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Pacific Gas & Electric Company -Study 331


Impact Evaluation of PG&E's Agricultural EEI Programs - Indoor Lighting End Use


Introduction and Executive Summary


The Impact Evaluation of Pacific Gas & Electric Company's 1995 Agricultural Energy Efficiency Incentives Program (the Study),  performed by Quantum Consulting Inc. (Quantum), evaluated the gross and net energy and demand savings of Pacific Gas & Electric Company's (PG&E) agricultural (Ag) indoor lighting end use programs.  Quantum  used a combination of billing analysis,  engineering review,  telephone surveys and on-site visits for both program participants and non-participants to determine the estimated savings for PG&E's agricultural lighting sector.  The studies examined electric usage and purchase decisions by program participants and non-participants.


 Program Studied


The Retrofit Express (RE) program offered fixed rebates to nonresidential customers who installed specific gas or electric energy-efficiency equipment in their facilities.  The program  covered a number of energy-saving lighting end uses.  Specific lighting measures included compact fluorescent lamps,  incandescent to fluorescent retrofits, exit signs, efficient ballast changeouts, T-8 lamps and electronic ballasts, delamping of fluorescent fixtures, HID technologies and lighting controls.


Customers were required to submit a proof of purchase with their applications in order to receive rebates.  The program was marketed primarily to small- and medium-sized agricultural customers (as well as commercial and industrial customers).  The maximum rebate amount, including all measure types, was $300,000 per account.  No minimum amount was required to qualify for a rebate.


Methodologies


The Study used a combination of billing analysis,  engineering review,  telephone surveys and on-site visits for both program participants and non-participants to determine the estimated savings for PG&E's agricultural lighting sector.  Other data sources included extracts from PG&E's Management Decision Support System (MDSS) data base, surveys of PG&E Ag field representatives and lighting vendors, US Census Data, and Current Industrial Reports, and a survey of a comparison area (Utah). 


Summary of Findings


The following issues summarize the main findings of the Study:


The ex post net-to-gross (NTG) estimate for lighting measures is 0.950.  This indicates a very low level of free-ridership and spillover in the lighting programs, and is corroborated by the Vendor and Census data as well as data from the Utah comparison area. 


Overall, the gross realization rate (RR - the ratio of gross ex post impact evaluation findings to the gross ex ante program design estimates) was 0.59 for energy and only 0.25 for demand for the lighting programs.  The realization rates demonstrate how well the ex ante estimates predicted the actual impacts before taking into account free-ridership and spillover.  In general, the low demand RR resulted from several overestimates of the ex ante parameters in the MDSS data base, e.g.,  for compact fluorescent lamps (CFL's), the Study found that customers were more likely to install lower wattage lamps rather than those assumed in the ex ante estimate.  For High intensity discharge (HID) lamps,  the customers  (mainly ornamental nurseries) use the lighting mainly to extend their growing hours into the evening, so the lights are never on during the peak hour.  


The net realization rates (the gross realization rate multiplied by the ratio of the ex post NTG values to the ex ante NTG values)  are 0.73 for energy and 0.31 for demand for the lighting programs.   The net realization rates illustrate how well the ex ante estimates predict ex post impacts after taking into account free-ridership and spillover.  Because there was only 5% free-ridership and spillover, the ex post NTG value is high and causes the net impact RR's to be higher than the gross impact RR's.  


Recommendation to DRA


ECONorthwest recommends that the Study be accepted as filed,  with the following minor changes: 


there are several errors in table or figure labels which need to be corrected; 


there are several instances where data presented in an Exhibit  needs to be corrected to match information presented in the text or vice-versa;  


We recommend that an additional note be added to the bottom of any  table presenting the number of observations (the "N" column) warning the reader that the N's will not add to the subtotal presented for the lighting end use due to customers installing more than one lighting measure (e.g., installing CFL's and efficient ballast changeouts).





Data and Documentation Quality


The data provided for  the verification was complete (with the exception of one file and macro)  and we experienced no trouble reading any of  the files or data sets.  The materials were available when need and were fairly well documented.


Data


Completeness of the data.  The data provided for the Study were basically complete.  Only one file and one macro were missing, and when requested,  they were provided the same day by Quantum.  Some data was deliberately not included, i.e., the billing data from Section 2, due to the size of the data set.  Utility billing data sets are by nature extremely large. Compounding this problem is the fact that PG&E is a large utility with a lot of customers.  For future verification analyses, it may be appropriate for the consultants performing the Study to create separate billing data sets for each customer class.  This may only result in a transportable data set for the smaller customer classes, such as the Ag class, but it is worth a try.  In addition, perhaps separate billing data sets could be created with only those variables needed for specific analyses, and these could be included with the other data sets.


Condition of the data.  The data was provided on a non-commercially produced CD-ROM (the so-called "gold disks").  CD-ROM is generally the most convenient storage medium, especially for the transfer of large amounts of data; however, it is important to note that some CD-ROM drives are unable to read the "home-burned" CD-ROM disks, which is certainly inconvenient. The data provided on the CD-ROM included SAS data sets, SAS code files, text files,  and Microsoft Word, Excel and Access files.  The data were well organized into fourteen separate folders which corresponded to the fourteen analytical sections of the Study.  SAS data sets were provided zipped and in SAS transport format, which were easily expanded and loaded onto the appropriate platform (except for section 9, which took approximately twenty minutes to unzip and forty-five minutes to load using proc xcopy).  


Obtaining and creating data.  We had no difficulty running the SAS programs using the data provided.   As stated previously,  the file and macro that were inadvertently not included were e-mailed the same day they were requested. 


Documentation 


ECONorthwest found this Study to be fairly well documented.  According to Quantum, no verification study was performed for  1994 Ag lighting program evaluation, and they were not anticipating that one would be required for the 1995 evaluation, hence some documentation is wanting.  What follows is a more detailed discussion of the various types of documentation.  


Study Documentation.  The Study documentation was well written and was organized and complete.  Analyses mentioned in the body of the study report were included as appendices.


Data Base Documentation.  The data base documentation was well-organized into fourteen sections.  Data flow diagrams and tables displaying the names and descriptions of  input, intermediate and output data sets for each section were included, as well as a narrative description of the data analysis/reduction occurring in each section.   In some sections, a description of what occurred in each SAS program of the data flow was provided, usually including input and output data sets for each program.  This information was particularly helpful in negotiating the data flow and understanding what occurred each step of the way.  For a study of this size, with the number of data sets called in and created and manipulated, we recommend that this information be included in each data base documentation section.


Code annotation.  The SAS code contained some annotation, which was helpful in following what was sometimes a labyrinth of data manipulation.  However, it was lacking when data was keyed in from other sources, such as from text files and the engineering evaluations.   This provided a frustrating and often tedious experience when trying to track down the source of the values hard-coded into the SAS program.  Again, no verification study was done on the 1994 program results, and therefore, no verification study was anticipated for the 1995 program data by Quantum.  Thus, the code was not written with replication/documentation in mind. 





Replication and Analysis


Review of Data Flow and Analytic Approach(es)


This Study integrated and analyzed massive amounts of data from many different sources.  The ultimate goal of the analyses was to produce estimates of gross and net first year program impacts on demand, energy and therms; determine free-ridership, spillover and NTG ratios for program measures paid during 1995; and to compare the evaluation results with PG&E's ex ante estimates and identify the reason(s) for any discrepancies between the two. 


Data sources included extracts from PG&E's billing data, extract files from PG&E's MDSS data base, telephone surveys of program participants and non-participants, weather data, crop data, on-site audits, engineering studies and reviews of engineering algorithms, and surveys of PG&E Ag reps, independent lighting vendors, and data from a comparison area in Utah.  Raw billing data from PG&E was combined to form a time series for the years 1992-1995.  These data were combined with program participant tracking information available in PG&E's MDSS data base. These data included information regarding measures installed by customer, standard industrial classification (SIC) code of customer, customer contact information (e.g.,  contact name, address, phone number, etc.) , measure specific information, and information submitted on the program application form.  The result of this merge was a data set of all agricultural program participants (i.e., those who had rebates paid in 1995) and their billing data.  Two summary data sets were also created:  Ag participants by site and by premise. 


From here,  the sample for the survey was drawn. The Ag participant data base was re-merged with the Ag population billing data so that separate samples could be drawn from participants and non-participants.  Minimal data cleaning was performed using information provided by PG&E.  A few customers were removed from the sample frame by request of the PG&E Ag field representatives.


The study used a nested sample design, which leveraged a core on-site sample to a larger, less expensive telephone survey.   A census of  telephone surveys and on-site audits was attempted on the Ag lighting participants due to the limited population of program participants.  A total of 85 customers were identified as having received a rebate in 1995 for installing a lighting measure.  Of  these, 69 customers completed a telephone survey (81% response) ,  and 59 were audited on-site (69% response).


Because a SAE analysis was attempted with the nested sample for the indoor lighting end-use group, the representativeness of this sample was of concern to ECONorthwest.  To test the representativeness of the sample, the mean annual 1994 kWh consumption for the sample was compared to that of the population, at the 0.05, 0.10 and 0.20 levels of significance.  This value was chosen because it was used in the SAE model and contributed most of the explanatory power of the model.  For all significance levels, the calculated z statistic was well within the critical z bound, indicating that the nested sample represented the population.


After the telephone surveys were completed, the data were concatenated with data of customers who were removed during the course of fielding the survey. The survey and on-site data were cleaned.  These survey data were then input into an engineering algorithm  to determine energy  and demand impact estimates, and also used in the net to gross analysis. 


The engineering estimates were then used in the statistically adjusted engineering (SAE) analysis,  which attempted to adjust for behavioral and other factors unaccounted for in the engineering energy impacts by using regression models.  Additional inputs to this analysis were an updated extract from the MDSS and a new billing data set including monthly data from January 1992 - September 1996.  For the lighting measures, the models failed to produce statistically significant results; therefore, the SAE analysis was abandoned and the unadjusted engineering estimates were used.


Survey data were used to produce the NTG analysis which estimated free-ridership and spillover and resets the program baseline.  The survey estimates of free-ridership and spillover were compared to survey data collected from a small number of PG&E Ag field representatives, lighting vendors, and a comparison area in Utah.   These three comparison data sources supported the estimates of free-ridership and spillover produced by the survey data. 


The final data processing step involved merging all the findings into one Microsoft Excel worksheet to produce final estimates of gross and net energy, demand and therm impacts of the lighting programs.


Replication Efforts


The data sets and code necessary to replicate this analysis were provided as previously described in the Data and Documentation Quality section of this report.  For the lighting programs, no problems were experienced replicating Quantum's findings.  In general, submitting the code provided on the CD-ROM produced data sets identical to those provided on the CD-ROM.  We did not replicate code for Sections 2 and 9, i.e., the billing data.  The data for Section 2 were not provided due to the massive size of the data base.  We did not rerun the code for Section 9 because those data sets were also extremely large. We read through the SAS code for this section, however, to check for reasonable coding.  Other than these two sections, we reran the SAS code for programs which did not call in the billing data.  We examined means and univariate statistics of both the data sets we created by submitting the code and the data sets provided on the CD-ROM.  We compared the data flow diagrams for each section and then checked the program code to make sure that the programs called in the data sets claimed on the data flow diagrams.  We paid particular attention to the final Section (Section 14), examining all the text files that the data flow diagrams indicated contributed information to either the final SAS program (emp_fin.sas) or the final Excel workbook (fnlimpac.xls).  We then attempted to determine how the text file data had been used in the final step, which was not always intuitively obvious.  


Review of Database Development


The main difficulty we encountered when reproducing the analytic data sets was the lack of documentation when values were transferred from  text or spreadsheet files into other file types.  In particular, it was not always obvious which values in the text or spreadsheet files were being used in the SAS code.  In  the future, this should be documented in the narrative documentation.  In addition,  some values hard-coded into the final SAS program came from Appendix B -  Engineering Review of Ex Ante Estimates, but no documentation to that effect was provided in either the SAS code itself (in the form of a comment statement) or the narrative documentation.  


Review of Analysis Procedures


We did not encounter any problems reproducing any of the analyses in the lighting program.  


Modifications to Database and Analytical Procedures


Database Modification


The only changes we would make in the data base coding would be to write comment statements in the SAS code when values were hard-coded into the program detailing where the values came from.  This will  obviously not have any effect on the values produced by the analysis, but it will make it much easier to follow the flow of data in and out of the data sets.


Analysis Modifications


ECONorthwest did not make any modifications to the analytic procedures. 


Recommended Changes to Filing Parameters


ECONorthwest does not recommend any changes to the filing parameters; therefore, we recommend that the results of Study 331 be accepted as filed.  The following inconsistencies, however, should be noted:


On page 3-21 of the Evaluation Methodology, section 3.3.3, the third sentence of the first paragraph, the text states, "A total of 85 customers were identified in the MDSS.  Of these customers, all had engineering estimates, and 81 had complete telephone survey data."  In Exhibit 3-10 below it, however, the table shows 69 participants with complete survey data.  The text in the first sentence of page E-5 of Appendix E - Call Disposition for 1995 Agricultural Surveys states that "Telephone surveys were collected from 69 lighting participants." The text on page 3-21 should be revised to read, "Of  these customer, all had engineering estimates, and 69 had complete telephone survey data."


On page 3-23 of the Evaluation Methodology, section 3.4, in the bulleted list, the third bullet reads, "425 Ag Program participant telephone surveys (a census), including - 69 lighting end-use participants (from a total of 81 sites)...".  In section 3.3.3 (discussed above), it states "A total of 85 customers were identified...". The text in the third bullet should read, "...69 lighting end-use participants (from a total of 85 sites)...". 


On page 4-1, Exhibit 4-1; page 4-3, Exhibit 4-4; page 4-6, Exhibit 4-5; and page 4-8, Exhibit 4-6, the following note should be added beneath the tables:  "Note:  N values will not add to the End Use Totals because some customers are represented in more than one measure group."


On page 7-2 , Table 6, Item 2.A, in the second and fifth rows, the abbreviation "MWH" should be changed to "kWh."  This should also be done on page 7-5, Exhibit 7-3, Item 2.A, in the second and fourth rows.





�
Appendix


���Attached are copies of the Draft Review Memo for Study 331 dated May 2, 1997, by Ken Keating, and an electronic mail memo from John Cavalli of Quantum Consulting, dated June 2,  1997.�
MEMO





To:                       �
Don Schultz, CPUC/ORA�
�
From:�
Kenneth M. Keating,  ORA Evaluation Consultant�
�
Date:�
May 23, 1997  �
�
Subject:�
Review Memo for PG&E Study  # 331:  AEEI�
�
REVIEW SUMMARY


1. Utility:  Pacific Gas and Electric                        			Study ID: 331


Program and PY:  Agricultural Energy Efficiency Incentives Program:  PY1995


End Use(s):  Indoor Lighting


2.  Utility Study Title:  ìImpact Evaluation of Pacific Gas and Electric Companyís 1995 Agricultural Energy Efficiency Incentives Programs:  Indoor Lighting End-Useî


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, 1997		Required Documentation Received:   Yes                    


Retroactive Waiver:  Dated: October 18, 1996 allowing:  the use of a DU comparable to that of commercial lighting (load impact per square foot/1000 hrs of operation) and NTG based on self-report survey data.


5.  Reported Impact Results:


Annual Average Gross Load Impacts:


Lighting:  Peak:  284 kW (0.00007 kW per designated unit; 0.25  realization rate).   Energy:  4,043,327 kWh (1.06  kWh per designated unit; 0.59 realization rate).  





Annual Average  Net Load Impacts:


Lighting:  Peak:  270 kW (0.00007 kW per designated unit; 0.31 realization rate).  Energy: 3,841,161 kWh (1.01 kWh per designated unit; 0.73 realization rate)  





Net-to-gross ratios:  Peak:  0.95;  Energy:  0.95;  





7.  Review Findings:


Conformity with Protocols:  The study is generally in conformity with the measurement and 


reporting protocols.


Acceptability of Study results: This study needs a verification report completed on it. However, it is unlikely that it will lead to substantial changes to the load impacts.


Recommendations:  Pending a verification report, the recommendation is to accept the results as filed. 


OVERVIEW


The Agricultural 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.  The indoor lighting end-use within the AEEI accounts for a minimal fraction of those earnings.





This study was conducted in a manner that is similar to the impact analysis of the pumping end-use for the PY95 AEEI program (Study 329).  In both Studies, the contractor used trade ally, census data, and a comparison area (Utah) survey to increase confidence in the self-report surveys used in the NTG estimation process.


 


In general, the Company and their contractor appear to have provided a detailed load impact study that is in general conformity with the measurement protocols. 





REPORTED IMPACT RESULTS:





Annual Average Gross Load Impacts:


Lighting:  Peak:  284 kW (0.00007 kW per designated unit; 0.25  realization rate).   Energy:  4,043,327 kWh (1.06  kWh per designated unit; 0.59 realization rate).  





Annual Average  Net Load Impacts:


Lighting:  Peak:  270 kW (0.00007 kW per designated unit; 0.31 realization rate).  Energy: 3,841,161 kWh (1.01 kWh per designated unit; 0.73 realization rate)  





Net-to-gross ratios:  Peak:  0.95;  Energy:  0.95;  





ASSESSMENT OF STUDY METHODOLOGY AND RESULTS





The load impact study was conducted in accordance with the retroactive waiver that essentially required that LIRM be attempted, with a back-up of a simplified engineering algorithm if the regression approach did not yield robust results�.  Because the LIRM approach was based on Statistically Adjusted Engineering models, it was necessary for the evaluators to obtain ex post simplified engineering estimates on participants before the models could be attempted.  The LIRM models for gross load impacts were not judged to be robust for the indoor lighting end-use.  The study attempted a census sample of all 85 indoor lighting participants.  The simplified engineering analyses were based on phone surveys of 69 participants and on-site visits completed on 59 participants.





Unlike in Study 324, the evaluation contractor used on-site visits to determine the average per fixture peak demand and energy estimates (p. 3-10).  They discovered enormous discrepancies between the MDSS peak estimates and the actual operations data, basically because the interior lighting was used to lengthen the growing day in the off-peak hours in the agricultural greenhouse locations.





In line with the retroactive waiver, the NTG was calculated based on survey self-reports, which showed very little free-ridership or spillover.  This may have been a result of the concentration on the HID technology, and the low incidence of adoption of the measures outside of the program was corroborated by interviews with trade allies, census data on sales, and interviews with Utah trade people (comparison area).








Evaluation Issues:  





Potential Problems due to Data Censoring:  There were four participants removed as sample points from the billing analysis (p. 3-22) for being large consumers ñ presumably outliers.  This may have been a problem, except that the number was very small, and the LIRM results were never used, because they were highly unstable.





There were no other issues identified.








CONFORMITY WITH THE PROTOCOLS





Measurement Protocols: The Study is in general conformity to the retroactive waiver that governed this analysis.





Tables 6 and 7 Reporting Protocols: The reporting protocols appear to be well-documented, other than that Table 6 refers to the energy load impacts as being in MWh instead of kWh.





Summary Recommendation:





Pending the unlikely adjustments that may come from the Verification Report, the recommendation is to accept the results as filed.�



From: 	jcavalli@ccmail.qcworld.com


Sent: 	Monday, June 02, 1997 10:37


To: 	Dorianne Reinhardt Paul


Cc: 	LKL1@pge.com; mxdl@pge.com


Subject: 	Re: PGE&E AEEI Ag Studies





 Dorianne,





The following are answers to your three questions:





(1) If a customer installed multiple measures, than the customer would


contribute to the "N" in more than one measure group.  When we calculate totals,


we are interested in the number of unique customers.  Therefore, we do not want


to "double count" the customers with multiple measures, so the sum of the "Ns"


should be greater than or equal to the total "N".





(2)  The totals numbers were imported along with the individual measure values.


For the reason described above, we could not have summed all of the columns


(impacts we could have, but not "N").





(3)  Some additional analysis was done between the time the evalgrss.txt


spreadsheet was created and the Gross Impacts worksheet was finalized.  If you


look to the right of the Gross Impacts worksheet, you will see the raw data


taken directly from evalgrss.txt.  There is a note that the "lighting and pump


retrofit changed manually by dhk on 01/14/97", to reflect the changes that were


made in the analysis.  I have attached an updated version of the evalgrss.txt


spreadsheet (saved as an excel document which should be easier for you to read


in), which is identical to the values used in the Gross Impacts worksheet.





I look forward to receiving you verification report,





JC








_______________________________________________________________________________


Subject: PGE&E AEEI Ag Studies


From:    "Dorianne Reinhardt Paul" <reinpaulco@msn.com> at Internet


Date:    6/2/97  7:35 AM





Hi John,





I have one, hopefully last, set of questions for you regarding the PG&E Ag 


studies.  Specifically, in the final spreadsheet, fnlimpac.xls, I have three 


questions:





1.  In the column displaying the number of observations (the "N" column), the 


values for the lighting and pumping sections do not add to the subtotals for 


that section.  Why is this?





2.  Which leads me to question # 2:  On the subtotal rows on many of the 


spreadsheets in this workbook, the values are plugged, rather than summed 


using the sum function.  Is there a reason for this, or was this just the 


preference of the spreadsheet developer?





3.  And finally, in the Gross Impacts worksheet, the value for pump repair kWh 


entered on the spreadsheet (8,371,991) is not the value in the text file 


"evalgrss.txt" (8,371,945).  Is there a reason for this or is it just a typo?





Could you please get this information to me by sometime this morning?  I am in 


the process of writing the final verification report and need this information 


to finish it.  Feel free to call or e-mail me with the info - your preference.





Many thanks,





Dorianne Reinhardt Paul


e-mail:  reinpaulco@msn.com


phone:  (503) 590-7264








The following is an attached File item from cc:Mail.  It contains


information that had to be encoded to ensure successful transmission


through various mail systems.  To decode the file use the UUDECODE


program.


--------------------------------- Cut Here ---------------------------------














� Rejection of the LIRM approach was to have been based on whether the following conditions existed:  (1) a small number of observations control the model results;  (2) intractable collinearity; or (3) intractable, nonsignificant t-statistics.
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