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ABSTRACT

This report presents the results of an evaluation of the U.S. Department of Energy’s Industrial
Assessment Center (IAC) Program. The purpose of this program is to conduct energy, waste, and
productivity assessments for small to medium-sized industrial firms. Assessments are conducted by
30 university-based industrial assessment centers. The purpose of this project wasto evaluate energy
and cost savings attributable to the assessments, the trained alumni, and the Websites sponsored by
this program. How IAC assessments, alumni, and Web-based information may influence industrial
energy efficiency decision making was aso studied. It is concluded that appreciable energy and cost
savings may be attributed to the IAC Program and that the IAC Program has resulted in more active
and improved energy-efficiency decision making by industrial firms.
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EXECUTIVE SUMMARY

ES1. INTRODUCTION

Oak Ridge National Laboratory (ORNL) isassisting the Industrial Assessment Center (IAC) Program,
Office of Industrial Technologies (OIT), U.S. Department of Energy (DOE), in meeting the
requirements of the Government Performance and Results Act of 1993 (GPRA). The IAC Program
provides small and medium-sized manufacturers with energy, waste, and productivity assessments.
These assessments are prepared by teams of engineering students and faculty from 30 colleges and
universities acrossthe country. Presently, the |AC Program uses awell-established database (Muller,
Barnish, and Kasten 1998) to track savings resulting from recommendations generated during IAC Site
assessments.

There are, however, additional benefit pathways of the IAC Program that are not quantified in the
current database. These include (1) assessment pathway benefits—through replication and
implementationof (initially unimplemented or del ayed) energy and cost savingsrecommendations; (2)
alumni pathway benefits—through the training of students who will then find jobsin industry where
they can use their IAC Program training; and (3) Website pathway benefits—through Web-based
dissemination of technical information on energy and cost savings to organizations throughout the
United States. This report presents methods used to measure the benefits attributable to the IAC
Program from these pathways and estimates of these benefits.

Thisexecutive summary first presents the aggregated estimates of source energy savings, energy cost
savings, and total cost savings attributable to the |AC Program for the year 1997 (Sect. ES.2). The data
that were coll ected and methodol ogiesempl oyed to devel op the estimatesarediscussed in Sects. ES.3
and ES.4, respectively. How the three IAC Program interventions may have impacted industrial
energy-efficiency (EE) decision making is discussed in Sect. ES.5. Recommendations are presented
in Sect. ES.6. Details of this study may be found in the report titled “Industrial Assessment Center
Program Impact Evaluation,” by Martin et al. (1999).

ES2. AGGREGATE RESULTS

Table ES.1 presents the estimated source energy savings, energy cost savings, and total cost savings
(including waste minimization and productivity activities) attributable to the |AC Program from each
of the three pathways studied:

< direct assessments conducted for IAC client firms;
< dudent dumni of the IAC Program who may have jobs with responsibilities that entail
reducing energy use and costs; and
< |AC Program Websites that can provide organizations with information about how to save
energy and reduce costs.
Table ES.1 is meant to be a side-by-side illustration of the potential impacts of the three pathways,
and is based on specific, conservative interpretations of the data from the three studies. Because of
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the limitations set forth by the data that were available for the study, flexibility in interpretation is
feasible. Alternative interpretations, however, must consider all of the evidence, as documented in

the full report.

Table ES.1. Estimated IAC Program annual savings for
FY 1997 — assessment, alumni, and Website pathways

Source
Energy Energy
Program Savings Cost Total
Component (BBtu) Savings Cost Savings
Assessments 1,901 $9,327,630 $42,632,149
Alumni 3,368 $56,000,000 $66,650,000
Websites® 6,054 $26,870,800 $29,104,150
Total 11,323 $92,198,430 $138,386,299

aDomestic savings only

ES3. DATA

The results presented were devel oped using data collected from follow-up questionnaireswith firms
(clients) that have received | AC assessments, with | AC student alumni, and with IAC Website users.
Each questionnaire was designed primarily to collect data on energy and cost savings attributable to
the lAC Program (Martin et a. 1999). However, severa questionswere added to each questionnaire
to explore changes in EE decision making. Each follow-up effort is briefly described below.

ES.3.1 Client Follow-up

Since the inception of the IAC Program in the early 1980s, thousands of small and medium-sized
industrial firms have received assessments. For this project, the sampling frame included all firms
assessed between October 1, 1991, and September 30, 1997, that implemented or planned to
implement at least one recommended EE measure, as recorded in the |AC database. From thisframe
of 2,954 firms, 102 were randomly selected and 42 agreed to be included in the follow-up. Of the 102
firms included in this sample, 37 could not be contacted because either the original contacts had left,
or the plant or center was no longer in existence. Only 23 firms actually refused to participate.
Therefore, of the 65 firms contacted, 42 participated, yielding a participation rate of 65%.

ES.3.21AC Alumni Follow-up

A database of 656 | AC alumni (out of an estimated 1,420 aumni through FY 1998) was obtained from
Rutgers University. From these 656, IAC directors identified 77 alumni believed to be particularly
successful inworking inindustry to save energy. In the spring of 1999, al 656 |AC aumni received
aquestionnairein the mail. Two reminder cards were also sent. These three rounds of effort yielded
132 completed questionnaires. Approximately 150 questionnaire packages werereturned asaresult
of bad addresses. Thus, the overall response rate was just over 26%.
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ES.3.3 IAC Website Users Questionnaire

An on-line questionnaire of |AC Website users was conducted during a 96-day period in the spring
of 1999. Visitors to IAC Websites maintained by DOE, Rutgers University, and Colorado State
University were aerted to the questionnaire through an active Java appl et on the home pages of these
Websites. Visitorswereinduced to complete the questionnaire with areward of an ASHRAE Pocket
Guide. Twenty-nine responses were received during this time period. Because accurate usage
summaries of these sites were not available, aresponse rate could not be determined.

ES4. METHODOLOGY

Separate methodol ogies were used to estimate energy and cost savingsimpacts attributable to the IAC
assessments, alumni, and Websites. These are described briefly below.

ES.4.1 Assessment M ethodology

The approach taken to estimate savings was to adjust implemented energy and cost savings reported
in the IAC database of client assessments. Thiswas achieved using comprehensive benefit ratios, or
CBR’s. It is assumed that for measures implemented by IAC clients, the energy and cost savings
estimates provided by the assessments are close to actua performance. CBR’s are estimated to
account for firms implementing more or less of the measures recommended in the assessments, and
replication of recommended measures in other parts of the plant or at other plants that interact with
the origina 1AC clients.

The client follow-up questionnaire collected data about the status of all assessment recommendations
and replications. The CBR applied to source energy savings to calculate the result presented in
Table ES.1is1.084. The CBR'’ sfor the energy cost savings and total cost savingsare 1.004 and 1.15,
respectively.

ES.4.2 Alumni M ethodology

The alumni respondents to the follow-up questionnaire reported on their activities in saving energy
and costs in the years 1995-1998. Energy and cost savings reported by the 132 respondents were
generalized to the entire population of 1,420 alumni. This was done by assuming that the 26%
response rate would have been the same had all alumni received follow-up questionnaires and that
thislarger number of alumni (369) would have reported similar mean alumnus energy (equivalent to
approximately four audits per year) and cost savings equal to those of the sample of 132. This
assumption increases energy and cost savings estimates reported by the follow-up questionnaires
between afactor of 2.5 and 2.7, depending on the year of the estimates. This conservative approach
assumes that the remaining 74% of |AC aumni do not contribute to program impact.
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ES.4.3 Website M ethodology

The data collected from the Website questionnaire were reviewed, first, to determine whether the
respondents were U.S. residents and, second, for validity. It was clear from the domain names that
several respondents were fromforeign countries. The savings reported by these foreign respondents
were not included in the results reported in Table ES.1. In addition, three domestic respondents
reported very high energy and cost savings. Each respondent was contacted; only one set of savings
results could bevalidated for inclusion in Table ES.1. The energy and cost savings estimates provided
by respondents during the 96-day period are not adjusted in any further way. Thisis a conservative
assumption which represents uncertainties about the number of people who may use IAC Website
information each year to save energy and costs.

ESS. IAC IMPACTSUPON INDUSTRIAL ENERGY-EFFICIENCY DECISION MAKING

This project also developed a model to describe an industrial firm’s energy-efficiency decision
making over time. The model posits seven stages, which range from “no energy-savings decision
making” to “EE program implementation” to “ steady-state EE decision making” (seeFig. ES.1). Itis
hypothesized that government EE programs, such asthe |AC Program, can accel erate the speed with
which industrial firms move through the model’ s seven stages. In addition to the data collected and
described in Sects. ES.2 and ES.3, data were collected about firms' stages in the model before and
after receiving one of three IAC benefits. a direct energy assessment, the employment of a student
alumnus of the IAC Program, or use of EE information from an IAC Website.

Table ES.2 presentsresults about shiftsin life cycle stagesin EE decision making for the client firms,
aumni employers, and |AC Website-using organizations. Overall, al three groups can be seen to be
moving further along the EE decision-making life cycle after the IAC Program intervention. For
example, only 5% of the clients were categorized in the last three stages of the life
cycle—routinization, inculturation, or steady state—before the assessment whereas 62% were so
categorized after the assessment. As seen above, the changes identified in the alumni employer
organizations were less stark but also substantial, with 30% of the alumni employersfalling into the
last three stages of the life cycle before hiring an alumnus versus 56% after hiring an aumnus. The
Website-using organizations also exhibited positive movement along the life cycle but at a much
smaller magnitude. The changesfor clientsand alumni employerswere highly statistically significant;
the results for the Website-using organizations were much less statistically significant.
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Fig. ES.1. Life cycle model of participant firms energy-efficiency (EE) decision making.

Table ES.2. Stagesin the energy-efficiency (EE) decision-making life cycle before
and after IAC Program interventions?
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Web
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ES.6. CONCLUSIONS AND RECOMMENDATIONS

Theresultsindicate that the | AC Program can be credited with saving an appreciable amount of energy
and costs. Direct energy and cost savings associated with assessments are higher than previously
thought. Lessdirectly, employershiring IAC student alumni and organizationsusing IAC Websitesare
also receiving significant energy and cost savings. Additionally, there are strong indications that the
three IAC Program elements are capabl e of affecting long-term and permanent changes in industrial
energy-efficiency decision making. Details of this study may be found in the report titled “Industria
Assessment Center Program Impact Evaluation,” by Martin et a. (1999).

The following recommendations pertain both to improving future eval uations of | AC Program energy
and cost savings and to improving the program itself:

<

increase number of clients responding to the long-term (greater than 2 years) follow-up
guestionnaire to better address savings persistence and to reduce the standard errors of the
energy and cost saving estimates;

continuous collection of client and alumni data, with annual analyses of impacts;
continually maintain the Website users questionnaire, asthisisavery cost efficient way to
collect data;

implement usage monitoring software for IAC Websites;

conduct exit interviews with alumni on aroutine basis and develop and maintain an alumni
follow-up questionnaire on the Web;

implement proceduresthat promote conti nuousinteractionswith clientsand alumni over time;
estimate energy and cost savings associ ated with moving from one stage to the next in the EE
decision-making model illustrated in Fig. ES.1.;

work to better understand which IAC and OIT products are most appropriate for firms at
different stages of themodd illustrated in Fig. ES.1 and devel op new program elements (e.g.,
executive training courses) as appropriate; and

conduct research to better understand how firms currently make EE decisions and identify
IAC and OIT elements that can help overcome deficiencies in this type of decision
making—e.g., specifically evaluate why recommended measures with paybacks of 2 years
have implementation rates of less than 50%.



1. INTRODUCTION

This report presents the results of an evaluation of the impacts of the Industrial Assessment Center
(IAC) Program, which is run by the Office of Industrial Technologies (OIT), U.S. Department of
Energy (DOE). Thel AC Program providessmall and medium-sized manufacturerswith energy, waste,
and productivity assessments. These assessments are prepared by teams of engineering students and
faculty located at 30 colleges and universities across the country.

The primary goal of this project wasto further evaluate energy and cost savings benefits attributable
to the assessments performed under the IAC Program. Other goals were to assess the impacts of
various |AC Program activities upon energy efficiency (EE) decision making and to learn more about
the impacts of 1AC student alumni and users of |AC Program Websites. In combination, these results
will assist DOE in developing program metrics for the IAC Program that will help DOE meset the
requirements of the Government Performance and Results Act of 1993 (GPRA) as well as provide
important information to |AC Program Management.

Evaluating the benefits of the | AC Program presented several challenges. Thisis because the benefits
of the program can extend far beyond the preparation and delivery of assessmentsto IAC client firms
and the energy and cost savingsthat may result when the firmsimplement recommendations contained
inthe assessments. For example, firms may replicate recommendationsin parts of the plant other than
the one that was the focus of the assessment or may even replicate the recommendations in other
plants. Students trained to do industrial assessments may now hold jobs where they are responsible
for conducting energy assessmentsand otherwiseinfluencing EE decision making. Finally, information
from |AC Websites may be used by organizations to spur their own EE investments.

Presently, the lAC Program uses awell-established database (Muller, Barnish, and Kasten 1998) to
track savings resulting from implemented assessment recommendations. However, to assessthe other
types of benefits mentioned above, additional data were needed. Specifically, new evaluation
approaches to measure these additional benefits and to report the |AC Program’ s performance results
more comprehensively were required. Thisreport presents those methods and the results of follow-up
guestionnairesfrom former IAC clients, IAC aumni, and users of | AC Websites conducted to measure
these additional benefits.

Section 2 describes the two major evaluation approaches used in this study. The first approach is
called the comprehensive benefits ratio (CBR) model. It is proposed that thisratio be used to adjust
estimated assessment savings up or down to account for the additional types of benefits mentioned
above. The second approach centers on amultistage model of EE decision making. It ishypothesized
that over time firms move from a state of no EE decision making to a stage where such decision
making is part of the culture. It is also hypothesized that the |AC Program helps to move firms aong
through the stages of this model. Both approaches are used to guide the data collection efforts.

Sections 3, 4, and 5 describe the methods used to collect datafrom IAC clients, alumni, and Website
users, respectively. These sections also provide results related to energy and cost savings and EE
decision making. Section 6 presents aggregated resultsin thisarea. The report concludeswith aseries



of observations and recommendations. Appendices A, B, and C contain the questionnaires and
supplemental statistics for the client assessments, alumni, and Website users, respectively.



2. APPROACHESFOR IMPACT EVALUATION

This section presents the theoretical basis for the evaluation of IAC client impacts and decision
making. Section 2.1 describesthe CBR model; Sect. 2.2 discussestheindustrial EE decision-making
model. The CBR model wasintroduced in Martin et a. (1999), whereas the decision-making model
isintroduced here.

21THE COMPREHENS VE BENEFITSRATE MODEL

The notion of comprehensive benefitswas discussed in Martin et a. (1999) as an extension of theidea
of redization rate. A realization rate (RR) is the ratio of measured annual savingsto original audit-
predicted annual savings for implemented savings measures. For energy savings measures, an RR is
determined through the collection and analysis of dataon the amount of changethat isactually realized
in measured energy consumption. RRsthat are close to 1.0 confirm the accuracy of the engineering
estimates. Martin et a. (1999) show by comparison with similar programs that IAC RRs are likely
to be reasonably close to 1.0.

A CBR isthe ratio of al annua savings attributable to an implemented measure to the original
estimate of annual savingsfor the measure. A CBR isanalogousto a corresponding RR, but typically
encompasses more and is larger than the RR. (The denominators of the two ratios are the same, but
the CBR may have alarger numerator.) Annual savings dueto externa and internal replication, long-
term implementation, and spin-off effects from heightened awareness among clients of energy, waste,
and productivity issues are among the examples of additional savings that would be encompassed in
aCBR for IAC assessment recommendations (ARs). When the corresponding RR iscloseto 1.0, the
CBRisthesum of 1.0 and theratio of these additional savingsto the original savings estimate. In that
case, estimating the CBR involves estimating the additional annual savings and verifying the extent
to which measures assumed to be implemented, in fact, are.

A pilot study for estimating CBRsisdiscussed in Martin et al. (1999) and in Sect. 3 of thisreport. The
main goals of the pilot study were (1) determining the feasibility of estimating CBRs by conducting
follow-up interviewsof IAC clients, (2) estimating standard errorsof CBR estimates, and (3) devising
astratification schemefor afully developed client study.! Assuming that afully developed client study
is feasible, estimates of standard errors of CBR estimates are needed to estimate sample sizes
necessary for adequate statistical precision in the fully developed study.

IStratification is the division of a population into subgroups. For example, IAC clients could be stratified
by industry type (standard industry code [SIC]) or plant size. In stratified random sampling, elements are sampled
randomly within strata. This often resultsin increased statistical precision of the overall estimates because intra-
strata variability is often much smaller than overall variability.
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Investigation of stratification schemesfor ensuring adequate representation of strata of interest (e.g.,
standard industry codes[SICs]) and reducing sampling error is standard statistical protocol. Thus, for
each stratum of interest, we seek to estimate a CBR, which can be estimated by determining the actud
savings for a sample of subjects from the stratum, and by computing the ratio of that tota to the total
of the corresponding original assessment savings estimates:

Totd Actud Annud Savings for Stratum
Totd of Origind Annua Savings Estimates for Stratum

CBR for Stratum *© ( 10 (Eq. 2.1)

Persistence of IAC savings and verification of persistence, however, have become issues of central
interest in the accounting of IAC Program benefits. Annual savings (and CBRS) are likely, on the
average, to vary with time subsequent to the assessment, probably first increasing—asinitial savings
are realized and replication and implementation of previously unimplemented ARs occur—and then
decreasing as the original ARs become obsolete. Estimating persistence of savings requires that
sampling be over multiple years. Because each client (assessment) represents one year (or fiscal year
[FY]), constraints on feasi ble sample sizes suggest that the best candidate for sample stratificationis
the FY assessment. Thisis discussed in Sect. 3. Thus “ Stratum” in Eq. 2.1 will become FY.

Whenthe stratification variableis FY, the adjusted lifetime savings estimate for individual clientsis
determined by summing over FY s subsequent to the client’ s assessment up to some last year L:

L
Assessment Lifetime Savings Estimate * J CBR(Y) x (Originad Ann. Savings Estimate). (Eq. 2.2)
1

The year L must be inferred either by assumption or from statistical evidence. In Eq. 2.2, thereisa
separate CBR for each fiscal year, Y savings are incurred for each FY after the assessment, and the
CBR changeswith Yto reflect changesin the actual annual savings. Thereisno Y= 0terminEq. 2.2,
because, to account for atimelag until implementation, the model assumesthat savings begin to accrue
during the first FY after the assessment. This is an approximation that could be refined by using
implementation dates in the accounting scheme. Recorded implementation dates are often
approximations themselves, however, and that refinement is not pursued here.

Equation 2.2 assumestimeinvariance that CBRs depend on the number of years since the assessment
but do not otherwise depend on time. In practice, CBR(Y) can be estimated by dratifying by FY,
interviewing clients, estimating CBRs for assessments performed in each FY, and taking

Y " Follow&up FY & Assessment FY. (Eg. 2.3)

Thisconversionfrom FY to Y isillustrated in Sect. 6. Under thisinvariance, savings depend ontime
only through the difference Y, not the actual FY of the assessment or follow-up. But that assumption
can aso be checked in future studies.



Note that Eq. 2.2 differs from the corresponding equation in Martin et al. (1999, Sect. 2.1), where
CBRs were specific to strata other than time strata (e.g., SICs); and separate CBRs were not
considered for separate FY's. In Eq. 2.1, CBRs are FY -specific, because of limitations on sample
sizes, this approach renders impractical stratification by additional variables such as SIC (see
Sect. 3.5).

Aswith RRs, comprehensive saving estimates for clients can betallied to produce savings estimates
for individual strataand overall. Thiscan be donefor energy, waste, productivity, and overall dollar
savings, energy savings, etc. Equation 2.1 refersto all benefit types comprehensively, but it could be
rewritten to refer to specific benefit types—that is, internal and external replication, implementation
of previoudy unimplemented ARs, etc. Thiskind of estimate, which isknown as aratio estimate, is
discussed in textbooks on sample survey methodology (for example, Cochran 1977). Although the
underlying sampled ratios may be quite variable, standard errorsfor the estimates can be cal culated,
to provide an indication of the approximate accuracy of the estimates and thus an assessment of the
adequacy of the evaluation approach. These calculations are illustrated in Sects. 3 and 6.

22 THE INDUSTRIAL ENERGY EFFICIENCY DECISION-MAKING MODEL

A second approach to evaluating the effectiveness of the | AC Program draws upon ideas found in the
literature on evolutionary economics and decision analysisto build alife cycle model of changesin
energy savings decision making over time. The IAC Program, through its audits, alumni, and World
Wide Web resources, can influence the pace of change of energy savingsin industry and elsewhere
as portrayed by the life cycle model.

Evolutionary economics hasitsrootsin thework of Schumpeter (1911, 1943), who isfamousfor his
observation that economic development relies on the act of creative destruction (where new ideas,
technologies, and products overwhelm and replace the old). One main assertion of evolutionary
economics is that technical change is an important, if not the most important, engine of economic
development (Kwasnicki 1996; Metcalfe 1998; Nelson and Winter 1982; Saviotti 1996). Solow
(1957) is credited with moving the field substantialy forward with his path-breaking research in
measuring the contribution of investment in technological change to economic development. In recent
decades, an effective relationship between the research community and industry has spurred technical
change (Metcalfe 1998). In fact, a robust technological system needs to be in place to support
technica change and economic development. This system needs to encompass an extensive
institutional infrastructure for the purpose of generating, diffusing, and utilizing technical knowledge
(Carlsson and Stankiewicz 1991; Carlsson 1992). Nelson (1987) argues that the ingtitutions
responsiblefor the generation of key types of knowledge are among the most important in determining
the performance of acountry asan innovator. Severa authorsrefer to this system asanational system
of innovation (Saviotti 1996).

It is appropriate to understand the IAC Program as part of the U.S. nationa system of innovation. It
is an ingtitutionalized function of the national government designed to diffuse technical knowledge
related to saving energy and reducing costs of small and medium-sized plantsin the U.S. industria
sector. It doesthisdirectly through its energy auditsfor clients and through its Web resources. It does
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thisindirectly by training students in university settings in industrial energy processes and energy-
saving methods and procedures, who then act to diffuse this knowledge throughout the economy. Thus,
through the diffusion of technological knowledge, the IAC Program contributes to economic
development in the United States.

To measure the success of the |AC Program in diffusing technical knowledge, onefirst needsto count
the number of audits conducted, the number of students trained, and the number of firms benefitting
from Web resources. In addition, it is necessary to attempt to measure actions resulting from the
availability of this knowledge. Diffusion of knowledge is useful only if such knowledge resultsin
decisions and behaviorsthat would not have happened otherwise or would have happened much later
intime. The balance of this section describes alife cycle model that is used to measure the impact of
|AC knowledge diffusion efforts upon participants energy savings decision making.

Before we discuss the life cycle model, we must first define more clearly what is meant by decision
making and diffusion. Decision making refersto thebehavior of firmswithregard to choosing whether
or not to implement energy savings measures. Simon (1986, p.38) states that “the dynamics of the
economic system depends critically on just how economic agents go about making their decisions.”
Knowledge needed for sound economic decision making is always of a dispersed nature (Hayek
1945). Thismeansthat different decision makers(i.e., firms) may have more or less knowledge about
energy savings opportunities, costs, and benefits. Thus, contrary to typica assumptionsin economics
about the rational man, who has perfect knowledge, firms virtually always lack knowledge. Simon
(1979) usestheterm bounded rationality to describe this situation. One key of the | AC Program, then,
is to bring increased knowledge—through audit results, in the persona of IAC alumni, and over the
Web—to firmsto improve their energy savings decision making.

Diffusion is a term used to describe how well this knowledge spreads throughout the economy.
Diffusion research has focused primarily on how new technologies spread throughout the economy.
The basic model holds that there are three types of technology adopters. innovators, middle-of-the-
roaders, and laggards. Over time, a small number of innovatorsfirst adopt a new technology, then a
very large number of middle-of-the-roaders, and then after an extended period of time, if ever, the
laggards. Seminal work by Griliches (1957) and Mansfield (1969) has shown that diffusion curves
take on logistic shapes.

IAC audits, dumni, and Web resources are the agents of diffusion for the IAC Program. What they
carry are not new technol ogies but new ideas, concepts, processes, methods, and uses for technology
aimed at saving energy. Innovators would be thefirst to volunteer for energy audits, hire alumni, and
make use of Web resources. Middle-of-the-roaders would follow. Over time, the IAC agents of
diffusion would diffuse even further within firms and to other firms not directly touched by the IAC
Program.

Also over time, one can argue that the energy-decision-making habits of innovators would change,
moving from a state of no energy savings decision making to a steady state of continual, vigilant, and
cost-effective energy savings decision making that isroutinized and part of the firm’sculture. Asmore
firms join innovators in this process, one can envision al of industry as existing somewhere in
between the two states of making no energy savings decisions and making optimal energy savings
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decisions. The termenergy savings life cycle decision making isused herein to refer to this process
over time and to describe the decision making of individual firms or the aggregate decision making
of participants. Figure 2.1 presentsalife cycle model that has seven stages. It will explained from the
viewpoint of an individual firm.

The first stage of the model, illustrated by the leftmost bar in Fig. 2.1, is the No Energy Saving
Decision Making stage. At thispoint in thelife cycle of thefirm’ senergy savings decision making, the
firmhas no conceptualization of any energy savings opportunities. In other words, no energy savings
decisions have yet been created in the minds of any of the firm’s employees (Kwasnicki 1996). This
isin spite of the fact that there are actually a large number of opportunities available to the firm
(signified by the height of the OPPT bar).

The second stage of the model, Initial Efforts, indicates that some diffusion of knowledge has
occurred. The firm now undertakes to analyze a small number of energy savings decisions, signified
by the height of the bar labeled DA. It must be noted that undertaking a decision does not mean that a
firm will actually choose a decision aternative that results in the implementation of energy savings
measures. For example, the firm may have alack of information about the benefits of implementing
energy savings measures (e.g., the payback periods) and only seethe up-front costs. In these Situations,
firms will make bad decisions which more often than not will result in fewer implementations of

Legend
OPPT OPPT OPPT - Total number of potential energy \
 — savings opportunities
DA - Number of energy savings
OPPT — decisions actually analyzed
POT - Number of energy savings decisions
Number OPPT that should result in implementation
of energy of measures
savings IMP - Number of energy savings decisions
OPPT —4 that actually resulted in
\\ implementation of measures /
OPPT
DA DA
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POT m POT POT DA
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Fig. 2.1. Life cycle model of participant firm’'s energy efficiency (EE) decision making.
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energy savings measures. On the other hand, even well-researched decisions may not result in the
implementation of measures. Thisis because not all measures are appropriate for al firms. Thus, the
height of the POT bar represents the number of decision analyses undertaken by the firm that should
result in the implementation of energy savings measures (DA minus POT represents the number of
decisions that should not result in the implementation of measures). The height of the IMP bar
represents the actual number of implemented decisions. POT minus IMP representsthe level of bad
decision making by the firm.

The third stage, Program Implementation, indicates that the firm has implemented a nascent energy
savings program. Thefirmisactively considering more energy savings decisions (notetherisein bar
DA), which according to Winter (1984) “involves the manipulation and recombination of the actual
technological and organizational ideas and skills associated with a particular economic context.”
Some headway has been made in reducing the backlog of energy savings opportunities (note the drop
in height of bar OPPT). The firm is still assessing the most obviously beneficial energy savings
opportunities, so most decisions ought to lead to the implementation of measures (as signified by the
small difference between DA and POT). The firm is making better decisions, too (as signified by the
relatively smaller difference between POT and IMP).

Thefourthandfifth stages, Program Successand Routinization, indicatethat energy savingsknowledge
has become part of the firm’'s knowledge base, which Metcalfe and Gibbons (1989) define as the
collective knowledge used by afirm/organization to underpin its production activity. Energy savings
decision making becomes routine. Nelson and Winter (1982) define routines as “regular and
predictable behaviora patterns of firms.” Searching for new energy savings opportunities may result
in changes to other routines followed by the firm, but the process of searching, decision making, and
measure implementation is now routine. One can argue that these two stages witness much learning
by doing, which is arational response to imperfect knowledge (David 1975).

By the Inculturation stage, energy savings decision making becomes part of the culture, to where its
value isunquestioned and its pursuit is second nature. Theoretically, firms could eventually reach the
seventh stage, which is labeled Steady State. In this stage, the firm is aware of almost all energy
savings opportunities open to it. Although the number of opportunities have declined over time asthey
have been pursued (notethefall over timein the height of the OPPT bar), each year new opportunities
may arise as new technologies are created, new processes tested, etc. Thus, in the steady-state stage,
the firm continuoudly scans for new opportunities. However, it must be made clear that the firm may
not have resources every year to analyze the costs and benefits of all energy savings opportunities
available to it. Thus, one could expect there to be some difference between OPPT and DA. Also,
because most of the most obvioudly beneficial measures were implemented by the firmin

earlier stages, one could expect alow percentage, say around 50%, of all energy savings decisions
anayzed to result in the implementation of energy savings measures. Thus, the relative difference
between DA and POT appears large but isintuitively defensible. On the other hand, given years of
experience and a highly developed knowledge base, the firm does not now make many bad energy
savings decisions. Thus, the difference between POT and IMP is small. Once a firm reaches the
steady-state stage, the only events that could force it back in the life cycle are withdrawal of
commitment to energy saving or a discontinuous change in its energy-consuming technology and/or
processes, which would make its current knowledge base obsolete.
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It can be argued that a major purpose of the IAC Program is to accelerate the life cycle process
described above. In other words, the goal of the program isto reduce the time needed to move from
the left-hand side of Fig. 2.1 to the right-hand side, to move from complete ignorance about energy
savings to an optimal steady state. When all firmsare considering all potential energy savings options
and making the best decisions, then “victory iscomplete.” Of course, victory may never be complete
because new firmsthat may need energy savingsassi stancearea waysentering the businesslandscape
and new technologies are always being devel oped requiring new knowledge about energy savings.

The three avenues by which the IAC Program can influence the life cycle process—through its
assessments, its alumni, and the Web-based distribution of information—impact the model in two

ways:

< by bringing to the consciousness of firms potential energy savingsdecisionsthat aretheirs
to make (thus reducing the gap between OPPT and DA inthelife cycle processillustrated
by Fig. 2.1), and

< by providing to firms better information about the benefits and costs of implementing
energy savings measures (thus reducing the gap between POT and IMP in the life cycle
process illustrated by Fig. 2.1).

If we use an input-output-outcome view of the IAC Program, the inputs are funding; the outputs are
audits, trained alumni and Websites; and the outcomes are more and better energy savings decisons
and ultimately energy savings. The model suggeststhat |AC Program audits, alumni, and Web-based
distributed information can have a permanent and cumulative positive impact upon industrial energy
saving in the United States.

Sections 3.4, 4.4 and 5.4 explore thismodel using data collected through the questionnaires of clients,
alumni, and Web users. In each questionnaire, a set of questions was asked about the frequency with
which energy savings opportunities were identified and energy savings measures were implemented
before and after an IAC Program intervention (i.e., an assessment, hiring an IAC Program alumnus,
or using an |AC Program Website). These answers were synthesized to provide someinsight into the
firm’s stagesin the life cycle model before and after the intervention. For example, had an alumnus
reported that his employer never identified or implemented energy savings opportunities, then that
employer would fall into the No Energy Saving Decision-Making category. Had an alumnareported
that her employer very frequently identified and implemented energy savings opportunities, then that
employer would fall into the Steady-State category. All 25 combinations of the answers to
identification and implementation questions were coded into one of the seven life cycle stages. The
process of creating this categorization was necessarily subjective, and this entire exercise could be
improved in numerous ways. However, the methodol ogy and data are strong enough and the resulting
data analysis of sufficient rigor, to allow us to make some preliminary conclusions.

The literature revealed one previous attempt to model industrial energy savings decision making in
a manner analogous to a life cycle model. Elliott and Pye (1998) present a model to understand
industrial-sector investments in energy efficiency. Their model has seven steps: (1) opportunity
identification, (2) technology identification and project design, (3) financial analysis, (4) purchasing
and procurement, (5) financing, (6) installation, and (7) startup and training. They arguethat successful
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technical-assistance programsin industry need to incorporate al steps, not just one or two. Elliott and
Weidenbaum (1994) document the success of New Y ork’s FlexTech program in addressing al the
steps. Elliott, Pye and Naddl (1996) found that startup and training can be the most critical step in
maximizing long-term savings potential. The life cycle model is similar to Elliott and Pye's
model—its first stageissimilar to Elliott and Pye' sfirst step, and the decision-making process of the
life cycle model encompasses at least steps 2 through 6 of the Elliott and Pye model. The life cycle
model, however, presents a process that follows time and is more explicit in its decision-making
structure.

WhereisU.S. industry now according to thelife cycle model ? It isthe intention of this project to help
answer thisquestion aswell as shed light on how audits, alumni, and Web resources may moveafirm
along thelife cycle. However, the literature does indicate that industry in general has moved at |east
beyond the first couple of stages. Industrial energy intensities have been declining since the ail price
shocks of the 1970s. Schipper et a. (1997) found that manufacturing energy intensities havefalenin
asample of 10 developed countries from the early 1970sto the early 1990s. Fukasaku (1995) found
that Japan has had aremarkable declinein energy intensitiesin itsindustrial sector. Thus, at the very
least, firms have implemented the most obvious energy savings measures.

Both Elliott and Pye (1998) and Hollander and Schneider (1996) report, however, that the rate of
declinein energy intensity in the U.S. industrial sector has slowed in recent years. Reasons for this
dowdown are numerous and include declining real energy prices and reductions in expenditures on
research and development (R&D) by both the U.S. government and the private sector. Energy
efficiency advocates argue that there are numerous additional energy savings opportunitiesavailable
to industry so that the slow down cannot be attributed to alack of opportunities. Elliott (1994) reports
that companies like Dow Chemical found that the more they look for EE opportunities, the more they
find, and that these opportunities often have non-energy benefitsthat far exceed energy savings. This
evidence suggests that industry in general may fall somewhere between stage 3, Program
Implementation, and stage 4, Program Success, in the life cycle model, leaving much to be done.
Indeed, the results reported in the following sections for IAC clients, firmsthat employ IAC alumni,
and organi zations that made use of |AC Web-based information support this observation.

3. CLIENT IMPACT STUDY

A pilot follow-up study of IAC clientswas conducted to test and devel op amethod for examining the
impacts of measure replication, long-term implementation, and savings persistence on assessment-
generated energy and cost savings. Where as the previous literature review (Martin et al. 1999)
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identified several small-scale or anecdotal |AC client studies that documented internal and external
replication aswell aslong-term implementation of recommended | AC measures, none of these studies
attempted to quantify the savings impacts. One study (Wilfert, Kinzey, and Kaae 1991) did report a
savings persistence that ranged from 4 to 7 years.

The ultimate goal of the client impact study isto provide stronger, scientifically sampled data about
replication, long-term implementation, and savings persistence. The primary goa of the pilot study
was to determine if acquiring such data was feasible and to estimate the sample sizes necessary to
ensure reasonable statistical confidence. Secondary goals of the study included examining the impact
of interaction with the IAC on the clients’ decision-making skills with respect to implementation of
EE and conservation measures; soliciting performance evaluations of energy, waste and productivity
services provided by the IAC; and determining a stratification scheme for a full-scale study (see
Sect. 2.1).

Thisdiscussion isdivided into 4 sections, with a supporting appendix. Section 3.1 detailsthe design
of the follow-up questionnaire. Section 3.2 addresses the approach to statistical sampling of IAC
clients. Section 3.3 discusses the results pertaining to energy and cost savings. Section 3.4 discusses
the perceived impacts of the IAC on client EE decision-making skills. Preliminary conclusions and
recommendations for the client study are presented in Sect. 3.5. Appendix A contains the origina
guestionnaire (A.1), summary tables of responsesto miscellaneous questionsincluding those on client
satisfaction with IAC services (A.2), summary figures and table on the characteristics of participating
clients (A.3), summary tables of assessment savingsfor participating clients (A.4), and various plots
used for data quality analysis (A.5).

3.1 QUESTIONNAIRE DESIGN

The pilot client questionnaire Appendix A.1—designed primarily to collect datato quantify savings
impacts from replication, long-term implementation, and persistence—asked clientsto

< confirmimplementation statusand energy and cost savingsof | AC recommendations (questions
1and 2);

< identify implemented measures replicated internal and/or external to the origina plant
(questions 3 and 4); and

< identify additional energy and/or cost saving actions implemented following their IAC
assessment (question 5).

To support the secondary goals of studying the IAC impact on decision-making skills and client
satisfaction, clients were asked to

< evauate the quality of energy, waste, and productivity services provided by the IAC
(questions 6 through 8); and

< comment on theimpact of |AC interaction on energy-related decision making (questions 9 and
10).
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During the development of the questionnaire several iterations were required to ensure that the
guestions were clear, unambiguous, and captured the necessary information. The questionnaire was
tested with two, then five, respondents. Only minor changes in question phrasing were required.

Forty-two previous IAC clients, selected randomly, participated in the study (see Sect. 3.2 for
details). Initial client contact was established by the IAC directors, who were asked to brief the
clients about the study and to assure them of a guarantee of confidentiality. The centersidentified the
person at the site who could participate in the study. Centers also gathered the original assessment
reports, which were necessary to administer the questionnaire aswell asto aid subsequent analysis
of data.

The next contact with the clients consisted of introductions of the interviewer and the project. The
interviewer confirmed that the contact was the appropriate individua at the plant with whom to speak,
determined whether the contact had access to the IAC report, and scheduled an appointment for the
interview. For about half of the clients, the staff faxed the executive summary, table of contents, and
recommendations sections of the respective report. An average of 3.6 callswere required to contact
the client prior to the actual interview.

Telephone interviews of each participating client lasted between 15 and 30 minutes. In some cases,
more than one person at the plant participated. In three cases, the interview was conducted in two
parts because clients wanted to provide detailed, verified cost and energy savings information that
they did not have available immediately. Data were recorded using hand-written notes on the
guestionnaire form that were later entered into an Excel database and checked for accuracy.

3.2SAMPLING DESIGN

The goal of the pilot study was to obtain preliminary datafor about 50 IAC clients (see Martinet a.
1999, Sect. 3). The data will be used to compute preliminary estimates of quantities of interest,
particularly benefit rates—that is, ratios of questionnaire-reported estimatesto origina |AC savings
estimates. The exact number of clients sampled in the pilot study isnot critical because the pilot data
arein fact to be used to estimate sample sizes necessary for afuture full-scale study. These required
sample sizes can be accomplished by computation of standard errors of the benefit rates or other
estimates of interest (see Sect. 3.3).

Randomsampling was used to identify the 42 clientswho agreed to participate in the study. These 42
clients were from 102 clients (i.e., assessments) selected randomly, subject to the restrictions that
their IAC database (Muller, Barnish, and Kasten 1998) entries include a recorded implementation
interview date earlier than January 1, 1998, and that the database indicates that the client either had
implemented at least one AR, or was either considering or planning on implementing at least one AR
asdiscussed by Martin et al. (1999).

The requirement that there was a recorded interview date prior to January 1, 1998, ensured that a
reasonably long time had elapsed since the assessment and also eliminated assessments without an
interview date (for which database entries were thus otherwise suspicious). As the interview date
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variable was not recorded for assessments prior to FY 1992, this restriction also eliminated those
assessments. Although clientsfromfisca yearsprior to FY 1992 are of interest, the pilot study sample
sizeistoo small to admit reasonable sampling of moreyears (e.g., FY 1988-97). Furthermore, more
recent assessmentswould most likely lead to smaller nonresponse rates and better client recall. Thus
the interview-date restriction was al so used to exclude assessments prior to FY 1992 (aswell assome
FY 1992 assessments).

The restriction to assessments with at least one considered, planned, or implemented AR was made
to avoid spending time following up assessments that seemed unlikely to yield additional savings
information. Excluding them fromthe target population did not affect the totals of original estimates
multiplied by benefit rate estimates (see Sect. 3.3.2), because the original, implemented savings
estimates for these assessments were zero anyway.

The sampling restrictions shown in

Table 3.1 resulted in defined target Table 3_.1. IAC database and pilot study target
population sizes. Clients were population sizes by FY

sampled randomly from the defined Study target:
population without regard to the interview date
assessment FY . Directorswere asked bef;’tr fe]:;/ 2ﬁea”d
to establish initial contact with the From Recor ded considered,
102 sampled clients and to determine IAC interview date planned, or
theclients’ willingnessto participate. FY  database before1/1/98  implemented AR
Directors categorized the clients 1992 531 122 105
response using one of the following 1993 585 530 481
participation codes:ll—clien:c will 1994 776 760 703
participate; 2—client refuses

participation; 3—center was unable 19% o7 o7 s

to contact client; 4—client plant no 19% 87 89 776
longer exists; 5—origina contact no 1997 720 108 %8
longer available and/or client Tota 4358 3253 2954

knowledge or memory of assessment
is weak; 6—center no longer exists.
From the first 102 sampled clients
(from 21 assessment centers), we
identified 48 clients who initially
said they would be willing to
participate in the pilot study. The
breakdown of client participation codes is found in Table 3.2. Of 48 clients identified as willing
participants, 6 subsequently declined to participate when later contacted.
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Thus, from the random

sample of 102 clients, Table 3.2. Distribution of participation codes for randomly

42 participated in the selected clients

pilot study. The o Number of
nonresponse rate is Participation Code clients
therefore 60/102, or 1- Client will participate 8
59%. Althoughthisisa 2 - Client refuses participation 17
high rate of 3 - Center was unable to contact client 17
nonresponse, no 4 - Client Plant no longer exists 6

attempt was made to

follow up the 5 - Origina contact no longer available and/or client knowledge

or memory of assessment isweak 12
nonresponders. 6 - Center no longer exists 2
Because the initial 9

Tota 102

client contacts were
made through center
directors, and because
client confidentiality wasinitially established by the centers, further contact of the nonresponders by
ORNL was not practical or appropriate. On the other hand, of the 102 queried clients, only 6 denias
(6%) were the result of plant closures, and only 17 (17%) were outright refusals. The remainder of
the nonresponse was for reasons such as failure to contact the client, or because the IAC no longer
exists, reasons more likely to be unrelated to the implementation status of ARs. As a rough
approximation, then, it is reasonable to ignore the nonresponse.

3.3ENERGY AND COST SAVINGSRESULTS

The raw data spreadsheet, amended to ensure confidentiality for the pilot client study, is available
upon request from the ORNL authors. Appendix A.4 contains a summary of savings, summed to the
assessment level, for (1) previously implemented ARs, (2) previously unimplemented ARs, (3)
internally replicated ARs, (4) externadly replicated ARs, and (5) miscellaneous savings. The
mi scellaneous category represents spinoff savingsbased on verbal or undocumented recommendations
from the centers or else savings that were essentially replications but were difficult to identify with
aparticular AR.

Data quality checks are discussed in Sect. 3.3.1. In Sect. 3.3.2, the savings summarized in Appendix
A.4 are further summarized and related to origina 1AC savings estimates reported by the IAC
database. In Sect. 3.3.3, shifts in implementation between previousy implemented and previousy
unimplemented (as indicated in the IAC database) ARs are also discussed.

3.3.1 Data Quality Assurance

Data quality was ensured first by careful data entry and checking. Then the initial client responses
were reviewed, and where necessary, engineering estimates of savings were either revised or
developed to support client statements quantitatively. These calculations were performed by an
engineer and incorporated with site and recommendation data from the original assessment reports.
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Revisions are documented in the database. Finally, results were checked through graphical and
statistical analyses. In particular, questionnaire results were compared with original resultsfrom the
IAC database. Various plots comparing pilot study and original assessment data are presented in
Appendix A.5. No data were discarded or revised, however, on the basis of these plots.

3.3.2Energy and Cost Impacts

Table 3.3 lists questionnaire-reported savings along with original (baseline) savings estimates from
the IAC database. CBRs (questionnaire-to-original estimated savings ratios) are also given. Results
in the table are broken downby savings metric (dollar cost and source and site energy savings) and
by benefit type: for previoudy implemented ARs, previously unimplemented ARs, internal replication,
externa replication, miscellaneous, and comprehensive (all benefit types). These rates can be used
as multipliers for estimating actual savings of the various types from origina savings estimates.

Table 3.3. Benefit totals, rates, and rate standard errors

Questionnaire- Original
Number Reported Estimated Approx. Std.
Fiscal Year Assessments Savings Savings CBR Err. of Rate
Cost

Unit: Cost ($), Benefit Type: All (Comprehensive)

92 1 1,991.00 36,853.00 0.05
93 8 117,480.66 86,044.00 137 044
A 9 134,615.52 150,156.00 0.90 0.29
95 11 655,234.93 452,312.00 145 0.33
96 10 375,618.52 360,258.00 104 0.27
97 3 57,262.25 56,670.00 101 0.04
All 42 1,342,202.88 1,142,293.00 118 0.21
Unit: Cost ($), Benefit Type: Implemented (Baseline)
92 1 1,991.00 36,853.00 0.05
93 8 53,736.04 86,044.00 0.62 0.14
A 9 70,710.59 150,156.00 047 0.09
9% 1 612,698.43 452,312.00 135 0.38
9 10 327,933.18 360,258.00 0.91 0.30
97 3 54,234.25 56,670.00 0.96 0.03
All 42 1,121,303.49 1,142,293.00 0.98 0.25
Unit: Cost ($), Benefit Type: Previously Unimplemented
1992 1 0.00 36,853.00 0.00
1993 8 51,714.62 86,044.00 0.60 0.40
1994 9 19,528.93 150,156.00 0.13 0.10
1995 11 13,215.50 452,312.00 0.03 0.02
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Table 3.3 (cont.). Benefit totals, rates, and rate standard errors

Questionnaire- Original
Number Reported Estimated Approx. Std.
Fiscal Year Assessments Savings Savings CBR Err. of Rate
1996 10 3223534 360,258.00 0.09 0.07
1997 3 3,028.00 56,670.00 0.05 0.01
All 42 119,722.39 1,142,293.00 0.10 0.05
Unit: Cost (%), Benefit Type: Internal Replication

1992 1 0.00 36,853.00 0.00

1993 8 12,030.00 86,044.00 0.14 0.05
1994 9 20,110.00 150,156.00 0.13 0.13
1995 11 12,452.00 452,312.00 0.03 0.03
1996 10 0.00 360,258.00 0.00 0.00
1997 3 0.00 56,670.00 0.00 0.00
All 42 44,592.00 1,142,293.00 0.04 0.02

Unit: Cost ($), Benefit Type: External Replication

1992 1 0.00 36,853.00 0.00

1993 8 0.00 86,044.00 0.00 0.00
194 9 1,010.00 150,156.00 0.01 0.01
1995 1 16,619.00 452,312.00 0.04 0.03
1996 10 10,950.00 360,258.00 0.03 0.02
1997 3 0.00 56,670.00 0.00 0.00
All 42 28,579.00 1,142,293.00 0.03 0.01

Unit: Cost ($), Benefit Type: Miscellaneous

1992 1 0.00 36,853.00 0.00

1993 8 0.00 86,044.00 0.00 0.00
1994 9 23,256.00 150,156.00 0.15 0.15
1995 11 250.00 452,312.00 0.00 0.00
1996 10 4,500.00 360,258.00 0.01 0.01
1997 3 0.00 56,670.00 0.00 0.00
All 42 28,006.00 1,142,293.00 0.02 0.02
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Table 3.3 (cont.). Benefit totals, rates, and rate standard errors

Questionnaire- Original
Number Reported Estimated Approx. Std.
Fiscal Year Assessments Savings Savings CBR Err. of Rate
MMBtu Site
Unit: MM Btu-Site, Benefit Type: All (Comprehensive)

1992 1 230.00 1,961.00 0.12

1993 8 8,485.75 8,650.00 0.98 0.39
194 9 13484.88 15,535.00 0.87 0.34
1995 1 13,320.45 12,549.00 1.06 0.09
1996 10 3357216 25,315.00 133 0.08
1997 3 1,207.00 1,074.00 112 0.26
All 42 70,300.24 65,084.00 1.08 0.13

Unit: MM Btu-Site, Benefit Type: Implemented (Baseline)

1992 1 230.00 1,961.00 0.12

1993 8 4,190.28 8,650.00 048 0.15
1994 9 9,503.27 15,535.00 0.61 0.18
1995 11 11,321.15 12,549.00 0.90 011
1996 10 28,894.28 25,315.00 114 0.12
1997 3 980.00 1,074.00 091 0.06
All 42 55,118.98 65,084.00 0.85 0.13

Unit: MM Btu-Site, Benefit Type: Previously Unimplemented

1992 1 0.00 1,961.00 0.00

1993 8 301311 8,650.00 0.35 0.29
194 9 109.30 15,535.00 0.01 0.00
1995 1 597.65 12,549.00 0.05 0.03
1996 10 976.88 25,315.00 0.04 0.04
1997 3 227.00 1,074.00 0.21 0.33
All 42 492394 65,084.00 0.08 0.04

Unit: MM Btu-Site, Benefit Type: Internal Replication

1992 1 0.00 1,961.00 0.00

1993 8 1,282.36 8,650.00 0.15 0.03
1994 9 (120.69) 15,535.00 -0.01 0.01
1995 11 423.70 12,549.00 0.03 0.03
1996 10 0.00 25,315.00 0.00 0.00
1997 3 0.00 1,074.00 0.00 0.00
All 42 1,585.37 65,084.00 0.02 0.02
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Table 3.3 (cont.). Benefit totals, rates, and rate standard errors

Questionnaire- Original
Number Reported Estimated Approx. Std.
Fiscal Year Assessments Savings Savings CBR Err. of Rate

Unit: MM Btu-Site, Benefit Type: External Replication

1992 1 0.00 1,961.00 0.00

1993 8 0.00 8,650.00 0.00 0.00
1994 9 4.00 15,535.00 0.00 0.00
1995 11 957.83 12,549.00 0.08 0.07
1996 10 2,678.00 25,315.00 0.11 0.10
1997 3 0.00 1,074.00 0.00 0.00
All 42 3,639.83 65,084.00 0.06 0.04

Unit: MM Btu-Site, Benefit Type: Miscellaneous

1992 1 0.00 1,961.00 0.00

1993 8 0.00 8,650.00 0.00 0.00
1994 9 3,989.00 15,535.00 0.26 0.30
1995 1 20.12 12,549.00 0.00 0.00
1996 10 1,023.00 25,315.00 0.04 0.05
1997 3 0.00 1,074.00 0.00 0.00
All 42 5,032.12 65,084.00 0.08 0.07

MM Btu Source

Unit: MM Btu-Sour ce, Benefit Type: All (Comprehensive)

1992 1 694.37 921325 0.08

1993 8 17,923.34 1512291 119 0.42
1994 9 28,520.13 30,562.42 0.93 0.36
1995 11 25,395.17 25,797.68 0.98 0.13
1996 10 78,358.85 59,837.88 131 0.07
1997 3 1,320.06 1,308.20 101 0.12
All 42 152,211.93 141,842.34 1.07 0.14

Unit: MM Btu-Sour ce, Benefit Type: Implemented (Baseline)

1992 1 694.37 9,213.25 0.08

1993 8 8,360.89 15,122.91 0.55 0.15
1994 9 16,873.54 30,562.42 0.55 014
1995 11 19,359.29 25,797.68 0.75 0.12
1996 10 70,643.73 59,837.88 118 0.12
1997 3 107893 1,308.20 0.82 0.13
All 42 117,010.75 141,842.34 0.82 0.17
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Table 3.3 (cont.). Benefit totals, rates, and rate standard errors

Questionnaire- Original
Number Reported Estimated Approx. Std.
Fiscal Year Assessments Savings Savings CBR Err. of Rate

Unit: MM Btu-Source, Benefit Type: Previously Unimplemented
92 1 0.00 9,213.25 0.00
93 8 7,083.64 1512291 0.47 0.35
A 9 258.81 30,562.42 0.01 0.01
9%5 1 1,804.31 25,797.68 0.07 0.04
9% 10 3,155.14 59,837.88 0.05 0.06
97 3 241.13 1,308.20 0.18 0.24
All 42 12,543.02 141,842.34 0.09 0.05

Unit: MM Btu-Sour ce, Benefit Type: Internal Replication
92 1 0.00 9,213.25 0.00
93 8 2478.82 15,122.91 0.16 0.05
A 9 3,346.69 30,562.42 0.11 0.10
95 11 1,279.15 25,797.68 0.05 0.04
96 10 0.00 59,837.88 0.00 0.00
97 3 0.00 1,308.20 0.00 0.00
All 42 7,104.66 141,842.34 0.05 0.03
Unit: MM Btu-Sour ce, Benefit Type: External Replication
92 1 0.00 9,213.25 0.00
93 8 0.00 1512291 0.00 0.00
A 9 12.08 30,562.42 0.00 0.00
9% 1 2,891.69 25,797.68 0.11 0.09
% 10 3,468.33 59,837.88 0.06 0.05
97 3 0.00 1,308.20 0.00 0.00
All 42 6,372.10 141,842.34 0.04 0.02
Unit: MM Btu-Sour ce, Benefit Type: Miscellaneous

92 1 0.00 9,213.25 0.00
93 8 0.00 15,122.91 0.00 0.00
A 9 8,020.02 30,562.42 0.26 0.30
95 11 60.73 25,797.68 0.00 0.00
% 10 1,091.65 59,837.88 0.02 0.02
97 3 0.00 1,308.20 0.00 0.00
All 42 9,181.40 141,842.34 0.06 0.06
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For example, the CBR for cost savings in Table 3.3 is 1.18 (over al years studied). That is, the
follow-up questionnaire reported that total cost savingsfor all benefit types are about 18% higher than
the origina savings estimates. This suggeststhat original savings estimates should beinflated by 1.18
to account for actual savings. However this suggestion should be tempered with a consideration of
statistical uncertainty (see following discussion). Note also that arealization rate (defined as actual
savings over engineering estimates of savings) of perhaps 0.94 may also have to be applied to reflect
departures from engineering estimates of savings in practice.* However, in view of much greater
uncertainties in savings as a result of replication, in whether ARs are actually implemented and in
statistical sampling error, it seems reasonable to assume the redlization rate is 1.0. Here the
realization rate is assumed to be 1.0.

Resultsin Table 3.3 are also broken down by FY. FY -specific results are useful, because savings
rates are likely to change over time, perhaps first increasing—as savings for implemented ARs are
realized (and recognized), and as replication and implementation of previoudly unimplemented ARs
occur—and then, because of technology and process changes, the savings rates wane. Thus, when
viewed over time, benefit rates are likely to be parabolic, increasing-then-decreasing.

Table 3.3 also lists standard errorsfor the various rate estimates. These standard errorsindicate the
statistical uncertainty of the rate estimates: the estimate plus or minus two standard errors is an
approximate 95% confidence interval for the estimated rate; the estimate plus or minus one standard
error is an approximate 68% confidence interval for the estimated rate. The standard errors tend to
be fairly large because the savings rates for individual clients are variable and because the sample
sizein the (pilot) client study is small.?

If standard errors areignored for the moment, the follow-up gquestionnaire reported cost savings are
about 18% higher than the origina savings estimates. Site and source savings are about 8 and 9%
higher than the original estimates. An appreciable amount of this savings is the result of the
implementation of previously unimplemented ARs:. 10% for costs and 8 and 9% for site and source
energy savings. Savingsfor previously implemented ARs decline dlightly, however, by about 2% for
costs and by 15 and 18% for energy savings. Internal and external replication and miscellaneous
savings account collectively for increases of 9, 14, and 15%, respectively, for cost savings and site
and source energy savings.

The standard errorsin Table 3.3 show that the cost CBR (1.18) isaccurate to about +0.42 (i.e., plus
or minus two standard errors). The site and source energy savings rates (1.08 and 1.07), which are
a bit less variable, are accurate to about 0.26 and 0.28, respectively. Because sample sizes for
individual yearsare smaller, standard errorsfor year-specific results are much higher. Because of the
simple random sampling design of the study, these standard errors are proportional to ]J,/ﬁ , Where
N isthe sample size. Thus, the standard errors would be cut in half, on average, by quadrupling the

1Utility-sponsored studies focused on identifying realization rates for measures implemented by
participantsin industrial energy audit programs reported a majority of rates falling between 0.75 and 1.25, with
0.94 associated with a program most similar to that of the IAC (Martin et al. 1999).

2The formulafor the standard error is given by Cochran (1977, eq. 2.47).
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sample sizeto about 4 x 42 = 168. In that case, the standard error for the cost CBR would be reduced
to about 0.10, and the 95% confidence interval to about +0.21 or about 21/1.18 = 18%.

The changesin CBRs over the years examined (FY 1992-97) areillustrated in Figs. 3.1t0 3.3. The
narrow error bars on the chart, which represent 95% confidence intervals, show that there is
considerable statistical uncertainty. (No error barsare given for the FY 1992 bar, because a standard
error was not computed for that year.) It isclear that avariety of curves could pass within the ranges
of the confidenceintervals. An increas ng-then-decreasing (or parabolic) benefit rate cannot beruled
out, but neither can a constant benefit rate. Significance levels for atest that the CBRs are constant
over time are given in the figure captions: none of thetests are significant.® As sample sizesincrease,
these tests would become more powerful, and the shape of the benefit rate curve could be estimated.

3These are chi-square tests computed from the comprehensive rate estimates and standard errorsin
Table 3.3.
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3.3.3 Implementation Shifts

Table 3.4 isanaogousto Table 3.3, but the metricisfrequency of AR implementation rather than cost
or energy savings. Only previoudly implemented or unimplemented ARsareconsidered here; ARsthat
are the result of replication or miscellaneous implementation are omitted. |mplementation rates have
historically been cal culated by the program astheratio of the number of implemented ARsto thetotal
number of ARs (asreported inthe | AC database). This correspondsto an origina implementation rate
for participating clients of 52% + 4% (rate + one standard error). Based on the clients’ verification
of implemented, partially implemented, and unimplemented ARS, the questionnaire-reported
implementation rate dropsto 44% + 4%. In cases where clientsindicated that recommendationswere
only partialy implemented, credit was applied for the fraction of implementation reported. Because
either cost or site energy savings could be used as abasisfor computing the partial implementations,
both bases are used in Table 3.4. However, the results are very similar, so the discussion here focuses
on the cost basis results only.

Table 3.4 illustrates the details of this implementation shift. When only the previoudy implemented
ARs are considered, the implementation rate (ratio of the number of previousy implemented ARs
reported in the study to the number of previoudly implemented ARsreported in the database) is67 =
5%. Among previously unimplemented ARs, the implementation rate (ratio of the number of
previously unimplemented ARs now reported by the clients to be implemented to the number of
unimplemented ARs reported in the database) is 19 + 4%. These details indicate that while not as
many ARswereimplemented aswere originally reported by the | AC database (67%), aportion of the
ARs that were considered to be previously unimplemented were subsequently implemented (19%),
resulting in adrop in total implementation rates from 52+ 4% to 44+ 4%.

The changes in implementation rates over the years examined (FY 1992-97) areillustrated in Figs.

3.4 and 3.5, which areanalogousto Figs. 3.1 through 3.3. Again the curves do not depart significantly
from the hypothesis that implementation rates are constant over time.
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Table 3.4. Implementation totals, rates, and rate standard errors

Question- Question-
naire- naire- Approx.
Reported Original Reported Approx. Original Std. Err.
Number Imple- Imple- Imple- Std. Err. Imple- of
Fiscal Assess- Number menta- menta- menta-tion of Survey menta-tion  Original
Y ear ments ARs tions tions Rate Rate Rate Rate
Unit: Cost Basis, Benefit Type: All ARs (No Replications)
92 1 6 15 4 0.25 0.67
93 8 51 26.1 25 051 0.12 049 0.07
A 9 66 25.8 36 0.39 0.07 0.55 0.07
9% 1 76 36.8 44 048 0.08 0.58 0.10
96 10 69 335 38 0.49 0.09 0.55 0.08
97 3 35 8.8 10 0.25 0.16 0.29 0.17
All 42 303 1324 157 044 0.04 0.52 0.04
Unit: Cost Basis, Benefit Type: Previously Implemented (Baseline)
92 1 4 15 4 0.38 1.00
93 8 25 174 25 0.69 011 1.00 0.00
A 9 36 20.7 36 0.57 011 1.00 0.00
9%5 1 44 315 44 0.72 0.09 1.00 0.00
9% 10 33 27.7 33 0.73 0.14 1.00 0.00
97 3 10 5.8 10 0.58 0.03 1.00 0.00
All 42 157 104.4 157 0.67 0.05 1.00 0.00
Unit: Cost Basis, Benefit Type: Previously Unimplemented
92 1 2 0.0 0 0.00 0.00
93 8 26 8.7 0 0.33 011 0.00 0.00
A 9 30 5.2 0 0.17 0.07 0.00 0.00
95 11 32 5.2 0 0.16 0.05 0.00 0.00
9 10 31 5.8 0 0.19 0.05 0.00 0.00
97 3 25 3.0 0 0.12 0.14 0.00 0.00
All 42 146 279 0 0.19 0.04 0.00 0.00
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Table 3.4 (cont.). Implementation totals, rates, and rate standard errors

Question- Question-
naire- naire- Approx.
Reported Original Reported Approx. Original Std. Err.
Number Imple- Imple- Imple- Std. Err. Imple- of
Fiscal Assess- Number menta- menta- menta-tion of Survey menta-tion  Original
Y ear ments ARs tions tions Rate Rate Rate Rate
Unit: Energy Basis, Benefit Type: All ARs (But No Reps)
92 1 6 15 4 0.25 0.67
93 8 51 26.1 25 051 0.12 049 0.07
A 9 66 275 36 042 0.07 0.55 0.07
9%5 1 76 371 44 049 0.08 0.58 0.10
96 10 69 344 38 0.50 0.09 0.55 0.08
97 3 35 8.8 10 0.25 0.16 0.29 0.17
All 42 303 1353 157 045 0.04 0.52 0.04
Unit: Energy Basis, Benefit Type: Previously Implemented (Baseline)
92 4 15 4 0.38 1.00
93 8 25 174 25 0.69 011 1.00 0.00
A 9 36 22.0 36 0.61 0.12 1.00 0.00
9%5 1 44 318 44 0.72 0.08 1.00 0.00
% 10 33 274 33 0.72 0.14 1.00 0.00
97 3 10 5.8 10 0.58 0.03 1.00 0.00
All 42 157 105.9 157 0.67 0.05 1.00 0.00
Unit: Energy Basis, Benefit Type: Previously Unimplemented
92 1 2 0.0 0 0.00 0.00
93 8 26 8.7 0 0.33 011 0.00 0.00
A 9 30 55 0 0.18 0.07 0.00 0.00
95 11 32 5.2 0 0.16 0.05 0.00 0.00
96 10 31 7.0 0 0.23 0.05 0.00 0.00
97 3 25 3.0 0 0.12 0.14 0.00 0.00
All 42 146 294 0 0.20 0.04 0.00 0.00
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34 DECISION MODEL RESULTS: CLIENT IMPACT STUDY

The client follow-up questionnaire contained several questions pertaining to EE decision making. The
answers given by the respondents suggest that involvement with the IAC Program correlates with
improved EE decision making and other activities. For example, Table 3.5 reports that all forty
respondents have gone beyond the assessments to implement other activities. Severa of the most
frequently implemented actions—being more energy-conscious about new equipment and processes
and about plant operation—point to aroutinization (stage 5 in Fig. 2.1) if not an inculturation (stage
6inFig. 2.1) of EE decision making in these firms.

Table 3.5. Other client energy efficiency-related actions taken

Actions Frequency %
Established an in-house conservation program 12 30
Designated an existing employee as in-house energy manager 16 40
Hired an energy manager or energy engineer 1 25
Worked with an energy services company 11 275
Worked more closdly with loca utilities to identify opportunities to save energy and money 26 65
Encouraged energy-conscious specifications in selection of new equipment 32 80
Encouraged energy-conscious specifications in design or redesign of processes 23 575
Encouraged energy-conscious operations of plant equipment 34 85
Trained employees in energy management/energy awareness 16 40
Continued relationship with IAC 7 175
Took advantage of other programs through state or local governments 5 125
None 0 0

Figures 3.6 and 3.7 offer additional support that involvement with the |AC Program leadsto improved
EE decision making. With respect to the first figure, respondents were asked how frequently they
identified energy savings opportunities before and after the IAC assessment. Fewer than 20%
answered that this was done frequently or very frequently before the assessment, but aimost 80%
answered thiswas done frequently or very frequently after the assessment. Similarly, with respect to
the second figure, fewer than 10% of the respondents answered that they frequently or very frequently
implemented energy savings measures before the assessment, but more than 60% reported they
frequently or very frequently implemented energy savings measures after the assessment. A T-test
shows that the before and after differences are statistically significant at the 0.001 level.
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Fig. 3.6. Frequency of energy savings opportunities identified by clients before and after IAC assessments.
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Fig. 3.7. Frequency of energy savings opportunities implemented before and after |AC assessments.

Figure 3.8 illustrates mgjor changes in the stages in the EE decision-making model (as presented in
Sect. 2.2) experienced by clients before and after the |AC assessments. Before the assessment, only
5% of the clients could be categorized as faling into the last three stages of the life cycle
model—roultinization, inculturation, or steady state. After the assessment, more than 60% could be so
categorized. This change is aso statistically significant at the 0.001 level.
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Fig. 3.8. Stagesin the life cycle moddl of industrial energy-efficiency decision making as reported

by clients before and after | AC assessments.
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It was hypothesized that improvements in EE decision making would also be observable as an
improvement inthe actual performance of projects, resulting in paybacks of 2 yearsor less after IAC
assessments. Figure 3.9 indicates that this hypothesis was not supported by the data. The sample
showed only asmall, statistically insignificant (0.30 level for the T-test) increase in the percentage
of investments performing with this payback criterion. Table 3.6 indicatesthat thereislittle difference
in the actual payback rates by stage in the life cycle model, where one might expect a higher
percentage in the more advanced stagesin the model. These results may suggest, however, that firms
are making less than economically efficient investments. For example, they may be willing to accept
longer payback periods for more major investments and for R& D types of projects. Also, payback
does not include other, nonmonetary factorsthat may affect investment decision making. Becausethis
finding is consistent across clients, alumni employers, and Website users, additional research is
recommended to better understand this aspect of decision making.
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40 e 23508SMENt L assessment
N =31, M= 4.5, I'N=32,M=4s58,
Std=1.7 | Std=14
3% —T I
1
30 __........,.............................................................................................i....................................................................................................
|
25 1 |
Frequency 1
of client 7 N I N
responses ;
15 | a8% | A7%
1
1
10 ——
1
i 19%
. 16%
5 —— 9 9 13%
10% 13% 1 30, 13% . b
6% J @ @ 3% 3%
& L - &
£g 5 _ 58 | £5E5 5%
TR Ygs8 1 T§F g88
A A 4 © g . — 4 © 4
n N ' o A | n o L © o
~ g o ® . ~ 0o g o @
™ 5 oo ’ ™ oo
(o] (o]
< <t

Fig. 3.9. Performing payback rates of 2 years or less before and after | AC assessments.
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Table 3.6. Fraction of implemented measures with paybacks under 2 years by stagesin thelifecycle
model of industrial energy saving decision making.

Client Response (N = number of respondents)

No Energy
Savings Program
Decision Initial Implemen- Program Steady
Making Efforts tation Success Routinization Inculturation State
Experienced
2-year
4.7 4.75 40 45
Paybacks 0 (12) (12) ®) 0 2 0
BeforelAC
Visit
Experienced
Pi%zifks o 6.0 57 45 5.0 4.4 53
Aty IAG &) G) G) @ (149 ®
Visit

Ratings. Percentage of time that paybacks perform under 2 years. (1) 0%; (2) 1c20%,; (3) 21-40%; (4) 41-60%; (5) 61-80%;
(6) 81-100%.

3.5PRELIMINARY CONCLUSIONSAND RECOMMENDATIONS

3.5.1 Miscellaneous Observationson Delivery of the Client Follow-up Questionnaire

During the devel opment phase of the project, there was great concern regarding the client’ sreception
of the follow-up questionnaire. Issues such as client ability to recall IAC recommendations, client
confidentiality, and client availability needed to be addressed. Of the 102 clients selected by random
sampling, 48 agreed to participate and 42 actually compl eted the questionnaire. The targeted response
rate was 50%, which was not far from the actual response rate of 41%. Of these 42 clients, only 2
required additional assurances of confidentiality. A greater obstacle to the implementation of the
follow-up questionnaire proved to be the collection of client contact information and original
assessment reports from the centers themselves. These requests for information from the Directors,
while essential, may have placed an additional burden on centers aready stretched by day-to-day
program responsibilities. More than obstacles that result from client recall, availability, and
confidentiality concerns, future work will need to consider contributions of the centers when
scheduling and conducting follow-up interviews.

The use of the origina assessment reports was essential to the successful implementation of the
guestionnaire. Whereas several centers were reluctant to share this information, as a contractor to
DOE, ORNL considered itself bound to the origina guarantees of confidentiality established by the
centers. The benefits of report availability were multiple. Assessment reports hel ped theinterviewer
to better prepare and conduct the client interviews. Client recall was enhanced when clients were
allowed to review executive summaries and/or AR summaries prior to and during the interviews.
Finally, in caseswhere clients provided limited information on partially implemented, replicated, or
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miscellaneous ARs, the assessment report was used (along with client comments) to develop
engineering estimates of the additional savings.

3.5.2 Recommendationsfor Full Study, Sample Size and Approach

The pilot client study demonstrates the feasibility of scientifically sampling IAC clients to provide
hindsight comparisons of origina | AC savings estimates with estimates of savings actually achieved.
Only very minor problemswere encountered, the most serious of which isthat the method of recording
client responsesfor internal and external replication did not fully itemize by AR. Thismadeit difficult
to back out source energies and replication frequencies, but the deficiency could be corrected easily
in afully developed study.

The client-to-client statistical variability issubstantial enough, however, that the pilot dataalone are
insufficient to defensibly characterize the CBRs of interest. For example, quadrupling the sample size
to about 168 would reduce the margin of uncertainty (95% confidence range) of the cost CBR for all

FYsto about 0.21 or about 18%. Because the cost CBR is comprehensive, and because it is has a
greater standard error (is a worst case) than the source or site energy CBRs, the cost CBR is a
reasonable variable to use for standard-error-based sample size estimation.

The pilot dataare also too variableto alow for resolution of year-to-year differencesin benefit rates.
Furthermore, the pilot data go back only to FY 1993 (with one FY 1992 respondent), and the results
do not indicate a time-attenuation of savings, as would be expected eventually. In addition to
increasing sample sizes, it would also be useful to extend the time range of the study, for example, to
FY 1988-97. Thiswould alow an increasing and then decreasing benefit curve to be reckoned and
would perhaps provide adefensible basisfor extending the time range of client benefit to 10 or more
years. The main goa would be to assess persistence, however; estimating the shape of the CBR-vs-
time curve would be secondary.

To ensure areasonable representation of FY sin the data, it would be agood ideato stratify the study
by FY, that is, to sample a predetermined number of clients whose assessments were in each FY in
the time range of interest (e.g., FY 1988-97). Thus, in a fully developed client study, it would be
reasonabl e to allocate sampling uniformly over FY sor perhapsto favor later years dightly because
results for later years are moretimely and likely to be morereliable. (As greater nonresponse would
be expected for earlier years, larger initial sample sizes will likely be needed for earlier years to
ensure an approximately uniform time distribution among the responders.) Also, the pilot study results
fromFY 1992-97 can beincorporated with additional samples, and the number of additional samples
can be adjusted accordingly.

The importance of persistence and estimating FY -specific CBRs suggeststhat FY should be thefocus
of any stratification scheme. In addition to FY, other variables of interest as potential stratification
variablesinclude SIC or AR category (e.g., energy, waste, productivity). Asthe pilot data do admit
resolution of year-to-year differences in benefit rates, it seems unlikely that reasonably precise
estimates of CBRs specific to FY and any additional stratification variable would be feasible, even
inafully developed survey. Table 3.7 shows the numbers of ARs and assessments by AR typein the
pilot study data:
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Table 3.7. Frequencies of ARs and assessmentsin the pilot study data
(AR</assessments)

AR Category FY 1992 FY 1993 FY 1994 FY 1995 FY 1996 FY 1997 All FYs

Energy 6/1 50/8 60/9 67/11 54/10 2413 261/42
Waste 01 1 6/3 94 15/9 93 40/20
Productivity 0/0 0/0 0/0 0/0 0/0 22 22

All ARs 6/1 51/8 66/9 76/11 69/10 35/3 303/42

The standard errors of the CBR estimates depend on the numbers of assessments (not ARs). Thus,
reasonable CBR estimates that are specific to both FY and AR category would be difficult to acquire.

Client nonresponse is a troublesome issue, but the frequency of nonresponse as the result of plant
closures or client outright refusal to respond is not large (23%). Nonresponse for reasons such as
failureto maketel ephonecontact or |AC center closurearelessserious. Becauseclient confidentiality
precludes a good solution to the problem of nonresponse, as arough approximation, it is reasonable
to disregard the problem of nonresponse.

A tentative suggestion for afully developed client study would be to repeat the pilot design within
each FY, covering years from 1988 through 1997 (and with internal and external replication fully
itemized by AR). Table 3.8 suggeststarget total client responsefregquencies. The approximate standard
errorsinthetablearefor the cost CBR and are based on the assumption that client-to-client variability
is the same within years as overall. Variables other than the cost CBR could be considered instead
and may be of greater interest.
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Table 3.8. Suggested sample sizesfor afully developed IAC client study

Already Sampled Additional Total 2 x Approx.

FY in Pilot Study Responders (Target) (Target) Std. Err. of Cost CBR
1997 3 2 25 0.54
199 10 15 25 0.54
1995 11 14 25 0.54
1994 9 16 25 0.54
1993 8 15 23 0.57
1992 1 20 21 0.61
1991 0 20 20 0.61
1990 0 20 20 0.61
1989 0 20 20 0.61
1988 0 20 20 0.61

All 42 182 224 0.18

38



4. ALUMNI IMPACT STUDY

4.1 QUESTIONNAIRE DESIGN

The aumni follow-up questionnaire can be found in Appendix B. It was designed to collect four types
of information:

energy and cost savings—to support the analysis outlined in Sect. 2.1,

changes in energy decision making—to support the analysis outlined in Sect. 2.2;
contribution of the IAC Program to alumni career success,; and

alumni work history.

N NN AN

For thefirst type of information, the questionnaire directly asked alumni to estimate energy and related
cost savings attributable to their efforts for the years 1995-1998 (see Q13). They were asked to
indicate what type of fuel was saved. They were allowed to provide arange (low to high) of estimated
energy and related costs savings. On the back of the questionnaire was a worksheet to help the
respondents prepare these estimates. They were also asked about cost savings attributable to their
efforts related to waste minimization and productivity improvements (see Q14).

With respect to energy decision making, severa questionswere designed to indicate situations before
and after the arrival of the alumni at the firm were they are employed or act as a consultant.

Thirdly, questions were designed to gather information on how participation in the IAC Program
benefitted students in the job market. Information on starting salaries was collected (see Q5) and
aumni were asked about what skillswereimparted by participationinthe |AC Program (Q6). Lastly,
several questions were designed to develop a description of the respondents’ current positions.

(A summary of respondents’ characteristics may be found in Appendix B.2.)

4.2 DATA COLLECTION DESIGN

A database containing contact information for 656 1A C aumni was obtained from Rutgers University.
From these 656, center directors at each of the 29 operating |ACs were asked to identify the names
of IAC aumni who the center directors believed were particularly successful in working in industry
to save energy (hereafter referred to as “stars’). Of the 29 centers contacted, 25 responded and
identified atotal of 77 stars.

Based upon the desire to contact as many as possible of the 656 alumni for whom addresses existed,

and given time and budget constraints, it was decided to first mail afollow-up questionnaire. Mailed
to al 656 aumni were a cover letter, a questionnaire, and a postage-paid return envelope. After
approximately 3 weeks, a second round of contacts with the alumni were initiated. The alumni

identified by the center directors, or “stars,” who had not completed questionnaires were sent a
second cover |etter, questionnaire, and envelope. All other alumni who had not responded were sent
reminder postcards. After another 3 weeks, attempts were made to telephone stars who had not
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responded. Contact with 19 stars was attempted in thisway. Also, asecond reminder card was sent
to al the other alumni.

Thesethree rounds of effort produced 132 completed questionnaires—40 from stars and 92 from other
alumni. Approximately 150 questionnaires and cards were returned because of bad addresses. Thus,
of the approximately 500 alumni (both stars and others) for whom mail contact was attempted, the
overall response rate was 26.4%. The response rate for the stars was 52% and for the other alumni
22%. This project did not attempt to assess formally whether responders differed in any way from
nonresponders. However, cursory assessment of energy savings reported by alumni who quickly
returned their questionnaires and those who needed several reminders showed no discernable
differences.

4.3 ENERGY AND COST SAVINGSRESULTS

This section reports on total energy savings, total energy cost savings, and total waste
reduction/productivity enhancement cost savings attributable to alumni of the IAC Program for the
years 1995-1998. It also reports savings broken down by two categories of |AC aumni: those who
IAC centersidentified as ‘stars' and other alumni.

The results are presented under two assumptions:

< Assumption 1: In this basdline case, the only energy and cost savings that can be
attributable to IAC alumni are those derivable from the 132 completed questionnaires.

< Assumption 2 Energy and cost savings can be generalized to the larger IAC aumni
population by assuming that the response rate would have been the same had al alumni
(estimated to be 1420 through FY 1998)! received questionnaires and that this larger
number of alumni would have reported mean alumnus energy and cost savings equal, on
average, to that of the sample of 132. This assumption increases energy and cost savings
estimates between a factor of 2.8 and 3.3, depending on the year of the estimates.

AsTables4.1,4.2, 4.3, and 4.4 indicate, which assumption is chosen greatly affectsthe total energy
savings, total energy cost savings, and total waste reduction/productivity enhancement cost savings
atributable to IAC alumni. Tables 4.1 and 4.2 describe in billions of Btus per year total annual site
and source energy savings, respectively. Tables 4.3 and 4.4 describe energy cost savings and cost
savings from waste reduction and productivity enhancement, respectively.

! This number was calculated by tracking the number of schools participating in the IAC Program in
each fiscal year since 1981 and assuming an average of 4.67 graduates per school per fiscal year.
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Table 4.1. Total annual site energy savings (billions Btu/yr) generated by IAC alumni

Assumption 1. Assumption 1. Assumption 2. Assumption 2.
Energy Savings - Energy Savings - Energy Savings - Energy Savings -
Lower Bound Upper Bound Lower Bound Upper Bound
1998 853 1,355 2474 3,930
1997 468 730 1,310 2044
1996 176 310 528 930
1995 247 357 815 1,178
4-yr avg. 436 638 1,282 2021

Table 4.2. Total annual source energy savings (billions Btu/yr) generated by IAC alumni

Assumption 1. Assumption 1. Assumption 2. Assumption 2. Energy
Energy Savings - Energy Savings - Energy Savings - Savings -
Lower Bound Upper Bound L ower Bound Upper Bound
1998 1,926 2,275 5,585 6,598
1997 971 1435 2,719 4,018
1996 378 558 1134 1,674
1995 592 721 1,954 2,379
4-yr avg. 967 1,247 2,848 3,667

Table 4.3. Total annual energy cost savings (millions $/yr) generated by IAC aumni.

Assumption 1. Cost Assumption 1. Cost Assumption 2. Cost Assumption 2. Cost

Savings - Savings - Savings - Savings -
Lower Bound Upper Bound Lower Bound Upper Bound
1998 21 27.9 60.9 80.9
1997 16.4 236 45.9 66.1
199 9.7 104 29.1 31.2
1995 7.4 8.1 244 26.7
4 yr avg. 13.6 175 40.1 51.2
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Table4.4. Tota annua waste reduction and productivity enhancement cost savings
(millions $/yr) generated by IAC alumni

Assumption 1. Assumption 1. Assumption 2. Assumption 2.
Waste and Waste and Waste and Waste and
Productivity Cost Productivity Cost Productivity Cost Productivity Cost
Savings Savings Savings Savings

Lower Bound Upper Bound Lower Bound Upper Bound
1998 26.1 28.6 75.7 82.9
1997 31 4.5 8.7 12.6
1996 1.0 1.7 3.0 51
1995 0.3 0.4 1.0 1.3
4-yr avg. 76 8.8 221 255

Tables 4.5, 4.6, and 4.7 report mean energy savings, energy cost savings, and waste
reduction/productivity enhancement cost savings generated by starsand by other alumni. Theseresults
are reported only for Assumption 1. Tables 4.8 and 4.9 breakout annual source energy savings into
electricity savings and savings associated with other fuels (mainly natural gas), respectively.

Table 4.5. Mean annual source energy savings (billions Btu/yr) per IAC alumnus

Star Alumni Star Alumni Energy Other Alumni Other Energy
Energy Savings - Savings - Energy Savings - Savings -

Lower Bound Upper Bound Lower Bound Upper Bound
1998 15.7 284 29 29
1997 6.7 13.3 25 25
1996 16 4.7 13 15
1995 15 4.3 2.2 2.3
4-yr avg. 6.4 127 2.2 2.3

Table 4.6. Mean annua energy cost savings (thousands $/yr) per IAC alumnus

Star Alumni Cost Star Alumni Cost Other Alumni Cost  Other Alumni Cost

Savings - Savings - Savings - Savings -
Lower Bound Upper Bound Lower Bound Upper Bound
1998 283 381 119 158
1997 163 326 122 129
199 102 110 68 74
1995 s 82 52 57
4-yr avg. 156 225 0 105
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Table 4.7. Mean annua waste reduction and productivity enhancement cost savings
(thousands $/yr) per IAC dumnus

Other Alumni Other Alumni
Star Alumni Waste Star Alumni Waste Waste and Waste and
and Productivity and Productivity Productivity Cost Productivity Cost
Cost Savings - Cost Savings - Savings - Savings -
Lower Bound Upper Bound Lower Bound Upper Bound
1998 73 78 259 285
1997 7 9 31 46
1996 0 0 11 19
1995 0 0 3 5
4-yr avg. 20 2 76 89

Table 4.8. Annua source electrical energy savings (billions Btu/yr) generated by IAC
aumni

Assumption 1. Assumption 1. Assumption 2. Assumption 2.
Electricity Savings Electricity Savings Electricity Savings Electricity Savings

Lower Bound Upper Bound L ower Bound Upper Bound
1998 1,604 2,123 4,652 6,186
1997 752 1009 2,106 2,825
1996 302 371 906 1,113
1995 516 544 1,703 1,79
4-yr avg. 794 1,012 2,342 2,980

Table4.9. Annual source energy savingsfor other fuels (billions Btu/yr) generated by
IAC dumni

Assumption 1. Assumption 1. Assumption 2. Assumption 2.
Other Fuel Savings  Other Fuel Savings  Other Fuel Savings  Other Fuel Savings

Lower Bound Upper Bound Lower Bound Upper Bound
1998 322 652 934 1,891
1997 219 396 613 1,109
1996 76 187 228 561
1995 76 177 251 534
4-yr avg. 173 353 507 1,036
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4.4 DECISION MODEL RESULTS

This section reports resultswith respect to thelife cycle energy savings decision model set out in Sect.
2.2. The|AC aumni are shown to have had a significant influence upon the energy savings decision-
making behavior of their employers. This section begins with an assessment of problems common to
energy savings decision making before and after alumni arrived and the reported influences of the
alumni upon resolving these problems. Next, the frequency with which alumni employersidentified
and adopted energy savings measures before and after alumni arrived isreviewed. Third, changesin
payback performance associated with energy savings decisions before and after alumni arrived was
reviewed. In all these cases, dumni have had a statistically significant positive impact upon their
employers energy savingsdecisions. The section concludeswith an assessment of how each employer
fallsinto thelife cycle energy savingsmodel presented in Fig. 2.1, before and after the alumni arrived.

Table 4.10 indicates that alumni reported that their employers suffered many problems related to
energy savings decision making before the alumni arrived. Each of the five problems—lack of
knowledge about energy savings opportunities, lack of knowledge about the cost of energy saving
measures, lack of knowledge about how to quantify energy savings benefits, lack of knowledge about
other benefits (e.g., environmental) of energy savings measures, and lack of knowledge about how to
make energy savings decisions—was encountered at about the same rate. About one-third of the

Table 4.10. Problems common to energy savings decision making before alumni arrived.
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employers suffered these problems frequently or aways. Only about one-third rarely or never
encountered these problems. Table 4.11 indicates that after alumni arrived, the frequency of the
problems dropped. Only about 10% of the employers now suffered these problems frequently or
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always, whereas about 60% now rarely or never suffer these problems. Table 4.12 indicates that most
of the alumni respondents perceived to have had at least a moderate influence on overcoming these
problems. Table 4.13 presents T-test results that indicate that the changes in the means of the five
common problems are positive and statistically significant. Thus, IAC aumni perceived that they have
had a positive influence in helping their employers overcome common problems in energy savings
decision making.

Table 4.11. Problems common to energy savings decision making after alumni arrived
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Table 4.12. Perceived alumni influence on overcoming common barriersto energy-savings decision
making
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Table 4.13. Changesin issues relating to energy-savings decision making after and before alumni

Barriers N Mean Shift Std. Error T Prob. [T|
Lack of knowledge about energy savings opportunities 86 0.7 0.1 75 0.0001
Lack of knowledge about cost of energy savings mesasures 84 0.6 0.1 6.5 0.0001
Lack of knowledge about how to quantify energy savings benefits 85 0.8 0.1 6.6 0.0001
Ie_nagrlzl;)fgﬁ\]/\élsefrjﬁ:;fg other benefits (e.g., environmental) of a1 0.7 01 63 0.0001
Lack of knowledge about how to make energy savings decisions 82 0.6 0.1 5.3 0.0001
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Thisinfluence carried over into the identification and actual adoption of energy saving measures by
the alumni employers. Figure 4.1 illustrates the frequency of energy savings opportunities identified
before and after the alumni arrived. Visually, one can see that the number of alumni responses shifts
to the right (i.e., to the “frequently” and “very frequently” answers) after the alumni arrived. The
change in the mean response, from a mean of 3.1 to 3.8, confirms this visual observation, as does a
T-test (T = 6.6, p=0.0001). A similar story is conveyed by Fig. 4.2, which illustrates the frequency
of energy savings opportunitiesimplemented before and after the alumni arrived. The changein means
isfrom 2.9t0 3.5 (T = 5.5, p = 0.0001). Thus, a second conclusion that can be made isthat the IAC
aumni have had a positive influence on the identification and adoption of energy savings measures
by their employers.

Table 4.14 indicates that employers are also engaging in numerous other activities that can support
energy savings in their operations. For example, more than 30% now encourage energy-conscious
specifications in the selection of new equipment, and amost 30% encourage energy-conscious
specifications in the design or redesign of processes. Many employersare working closely with their
local utilities to identify opportunities to save energy and money, encouraging energy-Cconscious
operations of plant equipment, and are training employees in energy management/energy awareness.
These activities arethe kinds of activitiesthat firmswould engage in to move themsel ves through the
life cycle of energy-efficiency decision making, to at least routinize energy considerationsin everyday
decison making if not change the firm’'s culture. It is interesting to note that almost 16% of the
employers (possibly through the alumni) have maintained some contact with the IAC Program.

The methodology presented in Sect. 2.2 to categorize firms/organizations by their stage in the
industrial energy savingslife cycle model was applied to the alumni employers. Figure 4.3 indicates
that before the alumni arrived, most firmsfell into the program implementation stage or before, which
would suggest their need to hirean IAC alumnus. It isinteresting to note abimodal distribution on the
left-hand side of the figure, where firms either have few energy savings activities or have moved to
the final two stages of the life cycle process. Visualy, it isclear that after alumni arrived employers
typically started to move through the life cycle process (e.g., amost no employers fall into the No
Energy Saving Decision-Making category) and many more report now being further dong. The mean
gage in the life cycle is 3.5 before alumni arrived and 4.7 after, which is statistically significant
(T=6.0, p=0.0001).

Table 4.15 indicatesthe progression through life cycle stages before and after alumni arrived. Among
those employers whose stage changed, most moved one stage along thelife cycle, although more than
20% moved three or more stages. Only one employer backtracked. Datawere not collected to indicate
how much time was needed to move from one stage to the next. However, because most of the alumni
respondents graduated in the mid- to late 1990s, one can argue that moving from one stage to the next,
if not moving multiple stages, requires only afew years rather than decades of time.
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Fig. 4.2. Frequency that energy savings opportunities were implemented by alumni employers
before and after alumni arrived.
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Table 4.14. IAC dumni employer actions taken to save energy.

Actions Frequency Per cent
Established an in-house conservation program 12 9.1
Designated an existing employee as in-house energy manager 13 9.8
Hired an energy manager or energy engineer 8 6.1
Worked with an energy services company 18 13.6
Worked more closely with locd utilities to identify opportunities to save energy and 31 235
money

Encouraged energy-conscious specifications in selection of new equipment 12 318
Encouraged energy-conscious specifications in design or redesign of processes 37 28.0
Encouraged energy-conscious operations of plant equipment 31 235
Trained employees in energy management/energy awareness 26 19.7
Continued relationship with IAC 21 159
Took advantage of other programs through state or local governments 17 12.9
Other 0 0
None 18 13.6
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Fig. 4.3. Stagesin the life cycle model of industria efficiency decision making as reported by
alumni about their employers before and after their arrival.

Table4.15. Progression through life cycle stages from before to after arrival of IAC alumni (N = 81)2

Number of stages progressed 15 0 1 2 3 4 5 6
Number of employers 1 39 17 5 6 8 4 1
Percent of employers 12% 481% 21.0% 62% 7.4% 9.9% 4.9% 1.2%

@Ranges from 16 to +6
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Hiring an IAC alumnus can possibly speed up the life cycle process. To explore this, relationships
between the perceived influence alumni respondents reported having on overcoming common
problems with energy savings decision making (as reported in Table 4.12) and changesin life cycle
stages were explored. Table 4.16 reports total alumni influence, which is the sum of answersto the
five influence questions and ranges from a low of 5 to a high of 25, by changes in stagesin the life
cycle. One can see that the mean sum of the influences increases from left to right, meaning that the
more stages the employer moved forward in the life cycle model, the more influence the aumni had
inthismovement. Thus, one can arguethat IAC aumni have had astrong impact on thelife cycle stage
of their employers’ energy savings decision making.

Table 4.16. Mean total alumni influence by progression through the stagesin the life cycle model?

Number of stages progressed 15 0 1 2 3 4 5 6
Perceived level of influence ® 5.0 117 15.2 17.6 17.0 17.7 21.7 20.0
Number of respondents 1 32 13 5 6 7 3 1

3Rangesfrom 16to+6 PRangesfrom 5 (low) to 25 (high)

Alumni respondents answered questions about payback rates associated with energy savings projects.

Specificaly, they were asked what percentage of energy savings projectsyielded paybacks of 2 years
or less before and after the alumni arrived. Asindicated in Fig. 4.4, many fewer alumni respondents
answered these two questions than the previous questions, possibly indicating that payback
calculations are not ubiquitous in industry. However, enough alumni respondents answered the
guestions to allow a statistical assessment of the answers. First though, visually, one can seethat after
the alumni arrived, the percentage of energy savings projects with paybacks of 2 years or less
increased. The mean increased from approximately the 30% range to the 40% range. Thischangeis
statistically significant (T = 2.7, p = 0.0085). It is also interesting to note that many energy savings
projects may have paybackslonger than 2 years. More than 50% of the alumni respondentsindicated
that more than half of their employers energy savings projects did not meet this criterion. On a
positive note, one can interpret these observations to mean that firms may have longer-term
perspectives than is generaly thought. In any case, alumni seem to have made an impact on the
financial performance of their firms energy savings decisions. As with the clients, there does not
appear to be arelationship between payback rates and the alumni employer’s stage in the life cycle
model (see Table 4.17).
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Fig. 4.4. Percentage of energy savings investments by alumni employers yielding payback rates of

2 years or less before and after alumni arrived.

Table4.17. Fraction of implemented measures with paybacks under 2 years by stages
inthe life cycle model of energy saving decision making (number of respondents)

No Energy
Savings
Decision-  Initial Program Program Steady
Making Efforts Implementation Success Routinization Inculturation State
E;Ssr;c?%egfcz);gear 10 2.9 3.6 4.0 30 3.2 34
Alumni Arrived © (10 14 @ @ ©) @
Egsg;cel?fgtezr-year 0 31 44 35 2.7 3.9 38
Alumni Arrived ®) (12) © @ () (12

Ratings: Percentage of time that paybacks perform under 2 years: (1) 0%; (2) 1-20%; (3) 21-40%; (4) 41-60%;

(5) 61-80%; (6) 81-100%.
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4.5 PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS

The study methodology was a useful approach to evaluating the benefits attributable to the IAC
Programvia student alumni. The questionnaire was able to collect data not only on energy and cost
savings but also on EE decision making and about the alumni themselves. Asindicated in Appendix
B.2, theaumni respondents reported that they benefitted greatly from their |AC Program experiences
and are well on their way to rewarding careers.

More alumni could have been participated had the addresses been available. Whether the benefits of
maintaining acomprehensive and up-to-date mailing list of IAC alumni isworth the cost isaquestion
that should be considered. The results presented in Table 4.14 indicate that many IAC aumni are
keeping their ties with the IAC Program. In addition, Web-based exit interviews with alumni could
at least collect information on new addresses after school and provide a point of contact for dumni
years afterward.

Theinitia resultsonaumni influenceontheir employers’ EE decision makingjustify continued efforts
inthisarea. As noted above, the use of payback rates in energy investment decision- making can be
studied more closealy. For example, instead of payback rates, it would be useful to study internal rates
of return on investments (ROIs) for firms. How firms incorporate nonmonetary decision-making
criteriaand whether they apply full-blown life cycle analysistechniquesto weigh investmentswould
also be interesting to learn more about.



5. WEBSITE USERSIMPACT STUDY

5.1 QUESTIONNAIRE DESIGN

The purpose of the Website Users questionnaire was to quantify the savings (primarily energy and cost
savings) that are being realized through the use of technical information found on IAC Websites. This
purpose was broken down into two more specific objectives, which were to determine

< what percentage of those people visiting the IAC Websites that have technica information
actually use that information to create extended Program savings; and

< how much savingsthose people are realizing through direct and replicated implementation of
IAC technical information.

The Web study captured qualitative and quantitative data from users of online IAC technical
information and was organized into three main sections:

< Section 1. IAC Websites Use & Realized/Potential Extended Savings,
< Section 2: Site Content/Usability; and
< Section 3: User Information.

Before asking the quantitative questions about possible savings incurred from use of IAC online
technical information, thefirst section posed afew qualitative questionsto ascertain how and why the
visitor cameto the site. The remaining questions of Sect. 1 and those of Sects. 2 and 3 were qualitative
in nature and addressed a variety of issues, such as assessing the effect of the IAC online technical
information in changing an organization's frequency of assessing and acting on energy saving
opportunities (the Decison-Making model), and Website users opinions, preferences, and
demographic information. The questionnaire may be found in Appendix C.1. The responsesreceived
for the qualitative questions are addressed in Appendix C.2.

Before the Web questionnaire was designed, we reviewed the final report of apreviously performed
Web study to gain some perspective on the successful implementation of such a task. The Energy
Efficiency and Renewable Energy Network (EREN) conducted acustomer satisfaction survey in 1997
to collect customer feedback on the Website' s performance (Anderson 1997). Whereas these two
studieswould inevitably be ssimilar in their main goals (obtaining user feedback), several differences
were clear and included the following:

< Format—The EREN study used thetel ephone asacontacting medium (allowing roomfor more
detailed responses), whereasthe | AC Web study used | nternet-based multiple-choice and fill-
in-the-blank questions.

< Respondents—EREN randomly selected namesfrom alist of registered User Group members
(people who were considered fairly regular users of the site), whereas the IAC Web study
used e-mail addresses captured during users’ visitsto the Website (not knowing how frequent
avisitor he or she might be).
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< Particular information needed—Thel AC Web study’ sprimary intent wasto quantify the extent
to which online IAC technical information had been used, whereas the EREN study had
focused on both quantifying and qualifying site visitors' satisfaction.

The EREN study set a goa of (and received) 40 responses in attempts to model the population of
EREN User Group members, which totaled 1,468. Of the 40 respondents, 10 (25%) were able to
specify an amount of extended cost savings realized from the use of EREN information (their study
made no attempt to obtain energy savings information). The EREN Website, which actually
incorporates several smaller sitesthat reside on several different servers, received 12,184,571 hits
in 1997 (the year of the EREN studly).

Although the two studies were more different than similar, there was still much to gain from review
of the EREN Customer Satisfaction Survey Fina Report, including the way in which the questions
were posed and how the resulting data were manipulated and presented.

After reviewing the EREN report, we created thefirst version of the |AC Web questionnaire. Several
iterations of possible questions were revised until afinal set of questions was decided upon and
arranged to provide the best flow of quantitative and qualitative questions. It was estimated that the
28 questions on thefina version would take 5 to 15 minutes to complete, depending primarily on the
level of involvement that arespondent may have had with the onlinetechnical information. Thenumber
of questions on the questionnaire was kept to a minimum in order to reduce the amount of time
required by the respondent to completeit, while still posing afair number of questionsin attemptsto
discover as much as possible about the user and his or her experience with the sites visited.

The original intent of the Web study was to identify and question two different groups of Website
vigitors, previous and new visitors, to the Websites of the two centersthat place technical information
online: the Office of Industrial Productivity and Energy Analysis (OIPEA) at Rutgers University and
Colorado State University’s (CSU) IAC. Previous site visitors would be questioned by obtaining the
e-mail addresses of people who had accessed these two Websites within the last several months,
contacting those people, and requesting that they visit an ORNL Website to fill out an online
guestionnaire. New visitors would be questioned by placing links to the questionnaire on the two
Websites and allowing those who wished to complete it to do so.

When the time came to obtain the e-mail addresses of previous visitors to the two Websites, two
roadblocks emerged: alack of usable e-mail addresses and a security/confidentiality issue raised by
one of the IAC Website administrators. Thus, the focus of the Web study was reduced to only self-
selecting new visitors to the two Websites of interest.

After hyperlinks to the questionnaire were placed on the two sites, only minimal responses were
received in theinitial set. To increase the response rate, an animated image was added not only to
draw attention to the hyperlink itself, but also to provide an incentive for site visitorsto fill out the
online questionnaire. Thefirst 30 sitevisitorsto completethequestionnairewereofferedan ASHRAE
Pocket Guide, which contains useful equations, graphs, conversion factors, and the likefor engineers
and technicians. After the animated image was placed on the two sites, traffic increased enough to
obtain 29 completed questionnaires within the available time frame of the project (about 3 months).
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5.2 DATA COLLECTION DESIGN

It was originally hoped that the Web gquestionnaire might accumulate as many as 40 to 50 responses
from users of the two Websites. However, only 29 responses were obtained in the three-month time
frame available for soliciting responses, and a determination of the actual population size was not
possible because of the lack of legitimate e-mail addresses and detailed site usage data. Responses
would have to be accepted as they were received from new site visitors. Additionally, nonresponse
could not be addressed without access to the list of previous e-mails. Losing that portion of the
potential respondents had the effect of making it impossible to analyze and break down the data
statistically.

To address the applicable time frame of this analysis, several factors were considered. The first
completed questionnaire was received on March 20, and the 29" was received on June 24, after 96
days of availability on thetwo Websites. The availability of the questionnaire online was constrained
by the short time period allocated for the study. It was desired that the data collected over the 96 day
period be extrapolated to represent datathat may have been collected for an entire year. Thiswould
resultin the use of amultiplier of 3.8 (equivaent to dividing by 96 and multiplying by 365) to expand
the resultsto onefull year and atotal of approximately 110 responses. Unfortunately, neither the CSU
nor the Rutgers sites recorded site usage datawhich could be used to support the assumption that site
traffic experienced for the duration of the study could be extrapolated to the entire year. Therefore,
the results presented here are based solely on the responses received over the limited duration of the

study.

5.3 ENERGY AND COST SAVINGSRESULTS

Section 5.3 provides the results from 8 of the 28 questions in the questionnaire. The 8 questions
detailed here are all of the quantifying questions and one related qualitative question. The questions
and the associated responses are presented in the same order in which they were posed in the
guestionnaire. The remaining 20 questions and their associated responses are presented in Appendix
C.2, and areplicaof the questionnaireitsalf is presented in Appendix C.1. Each question is stated and
then followed by comments and/or interpretation and a tabular response breakdown.

For the questions answered here, several breakdowns are provided. For each quantitative question,
the responses are broken down into domestic and foreign categories to separate the associated energy
and cost savings reported by the users. Additionally, for the energy savings questions, two tablesare
presented: Table5.1A for site savingsand Table 5.1B for source savings. The source value takesthe
energy conversion efficiency of electricity into account and divides the site value by 0.3312 for the
responses where electricity was chosen as the dominant fuel type (see the discussion on Question 7
for more information on how the chosen fuel types affected the calculated savings).

Lagt, out of 29 respondents, only 11 provided energy and/or cost savingsinformation. In many of the
guestionnaires, at least onerespondent either inadvertently or intentional ly skipped aquestion, leaving
the total number answered to less than 29. (In the following tables, totals are provided where
respondents were requested to choose only one answer; where respondents were alowed to check
all applicable answers, no totals are presented.)
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5.3.1 Individual Resultsfrom the Questionnaire

In Question 6, Web users were asked to estimate how much annual energy savings have resulted/will
result from their use of the information obtained. As the first quantitative question posed, thisisthe
guestion that attempted to find out the level of direct energy savings that occurs through the use of
online IAC technical information. Of the savings responses received for this question (10), the “#”
column reveals the quantity of responses received per savings category, and the “%” column breaks
down the percentage of responses received per savings category.

Taking the average value in each category except the last (where 1,000,000 MMBtu/yr is used) and
multiplying by the number of respondents results in the values noted in the two far right columns.
Totaling those two columns creates the values in the bottom right-hand corner of Table 5.1A, which
isthetotal estimated potential site energy savings for domestic and foreign users. Using the lowest
available vaue in the largest savings category has the effect of making the results estimates
conservative. Also, it should be noted that because of the almost daily increase in the number of
peopl e using the Web, the number of site visitorswill most likely only go up in the foreseeable future.

Table5.1B reveasthe same values presented in Table 5.1A except with source energy savingsinlieu
of site energy savings. In both tables, the largest category sets about 99.7% of the final value for
domestic and foreign savings and becomes the most important category in these savings estimates.

The reported annual domestic site savings value in Table 5.1A isjust over 1 million MMBtu (or 1
trillion Btu). In comparing this potential energy savings value with the quantity of site energy savings
achieved by theassessmentsfor thel AC Programin 1997[960,214 MMBtu (Muller 1998)], it appears
that the act of placing various documents related to the IAC Program online notably extends the
benefits that the |AC Program achieves through direct work with U.S. industries.
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Table 5.1A. Site energy savings reported by IAC Web users.

Answer Choices Aver age of Savings Responses Average X # Responses
Range - Site? Domestic Foreign Domestic Foreign
(MMBtulyr) (MMBtwyr) #) (%) #) (%) (MMBtu) (MMBtu)
No savings OR 0 0 0 0 1 25 0
<100 50 0 0 1 25 50
100 - 250 175 1 16.7 0 175
250 - 500 375 1 16.7 0 375
500 - 1,000 750 2 333 0 0 1,500
1,000 - 2,500 1,750 1 16.7 0 0 1,750
2,500 - 10,000 6,250 0 0 1 25 6,250
10,000 - 1,000,000 0 0 0 0
> 1,000,000 1,000,000° 1 16.7 1 25 1,000,000 1,000,000
Totals/Reported Site Energy Savings 6 100 4 100 1,003,800 1,006,300

& An “average of range” value was not calculated unless there were responses in that answer choice category.

b Conservative estimate for range provided.

Table 5.1B. Source energy savings reported by IAC Web users.

Answer Aver age of Savings Responses Average X # Responses
Choices Range - Sour ce?? Domestic Foreign Domestic Foreign
(MMBtulyr) (MMBtwyr) #) (%) #) (%) (MMBtu) (MMBtu)
No savings OR 0 0 0 0 1 25 0
<100 151 0 0 1 25 151
100 - 250 528 1 16.7 0 0 528
250 - 500 1132 1 16.7 0 0 1132
500 - 1,000 2,264 2 333 0 4,528
1,000 - 2,500 5,283 1 16.7 0 5,283
2,500 - 10,000 18,869 0 0 1 25 18,869
10,000 - 1,000,000 0 0 0 0
> 1,000,000 3,019,000/ 1 16.7 1 25 3,019,000 1,000,000
1,000,000°
Totals/Reported Source Energy Savings 6 100 4 100 3,030,471 1,019,020

a An “average of range” value was not calculated unless there were responses in that answer choice category.
b See the discussion that accompanies Question 7 for a breakdown on how these values were calculated.

¢ Conservative estimate for range provided.
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Question 7 asked Web users to identify the dominant fuel type from which their savings occurred.
Clearly, the dominant type of fuel savings occurring as a result of the use of IAC online technical
information iselectricity, at 72% (domestic and foreign combined). However, this could be reflecting
the wide variation of affiliations and organizations indicated by respondents (see Appendix C.2,
Question 28), as some responses of primary savings related to fuel oil and natural gas might be
expected if alarger percentage of respondents chose an industrial affiliation.

Thevaluesin Table 5.2 played an important role in calculating site versus source valuesin the energy
savings tables in this section. When a respondent chose electricity as the dominant fuel type from
whichtheir savingswereincurred, then al of their responsesto the quantifying questions (site values)
were multiplied by 3.019 (or divided by 0.3312) to obtain the source equivaent values. If natural gas,
fuel ail, coal or “other” was chosen, then the multiplier used to obtain sourcefrom site valueswas 1.0
(anassumed efficiency). When* nodominant fuel type” waschosen, theassociated val uewasassumed
to be one-half eectricity savings and one-half another type of fuel savings and split evenly, with half
multiplied by 3.019 and half multiplied by 1.0. The resulting two values were then added back
together to obtain the final source value for that original site value.

Table 5.2. Dominant fuel type identified by IAC Web users.

Domestic Responses Foreign Responses

Answer Choices # (%) # (%)
Electricity 6 100 2 40
Natural gas 0 0 0 0
Fud ail 0 0 0 0
Cod 0 0 1 20
No dominant fuel type 0 0 2 40
Other (Please specify) 0 0 0 0

Totals 6 100 5 100

In Question 8, Web users were asked to estimate how much annual cost savings have resulted/will
result from the information obtained related to energy efficiency or use reduction. For the domestic
savings, the response category sdlected the most often was the $5,000-$25,000 range (Table 5.3). The
largest category clearly hasthe greatest impact on both the domestic and foreign estimates of savings.
For theforeign savings, the totals are much smaller than the domestic savings due to the dominant fuel
types (electric vs. coal) reported by the users.

Usersindicated cost savings resulting from waste minimization and/or pollution prevention efforts,
in Question 9. The savings fall into similar dollar ranges as the responses to Question 8, with one
domestic respondent reporting savings in the largest category and two in the $5,000-$25,000 range
(Table 5.4). Total domestic cost savings reported for waste minimization and pollution prevention
activities are lower than those reported for energy.
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Table 5.3. Energy cost savings reported by IAC Web users.

Aver age of Savings Responses Average X # Responses
Answer Choices Range? Domedtic Foreign Domestic Foreign
($yr) ($lyr) #) (%) #) (%) 62 &)
No savings OR 0 0 0 0 1 20 0
<100 50 0 0 1 20 50
100 - 500 300 1 16.7 0 0 300
500 - 1,000 0 0 0 0
1,000 - 5,000 0 0 0 0
5,000 - 25,000 15,000 3 50 1 20 45,000 15,000
25,000 - 100,000 62,500 1 16.7 1 20 62,500 62,500
100,000 - 1,000,000 0 0 0 0
> 1,000,000 13,380,000°/ 1 16.7 1 20 13,380,000 1,750,000

1,750,000

Totals/Reported Energy Cost Savings 6 100 5 100 13,487,800 1,827,550

& An “average of range” value was not calculated unless there were responses in that answer choice category.

b The“average of range” valuesfor the open-ended, largest cost category were adjusted to more accurately represent energy costs that
correspond to each user’s reported dominant fuel type and origina claim of energy savings.

¢ Thefirst value applies to domestic savings, the second to foreign savings.

Table 5.4. Waste minimization and pollution prevention cost savings reported by IAC Web users.

Answer Choices Aver age of Savings Responses Average X # Responses
Range? Domestic Foreign Domestic Foreign
($lyn) ($lyr) (#) (%) (# (%) (6] &)
No savings OR 0 0 1 16.7 1 20 0 0
<100 50 1 16.7 1 20 50 50
100 - 500 0 0 0 0
500 - 1,000 0 0 0 0
1,000 - 5,000 0 0 0 0
5,000 - 25,000 15,000 2 333 1 20 30,000 15,000
25,000 - 100,000 62,500 1 16.7 1 20 62,500 62,500
100,000 - 1,000,000 0 0 0 0
> 1,000,000 1,000,000 1 16.7 1 20 1,000,000 1,000,000
Totals/Reported Waste Minimization and 6 100 4 100 1,092,550 1,077,550

Pollution Prevention Cost Savings
a An “average of range” value was not calculated unless there were responses in that answer choice category.
b Conservative estimate for range provided.
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Question 10 asked Web users to estimate how much annual cost savings have resulted or will result
fromthe information obtained related to increasing productivity. According to Table 5.5, productivity
cost savingsreported by domestic users are on the same order as savingsreported for domestic waste
minimization activities, but are significantly lower than reported energy cost savings.

Table 5.5. Productivity cost savings reported by |AC Web users.

Answer Choices Aver age of Savings Responses Average X # Responses
Range? Domestic Foreign Domestic Foreign

($lyn) ($lyr) (#) (%) (# (%) (6] (6

No savings OR 0 0 0 0 1 25 0 0

<100 50 1 16.7 1 25 50 50

100 - 500 0 0 0

500 - 1,000 750 1 16.7 0 750

1,000 - 5,000 0 0 0 0

5,000 - 25,000 15,000 1 16.7 1 25 15,000 15,000

25,000 - 100,000 62,500 2 333 0 0 125,000

100,000 - 1,000,000 550,000 0 0 1 25 550,000

> 1,000,000 1,000,000 1 16.7 0 0 1,000,000

Totals/Reported Productivity Cost 6 100 4 100 1,140,800 565,050

Savings

a An “average of range” value was not calculated unless there were responses in that answer choice category.
b Conservative estimate for range provided.

Additionally, foreign-reported cost savings from productivity efforts were nearly half the savings
generated by foreign waste minimization actions and only a third of those from energy-related
activities. Based on theseresults, it seemsthat Web users are currently receiving the most benefit from
|AC Website materials on energy-efficiency and conservation.

In Question 11, Web users were asked if any of the measures or ideas implemented were replicated
elsewhere within their facility, company, or by other plants, and if so, they were asked to estimate the
annua energy savings. Note that the results are split into site and source savings and are shown
respectively in Tables5.6A and 5.6B. Once again, the largest category dominatesthe results, asusers
claim to have replicated energy savings of over 1,000,000 MMBtu. In this case, however, foreign
users claim more savings due to replication, than they claim for original site and source energy
savings.
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Table 5.6A. Replicated site energy savings reported by IAC Web users.

Answer Choices Aver age of Savings Responses Average X # Responses
Range - Site? Domestic Foreign Domestic Foreign
(MMBtulyr) (MMBtwyr) #) (%) #) (%) (MMBtu) (MMBtu)
No savings OR 0 0 4 66.7 1 20 0 0
<100 0 0 0 0
100 - 250 175 0 0 1 20 175
250 - 500 375 0 0 1 20 375
500 - 1,000 0 0 0 0
1,000 - 2,500 1,750 1 16.7 0 0 1,750
2,500 - 10,000 0 0 0 0
10,000 - 1,000,000 0 0 0 0
> 1,000,000 1,000,000° 1 16.7 2 40 1,000,000 2,000,000
Totals/Reported Replicated Site Energy 6 100 5 100 1,001,750 2,000,550

Savings

& An “average of range” value was not calculated unless there were responses in that answer choice category.
b Conservative estimate for range provided.

Table 5.6B. Replicated source energy savings reported by IAC Web users.

Answer Aver age of Savings Responses Average X # Responses
Choices Range - Sour ce?® Domestic Foreign Domestic Foreign
(MMBtulyr) (MMBtu/yr) #) (%) #) (%) (MMBtu) (MMBtu)
No savings OR 0 0 4 66.7 1 20 0 0
<100 0 0 0 0
100 - 250 528 0 0 1 20 528
250 - 500 74 0 0 1 20 74
500 - 1,000 0 0 0 0
1,000 - 2,500 5,283 1 16.7 0 0 5,283
2,500 - 10,000 0 0 0 0
10,000 - 1,000,000 0 0 0 0
> 1,000,000 3,019,000/ 1 16.7 2 40 3,019,000 4,019,000
2,009,500°4
Totals/Reported Replicated Source Energy 6 100 5 100 3,024,283 4,020,282
Savings

a An “average of range” value was not calculated unless there were responses in that answer choice category.
b See the discussion that accompanies Question #7 for a breakdown on how these values were calcul ated.
¢ Thefirst value applies to domestic savings, the second to foreign savings.

4 Conservative estimate for range provided.

63



Web userswere asked, in Question 12, to estimate how much annual cost savings have resulted or will
result from the replicated savings. This question is an extension of Question 11 and asks for an
estimate of the cost savings associated with the energy savings the respondent provided in that
guestion. Replicated cost savings reported by domestic users are dightly higher than original energy
savings, where as replicated cost savings reported by foreign users are eight times larger.

This question should be expanded in future questionnaires to include an estimate of savings achieved
from replication of waste minimization and/or pollution prevention and productivity measures
(Table5.7), information which was not captured in this questionnaire.

Table 5.7. Replicated energy cost savings.

Answer Choices Aver age of Savings Responses Average X # Responses
Range® Domestic Foreign Domestic Foreign

($lyn) Sy #) (%) #) (%) 6 $)

No savings OR 0 0 4 66.7 1 20 0 0

<100 0 0 0 0

100 - 500 300 0 0 1 20 300

500 - 1,000 0 0 0 0

1,000 - 5,000 3,000 1 16.7 1 20 3,000 3,000

5,000 - 25,000 0 0 0 0

25,000 - 100,000 0 0 0 0

100,000 - 1,000,000 0 0 0 0

> 1,000,000 13,380,000/ 1 16.7 2 40 13,380,000 15,130,000

7,565,000
Totals/Reported Replicated Energy Cost 6 100 5 100 13,383,000 15,133,300

Savings
a An “average of range” value was not calculated unless there were responses in that answer choice category.
b The“average of range”’ valuesfor the open-ended, largest cost category were adjusted to more accurately represent energy costs that
correspond to each user’s reported dominant fuel type and origina claim of energy savings.
¢ Thefirst value applies to domestic savings, the second to foreign savings.

In Question 13, Web users claiming energy and/or cost savings resulting from the use of IAC
information were asked if they were still realizing those savings, and if not, would they estimate the
length of time that savings were actually experienced. Theresults of this question signify that 83% of
the domestic respondents are achieving energy or cost savings that last at least more than one year
(Table 5.8). Astime passeson, it would be of interest to collect additional data on savings persistence
as experienced by IAC Web users as they establish a history of savings from the use of IAC Web-
based information.



Table 5.8. Savings persistence reported by IAC Web users.

Answer Choices Domestic Savings Responses Foreign Savings Responses
# (%) # (%)
A. Energy Savings
Yes 5 83.3 2 50
No 0 0 1 25
- If no, length savings achieved 1year
No savings achieved 1 16.7 1 25
Totals for question 12 - part A 6 100 4 100
B. Cost Savings
Yes 5 83.3 2 50
No 0 0 1 25
- If no, length savings achieved 1year
No savings achieved 1 16.7 1 25
Totals for question 12 - part B 6 100 4 100

5.3.2 Summary Resultsfrom the Web Questionnaire

Aggregating the individual results shown in Sect. 5.3.1 generates the following summary of the
estimates of IAC Program savings from the Web study. Tables 5.9A and 5.9B present the site and
source energy saving totals, while Table 5.10 presents the cost saving totals.

Table 5.9A. Site summary energy savings reported by IAC Web users.

Savings Categories Direct Replicated Total
Reported (96 days) (MMBtu) (MMBtu) (MMBtu)
Domestic 1,003,800 1,001,750 2,005,550
Foreign 1,006,300 2,000,550 3,006,850
Total 2,010,100 3,002,300 5,012,400

Table 5.9B. Source summary energy savings reported by IAC Web users.

Savings Categories Direct Replicated Total
Reported (96 days) (MMBtu) (MMBtu) (MMBtu)
Domestic 3,030,471 3,024,283 6,054,754
Foreign 1,019,020 4,020,282 5,039,302
Total 4,049,491 7,044,565 11,094,056

Table 5.10. Summary cost savings reported by IAC Web users.
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Savings Categories Energy WM/PP? Productivity  Replicated Energy Total

Reported (96 days) % (6] % %) %)

Domestic 13,487,800 1,092,550 1,140,800 13,383,000 29,104,150

Foreign 1,827,550 1,077,550 565,050 15,133,300 18,603,450
Total 15,315,350 2,170,100 1,705,850 28,516,300 47,707,600

@ Waste minimization/pollution prevention.

Table5.9B revea sthat over 11 million MMBtu (or 11 trillion Btu) in total source energy savingsare
generated through the attainment and utilization of online IAC technica information, with
approximately 55% of that coming from domestically realized savings (6 million MM Btu). Note that
this estimate considers the input (source) energy required to generate the output (Site) energy; the site
savings are shown in Table 5.9A. Domestic site energy savings by Web users were over 2 million
MMBtu (or 2trillion Btu). By comparisonwith theimplemented siteenergy savingsgenerated directly
by new 1997 | AC assessments alone (960,214 MM Btu), the Web study indicates that evidently there
isthe potential to greatly extend the benefitsthat the | AC Program provides through placing program-
related information online. Work done to further support this effort would not only contribute to the
success of the program but would a so help produce tremendous energy savings both domestically and
elsewhere.

Table 5.10 reveals that $47.7 million in total costs are saved annually through the use of the online
|AC technica information, with over 60% of those savings coming from U.S.-based companies and
organizations. By comparison to the total cost savings realized by implemented measures from new
1997 IAC assessments alone ($36,942,937), again, the program should recognize the benefits
associated with placing program-related information online and work to improve this program
strength.

54 QUALITY ASSURANCE/QUALITY CONTROL

Of thetotal 29 respondents, 12 originally provided quantitati veinformation on energy and cost savings
already realized or projected to be realized. Of those 12, over 99% of the total savings were
accounted for by four “big fish,” or respondents who reported on several quantitative questions the
largest available categories for energy and/or cost savings. Additionally, of those four, the largest
three were domestically based users, with the smallest big fish foreign-based. Because these three
respondents accounted for such alarge portion of the domestic results, we attempted to contact them
in order to obtain more information on

whether their reported savings were aready realized or future projections,

whether these were estimates or cal culated savings,

what |AC documents were being used, and

how the information in those documents was being used.

With additional data from follow-up efforts, it was determined that two of the three achieved
defensible savings, and only one of those two actually produced domestic savings. Of the three

N NN AN
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domestic users contacted, one provided ample evidence to support domestic savings, one clarified
that although he was presently working in the United States, the savings he reported were actually from
measuresimplemented in New Zealand. Thelast user was unableto support his claims of savings (and
was subsequently removed from the savings analysis).

The remaining valid domestic user just happened to be the biggest of the four big fish, and provided
helpful insight into his use of IAC information. The respondent noted that “the savings | was stating
are a combination of savings realized and about to be realized by the industrial clients[for whom] |
have been providing services.” The respondent went on to describe his experience with aparticular
manufacturing facility and how they were able to recommend productivity, energy, and waste stream-
based savings for that facility through the use of three of Rutgers training manuals and the IAC
database. Particularly, he noted, “We were ableto realize an improvement of 41% in processflow...,
without an increase in energy use, a decrease from 9% to 3% in wasted product..., and a 3%
improvement in employee effectiveness. The payback was phenomenal.”

5.5 DECISION MODEL RESULTS

| AC Web-based information a so appearsto positively impact the users' EE decision making in away
similar to the resultsrelated to client assessments and alumni influences upon their employers, abeit
to a lesser degree. Figures 5.1 and 5.2 illustrate that the frequency both of identifying and of
implementing energy saving opportunities increased after using Web-based information. Neither
statistical result is highly significant, however. T-test significance levels are 0.10 and 0.20,
respectively.

Figure 5.3 indicates that there is a positive change in the stage in the EE life cycle model after using
|AC Web-based information. Again, the magnitude of the change is less than the changes witnessed
by clients and alumni employers. Additionally, the change is not statistically significant, with a
significance level of 0.15 for the T-test.

Last, payback rates did not change significantly before and after use of Web-based information, as
indicated in Fig. 5.4. Thisresult isaso similar to the client and alumni findings.
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5.6 RECOMMENDATIONS

On the basis of the results of the Web study, we suggest consideration of the following
recommendations:

<

Because the use of the Web as aplace for information transfer islikely to increasein the
foreseeabl e future, the |AC Program should continue to use the Web study to monitor the
usefulness of the onlineinformation aswell asto obtain more accurate information about
online technical information usage patterns. Through a regular review of the collected
information, the IAC Program will be able to respond to the needs and or desires of its
online users and increase the associated savingsrealized. Additionally, the program will
be able to find out what kind of information users are looking for and create new
documents that present information specifically addressing user information requests.

With regard to the questionnaire itself, we have a couple of recommendations. First, it
would be helpful to realign some of the answer categories to allow for more accurate
informationgathering. For example, more high-end categoriesshould be created. Because
the largest category of energy or cost savingswas >1,000,000, the questionnaire was not
able to distinguish between those realizing $2 million in cost savings and those redlizing
$5 million in cost savings, for example. (Estimates were developed based on the users
claim of energy cost savings, dominant fuel type, and typical fuel costs.) Second, because
some anomaliesin the data have been noted, space should be provided at the end of every
question to allow room for arespondent to explain his or her reasoning for aparticul ar
response.

We also note two recommendations with regard to the IAC Websites. First, given the
results that are seen from this study, more centers should become involved in placing
examples of previous recommendations online and/or creating documentsthat exploit the
good that their years of regional service have provided. It is very possible that the
creation and dissemination of such information could significantly magnify the program’s
energy and cost savings. Second, each site should utilize atracking service that allows
more information to be obtained on the visitors that are perusing the sites. For example,
those who wish to download information might be required to fill out either this or
another questionnaire first, or the program might create an IAC users group similar to
the EREN users’ group.
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6. INTEGRATED RESULTSAND CONCLUSIONS

Inthis section preliminary cost and energy annual and lifetime savings estimates are computed for FY
1997 assessments. Thisis done by adjusting FY 1997 totals from the | AC database using estimates
for CBRsfrom Sect. 3 (OIT 1999b). These cost and energy savings are discussed in Sect. 6.1. In Sect.
6.2, annual savings estimates for the assessment pathway are combined with the annual savings
estimatesfor the alumni pathway and Website pathways, to produce overall annua savings estimates
for the three pathways. Aggregate and comparative results with respect to the EE decision-making
model are discussed in Sect. 6.3. Caveats and conclusions arein Sect. 6.4, along with suggestionsfor
future work.

6.1. ENERGY AND COST SAVINGSFOR FY97 ASSESSMENTS

Inthis section, cost and energy savings estimates associated with FY 1997 assessments are computed
from |AC database totals adjusted, using the CBRs estimated in Sect. 3, to estimate actua savings.
Because the client follow-up is a pilot study, savings estimates based on it must be regarded as
preliminary.

The latest published IAC database totals for the savings from assessments are for FY 1997 (OIT
1999h). Tables 6.1A and 6.1B contain the FY 1997 energy and cost database totals.

Table 6.1A. FY 1997 IAC assessment energy Table 6.1B. FY 1997 |AC assessment
savings (OIT 1999b). cost savings (OIT 1999b).
Energy Type Savings (MM Btu) AR Type Savings ($)
Site Electric 392,793 Energy 9,290,838
Other (Site) 567,421 Waste 5,198,005
Total Site Energy 960,214 Productivity 22,454,004
All 36,942,937
Source Electric (Site
Electric x 3.019) 1,185,842
Other (Site = Source) 567,421
Total Source Energy 1,753,263

Comprehensive savings estimates can be
computed from these original IAC estimates using the FY 1993-1997 CBRs in Table 3.3 and
additional CBRs, which are assumed here because the pilot client follow-up goes back only to FY
1993 (6 years before the effort).! Because the pilot study suggests that CBRs for assessments

1The FY92 CBRsin Table 3.3, which are based on the response of asingle client, are unreliable.
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conducted 6 years before the survey are ill in the neighborhood of 1.0, and becauseit isunlikely that
benefits would be truncated exactly 6 years after the assessment, additional CBR values are assumed
to degrade linearly for FY 1988-1992: 0.2, 0.4, 0.6, 0.8, and 1.0, respectively. The assumed values
should be validated or revised through afull-scale effort. An additional CBR of 1.0 isa so assumed
for FY 1998—that is, for onefiscal year beforethe client follow-up. The estimated and assumed cost-
and energy-basis CBRs are in given Table 6.2.

Table 6.2. Estimated and assumed FY -specific CBRs.

Energy,
Follow-up FY (1999) Waste, and

FY of & Assessment FY Productivity SiteEnergy  Source Energy
Assessment Cost CBR CBR CBR
1988 (assumed) 1 0.20 0.20 0.20
1989 (assumed) 10 0.40 040 0.40
1990 (assumed) 9 0.60 0.60 0.60
1991 (assumed) 8 0.80 0.80 0.80
1992 (assumed) 7 1.00 1.00 1.00
1993 6 137 0.98 119
1994 5 0.90 0.87 0.93
1995 4 145 1.06 0.98
1996 3 104 133 131
1997 2 101 112 101
1998 (assumed) 1 1.00 1.00 1.00

Table 6.2 also contains entries for “Follow-up FY (1999) & Assessment FY.” Under the time-
invariance assumption discussed in Sect. 2.1, these entries determine the appropriate CBR for
computing, using Eq. 2.2, FY 1997 savingsaccrued 1, 2, 3, etc., yearsfrom the FY 1997 assessment,
thatis, in FY 1998, FY 1999, FY 2000, etc. Using the CBRsfrom Table 6.2, the total site and source
energy savingsand cost savingsin Tables 6.1A and 6.1B can be adjusted to reflect actual savingsfor
FY 1997. Although the cost estimates in Table 6.1B are listed by AR category, it is not feasible to
adjust the AR type-specific savings because of statistical limitations of the CBRs and the pilot study
data (i.e., too few waste and productivity ARs; see Sect. 3.4.2). The FY-specific CBRs are
themselves quite variable, but statistical errors based on them are more likely to average out in the
totals. Tables 6.1A and 6.1B and Table 6.2 are combined in Table 6.3 to produce savings estimates
for FY 1997 assessments, by fiscal year from the assessment (FY 1998, FY 1999, etc.), and for total
lifetime savings. The FY s are also listed.
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Table 6.3. Savings estimates for FY 1997 assessments by year from assessment.

Year from FY Site Energy Sour ce Ener gy
1997 Cost ($) Saved (MMBtu) Saved (MMBtu) Saved
Assessment FY During Year During Year During Year
1 1998 36,942,937 960,214 1,753,263
2 1999 37,312,366 1,075,440 1,770,796
3 2000 38,420,654 1,277,085 2,296,775
4 2001 53,567,259 1,017,827 1,718,198
5 2002 33,248,643 835,386 1,630,535
6 2003 50,611,824 941,010 2,086,383
7 2004 36,942,937 960,214 1,753,263
8 2005 29,554,350 768,171 1,402,610
9 2006 22,165,762 576,128 1,051,958
10 2007 14,777,175 384,086 701,305
11 2008 7,388,587 192,043 350,653
Lifetime All 360,932,494 8,987,603 16,515,737

6.2. ANNUAL SAVINGSESTIMATES COMBINED OVER PATHWAYS

In Table 6.4, annua savings estimates for FY 1997 assessments from Table 6.3 are combined with
annua savings estimates from the aumni and Website studies. Because the alumni and Website
savings estimates are annua (not lifetime), annua estimates are computed for assessments too, though
thisis adeparture from Sect. 6.1. How should annual savings be defined for assessments? Here, for
the purpose of illustration (not recommendation), they are computed from the CBR average for FY
1993-97, fromTable 6.2, because these are the years for which pilot client study dataare available.

The alumni pathway savings estimatesin Table 6.4 arefrom the FY 1997 entriesin Tables4.2to0 4.4.
The alumni estimates are the averages of the Assumption 2 energy savings upper and lower bounds.
The Website entriesin Table 6.4 are the reported domestic totals from Table 5.9B and Table 5.10.
Thesefiguresare current, that is, for the current year—approximately FY 1999. FY 1997 Website data
was not collected. Because of theincreasing use of the Internet, the FY 1999 Website datawaslikely
to overestimate Web-based savings for FY 1997, though by the same token, the FY 1999 data are
likely to underestimate Website savingsfor future years. As an approximation, the Website resultsare
used hereto estimate FY 1997 Website savings, so that combined-pathway savings estimates can be
illustrated. Total savings estimates combined over pathways must be regarded in the context of this
approximation as well as the preliminary nature of the results from the client follow-up.

From Table 6.4, the total annual cost savings attributable to the IAC Program by the assessment,
alumni, and Website pathways is $138,386,299. The total source energy savings is 11,323 BBtu.
These are annual estimates. The method of accounting for lifetime assessment-generated savingsin
Table 6.3 might be applied to the alumni or Website pathways, but that approach is not pursued here.
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Additional datacould becollected toinvestigate pers stence assumptionsfor extending thealumni and
Website annual savingsto lifetime estimates. (Note: The Website savings are not annualized because
of uncertainties in the assumptions needed to justify extrapolation of the results collected for the 96-
day duration of the questionnaire to a complete year.)

Table 6.4 ismeant to be aside-by-sideillustration of the potential impacts of the three pathways, and
is based on specific, conservative interpretations of the data from the three studies. Because of the
limitations set forth by the data that were available for the study, flexibility in interpretation is
feasible. Alternative interpretations, however, must consider all of the evidence, as documented in
Sects. 3, 4, and 5 of this report.

Table 6.4 Estimated IAC Program annual savings for
FY 1997—assessment, aumni, and Website pathways

Source
Energy Energy
Program Savings Cost Total

Component (BBtu) Savings Cost Savings
Assessments 1,901 $9,237,630 $42,632,149
Alumni 3,368 $56,000,000 $66,650,000
Websites? 6,054 $26,870,800 $29,104,150
Total 11,323 $92,198,430 $138,386,299

aDomestic savings only

6.3 DECISION-MAKING MODEL

Each questionnaire contained questions pertaining to the life cycle model set out in Fig. 2.1. These
guestions addressed the frequency with which clients, alumni employers, and Web-information-using
organizationsboth identify and implement energy savingsopportunities. Generaly, themorefrequently
these organi zations undertake these activities, the further ong thelife cycle processthey will be. This
project was specifically interested in changesin life cycle stages before and after assessments, the
arriva of alumni, and the use of Web-based |AC technical information, respectively.

Figure 6.1 indicates that in each case, IAC Program interventions are positively correlated with
changesin the stage of the life cycle. For example, before an | AC assessment, the average client fell
somewhere between the EE program implementation stage (3) and the EE program effects stage (4).
After the assessment, the average client moved one stage ahead in the life cycle, falling somewhere
between EE program direct effects (4) and routinization of the EE program (5). The aumni employers
display ailmost exactly the same behavior. The Website users appear to have been further aong the
life cycle before using the IAC information and even further ahead after using the information. The
average stage in the life cycle model found in this study compares favorably with the findingsin the
literature cited in Sect. 2.2, indicating that much has been done but much needs to be done to change
energy-efficiency decision making and practices. All thesechangesinlifecyclestagesarestatistically
significant. Thus, these results suggest that the | AC Program has significantly and positively impacted
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Fig. 6.1. Comparison of progression in life cycle among clients, aumni employers, and Web
information users (mean and one standard deviation ranges).

participating firms energy decision making in alasting and permanent manner. A second conclusion
is that the more direct the intervention (e.g., an industrial assessment with recommendations), the

bigger the impact upon decision making the program will have.

Also explored was whether the payback rates for energy savings investmentsimproved after an IAC
Program intervention. Each questionnaire asked what percentage of investments provided payback
rates of less than 2 years, before and after the intervention. As shown in Fig. 6.2, in each case, the
percentage of investments yielding paybacks of 2 years or less increased after the IAC Program
intervention. Although positive, these changes were not statistically significant in any case. These
results indicate that many firms may be making longer-term, possibly more research- oriented,
investments. M ore research would be needed to clarify whether |AC Program interventionsincreased

the rate of return on all investments, regardless of their payback periods.
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Fig. 6.2. Comparison of changesin payback rates of 2 years or less among clients, alumni
employers, and Web information users (mean and one standard deviation ranges).

6.4 OBSERVATIONS AND RECOMMENDATIONS

This study leads us to numerous observations and recommendations. Thefirst observation isthat the
follow-up methods used in this project were successful in collecting information both to evaluate the
impacts of the |AC Program and to generate performance metrics needed to meet the requirements of
GPRA. Client and alumni reactions to follow-up efforts were positive, and responses to the Web-
users guestionnaire exceeded expectations.

The second observation isthat the IAC Programis having many positive impacts through its use of
these three pathways. The energy and cost savings attributable to the | AC Program are appreciable.
Savings associated with waste reductions and productivity enhancements are increasing over time.
Every so often, extraordinary savings are achieved. Thiswas seen in both the alumni and Web-users
data.

It needs to be noted that the client follow-up was indeed apilot study. Therefore, it isrecommended
that the pilot study be extended to a full-scale study to improve the statistical precision of the CBR
estimatesfor FY 1993-1997 and to examine savings persistence by extending thetimerangeto earlier
FYs. Analysisof client data should aso be performed on an annual basisto revise FY -specific CBRs
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(i.e., CBRs specific for years subsequent to assessments) and to check the assumption that CBRs
depend on time only through time from the assessment (time invariance). Because Website
guestionnaires are inexpensive, the Website data collection and summarization procedure should be
automated and continued to be analyzed on an annual basis. Future Website results could then be made
synchronous with assessment-generated savings. Alumni follow-ups should aso be administered
annualy, and could be Web-based (e.g., on-line exit interviews) or available via electronic mail.
Using the methods devel oped here, future client, dumni, and Website questionnaires and dataanaysis
can be mechanized into an efficient processfor regularly determining performance metricsaswell as
program quality assurance.

Last, the life cycle model offers insights into how to quantitatively measure benefits of the IAC
Program, and how to identify appropriate IAC and/or OIT productsfor IAC clientson an individual
basis. For discussion, here are some potential benefits the evaluation should consider:

< estimate energy and cost savings associated with moving from one stage to the next in the EE
decision-making model illustrated in Fig. ES.1.;

< work to better understand which IAC and OIT products are most appropriate for firms at
different stages of the model illustrated in Fig. ES.1 and develop new program elements (e.g.,
executive training courses) as appropriate; and

< conduct research to better understand how firms currently make EE decisions and identify IAC
and OIT elements that can help overcome deficiencies in this type of decision making—e.g.,
specifically evaluate why recommended measures with paybacks of 2 years have
implementation rates of 1ess than 50%.
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A1l IAC METRICSEVALUATION CLIENT FOLLOW-UP QUESTIONNAIRE
The client questionnaire is broken into six components:

introduction and opening statement,

review of previously implemented and unimplemented assessment recommendations (ARS),
review of internally and externally replicated ARS,

review of aternative client activities (IAC influenced),

customer satisfaction issues, and

review of client decision-making practices.

NN NN NN

The results collected from questions on ARs, replication of ARs, and decision-making practiceswere
presented in Sect. 3 of thisreport. The results collected from the review of dternative client activities,
customer satisfaction questions, and characteristic information on the participating clients are
summarized in thisappendix in Tables A.1 through A.5 and in Figs. A.1 through A.3. A discussion of
these | atter issues accompanies the tables and figures.
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IAC METRICSEVALUATION CLIENT FOLLOW-UP QUESTIONNAIRE
March 2, 1999
Oak Ridge National Laboratory

OPENING STATEMENT:

| am working in cooperation with the University of and the U.S. Department of
Energy on afollow-up study of clients of the university’s Industrial Assessment Center. Y our
company received an assessment from the IAC in (date), that provided recommendations for

saving energy, <<reducing waste, and improving productivity>>. The purpose of this
guestionnaire is to determine how your company has utilized the assessment report and its
recommendations. <<V erify knowledge/appropriateness of interviewee>> Y our company
received afollow-up phone call approximately one year following (U’s) visit.
At that time your representative told us the status of the recommendations provided, for example
whether they were implemented, rejected, or scheduled to be implemented. | would like to verify
the status of those origina recommendations, and record any other actions you may have taken asa
result of your experience with the IAC. This questionnaire should take 20-30 minutes of your time.

According to our records, you received __ recommendations regarding energy, _ inwaste, and __
in productivity.

BODY OF QUESTIONNAIRE:

Based on the follow-up interview conducted in 199 , your representative reported the following
recommendations as being implemented:

1)

2)

3)

4)

5)

Q1. I'd liketo get someinformation about each of these implemented recommendations.

1.1 Recommendation:

1.1a Isthisstill implemented? Y N
IF NO
1.1b  Why was it decommissioned?

1.1c When was it decommissioned? Date

1.1d Theorigina estimate for annual cost savings was $ , [did you achieve or do you think that
you are still achieving] thiscost savings? Y N
1.1e If not, what isyour estimate? (+/- %) (may be impacted by energy rates)
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1.1f  (Energy Only) The origina estimate for annual <<fuel type>> energy savings was <<
Energy Savings per Year>>, [did you achieve or do you think that you are still achieving] this
energy savings? Y N

1.1g If not, what is your estimate? (+/- %)

Conversealy, the following recommendations were reported as not implemented:

1)
2)
3)
4)
5)

Q2. I'd liketo ask you about these unimplemented recommendations.

2.1 Recommendation:

2.1a Haveyouimplemented thisrecommendation? Y N
IF NO go to next recommendation or Q3.

IF YES:

2.1b  When wasit implemented? Date
21c Isitstill implemented? Y N

IF YES
2.1d

2.1e

2.1f

219

IF NO:
2.1h

2.1i

The original estimate for annua cost savings was $ , do you think that
you are still achieving thiscost savings? Y N
If not, what is your estimate? (+/- %) (may be impacted by energy rates)

(Energy Only) The original estimate for annual <<fuel type>> energy savings was
<<Energy Savings per Y ear>>, do you think that you are il achieving this energy
savings? Y N

If not, what is your estimate? (+/- %)

If not, why was it decommissioned?

If not, when was it decommissioned? Date

Q3. Wereany of the measures suggested in the |AC report applied elsewherewithin your plant? Y N

IF NO goto Q4
IF YES

3.la What wasthe measure? Description (match w/ ARC)

3.1b  When was this measure implemented? Date
3.1c Isitstill implemented? Y N
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3.1d If not, why was it decommissioned?

3.1e If not, when was it decommissioned? Date

3.1f  Wasthisan energy, waste, or productivity measure (chooseone)? E W P

3.1g What would you estimate the annual cost savings of this measure to be?
($,$5$ per year; suggest original estimate of $ lyr for client reference)

3.1h (Energy Only) Please indicate the source of energy conserved from the following:
Electricity Natural Gas Fuel Oil Cod Other

3.1i  What would you estimate the annual energy savings of this measure to be?
(Suggest original estimate of If prompting is needed).

Q4. Wereany of the measures suggested in the |AC report implemented at other facilities, such asa sister
plant? Y N

IF NO goto Q5

IF YES: (for each measure)

4.1  What was the measure? Description (match w/ ARC)

4.1a When was this measure implemented? Date

4.1b Isitdtill implemented? Y N

4.1c If not, when was it decommissioned? Date

4.1d  If not, when was it decommissioned? Date

4.1e Wasthisan energy, waste, or productivity measure (chooseone)? E W P

4.1f  What would you estimate the annual cost savings of this measure to be?
($/ year;, suggest original estimate of $ /yr for client reference)

4.1g (Energy Only) Please indicate the source of energy conserved from the following:
Electricity Natura Gas Fuel Oil Coal Other

4.1h  What would you estimate the annua energy savings of this measure to be?

(may be the same as the original estimate, suggest original estimate for client reference)

Q5. Sometimes, asa result of contact with the |AC Program, clientsareinspired to develop their
own ener gy conser vation measuresthat are different from those provided in the lAC report. | will
read you alist of activitiesthat sometimesresult from client interaction with the lAC. Please
identify the activities that have taken place at your facility, asaresult of your contact with thelAC.

5.1 Established anin-house conservation program . ..........ouininenenenan.n.. Y N
5.2 Designated an existing employee asin-house energy manager . .................. Y N
5.3 Hired an energy manager or energy engineer . .......oui it Y N
5.4 Worked with an Energy ServicesCompany . ... oo i i Y N
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5.5 Worked more closely with local utilities to identify opportunities to save energy and/or money

....................................................................... Y N
5.6 Encouraged energy-conscious specifications in selection of new equipment ... ... Y N
5.7 Encouraged energy-conscious specificationsin design or redesign of processes . .. .. Y N
5.8 Encouraged energy-conscious operations of plant equipment  ................... Y N
5.9 Trained existing employees in energy management/energy avareness  ............. Y N
5.10 Continued your rlationshipwiththe IAC . ... .. ... ... . Y N
5.11 Took advantage of other conservation programs through state or local governments . Y N
5.12 Other (list)

S A8 NONE . Y N

Q6. I'd likeyour impression of the ener gy conservation services provided by thelAC. For each
aspect that | list, please tell meif the service was excellent, good, adequate, poor, very poor, or not
applicable.

(Ratings: 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very Poor, 6-Not Applicable)

6.1 Thoroughness of IAC energy conservationassessment ................... 123456
6.2 Accuracy of recommendations . ......... ...t 123456
6.3 Presentation of recommendations .............. i 123456
6.4 Appropriateness of recommendations ............. ... . 123456
6.5 Supporting technical details for recommendations ...................... 123456
6.6 Supporting financial details for recommendations ....................... 123456
6.7 Knowledge of energy conservation opportunitiesby IACTeam ............ 123456
6.8 Time spent on-site for IAC team to address energy conservation issues . .. .. 123456
6.9 |AC team/report compelled the appropriate decision makers to support implementation of

energy conservation recommendations  .......... . 123456
6.10 Availability of IAC for post-assessment questions and assistance .......... 123456
6.11 Duration of IAC follow-up period for energy conservation recommendations

(9-12 monthsfollowing thereport) .......... ... i 123456

Q7. I'd likeyour impression of the waste minimization services provided by the|AC. For each
aspect that | list, please tell meif the service was excellent, good, adequate, poor, very poor, or not
applicable. (Assessments after 1994 only) (Ratings: 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very
Poor, 7-Not Applicable)

7.1 Thoroughness of IAC waste minimizationassessment .................... 123456
7.2 Accuracy of recommendations . ........... i 123456
7.3 Presentation of recommendations . ........... .. 123456
7.4 Appropriateness of recommendations ........... ... i 123456
7.5 Supporting technical detailsfor recommendations ...................... 123456
7.6 Supporting financial details for recommendations ....................... 123456
7.7 Knowledge of waste minimizationissuesby IACTeam .................. 123456
7.8 Time spent on-site for IAC team to address waste minimizationissues ... ... 123456
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7.9 IAC team/report compelled the appropriate decision makers to support

implementation of waste minimization recommendations ................. 123456
7.10 Availahility of IAC for post-assessment questions and assistance ......... 123456
7.11 Duration of IAC follow-up period for waste minimization recommendations

(9-12 monthsfollowing thereport) ............ .. ... 123456

Q8. I'd likeyour impression of the productivity services provided by the | AC. For each aspect that
| list, please tell meif the service was excellent, good, adequate, poor, very poor, or not applicable.
(Assessments after 1996 only) (Ratings. 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very Poor, 6-Not
Applicable)

8.1 Thoroughness of IAC productivity assessment . ........................ 123456
8.2 Accuracy of recommendations . ............ . 123456
8.3 Presentation of recommendations . ..............i i 123456
8.4 Appropriateness of recommendations. ........... .. i 123456
8.5 Supporting technical detailsfor recommendations ...................... 123456
8.6 Supporting financia detailsfor recommendations ....................... 123456
8.7 Knowledge of productivity/productionissuesby IACTeam ............... 123456

8.8 Timeavailable on-site for IAC team to address productivity/productionissues 1 2 3 4 5 6
8.9 IAC team/report compelled the appropriate decision makers to support implementation

of productivity recommendations . ................i i 123456
8.10 Availahility of IAC for post-assessment questions and assistance ......... 123456
8.11 Duration of 1AC follow-up period for productivity recommendations

(9-12 monthsfollowing thereport) ......... ... .. ... 123456

Now I'll ask you a series of questions about your company before and after its experience with the
IAC.

Q9. Prior toyour experiencewith the |AC, tell me how often your company identified opportunities
to save energy in your plant.

1-Very Freguently, 2-Frequently, 3-Occasionaly, 4-Rarely, 5-Never, 6- Don’t Know

Q10. Following your experiencewith the |AC, tell me how often your company identifies
opportunities available for saving energy in your plant.

1-Very Frequently, 2-Frequently, 3-Occasionaly, 4-Rarely, 5-Never, 6- Don’t Know

Q11. Prior toyour experiencewith the |AC, tell me how often you company actually implemented
measur es that wereintended to save energy in your plant?

1-Very Freguently, 2-Frequently, 3-Occasionaly, 4-Rarely, 5-Never, 6- Don’t Know
9



Q12. Following your experiencewith the |AC, tell me how often your company actually implements
measuresthat areintended to save energy in your plant?

1-Very Frequently, 2-Frequently, 3-Occasionadly, 4-Rarely, 5-Never, 6- Don’t Know

Q13. Regarding the performance of the measuresthat the company implemented prior to your 1AC
assessment, what fraction actually provided payback periods of under 2 years?

1) 0% 2)1%-20% 3)21%-40 4)41%-60% 5)61%-80% 6)81%-100% 7) Don't Know

Q14. Regarding the performance of the measuresthat the company implemented following your
| AC experience (not including those identified in the audit), what fraction actually provided payback
periods of under 2 years?

1) 0% 2) 1%-20% 3)21%-40% 4)41%-60% 5)61%-80% 6) 81%-100% 7) Don't Know

95



A.2 RESPONSESTO MISCELLANEOUS QUESTIONS
(Questions5, 6, 7, 8)

Table A.1 presents a breakdown of other client-identified activities influenced by their interactionwith the
IAC. These actionswere taken in addition to the implementation of ARs provided by the centers. Examples
of typical actions taken by clients include designating an existing employee as in-house energy manager,
working with an Energy Services Company (ESCO) or with thelocal utility to identify savings opportunities,
and encouraged energy-conscious practices in the design, selection, or operation of plant equipment. Forty
clients (out of 42 total) responded to these questions.

Of the 13 options offered to the clients (including “no action taken” and “other”), six actions were taken by
40 to 85% of the clients interviewed. In particular, 40% of the clients reported designating an existing
employee as in-house energy manager, while 40% trained existing employees in energy management and
energy awareness. Fifty-seven percent of thoseinterviewed noted that they now encourage energy-conscious
specifications in the design or redesign of their processes. Similarly, 80% encourage energy-Conscious
specifications in new equipment selection, and 85% encourage energy-conscious operation of their plant
equipment. Finaly, 65% mentioned that they now work more closely with their local utility to identify energy
and cost saving opportunities. Clearly, based on these comments, theimpact of the |AC reacheswell beyond
the direct savings generated by implemented ARs, into the behaviors and practices of the client. Theseresults
are supported by the responses to the questions on client decision-making.

Tables A.2 through A.4 present the results of questions on client impressions of energy, waste, and
productivity services provided by the IAC Program. Because the sampled clients participated in IAC
assessments over a period of several years, not all clients received waste and/or productivity services.
Therefore, athough 38 responded to questions regarding energy services, only 13 responded to questions on
waste services, and 2 responded to questions on productivity services.

Onaverage, client impressions of the energy-related services were rated adequate/good to excellent (Table
A.2). Themost favorable reviewswere provided on issues of thoroughness of the assessment, presentation
of energy-related recommendations, supporting technical details, and knowledge of energy conservation
opportunities. The IAC’ sability to compel appropriate decision makersto implement ARs, the availability
of centersfor post-assessment assistance, and the duration of the follow-up period, although rated favorably
at an average of good/adequate, seemed to be rated the weakest amongst the list of energy-related services
provided.

Client impressions of waste-related services are presented in Table A.3. Presentation of waste
recommendations, supporting technical details, and supporting financia details were rated most favorably
(average ratings of excellent/good to good). Ratingsprovided on|AC’ sability to influence decision-makers,
post-assessment availability, and the duration of follow-up period, although considered good/adequate on
average, were again considered to be weakest among the waste-related services provided.

Because only two clients replied to the questions on productivity services, it may be premature to draw
conclusions on the adequacy of services provided. Strengths (average rating of “good”) identified were
presentation of productivity-related ARS, supporting technical details, and supporting financial details.
Weaknesses (average ratings of “ adequate/poor” to “poor/very poor”) again were identified in the areas of
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post-assessment availability and duration of follow-up period, in addition to the thoroughness of the
productivity assessment.

Table A.1. Question 5: Other client-identified activities influenced by IAC interaction

Q# |Question No Yes N/A |# of Responses
. . . 27 12 1
5.1 |Established an in-house conservation program ©67.5%) | 30%) | 25%) 40
. . . 23 16 1
5.2 |Designated an existing employee as in-house energy manager 575%) | (40%) | (2.5%) 40
. . 38 1 1
5.3 |Hired an energy manager or energy engineer ©5%) | 25%) | (2.5%) 40
. . 28 1 1
5.4 |Worked with an Energy Services Company 70%) |(27.5%) | (2.5%) 40
55 Worked more closely with local utilities to identify opportunities to save energy 13 26 1 20
"~ |and/or money (32.5%) | (65%) | (2.5%)
5.6 |Encouraged energy-conscious specifications in selection of new equipment ! 32 ! 40
: o oy » P 17.5%) | (80%) | (2.5%)
. e . . 12 23 5
5.7 |Encouraged energy-conscious specifications in design or redesign of processes 30%) |(57.5%) | (12.5%) 40
5.8 |Encouraged energy-conscious operations of plant equipment 5 3 L 40
' o ¥ P prant equip (125%) | (85%) | (2.5%)
5.9 |Trained existing employees in energy management/energy awareness 23 16 ! 40
: g empioy gy manag oy (57.5%) | (40%) | (2.5%)
. . o 32 7 1
5.10 |Continued your relationship with the IAC ©80%) |(17.5%) | 25%) 40
. A 5 1
5.11 |Took advantage of other conservation programs through state or local governments 85%) |(125%) | (2.5%) 40
. 0 0 0
5.12 |Other (list) (0%) (0%) (0%) 0
40 0 0
5.13 |None (100%) | (0%) (0%) 40
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Table A.2. Question 6: Client impression of energy-related services provided by the IAC

(Ratings: 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very Poor, 6-Not Applicable)

. _ _ _ _ 5=Very 6=Not Average
Q# Question 1=Excellent | 2=Good |3=Adequate | 4=Poor Poor Applicable Rating
6.1 Thoroughness of IAC energy 17 18 3 0 0 0 16
™ |conservation assessment (44.74%) | (47.37%) (7.89%) (0%) (0%) (0%) '
. 12 20 4 0 0 2
6.2 [Accuracy of recommendations @158%) | 5263%) | a0s3%) | ©w) | (0% (5.26%) 20
. . 23 15 0 0 0 0
6.3 |Presentation of recommendations (60.53%) (39.47%) (0%) (0%) (0%) (0%) 14
6.4 Appropriateness of 9 19 8 1 0 1 21
" |recommendations (23.68%) (50%) (21.05%) | (2.63%) (0%) (2.63%) ‘
65 Supporting technical details for 18 14 6 0 0 0 17
™ |recommendations (47.37%) | (36.84%) | (15.79%) (0%) (0%) (0%) ’
6.6 Supporting financid details for 14 18 4 1 0 1 19
"~ |recommendations (36.84%) | (47.37%) (10.53%) | (2.63%) (0%) (2.63%) ‘
6.7 Knowledge of energy conservation 20 12 4 1 0 1 17
" |opportunities by IAC Team (52.63%) | (31.58%) (10.53%) | (2.63%) (0%) (2.63%) '
6.8 Time spent on-site for IAC team to 15 15 4 0 0 4 21
"~ |address energy conservation issues (39.47%) | (39.47%) (10.53%) (0%) (0%) (10.53%) '
IAC team/report compelled the
6.9 appropriate decision makers to 6 17 8 4 0 2 o5
"~ |support implementation of energy (16.22%) (45.95%) (21.62%) [(10.81%) (0%) (5.41%) '
conservation recommendations
6.10 Availability of IAC for post- 11 15 3 1 0 7 26
7 |assessment questions and assistance |  (29.73%) | (40.54%) (8.11%) (2.7%) (0%) (18.92%) '
Duration of 1AC follow-up period
611 for energy conservation 3 26 4 1 0 3 24
" [recommendations (9-12 months (8.11%) (70.27%) (10.81%) (2.7%) (0%) (8.11%) ‘

following the report)
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Table A.3. Question 7: Client impression of waste-related services provided by the IAC

(Ratings: 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very Poor, 6-Not Applicable)

. _ _ _ _ 5=Very 6=Not Average
Q# Question 1=Excellent | 2=Good |3=Adequate | 4=Poor Poor Applicable Rating
71 Thoroughness of IAC waste 5 3 3 2 0 0 29
" |minimization assessment (38.5%) (23.1%) (23.1%) (15.4%) (0.0%) (0.0%) '
. 2 8 1 1 0 1
7.2 | Accuracy of recommendations (154%) | 615%) | 77%) | 7.7%) | (0.0%) (7.7%) 24
. . 7 4 2 0 0 0
7.3 |Presentation of recommendations (53.9%) (30.8%) (15.4%) (0.0%) (0.0%) (0.0%) 16
74 Appropriateness of 3 6 2 2 0 0 29
"7 |recommendations (23.1%) (46.2%) (15.4%) (15.4%) (0.0%) (0.0%) ‘
75 Supporting technicd details for 5 4 4 0 0 0 19
" |recommendations (38.5%) (30.8%) (30.8%) (0.0%) (0.0%) (0.0%) '
76 Supporting financid details for 5 4 4 0 0 0 19
"~ |recommendations (38.5%) (30.8%) (30.8%) (0.0%) (0.0%) (0.0%) '
77 Knowledge of waste minimization 6 3 2 1 1 0 21
" |issuesby IAC Team (46.2%) (23.1%) (15.4%) (7.7%) (7.7%) (0.0%) '
78 Time spent on-site for IAC team to 7 2 3 0 0 1 20
"~ |address waste minimization issues (53.9%) (15.4%) (23.1%) (0.0%) (0.0%) (7.7%) '
IAC team/report compelled the
79 appropriate decision makers to 2 7 2 1 0 1 o5
" |support implementation of waste (15.4%) (53.9%) (15.4%) (7.7%) (0.0%) (7.7%) '
minimization recommendations
Availahility of IAC for post- 4 6 0 1 0 2
7.10 [assessment questions and o o o o o o 25
assistance (30.8%) (46.2%) (0.0%) (7.7%) (0.0%) (15.4%)
Duration of 1AC follow-up period
41 |for waste minimization 2 6 3 0 0 2 27
™ [recommendations (9-12 months (14.3%) (42.9%) (21.4%) (0.0%) (0.0%) (14.3%)

following the report)
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Table A.4. Question 8: Client impression of productivity services provided by the IAC
(Ratings: 1-Excellent, 2-Good, 3-Adequate, 4-Poor, 5-Very Poor, 6-Not Applicable)

Q# Question 1=Excellent | 2=Good | 3=Adequate | 4=Poor 5;\(43;3/ Ar?rjg\églgle A&’g{iﬁ%e
8.1 Thoroughness of IAC productivity 0 0 1 1 0 0 35
"~ |assessment (0.0%) (0.0%) (50.0%) (50.0%) (0.0%) (0.0%) '

: 0 1 1 0 0 0
8.2 |Accuracy of recommendations (0.0%) (50.0%) (50.0%) (0.0%) (0.0%) (0.0%) 25
: . 0 2 0 0 0 0
8.3 |Presentation of recommendations (0.0%) (100.0%) (0.0%) (0.0%) (0.0%) (0.0%) 2
8.4 Appropriateness of 0 0 1 1 0 0 35
*7 |recommendations (0.0%) (0.0%) (50.0%) (50.0%) (0.0%) (0.0%) )
85 Supporting technicd details for 1 0 1 0 0 0 2
"~ |recommendations (50.0%) (0.0%) (50.0%) (0.0%) (0.0%) (0.0%)
86 Supporting financid details for 1 0 1 0 0 0 2
"~ |recommendations (50.0%) (0.0%) (50.0%) (0.0%) (0.0%) (0.0%)
.7 [produciiyiprocucton| 0 L 0 L 0 0 3
7| productivity/production issues by (0.0%) (50.0%) (0.0%) (50.0%) | (0.0%) (0.0%)
IAC Team
Time spent on-site for IAC team to 0 1 1 0 0 0
8.8 |address productivity/production ©00%) | (500%) | (50.0%) ©0.0%) | (0.0%) (0.0%) 25
IAC team/report compelled the
8.9 appropriate decision makers to 0 1 0 1 0 0 3
*~ |support implementation of (0.0%) (50.0%) (0.0%) (50.0%) (0.0%) (0.0%)
productivity recommendations
Availability of IAC for pgst 0 1 0 0 0 1
810 |assessment questions an 00%) | (500%) | (0.0%) 0.0%) | (0.0%) (50.0%) 4
Duration of 1AC follow-up period 0 0 1 0 0 1 45
8.11 [for productivity recommendations (0.0%) (0.0%) (50.0%) (0.0%) (0.0%) (50.0%)

(9-12 months following the report)
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A.3 CHARACTERISTICSOF PARTICIPATING CLIENTS

Candidates were selected at random from assessments performed during the period from 1992 through 1997.
Figure A.1 categorizes the 42 clients who actually participated in the study by two-digit standard industry
code (SIC). Ingenera, the distribution seems to be spread across the range of SICstypically served by the
IAC, with the exception of SICs 38 (Instruments) and 39 (Miscellaneous Manufacturing). More than 50% of
the participating clients came from one of four SICs: 20 (Foods), 33 (Primary Metals), 34 (Fabricated
Metals), and 35 (Industrial Machinery).

Figure A.2 presents the distribution of assessment dates for the clients that participated in the study. Fifty-
eight percent of the participating clients received assessments during either 1994 or 1995. The earliest
assessment occurred in 1992 and the latest two occurred in 1997.

The distribution of participating clients, by center, is provided in Fig. A.3. Twenty-one schools are
represented by the sample of 42 clients that participated in the study. Forty-four percent of the clients came

from four schools: Oklahoma, San Francisco, Wisconsin, and West Virginia.

Table A.5 lists the self-declared titles of the contacts from each participating plant. Twenty-nine percent
identified themselves as a plant manager, while 24% identified themselves as some form of engineer.
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Fig. A.3 Distribution of assessment dates for 42 participating clients.
Table A.5. Titles of client contacts

Contact Total Per cent of Sample
Administrator 2 5
Controller 2 5
Corporate Engineer 1 2
Director 1 2
Director of Engineer 1 2
Engineer 2 5
Engineering Manager 1 2
Facilities Manager 1 2
Foundry Supervisor 1 2
Maintenance Manager 1 2
Maintenance Personnel 1 2
Maintenance Supervisor 1 2
Manager 2 5
Mgr. Maintenance Eng 1 2
No Title 1 2
Operations Manager 1 2
Plant Engineer 3 7
Plant Manager 12 29
Plant Superintendent 1 2
President 1 2
Production Manager 1 2
Treasurer 1 2
Vice President 1 2
VP, Engineering 1 2
Work Manager 1 2

Grand Total 12 100
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A4 SUMMARY OF ASSESSMENT SAVINGSFOR PREVIOUSLY IMPLEMENTED,
PREVIOUSLY UNIMPLEMENTED, INTERNALLY REPLICATED, EXTERNALLY
REPLICATED, AND MISCELLANEOUSASSESSMENT RECOMMENDATIONS

Table A.6 contains client-reported savings and original 1AC savings estimates summarized to the
assessment level. These are broken down by cost and site energy savings, and by benefit type: All
(Comprehensive), Previoudy Implemented (Baseline), Previoudy Unimplemented, Internal
Replication, External Replication, and Miscellaneous. These benefit types and Table A.6 are
discussed in Sect. 3.3.

Table A.6. Savings by assessment and benefit type—with previoudly implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
Unit: $, Benefit Type: All (Comprehensive)
1 97 50,794.25 48,817.00 114.00 313.88
3 9% 11,378.60 19,940.00 154.00 464.93
4 9% 12,802.00 12,802.00 3,886.00 3,946.57
5 A 16,124.00 34,839.00 5,084.00 5112.27
7 97 6,468.00 7,853.00 960.00 994.32
8 A4 31,013.10 1,462.00 56.00 169.06
10 A 4,498.75 7,164.00 1,084.00 3,272.60
12 9% 12,781.50 29,046.00 202.00 331328
15 A4 16,553.50 23,814.00 1,397.00 421754
19 95 6,448.30 2,430.00 94.00 283.79
20 95 10,627.25 17,777.00 947.00 2,858.99
24 9% 260,123.82 195,168.00 14,908.00 45,007.25
26 R 1,991.00 36,853.00 1,961.00 921325
31 96 217.00 3,354.00 82.00 247.56
32 96 44,604.60 23,365.00 1,438.00 2,360.68
33 A4 3,286.98 23,468.00 1,509.00 4,555.67
A4 93 6,718.00 6,030.00 199.00 600.78
35 93 880.64 4,530.00 322.00 972.12
39 A4 39,079.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 1,793.20 918.00 44.00 132.84
43 93 29,266.64 18,863.00 1,200.00 2,437.65
47 93 26,715.00 25,168.00 1,272.00 3,840.17
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
48 96 3,434.00 4,247.00 155.00 467.95
55 9% 10,815.60 2,781.00 252.00 760.79
57 9% 532,705.55 285,351.00 6,899.00 8,435.46
60 96 5,663.00 1,974.00 89.00 268.69
65 96 26,890.50 19,805.00 2,605.00 3117.83
69 A4 18,774.21 18,761.00 4,625.00 4,990.44
72 93 32,820.48 4,035.00 196.00 591.72
75 9% 32,247.25 32,542.00 943.00 2,846.92
80 96 8,518.00 75,068.00 1,879.00 3597.17
81 95 11,878.00 55,807.00 1,345.00 4,060.56
&4 95 6,106.00 2,935.00 661.00 755.89
88 A 3,669.50 4,170.00 158.00 477.00
89 93 12,182.50 23501.00 5,220.00 6,185.08
0 95 15,837.70 4,129.00 217.00 471.39
92 96 1,987.00 4,535.00 119.00 359.26
A 95 8,204.50 9,319.00 274.00 282.08
9% A 1,616.48 8,728.00 288.00 869.47
9% 93 7,104.20 2,999.00 197.00 362.56
98 95 7,583.28 10,195.00 715.00 1,72854
Unit: $, Benefit Type: Implemented (Baseline)
1 97 47,766.25 48,817.00 114.00 313.88
3 9% 5,003.00 19,940.00 154.00 464.93
4 9% 12,802.00 12,802.00 3,886.00 3,946.57
5 A4 16,124.00 34,839.00 5,084.00 5112.27
7 97 6,468.00 7,853.00 960.00 994.32
8 A4 2,253.92 1,462.00 56.00 169.06
10 A 109.50 7,164.00 1,084.00 3,272.60
12 9% 10,781.50 29,046.00 202.00 331328
15 A4 16,553.50 23,814.00 1,397.00 421754
19 95 2,430.00 2,430.00 94.00 283.79
20 95 9,179.25 17,777.00 947.00 2,858.99
24 9% 255,670.08 195,168.00 14,908.00 45,007.25
26 R 1,991.00 36,853.00 1,961.00 921325
31 96 217.00 3,354.00 82.00 247.56
32 96 25,197.60 23,365.00 1,438.00 2,360.68
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
33 A4 3,286.98 23,468.00 1,509.00 4,555.67
A4 93 6,030.00 6,030.00 199.00 600.78
35 93 746.00 4,530.00 322.00 972.12
39 A4 19,079.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 918.00 918.00 44.00 132.84
43 93 18,521.64 18,863.00 1,200.00 2,437.65
47 93 15,422.70 25,168.00 1,272.00 3,840.17
48 96 3,434.00 4,247.00 155.00 467.95
55 95 3,069.60 2,781.00 252.00 760.79
57 95 532,705.55 285,351.00 6,899.00 8,435.46
60 9% 1,974.00 1,974.00 89.00 268.69
65 9% 19,617.50 19,805.00 2,605.00 3,117.83
69 A4 8,301.21 18,761.00 4,625.00 4,990.44
72 93 2977.00 4,035.00 196.00 591.72
75 95 26,143.25 32,542.00 943.00 2,846.92
80 9% 4,018.00 75,068.00 1,879.00 3,597.17
81 9% 11,878.00 55,807.00 1,345.00 4,060.56
&4 95 2,935.00 2,935.00 661.00 755.89
83 A4 3,386.00 4,170.00 158.00 477.00
89 93 6,187.50 23,501.00 5,220.00 6,185.08
%0 9% 3,968.50 4,129.00 217.00 471.39
R 9% 0.00 4,535.00 119.00 359.26
A 95 8,075.50 9,319.00 274.00 282.08
95 A4 1,616.48 8,728.00 288.00 869.47
96 93 2,933.20 2,999.00 197.00 362.56
98 9% 1532.28 10,195.00 715.00 1,72854
Unit: $, Benefit Type: Previoudy Unimplemented
1 97 3,028.00 48,817.00 114.00 313.88
3 96 6,375.60 19,940.00 154.00 464.93
4 96 0.00 12,802.00 3,886.00 3946.57
5 A 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 7,853.00 960.00 994.32
8 A4 8581.18 1,462.00 56.00 169.06
10 A4 191.25 7,164.00 1,084.00 3,272.60
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
12 95 0.00 29,046.00 202.00 3,313.28
15 A 0.00 23814.00 1,397.00 421754
19 9% 4,018.30 2,430.00 94.00 283.79
20 95 1,448.00 17,777.00 947.00 2,858.99
24 96 2,716.74 195,168.00 14,908.00 45,007.25
26 92 0.00 36,853.00 1,961.00 9,213.25
31 9% 0.00 3,354.00 82.00 24756
R 9% 19,407.00 23,365.00 1,438.00 2,360.68
33 A4 0.00 23,468.00 1,509.00 4,555.67
A 93 0.00 6,030.00 199.00 600.78
35 93 134.64 4,530.00 322.00 97212
39 A 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 875.20 918.00 44.00 132.84
43 93 10,745.00 18,863.00 1,200.00 2,437.65
47 93 5,550.30 25,168.00 1,272.00 3,840.17
48 9% 0.00 4,247.00 155.00 467.95
55 9% 0.00 2,781.00 252.00 760.79
57 95 0.00 285,351.00 6,899.00 8,435.46
60 96 1,749.00 1,974.00 89.00 268.69
65 96 0.00 19,805.00 2,605.00 3117.83
69 A 10,473.00 18,761.00 4,625.00 4,990.44
72 93 29,843.48 4,035.00 196.00 591.72
75 95 3,282.00 32,542.00 943.00 2,846.92
80 96 0.00 75,068.00 1,879.00 3597.17
81 95 0.00 55,807.00 1,345.00 4,060.56
84 9% 2,921.00 2,935.00 661.00 755.89
88 A 283.50 4,170.00 158.00 477.00
89 93 395.00 23,501.00 5,220.00 6,185.08
0 95 1,546.20 4,129.00 217.00 471.39
92 96 1,987.00 4,535.00 119.00 359.26
A 9% 0.00 9,319.00 274.00 282.08
9% A 0.00 8,728.00 288.00 869.47
96 93 4,171.00 2,999.00 197.00 362.56
98 95 0.00 10,195.00 715.00 1,72854
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
Unit: $, Benefit Type: Internal Replication
1 97 0.00 48,817.00 114.00 313.88
3 9% 0.00 19,940.00 154.00 464.93
4 96 0.00 12,802.00 3,886.00 3946.57
5 A4 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 7,853.00 960.00 994.32
8 A 0.00 1,462.00 56.00 169.06
10 A 110.00 7,164.00 1,084.00 3,272.60
12 95 2,000.00 29,046.00 202.00 3,313.28
15 A4 0.00 23,814.00 1,397.00 421754
19 95 0.00 2,430.00 94.00 283.79
20 9% 0.00 17,777.00 947.00 2,858.99
24 9% 0.00 195,168.00 14,908.00 45,007.25
26 92 0.00 36,853.00 1,961.00 9,213.25
31 96 0.00 3,354.00 82.00 247.56
32 96 0.00 23,365.00 1,438.00 2,360.68
33 A 0.00 23,468.00 1,509.00 4,555.67
A4 93 688.00 6,030.00 199.00 600.78
35 93 0.00 4,530.00 322.00 97212
39 A4 20,000.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 0.00 918.00 44.00 132.84
43 93 0.00 18,863.00 1,200.00 2,437.65
47 93 5,742.00 25,168.00 1,272.00 3,840.17
48 96 0.00 4,247.00 155.00 467.95
55 95 0.00 2,781.00 252.00 760.79
57 9% 0.00 285,351.00 6,899.00 8,435.46
60 9% 0.00 1,974.00 89.00 268.69
65 96 0.00 19,805.00 2,605.00 3117.83
69 A4 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 4,035.00 196.00 591.72
75 9% 0.00 32,542.00 943.00 2,846.92
80 9% 0.00 75,068.00 1,879.00 3,597.17
81 95 0.00 55,807.00 1,345.00 4,060.56
&4 95 0.00 2,935.00 661.00 755.89
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
83 A4 0.00 4,170.00 158.00 477.00
89 93 5,600.00 23501.00 5,220.00 6,185.08
%0 9% 10,323.00 4,129.00 217.00 471.39
92 96 0.00 4,535.00 119.00 359.26
A 95 129.00 9,319.00 274.00 282.08
95 A4 0.00 8,728.00 288.00 869.47
9% 93 0.00 2,999.00 197.00 362.56
98 9% 0.00 10,195.00 715.00 1,72854
Unit: $, Benefit Type: Externa Replication
1 97 0.00 48,817.00 114.00 313.88
3 96 0.00 19,940.00 154.00 464.93
4 9% 0.00 12,802.00 3,886.00 3,946.57
5 A 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 7,853.00 960.00 994.32
8 A4 900.00 1,462.00 56.00 169.06
10 A4 110.00 7,164.00 1,084.00 3,272.60
12 9% 0.00 29,046.00 202.00 331328
15 A 0.00 23814.00 1,397.00 421754
19 95 0.00 2,430.00 94.00 283.79
20 95 0.00 17,777.00 947.00 2,858.99
24 96 1,737.00 195,168.00 14,908.00 45,007.25
26 R 0.00 36,853.00 1,961.00 921325
31 9% 0.00 3,354.00 82.00 24756
32 96 0.00 23,365.00 1,438.00 2,360.68
33 A4 0.00 23,468.00 1,509.00 4,555.67
A 93 0.00 6,030.00 199.00 600.78
35 93 0.00 4,530.00 322.00 972.12
39 A 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 0.00 918.00 44.00 132.84
43 93 0.00 18,863.00 1,200.00 2,437.65
47 93 0.00 25,168.00 1,272.00 3,840.17
48 9% 0.00 4,247.00 155.00 467.95
55 95 7,746.00 2,781.00 252.00 760.79
57 95 0.00 285,351.00 6,899.00 8,435.46
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
60 96 1,940.00 1,974.00 89.00 268.69
65 9% 7,273.00 19,805.00 2,605.00 3,117.83
69 A 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 4,035.00 196.00 591.72
75 95 2,822.00 32,542.00 943.00 2,846.92
80 96 0.00 75,068.00 1,879.00 3597.17
81 9% 0.00 55,807.00 1,345.00 4,060.56
84 9% 0.00 2,935.00 661.00 755.89
83 A4 0.00 4,170.00 158.00 477.00
89 93 0.00 23,501.00 5,220.00 6,185.08
0 95 0.00 4,129.00 217.00 471.39
R 9% 0.00 4,535.00 119.00 359.26
A 9% 0.00 9,319.00 274.00 282.08
95 A4 0.00 8,728.00 288.00 869.47
96 93 0.00 2,999.00 197.00 362.56
98 95 6,051.00 10,195.00 715.00 1,72854
Unit: $, Benefit Type: Miscellaneous
1 97 0.00 48,817.00 114.00 313.88
3 96 0.00 19,940.00 154.00 464.93
4 96 0.00 12,802.00 3,886.00 3946.57
5 A4 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 7,853.00 960.00 994.32
8 A 19,278.00 1,462.00 56.00 169.06
10 A4 3,978.00 7,164.00 1,084.00 3,272.60
12 95 0.00 29,046.00 202.00 3,313.28
15 A4 0.00 23,814.00 1,397.00 421754
19 9% 0.00 2,430.00 94.00 283.79
20 9% 0.00 17,777.00 947.00 2,858.99
24 96 0.00 195,168.00 14,908.00 45,007.25
26 92 0.00 36,853.00 1,961.00 9,213.25
31 96 0.00 3,354.00 82.00 247.56
R 9% 0.00 23,365.00 1,438.00 2,360.68
33 A 0.00 23,468.00 1,509.00 4,555.67
A 93 0.00 6,030.00 199.00 600.78
35 93 0.00 4,530.00 322.00 972.12
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
39 A4 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00
41 93 0.00 918.00 44.00 132.84
43 93 0.00 18,863.00 1,200.00 2,437.65
47 93 0.00 25,168.00 1,272.00 3,840.17
48 96 0.00 4,247.00 155.00 467.95
55 95 0.00 2,781.00 252.00 760.79
57 95 0.00 285,351.00 6,899.00 8435.46
60 96 0.00 1,974.00 89.00 268.69
65 96 0.00 19,805.00 2,605.00 3117.83
69 A4 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 4,035.00 196.00 591.72
IS 95 0.00 32,542.00 943.00 2,846.92
80 96 4,500.00 75,068.00 1,879.00 3597.17
81 95 0.00 55,807.00 1,345.00 4,060.56
&4 95 250.00 2,935.00 661.00 755.89
88 A 0.00 4,170.00 158.00 477.00
89 93 0.00 23,501.00 5,220.00 6,185.08
0 95 0.00 4,129.00 217.00 471.39
92 96 0.00 4,535.00 119.00 359.26
A 95 0.00 9,319.00 274.00 282.08
9% A 0.00 8,728.00 288.00 869.47
9% 93 0.00 2,999.00 197.00 362.56
98 95 0.00 10,195.00 715.00 1,72854
Unit: MMBtu, Benefit Type: All (Comprehensive)
1 97 291.00 404.06 48,817.00 114.00 313.88
3 % 154.00 464.93 19,940.00 154.00 464.93
4 % 3,886.00 3,946.57 12,802.00 3,886.00 3,946.57
5 A4 5,070.00 5,070.00 34,839.00 5,084.00 5112.27
7 97 916.00 916.00 7,853.00 960.00 994.32
8 A4 4,147.93 8,508.83 1,462.00 56.00 169.06
10 A 51.25 8355 7,164.00 1,084.00 3,272.60
12 95 47525 1,926.91 29,046.00 202.00 331328
15 A4 955.50 2,884.65 23,814.00 1,397.00 421754
19 95 247.90 748.41 2,430.00 94.00 283.79
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
20 95 546.25 1,649.13 17,777.00 947.00 2,858.99
24 9% 19,778.36 59,710.87 195,168.00 14,908.00 45,007.25
26 R 230.00 694.37 36,853.00 1,961.00 921325
31 96 15.00 45.29 3,354.00 82.00 247.56
32 96 2,454.80 5,430.40 23,365.00 1,438.00 2,360.68
3 A4 211.58 638.74 23,468.00 1,509.00 4,555.67
A4 93 243.30 73452 6,030.00 199.00 600.78
35 93 62.57 188.90 4,530.00 322.00 972.12
39 A4 1,299.91 8,798.22 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 85.50 258.12 918.00 44.00 132.84
43 93 1,833.78 3,636.30 18,863.00 1,200.00 2,437.65
47 93 1,481.60 447295 25,168.00 1,272.00 3,840.17
48 96 91.00 274.73 4,247.00 155.00 467.95
55 95 826.60 2,49551 2,781.00 252.00 760.79
57 95 7,339.30 8,857.18 285,351.00 6,899.00 8,435.46
60 9% 287.00 678.69 1,974.00 89.00 268.69
65 9% 4,803.00 5,530.75 19,805.00 2,605.00 3,117.83
69 A4 1,555.72 1,953.46 18,761.00 4,625.00 4,990.44
72 93 153144 4,623.42 4,035.00 196.00 591.72
75 95 963.83 2,909.80 32,542.00 943.00 2,846.92
80 9% 2,051.00 2,119.65 75,068.00 1,879.00 3,597.17
81 9% 826.80 2,496.11 55,807.00 1,345.00 4,060.56
&4 95 822.17 1,242.46 2,935.00 661.00 755.89
83 A 139.40 420.85 4,170.00 158.00 477.00
89 93 2,422.56 3,048.85 23,501.00 5,220.00 6,185.08
%0 9% 616.90 1,678.69 4,129.00 217.00 471.39
R 9% 52.00 156.99 4,535.00 119.00 359.26
A 95 7550 91.65 9,319.00 274.00 282.08
95 A4 53.60 161.82 8,728.00 288.00 869.47
96 93 825.00 960.27 2,999.00 197.00 362.56
98 9% 579.95 1,299.32 10,195.00 715.00 1,72854
Unit: MMBtu, Benefit Type: Implemented (Basdline)
1 97 64.00 162.93 48,817.00 114.00 313.88
3 96 154.00 464.93 19,940.00 154.00 464.93
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
4 96 3,886.00 3946.57 12,802.00 3,886.00 3946.57
5 A 5,070.00 5,070.00 34,839.00 5,084.00 5112.27
7 97 916.00 916.00 7,853.00 960.00 994.32
8 A4 111.68 337.16 1,462.00 56.00 169.06
10 A4 8.00 24.15 7,164.00 1,084.00 3,272.60
12 95 366.25 1597.84 29,046.00 202.00 3,313.28
15 A 955.50 2,884.65 23814.00 1,397.00 421754
19 9% 94.00 283.79 2,430.00 94.00 283.79
20 95 464.25 1,401.57 17,777.00 947.00 2,858.99
24 96 19,529.48 58,959.50 195,168.00 14,908.00 45,007.25
26 92 230.00 694.37 36,853.00 1,961.00 9,213.25
31 9% 15.00 4529 3,354.00 82.00 24756
K 9% 1,508.80 257443 23,365.00 1,438.00 2,360.68
33 A 211.58 638.74 23,468.00 1,509.00 4,555.67
A 93 199.00 600.78 6,030.00 199.00 600.78
35 93 53.00 160.01 4,530.00 322.00 97212
39 A 1,424.60 5,463.61 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 44.00 132.84 918.00 44.00 132.84
43 93 1,188.78 2,403.77 18,863.00 1,200.00 2,437.65
47 93 851.70 257128 25,168.00 1,272.00 3,840.17
48 96 91.00 274.73 4,247.00 155.00 467.95
55 9% 289.60 874.30 2,781.00 252.00 760.79
57 95 7,339.30 8,857.18 285,351.00 6,899.00 8,435.46
60 96 89.00 268.69 1,974.00 89.00 268.69
65 96 2,593.00 3,081.60 19,805.00 2,605.00 311783
69 A 1539.72 1,905.15 18,761.00 4,625.00 4,990.44
72 93 147.00 44379 4,035.00 196.00 591.72
75 95 761.00 2,297.46 32,542.00 943.00 2,846.92
80 96 1,028.00 1,028.00 75,068.00 1,879.00 3597.17
81 95 826.80 2,496.11 55,807.00 1,345.00 4,060.56
84 9% 661.00 755.89 2,935.00 661.00 755.89
88 A 128.60 388.24 4,170.00 158.00 477.00
89 93 1,513.80 1,697.93 23,501.00 5,220.00 6,185.08
0 95 204.50 433.66 4,129.00 217.00 471.39
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
92 96 0.00 0.00 4,535.00 119.00 359.26
A 95 7150 79.58 9,319.00 274.00 282,08
9%5 A 53.60 161.82 8,728.00 288.00 869.47
96 93 193.00 350.48 2,999.00 197.00 362.56
98 95 242.95 281.92 10,195.00 715.00 1,72854
Unit: MMBLtu, Benefit Type: Previoudy Unimplemented
1 97 227.00 241.13 48,817.00 114.00 313.88
3 9% 0.00 0.00 19,940.00 154.00 464.93
4 96 0.00 0.00 12,802.00 3,886.00 3946.57
5 A4 0.00 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 0.00 7,853.00 960.00 994.32
8 A 47.25 142.65 1,462.00 56.00 169.06
10 A 3525 3525 7,164.00 1,084.00 3,272.60
12 95 0.00 0.00 29,046.00 202.00 3,313.28
15 A4 0.00 0.00 23,814.00 1,397.00 421754
19 95 153.90 464.62 2,430.00 94.00 283.79
20 95 82.00 247.56 17,777.00 947.00 2,858.99
24 9% 4.88 14.73 195,168.00 14,908.00 45,007.25
26 92 0.00 0.00 36,853.00 1,961.00 9,213.25
31 96 0.00 0.00 3,354.00 82.00 247.56
32 96 946.00 2,855.97 23,365.00 1,438.00 2,360.68
33 A 0.00 0.00 23,468.00 1,509.00 4,555.67
A 93 0.00 0.00 6,030.00 199.00 600.78
35 93 957 28.89 4,530.00 322.00 972.12
39 A4 0.00 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 4150 125.29 918.00 44.00 132.84
43 93 645.00 1,232.53 18,863.00 1,200.00 2,437.65
47 93 292.10 881.85 25,168.00 1,272.00 3,840.17
48 96 0.00 0.00 4,247.00 155.00 467.95
55 95 0.00 0.00 2,781.00 252.00 760.79
57 95 0.00 0.00 285,351.00 6,899.00 8,435.46
60 % (26.00) 127.44 1,974.00 89.00 268.69
65 96 0.00 0.00 19,805.00 2,605.00 3117.83
69 A4 16.00 48.30 18,761.00 4,625.00 4,990.44
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
72 93 1,384.44 4,179.62 4,035.00 196.00 591.72
IS 95 119.00 359.26 32,542.00 943.00 2,846.92
80 9% 0.00 0.00 75,068.00 1,879.00 3,597.17
81 95 0.00 0.00 55,807.00 1,345.00 4,060.56
&4 95 141.05 425.83 2,935.00 661.00 755.89
88 A4 10.80 3261 4,170.00 158.00 477.00
89 93 8.50 25.66 23,501.00 5,220.00 6,185.08
0 95 101.70 307.03 4,129.00 217.00 471.39
92 96 52.00 156.99 4,535.00 119.00 359.26
A 95 0.00 0.00 9,319.00 274.00 282.08
95 A4 0.00 0.00 8,728.00 288.00 869.47
9% 93 632.00 609.79 2,999.00 197.00 362.56
98 95 0.00 0.00 10,195.00 715.00 1,72854
Unit: MMBtu, Benefit Type: Internd Replication
1 97 0.00 0.00 48,817.00 114.00 313.88
3 96 0.00 0.00 19,940.00 154.00 464.93
4 % 0.00 0.00 12,802.00 3,886.00 3,946.57
5 A 0.00 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 0.00 7,853.00 960.00 994.32
8 A4 0.00 0.00 1,462.00 56.00 169.06
10 A4 4.00 12.08 7,164.00 1,084.00 3,272.60
12 95 109.00 329.07 29,046.00 202.00 331328
15 A 0.00 0.00 23,814.00 1,397.00 421754
19 95 0.00 0.00 2,430.00 94.00 283.79
20 95 0.00 0.00 17,777.00 947.00 2,858.99
24 96 0.00 0.00 195,168.00 14,908.00 45,007.25
26 92 0.00 0.00 36,853.00 1,961.00 9,213.25
31 % 0.00 0.00 3,354.00 82.00 247.56
32 96 0.00 0.00 23,365.00 1,438.00 2,360.68
33 A4 0.00 0.00 23,468.00 1,509.00 4,555.67
A 93 44.30 133.74 6,030.00 199.00 600.78
35 93 0.00 0.00 4,530.00 322.00 972.12
39 A (124.69) 3,334.61 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 0.00 0.00 918.00 44.00 132.84
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
43 93 0.00 0.00 18,863.00 1,200.00 2,437.65
47 93 337.80 1,019.82 25,168.00 1,272.00 3,840.17
48 9% 0.00 0.00 4,247.00 155.00 467.95
55 95 0.00 0.00 2,781.00 252.00 760.79
57 95 0.00 0.00 285,351.00 6,899.00 8,435.46
60 96 0.00 0.00 1,974.00 89.00 268.69
65 9% 0.00 0.00 19,805.00 2,605.00 3,117.83
69 A 0.00 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 0.00 4,035.00 196.00 591.72
16 95 0.00 0.00 32,542.00 943.00 2,846.92
80 96 0.00 0.00 75,068.00 1,879.00 3597.17
81 9% 0.00 0.00 55,807.00 1,345.00 4,060.56
84 9% 0.00 0.00 2,935.00 661.00 755.89
88 A4 0.00 0.00 4,170.00 158.00 477.00
89 93 900.26 1,325.26 23,501.00 5,220.00 6,185.08
0 95 310.70 938.00 4,129.00 217.00 471.39
R 9% 0.00 0.00 4,535.00 119.00 359.26
A 9% 4.00 12.08 9,319.00 274.00 282.08
95 A4 0.00 0.00 8,728.00 288.00 869.47
96 93 0.00 0.00 2,999.00 197.00 362.56
98 95 0.00 0.00 10,195.00 715.00 1,72854
Unit: MMBtu, Benefit Type: Externd Replication
1 97 0.00 0.00 48,817.00 114.00 313.88
3 96 0.00 0.00 19,940.00 154.00 464.93
4 96 0.00 0.00 12,802.00 3,886.00 3946.57
5 A4 0.00 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 0.00 7,853.00 960.00 994.32
8 A 0.00 0.00 1,462.00 56.00 169.06
10 A4 4.00 12.08 7,164.00 1,084.00 3,272.60
12 95 0.00 0.00 29,046.00 202.00 3,313.28
15 A4 0.00 0.00 23,814.00 1,397.00 421754
19 9% 0.00 0.00 2,430.00 94.00 283.79
20 9% 0.00 0.00 17,777.00 947.00 2,858.99
24 96 244.00 736.64 195,168.00 14,908.00 45,007.25
26 92 0.00 0.00 36,853.00 1,961.00 9,213.25
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
31 96 0.00 0.00 3,354.00 82.00 247.56
32 9% 0.00 0.00 23,365.00 1,438.00 2,360.68
33 A 0.00 0.00 23,468.00 1,509.00 4,555.67
A 93 0.00 0.00 6,030.00 199.00 600.78
35 93 0.00 0.00 4,530.00 322.00 97212
39 A4 0.00 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 0.00 0.00 918.00 44.00 132.84
43 93 0.00 0.00 18,863.00 1,200.00 2,437.65
47 93 0.00 0.00 25,168.00 1,272.00 3,840.17
48 96 0.00 4,247.00 155.00 467.95
55 95 537.00 1,621.20 2,781.00 252.00 760.79
57 95 0.00 0.00 285,351.00 6,899.00 8,435.46
60 96 224.00 28255 1,974.00 89.00 268.69
65 96 2,210.00 2,449.15 19,805.00 2,605.00 311783
69 A4 0.00 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 0.00 4,035.00 196.00 591.72
IS 95 83.83 253.08 32,542.00 943.00 2,846.92
80 96 0.00 0.00 75,068.00 1,879.00 3597.17
81 95 0.00 0.00 55,807.00 1,345.00 4,060.56
&4 95 0.00 0.00 2,935.00 661.00 755.89
88 A 0.00 0.00 4,170.00 158.00 477.00
89 93 0.00 0.00 23,501.00 5,220.00 6,185.08
0 95 0.00 0.00 4,129.00 217.00 471.39
92 96 0.00 0.00 4,535.00 119.00 359.26
A 95 0.00 0.00 9,319.00 274.00 282.08
9% A 0.00 0.00 8,728.00 288.00 869.47
9% 93 0.00 0.00 2,999.00 197.00 362.56
98 95 337.00 1,017.40 10,195.00 715.00 1,72854
Unit: MMBLtu, Benefit Type: Miscdlaneous
1 97 0.00 0.00 48,817.00 114.00 313.88
3 % 0.00 0.00 19,940.00 154.00 464.93
4 % 0.00 0.00 12,802.00 3,886.00 3,946.57
5 A4 0.00 0.00 34,839.00 5,084.00 5112.27
7 97 0.00 0.00 7,853.00 960.00 994.32
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
8 A4 3,989.00 8,020.02 1,462.00 56.00 169.06
10 A 0.00 0.00 7,164.00 1,084.00 3,272.60
12 9% 0.00 0.00 29,046.00 202.00 331328
15 A 0.00 0.00 23,814.00 1,397.00 421754
19 95 0.00 0.00 2,430.00 94.00 283.79
20 95 0.00 0.00 17,777.00 947.00 2,858.99
24 9% 0.00 0.00 195,168.00 14,908.00 45,007.25
26 R 0.00 0.00 36,853.00 1,961.00 921325
31 96 0.00 0.00 3,354.00 82.00 247.56
32 96 0.00 0.00 23,365.00 1,438.00 2,360.68
33 A4 0.00 0.00 23,468.00 1,509.00 4,555.67
A4 93 0.00 0.00 6,030.00 199.00 600.78
35 93 0.00 0.00 4,530.00 322.00 972.12
39 A4 0.00 0.00 27,750.00 1,334.00 6,898.36
40 97 0.00 0.00 0.00 0.00 0.00
41 93 0.00 0.00 918.00 44.00 132.84
43 93 0.00 0.00 18,863.00 1,200.00 2,437.65
47 93 0.00 0.00 25,168.00 1,272.00 3,840.17
48 96 0.00 0.00 4,247.00 155.00 467.95
55 95 0.00 0.00 2,781.00 252.00 760.79
57 95 0.00 0.00 285,351.00 6,899.00 8,435.46
60 9% 0.00 0.00 1,974.00 89.00 268.69
65 9% 0.00 0.00 19,805.00 2,605.00 3,117.83
69 A4 0.00 0.00 18,761.00 4,625.00 4,990.44
72 93 0.00 0.00 4,035.00 196.00 591.72
75 95 0.00 0.00 32,542.00 943.00 2,846.92
80 9% 1,023.00 1,091.65 75,068.00 1,879.00 3,597.17
81 9% 0.00 0.00 55,807.00 1,345.00 4,060.56
&4 95 20.12 60.73 2,935.00 661.00 755.89
83 A4 0.00 0.00 4,170.00 158.00 477.00
89 93 0.00 0.00 23,501.00 5,220.00 6,185.08
%0 9% 0.00 0.00 4,129.00 217.00 471.39
R 9% 0.00 0.00 4,535.00 119.00 359.26
A 95 0.00 0.00 9,319.00 274.00 282.08
95 A4 0.00 0.00 8,728.00 288.00 869.47
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Table A.6 (Cont.) Savings by assessment and benefit type—with previously implemented totals

Energy site Energy
Client Client Client Cost savings savings source
reference Fiscal year response response ©) (MMBtu) savings
number (site) (source) (MM Btu)
96 93 0.00 0.00 2,999.00 197.00 362.56
98 9% 0.00 0.00 10,195.00 715.00 1,72854

Figures A.4-A .11 are plots comparing datafrom the client follow-up questionnaire with original IAC
estimates for the primary purpose of checking the study results. Figures A.4—A.6 comparefollow-up
and origina cost, and site and source energy savings estimates. Because many of the estimatesare for
previously unimplemented ARs, the IAC estimates refer to potential savings, not savings actually
implemented. Because of thewiderangein scales, results are presented aslogs, and because savings
estimates can be zero and (for energy) negative, each savingsisfirst converted to its absolute values
plus 1, before taking logs. Figures A.5-A.7 are analogous to Figures 4.6, but are at the assessment
level rather than for particular ARs. Figures A.5-A.7 compare follow-up and original implemented
total savingsfor assessments. Again resultsare on thelog scale. Figures A.8 and A.9 compare follow-

A.5 DATAPLOTSFOR STATISTICAL QUALITY ASSURANCE

up and origina implementation frequencies and rates for each assessment.
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APPENDIX B. ALUMNI FOLLOW-UP QUESTIONNAIRE AND CHARACTERISTICS

129



130



CONTENTS

B.1 ALUMNI FOLLOW-UP QUESTIONNAIRE AND CHARACTERISTICS.........

B.2 CHARACTERISTICS OF ALUMNI RESPONDENTS

131



132



APPENDIX B.1 ALUMNI FOLLOW-UP QUESTIONNAIRE

Ingtructions. Please help with this year’s important evaluation of the U.S. Department of
Energy’s Industrial Assessment Center (IAC) Program by completing this questionnaire. Y our
input is vital to help us understand the educational benefits and realized energy and cost savings
of thel AC Program. The questionnaire should require 15 to 30 minutesto complete. Y our answers
will be kept strictly confidential. Please contact Bruce Tonn at Oak Ridge National Laboratory
if you have any questions ([423] 574-4041, bet@ornl.gov). Please compl ete the questionnaire by
March 15. You may return the questionnaire in the enclosed postage-paid envelope to Sheila
Moore, Oak Ridge National Laboratory, PO Box 2008, Oak Ridge, TN, 37831-9004.

1.  What year did you graduate from the school ?

2. What was your degree?

3. What wasyour field of study?

4.  What school did you graduate from?

5. Uponenteringtheworkforce, what wasyour starting annual basesalary (excluding overtime
pay, bonuses, and income from second jobs)? $ (year)

6.  Which of the following personal skills and capabilities were enhanced as a result of your
participation in the IAC Program? (Check all that apply)
[ ] Ability to grasp quickly the key features of new problems
[ ] Breadth and depth of technical understanding
[ ] Ability to define steps needed to solve new problems
[ ] Ability to communicate ideas in writing
[ ] Ability to communicate ideas verbally
[ ] Creativity and innovativeness
[ ] Integrating and synthesizing information from different fields
[ ] Ability to work in teams
[ ] Understanding the relationship between work and customer needs
[ ] Meeting business goals while satisfying technical requirements
[ ] Leadership ability
[ ] Solving problems within the constraints of time, money, and human resources
[ ] Ability to structure decisions and make good decisions
[ ] Ability to transfer outside technology to the employer
[ ] Confidence in ability to make appropriate recommendations
[ ] None of the above

7. Pleaselist any professiona associations to which you belong.
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10.

What registrations and/or certifications have you received? (For example, are you a
Professional Engineer or Architect?)

Please indicate in which of the following areas you are presently working. (Check all that
apply)

[ ] energy savings

[ ] waste reduction

[ ] productivity enhancements

[ ] none of the above

a. Since participation in the |AC Program, have you held work-related positions where your
job entailed findings ways to save energy, reduce waste, and/or enhance productivity in
industrial settings?

[]Yes

[1No

b. If Yes, what energy-related activities involve (involved) the largest proportion of your
energy-related work? (Check all that apply)

[ ] Exploration and extraction

[ ] Manufacturing

[ ] Electric power generation and transmission

[ ] Transportation and distribution

[ ] Conservation, utilization, management or storage of energy or fuel

[ ] End Use (lighting, HVAC, motors)

[ ] Other energy related activity, please specify

Please answer the remaining questions with respect to your most recent position/job that
entailed saving energy. (Note: If in your current (or last) position, you were acting as a
consultant, please answer the questionsfor your average customer.)

11.

What type of employer do (did) you work for? (Check one)
[ ] Manufacturing

[ ] Electric power/utility

[ ] Government (federal, state, local)

[ ] Consulting

[ ] Academia

[ ] Continued Study
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12.

13.

[ ] Not an employee
[ ] Other, please specify

What are (were) your job duties? (Check all that apply)
[ ] Management

[ ] Education/training

[ ] Project engineer

[ ] Product engineer

[ ] Product R&D

[ ] Productivity/process engineering

[ ] Technician

[ ] Analyst

[ ] Facilities management

[ ] Support

[ ] Other, please specify

Please estimate how much energy and/or costs have been saved by your employer due to
your efforts and contributions related to your IAC training. Please provide a range (low-
high) of numbers. If you wish to only provide one number per year, place these numbersin
the ‘low’ columns. For energy savings please indicate the type of fuel being saved and
provide estimates of energy saved in Btus. A conversion table is provided for your
convenience. You may use the attached worksheet (P.8) to help you answer this question.

Energy Savings Energy Savings
(low) (high) Cost Savings Cost Savings
Y ear Fud type [inBTUY [inBTUY (low) [in 9 (high) [in §]
1998
1997
1996
1995

Conversion Factors:

1 kWh electricity = 3,412 BTU (site)

1 therm natural gas = 100,000 BTU

1 gal. fuel oil (average) = 138,095 BTU

1 barrel fuel oil (average) = 5,800,000 BTU

1 CF (cubic foot) natural gas= 1,030 BTU

1 CCF (hundred cubic foot) natural gas= 103,000 BTU

1 MCF (thousand cubic feet) natural gas= 1,030,000 BTU
1 ton coal = 21,143,000 BTU

1lbcoa =10,571 BTU
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14. Please estimate how much costs have been saved by your employer associated with waste
reductions and productivity enhancements due to your efforts and contributions related to
your IAC training. You can use the attached worksheet (P.8) to help you answer this

question.
Cost Savings (low) [in Cost Savings (high)
Year 8 [in$]
1998
1997
1996
1995

Questions 15-20 pertain to ener gy savingsdecisionsat your place of employment. An energy
savings decision entails consider ation of the benefits and costs of implementing an energy
savings measure. The decision itself may or may not result in the implementation of a
measur e, depending on the analysis of the benefits and costs. Thisis OK aslong as your
employer considers a sufficient number of ener gy savings options every year and uses the
best available information to weigh benefits and costs.

15. Below is alist of issues common to energy savings decision making. Please rate the
occurrence of these issues at your place of employment before you arrived there.

Never Rarely Sometimes Frequently Always  No
Opinion
a. Lack of knowledge about 1 2 3 4 5 9

energy savings opportunities

b. Lack of knowledge about 1 2 3 4 5 9
cost of energy savings measures

c. Lack of knowledge about how 1 2 3 4 5 9
to quantify energy savings benefits

d. Lack of knowledge about other 1 2 3 4 5 9
benefits (e.g., environmental)
of energy savings measures

e. Lack of knowledge about how 1 2 3 4 5 9
to make energy savings decisions

16. Below is a list of issues common to energy savings decision making. Please rate the
occurrence of these issues at your place of employment since you arrived there.
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Never Rarely Sometimes Frequently Always  No

Opinion
a. Lack of knowledge about 1 2 3 4 5 9
energy savings opportunities
b. Lack of knowledge about 1 2 3 4 5 9
cost of energy savings measures
c. Lack of knowledge about how 1 2 3 4 5 9
to quantify energy savings benefits
d. Lack of knowledge about other 1 2 3 4 5 9
benefits (e.g., environmental)
of energy savings measures
e. Lack of knowledge about how 1 2 3 4 5 9

to make energy savings decisions

17. How much influence have you had in helping your employer overcome each of these
problems?
None Minima Moderate Strong Sole No Opinion
a. Lack of knowledge about 1 2 3 4 5 9
energy savings opportunities

b. Lack of knowledge about 1 2 3 4 5 9
cost of energy savings measures

c. Lack of knowledge about how 1 2 3 4 5 9
to quantify energy savings benefits

d. Lack of knowledge about other 1 2 3 4 5 9
benefits (e.g., environmental)
of energy savings measures

e. Lack of knowledge about how 1 2 3 4 5 9
to make energy savings decisions

18. Pleaseestimatehow oftenyour employer identifies(identified) opportunitiesto saveenergy.
Very Don't
Never Rarely Occasiondly Frequently Frequently Know

a. Before you arrived 1 2 3 4 5
b. After you arrived 1 2 3 4 5

o ©

137



19. Please estimate how often your employer implements (implemented) energy savings

measures.
Very Don't
Never Rarely Occasionaly Frequently Frequently Know
a. Before you arrived 1 2 3 4 5 9
b. After you arrived 1 2 3 4 5 9

20. Please estimate what fraction of energy savings measuresimplemented provide (provided)
reasonable payback period (under 2 years).

Don’t
0% 1-20% 41-60% 21-40% 61-80% 81-100% Know
a. Before you arrived 1 2 3 4 5 6 9
b. After you arrived 1 2 3 4 5 6 9

21. What other measures or actions were taken at your employer as aresult of your influence?
(Check al that apply)

[ ] Established an in-house conservation program

[ ] Designated an existing employee as in-house energy manager

[ ] Hired an energy manager or energy engineer

[ ] Worked with an Energy Services Company

[ ] Worked more closely with local utilities to identify opportunities to save energy and
money

[ ] Encouraged energy-conscious specifications in selection of new equipment

[ ] Encouraged energy-conscious specifications in design or redesign of processes

[ ] Encouraged energy-conscious operations of plant equipment

[ ] Trained employees in energy management/energy awareness

[ ] Continued relationship with IAC

[ ] Took advantage of other programs through state or local governments

[ ] Other, please specify

[ ] None

If you need assistance in estimating the numbers the answers for Question 13, please use the
following worksheet.

Erergy Erergy
Fue Savings(low) | Savings(high) | Cost Savings Cogt Savings
Yexr Measure(s) Implemented Type [iNnBTUS [inBTUY (low) [in$] (high) [in 9]
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Energy Energy
Fuel Savings (low) Savings (high) Cogt Savings Cogt Savings
Year Measure(s) Implemented Type [inBTUY [inBTUY (low) [in$] (high) [in 9]

If you need assistance in estimating the numbers the answers for Question 14, please use the
following worksheet.

Year Measure/Action Cogt Savings (low) Cogt Savings (high)
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APPENDIX B.2. CHARACTERISTICSOF ALUMNI RESPONDENTS

This appendix presents summary statistics about the IAC Program alumni respondents.

Table B.1 indicates that most of the respondents graduated between 1992 and 1997. The mean
graduation date is 1994, with a standard deviation of 3.5 years. This distribution of graduation
dates mirrors the increase in the number of IAC centersin the early 1990s. Also, it would make
sense that more recent graduates would be somewhat over represented in the sample because the
centers would more likely have more up-to-date information on more recently graduated alumni
addresses. Table B.2 indicates that a preponderance of the respondents are graduates of the
University of Florida and Colorado State, with the University of South Dakota, lowa State
University, University of Missouri, and University of Kansas also well represented.

Table B.1. Reported alumni graduation dates.

Cumulative Cumulative

Year Frequency Per cent Frequency Per cent
1982 1 0.8 1 0.8
1983 1 0.8 2 15
1984 0 0 2 15
1985 2 15 4 3.0
1986 5 38 9 6.8
1987 2 15 11 8.3
1988 2 15 13 9.8
1989 3 23 16 121
1990 3 23 19 14.4
1991 5 38 24 18.2
1992 11 8.3 35 26.5
1993 12 9.1 47 35.6
1994 19 14.4 66 50.0
1995 14 10.6 80 60.6
1996 21 15.9 101 76.5
1997 19 14.4 120 90.9
1998 8 6.1 128 97.0
1999 4 3.0 132 100.0
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Table B.2. Number of alumni respondents by school.

School Frequency Per cent
University of Arkansas 2 15
Arizona State 1 0.8
Bradley University 4 3.0
Colorado State 10 7.6
University of Florida 15 114
Georgia Tech 0 0
lowa State 8 6.1
Notre Dame 3 2.3
University of Kansas 8 6.1
Universty of Louisville 7 53
University of Massachusetts 5 38
Univerdty of Maine 2 15
University of Michigan 1 0.8
University of Missouri 8 6.1
Missssippi State 3 23
North Carolina State 2 15
University of Nevada 3 23
Hofstra University 3 2.3
University of Dayton 3 2.3
Old Dominion 2 15
Oklahoma State 4 3.0
Oregon State 9 6.8
San Diego State 0 0
San Francisco State 0 0
South Dakota State 9 6.8
University of Tennessee 4 3.0
Texas A&M 5 3.8
West Virginia 2 15
University of Wisconsin 2 15
Rensellaer Polytechnic 1 0.8
Rutgers 4 3.0
University of Cdifornia-SB 1 0.8
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Table B.3 indicates that most of the student participants in the IAC Program ended up earning
bachelor of science degrees, with most of the rest earning master of science degrees. Table B.4
indicates that the vast majority of alumni majored in mechanical engineering, distantly followed
by industrial, chemical and electrical engineering. However, the breadth of majors from
biomedical engineering to computer information systems, isquiteimpressive. TablesB.5 and B.6
indicate that many of the aumni have gone on to join professional associations and earn
professional certifications. The professional associations with the largest number of responding
dumni are American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE), American Society of Mechanical Engineers (ASME), and Association of Energy
Engineers (AEE). The largest number of professional certifications are Engineer in Training
(EIT), Professional Engineer (PE), and Certified Energy Manager (CEM).

Table B.3. Reported alumni degrees.

Degree Frequency Per cent Cumulative Cumulative
Frequency Per cent

BS 74 56.1 74 56.1

MS 52 39.4 126 95.5

Ph.D 6 45 132 100.0

Table B.4. Fields of study for alumni.

Field of study Frequency Per cent C;?g;ﬁlg;[g/e Cl:)glilaa:ive
Architectural Engineering 2 15 2 15
Biomedical Engineering 1 0.8 3 2.3
Chemical Engineering 9 6.8 12 9.1
Civil Engineering 4 3.0 16 121
Computer Information Systems 1 0.8 17 129
Electrical Engineering 7 53 24 18.2
Energy Conservation 1 0.8 25 18.9
Engineering 1 0.8 26 19.7
Engineering Management 1 0.8 27 20.5
Environmental Engineering 2 15 29 22.0
Industrial Engineering 16 121 45 34.1
Materials Engineering 1 0.8 46 34.8
Mechanical Engineering 85 64.4 131 99.2
Thermosciences 1 0.8 132 100.0

Table B.5 Membership in professional associations reported by respondent alumni.
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Type Frequency Per cent

ABA 1 0.8
ACE 1 0.8
ACS 1 0.8
AEE 20 152
AIAA 1 0.8
AICE 2 15
AICHE 1 0.8
AIPA 1 0.8
AISES 1 0.8
AMSE 2 15
APHA 1 0.8
APS 1 0.8
ASA 1 0.8
ASCE 2 15
ASEE 2 15
ASES 1 0.8
ASHRAE 3% 37.0
ASME 2 195
ASPE 1 0.8
ASQ 1 0.8
ASQE 1 0.8
BOMA 1 0.8
CDSM 1 0.8
IARW 1 0.8
|EEE 1 0.8
IES 1 0.8
IE 5 3.8
ISA 1 0.8
ISPE 1 0.8
ITE 1 0.8
NFRC 1 0.8
NPPR 1 0.8
NSPE 1 0.8
R8PPR 1 0.8

Table B.5. (Cont.) Membership in professional
associations reported by respondent alumni

Type Frequency Per cent
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SAE 6 45
SAME 1 08
SME 2 15
SPE 2 15
SQE 1 08
TAPPI 1 08
WWG 1 08
NA 48 36.4

Table B.6. Professiona certifications and registrations of responding alumni.

| Type Frequency Per cent |
CASM 1 0.8
CEM 17 12.0
CIT 1 0.8
CMGT 1 0.8
CQE 1 0.8
EIT 41 30.8
IRCA 1 0.8
MCSE 1 0.8
NY Bar 1 0.8
PE 26 195
NA 63 47.7

Table B.7 summarizes the benefits provided to alumni through their experiences with the IAC
Program. Alumni were allowed to check as many categories of benefits as they thought they
received. The leading benefits are ability to work in teams; ability to communicate ideas in
writing; confidencein ability to make appropriate recommendations; and solving problemswithin
the constraints of time, money, and human resources. Certainly, the abilities to write, solve
problems, and work in teams are among the most valuable traits that employers look for in
prospective employees. Almost al of the remaining benefits were checked by at |east 50% of the
aumni respondents. Only one alumus indicated receiving no benefits from the program.

Table B.7. Benefits provided to aumni by the IAC
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Benefit Frequency Per cent

Ability to quickly grasp the key features of new problems 59 4.7
Breadth and depth of technical understanding 82 62.1
Ability to define steps needed to solve new problems 63 47.7
Ability to communicate ideas in writing 103 78.0
Ability to communicate ideas verbally 67 50.8
Creativity and innovativeness 63 515
Integrating and synthesizing information from different fields 63 515
Ability to work in teams 109 82.6
Understanding the relationship between work and customer needs 83 66.7
Mesting business goals while satisfying technical requirements 69 52.3
Leadership ahility 80 60.6
Solving problems within the congtraints of time, money, and human resources 92 69.7
Ability to structure decisions and make good decisions 49 371
Abhility to transfer outside technology to the employer 67 50.8
Confidence in ability to make appropriate recommendations 95 72.0
None of the above 1 0.8

The mean starting salary for the IAC alumni respondents is $35,000 (the standard deviation is
$12,000). Thisfigure coversmore than adecade of initial employment dates. Table B.8 indicates
that most of the respondents are currently working in the energy savings area (46%), followed by
the productivity enhancements area (35%) and waste reduction area (25%). Many IAC aumni
respondents indicate that they do not work in any of these three areas (39%). Table B.9 indicates,
however, that at some point in time, almost 70% of the alumni respondents worked at a job that
entailed finding waysto save energy, reduce waste, and/or enhance productivity in settings. Most
frequently, dumni turned their attention to end use, conservation, and/or manufacturing problems.

Table B.8. Areasin respondent alumni are current working.

Work area Frequency Per cent
Energy savings 61 46.2
Waste reduction 33 25.0
Productivity enhancements 46 34.8
None of the above 52 394
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Table B.9. Energy-related activities of alumni respondents.

Enhancement Frequency Per cent
Held positions entailing enhancement in industria setting 89 67.4
Exploration and extraction 4 3.0
Manufacturing 49 371
Electric power generation and transmission 16 12.1
Transportation and distribution 6 45
Conservation, utilization, management or storage of energy or fuel 39 295
End use (lighting, HVAC, motors) 58 43.9

Table B.10 indicatesthat most of the alumni respondents are employed by manufacturers. Almost
20% report working for consultants (more than 25% if one considers energy service companies
as a specia type of consulting organization), ajob which mirrors their experiences in the IAC
Program. Almost 10% work in the power industry or government. Table B.11 indicates that d most
one-half of the alumni respondents shoulder project engineering responsibilities, wheretheir IAC
Program training would be readily applicable. Many hold management positions. Overall, most
of the positions listed in Table B.11 could provide alumni with opportunities to assess potential
energy savings and waste reduction and productivity enhancement opportunities.

Table B.10 Current employers of alumni respondents.

Type of Employer Frequency Per cent
Manufacturing 45 357
Electric power/utility 12 9.5
Government (federa, state, local) 12 9.5
Conaulting 25 19.8
Academia 7 5.6
Continued study 3 24
Not an employee 1 0.8
Energy Service Company 7 5.6
Transportation 2 16
Qil/Gas Industry 2 16
Insurance Industry 1 0.8
Mechanica Contractor 1 0.8
Non-energy Related 7 5.6
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Table B.11 Job titles/duties of alumni respondents.

Job Frequency Per cent
Management 31 235
Education/training 24 18.2
Project engineer 65 49.2
Product engineer 16 12.1
Product R&D 11 8.3
Productivity/process engineering 18 13.6
Technician 5 38
Analyst 21 159
Facilities management 6 45
Support 13 9.8
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APPENDIX C. WEBSITE USERS QUESTIONNAIRE, RESPONSESTO
QUALITATIVE QUESTIONS
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APPENDIX C.1 WEB QUESTIONNAIRE

| AC Program Web Questionnaire;
The Use of IAC Online Technical I nformation

Welcomel

We sincerely appreciate you taking the time to participate in this online questionnaire. Y our time,
information and opinions are valuable to us. It should take only about 5 minutes to complete
depending on your answers. Your input will help us understand how you use the IAC online
information and what we can do to better serve you. Response to this questionnaire is voluntary,
and all responses will be held in complete confidentiality.

About the Prizes...

We are offering thefirst thirty (30) participants who complete the questionnairea FREE ASHRAE
Pocket Guide (A $24 value)! Below isaquick description of the Pocket Guide:

The ASHRAE Pocket Guideisavaluable guide for engineers and technicians and providesrules
of thumb, tables, charts, equations, diagrams, and conversion factorsfor HVAC/utility topicssuch
as. air-handling and psychometrics, water and steam, motor characteristics and electrical data,
heating/cooling loads, fuels and combustion, owning and operating costs, controls, and system
design.

The Pocket Guide will be sent to the addressthat you provide at the end of the questionnaire. Any
forms received incomplete (excluding those that contain questions that you are specificaly
directed to skip dueto your answers) or with answersthat are considered to be questionable, will
not count toward the thirty and the participants will not be eligible to receive the Guide.
Additionally, people currently involved with the IAC Program are not eligible for prizes and
should not complete the questionnaire.

If you have read and understand the criteriafor participating, just click on thelink below to go to
the questionnaire!

Thel AC Web Users Questionnaire

(The above text was the hyperlink to the Web Questionnaire which was in a separate html
document)
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IAC WEBSITESUSE & REALIZED/POTENTIAL EXTENDED SAVINGS

1. Which IAC Program website(s) did you visit? (Check all that apply.)

Rutgers OIPEA website (Rutgers)
Colorado State University’s IAC website (CSU)
Both

N

. How did you come acr osy/learn of the website?

Internet search engine (e.g., Yahoo, Alta Vista, Excite, Hotbot)
Link from another website

Just browsing

Word of mouth

Other (Please specify)

3. What infor mation wer e you looking for when you found/accessed thewebsite? (Check all
that apply.)

Specific Rutgers Technical Papers
Specific Rutgers Database Documents
Specific Rutgers Training Manuals
Specific Rutgers IAC Program Documents
Specific CSU Case Studies

General IAC Program information
General energy efficiency information
Genera energy usage statistics

Other (Please specify)

4. Are you downloading this information as support material for any of the following
purposes? (Check all that apply.)

Immediate value on a specific project
Delayed value on a specific project

Decision making

Planning/Designing

Expanding energy-efficiency knowledge base
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Expanding waste minimization/pollution prevention knowledge base
Expanding process efficiency/productivity knowledge base

Not downloading as support material

Other (Please specify)

5. Have any of the following actions evolved out of your use of infor mation found on either
the Rutgers or CSU website? (Check all that apply.)

Energy saving actions

Money saving actions

Waste reducing actions

Productivity enhancing actions
Raised concerns for energy efficiency
No action

[If you answered " No action,” please skip to question 14.]

6. Please estimate how much annual ener gy savings have resulted/will result from your
use of the information you obtained: ("MMBTU" equals one million BTU; usethe
conversion table below if necessary.)

No savings OR 0 MMBTU/yr
<100 MMBTUl/yr

100 - 250 MMBTU/yr

250 - 500 MMBTU/yr

500 - 1,000 MMBTUlyr

1,000 - 2,500 MMBTUlyr
2,500 - 10,000 MMBTU/yr
10,000 - 1,000,000 MMBTUl/yr

>1,000,000 MMBTU/yr
1 kWh édectricity = 3,412 BTU 1 therm natural gas = 100,000 BTU
1 gal. fud oil (avg.) = 138,095 BTU 1 CCF natural gas= 103,000 BTU
1 short ton coal = 21,143,000 BTU 1 cubic foot natural gas= 1,030 BTU
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7. What was the dominant fue type from which this savings occurred?

Electricity

Natural gas

Fuel oil

Coal

No dominant fuel type
Other (Please specify)

8. Please estimate how much annual cost savings have resulted/will result from the
information you obtained related to energy efficiency or use reduction:

No savings OR $0/yr
<$100/yr

$100 - $500/yr

$500 - $1,000/yr

$1,000 - $5,000/yr
$5,000 - $25,000/yr
$25,000 - $100,000/yr
$100,000 - $1,000,000/yr
>$1,000,000/yr

9. Please estimate how much annual cost savings have resulted/will result from the
information you obtained related to waste minimization or pollution prevention:

No savings OR $0/yr
<$100/yr

$100 - $500/yr

$500 - $1,000/yr

$1,000 - $5,000/yr
$5,000 - $25,000/yr
$25,000 - $100,000/yr
$100,000 - $1,000,000/yr
>$1,000,000/yr

10. Please estimate how much annual cost savings have resulted/will result from the
information you obtained related to increasing productivity:

* Nosavings OR $0/yr
»  <$100/yr
e $100 - $500/yr
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$500 - $1,000/yr

$1,000 - $5,000/yr
$5,000 - $25,000/yr
$25,000 - $100,000/yr
$100,000 - $1,000,000/yr
>$1,000,000/yr

11. Wereany of the measuresor ideasthat you implemented replicated elsewhere,
within your facility, company, or by other plants, and if so, can you estimate the annual
energy savings?

No savings OR 0 MMBTUl/yr
<100 MMBTUl/yr

100 - 250 MMBTUlyr

250 - 500 MMBTU/yr

500 - 1,000 MMBTU/yr

1,000 - 2,500 MMBTU/yr
2,500 - 10,000 MMBTU/yr
10,000 - 1,000,000 MMBTUl/yr
>1,000,000 MMBTU/yr

12. Please estimate how much annual cost savings have resulted/will result from the
replicated savings.

No savings OR $0/yr
<$100/yr

$100 - $500/yr

$500 - $1,000/yr

$1,000 - $5,000/yr
$5,000 - $25,000/yr
$25,000 - $100,000/yr
$100,000 - $1,000,000/yr
>$1,000,000/yr
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13. If your company has achieved energy or cost savings from the use of information
found on the |AC websites, areyou still realizing those savings? If not, how long did
the savingslast?

A) Energy Savings

- Yes

- No

S Length savings realized (please use units of years[e.g., 0.5, 3.2])

- No savings achieved

B) Cost Savings

- Yes

- No

S Length savings realized (please use units of years[e.g., 0.5, 3.2])
No savings achieved

14. Of the document(s) you obtained, which one was most helpful?

[Open space for comments.]

15. Haveyou or did you plan on passing the information you obtained to others, and if so,
how many?

Didn't planonit OR 0 people
1 person

2-5 people

6-10 people

10-20 people

20-50 people

>50 people

16. Prior toyour utilizing technical information from an |AC website, how often did your
company identify opportunitiesto save energy?

Never
Rarely
Occasionally
Frequently
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Very frequently
Don’t know

17. Following your utilization of technical information from an |AC website, how often
doesyour company identify opportunitiesto save energy?

Never

Rarely
Occasionally
Frequently
Very frequently
Don't know

18. Prior toyour utilizing technical information from an |AC website, how often did your
company actually implement measuresto save energy?

Never

Rarely
Occasionally
Frequently
Very frequently
Don't know

19. Following your utilization of technical information from an IAC website, how often
doesyour company actually implement measures to save energy?

Never

Rarely
Occasionally
Frequently
Very frequently
Don't know

20. Regarding the performance of the measuresyour company implemented prior to your
utilizing technical information from an IAC website, what fraction provided reasonable
payback periods (under 2 years)?
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21.

0%

1% - 20%
21% - 40%
41% - 60%
61% - 80%
81% - 100%
Don't know

Regar ding the performance of the measuresyour company implemented following

your utilizing technical information from an IAC website, what fraction provided
reasonable payback periods (under 2 years)?

0%

1% - 20%
21% - 40%
41% - 60%
61% - 80%
81% - 100%
Don’'t know

SITE CONTENT/USABILITY

22.

How satisfied were you with the information you obtained from the Rutgersor CSU

website?

23.

Extremely satisfied
Satisfied

Indifferent
Dissatisfied
Extremely dissatisfied

How easy would you say it wasto access the infor mation on the website?

Very easy

Easy

Of average easiness/difficulty for the Web
Difficult

Very difficult
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24. What format do you prefer for downloadable documents?

Pdf (portable document format)

Word, Excel & Access (Microsoft)

Word Perfect, Quattro Pro & Paradox (Corel)
No preference

25. What recommendations do you have for improving either the content or usability of
the Rutgersor CSU websites?

[Open space for comments.]

USER INFORMATION

26. What isyour email address, name, address and phone number? (The purpose for
asking these questionsis so that we can get in-touch with you to learn mor e about how
you may have used | AC Program technical data.)

Email:

Name:

Address:

City:

State: Zip code:
Phone number:

27. What isyour current occupation?

Engineer

Consultant

Manager

Scientist/researcher

Academic/student

Other (Please specify)

28. Which of these groups best describesyour affiliation/or ganization for which you were
accessing the website?

* Largeindustrid
e Small industrial
* Largecommercid
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Small commercial
Residential/consumer/private citizen
Federal government

State/local government

Non-profit organization

Educator

Student

Other (Please specify)

Submit Answers

Clear Form
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APPENDIX C.2 QUALITATIVE RESULTS

The following are the questions and responses from the Web questionnaire that were not addressed in
Sect. 5dl arequalitative in nature. Each question is stated followed by abrief discussion of the results and
atabular breakdown of the data. In most cases, “Total responses’ and “ Savings responses’ are supplied
and are, respectively, a breakdown of all the responses received (29 participants) and those responses
reporting energy and/or cost savings (11 participants).

Question 1: Which IAC Program Web site(s) did you visit? (Check all that apply)

Of thethree siteslisted as choices, only the Rutgers and CSU sites offer online IAC technical information.
The Department of Energy’s (DOE) Office of Industrial Technologies (OIT) IAC Web site has links to
both sites aswell as adirect link to the | AC database, and was included for that reason. For both the total
and savings responses sets, the greatest percentage of respondents visited the OI T and Rutgers sites. The
CSU site contains more specific examples of previoudy utilized recommendations, where the Rutgers site
offers a wider variety of technical information, including the database. However, noting that the IAC
database has received some notoriety in recent years, it is still interesting that the CSU site experienced as
many as one-quarter as many visitors as the Rutgers site, for those reporting savings. Recent information
obtained on the number of homepage accesses each Web site receives indicates that the Rutgers site
typicaly gets over 100 times the number of hits that the CSU site receives (CSU 1999, Mitrovic 1999).

Table C.1. IAC Program Websites visited.

Answer Choices Total Responses Savings Responses
No. % -out of 29 No. %-out of 11°
DOE'sOIT IAC Website 19 65.5 8 2.7
Rutgers OIPEA Website 18 62.1 9 81.8
CSUs IAC Website 4 138 3 27.3

& Percentages do not add up to 100% because respondents’ ability to choose more than one answer.
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Question 2: How did you come across/learn of the Web site?

Thetotal responsesto question 2 indicate that visitors are finding the | AC technical information in a number
of different ways, however, the primary two response categories were by linking directly from another IAC
Website (24.1%) and by locating the site through the use of a search engine (24.1%). The term “search
engineg” was used loosely here to include directories such as Y ahoo, and examples were supplied to the
respondent for clarity.

The savings responses breakdown brings out an interesting point worth noting. “Word of mouth” was
chosen by 3of the 12 respondents and became tied with the previously mentioned top two categories for
how a respondent who reported savings learned of the site he or she visited. Thiswould seem to indicate
that, without more data on which to evaluate this information, discussions of any type about the IAC
Program and its resources are proving worthwhile.

Table C.2. Finding the IAC Websites.

Answer choices Total Responses Savings Responses
No. % No. %
Link from other IAC Web site 7 24.1 3 27.3
Internet search engine (e.g., Yahoo, Alta Vista, Excite, Hotbot) 7 241 3 27.3
Link from another Website 5 17.2 2 18.2
Just browsing 1 35 0 0
Word of mouth 4 134 3 273
Other (Please specify)? 5 17.2 0 0
Totals 29 100 11 100

&« Other” responses supplied to this question were the following: Brochure from a Pennsylvaniaconference on energy; AEE seminar
with Dr. Wayne Turner; DOE-NICE program Website; ACEEE conference; Chuck Glaser, Office of Technology Access.
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Question 3: What information were you looking for when you found/accessed the Web site?

(Check all that apply.)

Two inferences as to what site visitors are looking for can be made from review of the responses to this

question:

. that site visitors as awhole are looking for a wide variety of information, and

. that, by far, the two fields of information of greatest interest are the IAC database and
general energy efficiency information, combined accounting for just over 47% of al the

responses received (32 of 68).

It should be noted that while the IAC database contains a plethora of general statistics about small- to
medium-sized facilities, the database aso contains quite a large quantity of information about what types
of energy efficiency measures certain industries (by SIC codes) are implementing. Thus, it appears that
site visitors are looking for general and specific energy efficiency information.

For those reporting savings the breakdown is similar, with the two fields of information of greatest interest
still being the IAC Database and genera energy efficiency information.

Table C.3. Type of information visitors were seeking.

Answer Choices

Total Responses

Savings Responses

No. % -out of 29 No. %-out of 11°

The Industrial Assessment Database 18 62.1 7 63.6
Specific Rutgers Database documents 2 6.9 1 9.1
Specific Rutgers training manuals 4 13.8 3 273
Specific Rutgers technical papers 2 6.9 2 18.2
Specific Rutgers IAC Program documents 2 6.9 1 9.1
Specific CSU energy efficiency recommendations 5 17.2 3 273
Specific CSU pallution prevention recommendations 4 13.8 2 18.2
Genera |AC Program information 5 17.2 1 9.1
Genera energy efficiency information 14 48.3 5 455
General energy usage statistics 9 31 4 36.4
Not looking for anything specifically 1 35 0 0

Other (Please specify)® 2 6.9 0 0

& Percentages do not add up to 100% because of respondents’ ability to choose more than one answe.
b «Other” responses supplied to this question were the following: Information on projects that received help and the types of help

received, and support information for marketing plans.
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Question 4: Are you downloading this information as support material for any of the following
purposes? (Check all that apply.)

Although a significant number of respondents (37.9%) stated that they were using the information
downloaded for itsimmediate value on a specific project, the greatest mgjority of all respondents indicated
that they were using the information downloaded for planning and design work (48.3%) and simply to
expand their energy efficiency knowledge base (69%). It is also noteworthy that 38% and 21% of site
vigitors, respectively, are looking for information that will expand their process efficiency/productivity and
waste minimization/pollution prevention knowledge bases, signifying that between one- and two-fifths of
the visitors are either concerned about or at least interested in minimizing waste and/or improving process
efficiency as well as energy efficiency.

For the group that specified savings, the breakdown changed very little. As expected, the choice
“immediate value on a specific project” became a larger portion of the response set.

Table C.4. Downloading information as support material.

Answer Choices Total Responses Savings Responses
No. %-out of 29 No. %-out of 11°
Immediate value on a specific project 11 379 5 455
Delayed value on a specific project 6 20.7 1 9.1
Decison making 8 276 3 27.3
Planning/Designing 14 48.3 8 72.3
Expanding energy-efficiency knowledge base 20 69 7 63.6
Expanding waste minimization/pollution prevention knowledge base 6 20.7 3 27.3
Expanding process efficiency/productivity knowledge base 11 379 5 36.4
Not downloading as support material 3 10.3 0 0
Other (Please specify)® 4 13.8 0 0

@ Percentages do not add up to 100% because of respondents’ ability to choose more than one answer.
b“Other” responses provided were the following: Research; development of evaluation metrics; not sure if downloading materid;
if not today maybe later; passing dong link and information to others; upgrade of my office's capability.
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Question 5:

Have any of the following actions evolved out of your use of information found on
either the Rutgers or CSU Website? (Check all that apply.)

This question was used as a precursor to the savings set of questions. Those who responded with any
answer other than “No action” were asked to complete Questions 6 through 13, while those who responded
only with “No action” were asked to skip directly to Question 14. Twelve of the 29 respondents indicated
savings of some type (in Questions 6 through 13), for an overall savings rate of just over 41%. Their
choices in this question are shown on the right side of Table C.5. The largest number of actions reported
were in the energy saving actions (9) and waste reducing actions (7) categories.

Table C.5. Acting on the IAC information obtained

Answer Choices

Total Responses

Savings Responses

%-out of 292

5

6

7

8

9

10

11 12

No.
Energy saving actions 9
Money saving actions 6
Waste reducing actions 7
Productivity enhancing actions 5
Raised concerns for energy 3
efficiency
No action 18

31

20.7

24.1

17.2

10.3

62.1

v

v

v

v

@ Percentages do not add up to 100% because of respondents’ ability to choose more than one answer.
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Question 14:  Of the document(s) you obtained, which one was most helpful ?

A peculiar aspect of the responses to this question is the number of respondents not answering it (this may
be a questionnaire design issue that should be addressed). Sixteen of twenty-nine answered the question,
with 13 skipping it (~45%). Of the nine different answer choices offered, three garnered about 56% of the
responses:

S | AC database documents,
S Not sure or don't know yet, and
S Haven't seen any yet.

The two documents pinpointed as most hel pful to those indicating savings are | AC database documents and
the Self Assessment Workbook.

Table C.6. Helpful documents

Answer choices Total Responses Savings Responses
No. % No. %
IAC database documents 3 18.8 1 25
A Self Assessment Workbook for Small Manufacturers 2 111 1 25
Technological Goodies—Rules of Thumb 1 5.6 0 0
Modern Industrial Assessments: A Training Manual 1 5.6 0 0
Energy Efficiency Handbook (An OIT document) 1 5.6 0 0
Motor Selection Guide (Part of DOE's MotorMaster software) 1 5.6 0 0
Advanced process control improvement (steel) 1 5.6 0 0
Not sure or don’t know 3 18.8 1 25
Haven't seen any yet 3 18.8 1 25
Totals 16 100 4 100
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Question 15:  Haveyou or did you plan on passing theinformation you obtained to others, and if so,
how many?

This question was posed in attempts to find out the rate at which respondents are passing the information
they obtain on to others. From the last calculationsin Table C.7, it appears that the number of people that
a respondent passes information on to is independent of whether or not they are realizing savings (of any
type). Thus, from the results of this questionnaire, it appears that the average site visitor passes on
approximately 15 |AC-related documents, either the same document or different documents. Although this
may seem odd, note that 6 of the total 28 respondents (more than 21%) chose the largest category (>50
people), and the average for that range had to be the conservative minimum value of 50.

It should also be noted that the estimates of savings generated by IAC Web users have not been adjusted
with respect to the responses to this question. Even a conservative estimate of more savings would have
driven the total savings upward even further.

Table C.7. Passing information to others

Total Savings Average No. of Responses?

Answer Average Responses Responses

Choices? of Range No. % No. % Total Savings
Didn't planonitor O 0 4 14.3 2 16.7 0
1 1 4 143 1 8.3 4 1
2-5 35 8 286 4 333 28 14
6-10 8 3 107 1 8.3 24 8
10-20 15 1 3.6 0 0 15
20-50 35 2 71 2 16.7 70 70
> 50 50 6 214 2 16.7 250 50
Total number of additional recipients 28 100 12 100 391 143
Average number of additional recipients per original user (dividing by the 14.5 13.1

number of respondents, 28 and 12, respectively)
aNumber of additiona recipients.
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Questions 16-21:  Assessing changed attitudes from the use of online | AC information
(Decision Making Model)

Questions 16-21 were posed in order to explore how the use of IAC online technical information
has changed a company’s or an organization’s perspectives on identifying and implementing
energy efficiency opportunities. The responses received are addressed in Sect. 6; thus, the
responses are not addressed here.

Question 22:  How satisfied were you with the information you obtained from the Rutgers or CSU
Website?

From the responses to this answer, it appears that the vast majority (96.2%) of visitorsto the IAC Web sites
that host technical information are pleased with the information they obtain.

Table C.8. Website users satisfaction

Answer Choices No. of responses % of total responses
Extremely satisfied 12 426
Setisfied 15 53.6
Indifferent 1 3.6
Dissatisfied 0 0
Extremely dissatisfied 0 0

Totals 28 100

Question 23: How easy would you say it was to access the information on the Web site?

The total shown in the bottom of Table C.9 (20) is much lower than the total number of visitors completing
guestionnaires (29) because of approximately 33% of the respondents skipped this question. However, the
results revead that the average site visitor finds the online information easy to access.

Table C.9. Ease of access

Answer Choices No. of % of total responses
responses

Very easy 0 0

Easy 14 70

Of average easinesg/difficulty for the Web 6 30

Difficult 0 0

Very difficult 0 0

Totals 20 100
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Question 24: What format do you prefer for downloadable documents?

More than 50% of respondents noted that they prefer PDF (portable document format) files to
other formats for downloadable documents. Running a close second (about 38%) was the
preference of Microsoft-based products.

Inthe past severa years, PDF files have begun to be widely used on the World Wide asthe format
for downl oadableand directly printable documents. Because severa different typesof documents
can be turned into PDF files (including but not limited to spreadsheets and word processing
documents), and thedocumentsappearsexactly the sameon any PDF-capablebrowser, thisformat
provides an advantage over Microsoft and Corel documents by removing the software bias.
However, providing documentsin at least two different formatstypically offersthe sitevisitor the
greatest flexibility in easily obtaining and utilizing online information. For example, one
respondent commented to the questionnaire:

“ My company currently supports Microsoft programs. | found it hard
to correctly convert recommendations, and impossible to convert
spreadsheets. Maybe have an alternative format in addition to those
currently available.”

Perhaps this type of questionnaire could be used to determine the format preferences of visitors
to the two Websiteswhere | AC technical information is offered, so that these two sites could offer
the documents they provide online in at least two different formats. At present, Rutgers offers
documents in html, dbf (a software-independent format) and PDF formats, and CSU offers
documentsin Corel softwareformats. The Rutgers Website a so offers accessto the |AC database
through an interactive interface. However, that interface presently provideslimited usefulnessin
accessing the database.

Table C.10. Downloadable documents preferences

No. of % of total
Answer choices responses responses
PDF (portable document format) 15 51.7
Word, Excel, and Access (Microsoft) 11 37.9
Word Perfect, Quattro Pro, and Paradox (Corel) 0 0
No preference 3 10.3
Totals 29 100

Question 25:  What recommendations do you have for improving either the content or the usability
of the Rutgers or CSU Websites?

Only 12 of the 29 respondents offered recommendations for improving the content or usability of the two

Websites, with 3 of those simply stating “thanks.” Of the recommendations, only 2 were critical in nature,
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suggesting that more*technical goodies’ be added and that placing documentsin Microsoft program formats
would help.

Table C.11. Recommendations for improvement

Responden  Comments provided
t

1 | came online searching for alist of dl the Universities participating in the IAC Program—and the
information was very easy to find.

2 Information received is used to train other energy engineers, primarily while teaching at the University level.
However, thisinformation is used currently for measurement and verification tasks.

3 The NH Governor's Office of Energy and Community Servicesis developing a training program to develop
volunteers from the business community to perform peer-to-peer industrial assessments. The information
you provided is critical to the development of this training module. Many of the questions above do not
directly apply because we are in the development stage, but we will be glad to share our data at a later

date.

4 No suggestions. | am quite pleased with the way this data can be accessed and used. Thisis a tremendous
improvement over things the last time | used this data

5 Add more “technica goodies’ or other items that can be used as screening toals.

6 | like some of your titles —tech goodies for example.

7 Keep it up, well done.

8 My company currently supports Microsoft Programs. | found it hard to correctly convert recommendations,
and impossible to convert spreadsheets. Maybe have an adternative format in addition to those currently
available.

9 | don't readlly know yet. Question No. 22 has no space for "I am filling out the questionnaire before

ng any information.” Some of the following questions have similar problems because there are no
spaces to answer correctly because | filled out the questionnaire before doing anything at all. | have not
accessed any databases or anything else. | have not implemented anything yet for the same reasons.

10 Would appreciate the ability to drill down another layer regarding the top 10 recommendations for any SIC
(within the IAC Databases).

11 Make the links to your FTP site obvious.

12 Maybe | missed it today but a search engine for your site would be grest.
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Question 26:  Personal information, demographics

The geographical diversity shown from the 29 respondents literally spans the globe. Other demographic
information derived from the responses included that 25 males and 3 females responded to the Web
guestionnaire (one respondent used abbreviations for his or her name).

Table C.12. Geographical locations of respondents

No. of No. of
U.S. State respondent Other Countries respondents
s
Cdifornia® 3 Bulgaria 1
Colorado 1 Germany 1
Horida? 1 The Netherlands 1
lllinois® 3 Canada (Ontario)® 1
Kansas 1 PakistarP 1
New Hampshire 1 Spain® 1
New Jersey 2 Taiwar? 1
Pennsylvania 1
Tennessee 1
Vermont® 3
Virginia® 3
Washington 2
Domestic total 22 Foreign total 7

aTwo respondents (out of the total number responding for this location),
provided details on energy and/or cost savings.
5 One respondent (out of the total number responding for this location),
provided details on energy and/or cost savings.
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Question 27:  What is your current occupation?

Although 65% of those using online IAC technical information are either engineers or consultants, the
responses highlight the diversity of the user base.

Table C.13. Occupations of participants

Answer Choices Total responses Savings responses
No. % No. %
Engineer 11 45 5 455
Consultant 7 20 3 27.3
Manager 3 10 1 9.1
Scientist/researcher 2 5 1 9.1
Academic/student 1 5 1 9.1
Other (Please specify)? 5 15 0 0
Totals 29 100 11 100

a“Other” categories supplied included the following five responses; grants coordinator/economist, economist, grants and contracts,
industria insulation project manager/salesman/estimator, and marketing and business development.
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Question 28:  Which of these groups best describes your affiliation/organization for which you were
accessing the Web site?

The responses to this question clearly indicate a diverse group of visitors to the IAC Websites (based on
affiliation); however, 48.3% are either industrially or commercially based. For the respondents reporting
savings, the percentage that are either industrially or commercially based dwindlesto 24.1%. This decrease

appears mostly related to a percentage increase in the nonprofit organization category.

In additional, the response spread for al respondentsis similar to that of the respondents reporting savings.

Table C.14. Affiliation or organization of participants

Answer choices

Total Responses

Savings Responses

No. % No. %
Large industria 5 17.2 3 27.3
Smdl indugtrid 4 13.8 1 9.1
Large commercial 3 10.3 1 9.1
Small commercia 2 6.9 1 9.1
Residential/consumer/private citizen 0 0 0 0
Federa government 2 6.9 0 0
State/local government 2 6.9 0 0
Nonprofit organization 5 17.2 4 36.4
Educator 1 35 1 9.1
Student 0 0 0 0
Other (Please specify)? 5 17.2 0 0
Totals 29 100 11 100

aThosechoosingthe* Other” category listed thefollowing affiliation/organi zations: DOE national laboratory, environmental consulting
for federd government, industrial insulation contractor, electric utility, university outreach for al of the categories suggested as

answers in this question.
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