MEMO

To:                       
Don Schultz, CPUC/ORA

From:
Kenneth M. Keating,  ORA Evaluation Consultant

Date:
July 7, 1998  

Subject:
Review Memo for PG&E Study  # 351:  CEEI HVAC

REVIEW SUMMARY

1. Utility:  Pacific Gas and Electric                        


Study ID: 351

Program and PY:  Commercial Energy Efficiency Incentives Program:  PY1996

End Use(s):  HVAC

2.  Utility Study Title:  “Evaluation of Pacific Gas and Electric Company’s 1996 Commercial Energy Efficiency Incentives Program:  HVAC Technologies”

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

 Required by Table 8A: Yes.

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

Study Completion:  March 1, 1998 
Required Documentation Received:   Yes                    

Retroactive Waivers:   None

5.  Reported Impact Results;

Average Annual Gross Load Impacts:  

HVAC:  Peak:  6,593 kW (0.0001 kW per designated unit; 1.15 realization rate).   Energy:  35,479,520 kWh (0.5186 kWh per designated unit; 1.33 realization rate
).  Therms:  1,136,403 therms (0.01661 therms per designated unit; realization rate 1.04)

Average Annual  Net Load Impacts:

HVAC:  Peak:  4,059 kW (0.00006 kW per designated unit; 1.03 realization rate).  Energy: 19,149,445 kWh (0.27994 kWh per designated unit; 1.03 realization rate)  Therms:   1.040,531 therms (0.01521 therms per designated unit;  realization rate 1.04).

Net-to-gross ratios:   0.54 for peak, energy, and gas impacts.

7.  Review Findings:
(a) Conformity with Protocols:  The study is generally in conformity with the protocols. 

(b) Acceptability of Study results: This very important study clearly needs a Verification Report, because issues raised in this Review Memo could lead to substantial changes to the kW and kWh impacts.
Recommendations:  The recommendation is to make changes to the load impact results in the Verification Report:: 

1. The SAE coefficient for the “custom measures” should be adjusted to 1.0, and earnings adjusted 

accordingly.

2. The NTG represents a conundrum. The recommended solution is that the program level NTG ratio 

should be modified in the Verification Report in the following manner: 

(a) Deferred free-ridership should be used to adjust the net load impacts. 

(b) Cases in which there is a clear contradiction between two free-ridership responses (pd310=2 and pd315=4) need to be eliminated from both the numerator and the denominator of the NTG ratio.  

(c) Although the full impact of the biased wording of the spillover question (“at all influenced...”) cannot be calculated, the spillover rate of 0.16 calculated by the two-stage logit model should be considered the maximum value for spillover.  

(d) In addition, the spillover should be re-calculated to ignore the extrapolation of the nonparticipant spillover to the entire nonparticipant population.

OVERVIEW

The Commercial Energy Efficiency Incentives Program is a shared savings program for purposes of shareholder incentives.  As such, the actual ex post evaluation results from the first year load impact study are important to the calculation of that shareholder incentive.  Approximately 58% of the Company’s claimed net benefits for all shared saving programs are based on the CEEI, and of that, 11% is due to the non-PSP HVAC end use.  Therefore, approximately $2 million dollars in shareholder incentives are at stake in this load impact study. Study results, therefore, will be carefully reviewed through a Review Memo and replicated  with a Verification Report.
This study was conducted in a manner that is similar to the impact analysis of indoor lighting end use technologies for the PY96 CEEI program (Study 349); and therefore shares similar strengths and weaknesses with that study.  In general, the Company and their contractor appear to have prepared a detailed load impact study that is in  general conformity with the measurement protocols.  The main problems laid out in this review memo relate to the selected gross load impact realization rate for “Custom HVAC” measures and some potential issues with the NTG analysis.
REPORTED IMPACT RESULTS:

Based on Table 6 from the study, the following claims were made for impacts:

Average Annual Gross Load Impacts:  

HVAC:  Peak:  6,593 kW (0.0001 kW per designated unit; 1.15 realization rate).   Energy:  35,479,520 kWh (0.5186 kWh per designated unit; 1.33 realization rate).  Therms:  1,136,403 therms (0.01661 therms per designated unit; realization rate 1.04)

Average Annual  Net Load Impacts:

HVAC:  Peak:  4,059 kW (0.00006 kW per designated unit; 1.03 realization rate).  Energy: 19,149,445 kWh (0.27994 kWh per designated unit; 1.03 realization rate)  Therms:   1.040,531 therms (0.01521 therms per designated unit;  realization rate 1.04).

Net-to-gross ratios:   0.54 for peak, energy, and gas impacts.

ASSESSMENT OF STUDY METHODOLOGY AND RESULTS

The Study is based on a two-stage approach to estimate gross load impacts and a two stage discrete choice model to estimate both free-ridership and spillover. The samples used included a participant sample of CEEI participants who only installed HVAC measures (280, based on an attempted census) and those who installed HVAC measures and coincidentally, also installed lighting measures (70). The samples were selected to meet the precision estimates of the Protocols, based on pre-program consumption, and stratified by energy consumption and building type.  A nonparticipant sample (462) was drawn to match the consumption and building type characteristics of the participant sample.  These sample points were used to estimate the gross load impacts and Statistically Adjusted Engineering  (SAE) coefficients.  In addition, a much larger sample of nonparticipants, called a “canvass sample,” was drawn so that 3,796 respondents were surveyed in support of the NTG analysis (for both this study and # 349). 

The first stage of the gross load impacts analysis used nonparticipants to provide a relationship, by building type, of the expected consumption of the nonparticipants in the future based on the pre-program consumption and other attributes.  This predicted future baseline was then used in a simultaneous regression equation involving the participants, in which the predicted change in consumption was used as the dependent variable.  The model included engineering estimates of load impacts in each participant building for lighting, HVAC, and other miscellaneous measures (e.g., an energy efficient  motor).  The SAE coefficients that resulted were interpreted as that portion of the engineering estimate that was evidenced in the actual billing data for the participants.   

The engineering priors used in the SAE analysis were based on 228 on-site surveys, including 15 ASD’s with end-use metering, and both complex and simplified engineering algorithms.  Every sample point had at least one engineering prior calculated by the evaluation team.  Measures that were subject to Title 24 requirements had a second engineering prior calculated – called an “impact” prior.  This is an important distinction.  For all measures included in the SAE billing analysis, an estimate of “savings” based on the change-out of the existing equipment as the baseline was used, along with actual weather to parallel what would be seen in the billing data.  However, the SAE coefficients for the equipment covered by Title 24 were then applied to the second engineering analysis – the “impact” prior – using long-term weather conditions in order to estimate the hypothesized and “realized” load impacts above the Title 24 baseline.   It was these second coefficients that were used to adjust the gross load impacts.  This requires the assumption that the estimates from each of the baselines would be equally accurate/inaccurate, which is a reasonable approach to the Title 24 complexity.

The NTG (for net load impacts) was approached in three ways: (1) self-reported responses to a telephone survey about free-ridership and participant and nonparticipant spillover; (2) the inclusion of a Double Mills Ratio approach within the Load Impact Regression (SAE) Model as a net billing model; and (3) a two-stage discrete choice model to estimate free-ridership and spillover.  The Study’s NTG results were based on the discrete choice results for two technology groups and the self-reports for the remaining measures.

EVALUATION ISSUES:  

In terms of the text and tables of this Study, the evaluation contractors have done an excellent job of explaining what they did, what they tried, and why they selected the options that they had selected.  Several potential issues were covered in the settlement of the 1995 PY 2nd earnings claim AEAP, including data censoring, excluding sample points, and the unknown effect of the bias in SAE models.  The discrete choice model used in this Study is a significant improvement over the PY1995 Study.  The engineering effort and the detail provided is impressive.  

Nevertheless, there are two issues that arise from a careful reading of the Study.  The first is how important and tenuous the decision was to accept an SAE coefficient based on a sample of 8 for the “custom HVAC,” and the other is the scoring of the self-report NTG methodology, which covers a significant number of technology groups in this Study.

“Custom HVAC:”   

The decision to apply an SAE coefficient of 2.24 to the “custom HVAC” measures of Custom EMS and chillers is a fairly critical one.  The SAE coefficient is based on a sample of eight (8) installations, has a relative precision at 90% confidence of +/- 85%, and the dramatic engineering underestimate is not explained by the authors based on problems with the engineering priors.  Yet, if the same decision (use engineering priors) were made for the Custom HVAC measures as was made for the ASDs with 4 sample points (and a relative precision of +/- 30%), the total gross load impacts for the SAE-modeled technology groups would have been reduced from 35,479,520 kWh to 29,230,295 kWh (see attachment B to this review memo). 

The evaluation contractors state in the text: “Because the resulting parameter estimate is considered to be reliable and accurate for these two measures, the SAE coefficient for Custom HVAC was applied to EMS and Chiller measures.” (p. 3-47).   However, when the authors of the study explain  the differences between the results from the Study and ex ante expectations, they do not support the reliability and accuracy of this coefficient.  Instead, for chillers,  they explain the high realization rates are due to the “large SAE coefficient that was estimated and applied to these technologies.”(p. 4-9)  For the Customized EMS, the only explanation is:  “The total program/technology group realization rate of 2.04 for Custom EMS was the direct result of the application of a 2.24 realization rate from the SAE analysis.”(p.4-10).  In other words, ‘the realization rates are high because the SAE results were high.’ In contrast, for other technology results the authors attempt to understand why the realization rates were high.  For example, for chillers, they note that in several cases, where the results depended on the calibrated engineering models instead of the SAE results, the calibrated realization rates were well below 1.0. (p. 4-9).

 Net-to-Gross

The study authors are basing their NTG ratios for Central Air Conditioning and “Other Retrofit Express HVAC measures” on the two-stage discrete choice model.  They indicate that the self-report results also support these discrete choice results.  The two-stage discrete choice model is different from the previously explored models at CADMAC, in that it doesn’t model (a) the decision to adopt the efficiency measure and (b) the decision to participate in the program, but rather (a) the decision to purchase any lighting measure and (b) the decision to install an efficient (program qualifying) measure.  Program participation is an exogenous variable, known to the researchers, and awareness of the program and the level of rebate applied are independent variables which are included or excluded from the model in order to simulate the presence or absence of the program.   In addition to the only two technologies for which the discrete choice model was run (for unclear reasons specified on page 3-75), the authors chose to apply the self-report NTG ratios for the other measures.

The NTG for twenty of the twenty-two program/technology groups were estimated using the self-report algorithms.  Therefore it is important to point out the potential weaknesses within that approach.  


Free-ridership:  three problems arise – (1) the self-report methodology allows the calculation of the effect of deferred free-ridership – would have installed the efficient equipment, but more than a year later – and a complete analysis should include that effect, not ignore it and count the respondent as a net participant (p. 3-58 and pd115: #3); (2)  the scoring of (pd310=2 and pd315=4) as a net participant involves taking directly contradictory responses and determining that there is no free-ridership without any basis; and (3) the authors are not clear about how they handled non-respondents to all of the free-ridership battery, nor how they scored pd300, response 2.


Spillover:  the requirement that the respondents meet all three conditions – took action after participation, did not receive a utility rebate, and took action as a result of the program -- to be counted as spillover (participant or nonparticipant) appears sound, but it is undermined by the wording of the question that asks (sp010 and sp080):  whether participation in or knowledge of the program “at all influence your additional lighting equipment selection.”  The “at all” may be construed as leading the respondent to a response bias of pleasing the interviewer.  


Extrapolation of the spillover:  Even with the possibly leading question about spillover, only 4 nonparticipants out of the 4,258 surveyed were actually identified as taking high efficiency HVAC measures as a result of the program.  Of these four only three provided valid information on their actions (p. 3-67).  It is questionable whether the extrapolation should be based on the three valid responses – just as it is questionable that all four respondents provided enough information to indicate that they all represented valid spillover. The results for spillover and for the shareholder incentives are very sensitive to even one case.  With three cases the spillover in Exhibit 3-35, p. 3-70, would be 4.8% instead of 6.41% -- a difference of over $32,000 in shareholder incentives [0.0161* $3 million].  This leads to the conclusion that nonparticipant spillover is too crudely and unreliably (see above on biased wording of questions) measured to be the basis of extrapolation to an entire population, and should be eliminated from the calculation of net load impacts..

CONFORMITY WITH THE PROTOCOLS

Measurement Protocols.  The study  is in general conformity to the Protocols of Table C-4 and Table 5.

Tables 6 and 7 Reporting Protocols.   The Study is in conformity with Table 6, with the exception of the per DU realization rates being unusable (see footnote 1).   Table 7.E does not explicitly allow self-report methods to be used to calculate net load impacts, and there was no waiver filed for this study.  

Summary Recommendation:

The importance of this evaluation requires a Verification Report. In the absence of a completed Verification Report, the following adjustments are recommended:

1. The SAE coefficient for the “custom measures” should default to 1.0, and earnings adjusted accordingly (see attachments A and B to this review memo).

2. The NTG represents a conundrum.  The best method was only applied to two technologies of the 24, and self-report methods with some serious problems were used for the others.  The Verification Report probably cannot create the discrete choice models for all of the other 22 technologies, and rejecting the self-report results would leave the load impact study without an adjustment for NTG.  The recommended solution is that the program level NTG ratio should be modified in the Verification Report in the following manner: 

(a) Deferred free-ridership should be used to adjust the net load impacts. 

(b) Cases in which there is a clear contradiction between two free-ridership responses (pd310=2 and pd315=4) need to be eliminated from both the numerator and the denominator of the NTG ratio.  

(c) Although the full impact of the biased wording of the spillover question (“at all influenced...”) cannot be calculated, the spillover rate of 0.16 calculated by the two-stage logit model should be considered the maximum value for spillover.  

(d) In addition, the spillover should be re-calculated to ignore the extrapolation of the nonparticipant spillover to the entire nonparticipant population.

ATTACHMENTS 

Attachment A

To:
Lisa Lieu, PG&E  [April 10, 1998]

Re: Data Request

Could your evaluation staff address the following two questions?  Answers may help shorten any disagreements arising out of the review of this Study:

1. Please explain the basis for the statement on p. 3-47, 2nd paragraph from the bottom:  “Because the resulting parameter estimate is considered reliable and accurate for these two measures, the SAE coefficient for Custom HVAC was applied to EMS and Chiller measures.”  Given that there were only 8 data points, no engineering explanations for the high SAE coefficient, and a +/-85% relative confidence interval, why is this considered more stable and accurate than the ASD coefficient?

2.  If the SAE coefficient were to default to the engineering priors, (implied SAE of 1.0), what would be the effect on the total gross and net HVAC end-use impacts -- Study 351 final results?

Attachment B

PACIFIC GAS AND ELECTRIC COMPANY

1998 Annual Earnings Assessment Proceeding (AEAP)

Data Request Response to ORA

(A. 98-05-___)
Requester:
Ken Keating (Ecotope)
Request Date:
4/10/98

PG&E Contacts:
Elsia Galawish, Mary O’Drain, Michelle Cheung
Response Date:
4/17/98

Data Request No.:
ORA #4

Question No. 1:
Please explain the basis for the statement on pp. 3-47, 2nd paragraph from the bottom:  “Because the resulting parameter estimate is considered reliable and accurate for these two measures, the SAE coefficient for Customer HVAC was applied to EMS and Chiller measures.”  Given that there were only 8 data points, no engineering explanations for the high SAE coefficient, and a +/- 85% relative confidence interval, why is this considered more stable and accurate than the ASD coefficient?

Response to Question No. 1:
While there are indeed only 8 data points that comprise the "Custom HVAC" measures in the model, this is sufficient sample to create unbiased results.  In addition, the resulting coefficient of 2.24 was quite robust, irregardless of other changes to the SAE model's inputs.

On the other hand, we found that within the ASD sample, a couple of customers who met the screening criteria were driving the results of the model -- i.e., these customers saw significant reductions in their energy usage that may or may not have been attributable to the installed measures.  While this caused the t-statistic to rise dramatically for this segment, it was not representative of the population.

Because the ASD sample had only 4 data points in the SAE model, and because there were 15 points of EUM data collected (the richest form of evaluation data), we felt that the EUM data provided a more accurate assessment of impact than 4 points in a SAE model.

Keep in mind that the ASD impacts calculated are a Protocol-compliant calibrated engineering result.  Adjusting this load impact even further with the ASD coefficients from the SAE model would grossly exaggerate the true impacts of these measures.

While this may appear on the surface to be "selectively" applying the results of the SAE analysis, it is in fact adopting the most conservative approach towards estimating impact.  We chose not to apply the results of the SAE analysis to ASD measures because we did not want to overstate their true impact.

The EMS and Chiller measures that did comprise the "Custom HVAC" sample, however, are warranted in the model.  The results are unbiased, and the coefficient robust.
Question No. 2:
If the SAE coefficient were to default to the engineering priors, (implied SAE of 1.0), what would be the effect on the total gross and net HVAC end-use impacts – Study 351 final results?

Response to Question No. 2:

The gross and net load impacts would be as follows:


Adjusted
Gross kWh:
29,230,295




Net kWh:
17,239,573


Original
Gross kWh:
35,479,520




Net kWh:
19,149,445

� As in prior years, the realization rate per DU is not useable for PG&E, in that the number of designated units change from the E-3 Table in the first earnings claim to Table 6 of the Study. This is abundantly clear for HVAC where the DUs are the same for demand and energy, but the E-3 table (10/28/97) shows 100 million more DUs for kW than for kWh.  However, the total load impacts and the realization rate for these are correctly calculated, and the amount of net load impacts is not confounded by the DU problem.
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