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PG&E - Study ID 385
1996 Agricultural Energy Efficiency Incentives – Indoor Lighting End Use
Introduction and Executive Summary

The Impact Evaluation of Pacific Gas & Electric Company’s 1996 Agricultural Energy Efficiency Incentives Program (Study), performed by Equipoise Consulting Inc. (Equipoise) and Pacific Gas & Electric Company (PG&E), evaluated the gross and net energy and demand savings of PG&E’s agricultural (Ag) indoor lighting end use.  The Study examined electric usage and purchase decisions by program participants and non-participants.

ECONorthwest’s verification efforts with regard to the Study include:

· Evaluation of the Study, as well as its data and documentation;

· Replication of the databases and statistical findings of the Study;

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

· Recommendations to ORA.

The purpose of this effort is to verify the robustness of the findings obtained by PG&E, and the consistency with M&E Protocols relating to this type of study.

Programs Studied

For the indoor lighting end use measures, three programs were available to customers: The Retrofit Express (RE) program, the 1994 Customized Incentives (CI) program, and the 1996 Advanced Performance Options (APO).  Although not all measures described below were offered in 1996, this Study includes customers who received rebates in 1996, regardless of when they installed the measures.

· The RE program offered fixed rebates to nonresidential customers to retrofit their facilities’ gas or electric energy-efficiency equipment from a pre-specified list of measures.  The program covered a wide range of energy savings measures in the lighting, air conditioning, motors, refrigeration, and food service end uses.  Specific lighting measures included compact fluorescent lamps, incandescent to fluorescent retrofits, exit sign retrofits, efficient ballast replacements, T-8 lamps and electronic ballast replacements for T-12 lamps and standard-efficiency ballast, delamping of fluorescent fixtures, high-intensity discharge (HID) replacements for mercury vapor fixtures, and lighting controls.  These lighting measures were offered under the RE program in 1994, 1995, and 1996.  Customers were required to submit proof of purchase with their applications in order to receive rebates.  The program was marketed primarily 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.

· The CI program offered incentives to nonresidential customers who installed large or complex projects that save gas or electricity.  Prior to installation of the project, these customers were required to submit calculations for projected first-year energy impacts with their application.  The maximum incentive amount for the CI program was $500,000 per account, and the minimum qualifying incentive was $2,500 per project.  The total incentive payment for kW, kWh, and therm savings was limited to 50% of direct project cost for retrofit of existing systems.  Since the program also applied to expansion projects, the new system incentive was limited to 100% of the incremental cost to make new processes or added systems energy efficient.  Customers were paid 4 cents per kWh and 20 cents per therm for first-year annual energy impacts.  A $200 incentive per kW of peak demand impacts required that savings be achieved during the hours of PG&E’s peak period.  There were no CI programs offered in 1995 or 1996.  However, due to the significant documentation and analysis in CI program measure rebates and construction lead time, a number of 1993 and 1994 applications were delayed until 1996.  This evaluation covers those customers who received rebates in 1996.  A total of seven CI agricultural participants fell into this category.

· In 1996 the APO program replaced the CI program.  The APO program provides assistance and financing for selected large and complex energy-efficiency retrofit projects not covered by the RE and REO programs.  Under the APO program, PG&E engineers provide a detailed analysis of the energy savings potential for prospective energy projects.  The analysis serves as the technical basis for the program application and incentive payment.  Up to $300,000 per account is available for qualifying projects.  The 1996 agricultural sector evaluation included one APO project, a produce pre-chilling facility.

Methodologies

This Study used a combination of billing analysis, engineering review, statistical analysis, telephone surveys and on-site audits for both program participants and non-participants to determine the estimated savings for PG&E’s agricultural indoor lighting sector.  Data sources included paper copies of program applications, extracts from PG&E’s billing data for 1995 and 1996, extracts from PG&E’s Management Decision Support System (MDSS) database for 1996, PG&E program design documentation, 1995 agricultural sector coincident diversity factor analysis, telephone surveys, and on-site audits.

Generally speaking for all programs, the gross estimates of impact for the AEEI programs were based upon engineering models using on-site data and a review of ex ante algorithms and assumptions.  The new-to-gross estimates were bases on a discrete choice analysis and participant spillover.  Specifically for the indoor lighting end use program, the on-site audits determined self-reported operating hours and counted the operating fixtures at the time of the audit to determine operating factors for the retrofit fixtures.  This data provided a peak operating factor that was combined with the connected load information to compute peak demand savings.  The operating factors and annual hours of operation were multiplied with the connected load information to calculate the energy impacts.

The on-site audits determined the wattage of the fixtures that were removed to recreate more accurately a difference in connected load.  The auditors were able to obtain this information for 93% of the fixtures audited.

Summary of Findings

Main results/concerns of the Study:

Overall, the Study contained an effective and accurate analysis of gross load impacts.  The Study also aptly reflected the differences between ex ante and ex post estimates and contained appropriately candid recommendations for improvements to the program. 

Recommendation to DRA

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

Data and Documentation Quality

The data provided for the verification was complete and we experienced no trouble reading any of the files or datasets.  The materials were available when needed and were fairly well documented.

Data
· Completeness of the data.  The data provided for the Study was complete.

· Condition of the data.  The data were provided on three separate zip disks.  Included in the data were SAS datasets, SAS code files, text files, and Microsoft Word, Access, Excel, and Power Point files.  The data were well organized into seven separate folders that corresponded to the eight analytical sections of the Study.  There were a few problems encountered early on, mostly associated with accessing the original SAS databases.  The original databases were exported from a PC platform to be utilized in a PC environment; however because ECONorthwest operates MAC systems, the databases were originally thought to be inaccessible.  However, after a brief discussion with the SAS technical support people, this was quickly remedied and the replication process was able to continue (refer to email correspondence, Appendix B).

· Obtaining and creating data.  We had no difficulties running the SAS programs using the data provided.

Documentation 

ECONorthwest found this Study was well documented. 

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

· Database documentation.  The database documentation was well organized into eight sections.  Data flow diagrams and tables displaying the names and descriptions of input, intermediate, and output datasets for each section were included, as well as a narrative description of the data analysis/attrition 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 datasets for each program.  This information was particularly helpful in negotiating the data flow and understanding what occurred each step of the way.

· Code annotation.  The SAS code contained some annotation, which was helpful in following what was sometimes a labyrinth of data manipulation.

Replication and Analysis
Review of Dataflow 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 net-to-gross (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 PG&E’s Management Decision Support System (MDSS) database for 1996, PG&E’s pump test database for 1995-1996, program design documentation, billing data for 1995 and 1996, and the 1995 agricultural sector coincident diversity factor analysis.  Additional information was gathered via telephone surveys, and on-site tests and audits.  Raw billing data from PG&E was combined to form a time series for 1995-1996.  These data were combined with program participant tracking information available in PG&E’s MDSS databases.  These data included information regarding measures installed by 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 dataset of agricultural program participants (i.e., those who had rebates paid in 1996) and their billing data.

From here, the sample for the survey was drawn.  The agricultural participant database was re-merged with the population billing data so that separate samples could be drawn from participants and nonparticipants.  Minimal data cleaning was performed using information provided by PG&E.

A census of telephone surveys and on-site audits was attempted on the Ag indoor lighting end use participants due to the limited population of program participants.  A total of 70 customers were identified as having received a rebate in 1996 for installing a lighting measure.  Of these, 48 customers completed a telephone survey (67% response), and 42 were audited on-site (60% response).

The Study estimated the gross load impacts the indoor lighting end use through a review of ex ante engineering algorithms and calibrated or simplified engineering analysis.

The net-to-gross analysis was completed using a nested logit model for a discrete choice analysis to estimate free-ridership, and then added participant and limited nonparticipant spillover to get a net realization rate.  Explanatory variables within the discrete choice model included:  (1) the importance of improving the efficiency of the equipment, (2) the helpfulness of PG&E representatives in making the customer aware of any programs, (3) the number of times customers participated prior to 1996, (4) a dummy variable if they became aware about the program before the customer started collecting information about new equipment, (5) a dummy variable if a the site was a packing plant, winery, or a dairy farm, (6) a dummy variable if the customer was classified as a small business, and (7) a dummy variable if the customer considers the business to be operated as a company.  In general, this model approach was well motivated.  However, the fourth “aware” variable listed above is potentially problematic.  They are asked after-the-fact, and answers to these questions may be confounded by the desire of the respondent to justify prior behavior, or otherwise distort actual events.  None-the-less, the quality assurance guidelines do not explicitly prohibit the use of such variables, so no adjustment is recommended at this time.  

The company recognized the tenuous nature of extrapolating the spillover from the few instances identified in the nonparticipant sample to the entire population of nonparticipants, and only claimed load impacts for spillover directly identified in the survey of specific nonparticipants (p. 3-17 of the Study).

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

Replication Efforts

The datasets and code necessary to replicate this analysis were provided to ECONorthwest, as previously described in the Data and Documentation Quality section of this report.  In general, submitting the code provided on the CD-ROM produced datasets identical to those originally provided.  ECONorthwest reran the SAS code for all programs supplied, and examined the mean and standard deviation for relevant variables of both the datasets created by submitting the code and those provided.  We compared the data flow diagrams for each section with the program code to make sure that the programs contained the datasets claimed on the data flow diagrams.

Review of Database Development

Generally speaking, the development of the analytical database proceeded as reported in the Study.

Review of Analysis Procedures

No problems were encountered in the reproduction of the analyses of the indoor lighting end use program.

Modifications to Database and Analytical Procedures

Database Modification

No database modifications are recommended.

Analysis Modifications

ECONorthwest accepts the analyses as presented in the Study.

Recommended Changes to Filing Parameters

Table 1: Recommended Changes for Indoor Lighting End Use

Appendix A

MEMO

To:                       
Don Schultz, CPUC/ORA

From:
Kenneth M. Keating,  ORA Evaluation Consultant

Date:
July 9, 1998  

Subject:
Review Memo for PG&E 385:  AEEI – Indoor Lighting End Use

REVIEW SUMMARY

1. Utility:  Pacific Gas and Electric Company                        


Study ID: 385

Program and PY:  Agricultural Energy Efficiency Incentives Program:  PY1996

End Use(s):  Indoor Lighting End-Use

2.  Utility Study Title:  “Impact Evaluation of Pacific Gas and Electric Company’s  1996 Agricultural Energy Efficiency Incentives Program:  Lighting End Use ”

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

 Required by Table 8A: Yes.

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

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

Retroactive Waivers:   Retroactive Waiver approved on July 22, 1997 that allows (a) the study to be based on simplified engineering analyses supported by a census phone survey and on-site data collection for gross load impacts, (b) the use of the commercial sector lighting DU for the indoor lighting DU in the AEEI,  and (c) a discrete choice model (with self-report back-up) to estimate NTG.

5.  Reported Impact Results:

Average Annual Gross Load Impacts
:.

Lighting: peak: -0.45 kW (-0.000037 per unit; - 0.05 gross realization rate).  Energy:  -556 kWh (-0.03 kWh per unit;  -0.01 gross realization rate). 

Average Annual  Net Load Impacts:  

Lighting:  peak:  -0.34 kW (-0.000028 kW per unit;  -0.05 net demand realization rate).  Energy:  -251 kWh (-0.014 kWh per unit;  -0.01net energy realization rate). 

Net-to-gross ratios:  Peak:  
0.75



    Energy:
0.45

7.  Review Findings:
(a) Conformity with Protocols:  The study is generally in conformity with the protocols as modified by the retroactive waiver. 

(b) Acceptability of Study results: There aren’t sufficient earnings claims at stake in this Study to warrant a full Verification Report..

Recommendations:  The recommendation is to accept the earnings claims as documented in this Study and laid out in Table 6.

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 the shareholder incentive.  Approximately 2% of the shared savings shareholder incentives for the PG&E are dependent on this AEEI study, or $596,000.  Pumping and related end-uses account for slightly more of the resource benefit than the indoor lighting end-use.  The pumping and related end-use (Study 354) was evaluated in this same study, as was the AEMS program (Study 360).  As documented in this study (#385), there were no share holder incentives earned or claimed for the indoor lighting end-use.  Basically, the Study found that many of the measures paid for in the program, mostly high wattage HID lamps, either replaced lower wattage fixtures or were additional lighting as added load.  Confounding this poor program effect was the finding that the participants wouldn’t have taken those actions without the availability of the program incentives.

REPORTED IMPACT RESULTS

Average Annual Gross Load Impacts:.Lighting: peak: -0.45 kW (-0.000037 kW per unit; - 0.05
 gross realization rate).  Energy:  -556 kWh (-0.03 kWh per unit;  -0.01 gross realization rate). 

Average Annual  Net Load Impacts:  Lighting:  peak:  -0.34 kW (-0.000028 kW per unit;  -0.05 net demand realization rate).  Energy:  -251 kWh (-0.014 kWh per unit;  -0.01 net energy realization rate). 

Net-to-gross ratios:  Peak:  
0.75



      Energy:
0.45



ASSESSMENT OF STUDY METHODOLOGY AND RESULTS
The Study estimated the gross load impacts the lighting end-use through simplified engineering analyses, supported by 48 telephone interviews and 42 on-site visits.  The sample frame for the lighting end-use was the universe of 70 participants. 

The net-to-gross analysis was completed using a nested logit model for a discrete choice analysis to estimate the free-ridership, and then adding participant spillover to get a net negative realization rate for the lighting end use.  This result is driven completely by the HID lamps that were installed that increased net consumption as a result of the program.  Thirty-four out of the lighting participant sample installed this technology, but often in place of lower wattage fixtures or as additional lighting that they would not have otherwise installed (page 3-23).

Evaluation Issues:

This is a strong load impact study in terms of its gross load impact analysis, its efforts to understand the differences between ex ante and ex post estimates, and its candid recommendations for improving the program.  There are two potential issues with the load impact study:  were the sample sizes used in the discrete choice analysis sufficient to provide robust results; and is the calculation of spillover defensible?

In partial answer to the first question, there appears, with  a respondent pool of 160 for the indoor lighting end use, the results were substantially less robust than for the pumping end-use (Study 354) – with fewer significant variables, lower R squares, and lower concordance.  Nevertheless, the results appear clear enough to accept the free-ridership portion of the NTG analysis.

The second question couldn’t be answered so easily. The logic of requiring that the customer had to hear about the measure for the first time from a PG&E representative or from their previous participation in the programs of PG&E, and that the measures had to be installed without an incentive from PG&E appears to make the results intuitive and defensible at the general level described in the text (p. 2-28).  However the Study did not indicate which questions and which responses were used to determine spillover (the algorithm).  Neither Section 2.4 of the text  nor Appendix A tell the reviewer how spillover was determined for the sample of participants or how the percent of spillover was calculated.  The results of the spillover analysis are simply asserted.   A data request (Attachment A to this Review Memo) on this subject resulted in a Company response (Attachment B to this Review Memo).  A careful review of the algorithms used and the questions referenced provide adequate evidence of participant spillover and limited nonparticipant spillover.  The Company recognized the tenuous nature of extrapolating the spillover from the few instances identified in the nonparticipant sample to the entire population of nonparticipants, and only claimed load impacts for spillover directly identified in the survey of nonparticipants (p. 3-17).

CONFORMITY WITH THE PROTOCOLS

Measurement Protocols:  This Study appears to be in general conformity with the retroactive waivers to the measurement Protocols.

Reporting Protocols:  Tables 6 and 7 are adequately documented. 

RECOMMENDATION
It is hard to justify a Verification Report for this Study, because of the small potential impact on earnings claims.  Therefore, the recommendation is to accept the load impact claims as documented in the Study.

ATTACHMENTS
Attachment A

From:  Ken Keating [SMTP:keatingk@email.msn.com]

Sent:  Monday, June 29, 1998 3:36 AM

To:  Cheung, Michelle

Cc:  Joshua Faulk; Lisa Lieu; Don Schultz

Subject:  RE: New Data Request:  Spillover in Studies 354 and 385
You responded to an earlier data request, so I thought I would send this one to you.  My informal discussions with Mary Dimit indicated that there is a clear method to estimate spillover for measures in Study 354 and 385 Agricultural EEI, which is missing from the text of the Studies.  Please ask the evaluation staff to provide  documentation of the exact algorithms used to estimate whether or not each participant would be credited with spillover effects from the program, and how those values were calculated.    The algorithm for determining whether spillover exists should take care to show how all responses were coded or used in the analysis.

Attachment B

----------

From:  Cheung, Michelle [SMTP:MTC7@pge.com]

Sent:  Wednesday, July 08, 1998 12:47 PM

To:  'keatingk@email.msn.com'

Cc:  'Faulk, Joshua'; 'Schultz, Don'; Galawish, Elsia; Dilts, Barbara; Wan, Mike; Lieu, Lisa; Lee, Helen C (RRQ); Dimit, Mary

Subject:  FW: Data Request #19:  Spillover in Studies 354 and 385
<<File: KK4SPILL.DOC>>Ken,

Here is the response to data request #19.  Please call Mary Dimit at (415)

973-6992, or me at (415)973-2680 if you have any questions.

Michelle

Calculation of Spillover Effects for 

PG&E’s 1996PY Agricultural Sector EEI Evaluation

Approach Used in Final Report

The number of participants and nonparticipants who responded to the survey and took spillover actions was not large enough to allow a Discrete Choice Analysis approach. Therefore, spillover effects were calculated by summing up the number of actions of only those customers who claimed that the first source of information regarding that end use was PG&E’s programs.

Following is additional clarification of how the spillover kWh savings were calculated.  There were two components of spillover savings. The first part was for participant spillover and the second part was for nonparticipant spillover savings. Both are discussed below.

Part 1: Participant Spillover kWh Savings
As stated in PG&E’s 1996PY Agricultural Sector EEI Evaluation  Final Report, page 2-27, sections 2.4-2.5, the participant spillover claim was based on survey responses for participants, which were then leveraged to the participant population. There were two ways of calculating participant ‘net spillover kWh savings’. 

First, we calculated the total number of actions by participants who were interviewed for each end use. Using the total number of actions by interviewed participants, along with the number of participants interviewed, an implementation rate was calculated. Assuming the same implementation rate for those participants not interviewed, implementation numbers for the population were estimated. Also, a spillover ratio was calculated as the number of actions due to the program divided by the total number of actions by the participants. A product of number of actions by the participant population and the spillover ratio gave us the number of spillover actions by participant population that would not have been implemented without the program. Multiplying the number of spillover actions with the kWh savings resulted in participant ‘net spillover kWh savings’.

In terms of equations this can be written as:
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Following is an example: The total participant actions outside the program are 1,260 low pressure sprinkler nozzles  and only 1,000 of them are due to the program. There are 123 participants in the participant population and only 67 were interviewed. In this case, 
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This is equivalent to 
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Since both are equivalent, we calculated participant ‘net spillover kWh savings’ using the second equation. 

Part 2: Nonparticipant Spillover kWh Savings

The nonparticipant claim was based solely on the actual survey responses of nonparticipants. The nonparticipant survey responses were not leveraged to the population.  First, we calculated the total number of actions by nonparticipants who were interviewed for each end use. Then, a spillover ratio was calculated as the number of actions due to the program divided by the total number of actions by the nonparticipants. A product of total number of actions by nonparticipants and the spillover ratio gave us the number of spillover actions by the nonparticipant population that would not have been taken without the program. Multiplying the number of spillover actions with the kWh savings results in nonparticipant ‘net spillover kWh savings’. 
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This is again equivalent to 
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This is because (number of actions by nonparticipants who were interviewed) were canceled out.

Calculation of Number of Spillover Actions


Now the next question is how did we calculate the number of actions that were taken by participants and nonparticipants that would not have been implemented without the program.

There are two components of spillover effects. 

(1) Number of customers taking actions outside the program.

(a) Number of participants

(b) Number of nonparticipants

(2)
Number of actions taken outside the program.

(a) Number of actions by participants

(b) Number of actions by nonparticipants

A two step procedure was used to calculate the number of spillover actions by end use. 

Step 1

First, using the survey data, customers were identified on the basis of the source of information regarding efficient practices for each end use. Thus, the source of information was used in order to associate the reasons for spillover actions. Mapping of survey questions to understand the calculation for the first component is described in Table 1 below.

Table 1 Questions and Conditions Used to Identify the Customers with Spillover Actions

Equipment Type
Identifying the nonparticipants with spillover actions
Identifying the participants with spillover actions

Pumping and Related Measures
If (q20 = 11) or 

If (q24 = 11 and q28 = 11 or 15)

or (q30 = 11 and q34 = 11 or 15)
If (q29 = 11 and q33=12) or 

(q34 = 11 and q40 = 11 or 15) or

(q41 = 11 and q47 = 11 or 15)

Lighting Measures
If (q36 = 11 and q40 = 11 or 15) or

(q42 = 11 and q47 = 11 or 15) or (q49 = 11 and q53 = 11 or 15) or (q55 =11 and q59 = 11 or 15)
If (q48= 11 and q54 = 11 or 15) or (q55 = 11 and q62 = 11 or 15) or (q63 = 11 and q69 = 11 or 15) or (q70 = 11 and q76 = 11 or 15)

Motors
If (q61 = 11 and q65 = 11 or 15)
If (q77 = 11 and q83 = 11 or 15)

Step 2

After identifying the customers who learned about the equipment type via the program for each end use, frequency tables were used to find out the total number of actions. The mapping of survey questions to understand the calculation for the second component is described in Table 2 below. Note that the number of actions includes the actions of only those customers who were identified using the conditions in Table 1.

Table 2 Questions Used to Calculate the Number of Spillover

Equipment Type
Questions to calculate the number of actions by nonparticipants
Questions to calculate the number of actions by participants

Pumping and Related Measures
Frequencies of q21, q25, q31
Responses to q30, q35, q42

Lighting Measures
Frequencies of q37, q43, q50, and q56
Responses to q49, q56, q64, q71

Motors
Q62a1 and q62a2

Q62b1 and q62b2

Q62c1 and q62c2

Q62d1 and q62d2
Q78a1 and q78a2

Q78b1 and q78b2

Q78c1 and q78c2

Q78d1 and q78d2



Note: The responses of only those customers identified using the logic in Table 1 were used to calculate the number of actions. 

Appendix B

Email Correspondence

Data Request 1: 4/28/98

re:  1st data request for Study ID 354, 385, and 360

Dear Lisa,

All of the databases supplied in conjunction with this study were created in a PC environment.  We are working in a Macintosh environment and as a consequence are unable to read these databases.  Could you please re-send all the databases in an export format?

Please do not hesitate to contact me if you have any questions.  Thank you.

Joshua

ECONorthwest

Retraction of Data Request 1: 4/29/98

Hi Mary,

I just talked with the SAS tech support people and we figured out how to transfer the databases, so no more time needs to be spent on the matter.  Thank you for you quick response.

Joshua
.�.�.�.�.�.�.�.�.











� As reported in Table 6 and documented in the Study, gross and net load impacts were negative,  but because many of the negative impacts would not have occurred in the absence of the program, the NTG was quite high.  The realization rates are hard to interpret in a straightforward way.


� � As reported in Table 6 and documented in the Study, gross and net load impacts were negative,  but because many of the negative impacts would not have occurred in the absence of the program, the NTG was quite high.  The realization rates are hard to interpret in a straightforward way.
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