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This memo provides an estimate of the effective useful life (EUL) of the energy savings attributed to Southern California Edison’s (SCE’s) 2002 Appliance Recycling Program by the first-year impact evaluation. A measure’s EUL is defined as its median survival time. So, this study estimates the time at which half the savings estimated by the first-year impact evaluation are no longer being realized. The results are presented first and are followed by a discussion of the analysis approach. 

Results

Refrigerators and freezers recycled by the 2002 Appliance Recycling Program both have an ex ante EUL of six years. Table 1 presents the EUL estimates for the 2002 program obtained by this study. Depending on the definition of failure employed for direct savings, the estimated EUL ranges between 10 and 13 years. In each case, the ex ante EUL of six years is outside the 80 percent confidence interval.  

Table 1
Combined Survival Curve Results
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a The combined survival curve results when failure for direct savings is defined as whichever comes first are the same under both distributional assumptions (Log-logistic and Weibull) for when a participating premise adds an appliance.

This study recommends SCE revise the EUL to 10 years for both refrigerators and freezers. This estimate uses whichever comes first (add an appliance or ultimate death) as the definition of failure for direct savings. The EUL estimates recommended in the ninth-year persistence study of the 1994-1997 programs used this same definition of failure for direct savings 

Approach

The first-year impact evaluation of the 2002 Appliance Recycling Program (as well as the 1994-1997 programs) identified two sources of net savings:  

· Savings resulting from removing appliances from participating premises that otherwise would have kept the appliance (direct savings); and 

· Savings resulting from preventing the transfer of older, inefficient appliances to premises within SCE territory (indirect savings).

Consistent with the ninth-year persistence study of the 1994-1997 programs, we estimated the EUL for the 2002 program from the survival curve that combines the survival curve for direct savings and the survival curve for indirect savings. The survival curve for direct savings may take any one of three forms:

· Survival curve for when a participating premise adds an appliance.

· Survival curve obtained by applying the survival curve for ultimate death to the age distribution of recycled appliances in the 2002 program tracking data (remaining useful life or RUL curve).

· Survival curve that reflects both the survival curve for adding an appliance and the survival curve for ultimate death specific to the ages of the appliances recycled in 2002, whichever comes first. 

For the 2002 program, the survival curve for when a participating premise adds an appliance is identical to the curve estimated by the ninth-year persistence study (see Table 2). The survival curve for ultimate death, on the other hand, is specific to the 2002 program (see Table 3). It reflects the ages of appliances recycled in 2002. Therefore, the survival curve for whichever comes first is also specific to the 2002 program because its development involves the survival curve for ultimate death that is specific to the 2002 program (see Table 4). 

Table 2
Survival Curve Results: Participating Premise Adds an Appliance
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Table 3
Estimated Median Remaining Useful Life
[image: image3.wmf]Estimated 

Median RUL

Median Age in 

Program 

Tracking Data

11.0

 (

8.0

,

13.0

)

20.0

# Years

80% Confidence 

Interval

(median RUL)



Table 4
Survival Curve Results: Whichever Comes First
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Note: The results presented here use the survival curve for adding an appliance that assumes a Weibull distribution. The results using the survival curve for adding an appliance that assumes a Log-logistic distribution were very similar. (There is only one survival curve for ultimate death specific to the ages of the appliances recycled in 2002; it was used in both scenarios.)

The survival curve for indirect savings has only one form: the survival curve obtained by applying the survival curve for ultimate death to the age distribution of recycled appliances in the 2002 program tracking data (see Table 3). Again, this survival curve is specific to the 2002 program.

The survival curve for direct savings and the survival curve for indirect savings were then combined using the estimated proportion of net savings that are direct versus indirect for the 2002 program (see Table 1). These proportions are 24 (direct) and 76 (indirect) percent, respectively. The same approach was used to determine the proportion of net savings that is direct versus indirect for the 2002 program as was used for the 1994-1997 programs.
Hence, the combined survival curve, on which the estimated EUL is based, is specific to the 2002 program for two reasons:  

(1) Even when the form of the survival curve employed for direct savings is not specific to the 2002 program (i.e., when the definition of failure is add an appliance), the survival curve for indirect savings is specific to the 2002 program. 

(2) The survival curve for direct savings and the survival curve for indirect savings are combined using the estimated proportion of net savings that are direct versus indirect for the 2002 program. 

Data Sources

To estimate the EUL of the energy savings attributed to the 2002 program, we used data from the following sources:  

· 2002 program tracking data.

· First-year impact evaluation conducted for the 2002 program. 

· Ninth-year persistence study of the 1994 through 1997 Appliance Recycling Programs. 

The primary data we obtained from each of these sources are as follows:

· 2002 program tracking data: age of each appliance recycled in 2002. 

· First-year impact evaluation: the proportion of net savings that is direct (would-be keepers) versus indirect (would-be transferees).

· Ninth-year persistence study: 

· Survival curve for when a participating premise adds an appliance and

· Survival curve for ultimate death (prior to its application to the ages of appliances recycled) employing the Life-table method. 

� 	The estimate of the survival curve for ultimate death, to which the age distribution of recycled appliances is applied, is from the ninth-year persistence study of the 1994-1997 programs. That study estimated the survival curve for ultimate death using (1) Life-table method and (2) Kaplan-Meier method. The remaining useful life curves based on the estimated survival curve developed using the Life-table method appeared to be more appropriate than those based on the estimated survival curve developed using the Kaplan-Meier method. Hence, the results presented in this memo, which are dependent on the survival curve for ultimate death, are all based on the survival curve for ultimate death estimated using the Life-table method. 


		The current study caused us to revisit the survival curve for ultimate death estimated by the ninth-year persistence study of the 1994-1997 programs. The survival curve for ultimate death was estimated using data collected from households that recently discarded an appliance. When applying the survival curve for ultimate death to the age distribution of recycled appliances in a program year, it was necessary to make an assumption about the probability of survival of recycled appliances older than any of the appliances recently discarded. In the ninth-year persistence study, we assumed these appliances had the same probability of surviving as the oldest appliance recently discarded. The results presented in this memo are based on this assumption. However, during the course of the current study we realized that recycled appliances older than any of the appliances recently discarded could be assumed to have zero probability of surviving. These two assumptions represent the upper and lower bounds, respectively, of the probability of surviving. The combined survival curve results for the 1994-1997 programs as well as the 2002 program based on these two assumptions are very similar. Both assumptions result in the same EUL recommendations.     
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