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PG&E - Study 404b
Commercial HVAC
Introduction and Executive Summary

This report is a Verification Report (VR) of the Pacific Gas & Electric Company’s (PG&E) study of gross and net energy impacts from commercial Heating, Ventilating, and Air-Conditioning (HVAC) measures that were paid rebates in 1998 through PG&E’s Commercial Energy Efficiency Incentives (CEEI) Program (Study).  This study was performed by Quantum Consulting (Quantum).

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 to support the Study.  The third section reports the efforts in replicating the data flow and analytical approaches used by PG&E.  The fourth section details our modifications to the analytic procedures and the corresponding SAS code.  The final section presents the recommended changes to the filed results.  

The Study reports first-year load impacts for commercial customers who participated in PG&E’s Commercial Energy Efficiency Programs.

The analysis techniques employed in the Study are:

· Engineering analysis of gross impacts.

· Billing regression analysis of gross impacts.

· Billing regression analysis of the net-to-gross (NTG) ratio.

· Self-report analysis of the NTG ratio.

· Discrete choice analysis of the NTG ratio.

ECONorthwest’s verification efforts include:

· Evaluation of the Study.

· Replication of the billing regression and discrete choice results.

· Investigation of the effects of alternative and/or corrected model and database specifications.

· Recommendations to the ORA.

The purpose of this effort is to verify the robustness of the findings obtained by PG&E, and ensure consistence with the M&E Protocols relating to this study.  It should be noted that the results of this study are not being incorporated into an earnings claim at this time.

Programs Studied

Retrofit Express (“RE”)
“The RE program offered fixed rebates to customers who installed specific electric energy-efficient equipment.  The program covered the most common energy savings measures and spans lighting, air conditioning, refrigeration, motors, and food service.  Customers were required to submit proof of purchase with these applications in order to receive rebates.  The program was marketed to small- and medium-sized commercial, industrial, and agricultural customers.  The maximum rebate amount, including all measure types, was $300,000 per account.  No minimum amount was required to qualify for a rebate.”

Retrofit Efficiency Options Program (“REO”)

“The REO program targeted commercial, industrial, agricultural, and multi-family market segments most likely to benefit from theses selected measures.  Customers were required to submit calculations for the projected first-year energy savings along with their application prior to installation of the high efficiency equipment.  PG&E representatives worked with customers to identify cost-effective improvements, with special emphasis on operational and maintenance measures and the customers’ facilities.  Marketing efforts were coordinated amongst PG&E’s division, emphasizing local planning areas with high marginal electric costs to maximum the program’s benefits.”

Advanced Performance Options Program (“APO”)

The APO program targeted commercial, industrial, and agricultural market segments most likely to benefit from energy management systems, installation of high efficiency water chillers, variable air volume supply systems, evaporative cooling towers and heat exhangers.  “Customers were required to submit calculations for the projected first-year energy savings along with their application prior to installation of the high efficiency equipment.  PG&E representatives worked with customers to identify cost-effective improvements that required a customized evaluation approach, as opposed to a prescriptive approach.”





Methodologies

The Study performed five types of analysis in its investigation of program impacts:

· Engineering estimates of gross energy, demand, and therm
 impacts were developed using a nested sample of data from lighting loggers, on-site audits, telephone surveys, and PG&E’s Management Decision Support System database.  By retroactive waiver, PG&E was again allowed to use the average of 1994 and 1995 program year results in their calibrated engineering analysis for full load hours of operation, coincident diversity factors, HVAC interactive effects, and burnout rates.  This Retroactive Waiver was approved on May 20, 1999.

· Gross savings were estimated from a statistically adjusted engineering (SAE) model.  A baseline model was estimated using only non-participants and the resulting model coefficients were used to predict participants’ energy consumption in absence of the program.  By including participants from PG&E’s lighting and HVAC end-uses, the model estimated SAE results for both end-uses simultaneously.

· Net savings were estimated using an SAE model using both participants and non-participants in the same regression.  By including participants from PG&E’s lighting and HVAC end-uses, the model estimated SAE results for both end-uses simultaneously.  Inverse Mills ratios, calculated from the results of a probit model of the participation decision, were used to correct for self-selection bias.

· Telephone survey information was used in an effort to generate “self-report” estimates of free-ridership and spillover.

· A discrete choice logit model of lighting equipment purchase was developed as an additional approach to estimating free-ridership and spillover and was used in the final impact calculations. By retroactive waiver approved on May 20, 1999 self-report based algorithms could be used to estimate free-ridership and spillover effects in the event that the discrete choice and LIRM models fail to produce statistically reliable results.

Summary of Findings

This is a strong study in its documentation and analysis.  The methodologies employed in the analysis were judged to follow measurement protocols set forth by the California Public Utilities Commission (CPUC). The following results summarize the main finding of the Study:

· Overall, net annual savings for the HVAC end use in the Commercial sector is estimated to be 3,071 kW, 11,865,436 kWh, and 441, 701 therms.  Approximately 129% of PG&E’s ex ante net kW savings, 76% of the ex ante kWh savings, and 102% of the ex ante therms savings are being realized. 

· Gross realization rates for the HVAC end use in the Commercial sector are 1.120 for kW, 0.661 for kWh, and 0.850 for therms. 

· The ex post NTGR for the HVAC end use is estimated as 0.868 for kW, 0.869 for kWh, and 0.902 for therms.
· 
Recommendations to ORA

ECONorthwest recommends accepting the load impact claims as documented in the Study.

Data and Documentation Quality

Data

Files were provided on six compact disks, and no trouble was encountered reading them. ECONorthwest encountered no problems with any aspect of Quantum’s provision of data.

Documentation

The Study provided generally helpful documentation.  It provided thorough descriptions of methodology and helpful exhibits. A separate, detailed documentation for the SAS code was also provided.  It contained program descriptions, flow charts, and lists and contents of data sets.

The Study was thorough in describing additional modeling techniques Quantum employed in their analysis.  Again, for the second year, they seem to have given serious consideration to recommendations made in the verification of the 1996 CEEI Load Impact Study.  During the 1997 AEAP, ECONorthwest and Quantum Consulting discussed at length the inclusion of non-participants and use of a switching regression in the second stage SAE model.  

Replication and Analysis

Much of the Study’s evaluation utilitizes algorithims and SAS code developed and reviewed in previous years to estimate program impacts.

Analytic Approaches of the Study

Several alternative methods were explored for derivation of NTG ratios to be applied to the gross engineering impact estimates to yield net ex post impact results.  The varying methods allowed for comparison between modeling techniques.  In general, all results were validated and conservative estimates were chosen to calculate final program impacts.


Gross Billing Model

The first step of the gross billing model was a “baseline” non-participant regression model of program post-period energy use (kWh).  Independent variables included:

· Pre-period energy use, interacted with dummy variables representing business type;
· Change in cooling-degree days interacted with pre-period kWh; and
· A set of variables capturing changes occurring at the site between the pre- and post-periods, such as a change in square footage or the replacement of certain end-use equipment.
The second stage of the gross billing model was the estimation of post-period kWh for lighting and HVAC program participants in the absence of these incentive programs.  This was achieved by using the coefficients obtained from the baseline model, applied to all participant variables except the site-change variables.  Quantum elected not to use the participant site-change variables, on the grounds that the participants and non-participants were not comparable groups.
The third step in the gross billing model was a regression on participants only.  The dependent variable was actual 1999 kWh minus 1999 kWh predicted from the baseline estimation equation.  Independent variables included:

· Engineering estimates of program energy impact, for individual technologies within the lighting  and HVAC programs; and
· The set of variables for both participants and non-participants capturing changes occurring at the site between the pre- and post-periods used in the non-participant “baseline” model.

Coefficients estimated on the engineering estimates of program energy impact are the SAE coefficients for technologies within the lighting and HVAC end-uses. The HVAC analysis was divided into two distinct technology groups consisting of (1) RE measures, and (2) custom measures.  The coefficients for Retrofit Express Measures and Custom HVAC end-uses were used to adjust the engineering estimates of program energy impact, to arrive at final gross ex post estimates of program energy impact.

Net Billing Model

The same set of participants and non-participants used in the two gross billing regressions were used here in a single SAE regression, with the goal of deriving net savings coefficients.  The dependent variable was post-period kWh.  Independent variables included:

· Pre-period (1995) energy use interacted with business-type dummy variables and change in cooling-degree days;
· 
· The set of variables capturing changes occurring at the site between the pre- and post-periods used in the gross model regressions;
· Inverse Mills Ratios–intended to correct for self-selection bias–calculated from the results of a probit model of lighting program participation; and
· The Mills Ratios interacted with the engineering estimates of program impact, for the corresponding individual technologies within the lighting and HVAC programs (called “double Inverse Mills Ratios” in the Study, though it is not the conventional use of this term).

Despite the fact that the results of the net billing model produced statistically significant coefficients for all estimates, the values were not used by PG&E as the final NTG ratios for savings and realization rate calculations.  However, the Study states that they were used to verify results in the self-report and discrete choice NTG analyses.

NTG Analysis
The second approach to estimating net impacts involved application of NTG ratio estimates to the gross impact estimates.  Two techniques were used to estimate NTG ratios: self-report analysis and discrete choice analysis.
Self Report Approach

This approach employed survey responses to questions designed to detect free-ridership and spillover behavior.  In the case of free ridership, customers were classified as free-riders if, in the absence of the incentive program, they stated that they would have bought high efficiency equipment and installed it within a year.




A spillover calculation was made by analyzing responses to survey questions designed to identify the rate at which the participants or nonparticipants population is adopting non-rebated high-efficiency HVAC equipment as a result of the being influenced by the CEEI.

The results of the self-report analysis were used to adjust the engineering estimates of program energy, demand, and therm impacts for all HVAC end uses.  This adjustment produced final net ex post estimates of program energy, demand, and therm impacts for HVAC technologies.  The estimates include effects of both free-ridership and spillover.
Discrete Choice Approach 
A two-stage discrete choice model was estimated to calculate a NTG ratio and free ridership.  The first stage of the model estimated the “purchase probability” and the second stage estimated the “equipment choice probability.”  The resulting product was the total probability that a high and standard efficiency central air conditioner (CAC) was purchased.
  In the “Purchase Model” the dependent variable was a dummy variable indicating whether CAC equipment was purchased, regardless of whether the purchase was made through the program.  Independent variables included:

· A program-awareness dummy variable set to one if the customer was aware of the program before they began shopping for CAC equipment, and dummy variables noting whether they were made aware of the program by either a HVAC contractor or PG&E representative prior to purchase;
· A variable termed CINDEX, constructed as ((COST-REBATE)/COST), intended to represent the fraction of the cost of the HVAC equipment that was paid by the customer;
· Building characteristic variables, such as square footage, year of construction, whether the building lease was less than 1 year long, and building ownership, and dummy variables indicating changes at the facility, such as employment change greater than 10 percent since January 1995, and square footage added; and
· Indicators of business type.

Probabilities of a CAC equipment purchase were calculated with the logit model.  To estimate the probability of CAC equipment purchase had the program not existed, the awareness variables were set to zero and the CINDEX variable was set to one, indicating that the entire cost of the equipment would be paid by the customer.

Given that the decision to purchase CAC equipment has already been made, the “Equipment Choice Model” estimates the probability that a specific CAC technology was chosen.  The choice set for the HVAC evaluation contained two different CAC equipment options: (1) high-efficiency single and split AC units, and (2) standard efficiency single and split AC units.  The dependent variable was the equipment choice.  Independent variables included:

· A program-awareness dummy variable set to one if the customer was aware of the program at the time they purchased the HVAC equipment, and dummy variables noting whether they were made aware of the program by either a HVAC contractor or PG&E representative prior to purchase;
· CINDEX, calculated the same as in the purchase model;
· A dummy variable termed PREDISP, indicating whether the customer had a predisposition to purchase high efficiency HVAC equipment, regardless of the incentive program;
· Expected electricity savings, in dollars; and
· Indicators of business type and facility square footage.

Probabilities of equipment choice purchase were calculated with the conditional logit model.  To estimate the probability of an equipment choice purchase had the program not existed, the awareness variables were set to zero and the CINDEX variable was set to one.

The net impact for participants, participant spillover and non-participant spillover was calculated as the expected impact with the program less the expected impact if the program did not exist.  These expected energy impacts were weighted up to their respective populations, participant and non-participant.  The sum of the net impacts was divided by the gross impact for participants of the program to calculate the NTG ratio.

Logit NTG results were used to adjust the engineering estimates of program energy, demand, and therm impacts for central air conditioning (CAC).  Only this end use was modeled with the Discrete Choice model because other end uses did not have a large enough sample of non-participants who purchased the equipment.  The adjustment produced final net ex post estimates of program energy, demand, and therm impacts for CAC.  The estimates include effects of both free-ridership and spillover.

Replication Efforts

The original study undoubtedly consumed many person-months of programmer and analyst time. ECONorthwest’s verification effort focused primarily on the billing and NTG analysis.  Much of the data development and cleaning was not replicated in an effort to reduce verification costs and save time.  Furthermore, much of the SAS code used in the Study is unchanged from previous years’ analyses which have undergone a thorough verification.  

The verification effort performed on the billing and NTG analysis included general checking of code for errors, comparing code steps to methodology descriptions, reconstruction data sets by running code, consideration of the theoretical appropriateness of the methodologies employed, and directly checking for the agreement of actual data with data-development intentions.  In addition, a concentrated effort was used in analyzing the econometric models, and the methodology and coding associated with these models. Because the Study utilitized  techniques and methods reviewed and verified in previous AEAPs, this year’s verification effort could be performed with greater assurance that the code and results presented were accurate and generated using appropriate methods.

Review of Analysis Procedures

No problems were encountered in the reproduction of the analyses of the CEEI program.

Review of SAS Code and Data Flow

In addition to the aforementioned excluded programs and incorrect documentation of data flow and corresponding programs, a few minor miscodings and typos were found that did not effect the final results of the Study.  Therefore, we will not present them in this report.

Modifications to Database and Analytical Procedures

Database Modification

No modifications are recommended for the database portion of the Study.

Analysis Modifications

ECONorthwest accepts the analyses as presented in the Study.

Recommended Changes to Filing Parameters

No changes are recommended for the filing parameters.  ECONorthwest advises ORA to accept the results put forth in the Study.
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� The Study, 2-2. 


� The Study, 2-1. 


� The Study, 2-2


Customized Efficiency Options are also noted as a program option, but there is no provided description.





� Lighting retrofits cause negative therm savings when less heat is produced by more efficient lights which causes increasing gas heating system workloads.


� The data wold not support a separate category for evaporative coolers this year, unlike in past years.
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