-funds the
Electric Ideas Clearinghouse, which provides free information on technologies, specific equipment,
design strategies, and training opportunities through telephone and computer access. BPA and
other regional utilities and organizations support the Lighting Design Lab. The lab focuses on
lighting strategies, products, and analysis. There are demonstration areas to mock up potential
workspace areas, and lighting equipment is on display.

Program Penetration

During the 1991-1992 start-up period for the ESD program, approximately 0.6 percent of the eli-
gible buildings participated in the program. These buildings represented about 3.7 percent of the
eligible floorspace. Table 1-1 presents a summary of the program penetration levels during the
1991-1992 period. The penetration estimates are based on program tracking data and commercial
market data from PNNonRES, the Pacific Northwest Nonresidential/Commercial Energy Survey
that was conducted by BPA from 1986-1990 to examine the region’s commercial building stock.

Table 1-1
1991-1992 ESD Program Penetration

Total Market 1991/1992 Participants  Percentage Penetration
Number of Sites 134,000 792 0.6%
Site Square Footage 1,666 million 61 million 3.7%




Introduction

Performance Impact Study

Several utilities in the Pacific Northwest agreed to collaborate on a project to evaluate the impact
of their commercial building DSM efforts. The performance impact study was co-sponsored by
the Electric Power Research Institute (EPRI). The co-sponsoring utilities included BPA, SCL,
TPU, Puget Sound Power & Light, and Idaho Power. The study was divided into two parts: a
commercial new construction study (which is the primary focus of the overall evaluation) and a
commercial retrofit study. Only the public utilities in the BPA service territory (including SCL
and TPU) were involved in the retrofit portion of the project.

The primary objectives of the project were to:
e Develop and demonstrate alternative performance impact approaches for commercial DSM
programs;

» Estimate savings from the installation of DSM measures in commercial buildings in the
1991-1992 program years; and

e Conduct a cost analysis using the energy savings estimates and program cost data provided
by the utilities.

For the retrofit portion of the performance impact study, a primary objective of EPRI and the host
utilities was to develop a reliable, cost-effective measurement method(s) that could be applied
to commercial programs with relatively small numbers of participants.

Performance impact Methodology

The primary approach used for this study was a billing analysis of the change in electric con-
sumption of program participants and nonparticipants. Variations investigated in this study for
estimating energy savings from the DSM measures included:

* Simple bill comparisons between program participants and nonparticipants;

e Multivariate regression analyses incorporating telephone survey data on customer-specific
characteristics and non-program changes at each site;

* SAE (statistically-adjusted engineering) models, a type of regression analysis that incorpo-
rates measure savings estimates from the program tracking system; and

* Additional regression models that use findings from an on-site survey of selected sites.

The approach that yielded the best results was an SAE model that explained changes in energy
use in terms of the engineering savings estimates from the installation of DSM measures, con-
trolling for changes in weather, site characteristics, and market conditions. Site characteristics
and market conditions data were quantified using both telephone and on-site survey data. By
controlling for site-specific factors, the analysis was better able to isolate and estimate the
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Introduction

impacts of the DSM measures installed through the programs. The SAE model provided esti-
mates of program realization rates, defined as the fraction of tracking system energy savings
realized in customer bills.

A key element of this approach was the inclusion of on-site survey data to explicitly quantify
non-program changes in electricity consumption. Based on the results of a preliminary analysis,
sites with unexpected changes in energy use were identified and visited. Non-program factors
affecting energy consumption were quantified and incorporated in the final analysis. This final
step yielded significant improvements in the evaluation results.

Report Organization
The remainder of this report is organized as follows:

* Project results (including methodological results) are summarized in Section 2.

* Adetailed description of the evaluation methodology and results is presented in Section 3.
* Survey instruments are presented in Appendix A.

 Telephone survey frequency tables are presented in Appendix B.

* On-site survey results are shown in Appendix C.

¢ The participation decision model used for the evaluation is presented in Appendix D.

* Alternative energy savings regression models are shown in Appendix E.

¢ Alist of ESD participating utilities is contained in Appendix F.

¢ Aglossary of selected terms is contained in Appendix G.
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2

OVERVIEW OF PROJECT RESULTS

Overview

This section presents an overview of the project results. First, the performance impact method-
ology is presented. Next, key project findings are shown. Finally, implications of the results are
discussed.

Methodology

The Retrofit performance impact study, used to estimate 1991-1992 program savings, consisted
of the following steps: '

Sampling a representative group of program participants and a comparable group of
nonparticipants; '

Conducting a telephone survey to collect site-specific information and identify non-program
changes at the site; /

Collecting and screening billing data covering pre-retrofit and post-retrofit periods;

Analyzing the collected data using billing analysis models to provide preliminary perfor-
mance impact results and to identify outliers for follow-up on-site surveys;

Conducting follow-up on-site surveys of selected sites with unexplained changes in energy
use to verify measure installations and better quantify non-program changes in energy
consumption;

Incorporating the on-site data into the final billing analysis to improve estimates of program
savings; and

Conducting a cost analysis using the evaluated program savings and utility-supplied
program cost data.



Overview of Project Results

Telephone surveys were conducted for 407 sites and follow-up on-site surveys were conducted
on a subset of 77 sites. Sixty sites subsequently were dropped from the analysis due to inade-
quate billing data and customer turnover during the study period. There were 158 program par-
ticipants and 189 nonparticipants included in the final billing models.

A number of different billing analysis models were investigated during the performance impact
study. Simple bill comparisons were performed, comparing changes in bills between partici-
pants and nonparticipants. The nonparticipants are included in the study to help control for non-
program factors that can cause changes in energy consumption. The simple comparisons are
often viewed as an inexpensive means of estimating program savings. A variety of more sophis-
ticated econometric models was developed and compared using statistical methods. These mod-
els incorporated different program participation variables and different non-program variables
(to control for non-program changes in customer bills). The analysis is described in more detail
in Section 3 of this report.

In general, it was found that the econometric models performed significantly better than the sim-
ple bill comparisons. The precision levels (the accuracy of the savings estimates based on their
standard errors) were much worse for the simple comparisons. In addition, the simple compar-
isons were very sensitive to outliers (sites with unexpected changes in energy use)—the removal
of 10 influential sites (out of a total of 347 sites) caused the estimated realization rates to change
from 0.02 to 0.94.

The most effective regression model used an SAE approach in which post-retrofit energy usage
per square foot was modeled as a function of:

* Pre-retrofit usage per square foot;

e Tracking system measure savings estimates broken out by lighting and non-lighting savings;

* A variable developed from the on-site surveys that specifically quantified non-program
changes in energy usage; and

e Other variables from the telephone survey explaining changes in energy use.

Modeis that incorporated information from the on-site surveys showed significant improvement
over preliminary models. The on-site survey information was used to correct inaccuracies in the
telephone survey and to specifically quantify, where possible, non-program changes in energy
use. By better accounting for non-program factors, more precise estimates of program realization
rates were developed. Table 2-1 compares preliminary to final realization rates. The lower stan-
dard errors and higher t-statistics in the final results reflect the improvements.
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Table 2-1
Comparison of Preliminary and Final Realization Rates

Model Realization Rate Standard Error t-statistic
Preliminary 0.63 0.076 8.3
Final 0.84 0.075 11.2

Key Findings
Project findings are grouped into three subsections:

* The preferred performance impact approach identified as part of the project;
e The results of the impact analysis; and

e The results of the cost effectiveness analysis.
These topics are discussed below.
Preferred Performance Impact Approach

The preferred billing analysis approach is to develop preliminary savings estimates using data from
focused telephone surveys and then refining the estimates based on on-site surveys of outlier sites.

The approach used for this performance impact study worked reasonably well. A préferred per-
formance impact approach was identified and recommend for future evaluations of this type,
however, based on experiences conducting this and similar evaluations.

The approach used in the initial stages of this study consisted of collecting site information using
a relatively inexpensive telephone survey, collecting and screening billing data for surveyed
sites, and combining the survey data with the billing data to build statistical models. This
approach usually works best when a fairly large sample (1,000 or more customers) is available.
With a large sample, survey inaccuracies (such as incorrect dates for equipment installations)
and low resolution (the inability to gain specific information about non-program changes that
affect energy use) usually are compensated for by the statistical properties of a large sample. For
smaller studies, such as this one, the inability to accurately quantify non-program changes can
significantly impact results (for example, compare preliminary to final realization rates in
Table 2-1).
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A more customized approach for studies of this size is recommended, as follows:

e First, collect and conduct a preliminary analysis of customer billing data before conducting
telephone surveys. Sites with inadequate billing data should be dropped from the study at
this time. This step minimizes the number of surveyed sites that are subsequently dropped
from the analysis, thus controlling the project budget. In addition, sites with unusual billing
histories can be targeted for additional attention in the telephone surveys.

e Second, conduct customized telephone surveys using trained surveyors and information
gleaned from site billing histories and the program tracking system. Customers can be ques-
tioned about unexpected changes in energy usage (or lack of expected changes), and events
can be tied to specific time periods. In addition, customers may be asked questions to collect
general site data. Use of customized surveys will provide more accurate, specific data than
standardized surveys.

e Third, combine the billing data and survey data to build statistical billing analysis models.
Variables that specifically quantify non-program changes in energy usage can be developed
from data collected in Step Two and included in the models. In this step, initial program sav-
ings estimates are developed and outlier sites (sites with unexplained changes in energy use)
are identified.

e Fourth (if necessary), conduct follow-up on-site surveys of selected outliers identified in Step
Three. These surveys can be used to refine data collected in Step Two, especially at sites
where equipment changes took place and a trained auditor can quantify impacts. The sur-
veys also can be used to verify measure installations at sites where savings are less than
expected. Incorporating the on-site data into the analysis will lead to refined billing analysis
results for the performance impact.

The approach outlined above provides a more intensive analysis of each site included in the
study. When study size is constrained by a limited number of program participants, this
approach is likely to provide improved results over studies that rely only on standardized forms
of data collection. It was found that customers often misreport or only partially report non-
program factors that affect energy consumption when completing standardized survey forms.
These “errors” can significantly affect the performance impact results for smaller studies, as
demonstrated in Table 2-2.

Impact Analysis Results

Program savings estimates for the 1991-1992 program years were estimated to be 44.9 GWh per year—
84 percent of tracking system savings.

The billing analysis methodology used for this study provides estimates of program realization
rates, the fraction of engineering-based energy savings from the program tracking systems that
are actually realized in the form of reduced customer bills. Separate realization rates were
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estimated for lighting measures (the largest single contributor to program savings) and all other
measures (including HVAC and miscellaneous measures). Realization rates are summarized in
Table 2-2. Also presented are the standard errors and 90 percent statistical confidence intervals

for the rates.

Table 2-2
Energy Savings Realization Rates

End Use Realization Rate Standard Error 90% Confidence Interval
Lighting 0.89 0.087 0.73 to 1.01
Other 0.66 0.096 0.50 to 0.82
Overall* 0.84 0.075 0.72 t0 0.96

As Table 2-2 indicates, 89 percent of energy savings attributable to lighting measures and 66 per-
cent of energy savings attributable to other measures were verified by the performance impact.
Overall, 84 percent of all tracking system measure savings were realized in customer bills. It is
reasonable to expect higher realization rates for lighting measures. Lighting retrofits and associ-
ated savings estimates are relatively straightforward. The savings estimates for the “other” end
use (comprised mostly of HVAC and envelope measures) are more complex and thus prone to
error. In addition, measures in the “other” category are more likely to experience rebound effects
in which customers “take back” some of their savings in the form of increased comfort.

In addition to the differentiation of realization rates by end use, other program-related factors
were investigated to determine if they had measurable affects on realization rates. These factors
included: the utility implementing the program, the magnitude of the energy efficiency project
(large projects vs. small projects), the size of the program savings relative to the customer’s total
electric bill, and the type of program delivery (customized site-based projects vs. prescriptive
rebate projects). Only one of these factors contributed to a significant differentiation of realiza-
tion rates—realization rates for SCL were found to be, on average, 0.24 higher than those of the
other utilities. Factors contributing to this difference include SCL’s added experience with retro-
fit programs and SCL's incorporation of past performance impact results into their tracking
system savings estimates.

The realization rates shown above can be multiplied by program tracking system savings esti-
mates to arrive at performance impact savings estimates for the program. These results are pre-
sented in Table 2-3. Savings are shown by key end use. (The miscellaneous category includes
envelope, motors, refrigeration, and water heating measures.) As the table indicates, most of the
overall program savings are attributable to lighting measures (comprising 82 percent of total
performance impact savings for years 1991 and 1992). Non-lighting savings were equally split
between HVAC and miscellaneous measures.
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Table 2-3
Program Savings Estimates 1991-1992 Program Years

Number of Tracking Savings Realization Performance impact
End Use Sites’ (MWh) Rate Results (MWh)
Lighting 660 41,418 0.89 36,862
HVAC 88 6,078 0.66 4,011
Miscellaneous 100 6,082 0.66 4,014
Total 792 53,578 0.84 44,887

! Totals do not reflect sum of parts due to multiple end use sites and repeat participants.
Cost Analysis Results

Levelized regional program costs were estimated to be 28.2 mills per kWh and levelized total regional costs
were estimated to be 40.6 mills per kWh.

The performance impact savings estimates presented in Table 2-3 were combined with program
cost data and expected measure lives to develop estimates of levelized costs per kWh saved for
the programs. Levelized costs were calculated using the methodology and assumptions pro-
vided by BPA. For the analysis, the present value of all costs and savings were calculated using
a three percent real discount rate. Levelized costs were then calculated from a regional program
perspective (using paid incentives as the measure cost indicator) and from a total regional per-
spective (using total incremental measure installation costs) as follows:

PV(Incentives + Fixed_Program_Costs)
PV(kWh_Savings)

Levelized regional program costs =

PV(Incremental_Costs + Fixed_Program_Costs)
PV(kWh_Savings)

Levelized total regional costs =

Adjustments to tracking system costs were required for the total regional cost calculation because
the program tracking systems sometimes contained total measure costs instead of incremental
measure costs. Based on discussions with utility staff about the program-imposed relationship
between incremental costs and incentive levels, incremental costs were set to the minimum of the
total measure cost, or 2.5 times the paid incentive. Fixed program costs include: utility adminis-
tration costs, BPA administration costs, marketing costs, training costs, and the utility component
of the performance impact costs. Costs for the Electric Ideas Clearinghouse, the Lighting Design Lab,
and EPRI’s contribution to the performance impact are not included in the calculations. Levelized
cost results, expressed in mills per kWh, are presented in Table 2-4.
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Table 2-4 -
Levelized Cost Estimates (Mills/kWh)

Regional Program Total Regional
End Use Costs' Costs2
Lighting ) 26.4 - 377
HVAC " 38.0 55.9
Miscellaneous 39.0 57.9
Total \ 28.3 40.7

! Cost is based on incentives paid.
2 Cost is based on total incremental measure cost.

The levelized costs indicate that lighting retrofits proved to be the most cost-effective measure
on a per-kWh basis, both from a program and total regional perspective. HVAC measures were
the least cost effective. Program-wide levelized costs are significantly influenced by the lighting
costs, as lighting comprised more than 80 percent of program savings. Overall, costs averaged
approximately 28 mills per kWh from the regional program perspective and 41 mills per kWh
from the total regional perspective. The ESD Program’s target for regional program cost was
35 mills per kWh. _

Implications of Results

The impact results from this performance impact study reinforce a lesson learned from many
other commercial retrofit performance impact studies. It is common to find that the realization
rate for lighting measures is higher than the realized rate of savings for non-lighting measures.

Developing tracking system estimates of lighting savings requires the use of a few assumptions
that can often be estimated with reasonable accuracy. Developing tracking estimates for HVAC
measures requires many assumptions for factors for which considerable variation exists. It
stands to reason that program staff will tend to do a better job of estimating lighting impacts than
non-lighting impacts.

The implication of this finding leads to an interesting conclusion regarding future programs
involving the promotion of energy efficiency savings. For future programs, risk associated with
realizing the savings is likely to be a more important issue. The relative higher uncertainty asso-
ciated with estimating and realizing savings from HVAC measures may result in programs that
just focus on at the more “reliable” lighting measures.

Beyond the difference in realized savings by end use, the results from this performance impact
study did not provide any clear direction for program design. The realization rates tended to be
the same across different sizes of customers and different program options. A previous study of
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commercial retrofit program impacts in the Northwest region found higher realization rates for
larger buildings and when a more “customized” program delivery method was used. The results
did not support this finding.

The fact that SCL'’s participants were found to have higher realization rates that other areas may
provide some insights into better program design. SCL staff have been offering retrofit programs
much longer than the other utilities in the study and this experience may be a source of higher
realized savings. SCL staff also reports that they have tried to incorporate the results from pre-
vious evaluations into their tracking system estimates. With regard to program design, SCL had
a minimum watt reduction requirement that was not used by the other utilities.
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DETAILED METHODOLOGY AND RESULTS

Overview

The primary objectives of the retrofit performance impact study were to estimate energy savings
from installing DSM measures and to demonstrate effective performance impact techniques. The
performance impact study covered existing commercial buildings that participated in the pro-
grams during 1991 and 1992. Buildings that underwent major renovations were excluded from
the Retrofit study (and were included in a separate new construction performance impact study).

A diagram depicting the design of the retrofit performance impact project is presented in
Figure 3-1. The primary components of the study included:

e Sample design to select representative participant and comparable nonparticipant sites for
the study;

* Telephone surveying to collect site-specific data on factors affecting energy usage for use in
the billing analysis models;

 Billing data collection from the utilities involved in the study;

e Preliminary participation and billing analyses to produce initial performance impact results
and to identify outlier sites for subsequent on-site surveys;

e On-site surveys of selected customers to quantify non-program factors causing changes in
energy use;

e Final participation and billing analyses using the on-site survey data; and

e Cost analyses based on the performance impact energy savings results.

Telephone surveys were conducted on 192 participants and 215 nonparticipants to collect site-
specific building and behavioral information. Data from the telephone survey then were com-
bined with program tracking data and billing data for inclusion in preliminary billing analysis
models. Based on the preliminary analysis, outlier sites (sites with unexpected changes in energy
consumption) were targeted for follow-up on-site surveys. On-site surveys then were performed
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on 77 sites to verify DSM measure installations and to quantify non-program factors causing
changes in energy use. Final billing analysis models were developed using information from the
. on-site surveys, and the results of these models were used to calculate program energy savings.
Performance impact estimates then were combined with program tracking information on pro-
gram costs and expected measure lives to develop estimates of levelized costs per kWh saved for

the programs.

Figure 3-1
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Retrofit Program Performance Impact Study Design

The performance impact methodology and results are discussed in the remainder of this section.

Topics include:

e Sample design;
¢ Telephone survey;
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e On-site survey results;

e Temperature adjustment and annualization of billing data;

e Simple bill comparisons;

e Econometric models;

e Energy savings results;

e Cost analysis;

e SCL results; and

* Abrief comparison to other Northwest performance impact study results.

Sample Design

The goal of the sample design was to provide a diverse sample of program participants and a
sample of comparable nonparticiparits for use in the billing analysis. Initial targets of 200 partic-
ipants and 200 nonparticipants were set for the number of sites to be included in the study.

Participants

Sample frames for the program participants were taken from the utility tracking systems. A strat-
ified random sample design was used for the participant sample. This approach ensured that a
representative sample of participants were selected for the study. Strata consisted of program
year (1991 and 1992), measure types at the site (lighting-only, lighting/other, and other mea-
sures), and geographical area. Participant population counts and the selected sample are pre-
‘sented in Table 3-1. Sample attrition, the difference between the expected sample and the sites in
final models, is discussed below in the subsection, “Sample Attrition.”

Table 3-1
Participant Population and Sample
Program Expected Surveyed Sites in Final
Year Measure Type Population Sample Sites Models
1991 Lighting Only 133 80 56 46
Lighting & Other N 7
Other Only 22 13 8 7
Subtotal 166 100 69 58
1992 Lighting Only 478 40 68 58
b Lighting & Other 39 20 19 15
Other Only 109 40 36 27
Subtotal 626 100 123 100
Total 792 200 192 158
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Nonparticipants

Sample frames for the nonparticipants varied by utility. For SCL, the billing system was used.
For TPU, a Metroscan! dataset matched to the billing system was used. The Metroscan data pro-
vided year of construction to distinguish between existing and new construction sites. For the
other BPA utilities, the sample frame came from two sources. For Snohomish County PUD,
Metroscan data were used; for other BPA utilities, the PNNonRES? Phase 1 database was used.
The nonparticipant sample was designed to match the participant sample as closely as possible,
based on business type, customer size, and geographical area.

Table 3-2 presents a tabulation of participant and nonparticipant sites included in the final mod-

els segmented by business type and customer size category. The small/large distinction is based

on the median customer size (in pre-retrofit kWh) for each business type. As the table indicates,

the participants and nonparticipants are matched reasonably well by business type. Participants

tended to be somewhat larger customers, however, especially in the office, retail, and “other”
" categories.

Table 3-2
Tabulation of Participant and Nonparticipant Sites in Final Models
Nonparticipants Participants

Business Type Small Large Total Small Large Total
Office 31 21 52 20 30 50
Retail 16 10 26 8 13 21
School 5 6 1 5 . 4 9
Manufacturing 6 6 12 5 5 10
Lodging 11 12 23 1 10 21

" Other 42 T 23 65 15 32 47
Total 111 78 189 64 94 158

Metroscan data consist of computerized records of county assessors’ data and include for each site the business
type, building’s square footage, and year the building was built.

2 PNNONRES, the Pacific Northwest Nonresidential/Commercial Energy Survey, was conducted by-BPA from
1986-1990 to examine the region’s commercial building stock. In Phase 1 of this project, a list of nonresidential
buildings was developed to be used as a sampling frame for the survey. The list included site square footage and
business type for all buildings in sampled ZIP areas.
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Sample Attrition

As noted above, sample sizes of 200 participants and 200 nonparticipants were targeted for the
study. The final number of sites included in the study were 158 participants and 189 nonpartici-
pants. Sample attrition is presented in Table 3-3. For nonparticipants, the primary reason for the
loss of sites was customers who completed surveys but would not sign billing data release forms
as required by their utility. For participants, a number of customer billing records could not be
located. The largest cause of participant attrition was inadequate billing data, primarily due to
insufficient pre-retrofit data. Five sites with adequate billing data were dropped from the final
models because of near-complete tenant changes during the study period. A final nonparticipant
site was dropped because it was identified as a participant in the new construction program (it
‘was an existing building that received an extensive remodel).

Table 3-3
Sample Attrition
Nonparticipants Participants Total
Complete Surveys 215 192 407
Some Billing Data 191 184 375
Adeguate Billing Data 190 163 353
In “Final” Models 189 158 347

Telephone SurveyS

Telephone surveys were conducted to collect site-specific information on program participants
and nonparticipants. Collected data were used to identify non-program factors affecting energy
consumption that could confound the estimates of program energy savings. Because the study
methodology consisted of explaining the change in energy consumption for selected sites, the
information gathered in the telephone surveys included:

* Major equipment and operation behavior;

* Events that caused consumption to change, such as changes in building operations and
equipment additions/removals; and

* Customer characteristics associated with the likelihood to change energy consumption
including participating in the program.

Copies of the participant and nonparticipant telephone survey instruments are provided in
Appendix A, and complete tabulation of survey results is presented in Appendix B.
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Table 3-4 presents key survey statistics for participants and nonparticipants. The variables pre-
sented in this table often contribute to changes in energy consumption and to the customers’
decision to participate in DSM programs. As the table indicates, the participants and nonpartic-
ipants were fairly similar, especially with respect to business and equipment changes. The sur-
vey reflects that participant sites tended to be larger sites than nonparticipant sites (as discussed
in the previous subsection). Major equipment holdings are very similar except for air condition-
ing, where participants have a somewhat higher saturation. Participants tended to have higher
instances of tenant turnover and remodeling than nonparticipants, and more nonparticipants
appeared to experience tougher business conditions. Participants also tended to have longer
operating hours than nonparticipants. Equipment changes appeared similar for participants and
nonparticipants.

Table 3-4
Summary of Telephone Survey Results

Participants Nonparticipants
Site/Business Characteristics
% owner-occupied sites - 72% . T1%
% single business sites 70% 79%
% sites: energy manager 41% 30%
Average number of employees 116 94
Average floorspace (sq. ft.) 62,082 47,033
Average weekly operation hours 89 78
Equipment Saturations )

" Electric heating 49% 48%
Air conditioning 70% 60%
Refrigeration 22% 20%
Electric water heating 57% 58%
Business Changes
% sites with tenant changes 7% 3%
% remodeled sites 21% 12%
% sites: increased floorspace 8% 5%
% sites: increased employees/occupants 15% 12%
% sites: decreased employees/occupants 4% 9%
% sites: increqsed hours 6% 6%
% sites: decreased hours 0% 1%
% sites: improved business conditions 39% 37%
% sites: worsened business conditions A 7% 15%
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Table 3-4 (Continued)
Summary of Telephone Survey Results
Participants Nonparticipants
Equipment Changes
% sites: added equipment 40% 42%
% sites: removed equipment . 11% 1%
% sites: discontinued energy using activities 3% 6%
% sites: other non-program conservation 14% 17%

On-site Surveys

On-site surveys were a key component of the final billing analysis. Information from the on-site
surveys was incorporated into the billing analysis to control for non-program factors, signifi-
cantly improving modeling results. A preliminary billing analysis was used to identify outliers
that were then targeted for on-site surveys. Outliers consisted of customers with unexpected
changes in consumption or the lack of expected changes in consumption (participants whose
bills were expected to decline). The on-site surveys primarily were used to:

* Refine data collected in the telephone surveys, and

e Explicitly quantify non-program changes that altered electricity consumption and poten-
tially masked program energy savings.

The on-site surveys also were used to verify measure installation data obtained from the pro-
gram tracking system at sites where energy savings were less than expected. Although a detailed
verification of measure installations was not conducted at each site, it was found that program
measures generally were still in place.

The surveys allowed for higher quality information than the telephone surveys as the surveyor
and customer were able to discuss specific issues in detail. The surveyor had access to billing his-
tories and information from the telephone survey and program tracking system so that unusual
events could be identified and explained. An on-site survey instrument used as a general guide
while conducting the surveys is provided in Appendix A and site-specific results are provided
in Appendix C.
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Summary results of the on-site surveys are tabulated in Table 3-5.

Table 3-5

On-Site Survey Summary
Sites visited 77
Factor influencing electricity usage # Sites'

Total change in occupants
Equipment increases
Equipment decreases
Additional measures installed
Fewer measures instalied
Operations increase
Operations decrease
Unusual occurrences

No explanation

BlII v dr ool o

kWh impacts calculated

! Sites do not sum to total due to multiple factor sites.
Key findings from the on-site surveys included:

» The identification of five sites with major changes in occupants; these sites were dropped
from the study.

e The identification of operations increases and equipment additions at a large number of
participants sites. These increases tended to offset measure savings.

e The ability to calculate non-program kWh impacts associated with operations or equipment
changes for 48 sites. These impacts were explicitly included in the final billing models.

The non-program impacts were quantified on a site-by-site basis and the methodology employed
depended on the availability of site data. In some cases, the energy using characteristics of added
equipment (kW input, wattage, horsepower, tons of cooling, etc.) and the operating profiles were
collected and used in engineering equations to develop load changes. In other cases, site energy
managers were able to provide estimates of the impact of specific site changes. Finally, in several
sites with square footage additions, typical Northwest EUls (energy use indices in kWh per
square foot) for the given building type and end use were used to develop impact estimates.

Note: information provided in the following three subsections is somewhat technical in nature. The tech-
nical detail can be skipped over without significant loss of continuity.
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Annualization and Temperature: Adjustment of Billing Data

Annualization and temperature-adjustment of the billing data is typically performed to ensure
that the comparisons of electricity use between years and between participant and nonpartici-
pant groups span the same number of days and the same weather conditions. In addition, tem-
perature adjustment normalizes annual electricity consumption using long-run, average
temperatures. Only customers with temperature-sensitive end uses were considered for temper-
ature adjustment. Other customers’ bills were simply normalized to a 365-day year. Table 3-6
shows the distribution of temperature-sensitive end uses for participants and nonparticipants.

Table 3-6
Distribution of Temperature-sensitive End Uses

End Use Category # of Sites Percentage
Participants
No electric heating or AC 36 22.8
Electric heating only 15 . 9.5
AC only 50 31.6
Electric heating and AC 57 36.1
Participant totals 158 100.0
. Nonparticipants
No electric heating or AC 53 28.0
Electric heating only 20 106
AC only T 47 249
Electric heating and AC 69 36.5
Nonparticipant totals 189 100.0

For the analysis, each customer’s billing history is divided into a pre-retrofit and a post-retrofit
period of approximately one year each. A customer-specific black-out period encompassing the
months when the measures were installed was excluded from the analysis. Temperature-
adjusted annual consumption was estimated for each customer in the pre- and post-retrofit
periods by estimating two individual multiple linear regression models, one model for the pre-
retrofit period and one for the post-retrofit period. In the specified models, average daily heating
degree and cooling degree days for each billing period are used to explain variations in kWh con-
sumption for each billing period. The functional form of the time-series model is:

KWH, = o, +0,(HDD,*) + 05(CDD,*) + ¢

3-9



Detailed Methodology and Results

where:

KWH, = average daily electricity consumption in period ¢

HDD ,60 = average daily heating degree days calculated at a reference temperature of 60°F
in period ¢ _

CDD ,60 = average daily cooling degree days calculated at a reference temperature of 60°F
in period ¢

& = a random error term with a mean of zero and a constant variance

In this model, @ is the regression intercept, o, is an estimate of how a marginal change in heating
degree days affects electricity consumption, and o is an estimate of how a marginal change in
cooling degree days affects electricity consumption.

Annual temperature-adjusted consumption is estimated using long-run heating degree and
cooling degree days. The formula for calculating pre-retrofit annualized weather-adjusted
consumption is:

PRE_KWH = [at, + 0,(LRHDD®) + 0,(LRCDD®)] x 365
and similarly for the post-retrofit period:
POS_KWH = [a, + a,(LRHDD®) + 0;(LRCDD®)] x 365

Mean-adjusted pre- and post-retrofit consumption for participants and nonparticipants is shown.
in Table 3-7 on a use-per-site and use-per-square-foot basis. The influence of the largest sites is
reduced when calculations are made on a per-square-foot basis. The results show that tempera-
ture adjustment had only minor affects on average consumption, especially when viewed on a
use-per-square-foot basis.

Table 3-7
Mean Annual Consumption Estimates

Weather- Non-weather- Weather- . Non-weather-
adjusted _ adjusted adjusted adjusted
kWh kWh kWh/sqft kWh/sqft
Participants (n=158)
Pre-Retrofit 2,140,279 2,164,881 22.93 22.96
Post-Retrofit 2,137,734 2,136,759 21.57 21.49
Nonparticipants (n=189)
Pre-Retrofit 952,307 952,246 20.63 20.52
Post-Retrofit 951,632 955,803 21.02 21.02
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Simple Bill Comparisons

Simple bill comparisons were conducted as an interim step in the billing analysis to assess their
effectiveness as a savings measurement tool. Simple bill comparisons are often used in perfor-
mance impact studies of DSM programs because they are relatively inexpensive. The only data
required for the comparisons are utility billing data and information about when the program
measures were installed. In addition, weather data that is often readily available at the utility can
be used to adjust the billing data prior to the comparisons.

A nonparticipant control group is used in the analysis to control for non-program factors that
have changed over time and may have influenced energy use. For example, if businesses in gen-
eral are expanding, the control group can control for the energy-inducing impacts of this expan-
sion. Also, to the extent that the propensity for natural conservation can be assumed to be the
same for participants and nonparticipants, the comparisons also control for naturally-occurring
conservation. The major drawback to simple bill comparisons is that they assume that the factors
that affect energy use will affect participants and nonparticipants equally. To the extent that the
control group is not representative of participants, energy savings estimates will be flawed. This
is usually more of a concern in the heterogeneous commercial sector than in the more homoge-
neous residential sector.

For this analysis, savings estimates from the bill comparisons were calculated using annualized
weather-adjusted consumption. First, changes in energy use were calculated for participants and
nonparticipants. Next, changes in energy use for participants were compared to nonparticipants
to develop an estimate of program-related savings.

The following equations were used to calculate the savings and precision estimates:
* Average savings per participant:

Standard error of the savings estimate:

2 2
0 AkWhp ©"AkWhy,p
SE; = J +

np nnp

t-statistic of the savings estimate:

S
t—-stanustic = —
SE-

%]
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where:

AkWhp, = mean change in energy use for participants

m = mean change in energy use for nonparticipants

6 AkWh p = variance of the change in energy use for participants

6" AkWh nvp = variance of the change in energy use for nonparticipants
np = the number of participants in the analysis

nyp = the number of nonparticipants in the analysis

Results of the bill comparisons are presented in Table 3-8. Results are shown for four different
bill comparison calculations:

e Calculation 1: Uses all observations, with the mean change in energy usage per site compared
for participants and nonparticipants.

e (Calculation 2: Same as Calculation 1, but with 10 participant outliers removed—these
customers were large customers with small expected savings or customers with very large
changes in bills.

e Calculation 3: Uses all observations, with the mean-use-per-square-foot compared for partic-
ipants and nonparticipants.

e (Calculation 4: Same as Calculation 3, but with 10 participant outliers removed.
The bill comparison results highlight several factors:

1. The bill comparisons were very sensitive to outliers—the removal of 10 influential sites
caused the estimated realization rate to change from 0.02 to 0.94.

2. The estimates had relatively low statistical precision levels—the most significant t-statistic
obtained was -5.0, which is much lower than those obtained using the econometric models
(discussed later).

3. The comparisons made on a use-per-square-foot basis provided the best statistical results—
the influence of large sites was dampened, resulting in a more robust comparison (with
outliers removed, the realization rates only change moderately, from 0.59 to 0.72).

As noted above, one primary advantage usually cited for simple bill comparison analysis is that
it can be conducted without collecting additional site-specific data, thus lowering performance
impact study costs. The results obtained in this performance impact study, however, demon-
strate that the comparisons made using only billing data (Comparisons 1 and 2) were inferior to
the comparisons that used site-specific data collected through a survey (i.e., the square footage
data used in Comparison 3).
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Table 3-8
Simple Bill Comparisons—Annualized Temperature-adjusted Consumption

Participants  Nonparticipants Difference t-Statistic

D oo

188 i

kwh o 2140279 952,307

Post kWh 2,137,734 951,632

Delta kWh > -2,545 —674 -1,871 -0.03
Tracking savings -83,346

Realization rate 0.02

wh 1,400,250 952,307

Post kWh i 1,322,222 951,632

Delta kWh -78,037 -675 -77,362 -2.6
Tracking savings B -82,384

Realization rate 0.94

PrekWh 22.93 20.63

Post kWh 21.57 21.02
Delta kWh -1.36 0.39 -1.74 -3.9
Tracking savings' -2.94

Realization rate 0.59

Pre kWh 2243 20.63

Post kWh 20.68 21.02

Delta kWh -1.75 0.39 -2.14 -5.0
‘Tracking savings -2.97

Realization rate A 0.72

The bill comparison results in Table 3-8 also show that changes in bills for participants tend to
decline by a lesser amount than predicted by the tracking system. The relationship between par-
ticipant bill changes and expected savings (from the tracking system) is shown graphically in
Figure 3-2. The slanting line in the figure indicates points where bill declines equal expected sav-
ings. Points below the line indicate bill declines that are greater than expected savings, and
points above the line indicate bill declines that are less than expected savings. As shown in the
figure, the majority of the points are above the slanting line, indicating that most bill declines
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were less than expected savings. This result is generally attributable to two key sources: 1) other
factors influencing energy use, and 2) realized savings that are less than expected savings. The
use of nonparticipants and statistical models is necessary to control for the other factors to obtain
accurate estimates of realized savings. ‘
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1000p00
800,00 + '
600,00 +
400,00 4
200,00 4
0O =
-200 000
40000
600000
800 000
-1,000,000 .
1,200,000 4 ' - " ' ' — '
0 50,000 100,00 150,000 200,00 250,00 300,00 350,00 400,00 450,00
Expected Savings

Change in Bill

Figure 3-2
Bill Changes vs. Expected Savings (kWh/Year)

Econometric Models

Econometric models provide more flexibility in analyzing program energy savings than do sim-
ple bill comparisons. These models incorporate more data into the analysis, including site-
specific survey data and program tracking system data. Model variables can be developed to
control for non-program factors that cause changes in energy usage and thus confound the esti-
mates of program energy savings. The additional ability to control for non-program factors is
important when selection of a well-matched nonparticipant control group is not possible. This is
especially true in the heterogeneous commercial sector where no two buildings are exactly alike.

In estimating program-related savings for this study, customer data for the Retrofit Programs
were combined for the development of two econometric models:

e A participation decision model, and

* An energy savings model.
The participation model is used to quantify the influential factors in the choice to participate in
the programs. The results of the participation model are incorporated into the energy savings

model to correct any biases that might result from customers’ self-selecting themselves into the
programs.
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The energy savings model is used to quantify the energy savings attributable to the programs.
This model is a multiple linear regression model in which post-retrofit energy use is explained
as a function of pre-retrofit energy use, tracking system measure savings estimates, and other
key variables explaining changes in energy use (such as changes in floorspace and operating
hours). The energy savings model is also referred to as a statistically-adjusted engineering (SAE)
model because engineering-based measure savings variables from the program tracking system
are used as explanatory variables in the model. In addition, energy savings models that use
binary variables as indicators of program participation (that equal 1 for participants and 0 for
nonparticipants) were estimated and compared to the results of the SAE models.

Participation Model

A binary discrete choice logit model was specified to implement the participation model. This
model is presented and discussed more fully in Appendix D.

The model results indicate that sites with remodels, sites with floorspace increases, and sites in
which energy expenditures are an important portion of the total expenditures are more likely to
participate in the programs. Multi-tenant sites and sites with declines in business activity were
less likely to participate. Another significant distinction between program participants and non-
participants was that nonparticipants required larger expected bill reductions to induce their
participation. Model results also indicate that perceived program inconveniences are a signifi-
cant deterrent to participation.

Using results of the participation model, a selectivity correction variable was calculated from the
estimated probability of participation. The variable was included in the energy savings model to
help correct self-selection bias. The rationale for this approach is to view self-selection bias as an
omitted variables problem. Self-selection bias will be minimized in the energy savings equation
through incorporation of all the variables that characterize program participation (via the self-
selection term). Subsequent energy savings modeling indicated that self-selection bias was not a
significant factor for the programs under study.

Energy Savings Model

The energy model regression analysis uses a cross-sectional change-in-consumption model spec-
ification. Each customer’s billing history is divided into three periods: a pre-retrofit period, a
blackout period, and a post-retrofit period. The blackout period is chosen to be sufficiently large
to ensure that the measure installation occurs within this period. Then pre- and post-retrofit bill-
ing data (viewed on an annual basis) are compared as part of the billing analysis. By using this
approach, timing of events is not as critical as with models that use monthly time-series data.
Customers are usually able to recall the general timing of major facility events but are often
unable to pinpoint the exact month of an occurrence.
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For the regression models, annual post-retrofit electric consumption per square foot of building
is explained as a function of annual pre-retrofit consumption per square foot, a variable or vari-
ables identifying program participation, and “other” variables that explain changes in energy
consumption. For the analysis, program participation was modeled two different ways.

The first equation, referred to as an SAE model, uses expected energy savings per square foot as
the'program participation variable. It has the following functional form:

kWh/SF; p,s, = 0+ By X kWh/SF; p,, + By X Eng/SF;+B;x X, +¥

where:

kWh/SF; p,s = post-retrofit period consumption for customer i

kWh/SF;p,, = pre-retrofit period consumption for customer i

Eng/SF; = the engineering-based estimate of rebate program savings from the program
tracking system

Xij = a vector of j other explanatory variables explaining changes in consumption

o, B's = estimated parameters

& " =random error term

The second type of model uses a binary participation variable and a similar functional form:

kWh/SF, = o+ Py xkWh/SF

i, Post + By X Part;+B; X X, +¢;

i, Pre
The Eng/SF; variable in the first equation is replacéd by Part, a binary variable that takes on the
value of “1” for program participants and the value of “0” for nonparticipants.

The parameter of interest in these equations is B;, the coefficient for the program variable. For
the first equation that incorporates the tracking system savings estimate, this parameter repre-
sents the estimated realization rate, the fraction of tracking system savings realized in customer
bills. In the second equation that uses a binary participation variable, the associated parameter
represents the estimate of average savings per square foot attributable to the program. This esti-
mate of savings per square foot then can be compared to the estimated savings per square foot
calculated using tracking system savings data.

In addition to the program participation variables, “other” explanatory variables were developed
from survey data to explain non-program changes in energy consumption. A number of variables
were investigated in the modeling process. Variables were included in final specifications based
on their statistical significance and the reasonableness of their parameter estimate. Key “other”
variables included the presence of an energy manager, increases in building floorspace, additions
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of equipment, installation of non-program conservation measures, and site-specific changes in
energy use determined during the on-site surveys.

A number of model variations was developed as part of the performance impact study to test the
sensitivity of the results to different specifications and to demonstrate the impact of including
data from the on-site follow-up surveys. In addition to the inclusion of on-site data, variations
explored in the analysis included use of temperature-adjusted and non-temperature-adjusted
billing data and the specification of the program participation variable (use of SAE variables and
binary program indicator variables). The following models are discussed further below:

Model 1: This model was developed during the preliminary analysis; it does not contain
information obtained from the on-site follow-up surveys. Billing data is temper-
ature adjusted, and an SAE model specification is used (i.e., the program tracking
system estimates of energy savings are used to explain consumption changes).

Model 2: This model is similar to Model 1, but it includes information from the on-site
follow-up surveys to refine variables initially obtained from the telephone survey.

Model 3: This model is similar to Model 2, but it also includes a variable developed from
the on-site surveys that explicitly quantifies non-program changes in electricity
consumption. :

Model 4: This model is similar to Model 3, but it does not use temperature-adjusted billing

data. Instead, temperature impacts are incorporated directly into the model using
heating and cooling degree day variables.

" Model 5: This model is similar to Model 3, but uses binary variables to identify program
participation instead of the tracking system savings variables. _
Model 6: This model is similar to Model 4, but uses binary participation variables.
Model 7: This model is similar to Model 3, but participants with expected savings of less

than two percent of their pre-retrofit bill were excluded from the regression. This
model was included to test the sensitivity of results to sites where program sav-
ings are so small that they could easily be lost in the general “noise” associated
with typical non-program bill variations.

The key modeling results are summarized in Table 3-9, and the preferred model is presented in
Table 3-10. (Results for each of the individual models are presented in Appendix E.) The first
column in Table 3-9 indicates the model number, as identified above. The second column iden-
tifies the type of program participation variable(s) used—either SAE for models using tracking
system savings estimates or (0/1) for models using binary participation variables. The third
column of the table indicates whether the billing data was temperature-adjusted beforehand.
The next four columns present the estimated realization rates and their associated t-statistics (the
parameter estimate divided by its standard error). The final column in the table presents the
adjusted R? for the models. Note that for the models using an SAE specification, two realization
rates were estimated: one for lighting measures and one for all other measures. In addition, an
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incremental realization rate was estimated for SCL. This rate is added to the lighting and non-
lighting realization rates to determine the SCL realization rates. The overall realization rate is a
combination of the three parameters, based on their energy savings contribution to total pro-

gram savings.

Table 3-9
Summary of Modeling Results

Realization Rates
(t-statistics in parentheses)

Participation Adjustment of Adjusted
Model Variable Billing Data Lighting Other SCL Adder OVERALL R?
Preliminary Resuits Model, n=332
1 SAE Temperature 0.43 0.29 0.45 0.63 0.9932
' Adijusted (5.5) (2.4) (3.4) (8.3)
Model Excluding On-site kWh-change Variable, n=347 B
2 SAE Temperature 0.75 0.38 0.22 0.78 0.9715
Adjusted (9.4) (3.2) (1.5) (9.0)
Models Including On-site kWh-change Variable, n=347
3 SAE Temperature 0.76 0.54 0.24 0.84 0.9789
Adjusted (11.2) (5.3) (1.9) (11.2)
4 SAE Not Temp 0.77 0.75 0.05 0.79 0.9714
Adjusted (9.7) (6.3) (0.3) ~ (9.0)
5 on Temperature 0.84 0.9721
Adjusted (6.7)
6 01 Not Temp 0.90 0.9642
Adjusted (6.2)
Model Excluding Participants with Savings of Less Than 2%, n=325
7 SAE Temperature 0.77 0.54 0.24 0.84 0.9782
Adjusted (11.1) (5.3) (1.9) (11.0)

Primary findings include the following:

e Model 3 provided the best overall results. The R? statistic is higher than the other comparable
models and the t-statistics for the realization rates are the highest. This model used an SAE
specification, temperature-adjusted billing data, and an on-site non-program impact variable.

¢ The updating of model variables using on-site data has generally 1mproved model perfor-
mance and increased realization rates (Model 1 vs. Model 2); the lower R? in Model 2 results
because there is now less total variation in kWh/sqft that was previously attributable to

3-18



Detailed Methodology and Results

erroneous floorspace estimates (the root mean square error of the model declined from 6.5
to 3.3 where erroneous floorspace estimates were adjusted based on on-site data).

¢ The inclusion of the on-site variable that explicitly quantifies non-program impacts consid-
erably improves the model fit and the fit of the program variables (Model 2 vs. Model 3). The
on-site variable has a coefficient near 1.0 (0.94) with a high t-statistic (11.8), indicating that
the non-program impact estimates from the survey were fairly accurate and fit the billing
data well.

e The models that use SAE program impact variables have better fits than the models that use
the binary (0/1) program variables—both t-statistics and R? are higher for the SAE models
(Models 3 and 4 vs. Models 5 and 6).

e The models that use temperature-adjusted billing data have better statistical fits than the mod-
els that do not—the two-step modeling approach that uses customer-specific temperature-
adjustments appears to better explain variations in bills (Models 3 and 5 vs. Models 4 and 6).

e Realization rates are generally highest for the models using the binary program variables and
the unadjusted billing data. Differences between the highest realization rates and the lowest
realization rates are not statistically significant, however.

e Models that exclude the low percentage-savings sites are not much different than the models
that include all sites (Models 7 vs. Models 3). This is not surprising as the low percentage sav-
mgs sites generally have little influence on the estimated realization rates. For these sites, sav-
ings per square foot are usually small and thus these sites exert little leverage on the analysis.

A review of Model 3 in Table 3-10 indicates the following: pre-retrofit energy usage was a very
significant variable and had a parameter estimate near 1.0; the Mills Ratio variable, included to
correct for possible self-selection bias, was not significant; all three program savings variables
were significant at the 90 percent confidence level; the on-site change variable was very signifi-
cant and had a parameter estimate near 1.0; the presence of an energy manager tended to exert
downward pressure on bills (by 0.41 kWh/sqft on average); floor space increases and equipment
additions tended to increase bills (as one would expect); and non-program conservation activi-
ties tended to reduce bills by 0.9 kWh/sqft on average.
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Table 3-10
Model 3: Preferred Model, Temperature-adjusted SAE with On-site Variable, Dependent

Variable: Post retrofit kWh/sqft: Temperature Adjustment

independent Variable Parameter o dard Error t-statistic Probability
Estimate

Intercept 0.15 0.36 0.4 0.6720

Pre retrofit KWh/sgft 0.99 0.01 1223 0.0001

Milis ratio -0.19 0.22 -0.8

ahtm

0.4076

On-site change: kWh/sgft 0.94 0.08 11.8 0.0001

Energy manager present -0.41 0.32 -1.3 0.2065
Floorspace increase 1.07 0.61 1.8 0.0804
Added equipment 0.67 0.32 2.1 0.0341
Did other conservation -0.90 0.54 -1.7 0.0979
n 347
Dependent mean 21.3
Root mean square error 2.8
Adjusted R? 0.9789

Energy Savings Resulits

Using results from Model 3 in the previous section, program savings estimates were calculated
by multiplying realization rates by the initial energy savings estimates from the program track-
ing systems. Realization rates, incorporating the SCL adder (discussed above), are summarized
in Table 3-11. Realization rates reflect the fraction of tracking system savings that are realized in
customer bills. Program savings by end use and program year are presented in Table 3-12. (The
miscellaneous category includes envelope, motors, refrigeration, and water heating measures.)
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Table 3-11
Energy Savings Realization Rates

Realization Standard 90% Confidence
End Use Rate' Error interval
Lighting 0.89 0.087 0.731t0 1.01
Other 0.66 0.096 0.50 to 0.82
Overall 0.84 0.075 0.72t0 0.96

! Lighting and Other realization rates include the SCL adder discussed in the
previous section.

Table 3-12
Program Savings Estimates

Tracking Performance

Program Number Savings Realization Impact Savings
Year End Use of Sites’ (MWh) Rate (MWh)
1991 Lighting 144 13,111 0.89 11,669
‘ HVAC 15 693 0.66 457
Miscellaneous 21 691 0.66 456
Subtotal 170 14,495 0.87 12,582
1992 Lighting 517 28,307 0.89 25,193
HVAC 74 5,385 066 3,554
Miscellaneous 79 5,391 0.66 3,558
Subtotal 626 39,083 0.83 32,305
Totals Lighting 660 41,418 0.89 36,862
HVAC 88 6,078 0.66 4,011
Miscellaneous 100 6,082 0.66 4,014
Total 792 53,578 0.84 44,887

! Totals do not reflect sum of parts due to multiple end use sites and repeat participants.

As Table 3-12 indicates, most of the overall program savings are attributable to lighting measures
(comprising 82 percent of total performance impact savings for years 1991 and 1992). Non-lighting
savings were split equally between HVAC and miscellaneous measures. In addition, 72 percent of
all savings were achieved in the 1992 program year—lighting savings more than doubled and
non-lighting savings increased by almost 800 percent.
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Using billing data and square footage data collected during the performance impact study, esti-
mates of average savings per square foot and average percentage savings were calculated. These
estimates are presented in Table 3-13. On average, program savings were about 2.4 kWh per
square foot of and about 19 percent of pre-retrofit annual bills.

Table 3-13
Average! Savings Estimates—Performance Impact Sites

Average Savings

per Square Foot Percentage
End Use (kWh/year) Savings
Lighting 1.69 ' 7.4%
HVAC 0.36 1.6%
Miscellaneous 0.33 1.4%
Total » 2.38 10.4%

1 Averages reflect simple averages across-all participant sites and are
not weighted by customer size. Averages will not necessarily equal
total program savings divided by total square feet or total program
savings divided by total pre-retrofit kWh usage.

Cost Analysis

Using the results of the performance impact and program tracking data on measure costs, incen-
tives, and expected measure lives, levelized costs of conserved energy were developed for the
program (on a mills-per-kWh basis). This cost analysis used the methodology and assumptions
provided by BPA (BPA 1993).

For the analysis, the present value of all costs and savings were calculated using a three percent
real discount rate. Present-value costs were then divided by present-value kWh savings. Level-
ized costs were calculated from a regional program perspective (using paid incentives as the
measure cost indicator) and from a total regional perspective (using total incremental measure
costs), as follows:

PV(Incentives + Fixed_Program_Costs)
PV(kWh_Savings)

Levelized regional program costs =

PV(Incremental_Costs + Fixed_Program_Costs)
PV(kWh_Savings)

Levelized total regional costs =
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Adjustments to tracking system costs were required for the total regional cost calculation because
the program tracking systems sometimes contained total measure costs instead of incremental
measure costs. Based on discussions with utility staff about the program-imposed relationship
between incremental costs and incentive levels, incremental costs were set to the minimum of the
total measure cost or 2.5 times the paid incentive.

Fixed program costs include: utility administration costs, BPA administration costs, marketing
costs, and training costs. Costs for the program performance impact study, the Electric Ideas Clear-
inghouse, and the Lighting Design Lab are not included in the calculations. All included costs are
assumed to be financed at BPA’s treasury borrowing rate of 8.35 percent for 20 years (which
incorporates an assumed inflation rate of four percent). Table 3-14 presents tracking systern data
that are incorporated into the cost analysis.

Table 3-14

Cost Analysis Data
Number of sites 792
Tracking MWh savings ' 53,578
Performance impact MWh savings 44,887
Incentive paid ($1,000s) 7,348
Incremental measure costs ($1,000s) 13,315
Utility fixed program costs ($1,000s) 2,373
BPA fixed program costs ($1,000s) 3,941

Average measure lives (Years) 14.8"

! End-use-specific measure lives averaged 14.7 years for
lighting, 16.2 years for HVAC, and 14.1 years for other -
measures.
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Levelized costs were developed separately for lighting measures, HVAC measures, and all other
measures (including envelope, refrigeration, motor, and miscellaneous measures). Results are
expressed in mills per kWh. Table 3-15 presents levelized costs before and after application of the
performance impact realization rates. Costs are disaggregated by cost element in Table 3-16.

Table 3-15
Levelized Costs: Mills per kWh

Tracking System Results Performance Impact Results

Regional Program Total Regional Regional Program Total Regional

End Use Costs’ Costs? Costs’ Costs?
Lighting 23.7 33.9 26.4 37.7
HVAC 274 40.3 38.0 55.9
Other 23.8 354 39.0 57.9
Total 24.2 34.8 28.3 40.7

! Cost is based on incentives paid.
2 Cost is based on total incremental measure cost.

Table 3-16
Levelized Cost Disaggregation: Mills per kWh

Cost Element Regiogglsrsr?gram Totaé:segizonal
Measure cost per kWh saved ‘ 15.2 27.6
Utility fixed program cost 4.9 49
BPA fixed program cost 8.2 8.2

Total 28.3 40.7

! Cost is based on incentives paid.
2 Cost is based on total incremental measure cost.

Based on tracking system kWh savings estimates, all end uses showed somewhat similar cost
effectiveness results, with lighting achieving the lowest levelized costs, followed closely by the
“other” end uses. Incorporation of the performance impact kWh savings estimates cause results
to shift somewhat, however. First, levelized costs increased because the realization rates were
less than 1.0. Second, the performance impact levelized costs indicate that lighting retrofits had
significantly lower costs, both from a regional program and total regional perspective. HVAC
measures were the least cost effective. Program-wide levelized costs are significantly influenced
by the lighting costs, as lighting comprised more than 80 percent of program savings.
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Overall, costs averaged approximately 28 mills per kWh from the regional program perspective
(meeting BPA’s cost target of 35 mills per kWh) and 41 mills per kWh from the total regional per-
spective. As Table 3-16 indicates, measure-specific cost is the largest cost component, followed
by BPA fixed program cost, and utility program cost.

Results for SCL

Based on a review of the retrofit programs, there was reason to believe that realization rates for
SCL might be higher than for the other participating utilities. Three primary factors could con-
tribute to this result:

* SCL has more experience with the retrofit program (having implemented their program
earlier than the other utilities) and had extensive commercial retrofit experience in BPA’s
Commercial Incentive Pilot Program (CIPP);

e SCL sets minimum wattage reduction requirements for retrofits receiving rebates; and

e SCL has incorporated other performance impact findings into their tracking system savings
estimates.

Based on this information, an incremental realization rate was estimated for SCL in the econo-
metric billing analysis (see the subsection, “Econometric Models”). This “SCL adder” was
estimated to be 0.24 and was statistically significant at the 90 percent confidence level. Using this
adder, separate realization rates and savings estimates were developed for SCL. These results are
presented below. Table 3-17 shows the SCL realization rates, Table 3-18 presents 1991-1992 pro-
gram savings, and Table 3-19 shows levelized costs using performance impact savings estimates.

Table 3-17
SCL: Energy Savings Realization Rates

Realization ) Standard 90% Confidence
End Use Rate Error Interval
Lighting 1.00 0.133 0.781t0 1.22
Other . 0.78 0.125 0.57 to 0.99
Overall 0.95 0.122 0.75t0 1.15
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Table 3-18
SCL: Program Savings Estimates

Performance
Number Tracking Savings Realization impact Savings
End Use of Sites’ (MWh) Rate (MWh)
Lighting 239 21,718 1.00 21,718
HVAC 30 4,409 0.78 3,439
Miscellaneous 21 1,854 0.78 A 1,446
Total 281 27,981 0.95 26,603
! Total does not reflect sum of end uses due to multiple end use sites.
Table 3-19
SCL: Levelized Costs—Mills per kWh
Tracking System Resuits ’ Performance Impact Results
Regional Program Total Regional Regional Program Total Regional
End Use Costs' Costs? | Costs'! Costs?

. Lighting 21.7 30.6 21.7 30.6
HVAC 271 414 34.7 53.1
Other 29.2 50.7 37.5 65.0
Total 22.9 33.2 24.0 34.9

1 Cost is based on incentives paid.
2 Cost is based on total incremental measure cost.

Comparison to Other Northwest Commercial Performance Impact Studies

In the past five years, several performance impact studies have been conducted on the Commer-
cial Incentives Pilot Program (CIPP), which was initiated by BPA in 1986 to demonstrate the fea-
sibility of commercial energy conservation in existing buildings. Under this program, eligible
customers were offered financial incentives to install conservation measures. Energy savings
results from this current study appear comparable to the performance impact results for the
CIPP, even though different performance impact techniques were used in the various studies.

In a study for SCL (Coates, 1994), 124 sites that participated in the CIPP during 1987, 1988, and
1989 averaged savings of 2.2 kWh/sqft, quite similar to this study’s finding of 2.4 kWh/sqft.
Another study of 16 SCL participants in program years 1987 through 1989 (SBW Consulting et al.,
1993) showed that 69 percent of initially predicted savings were realized in the performance
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impact study. A study for TPU (Perich-Anderson et al., 1991) on CIPP participants prior to 1989
showed that approximately 69 percent of pre-retrofit savings estimates were realized in customer
bills (after excluding outliers). The realization rates of 69 percent found in these two studies are
fairly similar to the 84 percent realization rate estimated in this performance impact project.

Finally, in a study for BPA (Cambridge Systematics et al., 1990) of CIPP participants through
November 1989, program savings were estimated to be approximately 20 percent of customers’

pre-retrofit bills, higher than the average per-site savings estimate of 10 percent determined for
this study. The lower percentage savings results in this study are most probably due to the inclu-
sion of a few large sites that implemented relatively small projects.
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SURVEY INSTRUMENTS

This appendix contains the telephone and on-site survey instruments used to collect site-specific
data for the retrofit evaluation.

The telephone survey was conducting via a CATI (computer-assisted telephone interview)
system, and the following survey instruments were adhered to strictly. For the on-site survey, a
trained auditor interviewed customers while focusing on site-specific events that caused
changes in energy consumption. '

The on-site survey instrument was only used as a general guide and a mechanism for recording
responses. It was not intended to be a thorough, stand-alone instrument.

The survey instruments are shown in the following order:

» Participant telephone survey questionnaire
 Nonparticipant telephone survey questionnaire

* On-site survey instrument
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Final Questionnaires

Participant Survey

Q10

Hello, my name is from Northwest Research Group, and I'm
calling on behalf of

[PRESS ANY KEY TO CONTINUE. ]

———————— — — - -~ —— —————— T~ - — -~ —— - -~ — - - — - - -

May I speak with [CONTACT NAME] i
or with someone in your office who is familiar with the operation of
your building, particularly as it pertains to your energy use?

1 YES, SPEAK WITH CONTACT PERSON
2 NO, OTHER PERSON FAMILIAR WITH OPERATIONS

[IF PERSON IS DIFFERENT FROM LISTED CONTACT PERSON, UPDATE
CONTACT NAME. ]

Are you the best person to speak with regardlng your flrm s participation
in *s {UTILITY NAME]

program to promote energy efficiency by offering incentives for the
installation of energy efficiency equipment?

1 YES '

2 NO [PROBE FOR PERSON WHO WOULD KNOW ABOUT THE
PROGRAM AND ASK TO SPEAK WITH THAT PERSON. IF NOT
AVAILABLE, SET UP A CALLBACK. USE CONTROL-END KEYS.]

[{UTILITY NAME]

has begun a research project to study electricity use in

commercial buildings.

{UTILITY NAME]

currently works with commercial customers to increase the energy
efficiency of buildings. This research project will provide information
that will help improve the services provided to commercial customers.

[PRESS ANY KEY TO CONTINUE. ]

- ——— - — - ————— - - ——————— - ————— ——— - — - -~ ——— - —

our records indicate that over the past few years, your building

has participated in a utility program that pays out incentives to encourage
the use of energy efficient equipment. On behalf of [UTILITY NAME]

we would like to thank you for your participation.

[PRESS ANY KEY TO CONTINUE. ]

To study the long-term impact of this program, we would like to ask you
a number of questions about your energy use. Your responses will be
held in strictest confidence.

[PRESS ANY KEY TO CONTINUE. ]

—— - —— ———— ———— -~ —————— -~ ———— —— - - —— — —— - — - — -

Xenergy - Field Services Report



Q40
Do you recall participating in [UTILITY NAME]'s
energy efficiency incentive program in 1991 or in 1992?
1 Y¥YEs
2 NO, [PROBE TO SEE IF THERE IS SOMEONE ELSE AT THE BUSINESS

WHO IS MORE FAMILIAR WITH THE PROGRAM.
3 NO, PARTICIPATED IN ANOTHER PERIOD.

Q50 IF (KEY = 1)SKIP TO Q65
In this survey, I am interested in energy use at the location where the
energy-saving measure(s) for the energy efficiency program were installed.
According to our records , the service address is:
[SERVICE ADDRESS]
is this correct?

Q65 IF (KEY = 2)SKIPTO Q68
Has the function of this building changed significantly since 1990?
For example, has it changed from a warehouse to an office or
from a retail store to a restaurant?

1 YES
2 NO
Q67 IF (KEY = 1) OR IF (KEY = 90 SKIPTO THANK1)

What was that change?

1 SPECIFY
S DK / REF

- ——— -~ —— = - - - - = — - — - -~ - — -~ - - — -~ — - - - - — - - - - - - - - - - -

This survey asks questions about changes in energy use for the
past few years at that location.

This series of questions will be used to verify our records on
the energy efficiency measures installed at your site.

[PRESS ANY KEY TO CONTINUE. ]

- —— - —— - — - - —— - —————— —— - - —— — - — -~ - —— - - — - — — - — — - - - > = - - - - - - - - - - - -

our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility's energy

efficiency program. Please confirm all measures you recall being
installed. '

[PRESS ANY KEY TO CONTINUE. ]

[ENERGY EFFICIENCY MEASURE]

[IF NECESSARY: Our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility'‘'s energy efficiency program.
Can you please confirm Whether or not you recall its being installed.]

1 YES

2 NO, NOT INSTALLED

3 NO, OTHER MEASURES
9

- - - ————————————————— - ——— - - — - — =~ —— - - - - - -~ . - - — - . . - - - - - -
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© [ENERGY EFFICIENCY MEASURE]

[IF NECESSARY: Our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility's energy efficiency program.
Can you please confirm Whether or not you recall its being installed.]

1 YES

2 NO, NOT INSTALLED
3 NO, OTHER MEASURES
9 DK/REF

{ENERGY EFFICIENCY MEASURE]
[IF NECESSARY: Our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility's energy efficiency program.
Can you please confirm Whether or not you recall its being installed.]

1 YES

2 NO, NOT INSTALLED
3 NO, OTHER MEASURES
9 DK/REF

- ———— ——— —— - — - ——— — - - - - - . = — - - - = . - - - - - - - - - - - . - - - —-—

[ENERGY EFFICIENCY MEASURE]
[IF NECESSARY: Our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility's energy efficiency program.
Can you please confirm Whether or not you recall its being installed.])

1 YES

2 NO, NOT INSTALLED
3 NO, OTHER MEASURES
9 DK/REF

[ENERGY EFFICIENCY MEASURE]
{IF NECESSARY: Our records indicate that you have installed the following energy
efficiency measure(s) as part of your local utility's energy efficiency program.
Can you please confirm Whether or not you recall its being installed.]

1 YES

2 NO, NOT INSTALLED
3 ' NO, OTHER MEASURES
9 DK/REF

Did you install any additional energy efficiency measures as part of your
utility's program that we didn‘'t list above?

1 YES [SPECIFY____ 1]
2 NO ‘
9 DK/REF
082 IF (KEY = 1) OR IF (KEY = 9) SKIPTO Q89

Our records indicate that you began the installation of the energy
efficiency measures in approximately [START DATE]
and completed the installations in approximately [END DATE]

Are these dates generally correct or can you provide a better
start and complete dates?

1 YES, GENERALLY CORRECT

2 NO, CAN PROVIDE BETTER START AND COMPLETE DATES
9 DK / REF

- - - —— ———— - ———————— - —— -~ —— — — - - -~ - - - - -
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Q83

Approximately when did you begin installing the energy efficiency
measure(s) discussed above?

ENTER MONTH AND YEAR
01/99 DK/REF

———_—————— - — -~ ——-— - — -~ - — -~~~ — - - - — - - = - - - - - - -

Approximately when did you complete installing the energy efficiency
measure(s) discussed above?

ENTER MONTH AND YEAR
01/99 DK/REF

The following series of questions cover the general function and
operations at your business site.

{PRESS ANY KEY TO CONTINUE. ]

-———————— — —— — —— T~ ——— - — - —— - -~ - - - -

How would you classify the business site?

[PROBE FOR MOST SIGNIFICANT ONE, IF 50/50 HAVE THE RESPONDENT CHOOSE ONE. ]

1 RETAIL SALES (eg., DEPARTMENT STORE, NON-FOOD)
2 FOOD/GROCERY MARKET
3 FOOD SERVICE (RESTAURANT / BAR)
4 OFFICE
S LODGING/HOTELS/MOTELS/NURSING HOMES
6 SCHOOL
7 WAREHOUSE
8 MEDICAL
9 RESIDENCE - APARTMENT BUILDING/CONDOMINIUM COMPLEX
10 OTHER; (SPECIFY)
99 DK/REF
* ———————————————————————————————————————————————————— - -
o100
Do you or the company you represent own or lease this facility?
1 OWN
2 LEASE
9 DK/REF

Q110
Is there a single business or multiple businesses at this site?

1 SINGLE BUSINESS
2 MULTIPLE BUSINESSES
9 DK/REF

0120 (IF KEY = 2) SKIPTO Q140

Are you an occupant at this site or do you manage the facility
for other businesses or both?

1 OCCUPANT AT THIS SITE

2 MANAGE THE FACILITY FOR OTHER BUSINESSES

3 OCCUPANT AND MANAGE FACILITY FOR OTHER BUSINESSES
4

S

- ———— — - —_—— - - - — - -~ -~ - - — - - - — -~ - — - - - —

Q130
When did your business move into this location?

ENTER MONTH AND YEAR
01/99 DK/REF

- ———————————— ——————————_—————— -~ ————————————— ——————————————
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0140 . (IF KEY > 1) SKIPTO Q170 .
Has there been a significant change in tenants since January 1990

1 YES

2 NO

3 NOT APPLICABLE
9 DK/REF

- —————— —— - ——— - - - - - - - - —— - - = - - - - - - - - - - - - - - - -

Q150
When was the first change?

Approximately what percent of your building's
occupants changed at this time?

ENTER PERCENTAGE
999 DK/REF

Q160
When was the next change? .
[IF NECESSARY: in tenants since January 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF
01/97 NO NEXT CHANGE

—————————————————————————————————————————— - ————————— — - — - E -

Q165

Approximately what percent of your building's
occupants changed at this time?

ENTER PERCENTAGE
999 DK/ REF
0170 (IF KEY > 1) SKIPTO Q190
Has this facility been significantly
remodeled since January 19902

1 YES
2 NO
9 DK/REF

Q175
When did this remodel take place?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

0180 )

Did you install your program-related energy efficiency measures at the
time of the remodel?

1 YES

Q190
What is the approximate floor space at this site (in square feet)?

ENTER NUMBER OF SQUARE FEET
999999 DK/REF
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Q200 (IF KEY > 1) SKIPTO Q230

Since January 1990, has the amount of floor space occupied at this
site changed significantly?

1 YES

Q210
Did it increase or decrease?

1 INCREASED
2 DECREASED
S DK/REF

- - — - - —— - — - —— - — - - - - - - - - - - - -~ - - - - — - - - -

Q220
What was the approximate floor space in 19902

ENTER NUMBER OF SQUARE FEET
999999 DK/REF
Q230
Approximately how many hours does your business operate each week?
(Hours of operation include periods when someone is generally in
the building -- excluding security guards and janitors.)

ENTER NUMBER OF HOURS PER WEEK
899 DK/REF

Q240 (IF KEY > 1) SKIPTO Q270

Since January 1990, have there been any significant changes in the
hours of operation at this site?

1 YES
2 NO
9 DK / REF
Q250
Did ‘they increase or decrease?
1 INCREASED
2 DECREASED

S DK/REF

Q260
What were the approximate weekly hours of operation in 19907

ENTER NUMBER OF HOURS PER WEEK
999 DK/REF

Q270 ’
What is the approximate number of employees and/or occupants at this site?

ENTER NUMBER OF EMPLOYEES / OCCUPANTS
99998 99998 OR MORE
99999 DK/REF

Q280 (IF KEY > 1) SKIPTO Q310

Have the number of employees and/or occupants at this site changed
significantly since January 19907
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Q290
Was this an increase or decrease?

1 INCREASE

2 DECREASE
9 DK/REF

Q300 .
Approximately how many total employees/occupants were at this site in 19902

ENTER NUMBER OF EMPLOYEES / OCCUPANTS
99999 DK/REF

Q310 (IF KEY > 1) SKIPTO Q330

Have there been any temporary business shutdowns at this site
since January 19907

" (IF NECESSARY): By temporary business shutdown we
mean a shutdown that is not part of your normal
business operations.

1 YES

Q320
Approximately when was this shutdown? B
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/9% DK/REF
Q330 .
How well did the business or other activity at this facility do in the
last year compared to 1990 and 1991, would you say it did Much
better, Somewhat better, about the same,
Somewhat worse or Much worse

- - —— - -

MUCH BETTER
SOMEWHAT BETTER
ABOUT THE SAME
SOMEWHAT WORSE
MUCH' WORSE

NOT APPLICABLE
DK/REF

Q340 (IF KEY > 1) SKIPTO Q360

The next series of questions relate to energy efficiency improvements and
changes in equipment other than those made as part of the utility’ program.

oW E S

. Other than through participation in your local electric utility's energy
efficiency program, has your facility been involved in any other energy
. efficiency improvements since January 1990?

(IF NECESSARY): Examples include installing insulation,
installing more efficient equipment, making improvements
to the building, installing an energy management system,
installing lighting controls, etc.)

1 YES
2 NO
9 DK/REF

- ——_— —— ——————————— = ———— —— ——————— — ———————_— — — — —— —— - ——— — - — - - ——— - — - - -
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Q350
Approximately when were they made.
{ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER YEAR AND MONTH
01/99 DK/REF

Q351

Please specify any other energy efficiency improvements
which have been made since January 1990.

[PRESS ENTER IF NO OTHER ENERGY EFFICIENCY IMPROVEMENTS HAVE BEEN MADE]

— - - ————————————————— — — T —_—— -~ T - — -~ - ———

Q352
Approximately when were they made.
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER YEAR AND MONTH
01/99 DK/REF

Q353

Please specify any other energy efficiency improvements which
have been made since January 1990.

[PRESS ENTER IF NO OTHER ENERGY EFFICIENCY IMPROVEMENTS HAVE BEEN MADE]

- ———— - — -~ —— — - ———_— - ———— = — — - - - — - - - - - - - - - -~

Q354
Approximately when were they made.
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990 ]

ENTER YEAR AND MONTH
01/99 DK/REF

- ————— —————— - —— - —————— - - - - - - - o - —— - - - - -

Q355

Were these improvements made on your own, or through some

conservation program other than the one provided by your local
electric utility?

1 Improvements made on our own

2 Improvement were part of another program
(Specify

3 Some improvements on our own, some as part of another
program

9 DK/REF

——— - —————————— — ———————————— -~ ——— -~ —— - —— ———

Q360 (IF KEY > 1) SKIPTO Q380

Has your facility participated in any additional energy efficiency
programs other than those discussed thus far?

1 YES

2 NO

9 DK / REF
Q370

Q380 (IF KEY > 1) SKIPTO Q440
Does your facility have a space heating system?
1 YES
2 NO
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Q390
what is the primary space heating fuel at your facility?

1 ELECTRICITY
2 NATURAL GAS
3
9

Q400 (IF KEY > 1) SKIPTO Q440

Have you installed or made any significant changes to your primary

heating system since January 19902

1 YES
2 NO
) DK / REF

Q410 (IF KEY > 1) SKIPTO Q412
Did you replace an old heating system?
[ IF NECESSARY: since January 1990?. ]

1 YES
2 NO
S DK/REF

0411
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY .1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

0412 (IF KEY > 1) SKIPTO Q414
Did you add an additional heating system?
[ IF NECESSARY: since January 1990?. ]

1 YES
2 NO
9 DK/REF

Q413 .
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990.

ENTER MONTH AND YEAR
01/99 DK/REF

- —————————— ——— ———— - - — - — - - —————— - — - - - -

Q414 (IF KEY > 1) SKIPTO Q415
Did you change heating fuels?
[ IF NECESSARY: since January 1990?. ]

1 YES

Q416
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

0420
What was the prior heating fuel?

1 ELECTRICITY
2 NATURAL GAS
3 OTHER

9 DK/REF
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0445 . .

Did you make any other changes not previously mentxoneQ?

[PROMPT IF NECESSARY::To your primary heating system since January 1990. ]

1 YES [SPECIFY, ]

Q430
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR

Q440 (IF KEY > 1) SKIPTO Q480
Does this facility have a space cooling (air conditioning) system?

1 YES

- ———— ———— - —— - —— - ———— - ———— - = - - = G = - . = - - - - - - - - - -~ - - - - -

Q450 (IF KEY > 1) SKIPTO Q480

Have you installed or made any significant changes to your primary
cooling system since January 19902

1 YES

Q460 (IF KEY > 1) SKIPTO Q462
Did you replace an old cooling system?
{ IF NECESSARY: since January 1990? ]

1 YES

Q461
When was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

Q462 (IF KEY > 1) SKIPTO Q464
Did you add an additional cooling system?
[ IF NECESSARY: since January 199072 ]

1 YES
2 NO
9 DK/REF
Q463

When was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

Q464 (IF KEY = 2) SKIPTO Q480
Did you make any other changes?

[PROMPT IF NECESSARY: To your primary cooling system since January 1990.]

1 YES (SPECIFY__ ]
2 NO
9 - DK/REF
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Q470
What was the approximate date of the change?
{ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

-ENTER MONTH AND YEAR
01/99 DK/REF]

- - ——————————— ———— - —— - - - - — —— > " . - - —— - — - — - - " " - - . — - - - - .—
- ————————

Q480 (IF KEY > 1) SKIPTO Q520
Does this facility have a refrigeration system?

1 YES
2 NO
9 DK/REF

0490 (IF KEY > 1) SKIPTO Q520

Have you installed or made any significant changes to your refrigeration
system since January 19902

1 YES ‘
2 NO
9 DK / REF

- ————————— — - — —— — —— - - ——— - - -~ - - - —— -

Q500 (IF KEY = 1) SKIPTO Q510
Did you replace an old refrigeration system?
[ IF NECESSARY: since January 1990? ]

1 YES

2 NO

9 DK/REF
Q501 (IF KEY = 1) SKIPTO Q510

Did you add an additional refrigeration system?
[ IF NECESSARY: since January 19902 ]

1 YES

0502 (IF KEY = 2) SKIPTO Q520
Did you make any other changes?

[PROMPT IF NECESSARY: To your refrigeration system since January 1990.]

1 YES [SPECIFY____ ]}
2 NO

Q510

What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

Q520 (IF KEY > 1) SKIPTO Q550

Have there been any significant changes to your lighting system
since January 1990?

1 YES
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Q530 .
Did you replace a old lighting system?
{ IF NECESSARY: since January 1990? ]

1 Y¥YES

Q531
What was the approximate date of the change?
{ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

- —————————————_—————— - ————— ————— - ———— - — — — - — — -~ — - — - - ——— - - —— - -

QS32 (IF KEY > 1) SKIPTO QS34
Did you add an additional lighting system?
[ IF NECESSARY: since January 19902 ]

1 YES
2 NO
S DK/REF

- ——— —————— - — - - ——— - — -~ —— - —— = - - - — - - — - - - - - —-—

Q533
What was the approximate date of the change?
{ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

‘0534 (IF KEY = 2) SKIPTO Q550
Did you make any other changes?
{PROMPT IF NECESSARY: To your lighting system since January 1990.]

YES [SPECIFY ]

Q540
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR

01/89 DK/REF
Q550 (IF KEY > 1) SKIPTO Q610
Does this facility have a water heating system?
1 YES
2 NO
9 DK/REF
Q560
What is the primary water heating fuel at your facility?
1 ELECTRICITY
2 NATURAL GAS
3 OTHER
9 DK/REF
Q570 (IF KEY > 1) SKIPTO Q610

Have you installed or made any significant changes to your primary
water heating system since January 19907

1 YES
2 NO
S DK/REF
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Q580 (IF KEY > 1) SKIPTO Q582
Did you replace an old water heating system°
[ IF NECESSARY: since January 19902 ]

1 YES
2 NO
9 DK/REF

- ————————— — - ——— = ——— - —— -~ = ——— - — - - - — - - - — - - - - - -

Q581
What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF
0582 (IF KEY > 1) SKIPTO Q584
Did you add an additional water heating system?
[ IF NECESSARY: since January 19902 ]

1 YES
2 NO
9 DK / REF

Q583
what was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF
0584 (IF KEY > 1) SKIPTO Q585
Did you change water heatlng fuels?
[ IF NECESSARY: since January 19909 ]

1 YES

Q586 (IF KEY > 1) SKIPTO Q610
What was the approximate date of the change°
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

-~

ENTER MONTH AND YEAR
01/99 DK/REF

Q590
What was the prior water heating fuel?
1 ELECTRICITY
2 NATURAL GAS
3 OTHER
9 DK/REF

B

Did you make any other changes?
(PROMPT IF NECESSARY: To your primary water heating system since January 1990.]

1 YES [SPECIFY —
2 NO

Q600

What was the approximate date of the change?
[ NOTE : WILL ONLY ACCEPT A DATE FROM JANUARY 1990. ]

ENTER MONTH AND YEAR
01/99 DK/REF

. . . = . — ——————_——————————— - —— - ——— - ———— - —— — - - - - - - -

Xenergy - Field Services Report



Q610 ‘
Have you removed any old energy using equipment since January 1990?

1 YES [SPECIFY |

0620

Since January 1990, have you discontinued certain
activities that use energy?

1 YES [SPECIFY 1]

Q630

Have you added any new energy using equipment, such as office equipment,
or activities not already discussed since January 19907

1 YES [SPECIFY____ ]
2 NO
9 DK / REF

Q640

Can you think of any additional factors not already discussed that have
significantly changed your energy consumption since January 19902

YES ([SPECIFY R

Q650 (IF KEY > 1) SKIPTO Q660

We have a few more general questions that relate to the management
of your company‘'s energy usage.

Does this facility have someone who is specifically responsible for
managing the-energy use of the facility?
[PROBE: FOR THE PERSON SPECIFICALLY RESPONSIBLE. ]

1 YES
2 NO

Q655 (IF KEY > 1) SKIPTO Q660
How long has this position been a normal part of your company?

1 UNDER 2 YEARS
2 2 - 5 YEARS

3 5 - 10 YEARS
4 OVER 10 YEARS
9 DK/REF

Q660

On a scale of 1 to S5, where 1 is not at all important and 5 is very
important, how important are this facility's energy expenditures
compared to other operating expenses at this facility?

NOT AT ALL IMPORT<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>