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SCE – Study 525B
Persistence Study of Southern California Edison’s 1994 through 1997 Appliance Recycling Programs
Introduction and Executive Summary

This is a Verification Report (VR) of Southern California Edison’s (SCE) retention study for appliance removal measures  for which rebates were paid through SCE’s  Appliance Recycling Programs between 1994 and 1997.  The Study was performed by XENERGY.

This VR is presented in five sections.  The first section contains this introduction and the executive summary of the findings, along with the recommendations to the Office of Ratepayers Advocates (ORA).  The second section discusses the data and documentation supplied by SCE and XENERGY to support the Study.  The third section details ECONorthwest’s replication and assessment of the analytical procedures and corresponding SAS code used in the Study.   The fourth section reports recommended modifications to the dataflow and analytical procedures used in the Study.  The final section presents the recommended changes to the filed effective useful life (EUL) calculations for each measure studied. 

The Study reports estimates of the EUL for refrigerators and freezers removals using five alternative parametric survival functions.  Because the Appliance Recycling Programs deals with appliance removals rather than appliance efficiency, energy savings is attributed to “(1) removing auxiliary appliances that would have been kept otherwise [direct savings], and (2) preventing operable but inefficient appliances from continuing to circulate in the territory, thereby increasing the use of more efficient appliances [indirect savings].”  For the first phenomena, the EUL is calculated under the assumption that retention is defined as the lack of an additional refrigerator or freezer on the premises after the original unit has been recycled. The EUL associated with indirect energy savings “is defined as remaining useful life in the refrigerator [or freezer] that would have otherwise been transferred within SCE territory.”  The ex post EUL is estimated by combining the EUL estimates for both direct and indirect savings components and is compared with ex ante estimates at the 80 percent confidence level.

ECONorthwest’s verification efforts include:

· Evaluation of the Study methodology.

· Replication of the Study’s results.

· Recommendations to the ORA.

Measures Studied

The Protocols require that the utilities conduct a retention study on “the top ten measures, excluding measures that have been identified as miscellaneous (per Table C-9), ranked by net resource value or the number of measures that constitutes the first 50% of the estimated resource value, whichever number of measures is less.”
  The Study estimates the EUL for refrigerators and freezers that were removed as part of the SCE’s Appliance Recycling Programs.  Surveys were administered to 1994 and 1996 program participants in order to collect data that could be used to estimate the EUL for the direct savings component of the program.

Methodologies

The Study estimates the EUL for refrigeration and freezer units that would have been kept and for those that would have been transferred to another household.  Classical survival techniques are used to estimate the EUL for units that would have been kept had SCE’s Appliance Recycling Program not existed.  Life tables are used to develop the distribution of remaining useful life for units that would have been transferred to other households using data from SCE’s 1995 Residential Appliance Saturation Survey (RASS) for each program year (1994 through 1997).  The EUL estimates for both energy savings components are then combined and compared with the ex ante estimates at the 80 percent confidence level.  

Summary of Findings

The EUL estimates associated with direct energy savings ranged from 6.3 years to 10.2 years.  The remaining useful life estimates associated with indirect energy saving (savings from units that were not transferred to other households) ranged from 4.1 years for the 1996 program year to 6.2 years for the 1994 program year.  When combined, the resulting EUL estimates fell very close to the ex ante value, ranging from 6.0 years for the 1994 program year to 6.3 years for the 1996 program year.  

Recommendation to ORA

ECONorthwest recommends that no adjustments be made to the ex ante EUL as documented in the Study.

Data and Documentation Quality
Data 

Data files were provided on one compact disk.  A second compact disk was sent with additional files in response to ECONorthwest’s first data request.  The majority of XENERGY’s analysis is performed in SAS.  

Documentation

In response to ECONorthwest’s initial data request, a series of helpful documentation was produced to assist with the replication and assessment of the Study. The Study contained a thorough description of the methodology and helpful exhibits were included.

Replication and Analysis
Review of Analytic Approach and Dataflow

The Study estimates the EUL for refrigeration and freezer units that would have been kept and for those that would have been transferred to another household.  The EUL estimates for both components are generated using separate approaches. 

Units That Would Have Been Kept:

The analysis techniques employed in the Study for units that would have otherwise been kept had SCE’s Residential Appliance Program not existed consist of surveying participants whom have not moved since entering the program and the current residents in households where the participants have moved.   Questions were asked to determine whether the removed unit had been replaced, and if so the date of replacement.  

The Study uses classical survival techniques to estimate the EUL for units that would have otherwise been kept. In this case, “retention” ceases once the premise has acquired another unit – that is, retention is defined as the lack of an additional unit at the premise. The PROC LIFEREG procedure in SAS is applied to the retention data to obtain estimates of the EUL under five alternative parametric forms of the hazard function. Standard error and confidence interval estimates are adjusted by weighting each observation back to the proportion of movers and non-mover premises in the population so that the sum of the weights are equal to total number of units in the sample for each program year. 

The hazard function represents the instantaneous failure rate for an installed measure that has survived to a particular age.  The five parametric forms of the hazard function considered in the Study exhibit the following characteristics:

· Gamma Model: The gamma modeling assumption is the most general of the five distributions considered.  It allows the estimation of the rate of change in the hazard (scale) and the change in rate of the hazard (shape).  Because both scale and shape parameters can be estimated, the gamma model results in the best functional fit relative to the other distributions examined in the Study.  The hazard associated with the gamma model can take on a variety of shapes depending on the value of the scale and shape parameters.  Unlike any of the other hazard distributions used in the Study, the gamma model’s hazard function can take the form of a U or bathtub shape in which the hazard initially decreases with time and later increases.  

· Weibull Model: The Weibull model is a proportional hazard model which allows a scale parameter to be estimated.  When the scale parameter is less than 1, the Weibull’s hazard function increases with time.  When the scale parameter is greater than 1, the resulting hazard function decreases with time.

· Exponential Model: The exponential model is the most restrictive of the models and does not allow for the estimation of shape or scale parameters.  The exponential assumption assumes a constant hazard function and is equivalent to the Weibull model with a scale parameter value of 1.

· Log-normal Model: The log-normal model assumes that the hazard function is non-monotonic.  It starts at 0, rises to a peak, and then declines towards 0. A scale parameter is estimated when using this model.

· Log-logistic Model: The log-logistic model allows for the estimation  of a scale parameter.  It also allows for, but does not assume a non-monotonic hazard.  For scale parameter less than 1, the log-logistic hazard function resembles the log-normal hazard. When the scale parameter is greater than 1, the hazard starts at infinity and declines towards zero with time.

In general, one would expect that the true hazard for most measures would eventually increase over time.   Both the gamma and Weibull models allow for the estimation of a survival function that exhibits this property. In practice, we find that the gamma and Weibull models generally result in more realistic EUL estimations. 

Units That Would Have Been Transferred to Other Households:

Life tables for refrigerators and freezers (combined) were then developed using the PROC LIFETEST procedure in SAS on data collected for SCE’s Residential Appliance Saturation Survey (RASS).  The life tables were then used to develop the distribution of the remaining useful life for refrigerators and freezers (combined) for each program year based on the average age of units turned in to SCE’s Appliance Recycling Program during a given year.

Combining the EUL for Both Savings Components:

The combined EUL for both savings components is calculated by weighting the survival and remaining useful life functions by the probability that a given kWh of savings came from either component.  The probability of savings for each component is calculated from the ex post energy savings attributed to each component in the first-year impact studies.  The weighted functions are then added together to generate a survival function for the combined program savings.  A similar technique is used to calculate the confidence interval on the EUL.  

Replication Efforts

The verification included reviewing code for errors, comparing  code steps to methodology descriptions, and reconstruction of all data sets and analytical results by running code.  Particular attention was made when considering the theoretical appropriateness of the methodologies employed.  ECONorthwest sequentially reviewed and ran all SAS code associated with the Study.  

Review of Database Development

ECONorthwest encountered no problems when reviewing the data development portion of the Study.

Review of Analytic Procedures

ECONorthwest encountered no problems when reviewing the analytical procedures used in the Study.  The Protocols do not  specifically address the methodology requirements for this retention Study.  A retroactive waiver was submitted by XENERGY on behalf of SCE and approved by CADMAC on January 20, 1999 that specifies the methodology used in the Study.
Modifications to Database and Analytical Procedures

Database Modification

No modifications are recommended for the database portion of the Study.

Analysis Modifications

 No modification are recommended for the analytical portion of the Study.

Recommended Changes to EUL Filings

ECONorthwest recommends that no adjustments be made to the ex ante EUL as documented in the Study.

Appendix A

Verification Correspondence

To: Marian

From: Thomas Light <light@portland.econw.com>

Subject: Missing files for Study 525 B

Cc: 

Bcc: 

X-Attachments: 

Hi Marian,

I've got a data request for the author of study 525 B (Persistence Study of Southern California Edison's 1994 through 1997 Appliance Recycling Programs).  The following SAS data files are used in the SAS programs associated with this study but have not been provided to ECONorthwest; ONEFILE,  RASSDISP, STA_MOV, K1995, KR1997, KF1997. Also, based on the Database Management documentation presented in Appendix C of the report, it appears that many other SAS datafiles and programs have been left out (i.e. RECY93.xpt, etc).  Please have the authors forward me all files needed to replicate their results.  Also, it would be very helpful if the author could provide a brief description or narrative linking the SAS output of particular programs to the excel workbooks where the output is used.  The author of this study is XENERGY.

Thanks.  Please don't hestitate to contact me if you have any questions regarding this. 

Tom Light

ECONorthwest

(503) 222-6060 - phone

(503) 222-1504 - fax

light@portland.econw.com
- Memorandum -

TO:
Tom Light, ECONorthwest

FROM:
John Peterson, Myles O'Kelly

DATE:
May 14, 1999

RE:
Data transmission re Retention Study on CD

CC:
Karen Smith 

This letter will guide you through the data submission that XENERGY has created on a compact disc to respond to your memo to Marian Brown of SCE on Study 525B's data gaps.  This letter describes the directory structure of the compact disc.

The personnel involved in this second effort are Karen Smith and Myles O'Kelly of XENERGY, and John Peterson of SCE.

TOP DIRECTORY:
Reburned Retention CD

This directory contains three documents and seven subdirectories.  Descriptions of the three documents and the seven subdirectories follow.

Document 1:
Notes to reviewer.doc

This document contains Karen's explanation of how prior impact analysis (1994 and 1996 program years) survey data, already submitted to regulators in support of the the impact evaluations, were reused. This survey data is contained in directory 'SAS Data sets'.  Karen also outlines data exchanges with SCE re. "keeper" occupancy changes, and the fact that onefile.sd2 and the recyc&yy.xpt files from SCE tracking are equivalent.

Document 2:
Additnl notes to reviewer.doc

This document contains Myles’ explanation of his work on the analytical end.  He organizes this presentation by analytical program, referencing back to progenitor programs and input files.  His section 1.1 refers to cleaning and analysis for the "keeper" conceptual half of the analysis.

Myles' section 1.2 refers to life table construction and implementation work for the "avoided transfer" conceptual half of the analysis.  His section 1.3 outlines the programming and files used to accomplish a combined EUL based on the two aspects of the recycling program (prevented keeper and avoided transfer).

Section 1.4 describes programming and files for the comparison of the average age of appliances recycled by "would be keepers" and "would-be transfers," an issue relevant to whether or not tracking system data on discard age could be used without adjustment to estimate avoided transfer EULs from the life table produced by the work explained in 1.2.

Document 3:
cvr ltr draft - ecoxzen1.doc

This document contains John’s letter to Karen and Myles about the documentation of John’s work on three SCE-XENERGY data transmission/exchange problems, and should be self-explanatory.  XENERGY has placed all of this "SCE-side" documentation in zip files in a subdirectory called "SCE Data processes."  Each zip file treats a different data exchange issue area.

SUBDIRECTORY 1:
Avoided Transfers Analysis Codes

This subdirectory contains RASS95 data and Karen’s life table construction program.

SUBDIRECTORY 2:
Keepers Analysis Codes
This subdirectory contains cleaning and analysis programs relating to Myles' "keeper side" analysis of keeper survey data set.

SUBDIRECTORY 3:
Retention Survey supporting documentation

This subdirectory contains Excel workbooks documenting dispositions of the "keeper" surveys at premises where participants stayed and those where participants moved since their participation dates.

SUBDIRECTORY 4:
SAS Data Sets

This subdirectory contains:

· first year impact "would-be keeper" data sets "K&yyyy.sd2" and "T&yy.sd2," 

· stripped down versions of these first year impact data sets for communicating with SCE regarding changes (K&yy.sd2), and 

· a complete SCE RASS95 data set.

SUBDIRECTORY 5:
SCE Data Processes

This subdirectory contains SCE documentation for the following data exchange issues:

· identifying participating premises where participating customer moved subsequent to participation,

· provision of tracking system extract data, in yearly packets, and 

· provision of tracking system "population" figures on account turnover at participant premises.

SUBDIRECTORY 6:
Survival, Estmtd & Remaining Useful Life

This subdirectory contains SAS files, SAS programs, and Excel files germane to Myles' work on:

· "keeper" EULs,

· avoided transfer EUL from RASS-based life table development,

· combining keeper and avoided transfer survival curves, and 

· comparison of "would-be keeper"  versus "would-be transfer" participants' appliance age at recycling.

SUBDIRECTORY 7:
Tracking system data

This subdirectory is XENERGY's repository for tracking data obtained from SCE in the form of files named RECY&YY.XPT and then concatenated into a single SAS data set ONEFILE.sd2.  Output from Edison program RECYC09B, providing population figures on account turnover at participating premises, is also included.

May 5, 1999

To:
Karen Smith, XENERGY

Myles O’Kelly, XENERGY 

From:
John Peterson, Athens Research

Re.:
Documentation for “SCE” portion of additional data transmission,   Study 525B,  Refrigerator 

Recycling Retention. 

Karen and Myles: 

This is intended to serve as an introduction to somewhat more detailed documentation in the attachments, to be transmitted to Tom Light at ECO when you have completed your part of the additional data transmission.   While the bulk of the data transmission to ECO in support of this study involves various intermediate and analysis data sets,  there were three specific areas in which SCE provided XENERGY data from its administrative files (DB2 tables).   These are documented in attached zipped directories SCE01, SCE02, and SCE03.   The three areas of support are described below. 

· Supporting “keeper surveys.”   For a total of 584 premises in which interviewed 1994 /1996 participants indicated that they were “would-be” keepers of the recycled appliances,  XENERGY transmitted via .PRN files identifiers that we then used to provide premise level and appliance level flags indicating that new service accounts had appeared at the premise, indicating a “mover” premise.  We also provided XENERGY with additional contact information, much of which was certainly redundant to what was developed in the earlier 1994/1996 impact studies.  See attached zipped directory SCE01, in which recydoc1.txt is a set of documentation notes.   

Volume in drive C has no label

 Volume Serial Number is D845-2F2F

 Directory of C:\My Documents\refrig reten\sce01

.              <DIR>        05-05-99  8:14p .

..             <DIR>        05-05-99  8:14p ..

DIR      DAT             0  05-05-99 11:03p dir.dat

RECYDOC1 TXT         3,320  05-05-99 10:53p recydoc1.txt

RECYC~1  CLI         6,068  05-05-99 10:53p recyc.clist

RECYC04  CNT         8,974  05-05-99 10:54p recyc04.cnt

RECYC04A CNT         3,791  05-05-99 10:54p recyc04a.cnt

RECYC04D CNT         8,292  05-05-99 10:54p recyc04d.cnt

RECYC04  LOG        17,277  05-05-99 10:55p recyc04.log

RECYC04A LOG        30,217  05-05-99 10:55p recyc04a.log

RECYC04D LOG        21,969  05-05-99 10:55p recyc04d.log

RECYCFRM XPT       490,000  05-05-99 10:57p recycfrm.xpt

RECYCFRM DOC        48,640  05-05-99 11:02p recycfrm.doc

        11 file(s)        638,548 bytes

         2 dir(s)   1,049,165,824 bytes free

· Tracking data in yearly packets.   For ease of e-mail transmission,  XENERGY was provided with a total of 155,193 records representing all refrigerator and freezer  pickups (a record per picked up appliance),  from the SCE tracking system.   The files produced are the RECYC93.XPT—RECYC98.XPT series, which XENERGY re-concatenated into file ONEFILE upon receipt, as I understand it.   See attached zipped directory SCE02, in which recydoc2.txt is a set of documentation notes.

Volume in drive C has no label

 Volume Serial Number is D845-2F2F

 Directory of C:\My Documents\refrig reten\sce02

.              <DIR>        05-05-99 11:06p .

..             <DIR>        05-05-99 11:06p ..

RECYC05X CNT         7,376  05-06-99 12:57a recyc05x.cnt

RECYDOC2 TXT         1,462  05-06-99 12:58a recydoc2.txt

DIR      DAT             0  05-06-99 12:58a dir.dat

         3 file(s)          8,838 bytes

         2 dir(s)   1,043,693,568 bytes free

3.    Account closing counts, participating premises.   Programs recyc07 and recyc09b combined to produce, for the entire tracking system, information on account turnover (proxy for moving) at participating premises, by year of participation.   Programs recyc09 and recyc09a were our attempts to give XENERGY more complicated information than was required,  and so are not included in this transmission.   Essentially, Recyc07 is a program that gets account status and other administrative information per participating premise, and recyc09b produces the counts requested by XENERGY. See attached zipped directory SCE03, in which recydoc3.txt is a set of documentation notes.

 Volume in drive C has no label

 Volume Serial Number is D845-2F2F

 Directory of C:\My Documents\refrig reten\sce03

.              <DIR>        05-06-99 11:43a .

..             <DIR>        05-06-99 11:43a ..

RECYC09B CNT         3,883  05-06-99 11:51a recyc09b.cnt

RECYC09B LOG        12,970  05-06-99  2:42p recyc09b.log

RECYC09B PRT         3,041  05-06-99  2:42p recyc09b.prt

RECYC07  CNT         9,814  05-06-99  2:42p recyc07.cnt

RECYC07  LOG        22,380  05-06-99  2:43p recyc07.log

RECYC07  PRT        39,886  05-06-99  2:43p recyc07.prt

RECYDOC3 TXT         1,404  05-06-99  2:45p recydoc3.txt

DIR      DAT             0  05-06-99  2:45p dir.dat

         8 file(s)         93,378 bytes

         2 dir(s)   1,078,657,024 bytes free

- Memorandum -

TO:
Tom Light, ECONorthwest

John Peterson, SCE

FROM:
Karen Smith

DATE:
May 6, 1999

RE:
Study ID #525B Notes

:msoffice:templates:xenergy:95tmplts:xmem95
Here are some notes to help the review process.

· The 1995 first year impact study survey data, FRID1206.sd2, were examined and converted into K1995.sd2 and t95.sd2 in Study ID #515.  We started with K1995.sd2 and t95.sd2 in Study ID #525B.

3. The 1997 first year impact study survey data, SCE1c.sd2, were examined and converted into KF1997.sd2, KR1997.sd2, and t97.sd2 in Study ID #537.  We started with K1995.sd2, K1997.sd2, and t97.sd2 in Study ID #525B.

4. The premises that were labeled “keepers” in the previously filed studies (#515 and #537) were submitted to SCE as EXCEL/.prn files that were converted data sets K95.sd2, KF97.sd2 and KR97.sd2 (these are stripped down versions of K1995.sd2, KF1997.sd2 and KR1997.sd2).  SCE then determined whether the participant still resided at the premise by examination of their billing system.  This will be explained in the SCE documentation. 

5. Onefile.sd2 is created from the .xpt tracking system files in the code “looking at complete tracking system.sas”.  All .xpt files were obtained from SCE and will be explained in their documentation.

6. RASSDISP.sd2 contains only the relevant questions from the RASS data set, survey3.sd2, which was subset to allow it to be transported on a laptop.

- Memorandum -

TO:
Tom Light, ECONorthwest;  John Peterson, SCE

FROM:
Myles O'Kelly

DATE:
May 12, 1999

RE:
Study ID #525B - Notes on electronic files

The following notes concern SAS program files and their input and output data sets.  These notes are intended to assist the reviewer in replicating the analysis.  The notes are organized by SAS program, and each section begins with the SAS program name.

STA_MOV DATA CLEAN- ADDING NONREPLACED BACK.SAS

This program processed and cleaned survey data for use in developing the appliance survival analysis for would-be keepers of units, including those who stayed at and those who moved from the residence where recycling occurred.  The survival analysis determined the measure life in terms of how long the residence continued to have one less refrigerator as a result of recycling.

The input dataset STA_MOV.SD2 was created by copying the worksheet STA & MOV 8334 from workbook STA & MOV DATA.XLS.  The worksheet’s data was created from original telephone survey response data.

The output dataset ALLREF_K was then used to calculate estimated useful lives (EUL) in the SAS program CALCULATING EULS FROM KEEPERS SURVEY DATA.SAS.

The participant follow-up sample survey provided data on whether or not the removed unit had been replaced, and the date of the replacement.  The crux of the this program was to estimate from survey response data whether and when a recycled unit was replaced.  Since some units may have been acquired but others discarded since the time the unit was originally recycled, the program estimated the date of replacement as the time when the number of units in the house returned to the number that had included the recycled unit.

REMAIN USEFUL LIFE.SAS

This program estimated the mean and median remaining useful life of recycled units that might otherwise have been transferred for use at another location.  This analysis determined the time of avoided operation for units whose transfer to another residence was avoided by recycling.

The input dataset NOCEN.SD2 contained survival analysis results used to estimate the remaining useful life of recycled units.  NOCEN.SD2 was created in the program GENERATING SURVIVAL FUNCTIONS.SAS.  The NOCEN data were processed from RASS Survey results and were collected for both refrigerators and freezers.  The NOCEN data included only noncensored values—that is, units with known ages at the end of their life.

Another input dataset, ONEFILE.SD2, was created in LOOKING AT COMPLETE TRACKING SYSTEM.SAS, and contained program tracking system records.

The output results were pasted into the SHEET1 worksheet of the workbook REMAIN USEFUL LIFE.XLS.

A single survival model was fit for the data on both refrigerators and freezers.  The model combined unit types because a graphical overlay of the survival analysis results for refrigerator and freezer units (cf. GRAPHS worksheet in workbook MEAN AGE AT DISCARD.XLS that use survival analysis results based on censored and uncensored data for refrigerators and freezers individually and together) suggested that the units were very similar in terms of survival.  The appliance age data used in the analysis here were strictly without censoring because to have use censored data would incorrectly suggest that many units would be surviving beyond 40 years.

EUL-RUL COMBINATION.SAS

This program was an adaptation of the REMAINING USEFUL LIFE.SAS program described above.  It proceeded beyond that program by merging data on fractions of net kWh savings attributable to would-be keepers and would-be discarders.  By doing so it created a combined survival curve for the two program components from which a median value was determined.

The fractions of net kWh fractions used as input into this program were calculated separately in the worksheet SAVINGS FRACTION SUMMARY of the workbook EUL & RUL COMBO.XLS.  That worksheet’s records describe the input data sources for the calculations.

Another input dataset, ONEFILE.SD2, was created in LOOKING AT COMPLETE TRACKING SYSTEM.SAS, and contained program tracking system records.

Outputs from this program were pasted into the SAS OUTPUTS and the CHARTS PAGE worksheets of the workbook EUL & RUL COMBO.XLS.

MEAN AGE AT DISCARD.SAS

This program estimated the mean ages of discarded units of keepers and discarders for comparison’s sake.  Input dataset K_AND_D.SD2 was produced by copying the worksheet KEEPER OR DISCARDER from the workbook K_AND_D.XLS.  That worksheet was produced from survey data in the files:

· FORLUTH.SD2 (dates of surveys)

· NOR2S.SD2  (1996 respondent data)

· FRID1206_1995.XLS (1994 respondent data)

The records thus are of keepers and discarders from 1994 and 1996.

Outputs from this program were pasted into the MEAN AGE AT DISCARD and the CHARTS PAGE worksheets of the workbook MEAN AGE AT DISCARD.XLS.  The chart on the MEAN AGE AT DISCARD worksheet demonstrates that keepers and discarders have similar mean ages at discard.










� “Protocols and Procedures for the Verification of Costs, Benefits, and Shareholder Earnings from Demand-Side Management Programs,” as adopted by California Public Utilities Commission Decision 93-05-063, Revised March 1998.
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