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Summary

The goal of the study was to estimate the persistence of whole-building savings among the participating facilities of the 1994 and 1996 Non-Residential New Construction (NRNC) programs offered by Southern California Edison and Pacific Gas and Electric.  This report provides the SCE results.  A companion report is available for PG&E’s programs.    These were program year 1996 projects but were not paid until 1999.  SCE did not have any Pre 1998 Carryover projects.

This study has been conducted under a waiver given to Southern California Edison and Pacific Gas and Electric.  Following the waiver, the report emphasizes the persistence of savings at the whole building level rather than the retention of specific measures.  The key issues explored in this study were:

· Technical Degradation, the reduction in the whole-building savings from technical degradation of the installed measures due to age and wear,

· Persistence of Whole-Building Savings due to the continued use of the building with either the originally installed measures or replacement measures of equal or better efficiency,

· Survival Function of Savings, the mathematical model used to characterize the persistence of the whole-building savings as a function of time, and

· Effective Useful Life (EUL), the number of years from the initial program year when one half of the whole-building savings would be expected to persist.

The programs addressed in this study had a total of 403 participating facilities, with a total ex-post first year savings of about 110,580,000 kWh of energy and 20,400 kW of demand.  We collected information on a sample of 61 of these facilities, about 15% of all facilities.  The sites in the sample had almost one third of the total energy and demand savings of all 403 projects.  We used a telephone survey to identify changes in any sample project that might reduce its energy efficiency. On-site surveys were conducted for all projects where the telephone survey indicated changes that may have impacted the whole-building saving.  On-site surveys were done at 13 of the 61 sample sites.

DOE-2 models would have been constructed for all sample buildings for which the on-site audits revealed changes that would affect the whole-building savings. However, no sites were found to have lost savings as shown in Table 1.  Results are given for the1994 and 1996 NRNC programs.  
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Table 1: Persistence Results

Across the two program segments, 100% of the ex-post first-year savings has persisted to the current time.  If the on-site audits had revealed changes that affected the whole-building savings, four different survival models would have been estimated from the persistence results of the fourth-year and ninth-year persistence studies for each of the three program segments.  Then each of the estimated survival models would have been used to calculate an estimated EUL and the median EUL value as well as the upper and lower bounds for the EUL would have been presented at the 80% level of confidence. 

In the technical degradation analysis, DOE-2 models were constructed for all of the sample buildings.  The results, shown below in Table 2, indicate that there is virtually no technical degradation of either the energy or demand savings of these programs on a whole-building basis.  

FINAL RESULTS

All End Uses Combined

Program Years 1994 and 1996
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1 1.000 1.000

2 0.989 0.991

3 0.986 0.989

4 0.984 0.988

18 0.977 0.982

19 0.978 0.984

20 0.979 0.984


Table 2: Technical Degradation Results

1, 2: See Notes in Appendix A
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Executive Summary

Goals

The goal of the study was to estimate the persistence of whole-building savings among the participating facilities of the 1994 and 1996 Non-Residential New Construction (NRNC) programs offered by Pacific Gas and Electric and Southern California Edison.  This report provides the SCE results.  A companion report is available for PG&E’s programs. 

Throughout the report the term persistence refers to the current whole-building savings as compared to the whole building first year savings, e.g., the savings after a specified number of years. The term retention refers to the continued operation of a participant facility or portion thereof, or an incented measure serving the facility.  This study has been conducted under a waiver given to Southern California Edison and Pacific Gas and Electric.  Following the waiver, the report emphasizes the persistence of savings at the whole building level rather than the retention of specific measures.  

The key issues explored in this study were:

· Technical Degradation, the reduction in the whole-building savings from technical degradation of the installed measures due to age and wear,

· Persistence of Whole-Building Savings due to the continued use of the building with either the originally installed measures or replacement measures of equal or better efficiency,

· Survival Function of Savings, the mathematical model used to characterize the persistence of whole-building savings as a function of time, and

· Effective Useful Life (EUL), the number of years from the initial program year when one half of the whole-building savings would be expected to persist.

Methodology

As shown in Table 3, the programs addressed in this study had a total of 403 participating facilities, with a total ex-post first year savings of about 110,580,000 kWh of energy and 20,400 kW of demand.  We collected information on a sample of 61 of these facilities, about 15% of all facilities.  The sample was stratified to over-represent the sites with the greatest savings.  The sites in the sample had almost one third of the total energy and demand savings of all 403 projects.  
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Table 3: Program Population and Sample Summary

The 403 projects addressed in this study fell across the two program segments that are shown in Table 4.  Two hundred and seventy-two (272) of the sites were from the 1994 NRNC program, and 131 from the 1996 NRNC program.  Our samples of the 1994 and 1996 NRNC program participants was identical to the fourth-year persistence samples, which in turn were a subset of the samples of buildings that were included in the first-year impact evaluations. These samples were stratified by the tracking estimate of savings so that larger projects were included with higher probability. We sampled 30 of the 272 sites in the 1994 program and 31 of the 131 sites in the 1996 program.  All results were weighted to extrapolate back to the population of program participants in each of the two program segments.
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1994 272 67,850,000 10,270 30 8,724,043 1,287

1996 131 42,730,000 10,130 31 20,644,145 4,610

Total 403 110,580,000 20,400 61 29,368,188 5,897

Program Population Persistence Sample


Table 4: More Detailed Description of the Sample

In the technical degradation analysis, DOE-2 models were constructed for virtually all of the sample buildings.  In each building-specific model, a technical degradation factor was applied to each category of equipment based on the degradation estimates developed by the Statewide Technical Degradation study.
  We recalculated the kWh and kW savings of the building for each of twenty years to reflect the technical degradation. 

We used stratified ratio estimation to extrapolate the technical degradation sample results up to the population of all program participants.  We estimated the technical degradation factors in the population for years one through twenty as the ratio between (a) the kWh and kW savings in the specified year after adjusting for technical degradation, and (b) first-year ex-post kWh and kW savings.  By definition, the first-year technical degradation factors were one.

To provide the information required for the persistence analysis, we used a combination of telephone and on-site surveys to identify changes in the sample sites that might reduce their energy efficiency.  We found that all the measures in the sample sites were in place and working, therefore all of the whole building savings persist.  Our approach was designed to satisfy the requirements of the M&E Protocols issued by CADMAC and has been reviewed by the appropriate CADMAC subcommittee.  The whole-building approach used in this evaluation was consistent with the 1994 and 1996 first-year impact evaluations, fourth-year persistence evaluation, and the waiver filed by the two utilities.

We used the telephone survey to identify changes in the sample that might reduce their energy efficiency. Follow-up on-site surveys were conducted for all sites where the telephone survey indicated changes that may have impacted the whole-building savings, such as turnover of occupants, renovation of space, removal of the original equipment, or replacement by less efficient equipment.  An on-site visit was not required for equipment repairs, replacement with equally or more efficient equipment, and changes in operating schedules.  Altogether we did on-site surveys at 13 of the 61 sample sites.

The on-site survey consisted of a walk-through of the building by a surveyor.  During the on-site, the surveyor compared the data collected during the original survey to the observed equipment.  Particular attention was given to the systems that had received incentives in the NRNC program.

No sites were found to have changes that resulted in lost savings; therefore we did not conduct a persistence analysis 

Results 

This report does not present any actual survival functions or EUL estimates since we found no sites with changes that resulted in lost savings.   The technical degradation factors can still be assessed by taking the lack of lost savings into consideration, therefore the technical degradation factors are presented in this chapter in their entirety.

All building models were projected to their respective original program populations to obtain the total program results presented here.  Table 5 shows the estimated technical degradation factors for the energy and demand savings for the total program population.   For example, in year ten, the whole-building demand savings of the program is expected to be 0.979 times the first-year whole-building demand savings due to technical degradation of the measures installed in the buildings.  These results indicate that there is virtually no technical degradation of either the energy or demand savings on a whole-building basis.
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Table 5: Technical Degradation Results

Table 6 summarizes the current persistence for the total program savings in annual energy savings in kWh and peak period demand savings in kW.  The table shows the persistence results for the 1994 and 1996 programs.  The ex-post savings are the first-year savings shown in Table 4.  Since there were no failures in the sample, the lost savings in the program estimated from the sample are zero for both program segments. Across the entire set of participating facilities, 100% of the ex-post first-year savings has persisted to the current time.
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1994 67,850,000 0 100.0%

1994 10,270 0 100.0%

1996 42,730,000 0 100.0%

1996 10,130 0 100.0%

Total 110,580,000 0 100.0%
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Table 6: Persistence Results

Table 7 summarizes the persistence information that would have been used in the survival analysis had there been any failures.  The third through fifth columns summarize the persistence results from the fourth year persistence study.  The fieldwork for the fourth year study was conducted in 1998, approximately four years after the completion of the 1994 projects and approximately two years after the completion of the 1996 projects.  The fourth year persistence study reported a minimal amount of lost savings at one site where the incented occupancy sensors were thought to be permanently disabled.  However the ninth year persistence study found that those occupancy sensors were not permanently disabled and had been brought back into service in the past five years so all of the savings was assumed to have survived.
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Year Savings Years Survived Lost Years Survived Lost

1994 67,850 4 67,850 0 9 67,850 0

1996 42,730 2 42,730 0 7 42,730 0

4th Year Persistence  9th Year Persistence


Table 7: Data for the Energy-Savings Survival Analysis

The final three columns of Table 7 summarize the persistence results from the present, ninth-year persistence study.  Our fieldwork for this study was conducted in 2003, approximately nine years after the completion of the 1994 projects and approximately seven years after the completion of the 1996 projects.   

If there were lost savings, the information summarized in Table 7 would have been used to estimate the survival function using four standard survival models, using the SAS procedure Proc LifeReg
.  The estimated parameters of each of the four estimated survival functions would have been: exponential, log normal, Weibull and logistic.  The estimated survival functions would then have been used to calculate the equivalent useful life (EUL) of the whole-building savings of these programs.  The EUL is determined by calculating the number of years at which the estimated persistence would equal 50%.  We would then have calculated the upper and lower bounds for the EUL at the 80% level of confidence.  

FINAL RESULTS

All End Uses Combined

Program Years 1994 and 1996
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Lessons Learned 

The principle conclusions of this study are:

· The degradation and persistence of whole-building savings can be measured cost-effectively by utilizing the detailed engineering models and excellent customer relationships from the first-year evaluation studies.

· The statistical methodology of the present study seems to work well.  

· The persistence of savings is high in these programs.

Introduction and Overview

This is the final report for Southern California Edison’s 1994 and 1996 Non-Residential New Construction Ninth-Year Program Persistence evaluation.  This document summarizes the key issues in this study, presents the study methodology, and details the findings of the study.  A companion report is available for Pacific Gas and Electric Company.

This study can be thought of as having four phases:

1. Study design

2. Data collection

3. Analysis

4. Reporting

Each phase of the project presented unique challenges.

The figure below shows the overall flow of the project from study design to final reporting.  It also summarizes the key issues at each stage of the project.  The discussion below briefly describes how we addressed these issues.  More complete discussion can be found throughout this report.
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Figure 1: Overall Project Flow and Key Issues

Study Design 

Quality control steps that were taken in the early stages of the work profoundly affected the ultimate success of the project.  To ensure that a solid foundation was set for the project, the senior staff at RLW Analytics and AEC personally performed the study design tasks.

The first issue that had to be addressed was the integration of the 1994 and 1996 program data.  Data collection was slightly different for the 94 and 96 first-year studies and the data resided in databases with different formats.  This had the potential to introduce errors into the study from the outset.  Because we developed these databases for the original impact evaluations, we had an intimate understanding of the structures and the key differences.  The same staff that originally developed each of the databases was responsible for merging the data.  This use of the original database designers minimized the chances for data errors that could have propagated through the remainder of the analysis.

There were some slight differences in the data collected and engineering modeling algorithms between the 94 and 96 studies.  We updated the PY94 database to the PY96 database format and reran the PY94 models with the latest DOE-2 algorithms.  The new models were used to re-estimate the ex-post first-year and current savings of each site that had significant changes.

Under the waiver filed by the two utilities, the sample for the ninth-year persistence analysis was to be identical to the sample used in the fourth-year studies of these programs.  The fourth-year sample was comprised of 61 sites.

Data Collection 

We used a telephone survey to identify changes in the buildings that might reduce their energy efficiency. Perhaps the most critical data collection issue was ensuring that the proper respondent was contacted for the telephone survey. The proper respondent is the one who is most knowledgeable about construction and maintenance activity at the sample site.  We started with the decision-maker survey respondent from the first year impact studies.  We recognized that the appropriate decision-maker during the construction process was not necessarily the proper contact for maintenance issues.  Therefore, we qualified the respondent and asked for a referral in the event that someone else was a more appropriate contact.

Follow-up on-site surveys were conducted for all sites where the telephone survey indicated changes that may have impacted the whole-building savings, such as turnover of occupants, renovation of space, removal of the original equipment, or replacement by less efficient equipment.  An on-site visit was not required for equipment repairs, replacement with equally or more efficient equipment, and changes in operating schedules.  Altogether we did on-site surveys at 64 of the 165 sample sites.

When possible, the same on-site staff used in the first-year impact evaluations was used to conduct the on-site surveys. The project manager discussed the project objectives and data collection procedures with the on-site staff.  Each surveyor was an experienced DOE-2 engineer, and was well-qualified to understand the data collection and modeling issues key to answering the research questions posed by this project.  

The on-site survey consisted of a walk-through of the building by the surveyor.  During the on-site, the surveyor compared the data collected during the original survey to the observed equipment.  Particular attention was given to the building systems that had received incentives in the NRNC program.

Analysis 

Our analysis approach was designed to satisfy the requirements of the M&E Protocols issued by CADMAC.  The methodology has been reviewed by the appropriate CADMAC subcommittee.  The whole-building approach used in this evaluation was consistent with the 1994 and 1996 first-year impact evaluations, fourth-year persistence evaluation, and the waiver filed by the two utilities.

The key issues explored in this study were:

· Technical Degradation, the reduction in the whole-building savings due to the technical degradation of the installed measures from age and wear,
· Persistence of Whole-Building Savings due to the continued use of the building with either the originally installed measures or replacement measures of equal or better efficiency,

· Survival Function of Savings, the mathematical model used to characterize the persistence of whole-building savings as a function of time, and

· Effective Useful Life (EUL), the number of years from the initial program year when one half of the whole-building savings would be expected to persist.

In the technical degradation analysis, DOE-2 models were constructed for almost all of the 61 sample buildings.  In each building-specific model, a technical degradation factor was applied to each category of equipment based on the degradation estimates developed by the Statewide Technical Degradation study.  We recalculated the kWh and kW savings of the building for each of twenty years to reflect the technical degradation. The application of the technical degradation factors to the simulation models was facilitated using Model-IT, our automated DOE-2 modeling software.  

We did not conduct a persistence analysis since the on-site audits revealed no changes that would affect the whole-building savings.  

Reporting 

The most important reporting issue is to ensure that the data and knowledge is effectively transferred to SCE at the conclusion of the project.  Senior staff has written the final report.  There have been multiple iterations of review and revision before delivery of the draft to SCE.

The datasets to be delivered were assembled by senior database developers at RLW and AEC.  The database structure conforms to common standards and has been documented such that anyone reasonably proficient with databases will easily understand the structure and be able to use the databases to perform additional analysis or reporting. 

Detailed Methodology

Sample Design

Under the waiver filed by the two utilities, the sample for the ninth-year persistence analysis was to be identical to the sample used in the fourth-year studies of these programs.  The fourth-year sample was comprised of 61 sites.  So a new sample design was not required.  However care was required to determine proper weights to extrapolate the sample back to the full population of program participants. 

As shown in Table 3, the two programs addressed in this study had a total of 403 participating facilities, with a total ex-post first year savings of about 110,580,000 kWh of energy and 20,400 kW of demand.  We collected information on a sample of 61 of these facilities, about 15% of all facilities.  The sample was stratified to over-represent the sites with the greatest savings.  The sites in the sample had almost one-third of the total energy and demand savings of all 403 projects.  
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Table 8: Program Population and Sample

The 403 projects addressed in this study fell across the two program segments that are shown in Table 9.  Two hundred and seventy-two (272) of the sites were from the 1994 NRNC program, and 131 from the 1996 NRNC program.  
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Table 9: More Detailed Description of the Sample

Our sample of the 1994 and 1996 NRNC program participants was identical to the fourth-year persistence samples, which in turn were a subset the samples of buildings that were included in the first-year impact evaluations. These samples were stratified by the tracking estimate of savings so that larger projects were included with higher probability.  We sampled 30 of the 272 sites in the 1994 program and 31 of the 131 sites in the 1996 program.  All results were weighted to extrapolate back to the populations of program participants.

Telephone Survey Instrument

The goal of the telephone survey was to determine if the participating buildings are still in service and if there have been any significant changes to those buildings.  The survey instrument addressed the following topics: 


Is the building, or portion of the building, which participated in the NRNC program still in service?  


If no longer in service, when was it removed and why?


Is the building permanently out of service, or is it just temporarily vacant?


Obtain information about any changes to the energy-consuming equipment in the building.


Is the incented equipment still in place and operable?


If not, was it removed, disconnected, broken, or damaged? Why / how?


When was the equipment removed or disconnected?


Was this part of a larger modification?  What else happened?


What replaced the incented equipment?


Have other energy-consuming systems been removed or modified?  Which systems?


Determine if there is a new tenant in the building, and if so, determine if the type of business has changed.


Have there been any remodeling changes?


Were there any changes when the new occupant moved in?

The telephone survey instrument was written to function as a recruiting instrument for the on-site survey if the interviewer discovers any of the following:


The facility has been removed from service


A new tenant has moved into the facility, and changes have been made


Any of the incented equipment has been removed or modified

The telephone survey contained a total of 14 questions.  A draft instrument was pre-tested on ten customers and some refinements were made.  The total time necessary to administer the survey was approximately 10 minutes.  The draft of the survey instrument is contained in Appendix C of this report.  

Telephone Surveys

The telephone surveys were conducted from RLW Analytics’ Sonoma, CA office by two technically qualified surveyors.  The flowchart below outlines the telephone survey process.
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Figure 2: Flowchart of Telephone Survey Process

We began the telephone survey process by extracting the name and phone number of the primary respondent for the decision-maker (DM) survey for the 1994 or 1996 NRNC impact evaluation database.  We were already in possession of these databases.  They are part of our project records from the impact evaluations.  The contact information was appended to the sample frame data for this study.

In order to ensure the highest possible level of accuracy from the survey data, each respondent was screened to ensure that they were knowledgeable about the operation of the sample building.  The first contact was with the first year impact study decision-maker survey respondent.  The telephone surveyors first verified that the DM survey respondent was still involved and knowledgeable about the building.  If not, the surveyors asked for a referral to the appropriate contact.  The referral information was entered into the tracking database and the surveyors attempted to reach the new contact.  

RLW Analytics adopted a policy of a minimum of 7 attempts to contact each sample point before that point was deemed unreachable and replaced in the sample.  In this study, there were no replacements of sample points due to non-response or any other reason.

Once the appropriate person was reached, the survey was administered and, if appropriate, an on-site survey was scheduled.  All contact and survey data were stored in a database for later analysis and delivery to Edison.

An on-site survey was triggered based on the telephone survey questions if:

1. the facility had been removed from service,

2. there had been a tenant change that included a tenant improvement, or

3. there had been a removal or modification of equipment installed through the NRNC Program

An on-site survey was not required if any of the following apply:

· The building was only temporarily vacant

· Only lamps, task lighting, or other process or plug loads were changed

· The measure was removed and replaced by a similar measure with the same or greater efficiency

The phone surveyors attempted, on average, 4.2 times to contact a site.  The maximum number of attempts made to contact a site was 12.  The phone surveyors were instructed to contact those individuals in charge of influencing or making the decisions on the installation choice and usage of the energy equipment at the site.   The contact was the same as the original primary contact from previous years 30% of the time in PY 94 sites.  PY 96 sites proved to have fewer of the same contact people at 26% of the sites.

Recruiting  

Sites identified during the phone interview as potential survey sites were recruited at that time.  The phone surveyor scheduled the site visit and confirmed the contact and building location information.  Utility account representatives had access to the survey schedule and could easily arrange to accompany the surveyor during the on-site survey.

On-Site Survey Training

In preparation for the original NRNC evaluation studies, a detailed training course was developed and delivered to all surveyors.  The course covered a range of issues, including program design and operation, targeted measures, customer relations and etiquette, measure identification, and surveying techniques.  Since the surveyor used in this project was also involved in the original NRNC evaluations, further detailed training on the program and modeling was unnecessary.  The specifics of the persistence study goals were discussed with the surveyor before any on-site visits were made.  The on-site survey conducted during the original evaluation was reviewed, and issues relative to the specific building surveyed were reviewed.  

On-Site Surveys

The original survey data that was collected in the first-year impact evaluations was the primary basis for the analysis.  As explained in the prior section, new on-site surveys were only required if the telephone survey had indicated that the facility had been removed from service, and new tenant had moved in and made changes, or any of the incented equipment had been removed or modified.  

Under the preceding guidelines, on-site visits were carried out for 13 of the 61 sample sites.  The on-site visit at the surveyed site took from 1 to 4 hours to complete.  Areas of the building associated with changes identified during the phone survey and subsequent interviews with site personnel were surveyed.  The surveyor also looked for evidence of other remodeling activity not reported by the site contact, but did not find any.

Before going into the field, the surveyor examined the original data and made changes only to data elements that are related to changes in the building or equipment affecting this study.  The Survey-IT database containing all 94/96 first year evaluation sites was used as a baseline.  The Survey-IT database contains the building information collected during the original on-site survey.  During the persistence on-site survey, changes to the building description data that relate to this study were identified and entered into the Survey-IT database.

An important role of the on-site surveyor was to verify first hand the information given to the phone surveyor.  Thus, phone survey responses relating to physical changes to the building were verified.  The on-site survey began with an interview of the site contact, consisting of the following questions:

· Has the use of the participant building (or portion thereof) changed since the energy consuming systems were installed?  If so, how?

· Have any of the rebated systems been removed?  If so, why?  What was installed in their place?

· Is energy-consuming equipment being used differently than it was originally?  Has it been modified?

· Were any changes made since the building was occupied as a result of a SCE energy-efficiency retrofit program?  If so, what equipment was affected?  Was any equipment that was installed under the original program changed during a later retrofit program?

· Is there a maintenance schedule for the energy-efficient equipment?

· Are energy-consuming systems in a good state of repair?

An interview guide was developed to guide the surveyor through the interview process.  The interview guide and the original on-site data were used as the data collection instruments for this study.

The overall process was:

1. If the phone survey indicated that an on-site visit was necessary, the site was recruited and scheduled.

2. Program records and previous on-site data forms and data were reviewed by the surveyor prior to the site visit.

3. The engineer responsible for the model collected the on-site data.  As discussed above, data collection focused on changes to the building since the original survey. 

4. The on-site surveyor entered the changes to the on-site survey data directly into the Survey-IT database.  

5. As soon as the data were keyed into the program, the automated model building software created the DOE-2 model and calculated changes in energy savings for the surveyed site.  The models were checked for reasonableness by the surveyor and by the AEC senior engineer.

QC

If any changes had been identified, they would have been entered into the Survey-IT database.  A revised DOE-2 model would have been automatically generated using the Model-IT software.  Range checks implemented at the data entry and the model output level would have been used to screen model inputs and results for data quality and accuracy.  The DOE-2 output reports would have been thoroughly reviewed by the surveyor/modeler, and also by senior RLW and AEC engineers.  

The original data from the PY94 and PY96 evaluations were subject to a series of QC checks during the course of those studies. The original building description data were considered to be adequately validated for the purposes of this study.  

DOE-2 Simulations

DOE-2 models were developed using our automated modeling tool and the on-site survey database containing a merged set of the PY94 and PY96 buildings.  Our latest modeling algorithms and engineering assumptions were used in this study.  Revised models incorporating the Technical Degradation Factors developed from the CADMAC Statewide Technical Degradation study were created for virtually all sampled sites.

Technical Degradation

In the technical degradation analysis, a site-specific DOE-2 model was constructed for each individual sample building.  In each building-specific model, a technical degradation factor was applied to each category of equipment based on the degradation estimates developed by the Statewide Technical Degradation Study.
  Building attributes associated with measures experiencing technical degradation were modified using an automated approach, allowing efficient generation of new DOE-2 models.  We recalculated the kWh and kW savings of the building for each of twenty years to reflect the technical degradation. 

The CADMAC Statewide Technical Degradation study covered a number of measures applicable to the NRNC program.  The full list of measures considered by the CADMAC study, and their applicability to this study is shown in Table 10.  Based on the results from the CADMAC study, the only measures that were applicable to the 1994 and 1996 NRNC programs and shown to have technical degradation were M02 Commercial Air Conditioning, M08 metal halide lighting and M19 dimmable daylighting controls.

[image: image16.emf]Measure

M01 Residential Packaged Air-Conditioners



M02 Commercial Packaged Air Conditioners

 

M03 Oversized evaporative condensers for grocery stores



M04 High-efficiency residential refrigerators



M05 Electronic ballasts



M06 T-8 lamps and electronic ballasts



M07 Reflector installation with de-lamping

M08 Metal halide lighting, 250-400 Watt

 

M09 Occupancy sensors



M10 High-efficiency motors



M11 Adjustable speed drives for HVAC fans



M12 Infra-red gas fryers

M13 Residential ceiling insulation

M14 LED exit signs



M15 Adjustable speed drives for process pumping

M16 Adjustable speed drives for injection molding equipment



M17 Residential wall insulation 

M18 Switched or stepped daylighting controls 



M19 Dimmable daylighting controls 

 

M20 Agricultural irrigation pumps



M21 VAV systems



M22 Energy management systems



M23 High-efficiency air compressors

M24 High-efficiency compressed air distribution

M25 Compact fluorescent downlights





Applies to 

NRNC

Has a TDF 


Table 10: Measures where Technical Degradation Applies

The TDFs defined in the CADMAC study were derived primarily from engineering studies on the physical causes of measure degradation.  The TDF was defined as “a scalar amount to account for the time and use related change in the energy savings of a high efficiency measure or practice relative to a standard efficiency measure or practice.”  The TDFs are a series of yearly numbers which, when multiplied by the first year savings yield an estimate of the energy savings in years subsequent to the first year.  The TDFs associated with the measures addressed in this study are shown in Table 11.
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Comm HID Dimmable

Year DX AC fixtures DLighting

1* 1.00 1.00 1.00

2 1.00 0.96 0.73

3 1.00 0.96 0.61

4 1.01 0.96 0.54

5 1.01 0.96 0.48

6 1.01 0.96 0.43

7 1.01 0.96 0.39

8 1.01 0.96 0.36

9 1.01 0.96 0.33

10 1.02 0.96 0.31

11 1.02 0.96 0.29

12 1.02 0.96 0.27

13 1.02 0.96 0.26

14 1.02 0.96 0.24

15 1.02 0.96 0.23

16 1.02 0.96 0.23

17 1.02 0.96 0.22

18 1.02 0.96 0.21

19 1.06 0.96 0.21

20 1.08 0.96 0.20


Table 11: Technical Degradation Factors by Measure

The savings reported for each participant were estimated on a whole-building level.  Since the whole-building savings were made up of the net contributions of all conservation actions above Title 24, it was necessary to disaggregate the savings associated with the three affected measures, and apply the correct TDF to the savings from each of these measures.  The process is further complicated by the interactions between measures, since savings of all affected measures taken together is likely to be different from the sum of the individual measure savings.

Due to the complexities of applying the TDFs to simulation results, TDFs were applied to the simulation inputs for some measures as described below.  From an engineering perspective, this approach was more consistent with the engineering basis of the TDFs, and more straightforward to implement in the simulation model.  The approach taken for each affected measure is outlined below:

Commercial AC.  The CADMAC study gave M02 commercial direct-expansion air conditioners a negative TDF, which increased to 1.08 by year 20.  The relative technical degradation of commercial air conditioners was investigated by Peterson, et al. (1999)
.  The study focused on coil fouling as the dominant mechanism for relative efficiency loss between standard and high efficiency air conditioners.  A laboratory study was conducted, where standard and high-efficiency air conditioners were subject to controlled fouling conditions using an aerosol injection process.  The efficiency of the standard and high efficiency units were monitored throughout the test.  The study concluded that under severe fouling conditions, the high efficiency air conditioner displayed less efficiency degradation than the standard efficiency unit.  Secondary research indicated that under average conditions the fouling equivalent to the test conditions will occur toward the end of the life of the unit, so that the TDF increases in years 19 and 20.  We used these factors as given in the report to adjust the cooling energy consumption in packaged air-cooled air conditioners and heat pumps in each of the sampled buildings.  

Metal Halide Lighting.  The TDFs for metal halide lighting fixtures were based on an engineering study of the stability of the fixture input power relative to a baseline mercury vapor fixture.  The CADMAC study concluded that the input power to a metal halide fixture will increase at a rate of about 0.4% per 1,000 hours over the 10,000 hour life of the lamp, while the input power to the baseline fixture will be stable.  Based on this conclusion, the input power to a metal halide lamp increases an average of 2% for a lamp with an average age of 5,000 hours.  

The CADMAC study reported TDFs in terms of savings rather than input power. The TDFs in the CADMAC report were developed for a specific set of conditions, where a 250 W metal halide fixture replaced a 400 W mercury vapor fixture.  In this specific example, the savings degraded an average of 4% over the life of the lamp, thus a TDF of 0.96 was calculated for this technology. Note that the degradation in savings is a function both of the increase in lamp watts and the original savings percentage.  

In the first-year evaluation of the programs, savings were calculated against the Title 24 allowed lighting power density.  The allowed LPD varied as a function of space occupancy type.  The savings calculations didn’t consider the baseline fixture type, only the difference between the installed and allowed lighting power densities.  In the present study, we applied the CADMAC findings for the expected increase in input power rather than the degradation of saving.  For both PY94 and PY96, we increased the input wattage of all metal halide fixtures by 2%, and recalculated the savings using the same baseline assumptions as those used in the original evaluation.

Dimmable Daylighting Controls.  In the CADMAC study, the TDFs for daylighting controls were calculated based on an engineering study of failure mechanisms for switched, stepped, and dimming controls. Switched and stepped controls (M18) were judged to have no technical degradation.  TDFs were established for dimming controls (M19) to account for a portion of the controllers failing over time.  The failure mechanisms identified for dimming controls were expected to cause uneven operation of the system, resulting in bypass of the controls by building occupants, and a reduction in the lighting connected load subject to daylight control.

Our simulation of energy savings from daylighting utilized a DOE-2 “function” to calculate the ratio of the exterior illuminance to the illuminance “seen” by the daylighting sensor.  Standard DOE-2 algorithms were used to simulate the action of the control system in response to the interior illuminance levels calculated by the “function.”  The fraction of the total lighting load in the daylit space connected to the control system was calculated directly from the on-site survey data.

Persistence Analysis

If we had conducted the persistence analysis, DOE-2 models would have been constructed for all sample buildings for which the on-site audits revealed changes that would affect the whole-building savings. Using our current DOE-2 model generator, we would have recalculated the ex-post first year savings and the current savings reflecting the current installed equipment and utilization of the building.  From the difference in the two estimates of savings we would have calculated the lost savings to be used in calculating the persistence and EUL of savings.  No sites were found to have changes that resulted in lost savings, therefore the persistence analysis was not required.

Findings

Technical Degradation

The results from the building-specific DOE-2 simulation models were projected to the original program populations to obtain the total program results presented here. Table 12 shows the results of this analysis.

The second column of Table 12 shows the estimated technical degradation factors for the demand savings for the 403 sites in the program population.   For example, in year ten, the whole-building demand savings of the program is expected to be 0.979 times the first-year whole-building demand savings due to technical degradation of the measures installed in the buildings.  In other words, the first-year demand savings are only reduced by 2% due to the application of the technical degradation factors identified in the CADMAC California study.  In years 19 and 20, the whole-building demand savings of the program is expected to increase very slightly, to 0.978 and 0.979 of the first-year savings.  This result is due to the effect of the negative TDF for commercial AC, as discussed in the preceding section.   

[image: image18.emf]Year kW kWh

1 1.000 1.000

2 0.989 0.991

3 0.986 0.989

4 0.984 0.988

5 0.983 0.987

6 0.982 0.986

7 0.981 0.985

8 0.980 0.985

9 0.979 0.984

10 0.979 0.984

11 0.979 0.984

12 0.978 0.983

13 0.978 0.983

14 0.977 0.983

15 0.977 0.983

16 0.977 0.983

17 0.977 0.982

18 0.977 0.982

19 0.978 0.984

20 0.979 0.984


Table 12: Technical Degradation Results

The third column of Table 12 shows the estimated technical degradation factors for the energy savings of the program population.  In the case of energy, the whole building, program wide TDFs are only slightly less than one for all years. 

Current Persistence 

On-site surveys were done at 13 of the 61 sample sites.  No sites were found to have changes that resulted in lost savings as shown in Table 13.  The ex-post savings are the first-year results taken from Table 9.  The table shows the persistence results for the 1994 and 1996 programs.  Across the entire set of participating facilities, 100% of the ex-post first-year savings has persisted to the current time.

[image: image19.emf]Year kWh kW kWh kW Persistence

67,850,000 0 100.0%

10,270 0 100.0%

42,730,000 0 100.0%

10,130 0 100.0%

110,580,000 0 100.0%

20,400 0 100.0%

1994

1996

Total

Ex Post Savings Lost Savings


Table 13: Persistence Results

Hypothetical Survival Analysis for Annual Energy Savings

This section would contain the actual results of the survival analysis if there were any failures in the sample for either program year.  However, since there were no failures for either program year, there was no need for a survival analysis.  

ACTUAL FINAL TOTAL RESULTS

All End Uses Combined

Program Years 1994 and 1996
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Code Description kWh kW Therms Ex Ante Ex Post

N/A

Whole Building

2

 kW

-- 20,400 -- -- --

N/A

Whole Building

2

 kWh

110,580,000 -- -- -- --

110,580,000 20,400 -- -- --

Ex Post Savings

1

EUL

Totals


Conclusions and Methodological Lessons Learned

The principle substantive and methodological conclusions of this study are:

· There is little or no technical degradation of the whole-building energy and savings.

· At the current time, all of the first-year energy and demand savings persist.  

· The degradation and persistence of whole-building savings can be measured cost-effectively by utilizing the detailed engineering models and excellent customer relationships from the first-year evaluation studies.

· The whole-building approach and the statistical methodology of the present study seem to be appropriate for these programs.  

· The persistence of savings is high in these programs.

Appendix A   Protocols for Reporting Savings

Table 6B. Protocols for Reporting of Results of Required Studies
Measure Information for the Nonresidential New Construction Sector

All End Uses Combined

Program Years 1994 and 1996
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Code Description kWh kW Therms Ex Ante Ex Post

N/A

Whole Building

2

 kW

-- 20,400 -- -- --

N/A

Whole Building

2

 kWh

110,580,000 -- -- -- --

110,580,000 20,400 -- -- --

Ex Post Savings

1

EUL

Totals
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Code Description 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

N/A

Whole Building

2

 kW

1.000 0.989 0.986 0.984 0.983 0.982 0.981 0.980 0.979 0.979 0.979 0.978 0.978 0.977 0.977 0.977 0.977 0.977 0.978 0.979

N/A

Whole Building

2

 kWh

1.000 0.991 0.989 0.988 0.987 0.986 0.985 0.985 0.984 0.984 0.984 0.983 0.983 0.983 0.983 0.983 0.982 0.982 0.984 0.984

- - - - - - - - - - - - - - - - - - - -

Totals

Ex Post Technical Degradation Factors

3


Notes

1.  Net savings, per the 1994 and 1996 first-year impact evaluations.

2.  Per Deviation #1 in the SCE/PG&E retroactive waiver for nonresidential new construction dated April 15, 1998, Retention Study No. 323-R1 treated the measures for the programs as the "whole building," rather than a collection of separate measures associated with specific end uses.  Therefore, the study evaluated changes in savings for each whole building (also referred to as a "site"). 

3.  The twenty technical degradation factors correspond to the TDFs given in the CADMAC study, shown here in Table 11.  TDF 1 corresponds to the first year.  It is one by definition.  

Table 7B. Documentation Protocols for Data Quality and Processing in Retention Studies 

1. OVERALL INFORMATION

A.
Study Title and Study ID Number

Study Title:  
SCE’s PY 1994-1996 Ninth Year Non Residential New Construction Retention Study

Study ID Number:
548 and 559

B.
Program, Program Year and Program Description

Program:  
SCE Nonresidential New Construction Programs

Program Years:
1994 and 1996

Program Description:

The Nonresidential New Construction Program provides design assistance and rebates to nonresidential customers who adopt efficiency measures and design features that reduce electric consumption and demand in new construction projects.  SCE paid out incentives to 403 projects under the NRNC Programs during 1994 and 1996.

C.
End Uses and/or Measures Covered

All measures that received rebates through the program were studied.  The impact of the measures was studied on a whole-building basis.

D.
Methods and Models Used

All projects included in the fourth-year persistence study were included in this study.  Telephone surveys and on-site audits were used to identify changes in the facility that could affect the whole-building energy efficiency of the project.  No changes were found that impacted the energy and demand savings.  DOE-2 models were used to determine the effect of the technical degradation factors identified in a prior statewide study.  Stratified ratio estimation was used to extrapolate the results to the program population.  

E.
Analysis Sample Sizes

All 61 projects included in the fourth-year persistence study were included in the telephone survey.  On-site surveys were done at all sites that indicated a change - 13 of the 61 sample sites.  

2. DATABASE MANAGEMENT

A.
Key Data Elements and Sources

Persistence information was collected in a telephone survey.  If the respondent indicated that installed measures had been removed or disabled, an on-site audit was carried out. The estimates of technical degradation were determined by the technical degradation factors identified in the CADMAC statewide study, and were applied to the engineering models developed in the first-year impact evaluation studies.

B.
Data Attrition Process

No sample data points were excluded for any reason.

C. Internal Data Quality Procedures

The files from the first-year evaluation studies and the fourth-year persistence studies were used to identify the sites and respondents for the survey.  Extensive data quality control was used to ensure accurate telephone survey data.  The detailed on-site audit procedures and Survey-IT database management system used in the first-year impact evaluation were used in all on-site audits carried out in this study.  The DOE-2 simulation models were given extensive quality control review by our engineering staff.

D. Unused Data Elements


All data collected in this study were used in the analysis.

3. SAMPLING

A.
Sampling Procedures and Protocols

All projects included in the fourth-year persistence study were included in the telephone survey implemented in this study so no new sample design was required.  If the survey revealed any change that might diminish the energy or demand savings, an on-site audit was carried out.  On-site surveys were done at 13 of the 61 sample sites.  No sites were found to have changes that resulted in lost savings.

B.
Survey Information

The telephone survey instrument is given in Appendix C. The response rate was 100% so non-response bias was not an issue.

C.
Statistical Descriptions

The technical degradation factors used in the analysis are given in Table 11 of the report.

4. DATA SCREENING AND ANALYSIS

A.
Procedures for Treating Outliers and Missing Data

Outlier analysis was not required since there was no conventional statistical modeling.   No sample sites were excluded from any of the analysis.

B.
Background Variables

The engineering models held weather, hours of occupancy and operating schedules fixed to the levels assumed in the first-year impact evaluations.

C.
Data Screen Process 


There was no screening.

D.
Model Statistics 


As displayed in Table 6, there were no lost savings therefore survival rates for the first nine years could not be calculated.  

E.
Model Specification 


As displayed in Table 6, there were no lost savings therefore survival models for the first nine years could not be fit.  

F.
Measurement Errors 


Considerable care was taken to make the engineering simulations as accurate as possible and to reflect the technical degradation following appropriate engineering principles and the results of the Statewide Technical Degradation study.  

G.
Influential Data Points 


The fourth year persistence study reported a minimal amount of lost savings at one site where the incented occupancy sensors were thought to be permanently disabled.  However the ninth year persistence study found that those occupancy sensors were not permanently disabled and had been brought back into service in the past five years so all of the savings was assumed to have survived.


H. Missing Data 


In the survival-analysis methodology, we were prepared to use a technique called censored data to handle the fact that failure dates were generally unknown.

I.
Precision 


If a persistence analysis were warranted, the standard errors for the model parameters and EUL estimates would have been calculated using the jackknife procedure described in Appendix B.

Appendix B   Jackknife Methodology

Introduction

The results of this study were developed by first collecting data for a sample of projects selected from the program population following a stratified sample design.  If we had found any failures, then using stratified ratio estimation we would have estimated the persistence of the whole-building savings of the program, and finally, using statistical survival analysis we would have estimate the EUL under various survival models.  If the data had been collected following a simple random sampling plan, if the analysis of retention had been carried out at the measure level, and if there was the same savings for each measure of a given type, then standard statistical survival analysis could have been used to calculate the standard error of the estimated EUL.  But if a stratified sample design has been used with varying sampling fractions from stratum to stratum, and if the savings are considered at the whole-building level so that failure is not a binary phenomenon, then the standard survival analysis is not appropriate. Two related questions arise – whether the case weights that reflect the sample design should be included in the statistical modeling, and how to assess the statistical precision of the results.

Using Weights

The case weight is defined to be the reciprocal of the inclusion probability, i.e., the probability that each project is included in the sample.  For a stratified sample design the case weight assigned to each sample point in a given stratum is equal to the number of population units in the stratum divided by the number of sample units in the stratum.  In this study, the sample used in the fourth-year persistence study was selected from the sample used in the first-year persistence study so the overall inclusion probability is the product of the inclusion probabilities in each of the two stages of sampling. The use of these weights with stratified ratio estimation provides unbiased and consistent estimators of the current persistence of savings.  

The persistence of savings is of interest in its own right and is the determinant of other more complex statistics such as the equivalent useful life (EUL).  

Statistical Precision

Any complex statistic such as the EUL that we can calculate by applying statistical modeling to sample data can be regarded as having a sampling distribution.  In other words, the value of the statistic can be expected to vary from sample to sample across all possible samples.  We often assume that in large samples the expected value of the estimator is approximately equal to the value of the population parameter that would be obtained in theory if it were possible to apply the statistical modeling to the data for entire population.  Under this assumption, we assess the statistical precision of the estimator by estimating the standard deviation precision of the estimator in repeated sampling.

Sarndal
 and others have described a method called the Jackknife.  The Jackknife technique is a computationally intensive but well-regarded method for evaluating the statistical precision of a complex modeling procedure.  In the context of the present study, the basic idea is to drop one project at a time from the sample, adjust the case weights accordingly, apply the stratified ratio estimation to estimate the persistence of the program using the remaining data, and use the survival modeling technique to analyze the resulting persistence.  The variance of the resulting estimates of the model parameters and EUL is used to calculate their standard errors.

In his equation (11.5.7), Sarndal suggests that the estimator of the variance can be calculated using the equation:
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In our application, 
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.  In our application the case weights themselves were used to define the unique strata.  Fourteen strata were defined in each of the two program years.  Four strata had only one sample project per stratum.   These projects were retained in each of the Jackknife samples.  Altogether, 150 separate Jackknife samples were analyzed to estimate the variance of the model parameters and the EUL.

An approximate 80% confidence interval was calculated as 
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 .  If the ex-ante value of the EUL was outside of the resulting confidence interval, we rejected the ex-ante value.  If the confidence interval included the ex-ante value, then the hypothesis was accepted that the true value was equal to the ex-ante value.

Appendix C   Telephone Survey Instrument

Site ID : {RLW ID}

Site Name: {SITE NAME}

Contact Name: {CONTACT}

Title: {TITLE}

Role/Responsibility: {ROLE}

Phone Number: {PHONE}

Program Year: {PY}
Strata: {STRATA}

Call Log:

[image: image1.png]SOUTHERN CALIFORNIA
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Hello {contact name} my name is {surveyor}.  I am calling from RLW Analytics, Inc.   We are an independent contractor hired by {utility} to evaluate their Commercial New Construction programs.  Neither I nor anyone else connected with this study will attempt to sell you anything. Your name and responses will not be used for any purpose other than this study.  We understand that you previously participated in a study in {program year} to determine the energy savings that resulted from the program measures that were installed in your building at {address}.  You also participated in a second study a few years later that determined if the energy efficiency measures were still in place. My call today is a follow up to the second study, which the California Public Utilities Commission has mandated {utility} to conduct. 
Q1.  Are you the owner or the owner’s representative of {name of building} at {address}?

01 Yes 

02 No (Get referral info)     
Name:________________________________

098 Don’t Know (Get referral info)
Phone:________________________________
099 Refused (Thank, attempt to get referral, and terminate)

The survey is very short, and normally takes less than 5 minutes. Upon completion of the survey we will mail you a gift card or e-mail you a $20 gift certificate from any of the following retailers.

	REI
	Barnes and Noble
	Amazon
	Best Buy*

	Hollywood Video*
	Macy’s
	Target
	Sportmart


* Gift card, requires accurate mailing address.

Q2.  Is this a good time for you to answer a few questions?

01 Yes

02   No 
   Call back (Get time/date)

Date/Time:___________________



Call someone else (Get referral)
Name/Phone:__________________


Refused participation

Q3.  Is the space at {address} currently vacant or occupied?

01 Occupied                Go to 4
02 Vacant                    Go to 3A
098 Don’t Know (Get referral information, start survey over with referral)
099 Refused (Attempt to get referral)
Q3A.  When did the most recent tenant move out?

Month______  Year______


Q3B.  Why did the most recent tenant move out?

01 Lease Expired

02 Evicted

03 Tenant Broke Lease

04 Building Unusable


05 Other_____________________________

098 DK

099 REFUSED

Q3C.  Are you actively attempting to lease the space?

01 Yes - Temporary Vacancy    
Schedule On-Site at end, Continue at Q5.                                           
02 No - Permanent Vacancy 

Not likely On-site is Necessary.                                                               

098 Don’t know (Get Referral)

Name____________________________
099 Refused (Get Referral)

Phone____________________________
If No, get details _________________________________________________________________________________________________________________________________________________________________________________________________________

Q4.  Has the tenant in the building changed since 1998?

01 Yes

Continue, Schedule On-Site After Survey                     
02 No                     Go to 5

098 DK (Get referral, and continue survey) Name___________________________
099 Refused (Get referral, and continue)      Phone___________________________
Q4A.  When did the tenant surveyed in 1998 move out? (OK to approximate)
Month________ Year________

According to our records, the space at {address} received incentives in {Program Year} for {types of equipment} 

Q5. Would you describe the {type of equipment} incented in the program as in place and working, in place, working, but not in use, in place but not working, or as removed or partially removed? (Read for each incented measure)
 (Enter a check for the corresponding responses in the table below) 
	Q#
	Measure
	CODE
	Don’t Know

(get contact info)

	Q5A
	{Lighting}
	
	

	Q5B
	{Shell}
	
	

	Q5C
	{HVAC}
	
	

	Q5D
	{Other}
	
	


CODES:

1=IN PLACE AND WORKING  (SKIP TO Q14)

2=IN PLACE WORKING, BUT NOT IN USE (SKIP TO Q14)

3=IN PLACE AND PARTIALLY WORKING (SKIP TO Q11)

4=REMOVED/PARTIALLY REMOVED (SKIP TO Q6)

5=IN PLACE NOT WORKING (SKIP TO Q11)

6=NOT APPLICABLE

Q6.  Why was the equipment (removed or disconnected)?

	Q#
	Measure Description
	CODE
	Other

	Q6A
	{Lighting}
	
	

	Q6B
	{Shell}
	
	

	Q6C
	{HVAC}
	
	

	Q6D
	{Other}
	
	


CODES:
1 = NOT USED

2 = DAMAGED  

3 = REMODEL

4 = TENANT IMPROVEMENT (TI)

5 = OTHER (DESCRIBE)

6 = NA
Q7.  When was the equipment (removed or disconnected)? (OK to approximate, best estimate)
	Q#
	Measure Description
	Date (Month/Year)

	Q7A
	{Lighting}
	

	Q7B
	{Shell}
	

	Q7C
	{HVAC}
	

	Q7D
	{Other}
	


Q9.  Was this part of a larger modification to the building?

01 Yes

02 No                  Go to END, OR Q11 if applicable for other measures

098 Don’t know

099 Refused

Q10.   Please list, to the best of your recollection, the modifications that were made.


(Circle all that apply)

01 Lighting Systems

02 Shell

03 HVAC Systems

04 Other Energy (verbatim):

05 ______________________________________________________________________________

06 Cosmetic Changes

07 Building Additions

08 Demolition

09 Other_____________________

               
Go to end, or 11 if applicable
Q11. Please explain why the measure is no longer functional?

	Q#
	MEASURE DESCRIPTION
	CODE
	Description of Failure

	Q11A
	{Lighting}
	
	

	Q11B
	{Shell}
	
	

	Q11C
	{HVAC}
	
	

	Q11D
	{Other}
	
	


CODES:

1 = MECHANICAL/TECHNICAL FAILURE      2 = OTHER  (DESCRIBE)       3 = DON’T KNOW 

Q12.  Approximately when did the equipment stop working?

	Q#
	MEASURE DESCRIPTION
	DATE (Month/Year)

	Q12A
	{Lighting}
	

	Q12B
	{Shell}
	

	Q12C
	{HVAC}
	

	Q12D
	{Other}
	


Q13.  Are there plans to replace the non-functioning equipment?

	Q#
	MEASURE DESCRIPTION
	CODE 
	Other

	Q13A
	{Lighting}
	
	

	Q13B
	{Shell}
	
	

	Q13C
	{HVAC}
	
	

	Q13D
	{Other}
	
	


CODES:

1 = YES, AS SOON AS POSSIBLE

2 = YES, IN THE NEXT FEW MONTHS 

3 = YES, WITHIN IN A YEAR

4 = YES, BUT NOT SURE WHEN 

5 = NO PLANS TO REPLACE

6 = OTHER (DESCRIBE) 

7 = DON’T KNOW

Q14.  Have any other modifications been made to the building?

01 Yes

02 No
         Go to end

098 Don’t know

099 Refused

Q14A.  Please list, to the best of your recollection, the modifications that were made. 

(Circle all that apply)

01 Lighting Systems

02 Shell

03 HVAC Systems

04 Other Energy (verbatim)

_____________________________

05 Cosmetic Changes

06 Building Additions

07 Demolition

08 Other_____________________

END - - - - Schedule On-Site if Necessary

At this time would like to schedule an on-site survey of this facility because the energy efficiency measures that were rebated have changed. As part of the on-site survey, the engineer assigned to your project will collect information on the affected measures so that we may understand the full extent of the changes that were made. This will in no way affect the rebate you were given, the utility simply needs to understand the average life expectancy of the energy efficiency measures they help pay for. The information we collect is in turn used to aid in future energy efficiency program design. 

Are you the right person to talk to about scheduling an on-site visit. We anticipate the site visit will take between 1 and 2 hours, or less.  The time depends upon the complexity and number of measures that require inspection. For agreeing to participate in the on-site survey we would like to thank you by providing a $50 gift certificate from any of our qualified retailers. 

	REI
	Barnes and Noble
	Amazon
	Best Buy*

	Hollywood Video*
	Macy’s
	Target
	Sportmart


Address:_________________________________________________________________

	Date:
	Time:
	By: 
	


End  

That completes the survey.  We appreciate the time you have taken to participate in this study.  

Contact Log:

Decision Maker
Name:



Phone: 

Email:





Building Measures
Name:



Phone: 

Email:



Site Contact

Name:



Phone: 

Email:




Other


Name:



Phone: 

Email:



Misc. Notes

On-site Details

Appendix D   On-site Write-ups

In this section we provide write-ups for the thirteen sites that required site visits.  None of the thirteen sites visited had failed savings.  

RLW ID:  94S196

Bldg Type:  Retail / Wholesale

Original Measure Description:  Indoor lighting, occupancy sensors 

Reason for RLW follow-up On-site:  The T12 lighting in stock rooms have been converted to T8 energy savers.

On-site Findings:  In the stock rooms, the T12 linear fluorescent lighting was converted to T8 technology approximately two years ago.  No other changes were made to the existing lighting system.  Below is an inventory of the surveyed lighting in the stock areas.

[image: image32.emf]Space F41LL F42LL F43LL F44LL

1st Flr Stock areas 22 32 1 2

2nd Flr Stock areas 3 3

3rd Flr Stock areas

15 24 1


Necessary Actions:  No model changes are required.

RLW ID:  94S200

Site Name:  Retail / Wholesale

Original Measure Description: Indoor lighting, HVAC 
Reason for RLW follow-up On-site:  There was a change in tenancy and the store was closed.

On-site Findings.  The surveyor went to the vacant site and was unable to gain access to the building.  They observed through the windows that the lighting appeared to still be in place and had not been removed at that time.  The city of La Habra redevelopment agency was contacted in regards to this property.  They said that the current owner is selling the property and the site is proposed for reuse as a multi-tenant building.  They city of La Habra provided the phone number of their contact for the owner.  When contacted, the owner’s representative stated that the lighting and HVAC system had not been removed or changed at this time.  He said that they had submitted an application for redevelopment at the site but the plans were incomplete and the city said it would be at least another month from 9-30-03 (date of interview) until they would review the owner’s application.  The owner’s representative put us in contact with the project manager for the owner in regards to any proposed changes to the existing building.  He said that in 3-4 months that the lighting would be changed to suit the new tenants and the HVAC systems would remain unchanged.  Currently the owner does not have the approval of the city to make any changes and until then the existing building conditions will remain. 

Necessary Actions:  No model changes are required.

RLW ID:  94S201

Bldg Type:  Retail/Wholesale

Original Measure Description: Indoor lighting, HVAC, Energy management system

Reason for RLW follow-up On-site:  There was a change in tenancy and the store was closed.
On-site Findings.  The surveyor went to the vacant site and was unable to physically observe the inside of the building or the roof.  It did not appear as though any changes had been made to the building since it had been vacant.  The surveyor then contacted the property management company for the building who stated that the store closed in July 2003.  No changes had been made to the building since it was first occupied, at the time of the interview. The owner is currently trying to sell the building.

Necessary Actions:  No model changes are required.
RLW ID:  94S203

Bldg Type:  Retail / Wholesale

Original Measure Description:  Indoor lighting

Reason for RLW follow-up On-site: The existing T-12 fluorescent fixtures were replaced with T-8 fluorescent fixtures. 

On-site Findings.  In the retail sales area, the 1,085 T12 F82EL fixtures were replaced with 1,085 T8 F43LL.    The 60 T12 F42EL fixtures were also replaced with 60 T8 F42LL.  The new lamp fixtures are eight feet long with a four foot cross section.  The stock area had no changes to the lighting system.  The surveyor concluded that the incented LPD reduction is persisting since the system was more efficient than it was previously. 

Necessary Actions:  No model changes are required.
RLW ID:  94S216

Bldg Type:  Retail / Wholesale 

Original Measure Description:  Indoor Lighting, EMS, and HVAC  

Reason for RLW follow-up On-site:  The existing 400-watt metal halide lamps were replaced with T5 linear fluorescent lamps.

On-site Findings:  In the retail sales area, the owner replaced (368) 400-watt metal halide fixtures with approximately 360 T-5 linear fluorescents.  This changed the space LPD from 2.63 w/sf as modeled to approximately 2.18 w/sf.  The lighting in the office area was not changed.  The HVAC systems were observed and unchanged.

Necessary Actions:  No model changes are required.
Notes: 
The installed LPD is equal to or less than the LPD pre retrofit.  The LPD of 2.18 is an approximation based upon site observations of fixture configuration and default fixture power consumption for T5 high output lamps.

[image: image33.emf]Space Ext. Fixture Ext. Fixt # New Fixture New Fixt #

Retail Sales MH400 368 T5 HO (6L) 352

      T5HO (3L) 8


RLW ID:  94S228

Site Name:  Grocery

Original Measure Description:  Indoor lighting

Reason for RLW follow-up On-site:  There was a change in tenancy at this site.

On-site Findings:  The building is now occupied by a different grocery store.  The building lighting in the main store was changed from the original T12 rebated lighting.  There was no change in lighting for the bakery/produce, pharmacy, and rear loading areas. The following lighting is currently installed in the main store area.  The LPD for the main store grocery is equal to or less than the originally installed lighting.

[image: image34.emf]Fixture Main Store

F44LL 134

F43LL 75

F42LL 2

F42LL

Delamp from 4 lamp 104

F81SE 9

F42EE  6


Necessary Actions:  No model changes are required.

RLW ID:  94S242

Site Name:  Medical / Clinical

Original Measure Description:  Indoor lighting, HVAC  

Reason for RLW follow-up On-site:  This site replaced two 5hp chilled water pumps with two 20hp pumps.
On-site Findings:  There were originally two 5hp secondary chilled water pumps with variable speed drives.  They were replaced with two 20hp secondary pumps equipped with variable speed drives.  In addition to the change out of the chilled water pumps, a new air handler was added to serve additional office space totaling 7,800 square feet.  The new air handler is connected to the existing system.  

Necessary Actions:  No model changes are required since the replacement pumps are meeting the load served at equal or greater efficiency than the original pumps.
Notes: 
The two 20 hp chilled water pumps have a nominal efficiency of 92.4% each and are equipped with VSDs.  The new air handler is a Trane model # MCCA014H13E0BAB0AA00, serial # K98J91351 it is equipped with VSDs on the 10 hp supply and 7.5 hp return fans.  The new air handler serves a new 7,800-sqft Office building.    

RLW ID: 94S272

Site Name:  Retail / Wholesale

Original Measure Description:  Low LPD with a lighting system consisting of 34W T-12 lamps and energy efficient magnetic ballasts.  High Efficiency packaged rooftop air conditioning units.

Reason for RLW follow-up On-site:  The site contact indicated a conversion of the T-12 lamps and energy efficient magnetic ballasts to T-8 lamps and electronic ballasts.    No changes to the air conditioners were reported. 

On-site Findings:  The assistant manager indicated that the electrical contractors did a retrofit of the T-12 lamps to T-8 lamps without adding extra fixtures and/or lamps.  

Necessary Actions:  No model changes are required.
RLW ID:  94S286

Bldg Type:  Office

Original Measure Description:  Indoor lighting

Reason for RLW follow-up On-site:  Respondent said they had replaced one occupancy sensor due to equipment failure.  They also converted existing warehouse space into conference rooms.

On-site Findings:  The original occupancy sensor that failed was replaced but surveyor could not determine the exact one that was replaced.  The warehouse space that had been converted to conference was previously unconditioned space and was not included in the original LPD measure.  Therefore it did not change the LPD of the existing condition.  

Necessary Actions:  No model changes are required.

Notes:  New Spaces- Conference room = 2,000 square feet, Kitchen = 96 square feet, Computer Lab = 936 square feet.

[image: image35.emf]Space Fix Type # Fixt

Conference F43LL 16

CFQ 42 67

MR16(50) 24

Biax 39w 8

Computer Lab F43LL 12

CFQ 42 50

Biax 39w 7

Kitchen F43LL 2


RLW ID: 96S4

Building Type:  Retail / Wholesale
Original Measure Description:  Low LPD with daylighting controls and high performance skylights.  HVAC energy reduction from high efficiency packaged air conditioners.  

Reason for RLW follow-up On-site:  RLW could not make contact with original owner or the current owner of the building determine if any changes to the measures had occurred.  The participant in the program was the original owner and they are now out of business.

On-site Findings:  A field surveyor attempted to visit the site unannounced to determine who is currently occupying the building and found it to still be vacant.  The original owner’s sign had been removed but the outlines of the sign could still be seen.  The surveyor was unable to gain site access to verify the measures, therefore they were assumed installed and the space was vacant waiting for a new tenant to take over.


10/1/03: Conversation between:

Redevelopment Agency & RLW

The project manager of the address noted above he said a few months ago a new owner purchased the building and they intend to convert the retail/wholesale building into a grocery store. No plans have been submitted they are still several months away before their plans will be approved. 

10/3/03: Conversation between:

Present owner’s facilities engineer & RLW

The present owners acquired the building 30-45 days ago and they intend to convert the building into a grocery store and expect the building to be completed in approximately April of 2004. As far as the energy management systems rebated: Day lighting Controls, LPD, and HVAC Energy Reduction. They intend to remove all MH 400 fixtures and T-12 lighting is going to be converted to T-8 lighting with electronic ballast. Approximate timeline for renovation 6-8 months. Day lighting controls maybe used again as they intend to convert 5% of the roof area to skylights. Glazing is likely to be removed in some areas, specifics unknown. HVAC systems are likely to stay in place and supplemented with additional units.

Necessary Actions:  Construction documents not completed, no changes to the model.  

RLW ID:  96S115

Building Type:  Libraries

Original Measure Description:  Whole Building- LPD, HVAC (VFD’S, Prem. Eff. Motors)  

Reason for RLW follow-up On-site:  The site changed HID lighting to CFL lighting.
On-site Findings:  There were 126 metal halide 70-watt fixtures originally installed.  They replaced 79 of the existing metal halide fixtures with 21-watt compact fluorescents, within hanging fixtures closer to the work surface.  The change-out was done to reduce the energy consumption and cooling load on the HVAC system.  In addition to the change in lighting they also replaced the existing chiller with a larger unit.  The original chiller was not included as an existing measure.  No other changes were found on-site. 

Necessary Actions:  No model changes are required.
RLW ID:  96S119

Building Type: Fire/Police/Jails

Original Measure Description:  Whole Building- (Premium efficiency motors, enthalpy economizers, efficient chiller, LPD.)

Reason for RLW follow-up On-site:  Relamping of the linear fluorescent lighting system and a VFD added to a 400-ton chiller.

On-site Findings: The existing linear fluorescent lighting at this site has been relamped with 3rd Generation T8 technology.  The site contact said that the lighting change out would be completed in October of 2003.  A VFD was added to one of the 400-ton chillers.  The VFD retrofit to the 400-ton chiller was completed 7-24-03.  The remaining incented conditions were verified to be persisting. The VFD on the chiller was incented and the site contact stated that Seimens assisted the county with the incentive application for VFD on centrifugal Chiller.  The lighting change out did not receive an incentive according to the site contact. 

Necessary Actions:  No model changes are required.

Notes:  The 400 ton chiller that was retrofitted with a VFD is a York model #YTH1JE2CRG.  The original staging sequence of the chillers has been changed but the capacity remains the same.  Original chiller sequence- 200 ton, 400ton, 400-ton Backup.  New chiller sequence- 400 ton, 200 ton, 400 ton Backup. 

RLW ID:  96S131

Building Type:  C&I Storage

Original Measure Description:  Systems (VFD, Premium Eff. Motors), Lighting controls

Reason for RLW follow-up On-site:  This site replaced premium efficiency motors on AHU’s, due to equipment failure.

On-site Findings.  Upon conducting the on-site visit it was determined through an interview with the plant manager that 5-6 supply fan motors on AHU’s were replaced due to equipment failure.  The exact AHU numbers could not be determined due to the number of AHU’s and the complex configuration.  The contact did state that the motors that were replaced were the same or more efficient than the original equipment installed.  The number of AHU’s and model numbers of the existing units were verified on-site.  In addition to the change in the original measures they replaced two existing chillers with 5 smaller units controlled by VFD’s.  A cooling tower was also added to the existing cooling tower.  Neither the original chillers nor cooling tower were part of the incented measures.  No load was added to the system.  The changes made were to increase capacity and efficiency of the system.   
Necessary Actions:  No changes to the model.  

� “Summary Report of Persistence Studies: Assessments of Technical Degradation Factors, Final Report,” CADMAC Report #2030P, Proctor Engineering Group, February 23, 1999.


� The LIFEREG procedure fits parametric accelerated failure time models to survival data.


� “Summary Report of Persistence Studies: Assessments of Technical Degradation Factors, Final Report,” CADMAC Report #2030P, Proctor Engineering Group, February 23, 1999.


� The report did provide a TDF for Oversized Evaporative Cooled Condenser measures (M03) but it assumed an air cooled condenser as a baseline as typical of a retrofit measure.  The relative degradation was assumed to be caused by mineral scale buildup on the wetted condenser surfaces, which can occur in evaporative condensers but does not occur in air-cooled condensers.  In NRNC, the baseline was a standard-sized water-cooled condenser rather than an air cooled condenser.  Oversized evaporative condensers are designed to reduce the refrigerant condensing temperature relative to a standard sized unit.  Since scale deposition increases with increasing water temperature, the relative degradation of an oversized condenser should be less than a standard unit, and the TDF should be greater than 1.0.  We conservatively assumed a TDF of 1.0 for this measure.


� Peterson, G. and J. Proctor. 2/22/1999. Persistence 3A: An Assessment of Technical Degradation Factors for Commercial Air Conditioners and Energy Management Systems, Final Report. San Francisco, CA: Persistence Subcommittee, California DSM Measurement Advisory Committee (CADMAC Report #2028P).





� C. E. Sarndal, B. Swensson, and J. Wretman, Model Assisted Survey Sampling, Springer-Verlag, 1992.  See Section 11.7, pp. 437-442.





�The “would have”  approach here is fine, but this first paragraph  is probably all you need. 
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