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Southern California Edison - Study 540
1996 Commercial Energy Management Hardware Rebate Program Impact Evaluation
Introduction and Executive Summary

The 1996 Commercial Energy Management Hardware Rebate Program Impact Evaluation (the Study), performed by Regional Economic Research, Inc. (RER), evaluated the gross and net energy and demand savings of Southern California Edison's (SCE) commercial energy management programs.  RER used a combination of billing analysis,  engineering review,  realization rate analysis, and a levelized savings approach for both program participants and non-participants to determine the estimated savings for SCE's commercial sector.  The studies examined electric usage and purchase decisions by program participants and non-participants.  On-site surveys were conducted by the engineering firm ADM Associates (ADM).

Program Studied

SCE's 1996 Commercial Energy Management Hardware Rebate Program (96 EMHRP) provided monetary incentives to commercial utility customers for installing certain energy-efficient equipment as part of a rebate program.  Measures eligible for financial incentives include the following:

· Compressed Air Systems - these include air compressors and air compressor systems.

· Industrial Relighting - indoor and outdoor lighting system replacements and modifications and daylight system controls are eligible.

· Chilled Water Systems - these systems include chillers, chilled water pumps, condenser pumps, cooling towers, and air handling distribution system improvements.

· Energy Management Systems (EMS) - hardware and software systems that control energy usage within a building or process include lighting controls, space conditioning controls, commercial refrigeration controls, process controls, and water services controls.

· Supermarket Energy Optimization (SEO) - SEO applies to most aspects of food stores including lighting, space conditioning and commercial refrigeration.

· Hydraulic pumping Systems - adjustable speed drives (ASD) provide energy savings for hydraulic pumping systems in agricultural and water service uses.

· Component Incentives - lighting incentive measures include outdoor lighting system replacements and modifications, LED exit signs, and delamping.  Space conditioning incentive measures include air- and water-cooled air conditioners.

Although some of the categories were designed for specific sectors (e.g., industrial relighting), participants in other sectors (such as commercial customers) were permitted on occasion to apply for these category-specific incentives.

There were approximately 312 coupons written under the 96 EMHRP.  These coupons were written not only for individual sites, but for companies with chain outlets and multiple accounts at the same sites.  These coupons represented 775 different sites, with a site defined as a premise or premises served by a single account of group of accounts where the service name is the same, and the premise or premises are on the same side of the street and/or share the same transformer.

The measures installed in the 96 EMHRP were predominantly:

· ASD's for motors and space conditioning equipment,

· EMS's for space conditioning and lighting,

· disconnecting/rewiring lamps

· LED exit signs.

Methodologies

The Study  used a combination of billing analysis, engineering review, statistical analysis and on-site surveying and end-use monitoring  for both program participants and non-participants to determine the gross and net estimated savings for SCE's commercial sector.  Data sources included copies of program records,  extract files from SCE's billing/customer data, weather data, on-site survey and end-use monitoring data, and engineering estimates.

Summary of Findings

The following issues summarize the main finding of the Study:

· Realization Rates - the realization rate for indoor lighting is 0.68; for HVAC it is 1.03; for refrigeration it is 1.03.

· First-year Net-to-Gross Ratios - the first-year net-to-gross (NTG) ratio for indoor lighting is 0.95; for HVAC, the NTG ratio is 0.989; for refrigeration, the NTG ratio is 1.00.  These high values represent low free-ridership in the retrofit programs and are fairly typical where a customer may not have a pressing need (such as equipment failure) to engage in a conservation activity.

· Overall Net-to-Gross Ratios -  the overall NTG for indoor lighting is 0.795; for HVAC, the overall NTG ratio is 0.924; for refrigeration; the overall NTG is 1.00.

Recommendation to DRA

RER "levelized" the gross kWh and kW savings values by developing a timeline of savings, using a weighted savings amount and  the useful lifetime value of each program measure.  This stream of savings was then collapsed to its present value to calculate a constant or levelized annual savings amount..  ECONorthwest (ECONW)  recommends that the levelized gross realized savings estimates be dropped in favor of the gross realized savings.  Gross realized savings are obtained by multiplying the weighted savings amount by the coefficient (or realization rate) from the regression model.  

In addition, RER levelized the NTG ratio.  For each year of a measure lifetime, a stream of gross  savings, the present value of those savings, realized savings and NTG ratios were calculated.  The levelized or "overall" NTG ratio is calculated by summing the products of the gross realized savings for each year by the NTG ratio for each year and dividing this value by the sum of the gross realized savings. ECONW recommends that the overall NTG ratios be dropped in favor of the first-year NTG ratios.

Removing the levelization  from the gross savings values and the NTG ratio results in a decrease in all gross realized load impacts and an increase in one of the net realized load impacts. For lighting, the gross realized load impacts decrease from 20,769,622 kWh to 18,918,035 kWh (a decrease of  1,851,587 kWh), and from 4,392 kW to 3,799 kW (a decrease of 593 kW) .  The net realized kWh load impact increases from 16,131,726 kWh to 17,072,784 kWh (an increase of 941,028 kWh), while the demand impact increases from 3,460 kW to 3,539 kW (an increase of 79 kW).

For HVAC, removing the levelization results in a decrease in the gross realized load impacts of 13,950,105 kWh to 13,238,094 kWh (a decrease of 712,011 kWh)  and a demand decrease of 1,785 kW to 1,566 kW (a decrease of 219 kW).  The net load impacts increase from 12,866,960 kWh to 13,092,475 kWh (an increase of 225,515 kWh) and the demand impact decreases from 1,649 kW to 1,549 kW (a decrease of 100 kW).   Removing the levelization does not change the refrigeration estimates. 

Data and Documentation Quality

The data and documentation, although copious, were not complete.  Several key datasets were not provided initially, and not all program code needed to replicate the analysis from raw data to final analysis dataset were provided.  The data and documentation that were provided were well-organized.

Data

The datasets and programming code for this Study were made available on a compact disk.  The files were well-organized and arranged into three folders:  

· DATA - the DATA folder contained:  twelve raw datasets in comma delimited format (CSV extensions) , two zipped files containing 126 Excel spreadsheets (XLS extensions), and two additional zipped files containing 226 tables from a Paradox database (113 with DB extensions, 113 with PX extensions).  In addition, a copy of the Winzip95 utility was provided in this folder.

· DBASE - the DBASE folder contained forty-six SAS datasets in export format (XPT extension).

· CODE - the CODE folder contained thirty-five files of SAS programming code (SAS extension).

In spite of all this, three SAS source files and one of the raw data files (CSV file) necessary to run the SAS code were missing.  In addition, four of the intermediate files produced during development of the final analytic data base, and all SAS files created during the uploading of the Paradox data base were not provided on the CD-ROM either.  The final spreadsheet used to apply the realization rates and NTG ratios to the gross savings values was also not present on the CD-ROM.  The SAS source files and raw data file were provided via electronic mail when requested; however, this took almost a week because the data for the Study was no longer resident on RER's computer system and had to be restored from a backup tape, and because the first e-mail transmission failed to arrive.  The final analysis spreadsheet and SAS files developed during the uploading of the Paradox database were also transmitted via e-mail at ECONW's request, so that these analyses could be replicated. 

In addition, some SAS code and documentation regarding the uploading of the Paradox database information into SAS was not included.  

ECONW had no trouble reading the data provided on the CD-ROM or via e-mail. SAS files in export format were easily moved into the appropriate platform.  The SAS programs ran with only minor adjustments for path names.  Some SAS code involving larger datasets (one was 44 MB) had to be edited in order to run the program within the limits of available memory by paring off all but the necessary variables and presorting the resultant data set.

Documentation 

The Study was well-documented with copies of SAS code, the Report, and on-site survey instrument provided.  The documentation was organized into two binders:

· The first binder contained the Study Evaluation report (the Report), entitled, 1996 Commercial Energy Management Hardware Rebate Program Impact Evaluation - Study 540.  The Report contained approximately 170 pages documenting methods and findings, along with an Appendix containing the 30-page on-site survey questionnaire used by ADM , as well as Tables 6 and 7 required by the Protocols. 

· The second binder contained approximately 600 pages of information relating to database development.  This information included prints of SAS code used to develop the database, a copy of the survey instrument used to perform the on-site audits, SAS Proc Contents dataset descriptions, flow charts, some partial file dumps, and program output.  In addition, the binder contained a three-page summary description of the development of the different components of the database. Each SAS program contained a header record, detailing the input and output files, programmer name, and a brief description of the purpose of the program.  The SAS code contained some annotation, which assisted in following the data flow.  However, many important variables were unlabeled and the variable names themselves were not descriptive  which made it difficult to recognize what the data represented and follow the information down through the programs. The copy of the on-site survey instrument was overtyped with SAS variable names.

There are several suggestions for improvement.  The first suggestion is that a narrative description should have been provided of the effort entailed in moving data from the Paradox data bases into SAS files, along with the  SAS code used to do this.  The second suggestion is that the documentation should include a detailed description of all source files (i.e., those not developed in the SAS code during the course of the analysis).  This includes SAS files provided by the sponsoring utility as well as raw data files.  The third suggestion is that flow charts for each analysis step should be fleshed out, detailing all input and output datasets.  The flow charts provided in some sections of the documentation were extremely spare.  Only a detailed examination of the program code provided the necessary information to really understand the data flow, which slowed down the verification process.  In addition, an overall flow chart of the flow of data for the entire study from raw data to final analytic data set would have been helpful and appropriate.

Replication and Analysis

Review of Dataflow and Analytic Approach(es)

This Study integrated and analyzed massive amounts of data from several different sources.  The ultimate goal of the analyses was to produce estimates of gross and net  program impacts on demand and energy. 

Analysis of the 96 EMHRP involved the development of two databases:  a panel database of monthly observations used to estimate the realization rates, and a cross-sectional savings database used to estimate the NTG ratios.

Panel Database

The panel database consists of monthly observations for each site and a set of variables used to fit the realization rate model specification.   Data  sources included the program data, weather data, consumption data, on-site survey data and engineering estimates.  These data were available for both participants and nonparticipants.  

The sample design for the on-site surveys required an attempted census of program participants who installed HVAC, indoor lighting, and/or refrigeration measures.  Participants were divided into three groups:  regular - rebate coupon covers only a single SCE Customer Service System (CSS) account; multiple - rebate coupon covers multiple sites where there are one or more CSS accounts all in the same general location (e.g., malls or office complexes), and chain - rebate coupon written to cover many site accounts, all of which are at different locations (e.g., chain drug stores or supermarkets).  The process of identifying sites from coupons resulted in a sampling frame of 775 sites.  These sites were further screened so that only sites installing measures specified in the CPUC protocols (i.e., indoor lighting, HVAC, or refrigeration) were included.  The final participant sampling frame consisted of 366 sites.  A census was attempted of all non-chain stores, and a completed sample of 19 of the chain stores was attempted.  Chain stores were further stratified by store type and measures installed.  RER selected 300 sites for the sample and completed 269 surveys.    

The sample design for nonparticipants required a  completed sample of 300 nonparticipants.  Nonparticipants were screened using criteria such as incompleteness of billing data, recent (last 12 months) participation in an SCE  on-site survey, participation in other SCE 1996 DSM programs.  Those nonparticipants who passed through the screens were then stratified on annual consumption and building type using  strata developed when  stratifying the participant sample. The resultant sample frame consisted of 2,976 sites.  RER selected contacted 1,116 sites for the sample and completed 308 surveys.  In neither the participant nor nonparticipant database was any correction for self-selection bias made. 

Weather variables used in the database were created from both typical meteorological  weather and actual weather. Normal weather data was obtained by using typical meteorological year (TMY) weather data by California Energy Commission (CEC)  weather zones.  Actual weather data was obtained from SCE's weather files. The data covered the period of January 1991 through September 1997 for each of 24 weather zones.  Monthly high and low temperatures by weather zone were used to construct heating degree days (HDD) and cooling degree days (CDD).

Billing data from SCE was obtained for the period of December 1994-September 1997, matched appropriately to sites, and calendarized to represent monthly observations. A database of  engineering savings estimates calibrated for lighting, HVAC and refrigeration along with completed survey data, weather and billing data was combined into one final integrated data base.  This data base was used to run the regression models that produced the realization rates. 

Two regression models were specified:  a "change form" model, in which the dependent variable was the change in energy consumption for a site over a 12 month period (i.e., the change in January for year x+1 over January of year x) per square foot, and a "levelized change form" model, in which the dependent variable was the kwh/square foot, and the 12-month lagged energy usage for the site appears on the right-hand side of the model.  This levelized change form model was specified to account for regression to the mean.  Both models exhibited evidence of autocorrelation, which is not unusual in the analysis of time series data.  This problem was addressed using generalized least squares.  Both models produced similar results on the estimates of overall savings; however, the change form model was selected  for use in the study because the coefficients for lighting and HVAC savings were slightly higher.

Cross-sectional Savings Database

The cross-sectional savings database consists of one record for each of the 605 sites:  300 participant and 305 nonparticipant sites.  Data sources included engineering estimates of savings along with the SCE ex ante estimates, and case weights (to expand the sample up to the population).  These data were merged with the final integrated panel database to obtain the first-year NTG ratios.  NTG ratios were calculated using a "difference of differences" approach.

Data from the final SAS program output were used as input to a spreadsheet, where a levelized annual savings amount was calculated by creating a stream of savings and collapsing it to its present value.  The realization rate was then applied to this levelized savings value to calculate a gross realized load impact savings for demand and energy.

The first-year  NTG ratios calculated in the final SAS program were also levelized in an attempt to capture subsequent year free- ridership as follows:

LNTG = n  ((GRSn/1+r)n x NTGR1n)/  n (GRSn/1+r)n
where:

n 

=
The year of the measure life in which the savings occur  

r

=
A discount factor of 3%

LNTG
=
Levelized NTG ratio

GRSn
=
Gross realized savings, kWh, for year n

NTGR1
=
First-year NTG ratio                          

These levelized, or "overall" NTG ratios were then applied to the gross realized savings amounts to produce the net realized demand and energy savings.

Replication Efforts

Most of the data sets and code necessary to replicate this analysis were provided, as previously described in the Data and Documentation Quality section of this report.  Submitting the SAS code provided produced identical copies of the output datasets RER provided on the CD-ROM, with the exception of the final analysis dataset.  Each output data set was compared against it's corresponding RER version and checked to make sure that the number of observations and variables  were the same.  In addition, univariate statistics were run on kWh variables and other similar continuous variables to ensure the data produced during replication exactly matched that produced by RER.  ECONW was able to replicate the analysis, obtaining the same regression coefficients and first-year NTG ratios.  However, because RER's code for the last two analysis data sets write out using the same file name, ECONW was not able to produce the same reportable lighting savings using RER's code; all other estimates were the same.  ECONW did not upload the information in the Paradox data bases; instead, RER sent SAS data sets of the uploaded information and ECONW used these to continue the analysis.  

Review of Database Development

ECONW  did not encounter any problem issues when reviewing the database development for this Study. 

Review of Analysis Procedures

ECONW encountered two issues of concern when reviewing the analytical development for this Study.  

· Levelized Gross Savings Amounts.   RER developed gross savings amounts based on the useful life of each measure and reportable savings (i.e., the difference between baseline usage - the level of energy usage or demand for measures using equipment that just meets state and national standards - minus the post-retrofit energy usage and demand.).  According to the study authors, these levelized values were developed because, "the 96 EMHRP was predominantly a retrofit program with over 97% of ex ante savings attributable to retrofit measures."  (p. 4-14)  Customer and reportable savings for each site surveyed were weighted and summed.  The savings estimates were expanded up to the population using weights developed for each building type and consumption stratum.  A timeline of savings was developed, using the weighted savings amount and  the useful lifetime value of each program measure.  This stream of savings was then collapsed to its present value to calculate a constant annual savings amount.  In the Review memo dated April 30, 1998, Kenneth M. Keating states, "given that there was a correction factor included to get from "customer savings" to "reportable savings," and the fact that the utility's feeder Tables should already account for the differing measure lives, this may be an overcorrection.  It is certainly the first time in the AEAP process that this type of levelized load impacts have been generated by the study authors.  The Verification Report should probably test the alternative decision to simply use the adjusted gross load impacts."  ECONW  did test this alternative decision; the results and recommendations from that test are found under the subheading, "Analysis Modifications." 

· Levelized NTG ratio.  After calculation of the first-year NTG ratio, the study authors calculate an "overall" or levelized NTG ratio.  The study authors state on page G-4 of the Report, "Using the first-year net-to-gross ratios and the useful lifetimes of each of the measures, overall net-to-gross ratios were developed for each measure.  These ratios recognized the retrofit nature of the program and the fact that participants enter the program with existing equipment in various stages of usefulness.  Thus, each year a different number of participants would have faced the decision of whether or not to retrofit their existing equipment had they not entered the program."   In his Review Memo, dated April 30, 1998, Kenneth M. Keating questions the assumption that a fraction of the participants would have been faced with the decision to retrofit their equipment.  "While it is true that if an HVAC system failed completely, it would have to be replaced with Title-24 compliant equipment, at least a portion of the participants would have repaired the old equipment.  And they wouldn't have necessarily gone above Title 24 to the level of the program efficiencies."  Mr. Keating goes on to assert that "participants who were retrofitting lighting equipment in 1996 could have chosen, in the absence of the program to continue replacing failed bulbs and ballasts with like equipment indefinitely."  To see what effect removing the discounting of the first-year NTG ratio would have,  ECONW recalculated the net savings amounts using the newly recalculated gross realized savings amounts and applying the first-year NTG ratios.  The results of this recalculation can be found in the section entitled, "Analysis Modifications".

Modifications to Database and Analytical Procedures

Database Modification

The only changes made to database coding were to make minor adjustments to the code to make the programs run within available memory.  These adjustments did not change the data at all.  

Analysis Modifications

ECONW recommends two changes in the analytic procedures. 

Because this Study is a First Year Load Impact Study and because the study authors gave no clear reason for their decision to levelize the gross program load impacts, ECONW does not feel it is appropriate to levelize the gross annual savings over the lifetime of the measures.  In his review memo, Kenneth M. Keating states, "Given that there was a correction factor included to get from 'customer savings' to 'reportable savings,' and the fact that the utility's feeder Tables should already account for the differing measure lives, this may be an over-correction."  Therefore, ECONW recommends that the adjusted gross load impacts that are calculated in the final SAS program multiplied by the realization rate be used as the Gross Realized Savings.  This change will result in a gross realized load impact of 15,295,883 kWh for indoor lighting, and 13,238,094 kWh for HVAC.  For demand, the change will result in a gross realized demand impact of 3,492 kW for indoor lighting, and 1,566 kW for HVAC.  Using unlevelized values will not have an impact on the refrigeration estimates.  

In addition, ECONW recommends that to calculate the net realized load impacts, the first year NTG ratio be applied to the gross realized load impact values.  On page 5-3 of the Report, the Study authors write, "Because participants enter the program with existing equipment in various stages of usefulness, each year a different number of them would face the decision of whether or not to retrofit their existing equipment, had they not entered the program."  Customers would be more likely to replace or repair their equipment, rather than retrofit, particularly to the level endorsed by the 96 EMHRP.  In addition, Kenneth M. Keating, in his Review Memo dated April 30, 1998 argues that, "the 'difference of differences' approach can not be argued to be so biased in either direction to justify the type of discounting applied in this case."  Given that this is a first year impact evaluation, ECONW feels that the first year NTG ratio would produce a better estimate of first year net impacts.  This change will result in a net realized load impact of 17,072,784 kWh for total lighting, and  13,092,475 kWh for HVAC.  For demand, the change will result in a net realized demand impact of 3,540 kW for total lighting, and 1,548 kW for HVAC.  Refrigeration estimates will not be impacted by this change in methodology. 

Recommended Changes to Filing Parameters

The recommended changes to the filing parameters follow below. 

 Table 1: Net Realized Energy Savings


Table 2: Net Realized Demand Savings


Table 3: Table 6 Adjustments


Appendix A
Review Memo

Ken Keating’s review memo will be sent separately.

Appendix B

Email Correspondence

From: Alan Fields <alan@rer.com 

To: Dorianne Reinhardt Paul <reinpaulco@email.msn.com; Fields, Alan <alan@rer.com 

Cc: Josephson, Alec <josephson@portland.econw.com; Landry, Pierre <LANDRYPH@sce.com 

Subject: RE: SCE Study 540 

Date: Friday, August 07, 1998 12:03 

As the report explains (page 4-9) , the savings from either model are essentially the same with a caveat is that there are some change in relative savings across end-uses. The choice of version is somewhat arbitrary at that point. However, we did choose the change-form model (Version A) due to the slightly higher t-stats on the savings terms. -----

Original Message----- 

From: Dorianne Reinhardt Paul [SMTP:reinpaulco@email.msn.com] 

Sent: Thursday, August 06, 1998 3:57 PM 

To: Fields, Alan 

Cc: Josephson, Alec; Landry, Pierre 

Subject: SCE Study 540 

Hi Alan - Please explain why the change form model was selected rather than the level form. The text of the evaluation states that the level form was used to account for regression to the mean (pg 4-7). Given this, why was the model then not used? Dorianne Reinhardt Paul Reinhardt-Paul Consulting (503) 590-7264 reinpaulco.@msn.com --part0_902945782_boundary--
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