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SDG&E - Study No. 921
1994 – 1995 Residential Appliance Efficiency Incentives Program (Compact Fluorescent Lights)   Fourth-Year Retention Study
Introduction and Executive Summary

This is a Verification Report (VR) of San Diego Gas & Electric Company’s (SDG&E) retention study for compact fluorescent lighting measures (CFLs) installed as part of their Residential Appliance Efficiency Incentives Program (RAEI) during the 1994 and 1995 program years (PY94 and PY95).  Telephone surveys for this study were conducted by CIC Research, Inc.

This VR is presented in five sections.  The first section contains an introduction and executive summary of the findings, along with recommendations to the Office of Ratepayers Advocates (ORA).  The second section discusses the data and documentation supplied by SDG&E and audit contractors.  The third section details ECONorthwest’s replication and assessment of the analytical procedures 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) estimates for each measure studied.

Based on a random sample of program participants, the study reports estimates of the EUL for compact fluorescent lighting measures using data collected on the fraction of installed measures in place and operable.  The EUL for each measure is calculated by estimating the median number of years that the measure is still in place and operable from modeled survival functions.  Ex post EUL estimates are compared with ex ante estimates at the 80 percent confidence level to calculate realization rates.

ECONorthwest’s verification efforts include:

· evaluation of the study methodology,

· replication of the statistical findings of the study, and

· recommendations to the ORA.

Measures Studied

The Protocols require that the utilities conduct a retention study of “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.”
 Only CFL bulb measures were offered during PY94.  Accordingly, the retention database for that program year consists of bulbs only and captures 100 percent of the resource value.  In 1995, hard-wire CFL fixtures were also covered by the RAEI Program, thus, the 1995 retention database included both CFL bulbs and fixtures.

CFL measures of various watt usage were issued through several distribution methods, however, all types of bulbs and fixtures in the RAEI Program were surveyed regardless of physical attributes or distribution methods.  As such, there are no “like” measures in this program.  The ex ante EUL for CFL bulbs is 7 years for PY94 and 8 years for PY95.
  SDG&E’s ex ante EUL estimate for CFL fixtures is 20 years.

Methodology

The analysis techniques employed in the study consist of collecting measure retention data from program participants and, given the dichotomous nature  of this data, using classical survival analysis to produce a revised estimate of the effective useful life (EUL) of energy efficiency measures installed under this program.  The revised EUL estimate (ex post EUL) is then compared to the forecast EUL (ex ante EUL) to derive the EUL realization rate.  If this difference is not statistically significant, then the forecast estimate is used to calculate resource benefits and earnings in the utility’s third and fourth earnings claims.

Summary of Findings
SDG&E’s RAEI retention study evaluated two measures, with the statistical findings for these measures applicable to the remaining bulbs and fixtures included in this program.  The highlights from ECONorthwest’s verification efforts are:

· The standard error and confidence interval for the CFL fixture measure was such that the ex ante EUL estimate could not be rejected.

· The ex post EUL for CFL bulb measures was found to be statistically significantly different than the ex ante values at the 80 percent confidence level and.  SDG&E, therefore, recommends in Table 6 of the retention study that the ex post EUL be used as the bases for their third and fourth year earnings claim.

Recommendation to ORA

ECONorthwest recommends that the ex post EUL for CFL bulb measures be accepted as the basis for SDG&E’s third and fourth earnings claim for this program.  For other programs with measures experiencing low failure rates, ECONorthwest has used a test of “reasonableness” to recommend not adopting the ex post EUL estimate.  In this case, however, the PY94 and PY95 failure rates of 26 and 9 percent, respectively, suggest that the statistical findings are reasonable.  Moreover, the ex post EUL of 10.2 years is reasonable when compared with the ex ante EUL of 7.5 years.

ECONorthwest recommends that no adjustments be made to the ex ante EULs for the other measure studied.

Data and Documentation Quality
Data

Files were provided on one compact disc and ECONorthwest encountered no problems with SDG&E’s data.  Although the retention survey data was not included for review, the results from those surveys were included in the individual measure models.  Given the complexity of the modeling spreadsheets, ECONorthwest opted to focus its verification efforts on the those spreadsheets.

Documentation

The study itself was adequately documented.  Although the description of the methodology was brief, SDG&E included a completed Table 6 that clearly reported the findings of the retention study, and a fully articulated Table 7 that assisted the verification effort.  In addition, SDG&E provided supplemental documentation that facilitated our review of the 18 measure models.  The measure models were quite sophisticated and programmed into individual Excel workbooks, thus, this supplemental documentation was crucial for our verification efforts.  It should be noted that SDG&E staff and consultants were quick and thorough in their response to all data requests.

Replication and Analysis
Review of Analytic Approach and Dataflow
The primary features of the retention model used to estimate the EUL for energy efficiency measures installed as part of the RAEI-CFL Program are the specification of a hazard function and its associated survival function, the estimation of the parameters of that survival function using a maximum likelihood estimation methodology, and the estimation of a median expected lifetime.  ECONorthwest reviewed the methodology employed in the retention study, as well as its actual implementation within the spreadsheet models.

Review of Database Development

ECONorthwest did not review the development of the retention database used for this study.  The results from the retention study surveys (i.e., the retention database), however, were included in the individual measure retention models.  ECONorthwest verified that these survey results matched those reported in Table 7 of the report.

Review of Analytic Procedures

ECONorthwest reviewed both the general approach of the analysis, as well as the specific implementation of analytical procedures within each of the spreadsheet (Excel) models developed for the two lighting measures included in the retention study.  The general approach of the analysis appears reasonable.  The quadratic specification of the hazard function employed in the study is useful.  However, ECONorthwest recommends that other functional forms be investigated and discussed in future studies.

The study relies on maximum likelihood estimation of the parameter values that are used in the median lifetime calculations for individual measures.  Maximum likelihood estimators (MLEs) are, typically, good estimators, i.e, best linear unbiased estimators.
  In addition, the use of the log-likelihood function, as was done in the study, is desirable for many reasons—particularly because the logarithmic function is monotonic  and the estimated parameters are constant. Although there are many computer programs that perform the necessary calculations, the study authors, interestingly, programmed Excel spreadsheets with exponential and linear grid search routines.
 

In addition to the survival analysis components described above, the study recognized the potential problems that could occur from clustered failures, i.e., measure failures that occur at the same time.  In this regard, the hazard function was respecified and a new, two force survivor function was developed.  In general, the mathematics contained in the report demonstrated a clear understanding of the technical aspects of survival analysis.

As part of verifying that the underlying mathematics were correctly programmed into each measure spreadsheet, ECONorthwest reviewed the linkages, formulae, and macros used to calculate EUL estimates and their associated standard errors.  In addition, ECONorthwest made sure that the quantity and date (if known) of measure failures contained in the spreadsheet model matched those reported in the Failure Distribution Tables Per Measure in Table 7 of the retention study.  Finally, ECONorthwest ensured that the upper and lower bounds of the confidence interval were correctly calculated in the Table 6 Summary Table spreadsheet.

Modifications to Database and Analytical Procedures

Database Modification

Since the retention database was not reviewed, no modifications are recommended for the database portion of the retention study.

Analysis Modifications

The overall approach and specific programming involved in the retention models was sound, thus, ECONorthwest recommends no changes to the analytic elements of this retention study. 

Recommended Changes to EUL Calculations

ECONorthwest recommends that the ex post EUL for CFL bulb measures be accepted as the basis for SDG&E’s third and fourth earnings claim for this program.  ECONorthwest recommends that no adjustments be made to the ex ante EUL for the CFL fixture measures studied.

Appendix

From: Alec Josephson (8/12/99)

To: Joy Yamagata

CC: Athena Besa, Tom Light

                        SDG&E retention studies-data request #1

 Our verification of SDG&E's retention studies continues.  Efforts thus far reveal no anomolies--the individual studies are concise and well written, methodologies appear sound, and the information reported in each of the study's Table 6 is consistent with the data contained in the "Table 6 work.xls" spreadsheet sent to ECONorthwest by Gail Bennett.  

 At this point, we have a solid understanding of the mapping between individual measure workbooks and the Table 6 spreadsheet; however, we would like to more fully explore the individual measure workbooks.  As you are certainly aware, these workbooks are quite complex and, as such, it is very difficult to trace backwards from the Table 6 spreadsheet in order to understand the underlying  mechanics of the individual measure workbooks and worksheets.  (For instance, the estimated median lifetime, SE of the median, and Z-stat information reported on Table 6 all, at some point, link to the values contained in cells E4:H4 in the statistics worksheet.)  Can you please supply ECONorthwest with a description ("show your work" type description, perhaps with flow chart) that would enable us to follow the mechanical and mathematical processes contained in the measure workbooks and allow us to report with confidence on the EUL values contained in the Table 6s?

 Thanks.  Alec

From: Schiffman, Dean (7/14/99)

To: 'josephson@portland.econw.com'

CC: Besa, Athena, Yamagata, Joy C.

         Next step in providing you information
Here is the WORD file I promised you yesterday.  Please let me know if it does not properly open.  As I mentioned in my last note, the document is somewhat cryptic, but I believe it will be of some value to you.  It

documents the mechanics of running the macros that produce the maximum

likelihood estimates of median life and their standard errors.  The

documentation is by measure (that is, by workbook).  What this document will NOT do--and that is the work I will turn to now--is to substantiate the reasonableness of the estimates and their standard errors.

So, while you explore whether this document is of any use to you, I will

proceed to that next step.  Probably before the end of the week, I will

write up a few guidelines to help you sort through the interpretation of the maximum likelihood results without having to deal with any of the heavy duty mathematics of the issue.  These guidelines will be based on intuition, a few mathematical rules of thumb, and the flow chart that you suggested.

Maybe a final step in this process would be to sort through the hardcore mathematical issues of maximum likelihood estimation.  But I strongly

suspect the work we will have finished by that point will be sufficient.

Thanks!

Dean

 <<documentation.doc>>
From: Schiffman, Dean (7/14/99)

To: 'josephson@portland.econw.com'

         Minor misspelling
On the document I just sent you, the work "not" under Procedure A should be "note".

From: Schiffman, Dean (7/19/99)

To: 'josephson@portland.econw.com'

CC: Besa, Athena, Yamagata, Joy C.

         Installment #2 on your data request
I've attached a WORD file that, hopefully, contains some good advice with respect to navigating through the retention studies.  The file contains a flow chart that describes the estimation process, and various ideas that are central to understanding the estimation process.  The file should contain two graphics (in case it doesn't translate well for you).  Please let me know if somehow the file doesn't work for you.

Later this week, I will send you the last installment:  a rigorous

description of the mathematics that supports the calculation of the standard errors (the attached WORD document gives you some rules of thumb o this issue).

'Hope this helps.

From: Alec Josephson (8/12/99)

To: Schiffman, Dean

CC: Besa, Athena, Yamagata, Joy C., Tom Light

        Reply to:   RE: Installment #2 on your data request
Dean, 

I had no problems reading the Word file that came with the second installment.  I look forward to the third and, hopefully, last installment to this data request.  Also, your efforts and prompt attention to this data request are very much appreciated.  I hope that my delayed response does not suggest otherwise.  Alec

From: Schiffman, Dean (7/21/99)

To: 'Alec Josephson'

CC: Besa, Athena

         RE: Installment #2 on your data request
Alec;

I'm glad the stuff is helpful.  Don't hesitate to fire off any oddball questions that would assist you in interpreting the main part of the response.

From: Alec Josephson (8/12/99)

To: Athena Besa, Schiffman, Dean, Joy Yamagata

CC: Tom Light

                                  Quick question

 Hi Folks,

 I have a quick question (this concerns primarily the CEEI Program) regarding the adoption of ex post EULs from the retention study.  Given the lack of failures that one would expect over a 4 year time span, in most cases the ex ante EUL becomes the ex post EUL for the earnings claim.  However, there are a few measures in the CEEI Program with rather extravagent EULs that are bounded by the confidence interval and, therefore, adopted as the ex post EUL for the earnings claim.  I am referring to occupancy sensors (75.8 EUL) and two 2FO32/1B4T8s (90.6 and 85 EULs).  

 I have not been able to verify these EULs in the E-tables because I don't have E-3 tables or feeder sheets for PY94.  (Joy and Athena, please see yesterday's email.)  In light of the relatively small number of failures for each measure, we are concerned that it may be unreasonable to rely on a model that predicts that 50% of the measures will be removed in 90+ years when only 2% of the measures have failed after 4 years.  Can you please elaborate?   

Thanks, Alec

From: Schiffman, Dean (8/11/99)

To: 'Alec Josephson'

CC: Rubin, Rob, Besa, Athena, Yamagata, Joy C.

         RE: Quick question

Alec;

We got your note.  I understand your question.  Rob Rubin would be our expert in this area, and he's gone for a couple of days.  He and I will hash out an answer and get back to you late this week or early next week.

Your question is a good one, loaded with good intuition, so I'm sure we'll be able to get you a good answer.

From: Alec Josephson (8/13/99)

To: Schiffman, Dean

                                  Quick question, part II

 Hi Dean;

 Given the lack of sleep that typically occurs during the last stages of the AEAP, I need to rephrase a piece of yesterday's email.  "However, there are a few measures in the CEEI Program with rather extravagent EULs whose ex ante EULs are not bounded by the confidence interval and, therefore, the EUL from the study is adopted as the ex post EUL for the  earnings claim."  Thanks and sorry for the mix up.  Alec.

From: Schiffman, Dean (8/13/99)

To: 'Alec Josephson'

         RE: Quick question, part II

Got it.  We are aware of your tight schedule, and we'll get back to you

immediately.










� “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.


� Changes in ex ante EUL estimates changed between PY94 and PY95 because SDG&E’s assumption regarding run-hours decreased from 3.7 hours in PY94 to 3.3 hours in PY95.


� See the email correspondence included in the Appendix to this report.


� The estimated variance, however, is a biased estimator of the actual variance.  Although biased, the estimated variance is consistent.  See Pindyck and Rubinfeld, “Econometric Models and Economic Forecasts,” pg. 71.


� Modeling in Excel denied the authors the alternative of using more advanced statistical techniques available in, for instance, SAS.  In the case of left hand censoring that arises when the failure date of the measure is unknown and is, rather arbitrarily, set as the month of the survey, SDG&E and its consultant were unable to rely on the LIFEREG and PHREG procedures in SAS.


� The study author subsequently submitted a more detailed exposition of the underlying mathematics.  However, given the rigorous nature of this material and the time constraints that generally accompany the verification process, ECONorthwest focused its attention on the more concise, less-formal mathematics contained in the report.
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