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PG&E - Study Nos. 354R1, 385R1, and 335 A, B, and C R1
1996 – 1997Agricultural Energy Efficiency Incentives Program Fourth-Year Retention Study
Introduction and Executive Summary

This is a Verification Report (“VR”) of Pacific Gas & Electric Company’s (“PG&E”) retention study for agricultural pump repairs, micro irrigation conversion, and HID lighting measures for which rebates were paid during the 1996 and 1997 program years (PY96 and PY97) through PG&E’s Agricultural Energy Efficiency Incentives (“AEEI”) Program.  This study was performed by Equipoise Consulting (“Equipoise”) with assistance from California AgQuest Consulting and Ridge & Associates.

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 PG&E and Equipoise to support the study.  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”) calculations for each measure studied. 

The study reports estimates of the EUL for agricultural energy efficiency 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 then compared with ex ante estimates at the 80 percent confidence level. 

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 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 attempts to estimate the EUL for agricultural pump repair, high intensity discharge lighting, and micro irrigation conversion measures which together account for 63 percent of the avoided costs in PY96 and 60 percent of the avoided costs in PY97.  Pump repair was the only measure to exhibit sufficient failures to perform an analysis of the EUL.

Methodologies

The analysis techniques employed in the study consist of collecting measure retention data from program participants and estimating each measure’s EUL using (1) classic survival analysis, (2) ordinary least squares, and/or (3) assumed functional form approaches.  Classic survival analysis is considered the most accurate approach since it can adequately handle censored data, and estimates can be obtained under a variety of assumed hazard distributions.  The classic survival analysis technique employed in the study consist of fitting a parametric survival function to the retention data.  The following parametric forms of the hazard function are used to calculate alternative survival functions and generate estimates of the EUL for each measure with sufficient observed failures:

· Gamma

· Weibull

· Exponential

· Log-normal

· Log-logistic 

Summary of Findings
The failure rates for pump repairs, HID lighting, and micro irrigation conversion were 14.0, 0.4, and 0.0 percent, respectively.  Consequently, the pump repair measure is the only measure with enough failures to enable survival analysis to be performed.  In addition, the final, ex post EUL estimate obtained for the pump repair measure was not statistically different from the ex ante value at the 80 percent confidence level.  Therefore, no adjustments to the ex ante EULs are recommended for this or the other two measures studied.  

Recommendation to ORA

ECONorthwest recommends that no adjustments be made to the ex ante EULs as documented in the study.

Data and Documentation Quality
Data 

Files were provided on one compact disk and ECONorthwest encountered no problems with any aspect of PG&E and Equipoise’s provision of data.  Portions of the analysis were performed in Microsoft Access, Excel, and SAS statistical software. 

Documentation

The study provided helpful documentation.  A thorough description of the methodology and helpful exhibits were included to assist with the replication effort.

Replication and Analysis
Review of Analytic Approach and Dataflow
The study explores three approaches to estimating the ex post EUL for the pump retrofit measure.  The analysis techniques employed in the study consist of collecting measure retention data from program participants and estimating each measure’s EUL using (1) classic survival analysis, (2) ordinary least squares, and/or (3) assumed functional form approaches.  Classic survival analysis is the preferred method for performing retention studies and the results of this technique were used by Equipoise for the recommended ex post EUL values.  Consequently, ECONorthwest’s verification focused primarily on the analysis performed using this technique. 

With classic survival analysis, the PROC LIFEREG procedure in SAS is applied to the measure retention data to obtain estimates of the EUL under five alternative parametric forms of the hazard function.  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 for both the estimation of the rate of change (scale) and the change in rate (shape) of the hazard function.  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.  Indeed, the hazard function associated with the gamma model can take on a variety of shapes depending on the value of the scale and shape parameters.  Unlike 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 that allows a scale parameter to be estimated.  When the scale parameter is less than one, the Weibull’s hazard function increases with time.  When the scale parameter is greater than one, 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 one.

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

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

In general, one would expect that the true hazard function 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 estimates for most measures. 

The retention database used in the study contains data collected through telephone interviews and on-site visits on the number of installed measures still in place and operable. The data collection process occurred during the Fall of 1999 and 2000.  For PY96 and PY97, data was collected from 101 and 116 sites, respectively.

In some cases, the exact removal or failure date of a particular installed measure was unknown, resulting in left censoring.  However, the majority of observations in the retention database had not failed at the time of the survey, thus most values were right censored.  The SAS procedure, PROC LIFEREG, can accommodate left, right, and interval censored values.

Replication Efforts

The verification effort included a review of programming code for errors; comparison of code steps with methodological descriptions contained in the report or accompanying documentation; and reconstruction of portions of the analytical results accomplished by running programming code and reviewing mechanical spreadsheets processes.  ECONorthwest also paid, particular attention to the theoretical appropriateness of the methodologies employed.  In addition, ECONorthwest reviewed most of the SAS code associated with the analysis portion of the Study.

Review of Database Development

Although most of the verification effort focused on other aspects of the study, ECONorthwest did not encounter any problems when reviewing the database development processes used in this study.  

Review of Analytic Procedures

The analysis proceeded as described in the study and was in general compliance with the M&E Protocols.  Due to the lack of observed failures, EUL estimates could only be obtained for the pump repair measure. The study correctly concludes that not enough time has passed to accurately model the EUL for HID lighting, and micro irrigation conversion measures.  In addition, the EUL estimate for the pump repair measure is not significantly different than the ex ante value of nine years when the log-logistic, Weibull, and log-normal distributions are considered.  

Modifications to Database and Analytical Procedures

Database Modifications
No modifications are recommended for the database development processes used in this study.

Analysis Modifications
The analysis proceeded as described in the study and was in general compliance with the M&E Protocols.  In particular, ECONorthwest was please to see that Equipoise addressed concerns raised in the 1999 AEAP regarding the use of a polynomial survival function.  

Recommended Changes to Filed EUL Estimates

ECONorthwest recommends that no adjustments be made to the ex ante EULs as documented in the study.










1“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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