MEMO

To:                       
Don Schultz, CPUC/ORA

From:
David Baylon,  Ecotope, Inc. and Kevin Geraghty

Date:
August 19, 1998

Subject:
Verification for SCE # 543:  NRNC – Whole Building

REVIEW SUMMARY

1. Utility:  Southern California Edison Company (SCE)
           


Study ID: 543

Program and PY:  Non-Residential New Construction  Program:  PY1996

End Use(s):  Whole Building

2.  Utility Study Title:  “Impact Evaluation of Southern California Edison Company’s  1996 Non-Residential New Construction Program ”

3. Type of Study:  1st Year Load Impact Study                

 Required by Table 8A: Yes.

4. Applicable Protocols: Tables 5, 6, 7, and C-8

Study Completion:

Required Documentation Received:   Yes                    

Retroactive Waivers: A retroactive waiver was approved on September 24, 1997 for use in evaluating SCE Non-Residential New Construction.  The waiver allowed:  a) A sample size based on the 90/10 criteria, even though the number of participants was under 400 (133).  This had the effect of reducing the sample size to 73 cases.  b) short-term metering to substitute for an annual bill as the basis for the engineering calibration.  This was to be applied if bills were not available.  c)  The selection of a net savings analysis based on the precision of the estimates (i.e., "the model which yields the lower error bound will be selected"
.

5. Reported Impact Results
:

Total Annual Gross Load Impacts.

Whole building: peak: 10,130 kW (1.26 W/ft2; 1.082 gross realization rate).  Energy:  42,730,000 kWh (5.33 kWh/ft2;  1.112 gross realization rate)
. 

Total Annual  Net Load Impacts: 

Whole building: peak: 9,008 kW (1.12 W/ft2; 0.962 net realization rate).  Energy:  31,273,000 kWh (3.90 kWh/ft2;  0.814 net realization rate). 

Net-to-gross ratios
:  Peak:  
0.889



    Energy:
0.731

6.  Review Findings:

Conformity with Protocols:  The study is generally in conformity with the protocols as modified by the retroactive waiver. 

Acceptability of Study results: This study was the result of a verification review.

Recommendations:  The review found that the results of the engineering analysis of the gross load impacts were generally well executed and consistent with good engineering and statistical practices.  The net savings analysis generally does not meet this standard.  The econometric review does not improve on the precision of the difference-of-differences approach, and indeed, contains fundamental flaws in generating non-participant spillover estimates which serve to inflate the net-to-gross ratio.  The verification concluded that the difference-of-differences methodology is superior and that the net-to-gross ratio should be 0.623 for energy and 0.520 for demand.  This results in net realization rates of 0.692 for energy and 0.563 for demand.

1. Study and Sampling Methodology Overview

This study is a parallel study done simultaneously with Pacific Gas & Electric Company's Study 389, using the same methodology applied to Southern California Edison's Design For Excellence (DFE) program.  Unlike the previous claim, separate samples and analyses were performed for each utility.

The basic strategy used was to draw a sample of applications under the SCE NRNC program, based on a stratified sampling strategy.  Subsequently, a similar sized, matched sample was drawn from buildings constructed during the same time period in the SCE service territory, but which did not participate in any utility program.

The purpose of the matched sample is to establish current building design and construction practices for energy efficient measures and to ascertain utility influence in the decision-making processes in a representative sample of buildings not directly involved in the SCE program.

The gross load impact evaluation strategy is based on a Title 24 methodology which evaluates the buildings as-built, using a combination of construction documentation and on-site field review of the building.  This information is developed into a DOE-2 simulation which predicts the overall energy use of the building, as built.  This simulation can be calibrated against billing data collected during the first year of actual operation.  A second DOE-2 simulation is conducted in which all of the components of the building regulated by Title 24 are reset to meet Title 24 minimum requirements.  In effect, the incremental efficiency of the building, as built, is assigned as program-related savings, even if the utility’s involvement was limited to one component of the building’s final design.  

To the extent that any participant spillover could be assigned, this methodology captures that spillover as a primary program effect.  In no case is this methodology able to discern this separately from all other components of the building.  Since the Design For Excellence (DFE) program run by SCE focuses on whole-building consultation modeling and review, this is a reasonable methodology for evaluating the gross savings of buildings designed under this program.

A similar methodology is applied to the non-participant group.  Virtually all of the steps required to evaluate the savings of the building are conducted exactly in parallel, including a full energy audit and billing DOE-2 simulation, and calibration.  The non-participant sample is drawn from the FW Dodge records for the SCE service territory.  A total of 2,456 buildings were included in this population.  However, the sampling frame was pruned so that the non-participant sample could be matched by building type and size (insofar as possible) to the participant population.  This allows a fairly efficient method for establishing the relative construction practices and building characteristics between the DFE program participants and comparable non-participants.  It does, however, considerably reduce the representation of the non-participant population as a whole.

The final step was to develop a net-to-gross savings analysis based on two separate methodologies covered under the retroactive waiver dated August 20, 1997.  The retroactive waiver allows two competing net-to-gross savings analyses to be conducted:  

1. The first uses the rigorous “difference-of-differences” methodology, which makes direct comparisons between building characteristics in the participant and non-participant groups.  This method establishes the net-to-gross ratio based on the improvement over Title 24 minimum standards seen in the participant group over the non-participant group.

2. The second methodology is an econometric “efficiency choice” model, which uses interviews with decision-makers (and corrections for self-selection bias) to establish the net-to-gross ratio improvements in the participant population.  This methodology controls for various influence questions and provides a basis for estimating the impact exerted by SCE on the non-participant population to calculate the spillover that is a direct result of the long-term impact of the DFE program on construction practices within the SCE service territory.

The econometric analysis supplies a coefficient which predicts the total improvement over Title 24 in the non-participant sample.  Using the statistical weights associated with each strata, this value is then extended to the population as a whole.  The estimated savings from this entire population is then added to the net savings estimated from the program itself to yield a total net savings.  This value is then used to derive a net-to-gross ratio for the program.

2. Sampling Methodology

The evaluation of SCE’s DFE program is based on a random sample of the population of participant buildings.  Under the retroactive waiver, CADMAC allowed the utility to draw a sample that was representative of the population using Delaneous-Hodges stratification techniques with a Neyman allocation.  This results in an efficient stratified sample.  The total population of participants is 131 buildings
.  The resulting stratified sample consists of 73 total buildings in six strata.

By using this method, the utility argues (and we agree) that available resources would best be spent by examining the engineering issues associated with this population in some detail.  A higher level of confidence in both the characteristics surveys and the simulation results would then be possible.

For this analysis, the sampling methodology for the non-participant group must be revised slightly.  In this case, the consultants drew a non-participant sample through identification of sites well-matched to the participant sample.  While this ensures that building types and sizes are comparable, the resulting sample is considerably less representative of the non-participant stock.  The consultants point out this fact in their description of the sampling technique, saying on page 16 of the study report:  “…Because the non-participant sample was designed to be representative of participant population, the non-participant sample is not representative of the non-participant population and therefore should not be used to draw general inferences about the non-participant population.”

Aside from this difficulty, the sample appears ideal both for developing a clear picture of the participant population with enough detail to be confident in the engineering results, and for calculating an accurate and defensible estimate of the construction characteristics associated with these building types in order to develop a net-to-gross ratio for the participant group.

3. Gross Savings Analysis

The gross savings analysis for this population is based on a series of calibrated DOE-2 runs and detailed energy audits of the participant population.  This methodology is fairly carefully done; with only 73 buildings in the sample, the quality and detail of the on-site audits is quite good.  One particularly interesting and useful feature of this study is that the audits were performed by the same engineers responsible for developing and calibrating the DOE-2 models.  This meant that all of the DOE-2 models were constructed by individuals not only familiar with the general engineering problem in drawing the sample, but also with building operations, schedules, etc.  Without a doubt, this improves both the quality of the specification and the ease with which calibrations can be performed.

Once the model is developed, a direct calculation is made which resets those characteristics of the buildings regulated under Title 24 to the code minimum, and the simulation is re-run to develop the base case for the gross savings analysis.  The savings is then taken to be the difference between the performance of the buildings as built and their performance under minimum Title 24 standards.

The effect of this analysis is to take the entire building and its characteristics as an artifact of program participation for the gross savings analysis, no matter how many components were actually affected by SCE’s program.  This can potentially be used to calculate participant spillover.  It also allows the analysts to ensure that trade-offs between measures for which the utility pays incentives against other, less efficient, building components in order to exactly meet Title 24 are included in the accounting.  Any additional spillover would have to be accounted for in the net-to-gross analysis, where the additional features of the building are compared against current practice.

This trade-off appears reasonable, since it allows some participant spillover but prevents the use of efficiency trade-offs that provide no “whole building’ improvement over Title 24 that would negate some or all of the improvement due to the incentive measures.

The process is exactly parallel for the non-participant group.  The same auditing and interview procedures, as well as simulation and calibration techniques are used for this sample.  A total of 80 non-participant buildings were included out of a population of approximately 2,400.  The weighting scheme for this stratified sample identifies five separate strata (each with three divisions) associated with building size.  The effect of this population is to make a two-way stratification which is tailored to the participant population.  As mentioned before, this is a reasonable strategy for evaluating the participant group, but ineffective at capturing the characteristics of the entire population.

Nevertheless, a savings estimate is similarly generated for the non-participant group which documents the degree to which this group exceeds Title 24 minimum standards.  Because of the careful sampling and methodology, this can be directly compared to the gross savings for the participants.  The result is a defensible estimate of the improvements in current practice and load impacts that resulted from program participation.

4. Net-To-Gross Savings Analysis

Up to this point, this study seems to be a model of carefully designed, well developed and well executed engineering and sampling techniques.  The gross savings analysis and the individual and collective savings estimates for the participant group is well understood and the sampling error and weighting are extremely defensible.  Furthermore, the design of a directly comparable non-participant sample frame is extremely reasonable.

It is straight-forward to use this data to develop a difference-of-differences estimate to calculate the net savings.  Utilizing the case weighting scheme, the net-to-gross ratio generated in the study was replicated by the reviewers to within .5% during the verification process.  The overall net savings derived from this calculation suggests a net-to-gross ratio of 62.3% on energy and 52.0% on demand.  The precision of these estimates is calculated using the sampling error and developing a Taylor expansion to evaluate the ratio estimator used to establish the percentage savings.  This expands the point estimate of the net-to-gross ratio from the difference-of-differences model to the entire participant population, as well as the precision of that estimate.  The error calculation appears reasonable, if conservative, for this procedure.

Unfortunately, there are alternative net-to-gross ratios presented in the study and the various efforts to expand or replicate the econometric results generated still other net savings estimates.  The following table summarizes the various net-to-gross ratios used in the study.

Net-To-Gross Ratio Estimates



Method
Energy
Demand
Precision

Difference-Of-Differences
0.623
0.520
 ( 22.0% 

Econometric (no spillover or double mills ratio)
0.617
0.551
( 11.1%*

Econometric (spillover with double mills ratio)
0.960
1.068
( 30.5%*

Econometric (lower bound spillover with double mills ratio
0.732
0.889
N/A

     *  Re-calculated by this verification

In accordance with the retroactive waiver, the consultants performed an econometric analysis of the same data in order to establish the impact of self-selection bias and non-participant spillover on the overall net-to-gross ratio.  The verification effort focused on this portion of the study, since the inclusion of an estimate of non-participant spillover in the overall savings analysis is defended, based on this econometric model.

The effect of this analysis was to increase the net-to-gross ratio by more than 50%.  The consultant used the lower bound of the 90% confidence interval to set the impact of the spillover.  This reduced the total increase from 56% to 19%.  No rationale was provided for this decision other than the unreasonableness of the higher number and the size of the error associated with the spillover estimate.

The study authors regard the econometric net-to-gross methodology as an extension of, or improvement to, the difference-of-differences approach.  Its purported benefits are 1) improved precision achieved by taking additional variables into account; and, 2) reduce positive estimation bias caused by self-selection and negative estimation bias caused by spillover.  It is a two-stage procedure in which a participation decision Logit model is first estimated and then the resulting mills ratio is used in a linear regression; percentage efficiency improvement over Title 24 standards is the dependent variable in the second-stage regression.  

The actual Logit and linear regression specifications are arrived at through an iterative backward elimination procedure.  (Intuitively, this amounts to starting out with all available explanatory variables and throwing out the least significant explanatory variable and then re-estimating, stopping when all remaining explanatory variables meet some specified threshold of significance.)  In practice this procedure is modified by adding in indicator variables for sites that do not seem to fit the model, and keeping in variables such as the participation dummy and mills ratio even if they do not meet the significance threshold.  Net savings estimates are then derived for participant sites in the sample by multiplying several of the calculated regression coefficients (participation dummy and SCE influence measures) with their accompanying explanatory variables.  This change in efficiency was then multiplied with the kWh baseline usage at the site. 

To extend these sampled site savings estimates to the whole participant population, a weighted sum was taken using the selection probability weights from the sample design.  The procedure for non-participant sites was similar,  except that the regression coefficients used did not include the participation dummy, and the expansion weights reflected non-participant selection probability from the set of 2,436 Dodge sites.  

It is unlikely that this econometric procedure delivers either improved precision or reduced bias.  Several problems are associated with this methodology:

1) The regression specification is unstable and fickle.  We reproduced the study authors’ final kWh savings regression results exactly (confirming that we were using the same data set), but when we tried the SAS implementation of backward elimination on the full data set, we ended up with a different specification, one with an equivalent R-square but an implied participation efficiency improvement about half as large.  

Description
Regressors Used In Savings Calculation


Coefficient
T-Value

 Study regression specification.

Adjusted R-2 .527
v05part (participation dummy)


.132
4.354


v05_18NP (SCE influence on non-participant)
.0171
2.251

Alternate Regression specification derived from SAS backward elimination, all variables permissible

Adjusted R-2 .609
v05part (participation dummy)


.0739
2.154


v05_18NP (current SCE influence on non-participant)
.0179
2.364

Alternate Regression specification derived from SAS backward elimination, individual site dummies and missing response indicators not permissible

Adjusted R-2 .321
v05part (participation dummy)
.0794
2.246


v05_18NP (current SCE influence on non-participant)
.0262
2.072


V05_17NP (current SCE interaction with non-participant)
-.0442
-3.204

When we dropped junk and suspect variables (dummies for individual sites, indicator variables for missing responses) and applied the backward elimination procedure to this subset of regressors, the resulting coefficients implied that non-participant spillover was negative.  The table below shows relevant coefficients from the three final regressions. 

2)  For each of the three regression specifications above, a properly calculated precision estimate
 implies that the non-participant spillover estimate  (positive in two cases, negative in the third) is barely distinguishable from zero at the 90% confidence level.  This is reflected in relative precisions varying from 90% to 129% of the point estimate.  The table below shows the three non-participant spillover estimates, the associated standard deviations, relative precisions, and the t-values for a test that they are zero.

Regression Specification Description


Spillover Estimate
Standard Deviation
Relative Precision @ 90% Confidence
T-Test That Spillover Is 0

From study 
26,311,545
14,672,899
+/-93%
1.79

Alternate permissive 
27,445,071
14,826,667
+/-90%
1.85

Alternate  restrictive 
-37,092,805
28,746,971
+/-129%
-1.29

3) The specification of the non-participant "population" determines the size of the econometric spillover savings estimate.  A filtered FW Dodge data base provides, at best, a very imprecise measure of this population.  The study authors did some filtering of the Dodge data to exclude entries in the wrong time period or entries which were not new construction.  Nonetheless, in this “non-participant population” data set of 2,436 sites, we discovered some 222 records which were exact duplicates;  in addition project descriptions for a substantial fraction (perhaps more than half) of these entries describe them as modernizations, alterations, improvements, repairs or retrofits, rather than new construction.  (We did not attempt to weed out these apparently bad records from the non-participant population in our non-participant spillover estimates above).

4) Participant savings estimates for the three regression estimates are shown below.  The two alternate regression specifications produce much lower participant savings estimates; all three have relatively poor precision by our reckoning.  The results of the difference of differences analysis are shown for comparison.

Regression Specification Description
Participant Savings Estimate
Standard Deviation
Relative Precision @ 90% Confidence
T-Test That Evaluated = Claimed

From study 
27023762
6422712
+/-40%
-2.01

Alternate permissive 
15070899
7056620
+/-78%
-3.52

Alternate  restrictive 
16201947
7279728.
+/-75%
-3.26

Difference-of-Differences
26621000
3510000
+/-22%
-7.45

We believe the econometric non-participant savings estimates are so noisy that they do not meet the criteria of the spirit of the retroactive waiver, and therefore should not be used in determining the load impacts.  We also believe that the econometric participant savings estimates are very noisy and recommend ignoring them.  (In any case, these values are very comparable to those generated by the difference-of-differences methodology).

5. CONCLUSIONS AND RECOMMENDATIONS

It is apparent that the econometric methodology did not meet the criteria set forth in the retroactive waiver or develop a defensible argument for adjusting the net-to-gross ratio due to participant spillover.  The impact of this spillover is argued to be completely due to new construction programs operated by SCE over the past 10 years, and further asserts that the utility should be allowed to receive monetary benefits for any long- or short-term market transformation that may have occurred for any reason during the years that the utility operated an NRNC program.  While the utility has undoubtedly had a significant impact, other factors unrelated to the utility (such as technology improvements, decreased costs, increased overall consumer awareness, etc.) have also resulted in improved building performance.  

The evidence presented in this study asserting that a long-term market transformation savings is justified neither adequately establishes a causal link between the utility’s programs and observed behavior in the sector, nor provides the statistical reliability and precision mandated in the retroactive waiver.

The table below summarizes the findings in the study, as filed, including Table 6 summaries.  Only the ex ante savings from the 1997 earnings claim has been added.  Gross realization rates have been calculated from this base.

Claimed Load Impacts




kWh
kW

Ex Ante Gross Claim
38,439
9.365

Ex Post Gross Claim
42.730
10.130

Gross Realization Rate
1.112
1.082

Net Savings
26,383
5.878

Spillover
29,146
5.240

Total Net Savings
31,273
9.008

Net-to-Gross Ratio
.732
.889

One other feature of our verification should be noted.  The results of the econometric net-to-gross analysis did not differ appreciably from that generated by the difference-of-differences model.  While both of these estimates seem reasonable, our analysis indicates that the precision associated with the difference-of-differences model is much better and much more reliable than that associated with the econometric model.  This has the effect of increasing the net savings associated with kWh by about 1%, and decreasing the savings associated with demand by about 6%.

The following table summarizes the findings for both net and gross realization rates calculated as part of this verification.  The final results are based on the gross savings analysis and net-to-gross analysis provided in the study.

Verification Results




kWh
kW

Ex Ante Gross Claim
38,434
9.265

Ex Post Gross Claim
42,730
10.130

Net-to-Gross Ratio
.623
.520

Ex Post Net Savings
26,620
5.267

Net Realization Rate
.692
.562

One further note associated with this program must be made.  The savings claims listed in the E-Tables suggested an energy savings higher than the gross savings calculated as part of this review.  When the utility reviewed the findings and altered the ratios to a new base, the new base which was used was the net savings estimates developed during the first year verification process in 1997 rather than those listed in the E-Tables.  This discrepancy is the result of the fact that when the consultants calculated the gross realization rate they used the wrong base (36,700,000).  Since the evaluation is designed to develop the total gross savings, the realization rate is an artifact of the selected base.  If the correct base had been used, the realization rate would have been 1.112 (as opposed to the 1.164 value noted in the study).  This difference does not effect the study findings but it will effect the application of the study to the earnings claims.  Throughout this review we have reset the gross realization rate to be consistent with the final agreement from the 1996 AEAP.  The Verification Results table above shows the effective adjustments for these tables so that the savings findings are commensurate with the program results and overall net realization rates determined by the study.

On the whole, this verification found that the gross and net impacts from the difference-of-differences model accurately represent the program effects and should be used for the shareholder incentive calculation.

6. E-Table Adjustments

The E-Tables were reviewed as part of this verification in order to establish appropriate adjustments to the claim.  These adjustments are summarized in the following table. 

1. The ex ante values are derived from the 1997 Annual Earning Assessment Proceeding, dated October 29, 1997, which summarized agreements between the utility and the Office of Ratepayer Advocates following the first year verification report.

2. A serious typographical error in the E-Tables as filed on May 1, 1998 was discovered during our review.  After being advised of this error, the utility revised the E-Tables to be more consistent with the original filings.  The revised E-Table was received on August 13, 1998 and is reflected here.

3. The verification results are also summarized in this table.  The definition "Designated Units" changed substantially between the original filing and the current review.  Since this is a "whole building" type analysis, we have changed the DU to reflect the number of buildings from the study results, as presented.  We also recalculated the savings per DU based on this analysis.  

4. The ratio is the expression of the ratio between the verified findings and the ex ante savings reported in the October, 1997 Proceeding.  The total is the ratio between the verified net savings and the initial gross savings claim.

Verification Results - Including Reviewer Adjustments


kWh
kW


DU 
Total
kWh/DU
NTGR
Total
kW/DU
NTGR

Ex Ante  Gross

  Net
1,772,387
38,439

33,826
21.69

19.09
.88
9.355

8.232
.0053

.0046
.88

Filed:

  Gross

  Net
116
44,589

34,334
384

296
.77
10.75

  8.28
92.7

71.4
.77

Verified:

  Gross

  Net
131
42,730

26,620
326

203
.623
10.130

  5.267
77.3

40.2
.520

Ratio:
  Gross

  Net

1.112

  .787

.708
1.083

  .640

.591

  Total:

  .693


  .563



� 	We will assume that this does not mean literally the lowest bound of the precision interval, but rather the model that produces the smallest or tightest confidence interval at a given level of precision.


� 	The 1996 first year claim (filed in May, 1997) was for gross load impacts of 38,439,000 kWh and 9,355 kW.  The E-3 Table filed with this earnings claim is 44,589,500 kWh and 10,757 kW.  This claim is based on the study realization rate, which was calculated using the adjusted savings claim from the 1997 verification.  We have used the May, 1997 filing as the basis for the gross and net realization rates, which is consistent with the study results and methodology.


� 	The realization rates have been re-calculated to reflect the 1997 filing rather than the verification results.


� 	Net load impacts calculated from the net-to-gross ratios for this study include about 19% non-participant spillover when compared with the results of the difference-of-differences calculation.  As presented, the spillover is about the size of the net load impact, but various corrections for self-selection biases and "conservative" interpretation reduce the incremental effect of the spillover calculation by about 65%.


� 	The sample frame originally included 133 buildings; however, two were removed later and the sample was re-weighted for 131 buildings.


� 	The econometric method of the study is a hybrid method which combines features of pure engineering sampling methods and pure econometric methods.  Under a pure engineering sampling method (such as the difference-of-differences method) the only statistical uncertainty in the estimates arises from the sample design (i.e, the fact that we are examining a random subset of all participants).  Under a pure econometric method (say, regression applied to data available for the entire participant population)  statistical uncertainty arises only from the fact that regression coefficients are estimated, not known (assuming for the moment that there is a known “correct” specification) .  In this hybrid case,  statistical uncertainty arises from both the sampling uncertainty and the regression estimation uncertainty.  Our precision estimate takes  both of these sources of uncertainty  into account.   The study authors considered only  sampling uncertainty  in their precision estimates. 
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