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1. EXECUTIVE SUMMARY 

This section presents a summary of the impact results for the commercial indoor lighting 
technologies offered under the Pacific Gas & Electric Company's (PG&E's) 1995 Nonresidential 
Energy Efficiency Incentive (EEl) Programs, referred to in this report as the Lighting Program. This 
evaluation covers indoor lighting technology retrofits that were performed at PG&E customer 
facilities, for all rebates paid in 1995. These retrofits were performed under two different PG&E 
programs, the Retrofit Express (RE) and the Customized Incentives Programs. The results are 
presented in three sections: evaluation results summary (covering the numerical results of the 
study), major findings, and major recommendations. 

1.1 EVALUATION RESULTS SUMMARY 

The evaluation results are summarized in terms of energy savings (kWh), demand savings (kW), 
therms impacts, and realization rates, the ratio of the evaluation results (ex post) to the program 
design estimates (ex ante). These results are presented on a gross and net basis (i.e., before and 
after accounting for customer actions outside the program). Exhibit 1-1 presents the gross energy 
and demand savings results (ex post and ex ante), together with each applicable gross realization 
rate. 

Exhibit I-1 
Summary of Gross Evaluation and Program Design Results 

for Commercial Indoor Lighting Applications 

Gross Impacts 

Energy Demand Therms 

Ex Ante Ex Post Realization Ex Ante Ex Post Realization Ex Post 
Program IkWhl IkWhl Rate ~kW~ IkW~ Rate Ithermsl 
Retrofit Express 138,069,793 132,760,708 0.96 25,486 30,682 1.20 -37,540 
Customized Incentives 10,772,306 5,245,788 0.49 1,168 1,585 1.36 -1,272 

Total 148,842,099 138,006,496 0.93 26,654 32,267 1.21 -38,812 

The ex ante numbers presented above in Exhibit 1-1 and below in Exhibits 1-2, 1-3 and 1-4 were 
obtained from PG&E's Management Decision Support System (MDSS), PG&E's participant 
database. The values presented are identical to those filed in Table E-3 of the Technical Appendix 
of the Annual Summary Report on Demand Side Management Programs in 1995 and 1996, 
revised in December 1996. 

These results illustrate the following key points about the gross commercial lighting impacts: 

Lighting Retrofit Programs - Overall, the vast majority of the savings are from lighting technologies 
installed through the RE program, where RE retrofits represent more than 95 percent of the energy 
and demand impacts. Historically, participation has been significantly larger within the RE 
program. This is especially true with respect to recent participation, because the Customized 
Incentives Program was dropped from PG&E's DSM portfolio in 1995. 

Gross Energy Impacts - The ex post gross energy impacts were just slightly lower than the ex ante 
gross estimates, following a significant reduction in the ex post impacts (after the application of SAE 
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coefficients). These SAE coefficients ranged in magnitude from zero to 1.38, resulting overall in a 
17 percent reduction to the engineering-based gross energy impact results. The SAE adjustment 
made to the Customized Incentives estimates was significant, resulting in a 49 percent reduction to 
the engineering-based gross energy impact results. 

Gross Demand Impacts- The ex post gross impacts for demand, however, exceeded the ex ante 
estimates (overall, the gross demand estimates are 20 percent higher than the ex ante values). This 
is primarily the result of the ex post components of each applicable summer on-peak operating 
factor--the lighting system operating schedule and the open-period operating factors (as 
determined by field inslSections). In addition, ex post HVAC savings were also applied (cooling 
savings result from the replacement of existing lighting systems with more efficient lights). 

Customized Program Realization Rates- The above mentioned differences in realization rates for 
energy and demand are especially highlighted when examining the Customized Incentives 
Program results. The relatively low (0.49) realization rate for energy is due to the application of a 
statistically significant 0.51 SAE coefficient within the Customized Incentives Program. While the 
relatively high (1.36) realization rate for demand is driven by the factors mentioned under "Gross 
Demand Impacts" above. 

Gross Therm Impacts - The heating penalty attributed to the installation of lower-wattage lighting 
by customers with gas heat was not included in the ex ante impact estimates, and therefore the ex- 
post impacts could not be compared using a realization rate. 

Exhibits 1-2, 1-3, and 1-4 present the net energy, demand, and therm impact results, together with 
the net realization rates (for energy and demand only), at the same levels presented in Exhibit 1-1. 
A detailed presentation and discussion of the above findings can be found in Section 4, Evaluation 
Results. 

The net ex post impacts exceed the net ex ante design estimates by 17 percent for energy and 54 
percent for demand. To a certain extent, these results reflect the high gross realization rates, but 
they are really driven by the ex ante and ex post net-to-gross (NTG) ratios. The NTG adjustments 
apply equally to energy and demand impacts, since they represent behavioral effects regarding the 
decision to purchase energy-efficient equipment. 

The ex ante NTG ratio was just 0.77 for the RE program and 0.75 for the Customized Incentives 
Program, while the ex post NTG ratio for all indoor lighting measures averaged 0.97. When 
compared to the ex ante NTG assumption, this results in an average 20 percent increase in 
realized savings, and therefore net realization rates that are consistently higher than gross 
realization rates. 

High NTG rates detected in the discrete choice NTG analysis for high-participation measures help 
account for the generally high net realization rates. For example, the combined NTG adjustment 
(free-ridership and spillover) of 1.05 was applied to the RE Programs' primary fluorescent retrofits. 
These retrofits alone make up 67 percent of the gross indoor lighting end-use energy impacts and 
71 percent of demand. 

The high overall savings estimates reflect not only the high NTG ratios, but the conservative ex 
ante design estimates. The high operating factors that the evaluation identified in the commercial 
sector, and the inclusion of HVAC savings in the ex post evaluation impacts, also contributed to 
the high net demand savings. 
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Exhibit 1-2 
Summary of Net Evaluation and Program Design Energy Results 

For Commercial Indoor Lighting Applications 

'Gross Net-to-Gross Adiustments Net 
Free Ridership Spillover NTG Ratio 

Program IkWh) (1-FR) (Unitless) IkWh) 
EX ANTE 

Retrofit E x p r e s s  138,069,793 0.67 0.1 0 0.77 1 06,313,738 

Customized Incentives 10,772,306 0.65 0.1 0 0.75 8,079,230 

Total 148,842,099 0.67 0.10 0.77 114,392,967 

EX POST 

Retrofit E x p r e s s  132,760,708 0.88 0.10 0.98 129,891,251 

Customized Incentives 5,245,788 0.78 0.00 0.78 4,107,452 

Total 138,006,496 0.88 0.09 0.97 133,998,703 

REALIZATION RATES (Ex Post/Ex Ante) 

Retrofit Express 0.96 NA NA NA 1.22 

Customized Incentives 0.49 NA NA NA 0.51 

Total 0.93 NA NA NA 1.17 

Exhibit I-3 
Summary of Net Evaluation and Program Design Demand Results 

For Commercial Indoor Lighting Applications 

Gross Net Net-to-Gross Adjustments 
Free Ridership Spillover NTG Ratio 

Program IkW~ I1-FR) IUnitless) IkW~ 
EX ANTE 

Retrofit Express 25,486 0.67 0.10 0.77 19,624 

Customized Incentives 1,1 68 0.65 0.10 0.75 876 

Total 26,654 0.67 0.10 0.77 20,501 

EX POST 

Retrofit Express 30,682 0.88 0.11 0.99 30,251 

Customized Incentives 1,585 0.78 0.00 0.78 1,241 

Total 32,267 0.87 0. I 0 0.98 31,492 

REALIZATION RATES (Ex Post/Ex Ante) 

Retrofit Express I .20 NA NA NA I .54 

Customized Incentives 1.36 NA NA NA 1.42 

Total 1.21 NA NA NA 1.54 
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In Exhibit 1-4, net therm impacts are presented. Because no ex ante 
calculated it was not possible to compare the ex ante and ex post results. 

Exhibit I-4 
Summary of Net Evaluation Therm Results 

For Commercial Indoor Lighting Applications 

therm impacts were 

Gross Net-to-Gross Adiustments Net 
Free Ridership Spillover NTG Ratio 

Program Itherml I1-FR I IUnitlessl Itherm I 
EX ANTE 

Retrofit Express 0 NA NA NA 0 

Customized Incentives 0 NA NA NA 0 

Total 0 NA NA NA 0 
EX POST 

Retrofit Express -37,540 0.89 0.11 1.00 -37, 526 

Customized Incentives -1,272 0.78 0.00 0.78 -996 

Total -38,812 0.88 0.11 0.99 -38,522 
REALIZATION RATES (Ex Post/Ex Ante) 

Retrofit Express NA NA NA NA NA 

Customized Incentives NA NA NA NA NA 

Total NA NA NA NA NA 

Overall, the net therm impacts do not differ significantly from the gross impacts, because gross gas 
impacts were concentrated within technologies with high NTG ratios. 

1.2 MAJOR FINDINGS 

The key findings are summarized as follows: 

Overall, PG&E's ex ante estimates for the commercial lighting technologies paid under the 1995 
programs were conservative, resulting in net realization rates exceeding one. 

For many of the business types and technologies, hours of operation and operating factors 
exceeded the ex ante values by a significant margin. This was the main factor contributing to 
many high gross realization rates. 

High NTG ratios, combined with low program design NTG estimates, significantly increased the 
net realized savings. 

The high participation technologies of T-8/electronic ballast, optical reflectors with delamping, and 
HID replacement of less efficient technologies yielded large realized savings. For the fluorescent 
technologies mentioned in this list, NTG spillover rates (that were applied to this particular group 
of measures) partially account for the solid result in these segments. 
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1.3 MAJOR RECOMMENDA TIONS 

Trade on Established Information in Future Evaluations -This evaluation developed extensive 
observed and measured operating factor and operating hours information on the highest 
participation segments. There is no reason to believe that the operating factor and operating hours 
information developed in this evaluation will change significantly from year to year. QC 
recommends that PG&E develop an understanding with the California Public Utilities Commission 
(CPUC) on the validity and use of this information in subsequent evaluations, thus minimizing the 
need to replicate operating hours and operating factor data for sectors where this information is 
unlikely to change. This will allow PG&E and the CPUC to maximize return on money invested in 
future evaluations, resulting in better estimates for sectors that have yet to be definitively 
documented. 

Other detailed recommendations concerning measures offered and the CPUC Protocols are 
covered in detail in Section 5. 
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2. I N T R O D U C T I O N  

This report summarizes the impact evaluation of Pacific Gas & Electric Company's (PG&E's) 
Nonresidential Energy Efficiency Incentive (EEl) Program for commercial sector lighting 
technologies (the Lighting Evaluation). These technologies are covered by two separate program 
options, the Retrofit Express (RE) Program and the Customized Incentives Program. The evaluation 
effort includes customers who were paid rebates in 1995. These programs are summarized 
below. 

2.1 THE RETROFIT EXPRESS PROGRAM 

The RE program offered fixed rebates to customers who installed specific electric energy-efficient 
equipment. The program covered the most common energy saving measures and spans lighting, 
air conditioning, refrigeration, motors, agricultural applications, and food service. Customers were 
required to submit proof of purchase with these applications in order to receive rebates. The 
program was marketed primarily to smal~- 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. 

Lighting end-use rebates were offered in the program for the following technologies: 

• Halogen lamps, which replace existing lamps 

• Compact fluorescent lamps, which replace incandescent lamps 

• T-12 and T-8 fluorescent lamps, which replace incandescent lamps 

• Compact fluorescent lamps and LEDs, which replace incandescent lamps in exit signs 

• Removal of lamps, ballasts, and lamp holders in overlit areas 

• Electronic ballasts, which replace electromagnetic ballasts 

• T-8 and T-10 lamps and electronic ballasts, which replace T-12 lamps and 
electromagnetic ballasts in various lengths and configurations 

• High-intensity discharge (HID) fixtures, which replace incandescent or mercury vapor 
fixtures 

• Installation of occupancy sensors, bypass or delay timers, photocells, and time clock 
controls for lighting applications 

2.2 THE CUSTOMIZED INCENTIVES PROGRAM 

The Customized Incentives Program offered financial incentives to CIA customers who undertook 
large or complex projects that save gas or electricity. These customers were required to submit 
calculations for projected first-year energy impacts with their applications prior to installation of the 
project. The maximum incentive amount for the Customized Incentives 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 percent of direct project cost for retrofit 
of existing systems. Since the program also applied to expansion projects, the new systems 
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incentive was limited to 100 percent of the incremental cost to make new processes or added 
systems energy efficient. Customers were paid 4¢ per kWh and 20¢ per therm for first-year annual 
energy impacts. A $200 per peak kW incentive for peak demand impacts required that savings be 
achieved during the hours PG&E experiences high power demand. 

There was no 1995 Customized Incentives Program. Due to the significant documentation and 
analysis involved in Customized Incentives Program measures, however, rebates for a number of 
1993 and 1994 measures were delayed until 1995. All equipment applied for under the program 
must have been installed and in operation by November 30, 1995. This evaluation covers those 
measures that were rebated in 1995. A total of 64 Customized Incentives Lighting Program 
participants were paid rebates in 1995. 

As a result of program design, many of the measures installed were similar to or the same as those 
for the RE program, but were installed in larger and more complex projects. 

2.3 EVALUATION OVERVIEW 

The impact evaluation described in this report covers all lighting measures installed at commercial 
accounts, as determined by the Management Decision Support System (MDSS) sector code, that 
were included under the RE and Customized Incentives programs and for which rebates were 
paid during calendar year 1995. Although all customers were paid in 1995, only about 2/3 of the 
applications submitted were applied for in 1995. The remaining 1/3 applied under a previous 
program year, spanning 1992-1994. 

The impact evaluation results in both gross and net impacts, and compares these estimates to the 
program design estimates. 

2.3. I Objectives 

The objectives of the evaluation were originally stated in the Request for Proposals (RFP), refined 
during the project initiation meeting, and documented in the evaluation research plan. These 
research objectives are as follows: 

Determine first-year gross energy, demand, and therm impacts by business type and 
technology group for RE and Customized Incentives lighting technologies paid in 1995, 
and overall impacts for the commercial sector as required by the California Public Utilities 
Commission (CPUC) protocols. 

Determine first-year net energy, demand, and therm impacts by business type and 
technology group for RE and Customized Incentives lighting technologies paid in 1995, 
and overall impacts for the commercial sector as required by the CPUC protocols. 

• Compare evaluation results with PG&E's (ex ante) estimates, and investigate and explain 
any discrepancies between the two. 

• Assess free-ridership and spillover rates, and investigate and explain differences between 
evaluation and program design estimates. 

• Create an impact sample subset of participants for future retention monitoring as required 
by the CPUC protocols. 

• Complete tables 6, 7, and 11 of the Protocols. 
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Results are segmented by technology and building type. Technologies are defined by measures 
offered by the RE and Customized Incentives programs. Building types for the commercial market 
sector, as defined by PG&E, are office, retail, college and university, schools, grocery, restaurant, 
health care, hotel/motel, warehouse, personal service, customer service, and miscellaneous. 

While gross impacts account for program participant actions (and the fuel use benefits and 
secondary costs associated with those retrofit decisions), net impacts account for customer 
participation choices and the effect that the lighting programs' infrastructure has had on the lighting 
retrofit market. For example, adjustments were made to the gross savings estimates to account for 
customers that would have installed energy-efficient measures anyway, despite the program (free- 
riders). Spillover rates, defined as energy-efficient measures installed outside the program (as a 
result of the presence of the program), were also estimated and used to adjust the program 
impacts. 

The evaluation investigated and, where possible, explains differences between program design 
estimates and evaluation results. 

2.3.2 Timing 

The 1995 Commercial Lighting Impact Evaluation began in December 1995, completed the 
planning stage in December 1996, executed data collection between mid-March and early 
November 1996, and completed the analysis and reporting phase in January 1997. 

2.3.3 Role of Protocols 

This evaluation was conducted under the rules specified in the "Protocols and Procedures for the 
Verification of Cost, Benefits, and Shareholder Earnings from Demand Side Management 
Programs" (the Protocols). 1 The Protocols control most aspects of the evaluation. They specify the 
minimum sample sizes, the required precision, data collection techniques, certain minimum 
analysis approaches, and formats for documenting and reporting results to the CPUC. This 
evaluation has endeavored to meet all Protocol requirements. 

2.4 REPORT LA YOUT 

This report presents the results of the above evaluation. It is divided into five sections, plus 
appendices. Sections 1 and 2 are the Executive Summary and the Introduction. Section 3 
presents the Methodology of the evaluation. It is supported in detail by Appendices A, B, C, and 
D. Section 4 presents detailed results and discussion and is supported by Appendix E. Section 5 
presents recommendations for improving the evaluation, the program measures, the program 
tracking system, and the CPUC Protocols. Appendix F provides impacts by Time-of-Use costing 
periods. The survey appendices provide the survey and on-site data collection instruments, and 
the survey call dispositions, frequencies, and refusal comments. 

1 California Public Utilities Commission Decision 93-05-063, Revised January 1996 Pursuant to Decisions 94-05- 
063, 94-10-059, 94-12-021, and 95-12-054. 
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3. METHODOLOGY 

In this section, the methods used to conduct the 1995 Pacific Gas & Electric Company (PG&E) 
Commercial Lighting Technologies Evaluation (the Lighting Evaluation) are presented. This section 
begins with an overview of the evaluation approach. This is followed by more detailed 
discussions of the specific engineering, billing regression, and net-to-gross (NTG) analysis 
approaches used in the evaluation. Additional detail on these three approaches is supplied in 
Appendices B, C and D, respectively. 

3.1 INTEGRATED EVALUATION APPROACH 

This overview of the integrated evaluation approach begins by presenting the data sources and the 
sample design approach used for the Lighting evaluation. An overview of how the engineering 
and statistically adjusted engineering (SAE) estimates are used together to derive gross energy, 
demand and therm impacts follows. The final section discusses how the net-to-gross estimates are 
used to derive net program impacts. 

3.1. I Data Sources 

The Lighting Evaluation used data supplied by PG&E to develop a nested sample design plan. 
This plan was used to specify sample points from which additional evaluation data were collected. 

Existing Data 

All available data supplied by PG&E were used in the analysis of the Lighting program. Of 
particular importance were PG&E's historical billing data, program participant data (Management 
Decision Support System [MDSS]), paper copies of Retrofit Express (RE) and Customized 
Incentives applications, other program-related data, and industry standards information. Each of 
the existing data sources is described briefly below. 

Program Participant Tracking System - The participant tracking system data, maintained in the 
PG&E MDSS, contains program project and technical information about measure installation. It 
also provides expected impact estimates based upon the ex ante engineering algorithms. This 
information was used to create sample designs for data collection and to leverage calibrated 
impact estimates from the telephone sample to the entire participant population. 

Program Marketing Data - PG&E program marketing data contain detailed descriptions of 
program marketing and application procedures, together with details on the measures offered. 
This data source also provides a general description of measures accepted by the program. 

PG&E Bilfing Data The PG&E nonresidential billing database contains monthly energy- 
consumption information for all commercial customers in PG&E's service territory. It also corftains 
demographic data for all customers, and the on-peak and off-peak monthly energy usage for 
customers who receive services on demand or time-of-use (TOU) rates. This information is used 
to calibrate the engineering estimates to actual pre- and post-installation energy usage. 
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PG&E 1995 Customer Energy Efficiency Programs Advice Filing 1 -This report documents the ex 
ante earnings claims, including specific information on the derivation of per-unit ex ante savings 
estimates and the assumptions that go into those estimates. This documentation often includes 
assumptions such as operating hours and operating factors, by fixture type. This document 
supplies the best information available on ex ante estimates and assumptions, thus facilitating 
knowledge-based comparisons to ex post estimates. 

Industry Standards~Information In order to establish baseline levels and new equipment 
performance levels, industry standards information from organizations such as the American 
Society of Heating, Refrigeration and Air-conditioning Engineers (ASHRAE) and American National 
Standards Institute (ANSI) was used, together with information from manufacturers. 

Copies of RE and Customized Incentives Paper Application Files . QC requested and received 
complete copies of application files for a random 50 RE participants and all Customized Incentives 
participants. The RE files were used to verify the entries in the MDSS electronic files and to identify 
additional information that could be extracted from the file to improve the analysis. The 
Customized Incentives files were used to classify these participants into categories similar to the RE 
program, where possible, thus allowing maximum use of the statistical billing regression analysis. 

Nested Sample Plan Design 

The impact analysis plan is based upon a nested sample design approach. The integrated 
evaluation methods make use of a core lighting, logger sample that is leveraged to a larger audit 
sample, which in turn, is leveraged to a less expensive telephone survey sample. The smaller 
samples provide greater detail surrounding each analysis component, and allow results from these 
more desirable data sources to be transferred (or leveraged) to the larger samples. Eventually, the 
MDSS database program application information is used to leverage results to the entire participant 
population. This approach, as shown in Exhibit 3-1, results in the efficient use of information 
contributing to the final impact results. 2 

Lighting loggers (represented by the innermost circle in Exhibit 3-1) supply the most accurate 
source of data used to calibrate the engineering estimates. For a monitored fixture, lighting loggers 
register the time and date the fixture is turned on or off, for periods up to two months in length. 
This information allows calibration of self-reported operating schedules, and supplies facility 
closed-period operating information which cannot be collected during on-site audits. 

The on-site audit sample (represented by the band around the innermost circle in Exhibit 3-1) is 
designed to support the telephone sample for the largest participation segments. This sample 
contributes equipment details that are site-specific, and better estimates of operating hours, 
operating factors, equipment efficiency, lamp burn-out rates, missed opportunities, and other 
technical factors that are difficult to collect over the telephone. The on-site sample itself is not 
designed to be statistically representative, but rather to support the estimate of detailed engineering 
parameters collected within the segments with the highest projected impact. 

1 "1995 Lighting Retrofit Express Program" submitted by Darrell Hall and Sam Cohen; Advice Filing 1867- 
G/1481 E, October 1994. 

2 For a detailed description of tile allocation of each of these sample types by technology and building type refer to 
Appendix A. 
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~ R E  and Customized I n c e n l l v e s ~  
Participant Po 

Exhibit 3-1 
Nested Sample Design 

A significantly larger telephone survey sample (represented in Exhibit 3-1 by the second band from 
the core circle), is designed to be representative of the participant population by technology and 
business type. The telephone survey supplies information on participant decision-making, energy- 
related changes at each site for the billing period covered by the billing analysis, and data for 
estimating the NTG adjustments. 

The participant population (represented by the outermost circle in Exhibit 3-1), is based upon 
MDSS data that provide the information needed to generalize estimated per-unit impact estimates 
for the telephone-surveyed sample (to the entire population of program participants). Using the 
population to leverage impact estimates corrects for potential bias in the sample selection process, 
especially in terms of the actual distribution of installed measures. 

Primary Collected Data 

Data were collected from both participant ancl nonparticipant samples in order to support the 
integrated evaluation approach. The sample design developed for the data collection plan 
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complies with the Protocols and meets the program evaluation objectives. In this evaluation, the 
sampling unit is a customer site, which is defined by a unique service address. The final sample 
sizes for used to evaluate all of PG&E's nonresidential commercial sector programs are 
summarized in Exhibit 3-2 by end-use element. 

Exhibit 3-2 
Commercial Sector Data Collection 

For the Indoor Lighting End Use 

Program 

Custom 

Retrofit 

Telephone On-Site 
End Use Surveys Audits 

ii!~=~i~.~iiiii::!iiiiiiiiiiiiiiii!!iiii!!i!iii!iiiii!ii!ii!iiiiiil ................................................. ~==~:= :::::::::::;:::::::::::::::=~ ....................... 1:::= 
HVAC 58 32 

Refrigeration 7 16 
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End-Use 
Metering 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

0 

0 

Time-of-Use 
(TOU) 

Loggers 
:iiiililt!~ ......................................... ~:.O~i 

Total 

Total Participants (Unique Sites) 

20 HVAC 434 107 

Refrigeration 235 16 

HVAC 487 137 

Refrigeration 241 18 

11217 380 

0 
iiiiii!iiiii!iii!iiiiiiiiiiiiiii i i i!iii i!i!i i!i i~i 

13 

20 13 

0 

20 

2 

108 

Combination 
..... • 0: 

1 

31 

31 

2 

126 

Total Nonparticipants (Unique Sites) 808 3 61 0 0 1 0 
Total (Unique Sites) 2,025 416 20 108 126 

Telephone Survey Sample - For each segment, the retrofit program sample design allocated the 
sample in proportion to the program-avoided cost by segment. This sample design yields analysis 
data that are concentrated with the segments within the highest impact, in order to obtain the best 
estimate of impact for the largest portion of the population. 

In addition, a census was attempted for the largest customers. This sample allocation, combined 
with the random sampling techniques used in other segments, produces a stratified random 
telephone survey sample representing the program-participant population (paid in 1995). Annual 
energy consumption values were used to group customers into five usage/size strata based upon a 
Dalenius-Hodges procedure. The comparison group customers were then selected to mirror the 
underlying distribution of the participant target population by size and business type. (For the 
customers in the largest size strata, a census was attempted among both participants and 
nonparticipants.) A nonparticipant sample was developed based upon the business type and 
usage strata distribution that resulted from the participant sample allocation. 

For all of the end-use evaluations, telephone surveys were collected from a total of 2,025 
customers, 1,217 of which were participants. 614 of these were lighting participants. The 
remaining 808 were in the comparison group, including 451 in the original lighting and HVAC 
comparison group, and 156 outside the program retrofitters found through the canvass survey (as 
well as 201 in the supplemental refrigeration comparison group). 

On-Site Audit Sample - For the lighting end-use, audits were conducted at 228 participant sites 
(providing critical engineering data su#ounding lighting system operation), and 36 additional 
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audits were conducted at nonparticipant sites (providing an opportunity to measure the accuracy 
of customer self-reports regarding fixture retrofits outside the program). 

Lighting Logger Sample - A total of 108 lighting participant sites were toggered. This sample is not 
intended to be a random sample, nor strictly proportional to the program-avoided cost -- rather the 
purpose is to provide an adequate sample that is used to calibrate the engineering models. 

3.1.2 Gross Impact Estimates 

Per participant gross energy, demand, and therm impacts were developed for specified time-of-use 
(TOU) costing periods, using engineering and statistically adjusted engineering (SAE) estimates. 
Steps detailed in this section are displayed in Exhibit 3-3. 

Gross Energy Estimates 

Gross energy estimates were developed using two distinct analysis steps. Engineering estimates 
were first developed for each participant. These estimates were then adjusted using billing data- 
derived SAE coefficients. 

Gross, unadjusted engineering impacts were developed for each retrofit measure. First, hourly 
direct impacts were developed using the net change in fixture connected load in conjunction with 
operating schedules and fixture operating factors. Then, hourly impacts were estimated for the 
HVAC interaction contribution, resulting from reduced heat gain due to the replacement of 
standard-efficiency fixtures with high-efficiency fixtures. Lastly, ~ross engineering energy impacts 
were derived by aggregating hourly impacts for specified time-or-use (TOU) costing periods. The 
engineering methods used are described in greater detail in Section 3.2. 

Statistical analysis was then used to determine the fraction of the unadjusted engineering estimates 
actually observed or "realized" in customer billing data. The per-unit engineering energy impacts, 
combined with the units installed, form the input to the billing regression analysis, or SAE analysis. 
In the SAE analysis, the engineering estimates are compared to billing data using regression 
analyses, in order to adjust for behavioral factors of occupants and other unaccounted for effects. 
The outputs of the analysis are SAE-adjusted estimates of program energy savings. 

Gross Demand Estimates 

Gross demand estimates are based solely upon unadjusted hourly engineering estimates. 
Engineering demand estimates were developed using the same hourly impacts developed for the 
gross engineering energy estimates. However, instead of aggregating the hourly impacts, demand 
impacts were determined by averaging all impacts for a selected hour in a particular TOU costing 
period. 

Gross Therm Estimates 

Like gross demand estimates, therm estimates are not adjusted using SAE coefficients For each 
TOU costing period, therm estimates were aggregated using methods similar to energy estimates. 
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Exhibit 3-3 
Method for Estimating Impacts 
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3.1.3 Net-to-Gross Estimates 

The NTG analysis is designed to adjust gross program impacts for free ridership and the actions 
taken by PG&E customers outside the Lighting program. Self-reported data were initially used to 
estimate the percentage of free-riders in the program; that is, the number of participants who 
would have undertaken the energy efficiency action promoted by the program in the absence of 
the program. This self-reported estimate of program NTG was not adjusted for the effects of 
program spillover, where energy efficiency actions taken outside the program are claimed 

A more sophisticated estimate of NTG for selected high-participation measures was developed 
through the application of discrete choice analysis. The discrete choice probit model estimates the 
probability that a customer will purchase a particular energy efficient lighting measure, both with 
and without the incentive program in place. 

t 

Application of the final NTG adjustments, by technology, yields net program impacts. Each step 
taken to achieve final net results is explained in the remainder of this section, starting with the 
engineering analysis. 

3.2 ENGINEERING ANALYSIS 

The engineering analysis combines information from telephone surveys with detailed on-site audit 
data to develop unadjusted engineering impacts (UEIs). The general lighting model used to 
estimate most of the impacts under the RE and Customized Incentives programs was founded on 
the decomposition of lighting impacts into manageable engineering parameters (referred to as the 
"impact decomposition approach"). This approach was used to develop hourly impacts for each 
of three daytypes, Weekday, Saturday, and Sunday. The impact decomposition equation that was 
used to estimate UEIs is displayed below. 

UEI, = [ (AUOL x U x OF,) x T] x [ I + H V A C ]  

Where 

,~UOL = the technology level change in connected kW associated with a particular 
meas u re. 

U -- the number of measure units installed for a particular application. 

OFI = the operating factor which describes the percentage of full load used by a 
group of fixtures during a prescribed period of time, t. 

T = the time interval for which an impact is estimated; for most measures, the 
OF term is the engineering parameter that changes significantly over time. 
Time intervals for lighting estimates were single hours, segmented by hours 
"on" (open operating tactor)and hours "off" (closed operating factor) 
schedules. 3 

3Although them are periods of time when lights are generally considerecl off, many lights are either accidentally or 
i)urposely left. oil during these periods. Tile effective hoclrs of lighting operation captured during these off periods were 
applied using the operating factor term (the probability that lights operate dclring a particular time interval). 
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HVAC = the component of impact associated with both the net savings due to 
cooling (demand or energy) and the net increase due to heating (energy or 
therm). 

Each of the parameters listed above are developed as follows: 

AUOL -The change in Unit Operating Load (AUOL) is derived by adjusting the change in 
connected load (taken from the MDSS) with burned out lamp rates developed using on-site audit 
data. 

U -The number of units (U) of each measure type installed is verified during the post-installation 
on-site audit. 

OF t - The operating factor (OF t) consists of two parameters; the probability that a given facility is 
open for that hour (operating schedule), and the percentage of lights operating during the period 
(open-period and closed-period operating factors). Operating schedules were developed for each 
business type using logger, on-site audit and telephone survey data. Open-period and closed- 
period operating factors (OOFs and COFs) were developed, by business type, using logger and 
on-site audit data. 

H V A C  - HVAC interactive effects (HVAC) were developed using weather and telephone survey 
data. An increase in heating loads and a decrease in cooling loads are caused by a reduction in 
internal heat gains when retrofit technologies are installed. 

Demand estimates were developed for every hour of the year using this equation. Hourly impacts 
were then aggregated, yielding energy and therm impacts by costing period. Additionally, peak 
demand impacts were averaged for selected hours across all weekdays in a particular costing 
period. 

Exhibit 3-4 presents a flowchart of the method used to develop hourly impacts using the 
decomposition approach. Section 3.2.1 describes the methods used to develop inputs for this 
equation, while Section 3.2.2 and Section 3.2.3 describe how hourly impacts were derived, and 
used to develop demand and energy impacts. 

Additional detail surrounding the engineering steps are described in Appendix B. 

3.2.1 Derivation of Engineering Parameters 

This section provides an overview of the methods used to develop each of the parameters used in 
the impact decomposition approach. 

Engineering Connected Load Estimates 

The change in connected load (AUOL) was determined for each fixture using pre- and post- 
retrofit information. As PG&E retains few records (hard copy application records for the 
Customized Incentives Program only) of the removed fixtures, an assumed pre-retrofit (existing) 
fixture was developed for each RE measure. The difference in connected load is based upon both 
the measure definition specified under the lighting RE program (and typical installations for each 
measure), and an assumed existing system that represents a typical customer configuration prior to 
retrofit. 
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Exhibit 3-4 
Method Used to Develop Hourly Engineering Estimates 
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These connected load values were further refined using burned-out lamp rates to adjust for 
potential discrepancies between ex ante estimates and observed participation. When retrofit 
lighting programs are implemented, often the replaced lamps are burned out, which results in an 
increase in energy use for the first year impacts. In addition, new fixtures sometimes fail a short 
time after installation, resulting in a decrease in energy use for first year energy use. For this 
reason, typical lamp burn-out rates were determined for specific technology groups (both for new 
fixtures and existing fixtures), based upon data gathered during on-site audit activities. 

Final AUOL values were developed by applying burned-out lamp rates (where applicable) to the 
assumed change in connected load. 

Engineering Operating Schedule and Operating Factor Estimates 

For each business type and technology group, operating factors (the OF t parameter in the impact 
decomposition equation) were developed for each of the three daytypes. This operating factor 
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variable consists of two parameters; the probability that a given facility is open for that hour 
(operating schedule), and the percentage of lights operating during a particular period (open- 
period and closed-period operating factors). The following sections discuss the development of 
these two parameters. 

Engineering Operating Schedules - Calibrated hourly operating schedules (or profiles) for each 
daytype were developed, by business type, using data gathered from lighting loggers, on-site 
audits, and participant and non-participant telephone surveys. The method used is described 
below and depicted in Exhibit 3-5. 

Operating schedules were first developed for each "schedule group" (a group of similar fixtures 
that operate together) at a particular premise, and then aggregated to the premise level. Once 
operating schedules were developed for each premise, business type-specific schedules were 
developed using weighted average premise-specific schedules. The business type schedules were 
calibrated using the nested sample design, according to the following steps: 

First, logger data were used to calibrate customer self-reported operating hours gathered during the 
on-site audits. 

Then, once calibrated, the on-site self-reported schedules were used to adjust operating schedules 
derived using telephone survey data. 

Finally, the adjusted telephone.survey schedules were used to develop final business type-specific 
operating schedules. These schedules were used to generate final evaluation impacts for the entire 
MDSS sample. 

By adjusting these operating profiles with two distinct calibration steps, bias adjustment for off-site 
self-reported schedules, and bias adjustment for telephone survey self-reported schedules; the final 
operating profiles are grounded in the most accurate information gathered in this research effort: 
lighting logger data. The final derived schedules represent, at a business type level, the probability 
that a particular customer will operate their lighting system for a given hour and daytype. 

Engineering Open-Period and Closed-Period Operating Factors - Operating factors, the 
percentage of lights operating during a specified time interval, were generated by business type, 
technology group, and daytype for facility open and closed periods. The data sources contributing 
to these estimates were taken primarily from two sources: lamp counts performed at the time of 
each audit, and lighting logger data used in conjunction with the calibrated schedule group 
profiles. The methods used to generate open-period operating factors (OOFs) or closed-period 
operating factors (COFs), for each daytype varied slightly in response to available data. 

Weekday OOFs were developed using lamp counts (a visual count of lamps that were "on" and 
lamps that were "off") that were recorded during each on-site audit. On-site audits were 
conducted during normal weekday facility business hours, and so lamp counts represent highly 
accurate business type- and technology-specific instantaneous weekday open-period operating 
factors. 

Since there were no supporting lamp count data for periods other than the weekday open period, 
Saturday and Sunday open-period operating factors were developed by using logger data in 
conjunction with the (lamp count-based) weekday OOFs. Logger-based open-period operating 
factors were developed for Saturday and Sunday, in conjunction with weekday logger derived 
open-period operating factors, based on the same sample points. The ratio of these two terms 
(weekend logger to weekday logger) was then used to adjust lamp count based weekday open- 
period operating factors to produce weekend operating factors. 
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Business type-specific closed-period operating factors were developed for the three daytypes 
using logger data exclusively, since there were no lamp count data available. 

Operating factors were applied in the hourly impact calculation; open-period operating factors 
were applied to the probability that a facility is open, while closed-period operating factors Were 
applied to one minus the probability that a given facility is open. 

Exhibit 3-5 
Derivation of Operating Schedules for Use in Engineering Estimates 
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Engineering HVAC Interactive Estimates 

In addition to the direct effects of lighting retrofits on premise energy and demand, the contribution 
of impact caused by cooling and heating system use is significant. Internal gains affect both the air- 
conditioning and heating loads in buildings, and thus HVAC equipment run-time and 
consumption. Lighting retrofits modify the heat gain in buildings, and thus heating system and air- 
conditioner usage. When high-efficiency lighting systems replace standard-efficiency systems, 
cooling loads are decreased while heating loads increase. This section presents the method used 
to quantify those impacts. 

Telephone survey responses served as the primary evaluation data source used to estimate HVAC 
interactive impacts. Weather data were used to determine the appropriate periods to which HVAC 
interactive impacts were applied. 

Engineering Cooling Interactive Estimates - Engineering cooling interactive estimates were 
developed, using an ASHRAE method, for premises served by electric-powered cooling systems. 
Interactive cooling impacts were achieved by multiplying the heat gain fraction removed 
mechanically and the marginal coefficient of performance with annual fixture-level energy impacts 
for indoor lighting systems, on a per-premise basis. Additionally, the percentage of each facility 
that is conditioned is applied to each interactive cooling impact, serving as a proxy for the percent 
of each retrofit installed within conditioned space. The resulting cooling energy savings are used 
as inputs to the SAE analyses, along with both technology-level impacts and heating penalty 
estimates (as described below). 

Engineering Heating Interactive Estimates -As described earlier, the efficient lighting technologies 
installed under the lighting program caused a reduction in internal heat gains in buildings, and a 
related increase in the energy required to heat internal spaces. A similar ASHRAE method was 
used to develop energy and therm impacts associated with the effects of fixture change-out on 
heating system use. Interactive heating penalties were achieved by multiplying the heat gain 
fraction and the marginal coefficient of performance with annual fixture-level energy impacts for 
indoor lighting systems, on a per-premise basis. Additionally, the percentage of each facility that is 
heated is applied to each interactive heating impact, serving as a proxy for the percent of each 
retrofit installed within conditioned space. To apply the ASHRAE method, the heating system fuel 
must be known and, if electric, whether or not the system is a heat pump. 

3.2.2 Development of Engineering Hourly Energy Estimates 

Using the engineering parameters discussed above, hourly engineering impact estimates were 
developed to satisfy the PG&E requirements for impacts by TOU costing period. To estimate 
hourly energy impacts, fixture noncoincident demand connected loads are used along with the 
applicable schedule and operating factors, according to the following equation: 

UElijz~,, = AUOLi x Uij x [(POjd,, X OOFi~)+ ((l - POjd,,)X COFizd)] x [1 + HVACii] 

Where 

UElij~dh is the unadjusted engineering impact for measure i, customer j, business type z, 
daytype d, and hour h. 

AUOL~ is the change in connected load for technology measure i. 

Uij is the number of units of technology type i installed by customer j. 
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POid n is the schedule defined probability that customer j will be open on daytype d during 
the hour h. 

OOF~ is the open-period operating factor which describes the percentage of full load 
(during normal business hours) used by a group of fixtures of type i, in business type z, 
during daytype d. 

COF,z d is the closed-period operating factor which describes the percentage of full load 
(during non-business hours) used by a group of fixtures of type i, in business type z, during 
daytype d. 

HVAC~ i is the contribution of impact caused by both heating and cooling interaction for 
technology measure i, installed by customer j. 

Energy impacts for each measure/daytype/hour were derived and applied to the 1995 calendar 
year, yielding demand profiles which encompassed all 8,760 hours in a year. In addition, hourly 
HVAC interactive therm impacts were calculated for premises with gas heating systems. 

3.2.3 Aggregated Engineering Estimates by Time-of-Use Costing Period 

Exhibit 3-6 illustrates the time-of-use costing periods used to derive final energy, therm and 
demand engineering (unadjusted) impacts. 

Annual energy and therm impacts were derived by aggregating hourly impacts by TOU costing 
period, while demand impacts were derived by averaging all impacts for a selected hour in a 
particular TOU costing period. 

The engineering demand and therm estimates are used as the final gross ex post impacts. 
Engineering energy impacts serve as inputs to the statistical billing analysis, described in detail in 
Section 3.3 below. 
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Exhibit 3-6 
Weekday* Time-of-Use Costing Periods 
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3.3 BILLING REGRESSION ANALYSIS 

The key objective of the billing analysis is to determine the first-year program energy impacts. A 
statistical analysis is employed to model the differences in customers' energy usage between pre- 
and post-installation periods. The model is specified using actual customer billing data and 
independent variables that explain changes in customers' energy usage including engineering 
estimates of program participation. This statistically adjusted engineering (SAE) analysis ~s 
consistent with the requirements of the Load Impact Regression Model (LIRM) defined in the 

Quantum Consulling Inc. 3-14 Methodology 



California Public Utilities Commission's (CPUC's) Measurement and Evaluation Protocols (the 
Protocols). 

The results of the billing regression analysis are estimated as ratios, termed "SAE coefficients," of 
realized impacts to engineering impact estimates. Realized impacts represent the fractions of the 
engineering estimates actually "observed" or "detected" in the statistical analysis of actual billing 
data. The SAE coefficients estimated in the billing analysis regression models are relative to the 
results of the evaluation-based engineering estimates, not the PG&E Program ex ante estimates. 
The SAE coefficients are then used to estimate prbgram impacts and realization rates relative to the 
ex ante estimates. 

As discussed below, the billing regression analysis was conducted on a sample of telephone 
surveyed participants and nonparticipants. Because many Commercial Program participants 
installed measures under multiple end uses, one integrated billing analysis approach was used to 
model the Lighting, HVAC and Refrigeration end uses. Appendix C discusses the billing 
regression analysis in more detail. 

3.3.1 Data Sources for Billing Regression Analysis 

The billing regression analysis for the 1995 Commercial Program Evaluation used data from five 
primary data sources: the PG&E Management Decision Support System (MDSS) tracking 
database, the billing database, the telephone survey data, the engineering estimates of changes of 
usage between the pre- and post-installation periods, and the weather data tapes from PG&E's 
load research weather sites. A summary of the data elements used in the regression analysis are 
presented below. 

Program Participant Tracking System 

The participant tracking system for the Retrofit Express (RE) and Customized Incentives programs 
was maintained as part of the MDSS. It contains program applications, rebate and technical 
information about installed measures, including measure description, quantity, rebate amount, and 
ex ante demand, and energy and therm savings estimates. The MDSS database is linked to the 
billing database and other program databases through PG&E's customers control numbers. 

PG&E Billing Data 

For this evaluation, the PG&E billing data were obtained from two different data sources within 
PG&E. The original nonresidential billing dataset contains monthly energy usage for all 
nonresidential accounts in PG&E's service territory, and was used in the sample design as 
described in Appendix A. The billing histories contained in this data base only run through 
September 1995. 

The second billing dataset, which consists only of customer accounts in the surveyed dataset, was 
later obtained from PG&E Load Data Services. This billing dataset contains bill readings that run 
through September 1996. In addition, the billing series from this database is the PG&E pro-rated 
monthly usage data, a series calculated by PG&E for each calendar month, from January 1992 to 
September 1996. 

Weather Data 

The hourly dry bulb temperature collected for 25 PG&E load research weather sites was used in 
the billing regression analysis to calculate total monthly cooling and heating degree days for each 
month in the analysis period. For each customer in the analysis dataset, the appropriate weather 
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site was linked to that customer by using the PG&E-defined weather site to PG&E local office 
mapping. 

Telephone Survey Data 

All available telephone surveys collected as part of the evaluation for the Commercial Sector 
Program were used in the billing regression(except for the Canvass surveys, which do not collect 
detailed information regarding changes that have occurred at the premise). Four telephone survey 
samples totaling 1,217 participants and 652 nonparticipants were collected for the Commercial 
Sector Evaluation. The 1,217 participant surveys included 614 Lighting participants, 487 HVAC 
participants, and 241 Refrigeration participants. Because of the significant levels of cross-over 
among participants across the Commercial Program end uses, one integrated billing regression 
model was developed to evaluate all three Commercial Program end uses. 

The data collected in the telephone survey supplies information on energy-related changes at each 
site for the billing period covered by the billing regression analysis. For a detailed discussion of the 
telephone survey sample design and the final sample distribution, see Appendix A. 

Engineering Estimates 

Engineering estimates of savings were estimated for each of the 614 Lighting participants. Separate 
estimates were calculated for every measure installed under the Commercial Sector Program. The 
engineering estimates were calculated based on expected savings from the pre-installation 
technology to the post-installation technology. Appendix B discusses in greater detai! the 
calculation of the savings estimates used in the billing analysis. 

3.3.2 Data Aggregation and Analysis Dataset Development 

Because many measures installed under the Commercial Program affected multiple customer 
accounts within a unique site, the billing analysis had to be performed at the site level. Therefore, 
all account level data had to be aggregated up to the site level. A unique Site ID was created based 
on a combination of the PG&E service address, premise, number and corporation number in the 
billing system to serve as the key variable for aggregating and linking data. 

The telephone surveys were sampled at the Site ID level, and all questions were phrased to ask 
about all of the control numbers associated with the Site ID. 

The engineering estimates of change were also aggregated to the Site ID level. However, prior to 
aggregating to the Site ID level, the installation dates for each individual measure were analyzed to 
ensure that only the impacts occurring within the billing analysis periods were being aggregated. 
The selection of analysis periods is discussed in the next section. 

All data elements mentioned above were linked to the final analysis database by Site ID. 

3.3.3 Analysis Periods 

When the billing regression analysis is used to model the change of consumption attributable to 
the program measures, the first step is to isolate the pre- and post-installation periods for each 
customer in the analysis database so that the impact of these measures can be verified. 

In accordance with the Protocols, participants are defined by the "paid date" instead of 
"installation date." Therefore, almost all customers actually installed measures in 1993, 1994 or 
1995, with 1995 installations accounting for approximately two-thirds of total installations. 
Appendix C discusses in detail how the selection of an installation date was estimated, since the 
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installation date is not always provided in the MDSS. In summary, the application received date 
was used as a proxy for the installation date, unless a valid self-reported installation date was 
provided by the customer through the telephone survey, in which case the self-report date was 
used. 

Billing data were available from January 1992 through September 1996. To maximize the number 
of post installation months, a post period of October 1995 through September 1996 was used. 
Because the majority of installations occurred during 1995, the only feasible pre-periods were 
October 1 992 through September 1 993 and October 1993 through September 1994. Survey data 
gathered change information dating back from the beginning of 1993. Therefore, both pre- 
installation periods could be used. However, the further back the pre-installation period is 
chosen, the more likely there are to be changes that have occurred at the site. To minimize the 
number of changes that have occurred outside the program between the pre- and post-installation 
periods (and to minimize the errors associated with self-reported changes and dates the changes 
occurred), the October 1 993 through September 1994 pre-installation period was selected. 

3.3.4 Data Censoring 

Prior to implementing the billing analysis models, the customer sample was screened for invalid 
data and potential outliers. The data screening was applied to the entire participant and 
nonparticipant billing analysis sample frame. Three primary screening criteria were applied to 
remove customers that a) had invalid billing data, b) may not have had their bill properly 
aggregated to the Site ID level, or c) were extremely large users which could not be adequately 
controlled for in the billing analysis model. Appendix C describes in detail the criteria that were 
used to remove customers from the billing regression analysis. 

Exhibits 3-7 and 3-8 present the final sample sizes used in the billing analysis by business type and 
technology for participants and by business type for nonparticipants. 

3.3.5 Model Specification 

The billing regression analysis for the Commercial Program Evaluation used two different 
multivariate regression models under an integrated framework, to provide unbiased and robust 
model estimates in the commercial sector. The key feature of the approach is that it employs a 
simultaneous equation approach to account for both the year-to-year and cross-sectional variation 
in a manner that consistently and efficiently isolates program impacts. 

A baseline model is initially estimated using only the comparison group sample. This model 
estimates a relationship that is then used to forecast the post-installation-year energy consumption 
for participants as a function of pre-installation year usage. In this way, baseline energy usage is 
forecasted for participants by assuming that their usage will change, on average, in the same way 
that usage did for the comparison group. 

The resulting SAE coefficients are used to adjust the engineering estimates of expected annual 
energy impacts for the entire participant population. These impacts are presented in Section 4 and 
are used to compute program realization rates. 
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Exhibit 3-7 
Billing Analysis Sample Used 

Post-Censoring 
Indoor Lighting End-Use Technologies 

Program and Technology Group 
Retrofit Express Program 

Compact Fluorescent 
Incandescent to Fluorescent 
Efficient Ballast 

T8 L a m ~ l e c t r o n i c  Ballasts 
O~2tical Reflectors w/Fluor. Delam~ 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 

Retrofit ~ress Total 

Customized Incentives Program 
Compact Fluorescent 
Standard Fluorescent 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 
Other 

Cuslomized Incentives Total 

Business Type 

°1 i °i°l°i°i ii - ~ = -- .~ o ~ "~ ~ ~ "~ E ">~ u 

m i ~1 :a ~i i I t . I I I i 

Exhibit 3-8 
Billing Analysis Sample Used 

Post-Censoring 
Nonparticipants 

Business Type 

~ ' ~  _ ~- ~. ~ o ~ 

= ~ -~'E ~ ~ ~ ~ ~ ~ ~ o E~ ~ Program and Technology Group 0 ~ u ~ ~ =¢ ~ ~ ~ ~ ~ 

Total I 74 11241 11 26 llssl 34 I 27 I 15 I 53 [ 6 I 31 441620 

Baseline Model 
The baseline model explains post-installation energy usage as a function of the pre-installation 
energy usage, weather changes, and customer self-reports of factors that could affect energy usage. 
In order to isolate the program impact from the energy usage changes, only the comparison group 
is used to fit this model. The baseline model has the following functional form: 
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kW]lpos,,i = Z j ( a j  + fljkW]lpre.i) + y(ACDDi)  * kWhpre., + ¢p(AHDDi)* EZec, * kWhpre, i + ~.,krlkChg,.k + e 

W h e r e  

kWhpost.i and kWhpre, i are customer i's annualized energy usage for the post- and pre- 
installation periods, respectively; 

ACDD~ and AHDD, are the annual change of cooling and heating degree days (base 
65°F) between the post-installation year and pre-installation year; 

E lec~, is an indicator variable (0/1) for the ith customer, which equals 1 if the customer has 
electric heating; 

Chg~, k are the customer self-reported change variables from the survey data, including 
adding, replacing, or removing equipment associated with major end uses, changes in 
number of employees and square footage; 

e,j is the indicator variable (0/1) for thejth business type, which equals 1 if the customer is 
in that business type and 0 otherwise; 

13, Y and ~ are the estimated slopes on their respective independent variables. Separate 
slopes on pre-usage are estimated by business type; and, 

E is the random error term of the model. 

For each customer in the analysis dataset, a post-installation predicted usage value is calculated 
using the parameters of the baseline models estimated for the 1994 to 1 996 analysis period. They 
both take the same functional form with different segment-level intercept series (ctj) and slopes 

(~, y and ~): 

kl~:h.po,,., = Fp,,(kWh:,c,ACDD, AHDD) = ~.,i(aj + flikVvqhp,¢.,) + 7(ACDD,) * kWhpre. , + (p(AI-IDD,) * Etec, * kWlh.p,,., 

The final functional relation, based on all 620 nonparticipants used in the baseline model, is 
estimated as follows: 

Baseline Model (1994 to 1 996): 

k~Ih96.i = - 4 0 8 3 4  * OFF_ LG + 1349 * OFF_ SM - 19849  * RET_  LG - 120 * R E T _  SM 

+ 9 4 2  * SCHOOLS + 5378  * GROCERY + 8461 * SUPERMKT + 4 7 5 6  * REST 

+ 1 0 9 6 4  * iI-IE,4LTH + 2403  * HOTEL+ 4167  * WAREHOUS+ 675  * PERSONAL 

+ 4 7 9 5  * COMMUN + 37895  * MISCBT 

+1 .13  * O F F _  LG4 + 0.91 * OFF_ SM 4 + 0 .99  * R E T _  LG4 + 1.00 * RET_  SM 4 

+ 1 . 0 0  * SCHOOLS4 + 0.98 * GROCERY4 + 0.98  * SUPERMKT4 + 0 . 9 9  * REST4 

+ 0 . 9 9  * COLLEGE4 + 0 .94  * HEALTH4 + 1.02 * HOTELA + 1.04 * WAREHOUS4 

+ 0 . 9 4  * PERSONAL4 + 0.95  * COMMUN4 + 0.95  * MISCBT4 

+ 0 . 0 0 0 0 4 5 6  * COD96_94.i  * kW]194.i + 0 . 0 0 0 0 3 2 4  * HDD96_9, , .  , * kW]lg,4, i 
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SAE Model 

Using the predicted post-installation usage values estimated in the baseline model, a simultaneous 
equation model is specified to estimate the SAE coefficients on energy impact. The SAE 
simultaneous system can be described as follows: 

kWh~6., - F94(I'.'Wh94,ACDD,AHDD) = ~,,,fli,, Eng,,, + ~krl'kChgi.k + Pi 

The difference between predicted and actual usage in 1996 was used as the dependent variable in 
a SAE model. Based upon the estimated participation month, the pro-rated engineering estimates 
and change variables were used to explain the deviation in actual usage from the predicted usage. 
As discussed above, the predicted usage is estimated using only the comparison group to forecast 
the 1996 usage as a function of 1 994 usage and change of cooling and heating degree days from 
1994 to 1996. This usage prediction presents what would have happened in the absence of the 
program. 

3.3.6 Billing Regression Analysis Results 

The coefficients of the engineering impact, termed the SAE coefficients, are used to calculate the ex 
post gross energy impacts. Independent realization rates are estimated to provide PG&E with 
business type and technology group level results. Exhibit 3-9 below summarizes the final SAE 
model results that were estimated using 935 participants (464 Lighting participants), as discussed 
in the Data Censoring section. Also, summarized below are the independent variables used in the 
SAE model, together with the t-statistics and the sample sizes available for each parameter estimate. 
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Exhibit 3-9 
Billing Regression Final Model Outputs 

Parameter Descriptions 
SAE Coefficients 

Lighting End Use 
Office Flourescents 

Units 

kWh 

Parameter Sample 
Estimate t-Statistic Size 

-1.00 14.67 116 
Other Flourescents kWh -0.68 7.41 261 
Controls kWh -1.38 2.09 57 
Warehouse HIDs kWh 0.02 0.07 1 0 
School HIDS kWh 0.11 0.30 1 0 
Other RE Lighting kWh -1.26 2.15 119 
Custom Lighting kWh -0.51 3.07 15 

HVAC End Use 
Central A/Cs kWh -2.07 3.67 1 84 
ASDs kWh -1.90 6.75 2 7 
Chillers kWh -1.58 2.39 5 
EMS kWh -1.03 8.38 20 
Other Custom HVAC kWh -0.65 4.76 5 
Office Thermostats kWh 0.05 1.06 36 
Other RE/REO HVAC kWh -0.90 2.89 153 

Refrigeration 
Custom Refrigeration kWh -0.75 2.00 3 
RE/REO Refrigeration kWh -0.53 1.98 1 81 

Other End Uses 
Other 

Change Variables 
Cooling System Replacement 
Lighting System Replacement 
Change in Employees 
Square Foot Change 
Heating System Replacement 
Other Equipment Change 
Remove Equipment 
Refrigeration Replacement 
Add Equipement 
Other Additions 

kWh 
kWh 
kWh 

(0,1)*kWh 
(0,1)*kWh 

(_+1,0)*kWh 
_+ sqff 

(0,1)*kWh 
(0,1 )*kWh 
(0,1 )*kWh 
(0,1)*kWh 
(0,1)*kWh 
<Or1 )*kWh 

-1.71 2.90 62 

-0.03 0.70 1 0 _ 
-0.08 4.17 48 
0.01 0.64 57 
4.42 2.37 27 
-0.07 0.04 4 
0.03 1.17 42 
0.08 0.64 2 
0.00 0.01 3 
0.11 0.49 11 
0.14 12.41 375 

The dependent variable is the difference between the actual and predicted 1996 usage using the 
1994 baseline model. 

SAE coefficients are calculated for sixteen different combinations of business type and measure. 
Primarily those measures that have broad participation and relatively high expected impacts were 
supported by separate SAE coefficients. In addition, a separate SAE coefficient was calculated for 
other Commercial Program measures. 

All but three of the SAE coefficients are significant at the 95 percent confidence level (t-statistics 
greater than 1.96). In addition, all of the statistically significant SAE coefficients were tile correct 
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sign, and therefore used in the calculation of the final ex post energy calculations. The three-SAE 
coefficients that were not significant at the 95 percent confidence interval (HIDs in warehouses 
and schools, and thermostats in offices) were not used in the final ex post energy calculations. 
Because each of the insignificant SAE coefficients were also the wrong sign, they were set to zero. 
Therefore, no energy impacts are being claimed for these three segments. 

The SAE coefficients are multiplied by the evaluation estimates of gross energy impact to calculate 
the gross ex post energy impacts. 

3.3.7 Self-Selection 

In addition to conducting a billing analysis to estimate gross energy impacts as described above, a 
net billing analysis was performed, with the objective of estimating SAE coefficients that could be 
applied to gross engineering estimates to calculate net energy impact. The net billing analysis 
model specification differs from the gross billing analysis model, which used two different 
multivariate regression models (a baseline model using a control group and an SAE model using 
participants). Instead, the net billing analysis model runs one integrated model combining both the 
participants and nonparticipants. 

A disadvantage of combining both participants and nonparticipants into one model of net energy 
savings is that the resulting sample is not random. In particular, participants self-select into the 
program and therefore may not be randomly distributed. As a result, there are certain unobserved 
characteristics that influence the decision to participate. If these characteristics are not accounted 
for in the model, the net savings model could produce biased coefficient estimates. 

One solution to this problem is to include an Inverse Mills Ratio in the model to correct for self- 
selection. This method was developed by Heckman 4 (1976, 1979) and is cised by others 
(Goldberg and Train s, 1996) to address the problem of self-selection into energy retrofit programs. 
The Mills Ratio technique assumes that the unobserved factors that are influencing participation 
are distributed normally. The influence of these unobserved factors on participation can be 
approximated by a Mills Ratio which itself is distributed normally. Using the Mills Ratio corrects 
for the self-selection bias in the net savings regression as the unobserved factors affecting 
participation are now controlled for in the model. As a result, standard regression techniques 
should produce unbiased coefficient estimates. 

Goldberg and Train (1996) develops the technique of using an additional Mills Ratio in the 
savings regression to account for the possibility that participation is correlated with the size of 
energy sawngs. The second Mills Ratio is interacted with a measure of energy savings, which 
allows the amount of net savings to vary with participation. The rationale for the second term is 
that those customers who have potentially large savings are more likely to participate in the 
program. Consequently, the unobserved factors that are influencing participation are also affecting 
the amount of savings. The additional Mills Ratio accounts for the fact that amount of savings will 
be correlated with participation. 

4 Heckman, I. 'The Common Structure of Statistical Models of Truncation, Sample Selection and Limited 
Dependent Variables and a Simple Estimator for Such Models.", Annals of Economic and Social Measurement, Vol. 5, 
pp. 475-492, 1976. 

Heckman, I. "Sample Selection Bias as a Specification Error." Econometrica, Vol. 47, pp. 153-161, 1{)79. 

5 Goldberg, Miriam and Kenneth Train. 'Net Savings Esi.imation: An analysis of Regression and Discrete Choice 
Approaches', prepared for the CADMAC Subcommittee oil Base F.fficiency by Xenergy, Inc. Madison, WI, March 
1996. 
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To correct for self-selection, a probit model of program participation is estimated. Upon 
estimation, the parameters of the participation model are then used to calculate an Inverse Mills 
Ratio for both participants and nonparticipants. This Mills Ratio is then included in the net savings 
regression that combines both participants and nonparticipants. If the Mills Ratio controls for 
those unobserved factors that determine participation, and the other model assumptions are met, 
then the net savings model can then be estimated as if participation in the program is randomly 
determined. 

Using the Inverse Mills Ratio to correct for selection relies on several assumptions. First, the net 
savings due to the program, whether expressed as naturally occurring savings or a net-to-gross 
ratio, must be normally distributed. In addition, the Mills Ratio must not be highly correlated with 
the other independent variables used in the net billing regression. In this application, both of these 
assurnptions are found to be violated. Net savings due to the program is biased upward toward 
large customers and is not distributed normally. The Mills Ratio term used in the net savings 
regression is also found to be highly correlated with other independent variables, which 
introduces multi-collinearity into the model. As a result of these violations, the regression analysis 
using the Mills Ratio technique does not yield reliable estimates in this application. A description 
of the methods used for this application are provided in Appendix C 

Therefore, self-selection is not treated explicitly in the billing regression analysis. However, 
because the objective of the billing regression analysis is to estimate the program gross energy 
impacts, the self-selection bias, if it even exists, has very limited impacts on the outputs of such 
estimation when both cross-sectional and time series data are used. In addition, the effects of free 
ridership are explicitly modeled in the net to gross analysis, described in Section 3.4. 

3.3.8 Relative Precision Calculation 

Relative precision at 90 percent and 80 percent confidence levels for the adjusted gross energy 
impact estimates are calculated for each of the SAE analysis segments. As mentioned above, there 
are a total of sixteen analysis segments that were explicitly modeled and the relative precision 
estimates based upon the model output are presented in Exhibit 3-1 0 below. In order to calculate 
the total program level adjusted gross impact and relative precision, the segment level results were 
weighted by their unadjusted engineering energy impact estimates in the following equations. 

Total Adjusted Energy Impact = ~.,~ [~iEng~ 

Where ~. and Eng~ are the SAE coefficients and unadjusted engineering impact estimat& for 
segment i, respectively. The program level standard error can be estimated as: 6 

StdErr = 1/~2(CVi * [3,* Eng,) 2 

Where CVi = (std(~i)/~i) is the coefficient of variation in segment i, estimated in the billing 
regression model. Finally, the relative precision at 90 percent and 80 percent confidence 
levels were calculated as 

RP= 
t *StdErr 

Total Adj. Energy Impact 

6 This procedure assumes that tile samples in different segments are independent and can be treated as strata in a 
stratified sampling. 
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where t equals 1.645 and 1.282 for the 90% and 80% confidence levels, respectively. 

Exhibit 3-10 
Relative Precision Calculation 

Engineering Gross Relative Relative 
Energy Impact SAE Precision Precision 

SAE Analysis Level Estimate (MWh) Coefficient t-Statistic at 80% at 90% 
Lighting End Use 

Office Flourescents 51 ~455 1.00 14.67 9% 11% 
OIher Flourescents 76,591 0.68 7.41 17% 22% 
Controls 5~318 1.38 2.09 61% 79%. 
Warehouse HIDs 4e306 0.00 
School HIDS 815 0.00 
Other RE Lighting 1 7,534 1.26 2.15 60% 77% 
Customized Incentives Li~htin~ 1 0r242 0.51 3.07 42% 54% 
Total 166r261 0.83 13% 16% 

3.4 NET- TO- GROSS METHOD 

The methods used to derive net-to-gross (NTG) results for the Lighting evaluation are presented in 
this section. The NTG ratios derived using these methods are applied to the gross ex ante energy; 
demand, and therm impacts to derive net program impacts after customer actions outside the 
program are accounted for. After a brief discussion of data sources, estimates of free-ridership and 
spillover from participant self-reports are discussed, followed by more sophisticated statistical 
modeling techniques that were used to estimate program net effects 

3.4.1 Data Sources 

Data used in the net-to-gross analysis include 597 telephone surveys from lighting end use 
participants surveyed from April through August 1996, and 451 telephone surveys from lighting 
end use nonparticipants surveyed from June through August 1996. Other data used in this 
analysis include 156 telephone surveys from canvass nonparticipants and 634 canvass 
nonparticipants who were "thanked and terminated" because they had not made an equipment 
retrofit or installation. The canvass nonparticipants were surveyed from June through July 1996. 
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3.4.2 Self-Report-Based Estimates Of Free-Ridership 

The RE and Customized Incentives participants surveyed installed or adopted the following 
technology groups. (Participants who installed multiple technologies may be included in more 
than one technology group.) 

Technology Group N 

T-8: New and Replacements 491 

Compact Fluorescents 232 

Delamp Fluorescent Fixtures 202 

Exit Signs 1 04 

Controls 91 

HID Fixtures 62 

Halogen 36 

Electronic Ballasts 32 

Incandescent-to-fluorescent Conversion 16 

Reduced Wattage Lighting 

Custom 17 

Because free-ridership often varies by technology, results were calculated for each technology 
group. However, caution should be employed in in!erpreting the analysis results, given the small 
sample sizes for some technology groups. 

Methods for Scoring Free-Ridership 

The method used to score free-ridership uses participant responses to survey questions regarding 
the timing of and reasons for equipment replacement actions. The complete text of the participant 
surveys may be found in Survey Appendix S-1. Questions used for the self-report analysis are 
summarized in Appendix D. 

As described in the workplan, a series of questions was posed to program participants. If the 
customer indicated that he had not been shopping for new lighting before becoming aware of the 
program, he was scored initially as a net participant. A customer was then classified as a free-rider 
if he (1) stated that he would have installed high-efficiency lighting within the year and had already 
selected the lighting equipment; and (2) stated that he would have purchased high-efficiency 
lighting equipment if the program had not existed. 
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Free-Ridership Results 

NTG results weighted by avoided cost and calculated by subtracting the free-ridership rates 
(obtained through the method described above) are presented in Exhibit 3-11. Results are 
presented overall and by segment. 

Exhibit 3-11 
NTG Weighted by Avoided Cost 

RE Measures 
Delamp 

T-8: New and Fluorescent Compact 
Replacements Fixtures HID Fixtures Fluorescents Controls Exit Signs 

N 491 202 62 232 91 1 04 
% Avoided 67.65% 15.28% 7.30% 2.88% 1.33% 1.05% 

Cost 

1 - FR 0.911 0.903 0.732 0.876 0.962 0.925 

RE Measures (Cont.) 
Inca ndescent- Reduced 
to-Fluorescent Electronic Wattage Custom Overall 

Conversion Ballasts Hal%en Li~,htinp, 
N 16 32 36 2 t 7 1 285 

°,4, Avoided 0.57% 0.42% 0.04% 0.02% 3.46% 100% 
Cost 

1 -FR 1.00 0.994 0.649 1.00 0.783 0.890 

Overall, weighted NTG results range from a low of 0.65 for halogen fixtures to a high of 1.00 for 
incandescent-to-fluorescent conversions and reduced wattage lighting. The program-wide NTG 
ratio, weighted by avoided cost, was 0.89. This result was used as the basis for subsequent 
spillover adjustment. 

3.4.3 Self-Report-Based Estimates of Spillover 

Lighting spillover can be defined as lighting efficiency improvements implemented outside the 
program but influenced by the program. Preliminary estimates of lighting spillover rates were 
generated by analyzing responses to a combination of questions asked of 597 participants and 
1,241 nonparticipants. 

Methods for Scoring Spillover 

The integrated approach used to estimate lighting spillover is summarized below. 

All surveyed respondents were asked if they had in,stalled lighting equipment outside the program 
since January 1993. Participants who answered 'yes" to the first question were asked if these 
changes were made after participating in the program. Nonparticipants, and participants who said 
the changes were made after participation, were asked if they made the equipment changes 
through a PG&E program. 

Participants who passed the first two screening questions and had not changed out lighting 
equipment through a PG&E program, and nonparticipants who passed the first two screening 
questions and were aware of the program at the time of equipment purchase, were asked how 
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influential the program was in their decision. Those who said that the program had influenced 
their decision7 were included in the estimate of program spillover. 

Survey-based estimates were applied to the lighting participant population and the 
nonparticipant population along with estimates of impact per site, resulting in a final 
impact. 

lighting 
spill over 

It should be noted that this analysis provides a preliminary indication of spillover rates and more 
in-depth analysis is required to quantify spillover impacts. 

Spillover Results - Part icipants 

Forty-eight surveyed participants (8 percent of the total participant sample) reported that since 
January 1993 they had added lighting equipment. Fifty percent of those participants who added 
equipment (4 percent of the total participant sample) added the equipment after participating in the 
program. Thirty-five percent (2.85 percent of the total participant sample) did not install the 
equipment through the program. Ten of these respondents (1.68 percent of the total participant 
sample) reported that the program influenced their additional lighting equipment installations. Of 
these 10, 4 installed additional lighting equipment in 1995. Four of 597 participants yields an 
initial unweighted spillover rate of 0.67 percent for 1995. 

Spil lover Results - Nonpar t ic ipants  

One hundred seventy-nine of 1,241 program nonparticipants reported making lighting changes 
outside the program, of which 126 respondents confirmed their installations were not done 
through the program. Seventeen respondents (1 percent of the total nonparticipant sample) 
reported they were aware of the program before they purchased the equipment. Of these 17, 6 
respondents reported that their knowledge of the program influenced their equipment selection. 
One of these 6 respondents installed lighting equipment in 1995. One of 1,241 nonparticipants 
yields an unweighted spillover estimate of 0.08 percent for 1995. 

Because the levels of self-reported spillover are so low. and based on such a small number of 
responses, it was decided not to apply a correction for either participant or nonparticipant 
spillover. One minus the self-reported rate of free-ridership (1 - 0.11 = 0.89) was therefore used as 
the self-reported NTG ratio for the Lighting program. 

3.5 OVERVIEW OF DISCRETE CHOICE METHOD 

A discrete choice Iogit model is used to estimate both a net-to-gross ratio and the free ridership rate 
associated with PG&E's Commercial Lighting Energy Efficiency Incentive (EEl) Program (the 
Lighting program). The decision to purchase high-efficiency equipment is explained in the Iogit 
model by the cost and savings of the equipment, any rebate offered by the Lighting program, 
awareness of the Lighting program, and other customer characteristics. In this application, the 
high-efficiency equipment examined is fluorescent lighting. 8 Once estimated, the model can be 
used to determine the probability of purchasing high-efficiency equipment in the absence of the 

7 "To what extent did participating in tile program influence your additional ecluipment selection?" Values of 2, 3, 
4, and 5 (slightly influenlial to very influential) were considered to demonstrate program influence on the purchase. 

8 Other lighting technologies such as compact fluorescents and HIDs did not have enough data to estimate 
additional Iogit purchase models. However, the fluorescent lighting measures account for the majority of the lighting 
retrofits, over 70 percent of the energy impacts from the Lighting program. 
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Lighting program. This is simulated by setting both the rebate and program awareness variables to 
zero in the Iogit purchase model. 

The net-to-gross ratio is calculated using the probability of purchasing high-efficiency equipment 
both with and without the existence of the retrofit program. The expected impact with the 
program is the probability of choosing high-efficiency equipment multiplied by the energy impact 
of the equipment. Similarly, the expected energy impact in absence of the Lighting program is the 
probability of purchasing high-efficiency equipment without the program multiplied by the energy 
impact of the equipment. The net-to-gross ratio is the net savings due to the program divided by 
the expected energy that results from having the program. As discussed below, this method is also 
used to determine free ridership rates and nonparticipant spillover. 

3.5.1 Data Sources for the Net-to-Gross Analysis 

The data used for the net-to-gross analysis are a combination of telephone survey information and 
the program information contained in the MDSS dataset. The sample is divided into both a high- 
efficiency equipment purchase group and a group of customers that maintain the current lighting 
system. Those that bought high-efficiency fluorescent lighting equipment either in or outside of the 
retrofit program are considered purchasers. Those that maintain their current lighting equipment 
or that purchased standard efficiency lighting equipment comprise the nonpurchase group. 

The sample used to estimate the Iogit model contains information on 1,369 customers. Of these, 
819 did not make any lighting equipment purchases. For high-efficiency equipment purchases, 
504 customers purchased 1,455 separate lighting measures within the retrofit program while 23 
customers purchased 56 separate measures outside the program. For standard equipment, 23 
customers purchased 29 different measures. This results in a sample of 848 observations for those 
who did not purchase high-efficiency equipment and a sample of 1,511 observations where high- 
efficiency equipment was purchased. 

3.5.2 Estimating Lighting Equipment Economic Variables 

For those customers that installed high-efficiency equipment within the Lighting program, the 
reported cost, savings, and rebate data is used in the model. For those customers who installed 
high-efficiency equipment outside of the Lighting program, the costs are determined from vendor 
prices of equipment multiplied by the number of rePorted fixtures installed. Energy savings is 
calculated by multiplying the noncoincident demand savings for a given technology by the 
electricity rate, number of fixtures installed, and the operating hours for that customer. 

3.5.3 togit Purchase Model Specification 

The Iogit model is a discrete choice model with a dependent variable of either zero or one. In this 
application, customers are given a value of one if they purchased high-efficiency fluorescent 
lighting either in or outside the program and a zero if they purchased standard equipment or did 
not make any fluorescent lighting purchase. The Iogit model specification is defined as: 

PURCHASE = ~ + [3'X + y'Y + O'Z + 
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Exhibit 3-12 
Definitions for Variables Used in the Logit High-Efficiency Equipment Purchase Model 

Variable Name Variable Units Description 
INTERCPT 1.00 
PAYBACK years Years for installation payback given by (cost - rebate) / savings 
AWARE 0,1 Aware of the Lighting Program 
ADDCOOL 0,1 Added cooling equipment since 1/93 
ADDHEAT 0,1 Added heating equipment since 1/93 
ARCOOL 0,1 Added and removed cooling equipment since 1/93 
ARHEAT 0,1 Added and removed heating equipment since 1/93 

COLLEGE 0,1 College 
COMMSERV 0,1 Community service building 
SIZE Square feet Size of facility 
AVGUSE Kwh Average monthly electric use over 1992-1994 
ELECHEAT 0,1 Customer has electric heat 

GASHEAT 0,1 Customer has gas heat. 
GROCERY 0,1 Grocery 
HEALTH 0,1 Health 
HEAT95 0,1 Heating equipment change occured in 1995 or later 
HOTEL 0,1 Hotel 
LARGCUST 0,1 Large sized customer based on electricity use 
OFFICE 0,1 Office Building 
OTHER95 0,1 Other change in energy use occurecl in 1995 or later 
WAREHSE 0,1 Warehouse 
SMALCUST 0,1 Small sized customer based on electricity use 
RETAIL 0,1 Retail 
RESTRNT 0,1 Restaurant 

The variables AWARE and PAYBACK are specified to capture the effect of the lighting program on 
high-efficiency equipment purchases. For AWARE, all program participants are coded as being 
aware and have a value of one. For those outside the program, customers are coded as being 
aware if they participated in the lighting program with a different technology, or if they indicated in 
the telephone survey that they were aware of the program. For those maintaining the current 
lighting system, 28 percent reported being aware of the program. For high-efficiency measures 
done outside the Lighting program, 46 percent were performed by customers aware of the Lighting 
program. 

The rebate amount is contained in the variable PAYBACK, which is the cost of the measure minus 
the rebate divided by the yearly dollar savings due to the technology. The payback value reflects 
the number or years of savings required to equal the initial net cost of the equipment. Since the 
majority of the technologies have an expected life of around 16 years, the PAYBACK variable was 
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capped at a maximum value of 16. This avoids the problem of using a payback measure that is 
longer than the estimated life of the equipment. 

3.5.4 Logit Model Estimation Results 

The coefficient estimates are given in Exhibit 3-13. As expected, program awareness has a strong 
positive effect on whether to purchase high-efficiency equipment. The coefficient estimate for 
PAYBACK is also positive, which suggests that program participants may have higher payback 
periods than nonparticipants. This is not surprising since those that choose not to participate may 
have more stringent payback criteria. Office, retail, college, community service, and warehouses 
are the business types most likely to purchase high-efficiency lighting. 

Exhibit 3-13 
Logit Estimation Results 

Coefficient Significance 
Variable Name Estimate Standard Error Level 

INTERCPT -3.60 0.35 1% 
PAYBACK 0.22 0.04 1% 
AWARE 4.93 0.22 1% 
ADDCOOL 0.45 0.32 1 6% 
ADDHEAT -0.06 0.43 90% 

ARCOOL 0.18 0.29 53% 
ARHEAT -0.21 0.34 54% 

COLLEGE 1.11 0.59 6% 
COMMSERV 0.62 0.27 2% 
SIZE 0.00 0.00 3% 

AVGUSE 0.00 0.00 3% 
ELECHEAT -0.48 0.24 4% 
GASHEAT 0.00 0.20 1 00% 
GROCERY -0.27 0.30 37% 
HEALTH 0.44 0.30 13% 

HEAT95 1.00 0.61 10% 
HOTEL -1.18 0.43 1% 

LARGCUST -0.17 0.20 39% 
OFFICE 0.49 0.22 2% 

OTHER95 -0.51 0.51 32% 
WAREHSE 0.96 0.36 1% 
SMALCUST -0.84 0.1 7 1% 
RETAIL 0.46 0.25 6% 
RESTRNT -0.16 0.35 64% 
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The estimated model parameter are used to calculate the probability of purchasing high-efficiency 
fluorescent lighting. With the Iogit model, the probability of purchasing is given by: 

PURCHASE = exp (Q) / 1 + exp (Q) 

where Q =@ + ~'x +y 'Y + '0 'z  + 8 

The estimated probabilities for each group are given in Exhibit 3-14. 

Exhibit 3-14 
Estimated Probabilities of Purchasing High-Efficiency Fluorescent Lighting 

Group 
Maintain Current System 

Install Standard Efficiency 

Estimated Probability 
With In Absence 

Program of Program 
0.25 0.05 

0.41 0.05 

High Efficiency Outside the Program 0.46 

High Efficiency in the Program 0.87 

0.08 

0.14 

As expected, Lighting program participants have a high probability of purchasing high-efficiency 
equipment with an estimated purchase probability of 87 percent. Conversely, those that are 
maintaining their current lighting system have a relatively low estimated probability of purchasing 
high-efficiency equipment at 27 percent. 

The probability of a high-efficiency equipment purchase is estimated by removing the effect of the 
Lighting program from the model. This is done by setting AWARE equal to zero and setting the 
rebate equal to zero in the PAYBACK variable and then recalculating the purchase probability 
using the logistic density function given above. All other variable values remain the same as they 
are not expected to change in absence of the program. 

The new probabilities of a high-efficiency purchase in the absence of the Lighting program are also 
given in Exhibit 3-14. In the absence of the Lighting program, the probability ol purchasing high- 
efficiency equipment drops from 87 percent to 14 percent. This suggests that most of those who 
purchased high-efficiency equipment would not have done so without the Lighting program. The 
L!~.hting program also decreases the probability that those outside the program will purchase high- 
efficiency equipment. For those purchasing high-efficiency outside the program, removing the 
program decreases the probability of a high-efficiency purchase from 46 percent to 8 percent. 

3.5.5 Net-to-Gross Ratio Calculations 

Given the estimated probabilities of purchasing high-efficiency equipment with and without the 
retrofit program, the model can be used to determine net energy savings resulting from the 
program. For those that participated in the Lighting program, the expected energy savings is: 

EXPECTED IMPACTw H~'N = Pw H~'N * IMPACT 
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where Pw He'n = Probability of a high-efficiency purchase made by a program participant with the 
existence of the Lighting program 

IMPACT = Energy impact of the high-efficiency equipment adopted 

For those who purchase high-efficiency equipment outside the Lighting program, the expected 
savings is calculated in the same manner: 

EXPECTED IMPACTw H~°ut = Pw "~°ut * IMPACT 

where Pw He°ur = Probability of a high-efficiency purchase for a customer outside of the program 
with the existence of the Lighting program 

The calculations for expected energy impacts in the absence of the program follow the same 
format. For program participants and those purchasing high-efficiency equipment outside the 
program, the expected energy savings without the program is given by: 

nE~n Pwo Hewn * IMPACT EXPECTED IMPACT wo = 

EXPECTED IMPACTwo HE°ut = Pwo H~OUT * IMPACT 

where Pwo He'N = Probability of a high-efficiency purchase made by a program participant without 
the Lighting program 

Pwo He°ut = Probability of a high-efficiency purchase for a customer outside of the program 
without the Lighting program 

3.5.6 Net-to-Gross Ratio 

The expected savings for both groups of high-efficiency purchasers with and without the Lighting 
program is used to calculate the net energy savings due to the Lighting program as well as a net-to- 
gross ratio. The expected energy savings are given for each group in Exhibit 3-1 5. To calculate 
the net-to-gross ratio, the net energy savings for each group is weighted up to the population. For 
program participants, the weight reflects the total energy impact from fluorescent lighting due to 
the retrofit program represented in the sample. For those that did high-efficiency outside the 
program but also participated in the Lighting program in some other fashion, the weight assigned is 
the same assigned to the program participants. If the customer purchased high-efficiency 
equipment outside the program and did not participate in the lighting program in any way, the 
weight assigned reflects the number of similar customers in the non-participant population. 
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Exhibit 3-15 
Estimated Energy Impacts and Net-to-Gross Ratios 

Annual GWh 
With In Absence 

Group Program of Program Net Impact 

Maintain Current System 777.49 141.71 635.78 

Install Standard Efficiency 55.12 6.03 49.09 

High Efficiency in the Program 85.1 7 

High Efficiency Outside the Program 15.26 

8.27 76.9 

3.05 12.21 

Estimated Net-To-Gross Ratio 

Program Participants Only 

With Nonparticipation Spillover 

0.9 

1.05 

To calculate the net-to-gross ratio, the net savings is divided by the expected energy savings with 
the program. For program participants the net-to-gross ratio (NTG) is: 

NTG He'N (EXPECTED IMPACTw HE'N EXPECTED IMPART .e,.~/EXPECTED IMPACTw He'N 
= - ~ W O  / 

= (85.17 - 8.27) / 85.17 

= 0.90 

Tile level of free ridership among program participants is one minus the net-to-gross ratio, or 0.10. 
This means that 10 percent of the estimated program impact among participants would have been 
achieved without the Lighting program. 

This method is also used to incorporate the spillover effect that the program has on those install ing 
high-efficiency equipment outside the Lighting program. The above formula is modified to take 
into account the net savings for those installing high-efficiency outside the Lighting program both 
with and in absence of the program. The net-to-gross ratio including spillover is the sum of the net 
savings from those installing high-efficiency equipment both inside and outside the Lighting 
program, divided by the total expected savings due to the program. 

NTGHe,.~ HeOU* = (NET IMPACT "~En + NET IMPACT "E°ut) / EXPECTED IMPACTw "e'N 

= (76.91 ÷ 12.13) / 85.17 

= 1.05 

where NET IMPACT He'N = EXPECTED IMPACTw H~'N - EXPECTED IMPACT wo He'N 

NET IMPACT '-'e°ut = EXPECTED IMPACTw HE°uT - EXPECTED IMPACTwo HE°ut 
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The net-to-gross ratio estimate of 1.05 can be decomposed to the 90 percent of the Lighting 
program impact that is expected from the program participants as well as an additional 15 percent 
expected from spillover from those customers installing outside the Lighting program. 

3.6 Summary of Final Net -to-Gross Adjustments 

The final net-to-gross ratios applied to the ex post gross impacts are derived from a combination of 
both methods described above. For the fluorescent technologies (efficient ballasts, T8 lamps and 
electronic ballasts, and optical reflectors with fluorescent delamping) the results of the Iogit model 
are applied. This includes an adjustment for free ridership and spillover. It is important to also 
note that the adjustment for free ridership is almost identical for both the Iogit model results and the 
self report results. 

For the remaining technologies, since no Iogit model was estimated, the self report results are 
applied. This should be considered a very conservative approach because no spillover is 
included in the net-to-gross adjustment for these segments. 

Exhibit 3-1 6 below summarizes the final net-to-gross adjustments that were applied to the ex post 
gross impacts as described in Section 4. Because the net-to-gross adjustments are estimated at the 
technology level, the totals presented in Exhibit 3-1 6 are weighted by the ex post gross energy 
impacts. The totals will differ slightly when weighted by demand and therm, which are presented 
in the executive summary in Exhibits 1-3 and 1-4. 
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Exhibit 3-16 
Summary of Final Net-to-Gross Adjustments 

• ness Type 

Program and Technology Group--------~--~._~ 
Free Ridership 

(1-FR) 

Compact Fluorescent 

Retrofit Express Program 
0.88 

NTG Adjustment 

Spillover [I NTG Ratio 

0.00 0.88 
Incandescent to Fluorescent 1.00 0.00 1.00 
Efficient Ballast " 0.90 0.14 1.05 

T8 Lamps and Electronic Ballasts 0.90 0.14 1.05 

Optical Reflectors w/ Fluor. Delamp 0.90 0.1 4 1.05 
High Intensity Discharge 0.73 0.00 0.73 
Halogen 0.65 0.00 0.65 
Exit Signs 0.93 0.00 0.93 

Controls 0.96 0.00 0.96 
Retrofit Express Total* 0.88 0.10 U 0.98 

Customized Incentives Program 
Compact Fluorescent 0.78 0.00 0.78 
Standard Fluorescent 0.78 0.00 0.78 

High Intensity Discharge 0.78 0.00 0.78 
Halogen 0.78 0.00 0.78 
Exit Signs 0.78 0.00 0.78 
Controls 0.78 0.00 0.78 
Other 0.78 0.00 0.78 

Customized Incentives Total* 0.78 0.00 II 0.78 

Total* 0.88 009 I 0.97 

* Weighted by ex post gross kWh. 

Quantum Consulting Inc. 3-35 Methodology 



4. EVALUATION RESULTS 

This section contains the results of this evaluation, beginning with ex post gross impacts, then 
presenting the net-to-gross (NTG) adjustments, and concluding with the program realization rates 
(ratio of ex post evaluation findings to the ex ante program design estimates), for both gross and net 
impacts. Explanations for the differences between the ex ante and ex post estimates are discussed 
in the presentation of program realization rates. 

Where segment analysis could be supported, results are presented by technology group and 
business type. All results are segmented by program, Retrofit Express (RE), and Customized 
Incentives. All results are aggregated to the entire commercial sector by program. 

4.1 EX POST GROSS IMPACT RESULTS 

Ex post gross energy and demand impacts for the RE and Customized Incentives programs (for 
indoor lighting applications), are presented in Exhibits 4-1 and 4-2, respectively. The ex post gross 
energy and demand impacts by PG&E costing period are provided in Appendix F. 

Exhibit 4- I 
Ex Post Gross Energy Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

Fir,~,t Year Gr~, [~ r~y  Imp.,*c't~ ~Wh~ 

iRetr~it Express Program 
Compact Fluorescent L939,70 t 466,620 379,g26 549,961 170,390 339,063 638,566 5,040,981 81,305 

I ncande~z:ont to F~ ~or escQnt 145,576 4,20~ 15,081 122,315 - -  23,779 26,016 350,442 17,79f 

EfflUent Ballast 151,093 25%004 I0,146 S 8,009 98,06~ 4,729 10,318 65C 39,640 

T8 tan*Jp$ and Electronic Ball~ts 27,917,756 8,412,546 1,724,318 6,054,271 3,324,058 654,01C 2,595.244 931,592 1,266,26~ 

Optical Roll . tots wl  Fluor. Dela~'Tiip 21,243,516 3.321,022 701,364 2,309,771 699,205 635,78~ 1,511,284 355,641 789,07~ 
High InlQnaJty D~scharg~ 4,287,990 3,552,663 448,612 0 340.936 71,000 3,632 16,211 

Halogen 352,373 728,344 199,293 54,860 15,523 255,g4t 42,460 513,32~ 78,634I 
Exit Signs 1,501,007 93,366 2 0 1 , 4 g C  509,190 31,329 100,78£ 311,62'2 59,09~ 70,636' 

Controls 3,235,902 I ~.6.384 194,711 1,564,399 ~7,37~ 22,085 800,560 211,425 246,989 

eet, o~;tb, p,e,~i~,J 1160.e91.9951,6.965.9761 ,.o7,.6nl,,.n~.szg I 4.0~7.6631 2,~07,009| 5,947,9091 7,48~J,1651 2,$90,33g I 

! I[ l i1.1;I I I ;~ l l :~ ]  | . ) Z . I ; } ) I  

l ; i ; i B ) l  l a  ! ;  f lJ 1111].9.I~.;Z 
l h l c I  I . ~ * k . ,  

~lllb~,W~l~J IJI-I[[gRIM-1 IIIIJ'~l'~, 

IIOEJrAIIKI I[:IP~I.Ifl I~II.Y,l¢IIt.I: I 

I~.II II~JLIrJIIPR_I IJ~II~. • ' I  

IKII~J I . , E I  II~,K:I~Q I I J U  
II.II.I,L I I [¢]pl.l Ikl I ~ I ]  I I  IrJ!,~,I I 

Ii1[.I:II: l [I I I  ~:ll lJI[I,J'JII III 

KC~zII~I'Z ~ .  • iyJua,..m~ ~ . , ,  

CultQmlz~ mc.ontiv~ Progrom 
CO.aCt Fluorescent 37,452 - -  - -  i 6,05 .~ . . . . . . .  43,5 D5 

Stand8~ Fluor e,~ent 385,908 - -  - -  - -  1,001,202 - -  - -  - -  229,433 - -  - -  - -  1,700,703 
High Inten~t~ Dl~hatge - -  10,90• 46,342 - -  181,35~ - -  - -  - -  275,204 - -  55,190 - -  547,074 

Halc~en 11379 . . . . . . . . . . .  11379 

Fxit SIgns 41471 . . . . . . . . . . .  41471 
Control, 277,445 ~ i 1 1.996,505 i 1 1 2U.841 - -  03.05 t - -  2,380,843 

Other . . . .  215,993 - -  - -  1 114,306 - -  225,621 5,8931 $61,813 

46,342 O ,.,o,.ool 5,947.9991 ,,400,,0,1 ,,240,1.l 2,05.9°J 0.9,.0 1,,0,006,49g 
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Exhibit 4-2 
Ex Post Gross Demand Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

Retrofit Express Program 
Compact Fluorescent 
Incandescent to Fluorescent 
Efficient Ballast 
T8 Lamps and Electronic Ballasts 
Optical Reflectors w/ Fluor. Delamp 
High Intensity Discharge 
Halogen 
Exit Si[~ns 
Controls 

Retrofit ExlJress Total 
Customized Incentives Program 

12,94814,3081 

Compact Fluorescent 
Standard Fluorescent 
Hi h ln t~s i  Dischar e 
Halogen 
Exit Signs 
Con~o ~ 
Other 

Customized Incentives Total 
Total 

First Year Gross Demand Impacls (kW) 

B N ~ N N N N ~ N N  

m ii~ m~m m.~i m mmn mlm mmF 
[] | mm,lm,J mm.ln m~Em~m ml. l m,m, mm~nl 

m u m  ,mu'l Jm I # I 
Ilm mll~! m ~ 1 1  ~ 1  ml~l ~ 1 1  ~111 
93812,6791~,1241 4571,,49011,41811,78, I 

m m  - - -  - - -  n m m n  - - -  - . , -  - - . -   uUn 
~ mrn  n ' ~  N m " ~  U ~ U mm'~ ~ n , ~  ~ 
n n n n n n n n u n u n u  
m n u u n u n n n u u u u  
znunmmnnun nm u 
~ u ~ u n m r n N u u ~ m u n ~  
m mmmmmm mnmmmmm mnm m 
mm~n m~lm town m~n ml~ m~ mm~m mmn~m fj~Ir~ men mint.atom mm~ 

Nil 

63s I , ,56311,33813 o,682 

627 

217 
1 
l 

584 

136 

1,585 
32 ,267  

The results in Exhibits 4-1 and 4-2 illustrate the following gross impact findings: 

RE Program -- Overall, the vast majority of the savings are from lighting technologies installed 
through the RE program, where RE retrofits represent more than 95 percent of the energy and 
demand impacts. Historically, participation has been significantly larger within the RE program. 
This is especially true with respect to recent participation, because the Customized Incentives 
Program was dropped from PG&E's DSM portfolio in 1 995. 

Customized Incentives Program -The Customized Incentives Program plays a small role in the 
overall impact, with less than 5 percent of the energy and demand savings being attributable to this 
program. The largest Customized Incentives participation was found within the grocery business 
type, which contributed more than 40 percent of that programs impacts. 

High Participation Business Types - Office and retail business types represent about 55 percent of 
the impacts, with office being the largest single segment, accounting for about 41 percent of 
demand and 45 percent of energy impacts. These business types have historically contributed a 
large share of lighting program impacts, which in-turn is driven by the large number of lighting 
retrofits performed within those particular business types. 
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High Participation Technologies - The four technologies that made the largest contributions to 
impacts were the replacement of standard-efficiency fluorescent lamps and ballasts with T-8 lamps 
and electronic ballasts; the installation of optical reflectors in combination with delamping of 
fluorescent fixtures; the installation of high-intensity discharge (HID) lamps and ballasts in place of 
less efficient technologies; and the installation of compact fluorescent fixtures to replace 
incandescent lighting. These four technologies represent 86 percent of the program energy 
savings and 92 percent of demand savings, and T-8 lamps and electronic ballasts alone account 
for 47 percent of gross demand impacts and 43 percent of energy savings. The large impacts 
attributable to these technologies are driven by the equally large participation within those 
particular measure categories. 

Low Participation Business Types - The lowest energy impacts were contributed by the restaurant 
business type, because of low participation in that segment. Lighting quality requirements within 
this segment help to explain the predominance of incandescent installations, which are preferred 
because they have the dimming capability that is lacking in energy-efficient technologies. 

Statistically Insignificant SAE Results - Ex post energy impacts were set to zero for HIDs in schools 
and warehouses. As explained in more detail in Appendix C, the SAE coefficients were statistically 
insignificant and the wrong sign within those particular segments. Therefore, a conservative 
estimate of zero impact was assigned to these segments. 

Because of the heating penalty (associated with reduced gas heating usage) during the heating 
season, the Lighting program also has therm impacts. These impacts, which are by definition 
negative, are presented in Exhibit 4-3. 

As a function of the program energy impacts, gross therm impacts are concentrated in the same 
segments that dominate the kWh impacts. For example, T-8 lamps and electronic ballasts account 
for almost 50 percent of therm impacts, followed by optical reflectors and delamping of fluorescent 
fixtures. Together these technologies are responsible for over 75 percent of therm impacts (and 66 
percent of gross energy impacts). 

The above measures are concentrated in the office segment, which accounts for over half of total 
therm impacts. Schools, which account for only 8 percent of annual kWh impacts, are 
responsible for 15 percent of therm impacts, since their usage is concentrated in the heating rather 
than the cooling season. 
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Exhibit 4-3 
Ex Post Gross Therm Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

~ p e p r o ~ r a  m and Technology Group 
Retrofit Express Program 

Compac t  Fluorescent 

Incandescent to F u o m ~ s c e n t  

Eff icient Ballast 

T8 Lamps and Electronic Ballasts 

Opt ica l  Reflectors w / F l u o r .  De lamp  

High Intensity Discharge 

Ha logen  

Exit Signs 

Contro ls  

R e t ~ r o  ~t Express Total 
Customized Incentives Program 

Compac t  Fluorescent 

Standard Fluorescent 

High Intensity Discharge 

Ha logen  

Exit Signs 

Cont ro ls  

O the r  

Customized Incentives Total 
Total 

First Year Gross Impacts (Therm I 

+ + + 
~J 

~ 3 m ~  ~ m.et mmr~t m m m  ~ 1 ~  ~ I ~  
~ m m ~ m ~ n m ~ m m t ~ l l ~ l ~ l ~  

[ ]  . t *==J  rl 

munn~n nm.,',~m n u ~ J  n u-'nmo]~ 

[ ]  ~..~ I -'l ml;I,']A ~nnn II[o~Xo1~ 

E l  ! +; '1 r; 

-24 -1 . . . . . . . . . . . . . . . . . . . . .  25 

-249 :  - . . . . . . . . . .  177 . . . . . . . . . . . . .  29 . . . . . . . . . .  454 

. . . . .  5 -9 . . . .  30 . . . . . . . . . . . .  33 . . . .  18 . . . .  94 

-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .3 

-~s4 . . . . . . . . . . .  3~7 . . . . . . . . . . . .  3 . . . .  4o . . . .  s2o 
. . . . . . . . . . . . . . .  34 . . . . . . . . . . . .  14 - - -  -125 -1 -174 

II -43ol -sl -91 ol -ssgl ol ol ol -zgl ol -,891 -11 -1,272 
I1.19,683 I-s,042 I-4~9 I-s,z61 I-1,, 401-1,1121 -~,n71-4861 -ss91-216 I-2,ssol-sl 21-3~,812 

4.2 NET-TO-GROSS ADJUSTMENTS 

The NTG results are designed to account for all of the market spillover effects (free-ridership, 
participant spillover, and nonparticipant spillover) by measure. 

Exhibit 4-4 presents the NTG values by technology• Where supported by measure-specific data, 
discrete choice analysis was used. For other measures, the NTG results are based on self-reported 
data. Discrete choice analysis was used only for the efficient ballast, T8 lamps and electronic 
ballasts, and optical reflectors with fluorescent delamping measures. Both methods are described 
in detail in Appendix D, Net-to-Gross Analysis• 

In the case of self-reported data, results are presented without participant and nonparticipant 
spillover. Nonparticipant spillover accounts for the percentage of customers who installed high- 
efficiency measures outside of the program, but were influenced by the presence of the program• 
This effect is determined by assessing the percentage of the nonparticipant population who 
installed high-efficiency measures (because of the presence of the program), which is, in -turn, 
multiplied by the nonparticipant population• Since the nonparticipant population is large, a small 
percentage of nonparticipant action can create a large spillover effect relative to the program 
impact• To avoid having a very small number of nonparticipants exert disproportionate influence 
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over the evaluation results, nonparticipant spillover was not incorporated within the NTG 
calculations (that were based on self-reported data). 

The ex ante NTG ratio was just 0.77 for the RE program and 0.75 for the Customized Incentives 
Program, while the ex post NTG ratio for all indoor lighting measures averaged 0.97. When 
compared to the ex ante NTG assumption, this results in an average 20 percent increase in 
real ized savings. 

Exhibit 4-4 
NTG Adjustments by Technology Group 

• ness Type 

Program and Technology Group~~ -~ .~  
Retrofit Express Program 

Compact Fluorescent 

Incandescent to Fluorescent 
Efficient Ballast 
T8 Lamps and Electronic Ballasts 
Optical Reflectors w/ Fluor. Delamp 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 

Retrofit Express Total* 

Free Ridership 
(1 -FR) 

0.88 

1.00 
0.90 
0.90 
0.90 
0.73 

0.65 
0.93 
0.96 
0.88 

NTG Adjustment 

Spillover II 
0.00 

0.00 
0.14 
0.14 
0.14 
0.00 
0.00 
0.00 

0.00 

0.10 

NTG Ratio 

0.88 

1.00 
1.05 
1.05 
1.05 
0.73 

0.65 
0.93 
0.96 

II 0.98 
Customized Incentives Program 

Compact Fluorescent 0.78 0.00 0.78 
Standard Fluorescent 0.78 0.00 0.78 
High Intensity Discharge 0.78 0.00 0.78 
Halogen 0.78 0.00 0.78 

Exit Signs 0.78 0.00 0.78 
Controls 0.78 0.00 0.78 
Other 0.78 0.00 0.78 

Customized Incentives Total* I 0.78 0.00 I 0.78 
Total* I 0.88 0.09 II 0.97 

* Weighted by ex post gross kWh. 

Several of the technology-specific NTG estimates deserve individual discussion. 

Compact Fluorescents - The self-reported rate of free-ridership yielded a NTG estimate of 0.88. 
This is slightly higher than the MDSS-assumed NTG of 0.77 for this technology (which includes a 
1-FR component of 0.67 in conjunction with an 0.10 spillover component). Therefore the ex post 
NTG, even in the absence of the spillover component, significantly exceeds the conservative ex 
ante value. 
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Other Fluorescents - A discrete choice model was estimated for measures in the three most widely 
installed fluorescent technology groups: efficient ballasts; T-8 lamps and electronic ballasts; and 
optical reflectors with fluorescent deiamping. For these measures, the NTG ratio is 1.05, reflecting 
the significant level of qualifying installations outside the program (both participants and 
nonparticipants). In addition to this 0.14 contribution from spillover (that was only measured 
within this particular set of technologies using the discrete choice model), free-ridership rates were 
also relatively low within this important (high participation) segment. Where 1-FR alone 
contributes the additional 0.90 to the overall NTG applied, 1.05. 

Halogen, HID - The self-reported rate of free-ridership for these technologies was higher than for 
other measures, with little other than program-induced installation activity. 

Customized Incentives - Participants in the Customized Incentives Program had self-reported free- 
ridership rates of 0.22. No adjustments were made to these rates for outside-the-program spillover 
activity, yielding a NTG ratio of 0.78--somewhat higher than the ex ante assumed NTG of 0.75 
for Customized Incentives measures. 

4.3 EX POST NET IMPA CTS 

Exhibits 4-5 and 4-6 present the ex post net energy and demand indoor lighting impacts, 
respectively, for the RE and Customized Incentives programs. 

Overall, Exhibits 4-5 and 4-6 show reductions of 3 percent in ex post program energy impacts and 
2 percent in demand impacts (when compared to Exhibits 4-1 and 4-2, gross impacts), as a result 
of the application of the NTG adjustments presented in Exhibit 4-4. T-8/electronic ballast, optical 
reflectors with delamp, compact fluorescents, and HID replacements still dominate the sa~ings 
representing more than two thirds of the energy and demand impacts. Among the various 
business segments, office and retail still dominate impacts, yielding more than 55 percent of the 
total program savings. 

Exhibit 4-5 
Ex Post Net Energy Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

~ a m + n ~ T ~ h ~ r ~ ~ ~ B u s i n e s s  Type 

Ftrll Year Net ~'ler]~ T Im~¢~ ~k'Wh I 

i I I l n i I l+lil I + +  -+ ++ + ~ u ~ i ~ i ~ l ,~ I ~ l ~: ) ~ ) ] 
Recrotlt Fxpr~s Program 

Compact FLuorescent 1,699,17g 
Incand~cent to Fluorescent 142,S76 
Efficient Ballast 157,953 
T~ Larnp~ and Eleclronic Balla~ 29,1gS.433 
O[xical Reflectors w/ Fluor, Delamp 22,208,130 
High Intensity Discharge .3,138,809 
Halogen 228.690 
Exit 51~s 1,462,4~1 
ContrOlS 3ll 13f014 

RetroEt ~ s  Total 61,336,215 
Customized tncentive't Pro~m l 

Compact Flu~escent 
Standard Fluorescent 
High Intensity Discharge 

Exll Signs 
Controls 
t..<her 

Cultomited IncentJvel Total 

Tolal 
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Exhibit 4-6 
Ex Post Net Demand Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

~ P e p r o f i r a  m and Technolo~ Group 
Retrofit Express Program 

Compact Fluorescent 
Incandescent to Fluorescent 
E fi'icient Ballast 
T8 Lamps and Electronic Ballasts 
Optical Reflectors w/Fluor. Delamp 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 

Relrofit Express Total 
Customized Incentives Program 

Compact Fluorescent 
Standard Fluorescent 

Hi h Intensi , DLgchar e 
Halogen 
Exit Signs 
Controls 
Other 

Customized Incentives Total 
Tolal 

First Year Demand Impacts (kW) 

o1 1 1 1 1 1=1=1  

I ! | 
) I ~  mm~ m.i[,] m:))4 m [n:) mam:i.i mamoa N~E rJ mm.)] mLVA mLi) mkmkIN m 
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Close examination of these results has contributed to the following findings: 

Fluorescent  Technologies  -The impact for fluorescent technologies increased by 5 percent, as 
predicted by the NTG adjustment. Office buildings and retail stores, where these technologies are 
often installed, also showed a net increase over the gross impacts, following the application of 
NTG adjustments. 

C o m p a c t  Fluorescents - With a NTG ratio of 0.88, CFLs accounted for a somewhat smaller share 
of net impacts than gross impacts. Similarly, business segments such as hotels/motels-(that 
installed large numbers of CFLs) showed the largest reductions in impacts following the 
application of the NTG adjustments. 

HIDs, Halogens - Business segments with a large proportion of HIDs and halogen lighting also 
have net impacts that contribute relatively small impacts when compared with their relatively large 
contribution to gross impacts. 

Customized Incent ives Program Impacts within the Customized Incentives Program were 
reduced significantly following the application of a very conservative 0.78 NTG within that 
particular segment. However, because the Customized Incentives Program contributed less than 5 
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percent of gross energy and demand impacts, the effect of this NTG adjustment did not reduce the 
overall net lighting end-use impacts significantly. 

Exhibit 4-7 
Ex Post Net Therm Impacts 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

Retrofit Express Program 
Compact Fluorescent 
Incandescent to Fluorescent 

EMcient Ballast 

T8 Lamps and Electronic Ballasts 
Optical  Reflectors w/  Ftuor. Delamp 

High Intensity Discharge 

Exit Signs 
Controls 

Retrofi t  Express Total 

First Year Net Impacts (Therm) 

a 
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Customized Incentives Program 

Compact  Fluorescent -19 - - -  -1 . . . . . . .  20 

Standard Fluorescent -195 - - -  -139 . . . . . . . .  22 . . . . . . . .  356 

High Intensity Discharge - - -  -4 -7 - - -  -23 . . . . . . . . .  26 - -  -14 - - -  -74 
Halogen -1 . . . . . . . . . . . . . . .  1 

Exit Signs -2 . . . . . . . . . . . . . . . .  2 

Contro ls -120 - - -  -248 . . . . . . .  3 - - -  -36 - - -  -407 

Other . . . . .  27 . . . . . . .  11 -- -98 -I -136 

Customized Incentives Total -337 -4 -7 0 -438 0 0 0 -62 0 -I 48 -I -996 

Total 11-19,8631-4,985I -479I-5,8231-1,0341-L085I-1,2441 -4401 -4771 -2111-2,4431 -4401-38,s22 

Net therm impacts, summarized in Exhibit 4-7, differ from the gross therm impacts presented in 
Exhibit 4-3 by less than 1 percent. NTG ratios of greater than one in the high-participation 
fluorescent technologies almost completely offset the reduction (due to the application of NTG 
adjustments) observed within the other segments. 

4.4 REALIZATION RATES 

Exhibits 4-8 through 4-11 present the gross and net realization rates for energy and demand 
impacts for the RE and Customized Incentives indoor lighting applications. Exhibit 4-12, at the 
end of this section, presents ex ante and ex post gross and net impacts and realization rates. 
Because there were no ex ante estimates for therm impacts, no therm realization rates could be 
calculated. 

4.4. I Gross Realization Rates for Energy Impacts 

The gross energy realization rates are presented in Exhibit 4-8. These values represent, by 
segment, the ratio of the ex post gross impact evaluation findings to the gross ex ante program 
design estimates. These realization rates illustrate how well the ex ante estimates predicted energy 
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savings, before taking into account customer behavioral effects, both inside and outside the 
program. 

Exhibit 4-8 
Gross Energy Impact Realization Rates 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

Business Typ~ i Gross Enerh~ Y Impact Realization Rates 

_ 

o _ o o . . . .  

Progra O ~ ~ ~ ~ ~ ~ :~ ~ 
Retrofit Express Program 

Compact Fluorescent 
Incandescent to Fluorescent 

T8 Lamps and Electronic Ballasts 
Optical Reflectors w/Fluor. Delamp 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 

Retrofit Ex ress Total 

Customized Incentives Program 
Compact Fluorescent 
Standard Fluorescent 
High Intensity Discharge 
Halogen 
Exit Signs 
Controls 
Other 

Customized Incentives Total 

Total 
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Overall, Exhibit 4-8 shows that the ex ante estimates are close to the ex post gross impact estimates 
for RE measures and for the program overall, but very low for the Customized Incentives measures. 
The average realization rate for RE measures is 0.96, while Customized Incentives is 0.49. This 
low realization rate for Customized Incentives can be attributed almost exclusively to the 0.51 SAE 
coefficient estimated for this program. Because participation for the Customized Incentives 
program is very small, the overall energy realization rate is still relatively high at 0.93. 

The SAE coefficients ranged in magnitude from zero to 1.38, resulting overall in a 17 percent 
reduction to the engineering-based gross energy impact results. The SAE adjustment made to the 
Customized Incentives estimates was significant, .resulting in a 49 percent reduction to the 
engineering-based gross energy impact results. Refer to Appendix E for additional details 
surrounding both the engineering-based gross impact results and the SAE coefficients that were 
applied to those results. 

Segment-level realization rates could not be developed for Customized Incentives impacts because 
the MDSS does not adequately track ex ante estimates by technology group. 
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The technology group results presented in Exhibit 4-8 are explained below (using information 
from the review of the ex ante estimates in conjunction with the impact analysis results). 

Compact Fluorescents - The below-average energy realization rates for compact fluorescent 
technologies are a product of the billing regression analysis yielding a 0.68 coefficient on the 
engineering estimates for all business types other than offices. Several segments (notably health 
care and community services) also had engineering estimates of energy impacts that were 
significantly lower than those in the MDSS, contributing to the overall realization rate of 0.84. 

Halogen -The high realization rates for halogen technologies are due to ex ante lamp life 
assumptions for this technology, where the lamp is replaced with a conventional light at the end of 
the original lamp life. Ex ante estimates were incorrectly calculated due to analysis procedures 
surrounding lamp life. Lamp life was incorrectly incorporated into the impact twice, resulting in 
artificially low estimates. Moreover, no evidence of this short measure life was uncovered during 
field inspection, nor detected in the billing regression analysis. In addition, a 1.26 SAE coefficient 
was applied to all halogen observations, driving the ex post numerator in each realization rate 
even higher. The high realization rates for halogen lamps, however, have only a small effect on 
the overall lighting end-use realization rate because the energy impact of this technology accounts 
for only 2 percent of the total. 

Office Business Type - The Office business type contributed over 40 percent of the ex post energy 
and demand impacts that were achieved within the lighting end-use programs, and scored a 1.34 
realization rate when compared with ex ante values. This is due in part to the SAE result within 
this segment, which influenced the overall lighting end-use result significantly. The SAE coefficient 
result (from the billing regression, for the Office business type) yielded a value greater than or equal 
to 1.0 for all RE program technologies. This significant result (based on t-statistics that range in 
value from 2.15 to 14.67) within the Office business type alone, had a large influence over the ex 
post result. 

Fluorescent Technologies, Low Billing Regression Coefficients -In contrast, the high participation 
lighting technologies (i.e., fluorescent fixtures) in all other business types show realization rates far 
below 1.0. This is due almost entirely to the low SAE coefficient of 0.68 found in the billing 
regression analysis for these technologies. In addition, the low realization rates for the grocery- and 
community service business types are a direct result of both this SAE coefficient and intermediate 
engineering impact results (which indicate that the annual hours of lighting operation, for fixtures 
in these particular facilities, are lower than that predicted using ex ante impact calculation 
methods). 

High Intensity Discharge, Exit Signs and Controls - In all but two of the business types (see 
comments below under "High Intensity Discharge in Schools and Warehouses"), SAE coefficients 
in excess of 1.26 were found in the billing regression analysis and then applied to the ex post 
gross impact results. The application of these adjustments explains the relatively high realization 
rates observed in those segments. 

High Intensity Discharge in Schools and Warehouses - The zero realization rates reported for the 
HID technology resulted from a failure of the SAE analysis to detect any HID impact in the school 
and warehouse business segments. Since the SAE coefficients for these two technology/business 
segment combinations were a) the wrong sign and b) not statistically significant, it was decided 
that no energy impact should be claimed. The counterintuitive SAE results may reflect changes in 
lighting levels, operating characteristics, or other factors not disclosed by the analysis. 
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4.4.2 Gross Realization Rates for Demand Impacts 

Gross demand realization rates are presented in Exhibit 4-9. These values represent, by segment, 
the ratio of the ex post gross impact evaluation findings to the gross ex ante program design 
estimate. These realization rates illustrate how well the ex ante estimates predicted demand 
savings, before taking into account customers' actions within the lighting market. Refer to Exhibit 
4-12 for an individual presentation of both the ex ante and ex post impacts. 

Exhibit 4-9 
Gross Demand Impact Realization Rates 
By Business Type and Technology Group 

For Commercial Indoor Lighting Applications 

pe 

Program and Technology Group 

Gross Demand Impact Realization Rates 

,8 "E 
.~- "E 

0 0 

Retrofit Express Program 

Compact Fluorescent 1.48 1.70 1.10 0.63 1.54 0.88 0.96 1.16 1.11 1.04 0.56 1.14 1.08 

Incandescent to Fluorescent 1.50 1.51 1.26 0.63 . . . .  1.28 1.26 1.31 1.33 ---- 0.96 1.34 1.15 

Efficient Ballast 1.28 1.54 1.07 0.49 1.18 1.22 1.20 1.22 1.25 0.98 0.75 1.18 1.13 

T8 Lamps and Electronic Ballasts 1.48 1.48 1.23 0.62 1.25 1.23 1.26 1.27 1.23 1.21 0.84 1.26 1.20 

Optical Reflectors w/ Fluor. Delamp 1.50 1.52 1.28 0.63 1.28 1.24 1.29 1.32 1.34 1.21 0.88 1.29 1.30 

High Intensity Discharge 1.51 1.58 0.82 0.65 1.49 1.49 1.47 1.34 1.47 1.22 1.00 1.29 1.31 
Halogen 1.77 2.98 1.67 0.64 3.92 2.76 2.04 1.91 1.77 1.69 1.54 1.71 1.99 

Exit Signs 1.20 1.20 1.04 1.13 1.24 1.22 1.20 1.17 1.05 1.04 1.23 1.07 1.18 

Controls 0.56 0.61 0.50 0.52 0.98 0.86 0.56 0.59 0.54 0.48 0.60 0.60 0.56 

Retrofit Express Total II 1.43 1.5211.151o.62112711.2o11.1611.1911.3511.181o.8511.271 1.2o 
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Overall, the gross demand estimates are 20 percent higher than the ex ante values, as presented in 
Exhibit 4-9. This is primarily the result of the ex post components of each applicable summer on- 
peak operating factor, the lighting system operating schedule and the open-period operating 
factors (as determined by field inspections). Evaluation estimates for operating factor are generally 
higher than the typical ex ante CDF of 0.67). In addition, the evaluation estimates include an 
HVAC interaction component, which was not accounted for in the ex ante values. For additional 
detail surrounding these engineering components of impact, refer to Appendix B. 

Some of the results presented in Exhibit 4-9 can be explained using information from review of the 
ex ante estimates and the evaluation engineering analyses. Specific comments and justifications 
for the results are as follows: 
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Compact Fluorescents - The slightly lower-than-average realization rates are due to lower 
operating factors observed for this technology during field inspections. These operating factors 
partly offset the added impact attributed to the ex post HVAC interactive impact effects. 

Halogen - As previously discussed, the high realization rate for halogen technologies results from 
ex ante estimates for this technology, which are based on an assumed average lamp life of less 
than one year (depending on business type full load operating hours). Ex ante estimates assume 
the replacement of each lamp with a standard technology at the end of the original lamp life. 
Because this assumption was not observed during on-site evaluation activities, the ex post 
estimates are substantially larger than the ex ante values. 

Retail, Office - The high realization rate for the retail and office business types is due to high open- 
period operating factors (as observed during on-site inspections), and high diversity factors (high 
percentage of facilities open during the peak hour). In addition, the HVAC interactive effect 
represents an additional 20 percent or so in net impact. 

Schools - The low realization rate is a result of low diversity factor for schools (a high percentage of 
schools are closed during the summer peak hour). 

Community Service - Like schools, these organizations have relatively low open-period operating 
factors during the summer peak hour (particularly for compact fluorescent technologies) and are 
also more likely than other business types to be closed during the summer weekday peak hour. 

Controls - The estimated impacts for controls are low because the ex ante assumptions regarding 
the relationship between energy and coincident demand impacts were not confirmed. As a result, 
energy impacts were evenly distributed throughout the year, leading to a relatively lower peak 
demand impact than that contained in the MDSS. Interestingly, the opposite was found to be true 
within the Customized Incentives program, where ex ante values for controls related technologies 
were found to contribute less impact during the peak hour than ex post estimates (using the same 
"even" distribution of ex post energy impacts). 

4.4.3 Net Realization Rates 

The difference between the gross and net realization rates is substantial. This is because of the 
differences between the ex ante and the ex post NTG adjustments. The ex ante estimate was 0.77 
for RE measures and 0.75 for Customized Incentives measures. As can be seen from Exhibit 4-4 
above, the NTG estimates vary between 0.65 and 1.05, depending on the technology, resulting in 
an overall NTG of 0.97 for energy and 0.98 for demand. 

The net energy realization rates by segment are presented in Exhibit 4-10 and the net demand 
realization rates in Exhibit 4-11. These values represent, by segment, the ratio of net impact 
evaluation findings to the net ex ante program design estimates. The realization rates illustrate how 
well the ex ante estimates predict savings, after taking into account customers' actions within the 
lighting market. 

Overall, given the difference between the ex ante and ex post NTG adjustment factors discussed 
above, and the high gross realization rates for the dominant office segment discussed earlier, it is 
not surprising that the net realization rate for the program as a whole is greater than 1.0. 
Additionally, even though the NTG ratio for the Customized Incentives program was 0.78, this 
was somewhat higher than the ex ante estimate, resulting in a minor increase from the gross to the 
net realization rate for the Customized Incentives program. 

Many of the results presented in Exhibit 4-10 and 4-11 can be explained using information from 
the review of the ex ante estimates and the evaluation engineering and billing regression analyses, 
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as discussed under the review of the gross realization rates. Most of the comments discussed in 
relation to the gross realization rate estimates apply to the net realization rates. Since the same 
NTG ratio was applied to the energy and demand impacts, the comments and justifications for the 
net realization rates discussed below apply to both Exhibit 4 - 1 0  a n d  4 - 1 1 .  

Exhibit 4-10 
Net Energy Impact Realization Rates 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 
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T - 8  F l u o r e s c e n t s ,  E l e c t r o n i c  Ba l las ts ,  a n d  D e l a m p i n g  - The NTG ratio of more than 1.0 for these 
technologies helps account for the relatively high overall net impact realization rate for the 
program. Particularly for demand, the positive NTG combines with the HVAC interactive effect 
and the higher operating factor to create net demand impact realization rates of more than 1.5 for 
these technologies. 

H a l o g e n  - T h e  high realization rates for halogen technologies are driven by the gross impact 
results--notably the correction for the ex ante assumption of a very short measure life. 

C o n t r o l s  - Although the ex post NTG ratio for controls is greater than the ex ante assumption, the 
net demand impact realization rate is less than one for this measure. The higher ex post NTG does 
not offset the low gross demand impact realization rate for this measure. Ass a result, only controls 
have a net demand realization rate of less than 1.0. 
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Exhibit 4-11 
Net Demand Impact Realization Rates 

By Business Type and Technology Group 
For Commercial Indoor Lighting Applications 

~ P e p r o g r a  m and Technology Group 

Commercial Sector Net RR 

.~ E 

Retrofit Express Program 

Compact Fluorescent 1.68 1.93 1.25 0.72 1.75 1.00 1.09 1.32 1.26 1,19 0.64 1.30 1.23 
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Optical Reflectors wlFluor. Delamp 2.04 2.07 1.73 0.86 1.74 1.69 1.75 1.79 1.82 1.64 1.20 1.76 1.77 
High Intensity Discharge 1.44 1.50 0.78 0.61 1.42 1.41 1.39 1.27 1.40 1.16 0.95 1.22 1.25 

Halogen 1.49 2.51 1.41 0.54 3.30 2.33 1.72 1.61 1.49 1.43 1.30 1.44 1.68 

Exit Signs 1.45 1.44 1.24 1.36 1.49 1.46 1.44 1.40 1.26 1.25 1.48 1.29 1.42 

Controls 0.70 0.76 0.63 0.65 1.23 1.08 0.71 0.74 0.68 0.60 0.74 0.75 0.69 
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4.5 OVERVIEW OF REALIZATION RATES 

Overall, the net energy and demand impacts are higher than predicted by the ex ante impact 
estimates. The net ex post impacts exceed the net ex ante design estimates by 17 percent for 
energy and 55 percent for demand. To a certain extent, these results reflect the high gross 
realization rates, but they are really driven by the ex ante and ex post net-to-gross (NTG) ratios. 
The NTG adjustments apply equally to energy and demand impacts, since they represent 
behavioral effects regarding the decision to purchase energy-efficient equipment. However, these 
high realization rates are well documented and supportable based on the information developed 
during the evaluation. The ex post estimates are higher than the ex ante values for the following 
reasons: 

Ex Post vs. Ex Ante NTG Adjustments -- The ex ante NTG ratio was just 0.77 for the RE program 
and 0.75 for the Customized Incentives Program, while the ex post NTG ratio for all indoor 
lighting measures averaged 0.97. When compared to the ex ante NTG assumption, this results in 
an average 20 percent increase in realized savings, and therefore net realization rates that are 
consistently higher than gross realization rates. 

Discrete Choice NTG Adjustments -- High NTG rates detected in the discrete choice NTG 
analysis for high-participation measures help account for the generally high net realization rates. 
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For example, the combined NTG adjustment (free-ridership and spillover) of 1.05 was applied to 
the RE Programs' primary fluorescent retrofits. These retrofits alone make up 67 percent of the 
gross indoor lighting end-use energy impacts and 71 percent of demand. 

Conservative Ex Ante Estimates -- The high overall savings estimates reflect not only the high NTG 
ratios, but the conservative ex ante design estimates. The high operating factors that the evaluation 
identified in the commercial sector, and the inclusion of HVAC savings in the ex post evaluation 
impacts, also contributed to the high net demand savings. The evaluation field data collection 
established generally higher operating factors and longer operating hours than were assumed in 
the ex ante estimates. 

Billing Regression Results -- The billing regression analysis established solid (0.68 to 1.00) SAE 
coefficients (billing regression estimate divided by the evaluation engineering estimates) for the 
highest participation segments. 

Ex Post Spillover -- The NTG adjustment resulted in a mean estimate 21 percent higher than the 
conservative estimates used in the ex ante values. And yet the ex post NTG can be considered 
conservative since the majority of the technology segments did not have spillover applied (only the 
standard fluorescent measures had spillover applied). 

In summary, PG&E's ex ante estimate of energy savings was 15 percent below the ex post estimate 
of net energy savings, and the ex ante estimate of demand savings was 35 percent below the ex 
post estimate of net demand. 

Exhibit 4-12 summarizes all of the gross and net energy, demand and therm impacts discussed 
above. Results are also presented for the net to gross adjustments and the realization rates. 
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Exhibit 4-12 
Commercial Indoor Lighting Impact Summary 

By Technology Group 
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5. RECOMMENDATIONS 

Recommendations that would enhance future program performance and evaluation are presented 
in this section. Recommendations regarding evaluation methods are followed by those affecting 
the program's design. 

5.1 EVALUATION METHODS 

The evaluation team offers the following comments and recommendations regarding methods 
used in the 1995 evaluation: 

Calculation of Ex Ante Impacts - As part of the 1995 Lighting Evaluation, an attempt was made to 
reproduce the Retrofit Express Program impacts found in the MDSS. This resulted in several 
observations where ex ante impact methods were misapplied. Such errors could probably be 
avoided in the future with a regular and thorough review of the MDSS contents by the program 
manager or a qualified analyst. MDSS staff who currently review the MDSS records may not be 
trained in the technology-specific details that are essential to conducting meaningful quality 
checks. 

Recording of Removed Lighting System Data - Ex ante impact estimates are calculated based on 
the assumption that a single type of removed fixture replaces each measure installed. We 
recommend that PG&E record the type of fixture removed for each program installation. This 
would enable a far more accurate assessment of program impacts, in particular enhancing future 
billing analysis results. 

Application of Heating Penalty for HVAC Interactive Effects - Although PG&E has integrated the 
1994 Lighting Evaluation results into the Advice Filing (ex ante) methods for the 1997 RE program, 
some modifications are recommended based upon the evaluation results presented in this report. 
Specifically, the 1997 RE program methods use evaluation results for annual fixture operating 
hours, peak hour coincident diversity factors, and HVAC interactive energy effects. For the latter, 
the 1997 program applies an additional nine percent energy savings due to the combined effect of 
the cooling benefits and heating penalties (for both electric and gas heat). Based on the results in 
this report, PG&E now has the ability to account for the gas heating penalty separately from the 
electric cooling benefits and electric heating penalty. It is therefore recommended that the full 
electric benefits be accounted for exclusive of gas heating, and that the gas penalty be applied 
separately, thereby affecting the appropriate gas fuel. 

Trade on Established Information in Future Evaluations -This evaluation developed extensive 
observed and measured operating factor and operating hours information on the highest 
participation segments, in order to obtain the best estimates of savings for the largest contributors 
to savings. Less robust information was developed on medium- and low- participation segments. 
There is no reason to believe that the operating factor and operating hours information developed 
in this evaluation will change from year to year. It is recommended that PG&E develop an 
understanding with the CPUC on the validity and use of this information in subsequent 
evaluations. This would allow the resources used in subsequent evaluations to be dedicated to 
the medium- and low- participation segments. 

Alternatively, resources could be used to assess other parameters; for example, a baseline market 
transformation study could be conducted both within the PG&E service territory and within a 
control group service territory. By comparing the baseline fixture retrofit in PG&E service territory 
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against the baseline given no demand side management (DSM) infrastructure, market 
transformation due to PG&E programs could be measured. 

5.2 MEASURES OFFERED 

The exhibits in Section 4 allow identification of technologies or building types that should be 
reassessed in terms of their viability. This does not imply that these technologies are not valuable, 
but rather that the original estimate of design savings was higher than that actually achieved. The 
following segments should be reviewed for viability as part of the overall assessment. 

Schools showed relatively low realization rates on both a gross and net basis for most 
technologies, and were the only business segment with a net demand realization rate below 1.0. 
The evaluation demand impacts were low because the operating factors for the school business 
type were substantially below those anticipated (when compared with ex ante impact methods). 
That is, many schools do not operate during several summer months (months coincident with the 
summer peak period), and are less likely to be air conditioned than other commercial buildings. 
However, excluding schools from participation in PG&E's programs is probably not a viable 
proposal. 

Warehouses and community service organizations all had net energy impact realization rates well 
below the average. As with schools, the operating factors for these building types were generally 
low, especially for T-8s and electronic ballasts, which accounted for the majority of fixtures 
installed in these business types. 

Controls had a low net demand impact realization rate due to the evaluation assumption that 
connected load impacts for this measure could not be predicted with any certainty for a specific 
time. Energy impacts were therefore evenly distributed across the year. Future evaluations efforts 
should be used to assess both a measured impact level and the allocation of impacts by time 
period. 

Additional explanations are offered for other technologies or building segments with low 
realization rates in Section 4. 
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