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1. Executive Summary 

This report presents the results of the impact and process evaluation of the Commercial 
& Industrial Energy Efficiency Program (C&I Program) that the Sacramento Municipal 
Utility District (SMUD) offered to its commercial and industrial customers.  This report 
presents results for activity during the 2010 and 2011 program years. 

The main features of the approach used for the evaluation are as follows: 

 Data for the study were collected through review of program materials, on-site 
inspections, end-use metering, and interviews with participating customers and 
contractors. Based on data provided by SMUD, a sample design was developed 
for on-site data collection. Samples were drawn that provide savings estimates 
for each component with 10% precision at the 90% confidence level.  Table 1-1 
shows the sample sizes for different types of data collection employed for this 
study for each program component. 

 On-site visits were used to collect data for savings impact calculations, to verify 
measure installation, and to determine measure operating parameters.  Facility 
staff were interviewed to determine the operating hours of the installed system 
and to locate any additional benefits or shortcomings with the installed system. 
For the majority of sites, lighting equipment, HVAC equipment, or motors/VFDs 
were monitored in order to obtain accurate information on hours of operation. For 
the 2010 evaluation, the 21 sites for which on-site measurements and verification 
data were collected accounts for approximately 56% of the expected kWh.  For 
the 2011 evaluation, the 34 sites for which on-site measurements and verification 
data were collected accounts for approximately 45% of the expected kWh. 

 Customer surveys provided the information for the net-to-gross analysis and 
process evaluation.  For 2010, a total of 33 customer decision makers were 
interviewed.  For 2011, a total of 44 customer decision makers were interviewed. 

Table 1-1 Sample Sizes for Data Collection Efforts 

Type of Data Collected 
2010 

Sample 
Size 

2011 
Sample 

Size 
Project On-Site Measurement and 
Verification 21 34 

Customer Decision Maker Survey 33 44 

Gross savings were estimated using proven techniques, including industry standard 
engineering calculations and building energy simulations to determine energy savings. 

In order to estimate free ridership in the program, survey-based techniques were 
applied to the data collected through a customer survey of decision makers.   



 

Executive Summary 1-2 

The realized energy savings of the C&I Program during the 2010 program year are 
summarized in Table 1-2.  During this period, realized gross energy savings totaled 
29,629,648 kWh. The gross realization rate is 86%.  During this period, realized net 
energy savings totaled 28,765,054 kWh. The net to gross ratio is 97%.  

Table 1-2.  Summary of kWh Savings for C&I Program - 2010 

Incentive 
Type 

Expected 
kWh 

Savings 

Realized 
Gross kWh 

Savings 

Gross 
Realization 

Rate 

Realized 
Net kWh 
Savings 

Net to 
Gross 
Ratio 

Custom 27,753,250 23,839,153 86% 23,143,526 97% 
Express 6,724,193 5,790,495 86% 5,621,528 97% 
Total 34,477,443 29,629,648 86% 28,765,054 97% 

The realized energy savings of the C&I Program during the 2011 program year are 
summarized in Table 1-3.  During this period, realized gross energy savings totaled 
44,012,894 kWh. The gross realization rate is 74%.  During this period, realized net 
energy savings totaled 43,414,209 kWh. The net to gross ratio is 99%.  

Table 1-3 Summary of C&I Program - 2011 

Incentive 
Type 

Expected 
kWh 

Savings 

Realized 
Gross kWh 

Savings 

Gross 
Realization 

Rate 

Realized 
Net kWh 
Savings 

Net to 
Gross 
Ratio 

Custom 45,327,675 34,973,012 77% 34,497,292 99% 
Express 14,157,640 9,039,882 64% 8,916,917 99% 
Total 59,485,315 44,012,894 74% 43,414,209 99% 

The realized gross peak kW reductions of the C&I Program during the 2010 program 
year are summarized by program component in Table 1-4.  The achieved gross peak 
demand savings are 3,814 kW. The achieved net peak demand savings are 3,469 kW. 

Table 1-4. Summary of Peak kW Savings for C&I Program - 2010  

Incentive 
Type 

Expected 
Peak kW 
Savings 

Realized 
Gross Peak 
kW Savings 

Gross 
Realization 

Rate 

Realized 
Net Peak 

kW 
Savings 

Net to 
Gross 
Ratio 

Custom 3,097.76 2,720 88% 2,474.01 91% 
Express 906.65 1,094 121% 995.06 91% 
Total 4,004.40 3,813.59 95% 3,469.07 91% 

The realized gross peak kW reductions of the C&I Program during the 2011 program 
year are summarized by program component in Table 1-5.  The achieved gross peak 
demand savings are 8,210 kW. The achieved net peak demand savings are 8,109 kW. 

Table 1-5 Summary of Peak kW Savings for C&I Program -2011 
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Incentive 
Type 

Expected 
Peak kW 
Savings 

Realized 
Gross Peak 
kW Savings 

Gross 
Realization 

Rate 

Realized 
Net Peak 

kW 
Savings 

Net to 
Gross 
Ratio 

Custom 6,036.47 6,932 115% 6,846.83 99% 
Express 1,199.01 1,278 107% 1,262.30 99% 
Total 7,235.49 8,210.23 113% 8,109.12 99% 

The following presents a selection of key conclusions from the evaluation of the C&I 
Program during program years 2010 and 2011: 

 High Program Satisfaction: Customers who participated during the 2010 and 
2011 program years reported high levels of satisfaction with the program overall 
and specific aspects of the program. Few of the survey respondents reported 
dissatisfaction with the program. Participating customers were also asked 
whether or not the measures they installed met their expectations and nearly all 
reported that the measures met or exceeded their expectations. Additionally, very 
few customers reported problems with the implementation of the project or with 
completing the incentive paperwork and receiving the incentive.     

 SMUD and Equipment Vendors are Key Sources of Program Awareness: 
Findings from the survey of customers found that most customers learned about 
the Commercial Energy Efficiency Program from a SMUD or program 
representative or from an equipment vendor or contractor. This finding was 
consistent for both 2010 and 2011 program participants. The importance of these 
sources of information suggest that continued promotion of the program by 
SMUD representatives directly to customers and to equipment vendors and 
building contractors may continue to generate program activity.  

 Program Incentives are Important for Encouraging Energy Efficiency 
Projects: The majority of customers reported using a financial method to 
evaluate energy efficiency projects. Customers reported using initial cost, simple 
payback, internal rate of return, and life cycle costs when evaluating prospective 
energy efficiency improvements. SMUD incentives can improve the viability of 
projects on these measures. Additionally, most participants reported that 
incentive payments from SMUD were either very important or somewhat 
important in their decision to implement the energy efficiency project. Although 
some customers indicated that they had implemented energy efficiency projects 
in the past without receiving an incentive, the majority did not.  

 Limitations of Tracking Data Provided: There were some limitations in the 
tracking data that ADM received from SMUD. One issue was that the data for the 
prescriptive rebate participants did not identify the type of measures that were 
implemented. This information is helpful for completing surveys with participants 
because the surveys can refer to project specifics. Referring to the details of the 
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project assists customers in remembering what was completed and the decision 
making process that led to the implementation of the project. Another issue was 
that the tracking data did not include customer name or contact information for all 
of the projects implemented. This information is valuable in improving the survey 
response rate.   

 Low Realization Rate for Plug-load Occupancy Sensor Measure: Ex post 
savings estimates were notably lower than ex ante savings estimates for the 
seven sampled sites that implemented the plug-load occupancy sensor measure, 
with an average realization rate of only 4%.  This is due to the ex ante analysis 
methodology using a prescriptive energy savings of 330 kWh and 0 kW per plug 
load occupancy sensor, compared to the ex post using occupancy profiles 
derived from monitoring data, and power consumption parameters found in an 
LBNL study. For the 2011 evaluation, the overall gross realization rate was 74%; 
however, if all plug-load measures were taken out of the sample population, the 
overall gross realization rate would have been 88%.  Incentives for this measure 
should undergo a more stringent requirement process, or the measure should no 
longer be incentivized. 

The following recommendations are offered in order to foster continued program 
improvement:  

 Change Timing of Evaluation Effort: It is recommended that future evaluation 
efforts attempt to contact participating customers closer to the time when the 
project was completed. Customers’ memory of the decision making process is 
likely to be better when they are interviewed sooner after a project is completed. 
Better recall of the project will improve the validity of the inferences made in 
assessing free ridership. Additionally, the survey administrators reported that 
many contacts were unable to be reached because they were no longer with the 
firm or the firm was out of business.  

 Collect Customer Contact and Measure Information: It would benefit the 
evaluation effort if more complete records of customer names and contact 
information were tracked during the program year. Additionally, tracking data on 
the measures implemented through the prescriptive program would be beneficial. 
Customers are more likely to remember the project if this additional information is 
used when contacting them. 
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2. Introduction 

This report presents the results of the impact and process evaluation of the Commercial 
& Industrial Energy Efficiency Program (C&I Program) that the Sacramento Municipal 
Utility District (SMUD) offered to its commercial and industrial customers.  This report 
presents results for activity during the 2010 and 2011 program years. 

2.1 Description of Program 

The C&I Program offered by SMUD was designed to provide energy information, 
consultation, and financial incentives to commercial and industrial customers.  Rebates 
are designed to cover a portion of the incremental cost of equipment installed and are 
offered in two types: 

 Customized Incentives.  Promotes installation of energy-efficient equipment 
controls and processes at all C&I customer facilities.  Measures include lighting 
and controls, HVAC and refrigeration equipment and controls, retro-
commissioning, data center efficiency measures, and industrial process 
improvements.  Incentives are generally capped at 20%-30% of the project cost. 

 Express Incentives. Targeted toward the contractor to transform market by 
stimulation suppliers to promote energy efficiency equipment and services.  
Prescribed savings values have been developed for these measures to simplify 
the incentive process. 

For projects completed in 2010, expected savings by incentive type are shown in Table 
2-1.   For projects completed in 2011, expected savings by incentive type are shown in 
Table 2-1. Please note that some customers received both custom and express 
incentives. 

Table 2-1. Expected kWh Savings for C&I Program – 2010 

Incentive 
Type 

Number of 
Projects 

Expected kWh 
Savings 

Expected 
Peak kW 
Savings 

Custom 138 27,753,250 3,097.76 
Express 284 6,724,193 906.65 
Total 387 34,477,443 4,004.40 

Table 2-2. Expected kWh Savings for C&I Program – 2011 

Incentive 
Type 

Number of 
Projects 

Expected kWh 
Savings 

Expected 
Peak kW 
Savings 

Custom 203  45,327,675       6,036.47  
Express 446  14,157,640       1,199.01  
Total 564  59,485,315       7,235.49  
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2.2 Overview of Evaluation Approach 

The overall objective for the impact evaluation of the C&I Program was to determine the 
gross and net energy (kWh) savings and peak demand (kW) reductions resulting from 
projects during program years 2010 and 2011.  

The approach for the impact evaluation had the following main features. 

 Available documentation (e.g., audit reports, savings calculation work papers, 
etc.) was reviewed for a sample of projects, with particular attention given to the 
calculation procedures and documentation for savings estimates. 

 On-site data collection was conducted for a sample of projects to provide the 
information needed for estimating savings and demand reductions. Monitoring 
was also conducted at some sites to obtain more accurate information on the 
hours of operation for lighting, HVAC equipment, and motors/VFDs. 

 Gross savings were estimated using proven techniques:  
o Analysis of lighting savings was accomplished using ADM’s custom-designed 

lighting evaluation model with system parameters (fixture wattage, operating 
characteristics, etc.) based on information on operating parameters collected 
on-site and, if appropriate, industry standards.  

o For HVAC measures, the original analyses used to calculate the expected 
savings were reviewed and the operating and structural parameters of the 
analysis were verified.  For custom measures or relatively more complex 
measures, simulations with the DOE-2 energy analysis model were used to 
develop estimates of energy use and savings from the installed measures. 

 A customer survey was conducted of a sample of program participants to gather 
information on their decision making, their likes and dislikes of the program, and 
factors determining net-to-gross savings ratios for the program. 

2.3 Organization of Report 

This report, on the impact and process evaluation of the C&I Program for program years 
2010 and 2011, is organized as follows:  

 Chapter 3 presents and discusses the methods used for and the results obtained 
from estimating gross savings for measures installed under the program. 

 Chapter 4 presents and discusses the methods used for and results obtained 
from estimating net savings for the program. 

 Chapter 5 presents and discusses the methods used for and results obtained 
from the process evaluation of the program. 

 Chapter 6 presents evaluation conclusions and recommendations for the 
program. 
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 Appendix A provides project-level measurement and verification reports for each 
project for which data were collected on-site. 

 Appendix B provides a copy of the questionnaire used for the survey of decision 
makers. 

 Appendix C presents the results from a survey of decision makers for customers 
that received incentives under the program. 
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3. Estimation of Gross Savings 

This chapter addresses the estimation of gross kWh savings and peak kW reductions 
resulting from measures installed in facilities of customers that obtained incentives from 
the C&I Program during the 2010 and 2011 program years. Section 3.1 describes the 
methodology used for estimating gross savings. Section 3.2 presents the results from 
the effort to estimate savings for a sample of incentive projects from 2010.  Section 3.3 
presents the results from the effort to estimate savings for a sample of incentive projects 
from 2011.   

This chapter details the general methodology for estimating gross savings and the 
aggregate savings estimation results.  Appendix A contains specific methodologies for 
estimating gross savings and savings estimation results for each sample project. 

3.1 Methodology for Estimating Gross Savings 

The methodology used for estimating gross savings is described in this section. 

3.1.1 Sampling Plan 

Data used to estimate the gross savings achieved through the C&I Program were 
collected for samples of projects completed during program years 2010 and 2011. For 
2010, the data provided by SMUD showed that there were 387 projects for the program, 
which were expected to provide savings of 34,477,443 kWh.  For 2011, there were 564 
projects, which were expected to provide savings of 59,485,315 kWh. 

Inspection of data on kWh savings for individual projects provided by the SMUD 
indicated that the distribution of savings was generally positively skewed, with a 
relatively small number of projects accounting for a high percentage of the estimated 
savings. Estimation of savings for each program component is based on a ratio 
estimation procedure, which allows precision/confidence requirements to be met with a 
smaller sample size.  ADM selected a sample with a sufficient number of projects to 
estimate the total achieved savings with 10% precision at 90% confidence.  For the 
2010 sample, the actual precision is 8.3%. For the 2011 sample, the actual precision is 
8.3%. 

For 2010, Table 3-1 shows the number of projects and expected energy savings of the 
incentive program component sample by stratum.  For 2011, Table 3-2 shows the 
number of projects and expected energy savings of the incentive program component 
sample by stratum.   
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Table 3-1. Population Statistics Used for Sample Design - 2010 

 Stratum 1 Stratum 2 Stratum 3 Stratum 4 Stratum 5 Totals 
Strata boundaries 
(kWh) < 24,950  24,950 - 

91,679  
91,680 - 
222,149  

222,150 - 
727,519  > 727,520   

Number of projects 250 85 30 18 4 387 

Total kWh savings 2,165,556  3,926,675  4,403,084  7,454,053  16,528,075  34,477,443 

Average kWh Savings 8,662 46,196 146,769 414,114 4,132,019 4,747,761 
Standard deviation of 
kWh savings 6,643 17,745 37,570 152,862 2,105,299 463,509 

Coefficient of variation 0.77 0.38 0.26 0.37 0.51 5.20 

Final design sample 3 5 5 4 4 21 

Table 3-2. Population Statistics Used for Sample Design – 2011 

 Stratum 1 Stratum 2 Stratum 3 Stratum 4 Stratum 5 Totals 
Strata boundaries 
(kWh) < 30,710 30,710 - 

175,599 
175,600 - 

390,369 
390,370 - 

959,099 > 959,100  

Number of projects 342 141 47 26 8 564 

Total kWh savings 2,948,327 10,228,477 11,535,267 15,573,833 19,199,411 59,485,315 
Average kWh 
Savings 8,621 72,542 245,431 598,994 2,399,926 3,325,514 

Standard deviation 
of kWh savings 7,241 38,970 52,160 182,206 3,111,612 0 

Coefficient of 
variation 0.84 0.54 0.21 0.30 1.30 4.41 

Final design sample 3 6 8 9 8 34 

As shown in Table 3-3, the 2010 sample projects account for approximately 56% of 
expected kWh savings. As shown in  

Table 3-4, the 2011 sample projects account for approximately 45% of expected kWh 
savings.  

Table 3-3. Expected Savings for Sampled Projects by Stratum -2010 

Stratum 
Sample 

Expected 
Savings 

Total 
Expected 
Savings 

1 69,152  2,165,556  
2 404,250  3,926,675  
3 803,644  4,403,084  
4 1,469,967  7,454,053  
5 16,528,075  16,528,075  

Total 19,275,089  34,477,443  
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Table 3-4. Expected Savings for Sampled Projects by Stratum -2011 

Stratum 
Sample 

Expected 
Savings 

Total 
Expected 
Savings 

1 52,944  2,948,327  
2 636,648  10,228,477  
3 1,867,275  11,535,267  
4 4,800,694  15,573,833  
5 19,199,411  19,199,411  

Total 26,556,971  59,485,315  

3.1.2 Review of Documentation 

After the samples of projects were selected, SMUD provided documentation pertaining 
to the projects. The first step in the evaluation effort was to review this documentation 
and other program materials that were relevant to the evaluation effort.  

For each project, the available documentation (e.g., audit reports, savings calculation 
work papers, etc.) for each rebated measure was reviewed, with particular attention 
given to the calculation procedures and documentation for savings estimates. 
Documentation that was reviewed for all projects selected for the sample included 
program forms, data bases, reports, billing system data, weather data, and any other 
potentially useful data. Each application was reviewed to determine whether the 
following types of information had been provided: 

 Documentation for the equipment changed, including (1) descriptions, (2) 
schematics, (3) performance data, and (4) other supporting information 

 Documentation for the new equipment installed, including (1) descriptions, (2) 
schematics, (3) performance data, and (4) other supporting information 

 Information about the savings calculation methodology, including (1) what 
methodology was used, (2) specifications of assumptions and sources for these 
specifications, and (3) correctness of calculations 

If there was uncertainty regarding a project, or apparently incomplete project 
documentation, ADM staff contacted SMUD to seek further information to ensure the 
development of an appropriate project-specific M&V plan. 

3.1.3 On-Site Data Collection Procedures 

On-site visits were used to collect data that were used in calculating savings impacts. 
The visits to the sites of the sampled projects were used to collect primary data on the 
facilities participating in the program.  

During an on-site visit, the field staff accomplished three major tasks:  
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 First, they verified the implementation status of all measures for which customers 
received incentives. They verified that the energy efficiency measures were indeed 
installed, that they were installed correctly and that they still functioned properly.  

 Second, they collected the physical data needed to analyze the energy savings that 
have been realized from the installed improvements and measures.  Data were 
collected using a form that was prepared specifically for the project in question after 
an in-house review of the project file.  

 Third, they interviewed the contact personnel at a facility to obtain additional 
information on the installed system to complement the data collected from other 
sources. 

At some sites, monitoring was conducted to gather more information on the operating 
hours of the installed measures. Monitoring was conducted at sites where it was judged 
that the monitored data would be useful for further refinement and higher accuracy of 
savings calculations. Monitoring was not considered necessary for sites where project 
documentation allowed for sufficiently detailed calculations.  

3.1.4  Procedures for Estimating Measure-level Savings 

The method ADM employs to determine gross savings impacts depends on the types of 
measures being analyzed.  Categories of measures include the following: 

 Lighting; 
 HVAC; 
 Motors; 
 VFDs; 
 Compressed-Air; 
 Refrigeration; and 
 Process Improvements. 

ADM uses a specific set of methods to determine gross savings for projects that depend 
on the type of measure being analyzed. These typical methods are summarized in 
Table 3-5. 

Table 3-5. Typical Methods to Determine Savings for Custom Measures 
Type 

 of Measure Method to Determine Savings 

Compressed Air 
Systems 

Engineering analysis, with monitored data on load factor and 
schedule of operation 

Lighting Custom-designed lighting evaluation model, which uses data on 
wattages before and after installation of measures and hours-of-
use data from field monitoring. 

HVAC (including 
packaged units, chillers, 
cooling towers, 

eQUEST model using DOE-2 as its analytical engine for 
estimating HVAC loads and calibrated with site-level billing data 
to establish a benchmark. 
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Type 
 of Measure Method to Determine Savings 

controls/EMS)  
Motors and VFDs Measurements of power and run-time obtained through 

monitoring 
Refrigeration Simulations with EQuest engineering analysis model, with 

monitored data  
Process Improvements Engineering analysis, with monitored data on load factor and 

schedule of operation 

The activities specified in Table 3-5 produced two estimates of gross savings for each 
sample project: an expected gross savings estimate (as reported in the project 
documentation and program tracking system) and the verified gross savings estimates 
developed through the M&V procedures employed by ADM.  ADM developed estimates 
of program component-level gross savings by applying a ratio estimation procedure in 
which achieved savings rates estimated for the sample projects were applied to the 
program component-level expected savings. 

Energy savings realization rates1 were calculated for each project for which on-site data 
collection and engineering analysis/building simulations were conducted.  Sites with 
relatively high or low realization rates were further analyzed to determine the reasons 
for the discrepancy between expected and realized energy savings.  This information for 
such sites is included in site-level M&V analyses presented in Appendix A. 

The following discussion describes the basic procedures used for estimating savings 
from various measure types.  Project-specific information on savings calculation is 
contained in Appendix A. 

Plan for Analyzing Savings from Lighting Measures:  Lighting measures examined 
include retrofits of existing fixtures, lamps and/or ballasts with energy efficient fixtures, 
lamps and/or ballasts. These types of measures reduce demand, while not affecting 
operating hours. Any proposed lighting control strategies are examined that might 
include the addition of energy conserving control technologies such as motion sensors 
or daylighting controls. These measures typically involve a reduction in hours of 
operation and/or lower current passing through the fixtures. 

Analyzing the savings from such lighting measures requires data for retrofitted fixtures 
on (1) wattages before and after retrofit and (2) hours of operation before and after the 
retrofit.  Fixture wattages are taken from a table of standard wattages, with corrections 

                                                 
1 The savings realization rate for a project is calculated as the ratio of the achieved savings for the project (as measured and 

verified through the M&V effort) to the expected savings (as determined through the project application procedure and 
recorded in the tracking system for the program). 
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made for non-operating fixtures.  Hours of operation are determined from metered data 
collected after measure installation for a sample of fixtures. 

To determine baseline and post-retrofit demand values for the lighting efficiency 
measures, ADM uses in-house data on standard wattages of lighting fixtures and 
ballasts to determine demand values for lighting fixtures.  These data provide 
information on wattages for common lamp and ballast combinations. 

As noted, ADM collects data with which to determine average operating hours for 
retrofitted fixtures by using Time-of-Use (TOU) data loggers to monitor a sample of “last 
points of control” for unique usage areas in the sites where lighting efficiency measures 
have been installed. Usage areas are defined to be those areas within a facility that are 
expected to have comparable average operating hours.  For industrial customers, 
expected usage areas include fabrication areas, clean rooms, office space, 
hallways/stairways, and storage areas.  Typical usage areas are designated in the 
forms used for data collection. 

ADM uses per-fixture baseline demand, retrofit demand, and appropriate post-retrofit 
operating hours to calculate peak capacity savings and annual energy savings for 
sampled fixtures of each usage type. 

The on-off profile and the fixture wattages are used to calculate post-retrofit kWh usage.  
Fixture demand is calculated by dividing the total kWh usage calculated SMUD’s peak 
period of the day by the number of hours in the peak period. 

Peak Period Demand Savings are calculated as the difference between peak period 
baseline demand and post-installation peak period demand of the affected lighting 
equipment, per the following formula: 

 Peak Capacity Savings = kWBefore – kWAfter 

The baseline and post-installation average demands are calculated by dividing the total 
kWh usage during the Peak Period by the number of hours in the Peak Period. 

ADM calculates annual energy savings for each sampled fixture per the following 
formula: 

Annual Energy Savings = kWhBefore – kWhAfter 

The values for insertion in this formula are determined through the following steps: 

Results from the monitored sample are used to calculate the average operating hours of 
the metered lights in each costing period for every unique building type/usage area.   

= 
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These average operating hours are then applied to the baseline and post-installation 
average demand for each usage area to calculate the respective energy usage and 
peak period demand for each usage area. 

The annual baseline energy usage is the sum of the baseline kWh for each costing 
period for all of the usage areas.  The post-retrofit energy usage is calculated similarly.  
The energy savings are calculated as the difference between baseline and post-
installation energy usage. 

Savings from lighting measures in conditioned spaces are factored by the region-
specific, building type-specific heating cooling interaction factors in order to calculate 
total savings attributable to lighting measures, inclusive of impacts on HVAC operation 

Plan for Analyzing Savings from HVAC Measures:  Savings estimates for HVAC 
measures installed at a facility are derived by using the energy use estimates developed 
through DOE-2 simulations and engineering calculations.  The HVAC simulations also 
allow calculation of the primary and secondary effects of lighting measures on energy 
use.  Each simulation produces estimates of HVAC energy and demand usage to be 
expected under different assumptions about equipment and/or construction conditions.  
There may be cases in which DOE-2 simulation is inappropriate because data are not 
available to properly calibrate a simulation model, and engineering analysis provides 
more accurate M&V results. 

For the analysis of HVAC measures, the data collected through on-site visits and 
monitoring are utilized.  Using these data, ADM prepares estimates of the energy 
savings for the energy efficient equipment and measures installed in each of the 
participant facilities.  Engineering staff develop independent estimates of the savings 
through engineering calculations or through simulations with energy analysis models.  
By using energy simulations for the analysis, the energy use associated with the end 
use affected by the measure(s) being analyzed can be quantified.  With these quantities 
in hand, it is a simple matter to determine what the energy use would have been without 
the measure(s). 

Before making the analytical runs for each site with sampled project HVAC measures, 
engineering staff prepare a model calibration run.  This is a base case simulation to 
ensure that the energy use estimates from the simulations have been reconciled against 
actual data on the building's energy use.  This run is based on the information collected 
in an on-site visit pertaining to types of equipment, their efficiencies and capacities, and 
their operating profiles.  Current operating schedules are used for this simulation, as are 
local (TMY) weather data covering the study period.  The model calibration run is made 
using actual weather data for a time period corresponding to the available billing data 
for the site.   

The goal of the model calibration effort is to have the results of the DOE-2 simulation 
come within approximately 10% of the patterns and magnitude of the energy use 
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observed in the billing data history.  In some cases, it may not be possible to achieve 
this calibration goal because of idiosyncrasies of particular facilities (e.g., multiple 
buildings, discontinuous occupancy patterns, etc.). 

Once the analysis model has been calibrated for a particular facility, ADM performs 
three steps in calculating estimates of energy savings for HVAC measures installed or 
to be installed at the facility. 

 First, an analysis of energy use at a facility under the assumption that the energy 
efficiency measures are not installed is performed.   

 Second, energy use at the facility with all conditions the same but with the energy 
efficiency measures now installed is analyzed.  

 Third, the results of the analyses from the preceding steps are compared to 
determine the energy savings attributable to the energy efficiency measure.   

Plan for Analyzing Savings from Motors: Estimates of the energy savings from use 
of high efficiency motors on HVAC and non-HVAC applications are derived through an 
"after-only" analysis.  With this method, energy use is measured only for the high 
efficiency motor and only after it has been installed.  The data thus collected are then 
used in estimating what energy use would have been for the motor application if the 
high efficiency motor had not been installed.  In effect, the after-only analysis is a 
reversal of the usual design calculation used to estimate the savings that would result 
from installing a high efficiency motor.  That is, at the design stage, the question 
addressed is how would energy use change for an application if an high efficiency motor 
is installed, whereas the after-only analysis addresses what the level of energy use 
would have been had the high efficiency motor not been installed.    

For the “after only” analysis, it is not possible to use a comparison of direct 
measurements to determine savings, since measured data are collected only for the 
high efficiency motor.  However, savings attributable to installation of the high efficiency 
motor can be estimated using information on the efficiencies of the high efficiency motor 
and on the motor it replaced.  In particular, demand and energy savings can be 
calculated as follows: 

Demand Savings = kWpeak x (1/Effold -1/Effnew) 

where kWpeak = Volts x Ampspeak x Power Factor, and Ampspeak is the interval with the 
maximum recorded Amps during the monitoring period 

Energy Savings = kWave x (1/Effold -1/Effnew) x Hours of use 

where kWave = Volts x Ampsave x Power Factor and Ampsave is the average measured 
Amps for the duration of the monitored period.  
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Annual Energy Savings = kWave x (1/Effold -1/Effnew) x (days of operation per year/ 
days metered) x Annual Adjustment Factor 

where kWave = Volts x Ampsave x Power Factor for the monitoring period, Ampsave  is the 
average measured Amps for the duration of the monitored period, and use factor is 
determined from interviews with site personnel.  Annual Adjustment Factor is 1 if the 
monitoring period is typical for the yearly operation, less than 1 if the monitoring period 
is expected to be higher use than typical for the rest of the year, and more than 1 if the 
monitoring period is expected to be lower than typical for the rest of the year.2   

The information on motor efficiencies needed for the calculation of savings is obtained 
from different sources. 

Data on the efficiencies of high efficiency motors installed under the program should be 
available from program records.   

 In some cases, the efficiencies of the replaced motors may also be noted in SMUD’s 
program records. Care must be taken using nameplate efficiency ratings of replaced 
motors, unless the company maintains good documentation of their equipment.  If a 
motor has been rewound it may not operate as originally rated.  However, if the 
efficiencies of the old motors are not directly available, the efficiency values can be 
imputed by using published data on average efficiency values for motors of given 
horsepower. If the motor replacement is for normal replacement, the baseline efficiency 
is established as the efficiency of a new, standard efficiency motor. However, in cases 
of early replacement, the efficiency of the old motor is used for the length of the 
remaining life. 3   

Because most motors monitored run only under full load conditions, some adjustments 
must be made from the “industry averages” of full load efficiencies.  Motor efficiency 
curves of typical real motors that have the same full load efficiencies are used for 
determining part load efficiencies. 

Like motor efficiency, the power factor varies with motor loading.  Motor power factor 
curves of typical real motors that have the same full load power factor are used for 
determining part load power factor. 

Another factor to consider in demand and energy savings comparisons of motor change 
out programs is the rotor slip.  Full load RPM ratings of motors vary.  For centrifugal 
loads such as fans and pumps, the power supplied is dependent on the speed of the 
driven equipment.  The power is theoretically proportional to the cube of the speed, but 
                                                 
2 Current year weather data were compared with the Typical Meteorological Year from the National Oceanic & 

Atmospheric Administration (NOAA) 

3 Assumptions regarding measure expected useful life were taken from the most recent Database for Energy 

Efficiency Resources (DEER).  See http://www.deeresources.com/. 
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in practice acts more like the square of the speed.  In general high efficiency motors 
have slightly higher full load RPM ratings (lower slip) than standard motors.  Where 
nameplate ratings of full load RPM are available for replaced motors, a derating factor 
can be applied.4 

The data needed to carry out these plans for determining savings are collected from 
several sources. 

 The first source of data is the information from each project’s documentation. 
This information is expected to include aggregate energy used at a site, 
disaggregated energy usage data for certain targeted processes (if available), 
before (actual) and after (projected) data on production, scrap, and other key 
performance indicators, and final reports (which include process improvement 
recommendations, analyses, conclusions, performance targets, etc.). 

 The second source of data is the energy use data that SMUD collects for these 
customers. 

 The third source is information collected through on-site inspections of the 
facilities.  ADM staff collect the data during on-site visits using a form that is 
comprehensive in addressing a facility's characteristics, its modes and schedules 
of operation, and its electrical and mechanical systems. The form also addresses 
various energy efficiency measures, including high efficiency lighting (both lamps 
and ballasts), lighting occupancy sensors, lighting dimmers and controls, air 
conditioning, high efficiency motors, etc.     

 As a fourth source of data, selected end-use equipment are monitored to develop 
information on operating schedules and power draws. 

Plan for Analyzing Savings from VFDs:  A variable-frequency drive (VFD) is an 
electronic device that controls the speed of a motor by varying the magnitude of the 
voltage, current, or frequency of the electric power supplied to the motor. The factors 
that make a motor load a suitable application for a VFD are (1) variable speed 
requirements and (2) high annual operating hours.  The interplay of these two factors 
can be summarized by information on the motor's duty cycle, which essentially shows 
the percentage of time during the year that the motor operates at different speeds.  The 
duty cycle should show good variability in speed requirements, with the motor operating 
at reduced speed a high percentage of the time. 

Potential energy savings from the use of VFDs are usually most significant with 
variable-torque loads, which have been estimated to account for 50% to 60% of total 
motor energy use in the non-residential sectors.  Energy saving VFDs may be found on 
                                                 
4As an example, take the case where a new motor has a full load RPM rating of 1770 and the old motor had a full 

load RPM rating of 1760.  The derating factor would be: 

 Derating factor = (RPMold)
2
 / (RPMnew)

2
 = 1760

2
 / 1770

2
 = 0.989 
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fans, centrifugal pumps, centrifugal blowers, and other centrifugal loads, most usually 
where the duty cycle of the process provided a wide range of speeds of operation.   

ADM’s approach to determining savings from installation of VFDs involves (1) making 
one-time measurements of voltage, current, and power factor of the VFD/motor and (2) 
conducting continuous measurements of amperage over a period of time in order to 
obtain the data needed to develop VFD load profiles and calculate demand and energy 
savings.  VFDs are generally used in applications where motor loading changes when 
motor speed changes.  Consequently the true power drawn by a VFD is recorded in 
order to develop VFD load shapes.  One-time measurements of power are made for 
different percent speed settings.  Power and percent speed or frequency (depending on 
VFD display options) are recorded for as wide a range of speeds as the customer 
allows the process to be controlled; field staff attempt to obtain readings from 40 to 
100% speed in 10 to 15% increments. 

Plan for Analyzing Savings from Compressed Air Measures:  Measures to improve 
the efficiency of a compressed air system include the reduction of air leaks, resizing of 
compressors, installing more efficient compressors, improved controls, or a complete 
system redesign.  Savings from such measures are evaluated through engineering 
analysis of compressor performance curves, supported by data collected through short-
term metering. 

ADM field staff obtains nameplate information for the pre-retrofit equipment either from 
the project file or during the on-site survey. Performance curve data are obtained from 
manufacturers. Engineering staff then conduct an engineering analysis of the 
performance characteristics of the pre-retrofit equipment.  During the on-site survey, 
field staff inspects the as-built system equipment, take pressure and load readings, and 
interview the system operator to identify seasonal variations in load.  Potential 
interactions with other compressors are assessed and it is verified that the rebated 
compressor is being operated as intended. 

When appropriate, short-term measurements are performed to reduce the uncertainty in 
defining the load on the as-built system.  These measurements may be taken either with 
a multi-channel logger, which can record true power for several compressors, with 
current loggers, which can provide average amperage values, or with motor loggers to 
record operating hours. The appropriate metering equipment is selected by taking into 
account variability in load and the cost of conducting the monitoring.   

ADM used AirMaster+ to calculate the savings due to the energy efficiency measures 
installed within each compressed air system. The AirMaster+ as-built and baseline 
compressor types were inputted into the model using data points collected during on-
site verification.  The as-built model was then calibrated to a typical daily schedule, 
derived from at least two weeks of trending data. Project energy savings were 
calculated by subtracting the as-built from the baseline energy consumption. 
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Plan for Analyzing Savings from Refrigeration and Process Improvements:  
Analysis of savings from refrigeration and process improvements is inherently project-
specific.  Because of the specificity of processes, analyzing the processes through 
simulations is generally not feasible.  Rather, reliance is made on engineering analysis 
of the process affected by the improvements. Major factors in ADM’s engineering 
analysis of process savings are operating schedules and load factors.  Information on 
these factors is developed through short-term monitoring of the affected equipment, be 
it pumps, heaters, compressors, etc.  The monitoring is done after the process change, 
and the data gathered on operating hours and load factors are used in the engineering 
analysis to define “before” conditions for the analysis of savings.   

3.2 Results of Gross Savings Estimation - 2010 

To estimate gross kWh savings and peak kW reductions for the 2010 C&I Programs, 
data were collected and analyzed for samples of 21 incentive projects. The data were 
analyzed using the methods described in Section 3.1 to estimate project energy savings 
and peak kW reductions and to determine realization rates for both program 
components. The results of that analysis are reported in this section. 

3.2.1 Realized Gross kWh Savings 
The gross kWh savings of the C&I Programs during the 2010 program year are 
summarized by sampling stratum in Table 3-6.  Overall, the achieved gross savings of 
29,629,648 kWh were equal to 86% of the expected savings.   

Table 3-6. Expected and Gross Realized kWh Savings by Sample Stratum - 2010 

Stratum 
Expected 

kWh 
Savings 

Realized 
Gross kWh 

Savings 

Gross 
Realization 

rate 

5 16,528,075 14,463,571 88% 
4 7,454,053 6,218,920 83% 
3 4,403,084 3,593,355 82% 
2 3,926,675 3,340,489 85% 
1 2,165,556 2,013,313 93% 

Total 34,477,443 29,629,648 86% 

Table 3-7 shows the expected and realized energy savings by program.  For the 
Custom Incentives Program, the achieved gross savings of 23,839,153 were equal to 
86% of the expected savings. For the Express Incentives Program, the achieved gross 
savings of 5,790,495 were equal to 86% of the expected savings. 

Table 3-7 Expected and Gross Realized kWh Savings by Incentive Type - 2010 

Incentive 
Type 

Expected 
kWh 

Savings 

Realized Gross 
kWh Savings 

Gross 
Realization 

Rate 
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Custom 27,753,250 23,839,153 86% 
Express 6,724,193 5,790,495 86% 
Total 34,477,443 29,629,648 86% 

Table 3-8 shows the expected and realized energy savings by project.   

Table 3-8. Expected and Gross Realized kWh Savings by Project -2010 

Project ID Business 
Name 

Expected 
kWh 

Savings 

Realized Gross 
kWh Savings 

Project 
Gross 

Realization 
Rate 

Custom 
or 

Express? 
Facility Type 

8011982 Ragingwire 5,967,055       3,343,313  56% Custom Manufacturing 
8018121 Intel Corp 5,582,386       5,633,814  101% Custom Office 
8018041 Ragingwire 3,591,360       4,473,114  125% Custom Manufacturing 
8018131 Aerojet 1,387,275       1,013,330  73% Custom Manufacturing 

8019442 City Of 
Sacramento 510,326         513,799  101% Express Government 

8016949 Foods Co 431,267         186,929  43% Express Grocery 
8017592 Nordstrom 270,822         250,022  92% Express Retail 
8011648 Bel Air 257,553         275,645  107% Custom Grocery 
8018700 Prim Natomas 202,002           37,419  19% Express Office 
8015108 Ragingwire 197,640         219,700  111% Custom Manufacturing 
8017625 CALPERS 191,563         175,304  92% Express Office 

8016285 Vinh Phat 
Market 108,873         117,520  108% Express Grocery 

8019074 Rotunda 
Partners 103,566         105,910  102% Express Office 

8019374 Target #312 91,678           49,517  54% Express Retail 
8019410 Target #1098 91,550           47,623  52% Express Retail 
8017590 1303 J St 79,818                  -    0% Express All Other 
8013218 Hines VAF 73,832         186,676  253% Express Office 
8016958 Ralphs 67,371           60,086  89% Express Grocery 

8018592 Highlands 
High School 24,952           26,965  108% Express K-12 

Education 
8019006 IMAX Theatre 24,143           20,642  86% Express All Other 

8016734 
Cvs 
Pharmacy 
#9972 

20,057           16,684  83% Custom Retail 

Non-Sample Projects 15,202,355     12,875,636  85%   
Total 34,477,443     29,629,648  86%   
 
Gross realized kWh savings during the 2010 program year are shown by building type 
in Table 3-9.  Building types were assumed based on data provided by SMUD.  For 
clarification, “food service” is inclusive of restaurants, such as Cassidy’s Family 
Restaurant; “medical” is inclusive of hospitals, urgent care, dentist facilities, and nursing 
facilities;  and “all other” is inclusive of sites where there was significant uncertainty 
regarding an appropriate facility type assignment or there was a lack of available 
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information. Among discrete building types, offices and manufacturing facilities account 
for over two-thirds of the gross kWh savings. 
 

Table 3-9. Realized Gross kWh Savings by Building Type - 2010 

Facility Type 
Percent of 

Realized Gross 
Savings 

All Other 5.55% 
Auto Service 0.41% 
Food Service 0.70% 
Government 5.58% 
Grocery 3.08% 
K-12 Education 1.08% 
Lodging 0.06% 
Manufacturing 37.73% 
Medical 1.36% 
Multi-Family 
Common Areas 0.03% 

Office 30.32% 
Retail 10.84% 
University 0.83% 
Warehouse 2.43% 

 

3.2.2 Realized Gross Peak kW Savings 

The realized gross peak kW reductions of the C&I Programs during the 2010 program 
year are shown in Table 3-10. The achieved gross peak demand savings are 3,814 kW. 

Table 3-10 Expected and Gross Realized Peak kW Savings - 2010 

Program 
Expected 
Peak kW 
Savings  

Realized Gross 
Peak kW 
Savings 

Gross 
Realization 

Rate 
Custom         3,097.76           2,720  88% 
Express            906.65           1,094  121% 
Total         4,004.40       3,813.59  95% 

 

3.2.3 Discussion of Gross Savings Analysis 

The project realization rates were reviewed to assess whether there were factors that 
were causing systematic differences in the realization rates.   

An analysis was conducted to determine whether realization rates for projects differed 
systematically by expected kWh savings.   
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Sample project realization rates and expected kWh savings are plotted in Figure 3-1.  
There is not a strong association between realization rates and expected kWh savings.  
Figure 3-2 plots the project realized energy savings against the expected energy 
savings for each sample point. 

Case-by-case examination showed that project-specific factors were more likely to 
cause realized kWh savings to differ from expected savings.  Project-specific factors 
include type of measure implemented, building type, facility operating schedule, and 
other parameters that may affect energy efficiency measure savings. 

 
Figure 3-1. Sample Project Realization Rate versus Expected kWh Savings – 2010 
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Figure 3-2. Sample Project Realized kWh Savings versus Expected kWh Savings – 

2010 

3.3 Results of Gross Savings Estimation - 2011 

To estimate gross kWh savings and peak kW reductions for the 2011 C&I Programs, 
data were collected and analyzed for samples of 34 incentive projects. The data were 
analyzed using the methods described in Section 3.1 to estimate project energy savings 
and peak kW reductions and to determine realization rates for both program 
components. The results of that analysis are reported in this section. 

3.3.1 Realized Gross kWh Savings 
The gross kWh savings of the C&I Programs during the 2011 program year are 
summarized by sampling stratum in Table 3-11.  Overall, the achieved gross savings of 
44,012,894 were equal to 74% of the expected savings.   

Table 3-11. Expected and Gross Realized kWh Savings by Sample Stratum - 2011 

Stratum 
Expected 

kWh 
Savings 

Realized Gross 
kWh Savings 

Gross 
Realization 

Rate 
5 19,199,411 19,201,711 100% 
4 15,573,833 8,817,070 57% 
3 11,535,267 6,321,387 55% 
2 10,228,477 8,273,601 81% 
1 2,948,327 1,399,126 47% 

R² = 0.8849
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Total 59,485,315 44,012,894 74% 

Table 3-12 shows the expected and realized energy savings by program.  For the 
Custom Incentives Program, the achieved gross savings of 34,973,022 were equal to 
77% of the expected savings. For the Express Incentives Program, the achieved gross 
savings of 9,039,882 were equal to 64% of the expected savings. 

Table 3-12 Expected and Gross Realized kWh Savings by Program - 2011 

Program 
Expected 

kWh 
Savings 

Realized Gross 
kWh Savings 

Gross 
Realization 

Rate 
Custom  45,327,675   34,973,012  77% 
Express  14,157,640     9,039,882  64% 
Total  59,485,315   44,012,894  74% 

Table 3-13 shows the expected and realized energy savings by project.  

Table 3-13. Expected and Gross Realized kWh Savings by Project - 2011 

Project ID Business Name 
Expected 

kWh 
Savings 

Realized 
Gross kWh 

Savings 

Project 
Gross 

Realization 
Rate 

Custom 
or 

Express
? 

Facility Type 

8017975 Fedex 1,458,205 1,837,081 126% Custom Warehouse 

8018337 
State of CA 
OCIO&DTS Gold 
Camp 

793,792 655,044 83% Custom Government 

8018445 Aref Sa 531,955 110,420 21% Express All Other 
8018647 Fry's Electronics 1,446,805 1,469,001 102% Custom Warehouse 

8019015 Ofc Fleet Admin 
Parking Lot #14 135,105 146,942 109% Custom Government 

8019263 Teledyne 324,752 282,372 87% Custom Office 

8019287 SaveMart #607 194,378 167,351 86% Express
/Custom Grocery 

8019311 Food Maxx #464 273,829 247,795 90% Express
/Custom Grocery 

8019391 Verizon Data 1,741,596 1,766,683 101% Custom Warehouse 
8019446 Dept of Pesticide Reg 59,869 56,861 95% Express Office 

8019660 Dry Creek Elemt Dist 152,640 155,119 102% Express K-12 
Education 

8019714 Vision Service Plan 397,733 166,892 42% Custom Office 
8019735 KOVR TV 13 1,086,415 976,316 90% Custom Office 

8019749 State of CA Board of 
Equalization 1,090,931 436,856 40% Custom Government 

8020036 Dollar Tree #1202 18,262 13,404 73% Express Retail 

8020052 
Downtown Plaza 
Parking Garage 
Interior 

451,191 437,829 97% Custom Government 

8020321 Aerojet 1,246,736 1,287,715 103% Custom Manufacturi
ng 
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Project ID Business Name 
Expected 

kWh 
Savings 

Realized 
Gross kWh 

Savings 

Project 
Gross 

Realization 
Rate 

Custom 
or 

Express
? 

Facility Type 

8020490 Safeway 51,573 66,294 129% Express Grocery 
8020789 Wing Fung Tong 4,808 2,951 61% Express All Other 
8020890 Air Resources Board 290,355 281,573 97% Express Office 

8020938 Aerojet 1,050,479 692,923 66% Custom Manufacturi
ng 

8020999 Consumnes River 206,382 8,178 4% Express Office 
8021076 Cardinal Glass 10,078,245 10,735,137 107% Custom Warehouse 
8021080 Sacramento City 402,270 15,940 4% Express Office 
8021081 American River 402,270 15,940 4% Express Office 
8021082 Folsom Lake 192,390 7,624 4% Express Office 

8021114 San Juan District 847,661 776,392 92% Express K-12 
Education 

8021175 Sutter Health 178,807 20,205 11% Express Medical 
8021245 American River #2 402,270 15,940 4% Express Office 
8021266 American River #3 174,900 6,930 4% Express Office 
8021331 Safeway 1794 62,560 82,825 132% Express Grocery 
8021422 Safeway #1746 29,874 8,769 29% Express Grocery 

8021501 Cosumnes River 
College #2 206,382 8,178 4% Express Office 

8021570 San Juan Unified 
School District 571,552 523,498 92% Express K-12 

Education 
Non-Sample Projects 32,928,344 20,529,916 62%   
Total 59,485,315 44,012,894 74%   
 
Gross realized kWh savings during the 2011 program year are shown by building type 
in Table 3-14.  Building types were assumed based on data provided by SMUD.  For 
clarification, “food service” is inclusive of restaurants, such as Cassidy’s Family 
Restaurant; “medical” is inclusive of hospitals, urgent care, dentist facilities, and nursing 
facilities;  and “all other” is inclusive of sites where there was significant uncertainty 
regarding an appropriate facility type assignment or there was a lack of available 
information. Among discrete building types, warehouse facilities account for over one-
third of the gross kWh savings. 

Table 3-14. Realized Gross kWh Savings by Building Type - 2011 

Facility Type 

Percent of 
Realized 

Gross 
Savings 

All Other 5.32% 
Auto Service 0.17% 
Food Service 0.11% 
Government 14.51% 
Grocery 6.85% 
K-12 6.59% 
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Facility Type 

Percent of 
Realized 

Gross 
Savings 

Education 
Lodging 0.45% 
Manufacturing 7.26% 
Medical 1.84% 
Multi-Family 
Common 
Areas 

0.01% 

Office 14.72% 
Retail 3.70% 
University 0.14% 
Warehouse 38.16% 

3.3.2 Realized Gross Peak kW Savings 

The realized gross peak kW reductions of the 2011 C&I Programs during the 2011 
program year are shown in Table 3-15.  The achieved gross peak demand savings are 
8,210 kW. 

Table 3-15. Expected and Gross Realized Peak kW Savings - 2011 

Program 
Expected 
Peak kW 
Savings  

Realized Gross 
Peak kW 
Savings 

Gross 
Realization 

Rate 
Custom      6,036.47           6,932  115% 
Express      1,199.01           1,278  107% 
Total      7,235.49       8,210.23  113% 

 

3.3.3 Discussion of Gross Savings Analysis 

The project realization rates were reviewed to assess whether there were factors that 
were causing systematic differences in the realization rates.   

An analysis was conducted to determine whether realization rates for projects differed 
systematically by expected kWh savings.   

Sample project realization rates and expected kWh savings are plotted in Figure 
3-3.  There is not a strong association between realization rates and expected 
kWh savings.   

Figure 3-4 plots the project realized energy savings against the expected energy 
savings for each sample point. 

Cardinal Glass (ID 8021076) accounts for over six times more expected kWh savings 
than the next highest project.  For visibility, the two previous figures are reproduced 
without reporting savings for Cardinal Glass in Figure 3-5 and Figure 3-6. 
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Case-by-case examination showed that project-specific factors were more likely to 
cause realized kWh savings to differ from expected savings.  Project-specific factors 
include type of measure implemented, building type, facility operating schedule, and 
other parameters that may affect energy efficiency measure savings. 

 
Figure 3-3. Sample Project Realization Rate versus Expected kWh Savings - 2011 

 
 

Figure 3-4. Sample Project Realized kWh Savings versus Expected kWh Savings -2011 
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Figure 3-5. Sample Project Realization Rate versus Expected kWh Savings (less 

Cardinal Glass) - 2011 

 
Figure 3-6. Sample Project Realized kWh Savings versus Expected kWh Savings (less 

Cardinal Glass) -2011 
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4. Estimation of Net Savings 

This chapter reports the results from estimating the net impacts of the SMUD 
Commercial Energy Efficiency Program during the 2010 and 2011 program years, 
where net savings represents the portion of gross savings achieved by program 
participants that can be attributed to the effects of the program. 

4.1 Procedures Used To Estimate Net Savings 

The basic issue in net savings analysis is determining what part of gross savings 
achieved by program participants can be attributed to the effects of the program. The 
savings induced by the program are the “net” savings that are attributable to the 
program. 

Net savings may be less than gross savings because of free ridership impacts, which 
arise to the extent that participants in a program would have adopted energy efficiency 
measures and achieved the observed energy changes even in the absence of the 
program. Free riders for a program are defined as those participants that would have 
installed the same energy efficiency measures without the program.  

The goal of the free ridership analysis was to estimate the impacts of energy efficiency 
measures attributable to the SMUD Commercial Energy Efficiency Program that were 
net of free ridership.  That is, because the energy savings realized by free riders are not 
induced by the program, these savings should not be included in the estimates of the 
program's actual impacts. Without adjustment for free ridership, some savings that 
would have occurred naturally would be attributed to the program.  The measurement of 
the net impact of the program requires estimation of the marginal effect of the program 
over and above the "naturally occurring" patterns for installation and use of energy 
efficient equipment. 

Net savings may also be greater than gross savings because of participant spillover 
impacts. Participant spillover can occur when participants implement additional energy 
efficiency measures as a result of their participation in a program but do not receive an 
incentive for the equipment.  

The goal of the spillover analysis was to estimate the impacts of energy efficiency 
measures installed by participants, which they did not receive a program incentive for, 
that are attributable to the SMUD Commercial Energy Efficiency Program. Participants 
may be encouraged to adopt additional energy efficiency measures because their 
knowledge of and familiarity with energy efficiency measures has increased as a result 
of participating in the program. Because the customer would not have gained this 
knowledge and familiarity without participating in the program, these effects are 
attributable to the program.  
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Information collected from a sample of program participants through a customer survey 
was used for the assessment of free ridership and spillover.  Appendix B provides a 
copy of the survey instrument, and Appendix C presents tabulated responses for each 
survey question. 

Based on review of this information, the preponderance of evidence regarding free 
ridership inclinations was used to attribute a customer’s savings to free ridership.  

Several criteria were used for determining what portion of a customer’s savings for a 
particular project should be attributed to free ridership. The first criterion was based on 
the response to the question: “Would you have been financially able to implement the 
energy efficient equipment or measures implemented through the program without the 

financial incentive from the Commercial Energy Efficiency Program?””  If a customer 
answered “No” to this question, a free ridership score of 0 was assigned to the project.  
That is, if a customer required financial assistance from the Commercial Energy 
Efficiency Program to undertake a project, then that customer was not deemed a free 
rider. 

For decision makers that indicated that they were able to undertake energy efficiency 
projects without financial assistance from the program, three factors were analyzed to 
determine what percentage of savings may be attributed to free ridership. The three 
factors are: 

 Plans and intentions of firm to install a measure even without support from the 
program; 

 Influence that the program had on the decision to install a measure; and 

 A firm’s previous experience with a measure installed under the program. 

For each of these factors, rules were applied to develop binary variables indicating 
whether or not a participant’s behavior showed free ridership. These rules made use of 
answers to questions on the decision maker survey questionnaire. (A copy of the 
questionnaire is provided as Appendix B.) 

The first factor required determining if a participant stated that his or her intention was to 
install an energy efficiency measure even without the program. The answers to a 
combination of several questions were used with a set of rules to determine whether a 
participant’s behavior indicates likely free ridership. Two binary variables were 
constructed to account for customer plans and intentions: one, based on a more 
restrictive set of criteria that may describe a high likelihood of free ridership, and a 
second, based on a less restrictive set of criteria that may describe a relatively lower 
likelihood of free ridership. 

The first, more restrictive criteria indicating customer plans and intentions that likely 
signify free ridership are as follows: 
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 The respondent answered “yes” to the following two questions: “Did you have 
plans to implement the equipment or measures before participating in the program?” 
and “Would you have gone ahead with this planned implementation even if you had not 
participated in the program?” 

 The respondent answered “definitely would have” to the following question: “If the 
financial incentive from the Commercial Energy Efficiency Program had not been 
available, how likely is it that you would have implemented the energy efficient 
equipment or measures anyway?” 

 The respondent answered “did not affect timing of purchase and installation” to 
the following question: “How did the availability of information and financial incentives 
through the Commercial Energy Efficiency Program affect the timing of your purchase 

and implementation of the equipment or measures? ” 

 The respondent answered “no, the program did not affect level of efficiency that 
we chose” in response to the following question: “How did the availability of 
information and financial incentives through the Commercial Energy Efficiency Program 
affect the level of energy efficiency you chose for the equipment or measures you 
implemented?” 

 The respondent answered “No, did not affect quantity purchased and 
implemented” in response to the following question: “How did the availability of 
information and financial incentives through the Commercial Energy Efficiency Program 
affect the quantity (or number of units) of energy efficient equipment or measures that 

you purchased and implemented?”  

The second, less restrictive criteria indicating customer plans and intentions that likely 
signify free ridership are as follows: 

 The respondent answered “yes” to the following two questions: “Did you have 
plans to implement the equipment or measures before participating in the program?” 
and “Would you have gone ahead with this planned implementation even if you had not 
participated in the program?” 

 Either the respondent answered “definitely would have” or “probably would have” 
to the following question: “If the financial incentive from the Commercial Energy 
Efficiency Program had not been available, how likely is it that you would have 

implemented the energy efficient equipment or measures anyway?” 

 Either the respondent answered “did not affect timing of purchase and 
implementation” to the following question: “How did the availability of information 
and financial incentives through the Commercial Energy Efficiency Program affect the 
timing of your purchase and implementation of the equipment or measures?” or the 
respondent indicated that that while program information and financial incentives 
did affect the timing of equipment purchase and installation, in the absence of the 
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program they would have purchased and installed the equipment within the next 
two years. 

 The respondent answered “no, the program did not affect level of efficiency that 
we chose for equipment” in response to the following question: “How did the 
availability of information and financial incentives through the Commercial Energy 
Efficiency Program affect the level of energy efficiency you chose for the equipment or 
measures you implemented?” 

 The respondent answered “No, Did not affect quantity purchased and 
implemented” in response to the following question: “How did the availability of 
information and financial incentives through the Commercial Energy Efficiency Program 
affect the quantity (or number of units) of energy efficient equipment or measures that 

you purchased and implemented?” 

The second factor required determining if a customer reported that a recommendation 
from a Commercial Energy Efficiency Program representative or past experience with 
the program was influential in the decision to install a particular piece of equipment or 
measure.  

The criterion indicating that program influence may signify a lower likelihood of free 
ridership is that either of the following conditions are true: 

 The respondent answered “very important” to the following question: “How 
important was previous experience with the SMUD Commercial Energy Efficiency 

Program in making your decision to install the energy efficient equipment or measures 
implemented through the program?” 

 The respondent answered “yes” to the following question:  “Did a SMUD Energy 
Specialist or Program Representative recommend that you implement the equipment or 
measures implemented through this program?”  

The third factor required determining if a participant in the program indicated that he or 
she had previously installed an energy efficiency measure similar to one that they 
installed under the program without an energy efficiency program incentive during the 
last three years.  A participant indicating that he or she had installed a similar measure 
is considered to have a likelihood of free ridership.  

The criteria indicating that previous experience may signify a higher likelihood of free 
ridership are as follows: 

 The respondent answered “yes” to the following question: “Before participating in 
the Commercial Energy Efficiency Program, had you installed any equipment 
similar to the energy efficient equipment or measures installed through the 
program at your facility?”  

 The respondent answered “yes, purchased energy efficient equipment but did not 
apply for financial incentive.” to the following question: “Has your organization 
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purchased any energy efficient equipment in the last three years for which you 
did not apply for a financial incentive through the Commercial Energy Efficiency 
Program?”  

The purpose of the second question is to assess whether or not a customer has a prior 
history of implementing efficiency projects without receiving an incentive. The 
assumption is that if there is a prior history, it is more likely that the customer would 
have completed the current project without an incentive, although we take other factors 
into consideration when determining the level of free ridership associated with a project. 

There are multiple reasons why we ask about a three year period as opposed to shorter 
or longer periods of time. Asking about shorter periods of time is not optimal because 
energy efficiency purchases may occur relatively infrequently. If we asked about a 
customer's prior behavior in the last year, for example, we may easily miss occasions 
when the customer did make efficiency improvements without seeking an incentive. 
However, asking about longer periods of time is also problematic. One problem is that a 
firm's decision making behavior may change over time because of changes in economic 
conditions, management changes, transformations in the efficiency market, changes in 
electricity prices, or other factors. Thus, a decision that the firm made about purchasing 
efficient equipment five years ago may not be the same decision they would have made 
today. As a rule, the farther back in time you go, the less predictive the past behavior is 
likely to be of present behavior.  Another problem with asking about longer periods of 
time is that the further back you go the increasingly fallible the decision maker's memory 
becomes. Moreover, the decision maker may not have been with the firm long enough 
to know what was done farther in the past or may have been in a different position and 
therefore not knowledgeable about purchasing decisions.   

The four sets of rules just described were used to construct four different indicator 
variables that address free ridership behavior. For each customer, a free ridership value 
was assigned based on the combination of variables.  With the four indicator variables, 
there were 11 applicable combinations for assigning free ridership scores for each 
respondent, depending on the combination of answers to the questions creating the 
indicator variables.  Table 4-1 shows these values. 

Table 4-1 Free Ridership Scores for Combinations of Indicator Variable Responses 

Indicator Variables 

Free 
Ridership 

Score 
Had Plans and 

Intentions to Install 
Measure without 

Program?  (Definition 
1) 

Had Plans and 
Intentions to Install 
Measure without 

Program? (Definition 2) 

Program had 
influence on 

Decision to Install 
Measure? 

Had Previous 
Experience with 

Measure? 

Y N/A Y Y 100% 
Y N/A N N 100% 
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Indicator Variables 

Free 
Ridership 

Score 
Had Plans and 

Intentions to Install 
Measure without 

Program?  (Definition 
1) 

Had Plans and 
Intentions to Install 
Measure without 

Program? (Definition 2) 

Program had 
influence on 

Decision to Install 
Measure? 

Had Previous 
Experience with 

Measure? 

Y N/A N Y 100% 
Y N/A Y N 67% 
N Y N Y 67% 
N N N Y 33% 
N Y N N 33% 
N Y Y N 0% 
N N N N 0% 
N N Y N 0% 
N N Y Y 0% 

To estimate spillover, program participants were asked if they had adopted any 
additional energy efficiency measures because of their experience with participating in 
the program. Spillover savings were attributable to the program if the customer reported 
that they had purchased additional energy efficient equipment and if both of the 
following were true: 

 The respondent answered “yes” to the following question: “Did you apply for or 
receive a rebate from SMUD for this additional equipment?”  

 The respondent answered “very important” or “important” to the question: How 
important was information received from SMUD or a program representative to 
your decision to implement this additional energy efficient equipment? 

 

The average savings found for the type of equipment that the respondent reported 
purchasing was used to estimate the savings resulting from that purchase.  

4.2 2010 Results of Net Savings Estimation 

The procedures described in the preceding section were used to estimate free ridership 
rates and net-to-gross ratios for the Commercial Energy Efficiency Program for the 2010 
program year. 

4.2.1 Realized Net kWh Savings 

The data used to assign free ridership scores were collected through a customer survey 
of 33 customer decision makers for projects completed during 2010.  

As discussed in Section 4.1, the first criteria in determining what proportion of energy 
savings from a project should be assigned to free ridership was whether a participant 
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was financially able to undertake the project without financial assistance from the 
Commercial Energy Efficiency Program.  If a decision maker respondent answered “No” 
to the question of “Would you have been financially able to install the equipment or 
measures without the financial incentive from the Commercial Energy Efficiency 
Program?” a free ridership score of 0 was assigned to the project. That is, if a 
participant required financial assistance from the Commercial Energy Efficiency 
Program to undertake a project, then that participant was judged to not be a free rider. 

Under this criterion, the other free ridership scoring criteria were applied only to projects 
for participants who answered “Yes” to the question: “Would you have been financially 
able to install the equipment or measures without the financial incentive from the 
Commercial Energy Efficiency Program?”  However, respondents who answered “No” to 
this question would be judged to have zero free ridership even if the other free ridership 
criteria were applied, due to the nature of their specific survey responses. 

Table 4-2 shows the percentage of survey respondents who relayed the following: They 
had plans and intentions to install the measures without any program incentive (under 
two alternative definitions as described in the preceding section), that the program 
influenced their decision to install the measure, or that they previously installed a similar 
energy efficiency measure without an energy efficiency program incentive during the 
last three years.  Percentages reported are averages weighted by project gross realized 
savings. 

 

 

 

 

Table 4-2 Weighted Average Indicator Variable Values 

Indicated 
value 

Variable 

Had 
financial 

ability 

Had plans and 
intentions to 

install (1) 

Had plans and 
intentions to 

install (2) 

C&I Program 
had influence 

Had 
previous EE 
experience 

Yes 95% 1% 7% 94% 4% 
No 5% 99% 93% 6% 96% 

Table 4-3 shows percentages of total realized gross incentive energy savings that are 
associated with different combinations of free ridership indicator variable values. Five 
percent of the savings is associated with respondents who indicated that they were 
financially unable to implement the project in the absence of the program incentive. The 
largest share of savings, 88.6%, is associated with customers who indicated that they 
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did not have prior plans to install the measure, that the program influenced their 
decision, and that they did not have previous experience with the measure. 

Table 4-3 Estimated Free-ridership for kWh Savings  

Had Plans and 
Intentions to Install 
Measure without  

Program?  
(Definition 1) 

Had Plans and 
Intentions to 

Install Measure 
without 

Program? 
(Definition 2) 

Program had 
influence on 
Decision to 

Install 
Measure? 

Had Previous 
Experience 

with 
Measure? 

Percentage of 
Total Realized 

Gross kWh 
Savings 

Free 
Ridership 

Score 
Y Y Y Y 0.0% 100.0% 
N N N Y 0.0% 33.3% 
Y Y N N 1.1% 100.0% 
N Y Y N 0.1% 0.0% 
Y Y N Y 0.0% 100.0% 
Y Y Y N 0.0% 66.7% 
N N N N 0.2% 0.0% 
N N Y N 88.6% 0.0% 
N Y N N 2.8% 33.3% 
N N Y Y 0.0% 0.0% 
N Y N Y 0.0% 66.7% 
N Y Y Y 2.5% 33.3% 

Required program incentive to implement measures.    4.6% 
 Total 100.0%   

The realized savings net of free ridership for the Commercial Energy Efficiency Program 
during the period January 2010 through December 2010 are summarized in Table 4-4.  
During this period, the realized savings net of free ridership totaled 28,765,054 kWh.  
The net to gross ratio is 97%. 

Table 4-4. Summary of kWh Savings from Incentive Projects 

Expected 
kWh Savings   

 Realized 
Gross kWh 

Savings   

 Realized 
Net kWh 
Savings   

Net to 
Gross 
Ratio 

34,477,443 29,629,648 28,765,054 97% 
 

4.2.2 Realized Net Peak kW Savings 

The realized peak kW reductions net of free ridership net for the Commercial Energy 
Efficiency Program during the period January 2010 through December 2010 are 
summarized in Table 4-5. The net peak savings are 3,469 kW and the net to gross ratio 
is 91%. 

Table 4-5 Summary of Peak kW Savings 
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Realized Net 
Peak kW 
Savings  

Realized 
Net Peak 

kW Savings  
   3,469  91% 

4.2.3 Spillover Savings 
 

Table 4-6 displays the spillover measures identified by 2010 participant survey 
respondents.   

Table 4-6 Spillover Measures Reported by Survey Respondents 

Measures 
Number of Respondents Reporting 
Measures Qualifying for Spillover 

HVAC Equipment 1 
Freezer/Refrigeration Equipment 2 
Total 3 

 

The realized total kWh spillover resulting for the program and the spillover rate are 
shown in Table 4-7. The total spillover kWh was 19,701 and the spillover rate was 
0.07%.  

Table 4-7 Summary of kWh Spillover Savings 
Total Spillover kWh 

Savings kWh Spillover Rate 
19,701 0.07% 

 

The realized peak kW spillover resulting from the program and the peak kW spillover 
rate are shown in Table 4-8. The total peak spillover savings are 34 kW and the 
spillover rate was 0.87%.   

Table 4-8 Summary of Peak kW Spillover Savings 

Total Spillover Peak kW 
Savings Peak kW Spillover Rate 

34 0.87% 
 

4.3 2011 Results of Net Savings Estimation 

The procedures described in the preceding section were used to estimate free ridership 
rates and net-to-gross ratios for the Commercial Energy Efficiency Program for the 2011 
program year. 
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4.3.1 Realized Net kWh Savings 

The data used to assign free ridership scores were collected through a customer survey 
of 44 customer decision makers for projects completed during 2011.  

Table 4-9 shows the percentage of survey respondents who relayed the following: They 
had plans and intentions to install the measures without any program incentive (under 
two alternative definitions as described in the preceding section), that the program 
influenced their decision to install the measure, or that they previously installed a similar 
energy efficiency measure without an energy efficiency program incentive during the 
last three years.  Percentages reported are averages weighted by project gross realized 
savings. 

Table 4-9 Weighted Average Indicator Variable Values 

Indicated 
value 

Variable 

Had 
financial 
ability 

Had plans 
and intentions 
to install (1) 

Had plans 
and intentions 
to install (2) 

C&I Program 
had 

influence 

Had 
previous 

EE 
experience 

Yes 50% 11% 11% 46% 22% 
No 50% 89% 89% 54% 78% 

Table 4-10 shows percentages of total realized gross incentive energy savings that are 
associated with different combinations of free ridership indicator variable values. Fifty 
percent of the savings is associated with respondents who indicated that they were 
financially unable to implement the project in the absence of the program incentive.  

Table 4-10 Estimated Free-ridership for kWh Savings 

Had Plans and 
Intentions to Install 
Measure without  

Program?  
(Definition 1) 

Had Plans and 
Intentions to 

Install Measure 
without 

Program? 
(Definition 2) 

Program had 
influence on 
Decision to 

Install 
Measure? 

Had Previous 
Experience 

with 
Measure? 

Percentage of 
Total Realized 

Gross kWh 
Savings 

Free 
Ridership 

Score 
Y Y Y Y 0.4% 100.0% 
N N N Y 0.0% 33.3% 
Y Y N N 10.1% 100.0% 
N Y Y N 0.5% 0.0% 
Y Y N Y 0.0% 100.0% 
Y Y Y N 0.0% 66.7% 
N N N N 32.8% 0.0% 
N N Y N 5.7% 0.0% 
N Y N N 0.1% 33.3% 
N N Y Y 0.0% 0.0% 
N Y N Y 0.0% 66.7% 
N Y Y Y 0.0% 33.3% 
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Required program incentive to implement measures.    50.4% 
 Total 100.0%   

The realized savings net of free ridership for the Commercial Energy Efficiency Program 
during the period January 2011 through December 2011 are summarized in Table 4-11.  
During this period, the realized savings net of free ridership totaled 43,414,209 kWh.  
The net to gross ratio is 99%. 

Table 4-11 Summary of kWh Savings from Incentive Projects 

Expected 
kWh Savings   

 Realized 
Gross kWh 

Savings   

 Realized 
Net kWh 
Savings   

Net to 
Gross 
Ratio 

59,485,315 44,012,894 43,414,209 99% 

4.3.2 Realized Net Peak kW Savings 

The realized peak kW reductions net of free ridership net for the Commercial Energy 
Efficiency Program during the period January 2011 through December 2011 are 
summarized in Table 4-12. The net peak savings are 8,109 kW and the net to gross 
ratio is 99%. 

Table 4-12 Summary of Peak kW Savings 

Realized Net 
Peak kW 
Savings  

Realized 
Net Peak 

kW Savings  
8,109 99% 

4.3.3 Spillover Savings 
 

Table 4-13 displays the spillover measures identified by 2011 participant survey 
respondents.   

Table 4-13 Spillover Measures Reported by Survey Respondents 

Measures 
Number of Respondents Reporting 
Measures Qualifying for Spillover 

Ice Maker 1 
Freezer/Refrigerator 1 
Total 2 

 

The realized total kWh spillover resulting for the program and the spillover rate are 
shown in Table 4-14. The total spillover kWh was 12,524 and the spillover rate was 
0.03%.  
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Table 4-14 Summary of kWh Spillover Savings 
Total Spillover kWh 

Savings kWh Spillover Rate 
12,524 0.03% 

 

The realized peak kW spillover resulting from the program and the peak kW spillover 
rate are shown in Table 4-15. The total peak spillover savings are 3 kW and the 
spillover rate was 0.03%.   

Table 4-15 Summary of Peak kW Spillover Savings 

Total Spillover Peak kW 
Savings Peak kW Spillover Rate 

3 0.03% 
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5. Process Evaluation 

This chapter presents the results of the process evaluation for the standard and custom 
components of the SMUD Commercial Energy Efficiency Program during the 2010 and 
2011 program years. The process evaluation focuses on the effectiveness of program 
policies and organization, as well as the program delivery framework.  The purpose of 
the process evaluation is to assess the design and customer outcomes. This evaluation 
is based upon analysis of surveys of participating SMUD customers and program 
tracking data. 

This chapter also presents strategic planning and process recommendations, and 
highlights key findings from the interviews of customer participants and trade allies.  The 
information in this chapter provides insight into customer decision making behaviors, 
and identifies any key issues that may be addressed for future program cycles. 
Conclusions, recommendations, and other findings from the process evaluation may be 
useful in comparing program years over time, and in conducting planning efforts for 
future program cycles. 

5.1 Evaluation Objectives 

The purpose of the process evaluation is to examine program operations and results 
throughout the program operating year, and to identify potential program improvements 
that may prospectively increase program efficiency or effectiveness in terms of 
customer participation and satisfaction levels.  

Key research questions to be addressed by this evaluation of 2010 and 2011 activity 
include: 

Were the Commercial Energy Efficiency Program customers satisfied with 
the program? 
 
Was the Commercial Energy Efficiency Program delivery effective and 
successful? 
 
Did the Commercial Energy Efficiency Program reduce barriers to 
increased energy efficiency project implementation? 

Insight into the customer experience with the Commercial Energy Efficiency Program is 
developed from a telephone survey of program participants.  

5.2 Summary of Primary Data Collection 

Participant surveys were the primary data source for many components of this process 
evaluation, and serve as the foundation for understanding the customer perspective. 
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The participant surveys provide customer feedback and insight regarding customer 
experiences with the Commercial Energy Efficiency Program. Respondents report on 
their satisfaction with the program, detail their motivations and the factors affecting their 
decision making process, and provide recommendations related to improving the 
program. 

5.3 Summary of Conclusions and Recommendations 

The surveys that were conducted with the 2010 and 2011 Commercial Energy 
Efficiency Program suggest that the program has been effective in its delivery. 
Participants reported high levels of satisfaction and few issues with the program 
participation process.  

The following presents a selection of key conclusions from the 2010 and 2011 program 
years: 

 High Program Satisfaction: Customers who participated during the 2010 and 
2011 program years reported high levels of satisfaction with the program overall 
and specific aspects of the program. Few of the survey respondents reported 
dissatisfaction with the program. Participating customers were also asked 
whether or not the measures they installed met their expectations and nearly all 
reported that the measures met or exceeded their expectations. Additionally, very 
few customers reported problems with the implementation of the project or with 
completing the incentive paperwork and receiving the incentive.     

 SMUD and Equipment Vendors are Key Sources of Program Awareness: 
Findings from the survey of customers found that most customers learned about 
the Commercial Energy Efficiency Program from a SMUD or program 
representative or from an equipment vendor or contractor. This finding was 
consistent for both 2010 and 2011 program participants. The importance of these 
sources of information suggest that continued promotion of the program by 
SMUD representatives directly to customers and to equipment vendors and 
building contractors may continue to generate program activity.  

 Program Incentives are Important for Encouraging Energy Efficiency 
Projects: The majority of customers reported using a financial method to 
evaluate energy efficiency projects. Customers reported using initial cost, simple 
payback, internal rate of return, and life cycle costs when evaluating prospective 
energy efficiency improvements. SMUD incentives can improve the viability of 
projects on these measures. Additionally, most participants reported that 
incentive payments from SMUD were either very important or somewhat 
important in their decision to implement the energy efficiency project. Although 
some customers indicated that they had implemented energy efficiency projects 
in the past without receiving an incentive, the majority did not.  
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 Limitations of Tracking Data Provided: There were some limitations in the 
tracking data that ADM received from SMUD. One issue was that the data for the 
prescriptive rebate participants did not identify the type of measures that were 
implemented. This information is helpful for completing surveys with participants 
because the surveys can refer to project specifics. Referring to the details of the 
project assists customers in remembering what was completed and the decision 
making process that led to the implementation of the project. Another issue was 
that the tracking data did not include customer name or contact information for all 
of the projects implemented. This information is valuable in improving the survey 
response rate.   

 Low Realization Rate for Plug-load Occupancy Sensor Measure: Ex post 
savings estimates were notably lower than ex ante savings estimates for the 
seven sampled sites that implemented the plug-load occupancy sensor measure, 
with an average realization rate of only 4%.  This is due to the ex ante analysis 
methodology using a prescriptive energy savings of 330 kWh and 0 kW per plug 
load occupancy sensor, compared to the ex post using occupancy profiles 
derived from monitoring data, and power consumption parameters found in an 
LBNL study. For the 2011 evaluation, the overall gross realization rate was 74%; 
however, if all plug-load measures were taken out of the sample population, the 
overall gross realization rate would have been 88%.  Incentives for this measure 
should undergo a more stringent requirement process, or the measure should no 
longer be incentivized. 

The following recommendations are offered in order to foster continued program 
improvement:  

 Change Timing of Evaluation Effort: It is recommended that future evaluation 
efforts attempt to contact participating customers closer to the time when the 
project was completed. Customers’ memory of the decision making process is 
likely to be better when they are interviewed sooner after a project is completed. 
Better recall of the project will improve the validity of the inferences made in 
assessing free ridership. Additionally, the survey administrators reported that 
many contacts were unable to be reached because they were no longer with the 
firm or the firm was out of business.  

 Collect Customer Contact and Measure Information: It would benefit the 
evaluation effort if more complete records of customer names and contact 
information were tracked during the program year. Additionally, tracking data on 
the measures implemented through the prescriptive program would be beneficial. 
Customers are more likely to remember the project if this additional information is 
used when contacting them. 
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5.4 Customer Outcomes  

A telephone survey was conducted to collect data about customer decision-making, 
preferences, and opinions of the SMUD Commercial Energy Efficiency Program. The 
program offered a wide variety of measures for commercial and industrial facilities, 
including lighting, , motors and drives, window film, controls, refrigeration equipment,  
HVAC, refrigeration, solar water heating, and data center cooling. In total, 33 customers 
who implemented a project in 2010 and 44 customers who implemented projects in 
2011 were surveyed. Extensive efforts were made to obtain a larger number of survey 
responses, but due to data quality issues and the length of time since some participants 
had completed projects, there was difficulty in reaching project decision makers.  

Information in this section is intended to characterize customer decision making 
behaviors and identify notable trends within customer responses. Some of the 
comments and issues raised by customers are anecdotal in nature and may reflect 
individual customer opinions. The Conclusions and Recommendations section of the 
Process Evaluation chapter provides an overall distillation of key findings from the 
process evaluation activities that were performed for the Commercial Energy Efficiency 
Program. 

It is important to note that, while the survey results discussed below are used as inputs 
for the calculation of estimated free ridership, customer responses to individual survey 
items do not, in isolation from additional factors, infer specific levels of free-ridership. 
Chapter 4 details the methodology used to estimate free ridership based on survey 
response data, while this chapter provides a descriptive discussion of participant 
responses to provide insight into customer decision making. 

5.4.1 How Customers Learn About the Program 

Table 5-1 displays the customer responses regarding how they learned about the 
program.  The percentages shown are percentages of survey respondents.  Responses 
for customers who participated in 2010 and 2011 are shown. During both years, 
customers most commonly heard of the program from a SMUD Energy Specialist or 
account representative (45% and 34%), and equipment vendor or contractor (24% and 
27%), or another SMUD representative (13% and 11%). A larger share of participants 
indicated that they learned about the program from friends or colleagues in 2011 (7%) 
than in 2010 (0%). This suggests that as knowledge of the program grows among the 
customer base, more participants are hearing about the program by word of mouth. 
However, the larger share of respondents hearing about the program from SMUD 
representatives underscores the continued importance of formal promotion of the 
program.   

Table 5-1 How Customer Decision Makers Learned about the Program 

Question Response 
2010 2011 

(n=32) (n=43) 
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How did you learn of the 
Commercial Energy Efficiency 
or Rebate Program? (Multiple 
Responses Allowed) 

Approached directly by 
SMUD Energy Specialist 
or Account Representative 
of Commercial Energy 
Efficiency Program 

45% 34% 

An equipment vendor or 
building contractor 24% 27% 

A SMUD representative 
mentioned it 13% 11% 

Received an information 
brochure on the 
Commercial Energy 
Efficiency Program 

9% 2% 

Past experience with the 
program 3% 2% 

The SMUD website 0% 9% 

Friends or colleagues (i.e., 
word of mouth) 0% 7% 

An architect, engineer or 
energy consultant 0% 0% 

Or some other way 6% 11% 
* Customers were able to provide multiple responses.  The percentages are based on the number of 

respondents rather than the number of responses.  Thus, the total exceeds 100%. 

In order to determine the program’s potential influence on customer decision making, 
survey participants were asked when they heard about the program relative to their 
project planning and implementation.  As shown in Table 5-2, two-thirds of 2010 and 
2011 respondents learned about the program before they began to plan their efficiency 
project. Additionally, 21% and 20%, of 2010 and 2011 participants learned of the 
program while planning to replace the equipment. A small percentage of respondents 
learned of the program after the equipment was installed (6% in 2010 and 5% in 2011).   

Table 5-2 When Customer Decision Makers Learned about the Program 

Question Response 
2010 2011 

(n=33) (n=44) 
When did you learn of the 
Commercial Energy Efficiency 
or Rebate Program? 

Before planning for 
replacing the equipment 
began 

67% 66% 

During your planning to 
replace the equipment 21% 20% 

Once equipment had been 
specified but not yet 
installed 

0% 2% 

After equipment was 
installed 6% 5% 
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Don't know  6% 7% 

Some other time  0% 0% 

The respondents who intended to implement the project before hearing about the 
program, or were already a portion of the way through the planning process when they 
heard about the program, may be associated with some level of free-ridership. 
However, the overall likelihood of free-ridership for each respondent is calculated based 
on the full set of responses to a series of survey items. Responses to individual survey 
questions must be jointly analyzed with the full response profile in order to accurately 
estimate free ridership.  As detailed below in section 5.4.2, program incentives have 
impacted timing, extent, and equipment efficiency level for projects, whether or not the 
customer has already initiated the planning process before hearing about the program. 

5.4.2 Factors Affecting Customer Participation 

Twenty-one of the respondents in who participated in each of the program years 
indicated that they had prior plans to complete the project. These respondents 
corresponded to 64% of 2010 participants and 48% of 2011 participants. Of those 
respondents, 17 in each of the program years thought they would have gone ahead with 
the projects. These customers represent 51% of the total 2010 respondents and 39% of 
the total 2011 respondents. Additionally, 63% of 2010 respondents and 57% of 2011 
respondents reported that if the financial incentive had not been available, they probably 
or definitely would have continued with the energy efficiency project, although the timing 
or scope of the project may have been affected by the program. It should be noted that 
these responses do not, in isolation, designate a specific level of free-ridership. 
Responses to individual survey items may be used to characterize certain aspects of a 
decision maker’s program perspective or implementation behavior, but it is necessary to 
analyze the full set of a respondent’s survey responses in order to estimate an accurate 
and reliable net-to-gross percentage. In addition to gauging participants’ preexisting 
plans and intentions, it is important to consider how the program affected factors such 
as the timing and overall efficiency level of the project Chapter 4 outlines the full net-to-
gross estimation methodology that is applied to survey results for this evaluation.  

In order to gather further information about what motivated customers to participate in 
the program, customers were asked whether the measure was recommended to them 
by a SMUD Energy Specialist or Program Representative. About one-half of 
respondents (52% in 2010 and 48% in 2011) stated that a representative had 
recommended the implementation of an energy efficiency project. Of these, 34% of 
2010 respondents and 43% of 2011 respondents indicated that they most likely would 
not have completed the project without the recommendation. This finding emphasizes 
the importance of non-financial resources provided by the program and suggests that 
SMUD recommendations influenced some customer decisions to participate in the 
program and complete efficiency improvements. 
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To gauge the level of program influence on participants with prior plans for their 
projects, respondents were asked whether the program caused them to increase the 
scope or level of efficiency, or to implement the project sooner. Table 5-3 cross-
tabulates the respondents who indicated that these factors were significantly affected by 
the program with whether the participant had plans to install equipment before 
participating. Of the 2010 participant respondents who reported having plans to install 
their measure before participating in the program, 14% stated that the quantity of 
installed units increased because of the program and 38% stated that the energy 
efficiency of the equipment increased as a result of the program. Additionally, 52% 
percent of the respondents stated that the energy efficiency of the equipment was 
increased as a result of the program. Of the 2011 respondents, 48% reported an 
increase in quantity, 57% reported an increase in efficiency, and 38% reported that the 
project was completed sooner because of the program. These findings indicate that 
even when customers were already planning to replace equipment, a large percentage 
of them would have installed fewer units, less energy efficient equipment, or installed 
the equipment later if they had not participated in the program. 

Table 5-3 Reported Program Influences on Installation Factors for Participants with 
Plans to Install Equipment 

  
Had plans to install measure before 

participating 
Program Influence on Projects 2010 2011 

Yes, program increased quantity of 
installed equipment 14% 48% 

Yes, program increased efficiency 
of installed equipment 38% 57% 

Yes, purchased and installed 
equipment/measure earlier than 
otherwise would have 

52% 38% 

n 21 21 
 

5.4.3 Energy Efficiency Attitudes, Behaviors, and Decision Making 

Customers were asked about the importance of energy efficiency in facility operational 
planning as compared to other factors. As shown in Table 5-4, more than 80% of 2010 
and 2011 program participants indicated that compared to other factors, energy 
efficiency was very important in planning their operations.  

Table 5-4 Importance of Energy Efficiency Compared to Other Factors 

Question Response 
2010 2011 

(n=33) (n=44) 
Compared to all other factors, how Very important 82% 84% 
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important is energy efficiency as a factor 
in planning your operations for this 
facility?  

Somewhat important 18% 14% 
Only slightly important 0% 2% 
Not important at all 0% 0% 
Don't know 0% 0% 

Respondents were given a list of factors, shown in Table 5-5 and Table 5-6, and asked 
how important each of the factors were in their decision to participate.  A high 
percentage of customer respondents rated incentive payments from SMUD as “very 
important” (85% in 2010 and 66% in 2011). Advice and recommendations from SMUD 
were also rated as very important by a large share of customers (67% in 2010 and 70% 
in 2011). In general, non-program influences, namely past experience with energy 
efficient equipment and the organization’s policies, were rated as less important. For 
2010 responding participants, the shares rating their past experiences with energy 
efficient equipment and their organization’s policies as very important were 55% and 
61%, respectively. The comparable shares for 2011 responding participants were 73% 
and 60%. While participants are influenced by multiple factors when deciding to 
implement energy efficient equipment, these findings suggest that program related 
influences are important for encouraging customers to install efficient equipment.  

Table 5-5 Factors Influencing Energy Efficiency Improvement Decisions for 2010 
Participants 

Energy Efficiency Decision 
Making Factor 

Very 
Important 

Somewhat 
Important Neutral 

Only 
Slightly 

Important 

Not 
Important 

at All 
Don't 
Know n 

Incentive payments from 
SMUD 85% 9% - 3% 3% - 33 

Past experience with energy 
efficient equipment 55% 36% - 3% 3% 3% 33 

Advice and 
recommendations  from 
SMUD 

67% 33% - - - - 33 

Organization's policies 61% 30% 3% - 3% 3% 33 
Advice and 
recommendations from 
equipment vendors 

45% 39% - 12% - 3% 33 

Table 5-6 Factors Influencing Energy Efficiency Improvement Decisions 2011 
Participants 

Energy Efficiency Decision 
Making Factor 

Very 
Important 

Somewhat 
Important Neutral 

Only 
Slightly 

Important 

Not 
Important 

at All 
Don't 
Know n 

Incentive payments from 
SMUD 66% 20% - 2% 7% 5% 44 
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Past experience with energy 
efficient equipment 73% 23% 2% - 2% - 44 

Advice and 
recommendations  from 
SMUD 

70% 25% 5% - - - 44 

Organization's policies 60% 30% 5% 2% - 2% 43 
Advice and 
recommendations from 
equipment vendors 

61% 30% 2% 7% - - 44 

Customer survey respondents were asked what kinds of energy efficiency policies and 
activities their organizations have in place.  The response data are shown in Table 5-7. 
Fifty-two percent of the 2010 participant respondents and one-third of the 2011 
participant respondents stated that they have a staff member who is responsible for 
energy efficiency decisions. Forty-eight percent of 2010 participant respondents and 
26% of the 2011 participant respondents indicated having corporate policies that take 
energy efficiency into account. Similar shares of respondents indicated that they have 
an energy management plan. 

Table 5-7 Customer Energy Efficiency Policies and Activities 

Question Response 
2010 2011 

(n=29) (n=42) 
Which of the following policies or 
procedures does your organization have 
in place regarding energy efficiency 
improvements at this facility? 

A Staff member responsible for energy 
and energy efficiency 52% 33% 

Corporate Policies that incorporate 
energy efficiency in operations and 
procurement 

48% 26% 

An energy management plan 41% 26% 

Any Others, such as active training of 
staff or something else. 38% 45% 

* Customers were able to provide multiple responses.  The percentages are based on the number of 
respondents rather than the number of responses.  Thus, the total exceeds 100% 

The respondents were then asked whether they had purchased or installed energy-
efficient equipment before participating in the program, with more than half (63% for 
2010 and 59% for 2011) of the respondents indicating having done so. Respondents 
were also asked how often they try to purchase and install energy-efficient equipment; 
results are shown in Table 5-8. A majority of respondents indicated that they always 
purchase energy efficient equipment when they have to replace equipment at their 
facility. However, the large share of customers stating they always purchase energy 
efficient equipment options may be inflated by response bias, in particular, social 
desirability bias. Response bias occurs when responses do not represent respondents’ 
actual beliefs due to the influence of external factors such as social acceptance. 
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Specifically, social desirability bias is the tendency for respondents to answer questions 
in a way that is seen as socially acceptable, which may skew results.5 Due to social 
desirability respondents may state that they always purchase energy efficient equipment 
at a greater rate than their actual behavior would suggest if it could be observed.  

Table 5-8 Frequency of Energy-Efficient Equipment Installation upon Replacement 

Question Response 
2010 2011 

(n=33) (n=44) 
When you have to replace equipment 
at this facility, how often do you try to 
purchase energy efficient equipment? 

Always 79% 68% 
Usually 9% 16% 
Sometimes 9% 11% 
Occasionally 3% 2% 
Never 0% 0% 
Don't know 0% 0% 

Thirty-nine percent of 2010 participant respondents and 23% of 2011 participant 
respondents of survey participants stated that they have previously purchased energy-
efficient equipment but did not receive incentives, as shown in Table 5-9, 15% of 2010 
participant respondents and 27% of 2011 participant respondents reported having 
applied for incentives for all previous energy-efficient equipment. Approximately one-
third of 2010 participant respondents and 41% of 2011 participant respondents reported 
having not purchased energy efficient equipment before.  

Table 5-9 Incentives for Previous Equipment Purchased 

Question Response 

2010 2011 

(n=33) (n=44) 

Has your organization purchased any 
energy efficient equipment in the last 
three years for which you did not 
apply for a financial incentive through 
the Commercial Energy Efficiency 
Program? 

Purchased energy 
efficient equipment but 
did not apply for financial 
incentive. 

39% 23% 

No, applied for financial 
incentives on all of the 
energy efficient 
equipment purchased. 

15% 27% 

Has not purchased 
equipment 

33% 41% 

Don't know 0% 0% 

Respondents who implemented energy efficient equipment without applying for 
incentives were asked why they didn’t apply for incentives. Not knowing about 

                                                 
5 Robinson, J. P., Shaver, P. R., & Wrightsman, L. S. (1991). Measurement and control of response bias. Measures of social 

psychological attitudes, 1, 17-59. 
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incentives was a frequently mentioned reason for not applying for incentives. Thirty-
three percent of the 2010 participant respondents, who purchased equipment without 
applying for incentives, and 40% of the 2011 participant respondents, gave this as a 
reason for not applying for incentives. Respondents also frequently gave not knowing 
whether the equipment qualified for incentives as a reason for not applying for 
incentives. Not knowing if equipment qualified for incentives was mentioned by 42% of 
the 2010 participant respondents and 20% of the 2011 participant respondents. Several 
of the respondents who had implemented efficient equipment without applying for 
incentives gave other reasons for not doing so. The most common of these reasons 
was that incentives were not available for the equipment. One respondent indicated that 
not applying was an oversight.   

Eighty-three percent of 2010 participant respondents indicated that they had previous 
experience with the program compared to 61% of 2011 participant respondents.  For 
participants in both program years, the majority of those who had previous experience 
with the program indicated that it was influential in their decision to install the energy 
efficiency measures implemented through the program. This suggests that the program 
is both gaining new customer participation and continuing to engage customers who 
had previously completed projects under the program. This characteristic is important 
for continued program success, and suggests that the program has potential to maintain 
its momentum during future years. 

5.4.4 The Decision Makers  

Respondents were asked how many decision makers were involved in energy efficiency 
planning at their facilities. As shown in Table 5-10, the most common response was that 
the decision was made by one or two key people.  

Table 5-10 Decision Maker Characteristics 

Question Response 
2010 2011 

(n=33) (n=44) 
How does your organization 
decide to make energy 
efficiency improvements for 
this facility? (Can be multiple 
responses.) 

Made by one or two key people? 73% 68% 
Based on staff recommendations to a 
decision maker? 15% 23% 

Made by a group or committee? 18% 18% 
Made in some other way? 3% 5% 

* Customers were able to provide multiple responses.  The percentages are based on the number of 
respondents rather than the number of responses.  Thus, the total exceeds 100%. 

5.4.5 Where Decision Makers Get Their Information 

Respondents were asked whom they rely on for information about energy efficient 
equipment, materials, and design features. Among respondents who participated n 
2010 and 2011, equipment vendors and building contractors were a frequently 



 

Process Evaluation 5-12 

mentioned source. Thirty-three percent of 2010 participant respondents and 34% of 
2011 respondents stated that this was a source that they use. The share of respondents 
reporting that they use SMUD account representatives for information on energy 
efficiency projects was notably lower among 2011 participants than was the case for 
2010 participants (36% as compared to 14%). However, the share of participants who 
used SMUD Energy Specialist was comparable for the 2010 (18%) and 2011 (14%) 
participants. Another difference between the participants in the two program years was 
the share that relied upon friends and colleagues for information on energy efficiency. 
Twenty percent of the 2011 participants relied upon friends and colleagues while none 
of the 2010 participants indicated that this was the case.  

These results may provide insight into ways that customers can be recruited to 
participate in the Commercial Energy Efficiency Program. One important finding is that 
SMUD resources (i.e., account representatives, Energy Specialists, and the website) 
were all sources used by customers looking to understand energy efficient equipment, 
materials, and design features. A second finding is that equipment vendors are a 
frequently used source of information. Promoting the program among trade allies may 
help drive interest and participation among customers.  

Table 5-11 Who Respondents Rely on for Information 

Question Response* 
2010 2011 

(n=33) (n=44) 
What are the sources your 
organization relies on for 
information about energy 
efficient equipment, 
materials and design 
features?  

A SMUD Account Representative 36% 14% 

Equipment vendors or building 
contractors 33% 34% 

A SMUD Energy Specialist 18% 14% 

The SMUD website 9% 11% 

Brochures or advertisements 9% 2% 

Trade journals or magazines 6% 5% 

An architect, engineer or energy 
consultant 6% 2% 

Trade associations or business 
groups you belong to 3% 2% 

Friends and colleagues 0% 20% 

Other sources** 45% 30% 

Don't know 6% 7% 

* Customers were able to provide multiple responses.  The percentages are based on the number of 
respondents rather than the number of responses.  Thus, the total exceeds 100%. 

** “Other sources” includes a Building Certification Class, Energy Star sources, hotel management 
companies, television ads, and internal resources. 
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5.4.6 Participant Decision Process 

Thirty-one percent of the 2010 participant respondents and 26% of the 2011 participant 
respondents completed a custom incentive project. These participants were asked a 
series of questions about the vendor they chose to perform the work completed for the 
incentive. 

As shown in Table 5-12, 75% of 2010 participant respondents and 42% of 2011 
participant respondents indicated that they used a bidding process to select a vendor. 
Although none of the 2010 participant respondents self installed the equipment or 
measure, 17% of the 2011 participant respondents did self-install.  

Table 5-12 Vendor Selection Process 

Question Response 
2010 2011 
(n=8) (n=12) 

Was there an open bidding process 
for choosing a vendor who did your 
installation, or did you only offer it to 
one firm? 

Bidding process 75% 42% 
One firm 25% 33% 
Self installed/No vendor 
used 0% 17% 
Don't know 0% 8% 

Customers who used a vendor to install the equipment were asked about the selection 
process. As shown in Table 5-13, 63% of 2010 participant respondents and 60% of the 
2011 participant respondents stated that they selected a firm that promoted the 
program. Participants that did not select a firm that promoted the program were asked if 
they told the vendor they selected about it. None of the 2010 participant respondents, 
and only two of the 2011 respondents, reported doing so.  

Table 5-13 Program and Vendor Choice 

 2010 2011 

Question 

Percent of  
Responden
ts Saying 

Yes 

n 

Percent of  
Responden
ts Saying 

Yes 

n 

Did more than one vendor promote the 
program? 63% 8 60% 10 

Did you select a firm that promoted the 
program? 63% 8 60% 10 

To understand Customers were asked whether or not the vendor they learned of the 
program from installed the measures. As shown in Table 5-14, 43% of the 2010 
participant respondents and 58% of 2011 participant respondents who received a 
custom incentive said that the vendor or contractor from whom they learned of the 
program installed the measures. However, none of the 2010 participant respondents 
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and only one of the 2011 respondents indicated that the promotion of the program 
influenced the choice of contractor.  

Table 5-14 Influence of Program Promotion on Choice of Vendor 

 2010 2011 

Question 

Percent of  
Responden
ts Saying 

Yes 

n 

Percent of  
Responden
ts Saying 

Yes 

n 

Did the vendor/contractor you learned of the 
program from install the measures? 43% 7 58% 12 

 

Did the fact that the energy efficiency 
program was part of the project influence 
your decision on what vendor/contractor to 
use? 

0% 3 14% 7 

 

5.4.7 Financial Methods Used by Decision Makers 

Table 5-15 displays the financial methods that respondents indicated using to review 
efficiency projects.  Respondents could provide more than one method in their 
responses, and the percentages shown are percentage of respondents. The 
reported methods used to evaluate efficiency projects varied somewhat by year of 
program participation. 2010 participants reported using internal rate of return (44%) 
and life cycle cost (41%) at higher rates than 2011 participants. In contrast, 2011 
participants reported that they were more likely to use initial cost (39%) and simple 
payback (39%). 

Table 5-15 Financial Methods Used to Evaluate Efficiency Improvements 

Question Response 
2010 2011 

(n=32) (n=44) 
Which financial 
methods does your 
organization typically 
use to evaluate 
energy efficiency 
improvements for 
your facility? (Can be 
multiple responses.) 

Initial Cost 34% 39% 

Simple payback 41% 39% 

Internal rate of return 44% 30% 

Life cycle cost 41% 25% 

Other (Please explain) 3% 2% 

Don't know 3% 11% 
* Customers were able to provide multiple responses.  The percentages are based on the number of 

respondents rather than the number of responses.  Thus, the total exceeds 100%. 

Figure 5-1 shows the required years for simple payback for the respondents who 
provided this information. The majority of respondents sought an intermediate payback 
period ranging from two to five years.  These responses represent an average payback 
requirement of 3.4 years for 2010 participants and 4.5 years for 2011 participants, which 
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reflect the overall customer focus on high-payback measures as compared to measures 
with payback periods of longer than five years.  

 
Figure 5-1 Required Payback Period for 2010 and 2011 Participant Respondents 

5.4.8 Customer Satisfaction with the Program 

Respondents were asked about their levels of satisfaction with selected aspects of the 
program on a scale of 1 to 5 where 1 was very dissatisfied and 5 was very satisfied. 
Overall, satisfaction ratings were very high, with few low scores reported by 
respondents. Table 5-16 shows the results for 2010 participant respondents and Table 
5-17 shows the results for 2011 participant respondents. Overall, 94% of 2010 
participant respondents and 86% of 2011 participant respondents were satisfied with 
their experience with the program. Participants reported the highest levels of 
satisfaction with the performance of the equipment and the quality of their contractor’s 
work.  

Nearly three-quarters (73%) of 2011 participant respondents were satisfied with the 
incentive amount. A large share of 2010 participant respondents (39%) reported not 
knowing if they were satisfied with the incentive amount. The large share of participant 
respondents who reported not knowing if they were satisfied was consistent with 2010 
participant responses to other satisfaction questions and may be due to the length of 
the period of time that has elapsed since participating in the program.  

Compared to other elements of the program experience, customers reported being less 
satisfied with the savings on their monthly bills, which is typical of satisfaction survey 
results. This was largely due to a number of participants who reported that they did not 
know how satisfied they were. Customers often state that they are not sure how 
satisfied they are with monthly savings because their savings have been concealed by 
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other factors influencing energy demand. For example, if seasonal factors increase 
energy demands, it can be very difficult for customers to compare current energy use 
with previous consumption and determine accurate savings. Moreover, the majority of 
respondents reported being satisfied or very satisfied with the savings on their monthly 
bill (63% for 2010 participants and 73% for 2011 participants).  

Table 5-16 2010 Participant Decision Maker Satisfaction with Selected Aspects of 
Program Experience 

Element of Program 
Experience 

Very 
Satisfied Satisfied 

Neither 
Satisfied, 

nor 
Dissatisfied Dissatisfied 

Very 
Dissati
sfied 

Don't 
Know n 

Performance of the 
equipment installed 70% 18% 6% 3% 3% 0% 33 

Savings on your monthly 
bill 36% 27% 12% 0% 0% 24% 33 

Incentive amount 42% 9% 6% 3% 0% 39% 33 

Effort required for the 
application process 42% 27% 9% 0% 0% 21% 33 

Information provided by 
your contractor 52% 21% 18% 0% 3% 6% 33 

Quality of the work 
conducted by your 
contractor 

70% 15% 9% 0% 3% 3% 33 

Information provided by 
your SMUD Account 
Representative 

55% 24% 6% 0% 0% 15% 33 

Elapsed time until you 
received the incentive 36% 12% 15% 0% 0% 36% 33 

Overall program 
experience 70% 24% 6% 0% 0% 0% 33 

 

Table 5-17 2011 Participant Decision Maker Satisfaction with Selected Aspects of 
Program Experience 

Element of Program 
Experience 

Very 
Satisfied Satisfied 

Neither 
Satisfied, 

nor 
Dissatisfied Dissatisfied 

Very 
Dissati
sfied 

Don't 
Know n 

Performance of the 
equipment installed 70% 16% 11% 0% 2% 0% 44 

Savings on your monthly 
bill 39% 34% 9% 2% 2% 14% 44 

Incentive amount 41% 32% 7% 0% 0% 20% 44 
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Effort required for the 
application process 45% 32% 5% 0% 0% 18% 44 

Information provided by 
your contractor 40% 42% 9% 0% 0% 9% 43 

Quality of the work 
conducted by your 
contractor 

68% 25% 7% 0% 0% 0% 44 

Information provided by 
your SMUD Account 
Representative 

49% 16% 19% 0% 0% 16% 43 

Elapsed time until you 
received the incentive 50% 16% 5% 0% 2% 27% 44 

Overall program 
experience 61% 25% 7% 2% 0% 5% 43 

In addition to their satisfaction, respondents were also asked about whether or not the 
measure or measures they implemented met their expectations. As shown in Table 
5-18, 88% of 2010 participant respondents and 91% of 2011 participant respondents 
said that the measures met or exceeded their expectations. Six percent of 2010 
participants and 7% of 2011 participants stated that their expectations were not met. 
One participant stated that they had ballast failures while another stated they wanted 
higher levels of illumination.  

Table 5-18 Energy Efficiency Measure Satisfaction of Customer Expectations 

Question Response 
2010 2011 

(n=33) (n=44) 
Did the energy efficient 
equipment meet your 
expectations? 

Exceeded my expectations 9% 32% 
Yes 79% 59% 
For the most part, Explain 3% 2% 
No, Explain 6% 7% 
Don't know 3% 0% 

 

5.4.9 Paperwork, Installation and Incentives 

As shown in Table 5-19 and Table 5-20, very few customers reported problems with 
receiving the incentive check or the amount of the check. In most cases, respondents 
who had issues with receiving the check or the incentive amount reported that the check 
when to the contractor or to another office at their place of employment. However, four 
respondents over the course of the two program years stated that they did not receive a 
check. Although customers not receiving the incentive check could potentially be a 
significant problem for the program, given the few respondents who reported this and 
the length of time since some had participated, it is possible that some of these 
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participants simply do not recall receiving a check. However, this issue should be 
monitored in future program years.  

Table 5-19 Issues with Receiving Incentive Check 

Question Response 
2010 2011 

(n=33) (n=44) 
Were there any issues receiving the incentive 
check? 

No 70% 77% 
Yes, Explain 9% 11% 
Don't know 21% 11% 

Table 5-20 Incentive Check Satisfaction of Customer Expectations 

Question Response 
2010 2011 

(n=33) (n=43) 
Was the incentive check the amount you 
expected? 

Yes 64% 65% 
No, Explain 3% 7% 
Don't know 33% 28% 

 

Participants were asked whether or not they provided copies of purchase orders and 
invoices to document the final costs of the equipment or if there were issues in getting 
the paperwork approved. Twenty-one percent of the 2010 participant respondents and 
39% of the 2011 participant respondents indicated that their firm provided copies of the 
purchase orders and invoices. Additionally, none of the customers reported issues in 
getting the paperwork approved.  

Table 5-21 Experience with Paperwork and Incentive Delivery 

  2010 2011 

Question 

Percent of 
Respondents 
Saying Yes n 

Percent of 
Respondents 
Saying Yes n 

Did someone within the firm provide copies of 
purchase orders and invoices that document the 
final costs? 

21% 33 39% 44 

Issues getting paperwork approved? 0% 31 0% 43 

Customer experience with project implementation is summarized in Table 5-22 for 2010 
participants and in Table 5-23 for 2011 participants. Nearly all respondents who 
participated in 2010 and 2011 indicated that the project implementation went smoothly 
and that they felt that they got a quality installation. Two customers who participated in 
2011 indicated that the implementation did not go smoothly. One of these customers 
indicated that several contractors promoted the program to them but never followed up. 
The other participant indicated that that the sensors on the power strips that shut the 
equipment took some getting used to at first.  A few customers indicated that the 
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incentive agreement did not meet their expectations. Most of these customers reported 
not receiving an incentive and one customer reported that the discount was not as large 
as they were expecting.  As before, because this issue was raised by only a few 
customers, it is not necessarily indicative of a significant problem with the program.  

Table 5-22 2010 Participant Experience with Project Implementation 

Question Yes 
For the most 

part No 
Don't 
know n 

Did the implementation go 
smoothly? 97% 0% 0% 3% 32 

Do you feel you got a 
quality installation?* 100% 0% 0% 0% 8 

Did the incentive 
agreement that you 
received meet your 
expectations? 

78%   6% 16% 32 

*Only customers who received custom incentives were asked this question 

Table 5-23 2011 Participant Experience with Project Implementation 

Question Yes 
For the most 

part No 
Don't 
know n 

Did the implementation go 
smoothly? 95% 0% 5% 0% 44 

Do you feel you got a 
quality installation?* 100% 0% 0% 0% 12 

Did the incentive 
agreement that you 
received meet your 
expectations? 

79% 9% 12% 0% 44 

*Only customers who received custom incentives were asked this question 
 

5.4.10 Pre- and Post-Inspections 

Customers who received custom incentives were asked about the pre- and post-
inspection process. One-half of the 2010 participants and two-thirds of the 2011 
participants stated that someone came to their facility to do a pre-inspection. None of 
these participants stated that anything changed as a result of the pre-inspection. 
Additionally, one-quarter of 2010 participants and 58% of 2011 participants indicated 
that someone came to their facility to do a post-inspection.  Respondents generally 
reported that the post inspection consisted of equipment verification and metering of 
electricity consumption.  

 Table 5-24  Pre- and Post-Installation Inspections 

  2010 2011 
Question Percent of  n Percent of  n 
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Respondents Saying 
Yes 

Respondents 
Saying Yes 

Did anyone come to your facility to 
do a pre-inspection? 50% 8 67% 12 

Did anything change in the design 
as a result of the pre-inspection? 0% 4 0% 8 

Did anyone come to your facility to 
do a post-inspection? 25% 8 58% 12 

 

5.4.11 Future Energy Efficiency Plans 

As shown in Table 5-25, 31% of 2010 participant respondents and 71% of 2011 
participant respondents reported that the program has resulted in their purchase of 
additional energy efficiency equipment without an incentive. Additionally, 88% of 
respondents who participated in 2010 and 72% of those who participated in 2011 
indicated that in the future they would buy energy efficient equipment even if financial 
incentives were not being offered. These responses suggest that participants are 
encouraged to invest in energy efficient equipment without the benefit of financial 
incentives.    

Table 5-25 Future Energy Efficiency Plans 

  2010 2011 

Question 

Percent of  
Respondents Saying 

Yes n 

Percent of  
Respondents 
Saying Yes n 

Has your experience with the 
program led you to buy any energy 
efficient equipment for which you 
did not apply for a financial 
incentive? 

31% 33 71% 43 

Given your experience with the 
program, would you buy energy 
efficient equipment in the future 
even if financial incentives for such 
equipment were not being offered 
through the program? 

88% 32 72% 43 

 

5.4.12 Customer Recommendations and Overall Impressions 

Several customers provided additional information regarding their experience with the 
program and suggestions for improving it. Several of the participants expressed a desire 
for more information from SMUD on their programs and ways that they can save 
energy. These participants asked that mailers describing the program be sent, that 
SMUD staff visit sites, or just to let them know when new programs are available. Some 
examples of these types of comments include: 
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 “Mail information to businesses about the programs.” 

“Send mailers out to people, provide more ideas.” 

“SMUD needs to contact [us] to let us know what we can do to save energy.” 

“SMUD should reach out to us (the commercial and industrial facilities) and do more 
of the leg work in letting us know what is going on. Let us know what rebates are 
available, the payback and the incentive amounts.” 

“Whenever there is a new program, let us know.” 

Two participants mentioned issues with contractors that helped implement the projects. 
One customer implied that the contractor was not aware of brighter fluorescent light 
options and that SMUD might have more information on this. Another participant stated 
that some of the lighting equipment had failed and that the contractor who performed 
the installation could not be reached. Additionally, one participant stated a desire to 
have programs that cover LED street lights and / or tube lights. This participant also 
suggested that SMUD should offer more flexibility with the contractors that you can 
choose.    

The largest number of comments provided by participants was praise for the program or 
statements about the desirability of having the incentive program continue. Some of 
these comments include: 

“It is a great program and I really appreciate SMUD for doing this. They should do it 
more in the future as it saves a lot of energy and a lot of money. It helps both ways in 
the long run. It helps everybody.”  

“Programs and incentives are really good to help business go green.”  
 
“Keep providing the incentives.”  
 

“Thank you we appreciate the programs.” 
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6. Conclusions and Recommendations 
The surveys that were conducted with the 2010 and 2011 Commercial Energy 
Efficiency Program suggest that the program has been effective in its delivery. 
Participants reported high levels of satisfaction and few issues with the program 
participation process.  

6.1 Key Conclusions 

The following presents a selection of key conclusions from the 2010 and 2011 program 
years: 

 High Program Satisfaction: Customers who participated during the 2010 and 
2011 program years reported high levels of satisfaction with the program overall 
and specific aspects of the program. Few of the survey respondents reported 
dissatisfaction with the program. Participating customers were also asked 
whether or not the measures they installed met their expectations and nearly all 
reported that the measures met or exceeded their expectations. Additionally, very 
few customers reported problems with the implementation of the project or with 
completing the incentive paperwork and receiving the incentive.     

 SMUD and Equipment Vendors are Key Sources of Program Awareness: 
Findings from the survey of customers found that most customers learned about 
the Commercial Energy Efficiency Program from a SMUD or program 
representative or from an equipment vendor or contractor. This finding was 
consistent for both 2010 and 2011 program participants. The importance of these 
sources of information suggest that continued promotion of the program by 
SMUD representatives directly to customers and to equipment vendors and 
building contractors may continue to generate program activity.  

 Program Incentives are Important for Encouraging Energy Efficiency 
Projects: The majority of customers reported using a financial method to 
evaluate energy efficiency projects. Customers reported using initial cost, simple 
payback, internal rate of return, and life cycle costs when evaluating prospective 
energy efficiency improvements. SMUD incentives can improve the viability of 
projects on these measures. Additionally, most participants reported that 
incentive payments from SMUD were either very important or somewhat 
important in their decision to implement the energy efficiency project. Although 
some customers indicated that they had implemented energy efficiency projects 
in the past without receiving an incentive, the majority did not.  

 Limitations of Tracking Data Provided: There were some limitations in the 
tracking data that ADM received from SMUD. One issue was that the data for the 
prescriptive rebate participants did not identify the type of measures that were 
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implemented. This information is helpful for completing surveys with participants 
because the surveys can refer to project specifics. Referring to the details of the 
project assists customers in remembering what was completed and the decision 
making process that led to the implementation of the project. Another issue was 
that the tracking data did not include customer name or contact information for all 
of the projects implemented. This information is valuable in improving the survey 
response rate.   

 Low Realization Rate for Plug-load Occupancy Sensor Measure: Ex post 
savings estimates were notably lower than ex ante savings estimates for the 
seven sampled sites that implemented the plug-load occupancy sensor measure, 
with an average realization rate of only 4%.  This is due to the ex ante analysis 
methodology using a prescriptive energy savings of 330 kWh and 0 kW per plug 
load occupancy sensor, compared to the ex post using occupancy profiles 
derived from monitoring data, and power consumption parameters found in an 
LBNL study. For the 2011 evaluation, the overall gross realization rate was 74%; 
however, if all plug-load measures were taken out of the sample population, the 
overall gross realization rate would have been 88%.  Incentives for this measure 
should undergo a more stringent requirement process, or the measure should no 
longer be incentivized. 

6.2 Program Recommendations 

While program organization and efficiency have continuously improved during the 
program cycle, several recommendations have been developed based on interview 
findings and overall analysis of program processes. These recommendations may 
provide strategic advantage during a future program cycle: 

 Change Timing of Evaluation Effort: It is recommended that future evaluation 
efforts attempt to contact participating customers closer to the time when the 
project was completed. Customers’ memory of the decision making process is 
likely to be better when they are interviewed sooner after a project is completed. 
Better recall of the project will improve the validity of the inferences made in 
assessing free ridership. Additionally, the survey administrators reported that 
many contacts were unable to be reached because they were no longer with the 
firm or the firm was out of business.  

 Collect Customer Contact and Measure Information: It would benefit the 
evaluation effort if more complete records of customer names and contact 
information were tracked during the program year. Additionally, tracking data on 
the measures implemented through the prescriptive program would be beneficial. 
Customers are more likely to remember the project if this additional information is 
used when contacting them. 
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Appendix A: Project-Level Analyses 

A.1 Project-Level Analyses - 2010 

This section contains project-level analyses for the impact evaluation of the 2010 
program year.  The expected savings reported in the following project-level analyses 
are discounted by 7% to account for transmission losses. However, the 7% adjustment 
was not used when calculating the overall savings for the program year, as described in 
Chapter 3. 
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Site  Bel Air 
Address 2760 E Bidwell 

Folsom, CA 95630 
2760 E Bidwell Folsom, CA 95630 

Project Number 8011648 
 

  

Executive Summary 
Under project 8011648, Bel Air received incentives from SMUD Custom for retrofitting 
lighting in the interior of their facility.  The realization rate for this project is 107%. 

Project Description 
The customer retrofitted (127) 4' 6L T5 fixtures with (127) 4' 2L T8 fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

4' 6L T5 to 4' 2L T8 127 127 336 45 6,205 239,524 256,350 1.12 107% 
Total      239,524 256,350  107% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 239,524 256,350 107% 51.30 

Total 239,524 256,350 107% 51.30 

The project-level realization rate is 107%. For the lighting retrofit, the realization rate is 
high mainly because the ex ante estimation assumed 4’ 3-lamp T8 fixtures; however, 
due to brightness issues, Bel Air chose to only install 2-lamps per fixture. This decision 
lowered the wattage per fixture from 63W to 45W. 
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Site Ragingwire 
Address 1200 Striker Avenue, Sacramento, CA 95834 
Project Number 8011982 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Ragingwire received 
incentives from SMUD for a temperature reset project on the entire data center floor 
impacting all of the chillers.  The energy savings realization rate for this project is 56%. 

Project Description 
This project was a temperature reset project on the entire data center impacting all of 
the chillers.  The reset was possible because the customer purchased a monitoring 
system from Synapsense, to evaluate and track areas.  Using the system, they 
implemented hot aisle cold aisle, floor gaskets, blanking plates and located perforated 
floor panels targeted to loads.  The result of these efforts enabled an adjustment of 
chilled water (CHW) temperature upward from 50 degrees to 60 degrees Fahrenheit, 
which is closer to the ASHRAE recommended temperatures for data centers. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the airflow optimization 
equipment and 60oF CHW supply temperature, took photos of energy management 
system (EMS) screenshots, and gathered information through discussion with the site 
representative, including chiller trends, server load, and facility demand interval data.  
All ex ante project documentation was also reviewed. 
ADM calculated energy savings and peak demand reduction using an eQUEST whole 
building computer simulation.  The post-project building was first modeled and 
calibrated to utility electric billing data, using time-specific weather data.  The weather 
file was then replaced with typical meteorological year 3 (TMY3) weather data, and a 
parametric run was made to simulate the effect of the measure implemented.  Energy 
savings were calculated as the difference in annual electricity consumption of the post-
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project simulation and parametric run.  Savings were then compared to the ex ante’s 
claimed number and a realization rate was established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

CHW Reset to 60F  5,549,361 3,109,281 56% 517 139.50 37% 

Total 5,549,361 3,109,281 56% 517 139.50 37% 

The project realization rate is 56%.  This is due to a large amount of energy savings 
coming from adding variable frequency drives to the air conditioning unit fans serving 
the data center floor and electrical rooms (Project Number 8018041).  The ex post 
analysis used one eQUEST model for both project numbers, which captured interactive 
effects from both measures.  The ex ante approach involved an independent analysis 
for each project, using an Excel spreadsheet to calculate fan energy savings and 
CWSAT 2.3 computer software for the chilled water temperature reset and airflow 
optimization.  The CWSAT 2.3 file was not available for review, making it difficult to 
explain deviations from eQUEST input/output.   
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Site Hines VAF 
Address 1610 Arden Way, Sacramento, CA 95815 
Project Number 8013218 

 

                    

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Hines VAF received 
incentives for the installation of 11 VFDs on HVAC supply fans. The realization rate for 
this project is 253% kWh. 

Project Description 
Hines VAF, is a two story office building that relies on 16 separate HVAC units to 
provide the necessary heating and cooling to the building. Nine 7.5 Hp VFDs were 
installed on the supply fans of 16 ton McQuay package units, a 10 Hp VFD on a built up 
air handler supply fan, and a 15 Hp VFD on a built up air handler supply fan. Originally 
all of the fans were operated at a constant speed with no regard to the actual heating 
and cooling demands of the facility. The installation of the VFDs, allows the HVAC units 
to effectively modulate the air flow dependent upon zone requirements. With the ability 
to slow down the speed of the supply fans the energy demand of the fans is also 
reduced. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of all 11 of the VFDs. ADM also 
collected site specific details about the facility, these details included but where not 
limited to: HVAC zone layouts, HVAC equipment nameplates, typical operating 
schedules, and temperature set-points.  
ADM used IPMVP Option D: Calibrated Simulation, to calculate the total savings due to 
the installed VFDs. eQuest was used to compile two building simulation models, one for 
the as-built conditions and one for the baseline conditions. The as-built model was 
calibrated using building characteristics, operating schedules and operational set-points 
obtained during ADMs site visit.  
In order to produce the most accurate estimate of savings, ADM calibrated the Hines 
VAF as-built eQuest model using hourly interval data provided by SMUD. The annual 
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consumption of the model was calibrated to within 10% of the normalized billing. Shown 
below are the results of the calibration effort put forth by ADM which compares the 
monthly energy billing data and the eQuest models consumption. 

Monthly Billing Data versus Energy Simulation 

 
The baseline model was obtained by taking removing the VFDs in the as-built model 
and changing the fan control to constant speed. The kWh savings for the energy 
efficiency measures was calculated by subtracting the as-built building energy 
consumption from that of the baseline building consumption. The savings by endues are 
show in the table below: 

Annual Savings by End-Use 

 
Lighting 

Misc. 
Equipment Heating Cooling 

Heat 
Rejection Pumps Fans Exterior Total 

Peak 
Kw. 

Baseline 702,452 619,845 0 201,007 0 6,183 375,095 63,783 1,968,366 346.02 

As-Built 702,452 619,845 0 195,661 0 6,183 206,833 63,783 1,794,757 323.89 

Savings 0 0 0 5,346 0 0 168,263 0 173,609 22.13 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

VFD Supply Fans 68,664 173,609 253% 0.0 11.44 - 

Total 68,664 173,609 253% 0.0 11.44 - 

The low realization rate can be attributed to the deemed savings methodology used in 
the ex-ante estimation. Deemed saving approaches do not take into account site 
specific details when determining annual savings. In cases where VFDs have been 
installed the potential savings is affected by numerous variables such as; load factor, 
baseline control, and operating hours which cannot be taken into consideration for 
individual sites in deemed savings approaches.  
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Site Ragingwire 
Address 1200 Striker Ave, Sacramento, CA 95834 
Project Number 8015108 

 
 

                      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Ragingwire received 
incentives for the installation of four VFDs on condenser water pumps. The VFDs were 
installed to eliminate the need of triple duty throttling valves. The realization rates for 
this project are 111% kWh and 109% kW. 

Project Description 
Ragingwire, is a data center that originally relied on triple duty throttling valves to 
maintain a desired flow rate in their condenser water system. The use of throttling 
valves increases or decrease system head causing the pump to ride its curve until the 
desired flow rate is achieved. This addition of system head adds unnecessary pump 
power requires, thus increasing the over system consumption.  
The installation of the VFDs allows the pump to vary its speed and as a result the flow 
output. This method is much more efficient as the resultant pump power is a function of 
the pump affinity laws, as the pump curve is changing rather than the system curve. 
VFDs were installed on three 75 Hp pumps and one 125 Hp pump, all of which serve 
individual chillers and cooling towers. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of all four of the VFDs. ADM 
determined that the 125 Hp VFD was running at 53.1 Hz with a demand of 59.39 kW, 
and was informed that when the pump is operational, approximately 8,000 hours per 
year, the VFD is always set to 53.1 Hz.  The 75 Hp VFDs are staged dependent upon 
the sequence of operation for the chiller plant, in which on average between the three 
condenser pumps operate 4,000 hours per year. During periods of operation the VFDs 
are set at 53 Hz, and with verification through the EMS it was determined the individual 
pumps have a demand of 36.45 kW. 
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In order to determine the required pump kW for the baseline constant speed pumps, 
ADM used the pump affinity laws. The following equation represents the equation used: 

𝐵𝐻𝑃𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑆𝑝𝑒𝑒𝑑 = (
60

𝐻𝑧
)

2.7

× 𝐵𝐻𝑃𝐻𝑧 

 Parameters for Resultant Brake Horsepower Calculation 
BHPConstant Speed Required Brake Horsepower for Constant Speed Motor 

Hz VFD Frequency for Which The Pump is Running At 
BHPHz Brake Horsepower of VFD Motor at References VFD Speed 

 
The annual energy savings for the installation of the VFDs is the kW reduction for each 
individual pump multiplied by the number of operating hours in a typical year. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
VFD Condenser Water 
Pumps 183,805 204,321 118% 34.0 36.9 109% 

Total 183,805 204,321 108% 34.0 36.9 109% 
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Site Vinh Phat Market 
Address 6105 Stockton Blvd, Sacramento, CA 95824 
Project Number 8016285 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Vinh Phat Market 
received incentives for the installation of 134 feet of high efficiency multi deck 
refrigeration cases with LED lights. The realization rate for this project is 108% kWh. 

Project Description 
Vinh Phat Market, is a grocery store that originally used Hussmann DM open multi deck 
refrigeration cases to display products. These cases also utilized T12 fixtures to light its 
contents. In order to reduce energy cost, the Hussmann cases were replaced with 
Crystal Merchandiser cases. These new energy efficient cases are equipped with; glass 
doors, high efficiency evaporator fans and LED display lights. The addition of the glass 
doors will significantly reduce the infiltration and exfiltration loads experienced by the 
case thus reducing the load on the compressors. The addition of the LED lights not only 
save on lighting energy but also reduces the heat introduced into the refrigerated case 
thus reducing energy on the compressors also. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation of the new Crystal Merchandiser 
cases, along with the LED case lights. ADM also collected site specific details about the 
facilities refrigeration equipment, these details included but where not limited to: type of 
condenser, temperature of refrigerated cases, and typical lighting operating schedules.  
ADM used DEER’s eQuest refrigeration models to calculate the annual savings due to 
the new cases and LED lights. DEER’s refrigeration model was used as the base model 
in which changes in the input file were made to allow the model to more closely reflect 
the actual store’s refrigeration system. The baseline model utilized Hussmann DM 
cases for the medium temperature fixtures in which the default fan and lighting load 
were adjusted to match the provided manufacturer specifications. The savings for the 
installation of the Crystal Merchandiser cases was calculated by changing the 
Hussmann DM cases to multi deck cases with doors resulting in an increase in fan 
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efficiency and a reduction in infiltration loads. The savings for the efficient cases is the 
difference between the baseline models annual consumption and the high efficiency 
case model’s annual consumption.  
The savings due to the installation of the LED case lights was calculated by reducing 
the canopy lighting load in the high efficiency case model to appropriately reflect that of 
a case with LEDs. It is advantageous to calculate the annual savings due to the LED 
case lights within eQuest, as it will more accurately calculate the interactive effects 
compared to hand calculations. The annual savings is the difference between the two 
models annual consumption. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

High Efficient Cases - 26,695 - - 21.25 - 

LED Case Lights - 82,598 - - 10.57 - 

Total 101,252 109,294 108% 11.00 31.83 289% 

The difference in annual savings can be attributed to the ex-ante calculations using 
prescriptive methods to calculate savings. A prescriptive methodology does not take 
into account site specific details as it uses typical input to calculate its savings.    
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Site  CVS Pharmacy 
Address 7465 Rush River Drive, Suite 500 
Project Number 8016734 
 

  

Executive Summary 
Under project 8016734, CVS Pharmacy received incentives from SMUD for retrofitting 
lighting in the exterior of their facility.  The realization rate for this project is 83%. 

Project Description 
The customer retrofitted (432) feet of Neon exterior signage with (432) feet of LED 
exterior signage.  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 
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Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

Neon to LED 432 432 5.3 1.2 8,760 18,653 15,516 1.00 83% 
Total      18,653 15,516  83% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 18,653 15,516 83% 1.77 

Total 18,653 15,516 83% 1.77 

The project-level realization rate is 83%. For the lighting retrofit, the baseline exterior 
signage was unknown.  We assumed the baseline signage was Neon with an average 
of 5.3 watts/linear-foot.6 
 
  

                                                 
6 http://www.optoengineering.com/images/SLS30.pdf 
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Site Foods Co 
Address 3625 Northgate Blvd, Sacramento, CA 95834 
Project Number 8016949 

  

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Foods Co received 
incentives for the installation of (258) feet of high efficiency multi deck refrigeration 
cases, and LED lighting for (329) refrigerated case doors. The realization rate for this 
project is 43%. 

Project Description 
Foods Co is a grocery store that replaced some of its existing refrigeration cases with 
high efficiency cases. The existing cases also utilized T8 fixtures to light their contents. 
These new energy efficient cases are equipped with: energy efficient doors, high 
efficiency evaporator fans and LED display lights. The addition of the energy efficient 
doors will significantly reduce the infiltration and exfiltration loads experienced by the 
case thus reducing the load on the compressors. The addition of the LED lights not only 
saves on lighting energy but also reduces the heat introduced into the refrigerated case 
thus, reducing energy on the compressors also. Other existing cases were also 
retrofitted from T8 fixtures to LED fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation of the new Hussmann cases, 
along with the LED case lights. ADM also collected site specific details about the 
facility’s refrigeration equipment, these details included but where not limited to: type of 
condenser, temperature of refrigerated cases, and typical lighting operation schedules.  
ADM used DEER’s eQuest refrigeration models to calculate the annual savings due to 
the new cases. DEER’s refrigeration model was used as the base model in which 
changes in the input file were made to allow the model to more closely reflect the actual 
store’s refrigeration system. The baseline model utilized Hussmann DM cases for the 
medium temperature fixtures in which the default fan and lighting load were adjusted to 
match the provided manufacturer specifications. The savings for the installation of the 
new cases was calculated by changing the Hussmann DM cases to multi deck cases 
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with doors resulting in an increase in fan efficiency and a reduction in infiltration loads. 
The savings for the efficient cases is the difference between the baseline models annual 
consumption and the high efficiency case model’s annual consumption.  
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 
kWhsavings = Annual energy savings 
N = Number of fixtures 
W = Wattage of each fixture 
t = Lighting operating hours 
HCIF = HVAC interactive factor 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 
Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 
kWh 
Savings 

Realized 
kWh 
Savings 

Heating 
Cooling 
Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 101 101 60 22 6,935 30,887 39,925 1.50 129% 

T8 Fixtures to LED 
Fixtures 212 212 60 20 6,935 58,040 75,863 1.29 131% 

T8 Fixtures to LED 
Fixtures 16 16 60 20 6,935 5,151 6,658 1.50 129% 

Total      94,078 122,446  130% 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

LED Case Lights 94,078 122,446 130% 10.38 17.66 171% 

High Efficient Cases 307,000 51,398 17% 29.99 40.92 136% 

Total 401,078 173,844 43% 40.37 58.57 145% 

The project-level realization rate is 43%. The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
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prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. 
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Site  Ralphs 
Address 7421 W. Stockton Blvd, Sacramento, CA 95823 
Project Number 8016958 
 

  

Executive Summary 
Under project 8016958, Ralphs received incentives from SMUD for retrofitting lighting in 
the interior of their facility.  The realization rate for this project is 89%. 

Project Description 
The customer retrofitted (198) T8 fixtures with (198) LED fixtures in the grocery area. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 
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Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

T8 Fixtures to LED 
Fixtures 182 182 61 25 6,935 50,794 1.12 

T8 Fixtures to LED 
Fixtures 16 16 61 20 6,935 5,086 1.12 

Total      55,880  

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 62,655 55,880 89% 10.01 

Total 62,655 55,880 89% 10.01 

The project-level realization rate is 89%. For the lighting retrofit, the realization rate is 
low mainly because the ex ante savings are based on a prescriptive calculation. 
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Site 1303 J St 
Address 1303 J Street, Sacramento, CA 95814 
Project Number 8017590 

 

            
 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, 1303 J Street, LLC 
received an incentive from SMUD for a VFD implemented at 1303 J Street. A VFD was 
installed on a supply fan motor. The realization rate for this project is 0%. 

Project Description 
The customer installed one (1) VFD on the supply fan motor. The building has one (1) 
supply fan that serves most of the building. Before the VFD was installed, the supply fan 
was driven by a DC motor and controller. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation of one (1) VFD on a new AC 
supply fan motor. ADM staff interviewed the site contact and found out that the supply 
fan was driven by a DC motor and a Fincor adjustable speed DC motor controller. The 
contact stated that the DC motor and drive were replaced because the DC motor 
required significant maintenance that the new AC motor didn’t require. Since the 
baseline was a motor with an adjustable speed controller, replacing it with a new motor 
and variable frequency drive results in 0 savings. 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

HVAC Fans VFD 74,231 0 0% 0 0 N/A 

Total 74,231 0 0% 0 0 N/A 

 
The project realization rate is 0%. The measure was installed, but the savings are 0 
because the new drive doesn’t increase the efficiency of the HVAC system over the old 
controller. 
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Site  Nordstrom 
Address 1689 Arden Way Sacramento, CA 95816 
Project Number 8017592 
 

  

Executive Summary 
Under project 8017592, Nordstrom received incentives from SMUD for retrofitting 
lighting in the interior of their facility.  The realization rate for this project is 92%. 

Project Description 
The customer retrofitted the following fixtures: 

 (732) 70W Halogen fixtures with (732) 39WMH fixtures  
 (1080) 50W Halogen fixtures with (1080) 20W MH fixtures  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 
Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

Halogen to MH 732 732 70 39 4,221 103,741 95,773 1.00 92% 
Halogen to MH 1,080 1,080 50 20 4,221 148,123 136,747 1.00 92% 

Total      251,864 232,520  92% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 251,864 232,520 92% 55.09 

Total 251,864 232,520 92% 55.09 

The project-level realization rate is 92%. For the lighting retrofit, the realization rate is 
low mainly because the verified lighting hours of operation are less than those used to 
perform ex ante estimation. 
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Site CALPERS 
Address 400 P Street, Sacramento, CA 95814 
Project Number 8017625 

 

                  
 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Cal. Public 
Employees Retirement System received incentives from SMUD for VFDs implemented 
at the CALPERS building on P St. VFDs were installed on return fan motors. The 
realization rate for this project is 92% kWh. Peak ex ante kW savings were zero, but ex 
post calculations show peak kW savings. 

Project Description 
The customer installed eight (8) VFDs on return fan motors.  
The building has eight (8) return fans that serve the entire building. Four (4) fans serve 
half of the building and four (4) serve the other half. The fans are staged on in pairs 
(one per side). Before the VFDs were installed, four (4) of the fans utilized inlet guide 
vanes, and the other four (4) fans were brought on at full speed when needed. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation of eight (8) VFDs on return fans. 
The ex post energy savings for the VFDs were derived from on site trending data for the 
fans. Fan affinity laws were used to determine the corresponding flow of each fan for 
trended time period. A multivariable regression was developed from monitored data and 
used to calculate flow for a typical meteorological year (TMY3).  Fan curves and fan 
staging were used to calculate baseline fan usage.  Affinity laws were used to calculate 
as-built fan usage. The difference in usage is the ex post kWh savings. Total savings for 
the fans were then compared to the claimed values, and a realization rate was 
established. 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

HVAC Fans VFD 178,154 163,033 92% 0 22.4 N/A 

Total 178,154 163,033 92% 0 22.4 N/A 

The project realization rate is 92% kWh. Peak ex ante kW savings were zero, but ex 
post calculations show 22.8 kW savings. This is due to the ex ante analysis 
methodology using a prescriptive energy savings of 753 kWh and 0 kW per fan 
horsepower, compared to the ex post using trending data, affinity laws, and fan curves. 
The supporting calculations behind the ex ante deemed values were not provided in the 
project documentation, which inhibited a more detailed comparison. 
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Site Ragingwire 
Address 1200 Striker Avenue, Sacramento, CA 95834 
Project Number 8018041 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Ragingwire received 
incentives from SMUD for installing fan variable frequency drives (VFDs) on (154) 
raised floor computer room air conditioning units (CRUs) and (27) solid floor mechanical 
cooling air conditioning units (MCUs).  The realization rates for this project are 125% 
kWh and 52% kW. 

Project Description 
The customer received incentives from SMUD for installing fan variable frequency 
drives (VFDs) on (154) raised floor computer room air conditioning units (CRUs) and 
(27) solid floor mechanical cooling air conditioning units (MCUs).  The VFDs were set to 
run at 50 Hz for the solid floor units, and set to maintain 0.07 static pressure in the 
plenum of the raised floor areas, to assure optimal airflow through the standard 
perforated floor panels. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the VFDs on a sample of the 
CRUs and MCUs and recorded current fan speeds.  An updated fan speed spreadsheet 
was obtained from the facility’s site representative, who noted that the raised floor 
CRUs now maintain 0.06 static pressure, rather than the previous 0.07.  ADM also 
reviewed all ex ante project documentation. 
ADM calculated energy savings and peak demand reduction using an eQUEST whole 
building computer simulation.  The post-project building was first modeled and 
calibrated to utility electric billing data, using time-specific weather data.  The weather 
file was then replaced with typical meteorological year 3 (TMY3) weather data, and a 
parametric run was made to simulate the effect of the measure implemented.  Energy 
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savings were calculated as the difference in annual electricity consumption of the post-
project simulation and parametric run.  Savings were then compared to the ex ante’s 
claimed number and a realization rate was established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

VFD Retrofit 3,339,965 4,159,996 125% 388 57 52% 

Total 3,339,965 4,159,996 125% 388 57 52% 

The energy savings realization rate of 125% is due to the ex ante analysis using a static 
pressure setpoint of 0.07 inches of water, rather than the current value of 0.06.  As their 
analysis methodology was based on the fan affinity laws, the lower pressure setpoint 
would have enabled the VFD to ramp down, resulting in more fan energy savings, and a 
realization rate closer to 100%.   
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Site Intel Corp. 
Address 1900 Prairie City Road, Folsom, CA 95630 
Project Number 8018121 

 
 
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Intel received 
incentives from SMUD for replacing 1,654 older servers, which were a combination of 
IBM Blade servers and IBM X Series servers, with 123 of the newest energy efficient 
HP BL460C Blade servers and 14 IBM servers.  The energy savings realization rate for 
this project is 101%. 

Project Description 
The Intel Server Consolidation Project “Phase 1”, involved replacing 1,654 older 
servers, which were a combination of IBM Blade servers and IBM X Series servers, with 
123 of the newest energy efficient HP BL460C Blade servers and 14 IBM servers.  Each 
server has two processors and performs at over 13 Million Instructions Per Second 
(MIPS) allowing approximately a 12 to 1 refresh ratio.   
The energy savings are the difference of the existing 1,654 servers operating at a 
measured 80%+ utilization compared to the new 137 servers operating at 90% 
utilization. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the servers and gathered 
information through discussion with the site representative.  All ex ante project 
documentation was also reviewed. 
ADM considered the ex ante calculation methodology acceptable.  This approach 
involved correlating server utilization to power input.  It assumes a linear scale between 
the server’s idle and max power input, with idle representing 0% utilization and max 
representing 100% utilization.  The baseline server utilization of 80% was determined 
from one week’s worth of “job slots” trend data.  IBM and HP software tools were used 
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to determine the power input for each server, although a slightly higher value was used 
for the new HP blade servers in the ex post analysis.  The higher value was based on 
updated information received from Intel’s site representative.  Energy savings were 
determined by multiplying server demand reduction by annual operating hours, 8,760 in 
this case.  The main driver of savings was the high 12 to 1 refresh ratio.  Essentially, 
one new server could do the same work as twelve old servers, and as a result, the total 
power (demand) decreased substantially.   
The server’s cooling load was naturally impacted by the decreased server demand.  
Chilled water computer room air conditioning units (CRACs) provide cooling for the 
server rooms.  Chiller Plant savings were accounted for using a nominal 0.70 kW/ton 
efficiency value, considered applicable given the Plant’s 1980’s vintage.  The reduction 
in cooling load was set equal to the reduction in server demand, assuming all server 
power input translates to heat.  The cooling load reduction was then multiplied by Chiller 
Plant efficiency to obtain Chiller Plant demand reduction, and resulting energy savings. 
Total project savings were then compared to the ex ante’s claimed number and a 
realization rate was established.  In this case, the realization rate was nearly 100%, 
because the ex post analysis followed suite with ex ante. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Server Consolidation  5,191,619 5,239,447 101% 602 598.11 99% 

Total 5,191,619 5,239,447 101% 602 598.11 99% 

The slightly higher realization rate of 101% is due to a slightly different transmission loss 
factor accounted for in the ex post calculation (1.075 vs. 1.06). 
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Site Aerojet 
Address Aerojet East Road Sub/ Alder Creek, Rancho Cordova, CA 

95670 
Project Number 8018131 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Aerojet received 
incentives from SMUD for installing a more advanced ultraviolet (UV) technology for 
treatment of nitrosodimethylamine (NDMA) in Groundwater Extraction and Treatment 
Facility in Sector A (GET A) water at GET B.  The realization rates for this project are 
73% kWh and 72% kW. 

Project Description 
The customer installed a 240 kW Rayox UV-Oxidation Tower System for treatment of 
NDMA in GET A water at GET B.   
As per the United States Environmental Protection Agency (USEPA), Aerojet had to 
increase the flow and reduce the NDMA contamination levels of the groundwater.  They 
increased the flow from 250 to 400-450 gpm and piped it over to GET B to process the 
water at one plant.  The influent NDMA concentration for the increased flow was 
reduced from 10 to 3.3 micrograms per liter; however, the discharge requirement went 
down another log order from 20 to 2 nanograms per liter.  The existing equipment at 
GET A could not meet the required levels.  Aerojet’s testing showed that it would take 
three of the existing 90 kW UV Skids to meet the required levels. 
The new tower is currently used to treat only GET A water.  While treating only GET A 
water, only eight of the twelve lamps are used for a nominal total of 160 kW.  When all 
GET B upgrades are complete, the tower will be fully utilized.  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the 240 kW Rayox UV-Oxidation 
Tower System and recorded power measurements from the tower’s control panel. 
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Several questions about the tower’s operation were also clarified.  All ex ante project 
documentation was reviewed. 
ADM calculated energy savings by multiplying the difference in power requirements of 
the baseline and post-retrofit UV equipment by the annual equipment operating hours.  
The equipment operates all year long except for approximately 35 hours of maintenance 
time.   
Total savings were then compared to the claimed values, and realization rates were 
established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
UV –Oxidation Tower 
System 1,290,166 942,397 73% 150 108.0 72% 

Total 1,290,166 942,397 73% 150 108.0 72% 

The project realization rate of 73% is due to the actual electric energy per order of 
magnitude reduction (EEO) for the new 240 kW Rayox UV-Oxidation Tower System 
being higher than expected (1.55 vs. the ex-ante’s estimated 1.15).  The ex-ante value 
was based off the expectation that only six of the tower’s twelve UV lamps would be 
required to achieve USEPA regulated effluent NDMA levels.  ADM discovered eight 
lamps were required based on measurements recorded from the tower’s control panel 
and confirmation from Aerojet’s site representative. 
 
 
  



 

Appendix A A-32 

Site Prim Natomas 
Address 2495 Natomas Park Drive, Sacramento, CA 95833 
Project Number 8018700 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Prim Natomas 
received incentives from SMUD for installing a total of 13,612 ft2 of Sun Control’s 
Panorama Slate 20 window film on single-pane blue reflective windows all along the 
west window wall. The kWh savings realization rate for this project is 19%. 

Project Description 
The customer installed Sun Control Panorama Slate 20 window film at the high-rise 
office building at the above address. A total of 13,612 ft2 of window film was installed on 
west-facing windows, including the “sawtooth” portion of the south-west portion of the 
building. The existing windows on the west side of the building were single-pane 
reflective windows with a blue tint. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the window film and collected 
building blueprints, mechanical schedules, sequence of operation, and facility usage 
schedules from the site contact in order to build a calibrated simulation model of the 
office building.  
In order to simulate the energy savings associated with installing window film on the 
west side of the building, ADM used the data collected during the on-site verification to 
build a representative model of the facility. Because the billing data that ADM acquired 
was for the entire lot of Prim Natomas office buildings (three buildings total, including 
the one with the rebated window film), ADM also created models for the other two 
facilities. ADM then calibrated the baseline model (parametric run #1) with 2009 billing 
data (pre-retrofit bills) and 2009 actual weather for the Sacramento area. Once the 
baseline model was calibrated, ADM ran the baseline and as-built model with TMY3 
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data in order to calculate the energy savings and peak demand reduction for a typical 
weather year. 
Because ADM could not get the exact specifications on the pre-existing windows, ADM 
assumed a conservative baseline window type from the DOE-2 Glass Library (Glass 
Type Code: 1418; Single Ref-D Tint). For the ex-post window-film specifications, ADM 
used the manufacturer’s performance specifications. Below is a summary of the as-built 
and baseline window specifications used for the analysis: 
 
Baseline:  
DOE-2 Glass Library; Glass Type Code 1418 (Single Ref-D Tint) 
SC: 0.53 ; SHGC: 0.46 ; Emissitivity: N/A ; U-Value: 1.08 ; Transmittance: 25% 
As-Built: 
Sun Control Panorama Slate 20  
SC: 0.37 ; SHGC: 0.31 ; Emissitivity: 0.84 ; U-value: 1.02 ; Transmittance: 22% 
 
 

 
ADM Calibrated Simulation vs. Billed Energy Use 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Window Film  187,862 34,800 19% 32 0 0% 

Total 187,862 34,800 19% 32 0 0% 

 
The project kWh realization rate of 19% is likely due to the prescriptive ex-ante 
calculations of 14 kWh/ft2 of window film installed. ADM used a calibrated eQUEST 
simulation and a conservative assumption for the baseline window specifications in 
order to determine the energy savings. The kW realization rate of 0% is due to a shift in 
the cooling demand into the peak hours due to this retrofit. ADM plotted the average 
cooling end-use energy from the simulation hourly outputs (for the peak demand 
window) and it is evident that this is the case. 
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Site  Rotunda Partners 
Address 1201 K Street, Sacramento, CA 95814 
Project Number 8019074 
 

  

Executive Summary 
Under project 8019074, Rotunda Partners received incentives from SMUD for 
retrofitting lighting in the interior of their facility.  The realization rate for this project is 
102%. 

Project Description 
The customer retrofitted the following fixtures: 

 (36) Compact Fluorescent exist signs with (36) LED exist sign fixtures  
 (264) Incandescent exist signs with (264) LED exit sign fixtures  

These fixtures were retrofitted throughout the entire building. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

CF Exit to LED Exit 36 36 20 2.8 8,760  5,842 1.08  
I Exit to LED Exit 264 264 40 2.8 8,760  92,655 1.08  

Total      96,316 98,496  102% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 96,316 98,496 102% 14.48 

Total 96,316 98,496 102% 14.48 

The project-level realization rate is 102%. For the lighting retrofit, the realization rate is 
slightly high, which is likely due to a difference in baseline fixture wattages used for ex 
ante estimation. 
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Site  Target #312 
Address 1919 Fulton Ave 

Sacramento, CA 95825 
Project Number 8019374 
 

  

Executive Summary 
Under project 8019374, Target #312 received incentives from SMUD for installing LED 
lighting in their refrigeration display cases and installing occupancy sensors to control 
the case lighting.  The realization rate for this project is 54%. 

Project Description 
The customer installed LED lighting and occupancy sensors for (99) doors and installed 
LED lighting without occupancy sensors for (8) doors. The baseline is T8 fixtures.  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 15 15 58 22 6,935 8,258 5,617 1.50 68% 

T8 Fixtures to LED 
Fixtures 15 15 58 22 6,935 8,258 5,617 1.50 68% 

T8 Fixtures to LED 
Fixtures 15 15 58 22 6,935 8,258 5,617 1.50 68% 

T8 Fixtures to LED 
Fixtures 17 17 58 22 6,935 9,359 6,366 1.50 68% 

T8 Fixtures to LED 
Fixtures 22 22 58 22 6,935 12,111 8,239 1.50 68% 

T8 Fixtures to LED 
Fixtures 10 10 58 23 6,935 5,352 3,131 1.29 59% 

T8 Fixtures to LED 
Fixtures 5 5 58 22 6,935 2,753 1,610 1.29 59% 

T8 Fixtures to LED 
Fixtures 8 8 58 23 6,935 4,282 2,505 1.29 59% 

Total      58,630 38,704  66% 

 
The reduction of lighting operating hours associated with occupancy sensors is 
determined by multiplying the baseline hours by a Power Adjustment Factor of 0.67 
(from ADM monitored data). 
Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

Controls 19 97 6,935 4,646 22,999 6,344 1.50 28% 
Controls 3 113.33 6,935 4,646 3,631 1,004 1.29 28% 
Total     26,630.74 7,348  28% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 58,630 38,704 66% 5.58 
Lighting Occupancy 
Sensors 26,631 7,348 28% 1.06 

Total 85,261 46,051 54% 6.64 

The project-level realization rate is 54%.The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
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Site  Target #1098 
Address 430 Blue Ravine Road 

Folsom, CA 95630 
Project Number 8019410 
 

   

Executive Summary 
Under project 8019410, Target #1098 received incentives from SMUD for installing LED 
lighting in their refrigeration display cases and installing occupancy sensors to control 
the case lighting.  The realization rate for this project is 52%. 

Project Description 
The customer installed LED lighting and occupancy sensors for (100) doors and 
installed LED lighting without occupancy sensors for (6) doors. The baseline is T8 
fixtures.  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 2 2 58 22 6,935 1,115 749 1.50 67% 

T8 Fixtures to LED 
Fixtures 2 2 58 22 6,935 1,115 749 1.50 67% 

T8 Fixtures to LED 
Fixtures 2 2 58 22 6,935 1,115 749 1.50 67% 

T8 Fixtures to LED 
Fixtures 15 15 58 23 6,935 8,128 5,461 1.50 67% 

T8 Fixtures to LED 
Fixtures 15 15 58 23 6,935 8,128 5,461 1.50 67% 

T8 Fixtures to LED 
Fixtures 15 15 58 23 6,935 8,128 5,461 1.50 67% 

T8 Fixtures to LED 
Fixtures 5 5 58 22 6,935 2,787 1,872 1.50 67% 

T8 Fixtures to LED 
Fixtures 9 9 58 23 6,935 4,877 3,277 1.50 67% 

T8 Fixtures to LED 
Fixtures 30 30 58 22 6,935 16,720 9,662 1.29 58% 

T8 Fixtures to LED 
Fixtures 11 11 58 22 6,935 6,131 3,543 1.29 58% 

Total      58,242 36,985  64% 
 

The reduction of lighting operating hours associated with occupancy sensors is 
determined by multiplying the baseline hours by a Power Adjustment Factor of 0.67 
(from ADM monitored data). 
Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 



 

Appendix A A-42 

The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

Controls 14 97 6,935 4,646 17,933 4,641 1.50 26% 
Controls 7 129 6,935 4,646 8,967 2,663 1.29 30% 
Total     26,900 7,304  27% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 58,242 36,985 64% 5.33 
Lighting Occupancy 
Sensors 26,900 7,304 27% 1.05 

Total 85,142 44,289 52% 6.39 

The project-level realization rate is 52%.The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
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Site  City Of Sacramento 
Address 1000 I Street, Suite 120, Sacramento, CA 95814 
Project Number 8019442 
 

  

Executive Summary 
Under project 8019442, City Of Sacramento received incentives from SMUD for 
installing PC Management Software on the computers in various buildings around 
Sacramento.  The realization rate for this project is 101%. 

Project Description 
The customer retrofitted (3009) Computers with PC Power Management Software. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation and baseline conditions. 
A series of questions were asked to determine a computer operation usage profile. 
These data were used to calculate energy savings. 
PC Management Software energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of Computer Systems 

W = Wattage of each Computer 

t = Computer operating hours (old – new)  

HCIF = HVAC interactive factor 

 
The table shown below presents expected and realized energy savings for the PC 
Management Software installed under the project. 
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PC Management Software Savings Calculations 

Measure 
Hours Wattage 

Quantity 
(Computer) 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

Computer Software 2,739 1,479 114 114 3,009 474,603 477,833 1.11 101% 
Total      474,603 477,833 1.11 101% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Computer Software 474,603 477,833 101%         80.41  

Total 474,603 477,833 101%         80.41  

The project-level realization rate is 101%, which indicates a highly accurate ex ante 
savings estimation. 
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Site  Highland High School 
Address 6444 Walerga Road, North Highlands, CA 95660 
Project Number 8018592 
 

  

Executive Summary 
Under project 8018592, Highland High School received incentives from SMUD for 
installing occupancy sensors in the interior of their facility.   The realization rate for this 
project is 108%. 

Project Description 
The customer installed (90) occupancy sensors in the classrooms.   

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. The reduction of lighting operating hours 
associated with occupancy sensors is determined by multiplying the baseline hours by a 
Power Adjustment Factor of 0.7 (adapted from ASHRAE 90.1-1989). 
Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

Controls 70 357 2,305 1,614 14,980 18,202 1.05 122% 
Controls 20 472 2,305 1,614 8,560 6,876 1.05 80% 
Total     23,205.00 25,077  108% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Controls 23,205 25,077 108% 6.28 

Total 23,205 25,077 108% 6.28 

The project-level realization rate is 108%.  For the lighting controls, the realization rate 
is high due to fewer hours used for ex ante estimation.   
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Site  IMAX Theatre 
Address 1211 K Street, Sacramento, CA 95814 
Project Number 8019006 
 

  

Executive Summary 
Under project 8019006, IMAX Theatre received incentives from SMUD for retrofitting 
lighting in the interior of their facility.  The realization rate for this project is 86%. 

Project Description 
The customer retrofitted (520) NEON Line fixtures with (520) LED Line fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 
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Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

NEON Line to LED 
Line 520 520 8.7 1.2 4,380 22,453 19,197 1.12 86% 

Total      22,453 19,197  86% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 22,453 19,197 86% 5.44 

Total 22,453 19,197 86% 5.44 

The project-level realization rate is 86%. For the lighting retrofit, the realization rate is 
low mainly because the watts-per-foot of neon and LED line were likely different from 
those used to perform ex ante estimation. 
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A.2 Project-Level Analyses - 2011 

This section contains project-level analyses for the impact evaluation of the 2011 
program year.  The expected savings reported in the following project-level analyses 
are discounted by 7% to account for transmission losses. However, the 7% adjustment 
was not used when calculating the overall savings for the program year, as described in 
Chapter 3. 
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Site  FedEx 
Address 8200 Elder Creek Road, Sacramento, CA 95824 
Project Number 8017975 
 

   

Executive Summary 
Under project 8017975, FedEx received incentives from SMUD for retrofitting lighting in 
the interior of their facility and installing occupancy sensors.  The realization rate for this 
project is 126%. 

Project Description 
The customer retrofitted the following fixtures: 

 (336)  400W HPS  fixtures with (336) 4L T5 fixtures in the processing  area 
 (4)  175W metal halide ceiling canopy  fixtures with (4) 3L T8 fixtures in the 

processing  area 
 (55)  250W metal halide low bay  fixtures with (55) 8' 4L T8 fixtures in the 

processing  area 
 (37) Incand. Exit Sign fixtures with (37) LED Exit Sign fixtures  
 (2)  2x4 troffer 4-lamp T12  fixtures with (2) 4L T8 fixtures and (1) occupancy 

sensor in the equipment  area 
 (2)  2x4 troffer 4-lamp T12  fixtures with (2) 4L T8 fixtures and (1) occupancy 

sensor in the office  area 
 (2)  2x4 troffer 4-lamp T12  fixtures with (2) 4L T8 fixtures  
 (41)  2x4 troffer 4-lamp T12  fixtures with (41) 4L T8 fixtures and (1) occupancy 

sensor in the office  area 
 (4)  2x4 troffer 4-lamp T12  fixtures with (4) 4L T8 fixtures and (1) occupancy 

sensor in the office  area 
 (6)  2x4 troffer 4-lamp T12  fixtures with (6) 4L T8 fixtures in the office  area 
 (2)  2x4 troffer 3-lamp T12  fixtures with (2) 3L T8 fixtures in the office  area 
 (34)  2x4 troffer 3-lamp T12  fixtures with (34) 3L T8 fixtures and (1) occupancy 

sensor in the office  area 
 (4)  2x4 troffer 3-lamp T12  fixtures with (4) 3L T8 fixtures and (1) occupancy 

sensor in the office  area 
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 (4)  2x4 troffer 3-lamp T12  fixtures with (4) 3L T8 fixtures and (1) occupancy 
sensor in the storage  area 

 (3)  2x4 troffer 3-lamp T12  fixtures with (3) 3L T8 fixtures in the office  area 
 (1) 2L T12 fixture with (1) 2L T8 fixture in the storage  area 
 (5)  1x4 industrial 2-lamp T12  fixtures with (5) 4'  2L T8 fixtures in the industrial 

area 
 (19)  1x4 industrial 2-lamp T12  fixtures with (19) 4'  2L T8 fixtures in the 

industrial area 
 (26)  1x4 industrial 2-lamp T12  fixtures with (26) 4'  2L T8 fixtures in the 

industrial area 
 (2)  1x4 industrial 2-lamp T12  fixtures with (2) 4'  2L T8 fixtures in the industrial 

area 
 (7)  1x4 industrial 2-lamp T12  fixtures with (7) 4'  2L T8 fixtures in the industrial 

area 
 (2)  1x4 industrial 2-lamp T12  fixtures with (2) 4'  2L T8 fixtures in the industrial 

area 
 (2)  1x4 industrial 2-lamp T12  fixtures with (2) 4'  2L T8 fixtures in the industrial 

area 
 (2)  1x4 industrial 2-lamp T12  fixtures with (2) 4'  2L T8 fixtures in the industrial 

area 
 (5)  1x4 industrial 2-lamp T12  fixtures with (5) 4'  2L T8 fixtures in the industrial 

area 
 (3)  1x3 wall 2-lamp T12  fixtures with (3) 3' 2L T8 fixtures in the restroom area 
 (45)  2x2 troffer 2-lamp U-Tube T12  fixtures with (45) 2' 3L T8 fixtures  
 (12)  2x2 troffer 2-lamp U-Tube T12  fixtures with (12) 2' 3L T8 fixtures  
 (10)  2x2 troffer 2-lamp U-TubeT12  fixtures with (10) 2' 3L T8 fixtures and (1) 

occupancy sensor  
 (3)  2x2 troffer 2-lamp U-Tube T12  fixtures with (3) 2' 3L T8 fixtures  
 (12)  2x2 troffer 2-lamp U-Tube T12  fixtures with (12) 2' 3L T8 fixtures  
 (36)  2x2 troffer 2-lamp U-Tube T12  fixtures with (36) 2' 3L T8 fixtures  
 (2)  2x2 troffer 2-lamp U-Tube T12  fixtures with (2) 2' 3L T8 fixtures  
 (15)  1x8 industrial 2-lamp T12  fixtures with (2) 8' 4L T8 fixtures  
 (106)  1x8 industrial 2-lamp T12  fixtures with (106) 8' 4L T8 fixtures  
  (1) occupancy sensor was added to (12) 4' 3L T8 fixtures in the breakroom area 
 (2) occupancy sensor  was added to (10) 4' 3L T8 fixtures  
 Installation of (84) 17W LED fixtures  
 (15)  100W metal halide dock  fixtures with (15) 17W LED fixtures  
 (5)  150W metal halide  fixtures with (5) 17W LED fixtures  
 (110)  175W metal halide  fixtures with (110) 17W LED fixtures  
 (60)  1-lamp F72/VHO  fixtures with (60) 17W LED fixtures  
 (76)  250W metal halide ceiling canopy  fixtures with (76) 4' 4L T5HO fixtures  
 (9)  400W metal halide wall pack  fixtures with (9) 4' 4L T5HO fixtures  
 (119)  1,000W HPS sportslighter  fixtures with (119) 750W MH PS fixtures  
 (84)  400W HPS wall pack  fixtures with (84) 42W CFL fixtures  
 (1) 70W HPS Wall Pack fixture with (1) 42W CFL fixture  
 (30)  250W HPS high bay  fixtures with (30) 4L T5 fixtures in the processing  area 
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 (58)  250W HPS ceiling canopy  fixtures with (58) 4L T5 fixtures in the processing  
area 

 (6)  150W HPS ceiling canopy  fixtures with (6) 2L T8 fixtures in the processing  
area 

 (4)  175W metal halide wall pack  fixtures with (4) 4L T8 fixtures in the processing  
area 

 (10)  250W metal halide high bay  fixtures with (10) 4L T5 fixtures in the 
processing  area 

 (67)  175W metal halide ceiling canopy  fixtures with (67) 8' 4L T8 fixtures in the 
processing  area 

 (8)  250W metal halide low bay  fixtures with (8) 4L T5 fixtures in the processing  
area 

 (11)  250W metal halide low bay  fixtures with (1) 4L T5 fixture  
 (12)  100W HPS ceiling canopy  fixtures with (12) 3L T8 fixtures in the processing  

area 
 (3)  8’ industrial 4-lamp T8  fixtures with (3) 4L T8 fixtures in the processing  area 
 (2)  2x4 4-lamp 32W T8  fixtures with (2) 4L T8 fixtures in the processing  area 
 (12)  2x4 3-lamp 32W T8  fixtures with (12) 3L T8 fixtures in the processing  area 
 (10)  2x4 3-lamp 32W T8  fixtures with (10) 3L T8 fixtures in the processing  area 
 (8)  3-lamp 32W T8  fixtures with (8) 3L T8 fixtures in the processing  area 
 (16)  2-lamp 32W T8  fixtures with (16) 2L T8 fixtures in the processing  area 
 (12)  2-lamp 32W T8  fixtures with (12) 2L T8 fixtures in the processing  area 
 (39)  2-lamp 32W T8  fixtures with (39) 2L T8 fixtures in the processing  area 
 (2)  2-lamp 32W T8  fixtures with (2) 2L T8 fixtures in the processing  area 
 (8)  2-lamp 32W T8  fixtures with (8) 2L T8 fixtures in the processing  area 
 (4)  2-lamp 32W T8  fixtures with (4) 2L T8 fixtures in the processing  area 
 (8)  2-lamp 32W T8  fixtures with (8) 2L T8 fixtures in the processing  area 
 (26)  2-lamp 32W T8  fixtures with (26) 2L T8 fixtures in the processing  area 
 (8)  2-lamp U-Tube 32W T8  fixtures with (8) 3L T8 fixtures in the processing  

area 
 (18)  2-lamp U-Tube 32W T8  fixtures with (18) 3L T8 fixtures in the processing  

area 
 (33)  8’ industrial 2-lamp T8  fixtures with (33) 4L T8 fixtures in the processing  

area 
 (36)  8’ industrial 2-lamp T8HO  fixtures with (36) 4L T8 fixtures in the processing  

area 
 (4)  3-lamp 32W T8  fixtures with (4) 3L T8 fixtures in the processing  area 
 (5)  3-lamp 32W T8  fixtures with (5) 3L T8 fixtures in the processing  area 
 (2)  3-lamp 32W T8  fixtures with (2) 3L T8 fixtures in the processing  area 
 (6)  2-lamp 32W T8  fixtures with (6) 2L T8 fixtures in the processing  area 
 (2)  2-lamp 32W T8  fixtures with (2) 2L T8 fixtures in the processing  area 
 (1)  2-lamp 32W T8  fixture with (1) 2L T8 fixture in the processing  area 
 Installation of (8)  4-lamp 28W industrial T8  fixtures in the processing  area 
 Installation of (40)  2-lamp 28W industrial T8  fixtures in the processing  area  
 (2) occupancy sensor were added to (854)  2-lamp T5  fixtures  
 (89) occupancy sensors were added to T8 fixtures 
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Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and placed five photo-sensor loggers at the site (from 10/15/12 
to 10/29/12) to monitor lighting operation. These data were used to calculate energy 
savings.  
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 

Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 
Quantity (Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

400W HPS  to 4L T5 336 336 455 218 8,760 697,576 1.00 
175W metal halide 
ceiling canopy  to 3L 
T8 

4 4 210 72 8,760 4,836 1.00 

250W metal halide low 
bay  to 8' 4L T8 55 55 294 95 8,760 95,878 1.00 

Incand. Exit Sign to 
LED Exit Sign 37 37 40 1 8,760 12,641 1.00 

2x4 troffer 4-lamp T12  
to 4L T8 2 2 162 80 6,935 1,257 1.11 
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Measure 
Quantity (Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

2x4 troffer 4-lamp T12  
to 4L T8 2 2 162 80 6,935 1,257 1.11 

2x4 troffer 4-lamp T12  
to 4L T8 2 2 162 80 6,935 1,257 1.11 

2x4 troffer 4-lamp T12  
to 4L T8 41 41 162 80 6,935 25,775 1.11 

2x4 troffer 4-lamp T12  
to 4L T8 4 4 162 80 6,935 2,515 1.11 

2x4 troffer 4-lamp T12  
to 4L T8 6 6 162 80 6,935 3,772 1.11 

2x4 troffer 3-lamp T12  
to 3L T8 2 2 128 62 6,935 1,012 1.11 

2x4 troffer 3-lamp T12  
to 3L T8 34 34 128 62 6,935 17,204 1.11 

2x4 troffer 3-lamp T12  
to 3L T8 4 4 128 62 6,935 2,024 1.11 

2x4 troffer 3-lamp T12  
to 3L T8 4 4 128 62 6,935 2,024 1.11 

2x4 troffer 3-lamp T12  
to 3L T8 3 3 128 62 6,935 1,518 1.11 

2L T12 to 2L T8 1 1 81 40 6,935 314 1.11 
1x4 industrial 2-lamp 
T12  to 4'  2L T8 5 5 81 40 8,760 1,796 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 19 19 81 40 8,760 6,824 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 26 26 81 40 8,760 9,338 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 2 2 81 40 8,760 718 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 7 7 81 40 8,760 2,514 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 2 2 81 40 2,860 235 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 2 2 81 40 2,860 235 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 2 2 81 40 8,760 718 1.00 

1x4 industrial 2-lamp 
T12  to 4'  2L T8 5 5 81 40 8,760 1,796 1.00 

1x3 wall 2-lamp T12  to 
3' 2L T8 3 3 52 41 8,760 289 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 45 45 72 37 8,760 13,797 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 12 12 72 37 2,860 1,201 1.00 

2x2 troffer 2-lamp U-
TubeT12  to 2' 3L T8 10 10 72 37 2,860 1,001 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 3 3 72 37 2,860 300 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 12 12 72 37 2,860 1,201 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 36 36 72 37 8,760 11,038 1.00 

2x2 troffer 2-lamp U-
Tube T12  to 2' 3L T8 2 2 72 37 2,860 200 1.00 

1x8 industrial 2-lamp 
T12  to 8' 4L T8 15 2 142 95 8,760 16,994 1.00 

1x8 industrial 2-lamp 
T12  to 8' 4L T8 106 106 216 95 8,760 112,356 1.00 

Installation of 17W LED - 84 - 17 2,860 (4,084) 1.00 
100W metal halide 
dock  to 17W LED 15 15 129 17 2,860 4,805 1.00 

150W metal halide  to 5 5 185 17 2,860 2,402 1.00 
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Measure 
Quantity (Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

17W LED 
175W metal halide  to 
17W LED 110 110 210 17 2,860 60,718 1.00 

1-lamp F72/VHO  to 
17W LED 60 60 180 17 2,860 27,971 1.00 

250W metal halide 
ceiling canopy  to 4' 4L 
T5HO 

76 76 294 218 2,860 16,519 1.00 

400W metal halide wall 
pack  to 4' 4L T5HO 9 9 455 218 2,860 6,100 1.00 

1,000W HPS 
sportslighter  to 750W 
MH PS 

119 119 1,100 818 2,860 95,976 1.00 

400W HPS wall pack  
to 42W CFL 84 84 460 46 2,860 99,459 1.00 

70W HPS Wall Pack to 
42W CFL 1 1 83 46 2,860 106 1.00 

250W HPS high bay  to 
4L T5 30 30 295 218 8,760 20,236 1.00 

250W HPS ceiling 
canopy  to 4L T5 58 58 295 218 8,760 39,122 1.00 

150W HPS ceiling 
canopy  to 2L T8 6 6 171 48 8,760 6,465 1.00 

175W metal halide wall 
pack  to 4L T8 4 4 210 95 8,760 4,030 1.00 

250W metal halide high 
bay  to 4L T5 10 10 294 218 8,760 6,658 1.00 

175W metal halide 
ceiling canopy  to 8' 4L 
T8 

67 67 210 95 8,760 67,496 1.00 

250W metal halide low 
bay  to 4L T5 8 8 294 218 8,760 5,326 1.00 

250W metal halide low 
bay  to 4L T5 11 1 294 218 8,760 26,420 1.00 

100W HPS ceiling 
canopy  to 3L T8 12 12 115 72 8,760 4,520 1.00 

8’ industrial 4-lamp T8  
to 4L T8 3 3 112 80 8,760 841 1.00 

2x4 4-lamp 32W T8  to 
4L T8 2 2 112 80 8,760 561 1.00 

2x4 3-lamp 32W T8  to 
3L T8 12 12 87 62 8,760 2,628 1.00 

2x4 3-lamp 32W T8  to 
3L T8 10 10 87 62 2,860 715 1.00 

3-lamp 32W T8  to 3L 
T8 8 8 87 62 8,760 1,752 1.00 

2-lamp 32W T8  to 2L 
T8 16 16 62 41 2,860 961 1.00 

2-lamp 32W T8  to 2L 
T8 12 12 62 41 8,760 2,208 1.00 

2-lamp 32W T8  to 2L 
T8 39 39 62 40 8,760 7,516 1.00 

2-lamp 32W T8  to 2L 
T8 2 2 62 41 8,760 368 1.00 

2-lamp 32W T8  to 2L 
T8 8 8 62 40 8,760 1,542 1.00 

2-lamp 32W T8  to 2L 
T8 4 4 62 41 2,860 240 1.00 

2-lamp 32W T8  to 2L 
T8 8 8 62 41 2,860 480 1.00 

2-lamp 32W T8  to 2L 
T8 26 26 62 40 8,760 5,011 1.00 

2-lamp U-Tube 32W T8  
to 3L T8 8 8 62 37 8,760 1,752 1.00 
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Measure 
Quantity (Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

2-lamp U-Tube 32W T8  
to 3L T8 18 18 62 37 8,760 3,942 1.00 

8’ industrial 2-lamp T8  
to 4L T8 33 33 110 95 8,760 4,336 1.00 

8’ industrial 2-lamp 
T8HO  to 4L T8 36 36 155 95 8,760 18,922 1.00 

3-lamp 32W T8  to 3L 
T8 4 4 87 62 2,860 286 1.00 

3-lamp 32W T8  to 3L 
T8 5 5 87 62 2,860 358 1.00 

3-lamp 32W T8  to 3L 
T8 2 2 87 62 8,760 438 1.00 

2-lamp 32W T8  to 2L 
T8 6 6 62 41 8,760 1,104 1.00 

2-lamp 32W T8  to 2L 
T8 2 2 62 41 8,760 368 1.00 

2-lamp 32W T8  to 2L 
T8 1 1 62 41 8,760 184 1.00 

Installation of  4-lamp 
28W industrial T8 - 8 - 95 8,760 (6,658) 1.00 

Installation of  2-lamp 
28W industrial T8 - 40 - 48 8,760 (16,819) 1.00 

Total      1,576,691  

The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor Old New 

Controls 4 1,449 6,935 6,242 4,444 1.11 
Controls 5 270 6,935 5,895 1,402 1.00 
Controls 1 372 6,935 5,201 645 1.00 
Controls 15 6,249 8,760 7,446 123,173 1.00 
Controls 77 64 2,860 2,431 2,130 1.00 
Total     131,794  

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit  1,576,691  257.18 

Lighting Controls  131,794  1.07 

Total 1,356,131 1,708,485 126% 258.25 

The project-level realization rate is 126%. For the lighting retrofit, the realization rate is 
high mainly because the verified lighting hours of operation (ranging from 2,860 to 
8,760), not accounting for the effect of lighting controls, are greater than those used to 
perform ex ante estimation (ranging from 800 to 8,760). For the lighting controls, the ex 
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ante savings estimation assumes a lesser impact on lighting hours than was measured 
and verified on-site.  
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Site State of California Gold Camp 
Address 3101 Gold Camp Drive, Rancho Cordova, CA 95670 
Project Number 8018337 

 

                   

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Gold Camp 
datacenter received incentives for the installation of two VFDs on existing chillers and 
for the installation of a waterside economizer. The realization rate for this project is 83% 
kWh and 101% kW. 

Project Description 
Gold Camp is a 150,000 ft2 data center with approximately 44,000 ft2 of actual data 
center floor space with an IT density of 40 W/ft2. In order to provide both IT and non-IT 
cooling to the facility, Gold Camp originally relied on three 575 ton constant speed 
chillers with an N+1 redundancy. In order to reduce the necessary cooling energy for 
the data center, the chillers were retrofitted with VFDs, allowing the chillers to modulate 
compressor speed thus matching the required cooling output more effectively.  
Gold Camp also installed a waterside economizer which allows the cooling towers to 
directly reject heat from the chilled water loop during periods of low wet-bulb 
temperature. This increase in heat rejection reduces loads on the chillers, while also 
reducing the overall lift temperature of the chilled water system. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation the VFDs on the chillers and the 
waterside economizer. ADM also collected site specific details about the facility, these 
details included but where not limited to: HVAC zone layouts, HVAC equipment 
nameplates, typical operating schedules, and temperature set-points.  
ADM used IPMVP Option D: Calibrated Simulation, to calculate the total savings due to 
the installed VFDs. eQuest was used to compile two building simulation models, one for 
the as-built conditions and one for the baseline conditions. The as-built model was 
calibrated using building characteristics, operating schedules and operational set-points 
obtained during ADMs site visit. Custom chiller curves were also created an inputted 
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into eQuest based on the provided manufacturer specifications for the Carrier chillers 
with and without the VFDs present. 
In order to produce the most accurate estimate of savings, ADM calibrated the Gold 
Camp as-built eQuest model using hourly interval data provided by SMUD. The annual 
consumption of the model was calibrated to within 10% of the normalized billing. Shown 
below are the results of the calibration effort put forth by ADM which compares the 
monthly energy billing data and the eQuest models consumption. 

Monthly Billing Data versus Energy Simulation 

 
The baseline model was obtained by taking removing the VFDs and waterside 
economizer in the as-built model and changing the fan control to constant speed. The 
kWh savings for the energy efficiency measures was calculated by subtracting the as-
built building energy consumption from that of the baseline building consumption. The 
savings by endues are show in the table below: 

Annual Savings by End-Use 

 
Lighting 

Misc. 
Equipment Heating Cooling 

Heat 
Rejection Pumps Fans Exterior Total 

Peak 
Kw. 

Baseline 506,179 16,053,982 0 1,672,840 143,724 644,286 1,130,259 105,202 20,256,471 2463.97 

As-Built 506,179 16,053,982 0 1,036,604 174,651 640,405 1,130,259 105,202 19,647,280 2,399.46 

Savings 0 0 0 636,236 -30,927 3,881 0 0 609,191 64.52 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

VFDs and WSE 738,227 609,191 83% 64.00 64.52 101% 

Total 738,227 609,191 83% 64.00 64.52 101% 

The low realization rate can be attributed to the chiller efficiencies used in the ex-ante 
temperature bin analysis. It was assumed that the baseline chillers had a full load 
efficiency of 0.70 kW per ton while when equipped with VFDs the full load efficiency is 
0.59 kW per ton.  The assumption that the full load efficiency increases with the addition 
of a VFD is erroneous as the VFD only improves the part load efficiency of the chiller.  
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Site Aref Sa 
Address Three Separate Buildings: 

1727 30th St., Sacramento, CA 95816 
1801 30th St., Sacramento, CA 95816 
1820 Alhambra Blvd., Sacramento, CA 95816 

Project Number 8018445 
 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Aref Sa received 
incentives from SMUD for installing a total of 35,846 sqft. of reflective window film at the 
three locations listed above.  The energy savings realization rate for this project is 21%. 

Project Description 
The customer installed 3M Affinity 15 reflective window film at the three locations listed 
above.  A total of 35,846 sqft. of window film was installed on East, West and South 
facing windows only.  The existing windows were double pane with a light green tint.  
The total quantity of film installed by location is as follows:  

 13,626 sqft. at 1727 30th St. 
 12,243 sqft. at 1801 30th St. 
 9,977 sqft. at 1820 Alhambra Blvd. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the window film at each location 
and gathered information through discussion with the site representative.  All ex ante 
project documentation was also reviewed. 
ADM calculated energy savings using the solar heat gain calculation described in the 
1997 ASHRAE Fundamentals Handbook (pg. 29.28).  Solar gain is equal to the shading 
coefficient multiplied by the solar heat gain factor. 

𝑞 = 𝑆𝐶 𝑥 𝑆𝐻𝐺𝐹 
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Where, 

𝑞 = 𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛 (
𝐵𝑡𝑢

ℎ ∙ 𝑓𝑡2
) 

𝑆𝐶 = 𝑠ℎ𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑒𝑛𝑡 

𝑆𝐻𝐺𝐹 = 𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (
𝐵𝑡𝑢

ℎ ∙ 𝑓𝑡2
)  

The SC for the post-retrofit condition was provided in the window film specification.  The 
DOE-2 Glass Library was used to lookup the SC for the baseline double pane, light 
green window.  SHGF values were obtained from Table 15 in the 1997 ASHRAE 
Fundamentals Handbook, interpolated for the Sacramento location.   
Solar gain was multiplied by the window areas, with East, West, and South orientations 
taken into consideration.  This result was then multiplied by Typical Meteorological Year 
3 (TMY3) cooling season bin hours, with the cutoff being 72.5 degrees Fahrenheit.  An 
assumed mechanical cooling equipment efficiency value of 1.2 kW/ton was also applied 
in the energy computation. 
Energy savings were computed as the difference in baseline and post-retrofit 
mechanical cooling energy needed to account for solar gain.   
A second analysis method involving eQUEST building simulation software was used for 
comparison, which yielded similar energy savings. 
Total savings were then compared to the claimed values, and realization rates were 
established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Window Film  494,718 102,691 21% 83 129.0 156% 

Total 494,718 102,691 21% 83 129.0 156% 

The project realization rate of 21% is likely due to the use of a deemed 14 kWh/ sqft. of 
installed window film annual savings value in the ex ante analysis.  The ex post analysis 
referenced ASHRAE SHGF tables, TMY3 weather data, and window orientation and 
properties specific to the project.   
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Site  Fry's Electronics 
Address 4100 Northgate Blvd. Sacramento, CA 95834 
Project Number 8018647 
 

  

Executive Summary 
Under project 8018647, Fry's Electronics received incentives from SMUD for retrofitting 
lighting in the interior of their facility and for installing a Menolinx control system.  The 
realization rate for this project is 102%. 

Project Description 
The customer retrofitted the following fixtures: 

 (548) MH fixtures with (285) MH fixtures, in the sales floor 
 (69) MH fixtures with (30) MH fixtures, in the stock room 

The Menolinx control system allows for lighting control and dimming from a remote 
location. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 
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HCIF = HVAC interactive factor 

Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

MH to MH @78% 548 285 455 268 3,285  634,869 1.12  
MH to MH@50% 548 285 455 172 1,825  408,678 1.12  
MH to MH@100% 548 285 455 344 1,235  208,906 1.12  
MH to MH @78% 69 30 294 150 3,285  58,001 1.12  
MH to MH@50% 69 30 294 96 1,825  35,510 1.12  
MH to MH@100% 69 30 294 192 1,235  20,057 1.12  
Total      1,345,529 1,366,021  102% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 1,345,529 1,366,021 102% 261.89 

Total 1,345,529 1,366,021 102% 261.89 

The project-level realization rate is 102%. For the lighting retrofit, the realization rate is 
high mainly because the HCIF applies (1.12) is greater than the HCIF used to perform 
ex ante estimation (1.00).  
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Site Teledyne 
Address 11361 Sunrise Park Drive, Rancho Cordova, CA 95742 
Project Number 8019263 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Teledyne received 
incentives from SMUD for an economizer retrofit affecting (14) rooftop package air 
conditioners.  The energy savings realization rate for this project is 87%. 

Project Description 
Teledyne is a company that specializes in high precision radar equipment that is placed 
on various aircraft in service within different branches of the U.S. Armed Forces.  The 
process is very energy intensive with multiple heating and cooling stages throughout 
creation of each piece.  This necessitates the need for multiple HVAC rooftop units on 
the building.  These units however were never fitted with economizers, and in order to 
take advantage of the free cooling hours available at their location, they outfitted (14) 
units serving the North Building with economizers to capture energy savings.  The area 
served by these units is an interior test bay area of approximately 140’ x 160’, equating 
to 22,400 sqft. 
A portion of the units already had economizers but no controls necessary for them to 
operate. The project added factory economizer damper sections to units without 
economizers and also added new Novar controls to get those and the existing 
economizers up and running.  Existing economizer damper linkages and actuators were 
repaired as necessary.  
The air conditioners affected by this project are as follows: 

Tag # 
Nominal 
Tonnage Tag # 

Nominal 
Tonnage Tag # 

Nominal 
Tonnage 

AC-14, 15, 17 20 AC-18 20 AC-20 7.5 

AC-29, 30, 35 20 AC-19 20 AC-22, 40 10 

AC-31 10 AC-16, 21 20   
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Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the economizers on (14) rooftop 
units.    Information was gathered via discussion with the facility’s site representative 
and photos, including operating schedules, temperature setpoints, internal space loads, 
economizer operation, and HVAC unit nameplates.  All ex ante project documentation 
was reviewed. 
ADM calculated energy savings using eQUEST building simulation software.  Two 
models, a baseline and a post-retrofit, were created of the interior space affected by the 
retrofit.  The only difference was the presence of an economizer  in the post-retrofit 
model.  Energy savings were computed as the difference in baseline and post-retrofit 
cooling end-use energy. 
Total savings were then compared to the claimed values, and realization rates were 
established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Economizer Retrofit 302,019 262,606 87% 0 1.25 - 

Total 302,019 262,606 87% 0 1.25 - 

The project realization rate of 87% is likely due to the variance in internal process heat 
loads inputted into the ex ante and ex post building models.  The value used in the ex 
post model was 3.0 Watts/sqft., while the ex ante’s is unknown.  A sensitivity analysis 
performed by ADM in eQUEST indicated that savings were quite sensitive to the 
internal process loads.   
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Site  SaveMart #607 
Address 1003 E. Bidwell 

Folsom, CA 95630 
Project Number 8019287 
 

  

Executive Summary 
Under project 8019287, SaveMart #607 received incentives from SMUD for installing 
floating head and suction pressure controls and anti-sweat heater (ASH) controls. The 
realization rate for this project is 86%. 

Project Description 
The customer installed Anti-Sweat (ASH) Controls for (88) glass doors and floating 
head and suction pressure controls for (150) hp of compressors. ASH controls cycle the 
refrigerated case door heaters to save energy when it isn’t necessary to have the 
heaters on. Before the installation of the ASH controls the heaters would operate 
continuously. The customer also installed controls on the refrigeration system serving 
the refrigerated cases, allowing both the suction and head pressures to float when 
maximum cooling is not necessary. The floating pressure controls allow the 
compressors to run at a higher efficiency on the lower range of their part load curve, as 
opposed to maintaining a constant pressure set point and temperature. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and installed monitoring equipment. ADM monitored a sample of 
ASH controls as well as outdoor air temperature and indoor air temperature. Using this 
data, two regressions were used which correlated the duty cycle of the ASH controllers 
to the indoor dew point while second regression correlated indoor air dew point to the 
outdoor air dew point. Typical year consumption for the anti sweat heater operation was 
then extrapolated to an entire year using TMY3 weather data for the Sacramento area. 
The baseline annual consumption is assumed to be the total demand of all the anti 
sweat hears multiplied by 8,760 hours. The annual savings due to the installation of the 
ASH controls is the difference between the baseline and as-built yearly energy 
consumption. 
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DEER DOE 2.2 refrigeration models were used to calculate the energy savings due to 
the installation of the floating head and suction pressure controls. Using DEER’s typical 
grocery store model with an evaporative cooled refrigeration condenser as a baseline 
model, the as-built model was created by adding floating head and pressure controls to 
the control strategy options. Both models where ran using TMY3 weather for the 
Sacramento area, in which the DEER annual savings was normalized to controlled 
horsepower, resulting in 417.33 kWh/Hp. The sites annual energy savings is the total 
controlled horsepower multiplied by the above savings value. 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

ASH Controls 116,448 93,036 80% 6.4 
Floating Head and 
Suction Pressures 64,324 62,600 97% 0 

Total 180,772 155,636 86% 6.4 

The project-level realization rate is 86%. One discrepancy in the ASH controls savings 
was that the total number of doors was (88). The ex ante calculations claimed (129) 
doors. The supporting calculations behind the ex ante deemed values were not 
provided in the project documentation, which inhibited a more detailed comparison for 
both measures. 
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Site  Food Maxx #464 
Address 3860 Florin Road 

Sacramento, CA 95823 
Project Number 8019311 
 

           

Executive Summary 
Under project 8019311, Food Maxx #464 received incentives from SMUD for installing 
floating head and suction pressure controls and anti-sweat heater (ASH) controls. The 
realization rate for this project is 90%. 

Project Description 
The customer installed Anti-Sweat (ASH) Controls for (126) glass doors and floating 
head and suction pressure controls for (233) hp of compressors. ASH controls cycle the 
refrigerated case door heaters to save energy when it isn’t necessary to have the 
heaters on. Before the installation of the ASH controls the heaters would operate 
continuously. The customer also installed controls on the refrigeration system serving 
the refrigerated cases, allowing both the suction and head pressures to float when 
maximum cooling is not necessary. The floating pressure controls allow the 
compressors to run at a higher efficiency on the lower range of their part load curve, as 
opposed to maintaining a constant pressure set point and temperature. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and installed monitoring equipment. ADM monitored a sample of 
ASH controls as well as outdoor air temperature and indoor air temperature. Using this 
data, two regressions were used which correlated the duty cycle of the ASH controllers 
to the indoor dew point while second regression correlated indoor air dew point to the 
outdoor air dew point. Typical year consumption for the anti sweat heater operation was 
then extrapolated to an entire year using TMY3 weather data for the Sacramento area. 
The baseline annual consumption is assumed to be the total demand of all the anti 
sweat hears multiplied by 8,760 hours. The annual savings due to the installation of the 
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ASH controls is the difference between the baseline and as-built yearly energy 
consumption. 
DEER DOE 2.2 refrigeration models were used to calculate the energy savings due to 
the installation of the floating head and suction pressure controls. Using DEER’s typical 
grocery store model with an evaporative cooled refrigeration condenser as a baseline 
model, the as-built model was created by adding floating head and pressure controls to 
the control strategy options. Both models where ran using TMY3 weather for the 
Sacramento area, in which the DEER annual savings was normalized to controlled 
horsepower, resulting in 417.33 kWh/Hp. The sites annual energy savings is the total 
controlled horsepower multiplied by the above savings value. 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

ASH Controls 113,860 133,211 117% 9.17 
Floating Head and 
Suction Pressures 140,801 97,239 69% 0 

Total 254,661 230,449 90% 9.17 

The project-level realization rate is 90%. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
  



 

Appendix A A-71 

Site Verizon Data 
Address 7901 Freeport Blvd, Sacramento, CA 95832 
Project Number 8019391 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Verizon received 
incentives from SMUD for installing temperature sensors and a control system to turn 
Computer Room Units (CRUs) off when not needed.  The energy savings realization 
rate for this project is x%. 

Project Description 
The customer installed temperature sensors and a control system to turn CRUs off 
when not needed.  There is approximately 75,000 square feet of raised floor data center 
served by the new control system.  This area is comprised of areas A, B, and C.  Actual 
observations show that a number of units are simply turned off, although a few may 
cycle on as needed.  This reduction in airflow allows Verizon to realize the savings 
which are occurring as a result of the airflow optimization.   
The customer has been gradually maximizing airflow effectiveness in the space with 
floor gaskets, blanking plates and replacing perforated floor tile to get air where it is 
needed.  This is a large data center with 87 CRU’s. 
A more detailed explanation of how the control system works was provided by the 
customer as follows: 
“DASH delivers dynamic management cooling infrastructure as well as technology for 
detailed thermal measurements and redundancy analysis. Wireless sensor modules are 
installed on data center racks to measure inlet air temperature and on CRUs to 
measure discharge and return air temperature. This information is collected in a central 
server and used by the DASH software to develop a relational model of the thermal 
condition in the data center. DASH uses this model to optimize the energy required to 
achieve a balanced thermal environment. This closed-loop control ensures that 
customer SLAs are met with the minimum energy required.” 
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Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the new control system and 
gathered information about system operation through discussion with the site 
representative and by taking photos.  Pre and post-retrofit fan power monitoring data for 
each of the CRUs was also obtained through SMUD.  All ex ante project documentation 
was also reviewed.   
ADM reviewed power monitoring data and calculations used in the ex ante analysis, and 
elected to approve that as a sufficient method of calculating savings.  Monitoring data 
for each of the 87 CRUs was provided, at one-minute intervals, for seven days, both pre 
and post retrofit.  Variables monitored included CRU return air temperature, discharge 
air temperature, airflow rate (CFM), and fan power (kW).  Average fan power over the 
monitoring period was calculated for each CRU, both pre and post-retrofit.  ADM looked 
at a sample of the CRU fan powers over the monitoring period, and noticed they looked 
constant for the most part.   
Energy savings were computed as the difference in pre and post-retrofit energy 
consumption, which was based on the demand reduction (or increase, in some cases) 
of each CRU, multiplied by the constant year round operating schedule (8760 annual 
hours).  Total savings were then compared to the claimed values, and realization rates 
were established.  For this particular site, the realization rate was nearly 100% because 
the ex ante and ex post analysis were the same. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Data Center CRU Controls  1,619,684 
    

1,643,015 99% 188 187.56 100% 

Total 1,619,684 1,643,015 99% 188 187.56 100% 
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Site
 

Vision Service Plan 
Address

 
3333 Quality Drive, Rancho Cordova, CA 95670 

Project Number
 

8019714 
 

                

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Vision Service Plan, 
VSP, received incentives for the installation of four new Computer Room Air Handlers, 
CRAHs, equipped with electrically commutated plug plans. The realization rates for this 
project are 42.0% kWh and 50.1% kW. 

Project Description 
VSP is a commercial office building which houses a small data center. Originally the 
data center used four typical CRAHs to provide the necessary cooling to the computer 
racks. These CRAHs consisted of standard centrifugal fans located in side of the unit 
itself. The drawback to this design is the location of the fans creates a high static 
pressure within the system thus increasing the required fan power. In order to decrease 
this energy use, VSP installed four new Liebert CRAH which utilize a new fan 
configuration, referred to as a plug fan. The plug fan design is able to save energy as 
the pressure drop of the fan system is reduced, thus reducing the necessary fan power. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of all four Liebert CRAHs. Pre and 
post trending data for the data center was acquired at a daily level. The trending data 
only included internal IT loads and the CRAHs. Using the provided trending data a multi 
variable linear regression was used to calculate annual energy consumption for both the 
pre and post CRAH configurations. The calculated variables used in the both the pre 
and post regression are shown in the table below: 

Coefficients for Regression Analysis 

Variable Pre Installation 
Coefficients 

Post Installation 
Coefficients 

mSunday 9,470.81 9,423.28 



 

Appendix A A-74 

mSaturday 9,779.78 9,655.67 

mFriday 9,801.82 9,657.26 

mThursday 9,809.31 9,644.84 

mWednesday 9,867.52 9,661.36 

mTuesday 9,695.58 9,539.64 

mMonday 9,414.15 9,351.29 

mTemp 5.80 0.84 

R2 0.9998 0.9997 

 
Using the regression coefficients in conjunction with TMY3 weather data, the typical 
annual consumption for both the pre and post CRAH configurations was determined. 
The annual savings is the difference between the annual consumption of the pre and 
post usage profiles.  

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

CRAH’s 369,892 155,210 42.0% 40.0 20.04 50.1% 

Total 369,892 155,210 42.0% 40.0 20.04 50.1% 

The low realization rate is due to the methodology used in the ex-ante trending analysis. 
The ex-ante analysis calculated the average daily use for both the pre and post CRAH 
configurations. No considerations were given to the outside air temperature or 
fluctuations in connected IT loads. Back of envelope calculations were also performed 
by ADM to ensure the reasonableness of the regression analysis. This was performed 
using Air Horsepower equations to determine the required power to move the required 
volume of air at 1.5” W.G. for the baseline CRAHs and 0.2” W.G. for the as-built 
CRAHs. Upon the extrapolation of the required power to 8,760 hours and assuming full 
load the annual savings would be 169,988 kWh. This value is within reason compared 
to the regression analysis, and also shows that the CRAHs are not always running at 
full load. 
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Site KOVR TV 13 
Address 14001 Whyse Lane, Walnut Grove, CA 
Project Number 8019735 

 
                        
 

 

 

 

 

 

 

Executive Summary 

Under SMUD’s Commercial Services Energy Efficiency Program, KOVR TV 13 received 
incentives from SMUD for installing a more energy efficient TV transmitter.  The energy 
savings realization rate for this project is 90%. 

Project Description 

In February 2010, television moved from analog to digital transmission for its Over-The-
Air (OTA) operations.  This required modifications to the existing television transmitters 
to broadcast in the new frequency range that was allotted for digital television.  Moving 
the transmission frequencies to the higher band required more power input (kW) in 
order to achieve the same Total Power Output (TPO) that was required by the FCC for 
that particular station.  At KOVR, this translated to roughly a 28 kW increase in input 
power needed to maintain the 58 kW TPO required of them by the FCC.   

Prior to installation of the new transmitter, KOVR operated with a TPO of 58 kW using a 
two-tube transmitter.  The digital transition caused some signal degradation at the outer 
edges of their broadcast zone.  The FCC asked KOVR to increase their TPO to 88 kW 
in order to strengthen their signal in areas it had become too weak.  To mitigate the 
energy cost increase, KOVR began looking into energy efficiency options for its 
transmitter.  They found their answer in a Multistage Depressed Collector Inductive 
Output Tube (MSDC IOT) that allows for a far more efficient use of the input power.  
The standard Klystron IOT tubes that KOVR was using had efficiencies between 30%-
40% where as the MSDC IOT operates at efficiencies between 50%-65%.  This allows a 
station to broadcast at their maximum TPO while consuming significantly less overall 
power. 
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Increasing the TPO to 88 kW could not be accomplished with their two-tube setup.  
KOVR decided to go the energy efficient route and installed the MSDC IOT’s in a new 
transmitter instead of installing one more Klystron in their existing transmitter. 

Measurement and Verification Effort 

During the M&V visit, ADM staff verified installation of the new transmitter and gathered 
information through discussion with the site representative and by taking photos.  ADM 
called the manufacturer of the transmitter (Harris) to learn more about its power 
requirements and IOT efficiencies.  All ex ante project documentation was also 
reviewed.  ADM also called the manufacturer of one of Harris’ competitors, Thomson, 
and was able to acquire the Thomson Microsoft Excel transmitter power calculator, 
which was used as the basis for the ex ante analysis. 

ADM calculated energy savings using the Thomson calculator and utility billing data.  
The Thomson calculator was used to confirm the ex ante’s projected baseline 
transmitter power, which was that of a 3-tube Klystron IOT.  The new 3-tube MSDC IOT 
transmitter power was taken from utility billing data, as the lowest monthly power for the 
year.  This was done to isolate the transmitter’s power from other smaller HVAC loads 
on the same meter, since during the winter, the HVAC loads are minimal.  The 
transmitter’s power remains relatively constant, as was seen in transmitter power output 
logs received from the customer.  Energy consumption was computed as the multiple of 
transmitter power and its year-round operating schedule (8760 hours). 

Energy savings were computed as the difference in baseline and post-retrofit energy 
consumption.  Total savings were then compared to the claimed values, and realization 
rates were established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

TV Transmitter  1,010,366 907,974 90% 117 103.65 89% 

Total 1,010,366 907,974 90% 117 103.65 89% 

The project realization rate of 90% is due to the ex ante analysis assuming a higher 
than actual transmitter efficiency (61%).  The customer was originally going to purchase 
a Thomson MSDC IOT transmitter, and the ex ante calculations were based on that 
product.  However, the actual transmitter purchased was made by Harris.  It uses only 
three unique stages of collection, rather than the Thomson’s five.  As a result, the 
efficiencies are a little less (55% vs. 61%), as well as the resultant annual energy 
savings. 
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Site State of CA Board of Equalization 
Address 450 N Street, Sacramento, CA 95814 
Project Number 8019749 

 
                        
 

 

 

 

 

 

 

Executive Summary 

Under SMUD’s Commercial Services Energy Efficiency Program, State of Ca BOE 
received incentives from SMUD for Chiller Plant efficiency upgrades, enhancing the air 
handling unit (AHU) sequence of operation, and retrofitting burners on the two main 
boilers.  The energy savings realization rate for this project is 40%. 

Project Description 

Chiller Plant efficiency upgrades were accomplished by installing variable frequency 
drives (VFDs) on the two centrifugal chillers, all condenser pumps and all chilled water 
pumps.  Control changes were also made to the Chiller Plant systems.  The systems 
are now controlled to maximize efficiency of the chillers, cooling tower, condenser water 
pumps and chilled water pumps based on the building’s cooling load using an enhanced 
sequence of operations in the new Tridium Control System.  Some highlights of this 
sequence are as follows: 

 Condenser water pump speed is a function of Chiller Plant load and wet bulb 
temperature. 

 Chilled water temperature is reset based on the Chiller Plant load- A low load 
results in warmer reset temperatures. 

 The new chiller VFDs result in a lower kW/ton usage with better part load 
performance. 

 Cooling tower fan speed modulates based on Chiller Plant load and outside wet 
bulb temperatures in order to optimize tower operation. 

 Installation of VFDs on pumps enables the opening of balance valves and 
reduces pumping head. 
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The implementation of advanced AHU sequences to control the primary building air 
handlers involved the following: 

 Controls set supply air delivery from the air handling units using new airflow 
stations.  

 Building demand is based on the airflow rates required by all VAV terminals in 
the building. 

 Supply fan speeds are set to maintain an airflow rate based on actual building 
demand- This is calculated from the airflow setpoints of all the VAV terminal 
units.  Matching the airflow to the VAV demand gives precise control of supply in 
response to demand and prevents the fans from speeding beyond the required 
loads of the building. 

 A trim and response program was implemented based on the average of the 20 
most open terminal boxes in the building- This makes the system adaptable and 
self correcting, thereby preventing over supplying or under supplying air to the 
building. 

 A trim and response program is used to maintain building pressure. 
 Supply air temperature reset was implemented by resetting chilled water supply 

temperature to optimize chiller efficiency required to maintain discharge air 
temperature. 

 Minimum outside air control:  The installed air flow measurement will sharpen the 
outside air control of the dampers to maintain minimum measured outside air 
quantities more precisely and to setpoint. 

 The economizer dampers (previously on pneumatic control) were upgraded with 
electronic actuators for more precise control. 

In addition, the burners on the two Main Penthouse Boilers were replaced with Low-Nox 
type burners.  The combustion fans on these new burners have VFDs. 

Measurement and Verification Effort 

During the M&V visit, ADM staff verified installation of the VFDs, took photos of the 
building exterior, mechanical equipment and nameplates, VFD LCD screen status’, 
building mechanical plans, energy management system (EMS) screenshots, building 
electric utility meters, and gathered information through discussion with the site 
representative, including occupancy rates, HVAC temperature setpoints, building 
operating schedule, and meter arrangement.  All ex ante project documentation was 
also reviewed. 

ADM calculated energy savings and peak demand reduction using an eQUEST whole 
building computer simulation.  The post-project building was first modeled and 
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calibrated to utility electric billing data, using time-specific weather data.  Then, the 
weather file was swapped out with typical meteorological year 3 (TMY3) weather data, 
and parametric runs were made to simulate the effect of the measures implemented.  
Energy savings were calculated as the difference in annual electricity consumption from 
the post-project simulation and each parametric run.  Savings were then compared to 
the ex ante’s claimed number and a realization rate was established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Optimize AHU Controls  158,699 0 0% 0 0 100% 
Chiller VFDs and Controls 
Upgrade 612,626 325,187 53% 163.82 105.14 64% 

Pump VFD Upgrade 235,127 72,975 31% 91.18 20.35 22% 
Boiler Low-Nox Burner 
Upgrade 8,114 8,114 100% 0 0 100% 

Total 1,014,566 406,276 40% 255.00 125.49 49% 

The project realization rate is 40%.  Although there were several activities performed as 
part of the AHU Control Optimization, none of them were thought to result in tangible 
energy savings.  There was a significant gap in ex ante and ex post savings for the 
Chiller VFDs and Controls Upgrade, as well as the Pump VFD Upgrade.  This gap is 
difficult to fully explain, although partial attempts can be made.  The ex ante analysis 
used Trane’s System Analyzer software to calculate Chiller VFDs and Controls Upgrade 
savings, and a bin spreadsheet approach for the Pump VFD Upgrade.  ADM used 
eQUEST throughout.  One questionable input to the ex ante model was a lighting power 
density (LPD) of 3.5 Watts/sqft.  ADM used a value of 1.5, which is more in-line with 
typical office building settings.  There was mention in the project documentation that a 
lighting retrofit had been implemented at the building, resulting in an estimated LDP of 
1.0.  An unrealistically high LPD results in inflated cooling loads and skews energy 
savings.  The ex ante miscellaneous equipment load input was also higher than ADMs, 
1.25 vs. 1.1 Watts/sqft., which would have a similar effect.  
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Site  Dollar Tree # 1202 
Address 7313 Greenback Lane 

Citrus Heights, CA 95621 
Project Number 8020036 
 

  

Executive Summary 
Under project 8020036, Dollar Tree # 1202 received incentives from SMUD for installing 
LED lighting in their refrigeration display cases and installing occupancy sensors to 
control the case lighting.  The realization rate for this project is 73%. 

Project Description 
The customer installed LED lighting for (12) doors and installed (12) ECM evaporator 
fan motors. The baselines are T8 fixtures and PSC motors.  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 9 9 58 29 8,760 2,848 3,430 1.50 120% 

T8 Fixtures to LED 
Fixtures 3 3 58 29 8,760 949 983 1.29 104% 

Total      3,797 4,413  116% 

 
The savings due to the installation of EC motors was determined by assuming the 
evaporator fans operate 24 hours continuously. Therefore, the annual savings is the 
difference in motor wattage multiplied by the annual hours of operation. ADM calculated 
the energy savings due to the electrically commutated motors installed on evaporator 
fans as follows: 

𝑘𝑊ℎ 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 =  
# ∗ (𝑊𝑏𝑎𝑠𝑒 − 𝑊𝑝𝑜𝑠𝑡) ∗ 𝐻𝑜𝑢𝑟𝑠 ∗ 𝐻𝐶𝐸𝐹

1,000
 

Where: 
kWhsavings = Annual energy savings 
# = Number of EC Motors 
Wbase = Baseline Wattage of Evaporator Fan Motor 
Wpost = As-Built Wattage of EC Motor 
Hours = Annual Hours of Operation 
HCEF = Heating/Cooling Energy Interactive Factor 
 

EC Fan Motor kWh Savings Calculations 

Cooler / Freezer Model 
Quantity 
(Motors) Wattage 

Hours 
Expected 
kWh 
Savings 

Realized 
kWh 
Savings 

HCEF  Realization 
Rate 

Base Post Base Post 

PTN052L6BE 2 2 136 44 8,760 1,648 1,742 1.086 106% 

PTN042H6AE 2 2 136 44 8,760 1,648 1,783 1.112 108% 

3RVCC30 3 3 47 5 8,760 2,472 1,199 1.086 49% 

4RVZC30 / 4RVZC30 9 9 47 9 8,760 7,417 3,330 1.112 45% 

Total 13,186 8,053  61% 
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Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 3,797 4,413 116% 0.50 

ECMs 13,186 8,053 61% 0.92 

Total 16,984 12,466 73% 1.42 

The project-level realization rate is 73%. For the LED lighting, the prescriptive savings 
used in the ex ante was less than the ex post calculations because the ex post used the 
actual product literature for the power consumption of the installed lights. For the EC 
motors, the prescriptive savings used in the ex ante was less than the ex post 
calculations for the walk-ins and greater than the ex post for the refrigerated cases. The 
supporting calculations behind the ex ante deemed values were not provided in the 
project documentation, which inhibited a more detailed comparison. 
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Site  Aerojet 
Address 4021 49th St, Sacramento, CA 95820 
Project Number 8020321 
 

Executive Summary 
Under project 8020321, Aerojet received incentives from SMUD for installing an energy 
management system (EMS) and occupancy sensors.  The realization rate for this 
project is 103%. 

Project Description 
The customer added EMS control over the following fixtures: 

 (112) 3L T8 fixtures in the 2019 1st floor area 
 (22) 2L PLC 18W fixtures in the 2019 1st floor area 
 (167) 3L T8 fixtures in the 2019 2nd floor area 
 (195) 3L T8 fixtures in the 2015a area 
 (36) 2L T8 fixtures in the 2015b area 
 (461) 2L T8LO fixtures in the 2015b area 
 (20) 8' 2L T8 fixtures in the 2015b area 
 (421) 2L T8 fixtures in the 2025 1st floor area 
 (45) 2L T8LO fixtures in the 2025 1st floor area 
 (498) 2L T8 fixtures in the 2025 2nd floor area 
 (23) 2L T8LO fixtures in the 2025 2nd floor area 

The customer added occupancy sensor controls for the following fixtures: 
 (127) 3L T8 fixtures in the 2019 1st floor area 
 (35) 2L T8 fixtures in the 2019 1st floor area 
 (112) 3L T8 fixtures in the 2019 2nd floor area 
 (11) 2L T8 fixtures in the 2019 2nd floor area 
 (68) 3L T8 fixtures in the 2015a area 
 (12) 2L T8 fixtures in the 2015a area 
 (166) 2L T8LO fixtures in the 2015b area 
 (34) 2L T8 fixtures in the 2015b area 
 (64) 2L T8 fixtures in the 2025 1st floor area 
 (102) 2L T8LO fixtures in the 2025 1st floor area 
 (51) 2L T8 fixtures in the 2025 2nd floor area 
 (101) 2L T8LO fixtures in the 2025 2nd floor area 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. The reduction of lighting operating hours 
associated with occupancy sensors is determined by multiplying the baseline hours by a 
Power Adjustment Factor of 0.7 (adapted from ASHRAE 90.1-1989). 
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Lighting control energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 

The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

EMS 2,000 63 8,760 2,730  822,293 1.08  
Occupancy 
Sensors 883 64 8,760 2,628  375,282 1.08  

Total     1,176,168.02 1,197,575  103% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Controls 1,159,464 1,197,575 103% 168.29 

Total 1,159,464 1,197,575 103% 168.29 

The project-level realization rate is 103%.  For the lighting controls, the realization is 
high mainly because the ex ante savings estimation assumes a lesser impact on lighting 
hours than was verified on-site. 
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Site  Safeway 
Address 1814 19th Street 

Sacramento, CA 95811 
Project Number 8020490 
 

       

Executive Summary 
Under project 8020490, Safeway received incentives from SMUD for installing LED 
lighting in their refrigeration display cases and installing occupancy sensors to control 
the case lighting.  The realization rate for this project is 129%. 

Project Description 
The customer installed LED lighting and occupancy sensors for (102) doors. The 
baseline is T8 fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 102 102 60 20 8,760 32,190 53,611 1.50 167% 

Total      32,190 53,611  167% 

 
The reduction of lighting operating hours associated with occupancy sensors is 
determined by multiplying the baseline hours by a Power Adjustment Factor of 0.7 
(adapted from ASHRAE 90.1-1989). 
Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 

The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

Controls 23 89 8,760 6,132 15,773 8,042 1.50 51% 
Total     15,773.07 8,042  51% 
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Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings 

Realized Peak 
kW Reduction Expected Realized Realization 

Rate 

Lighting Retrofit 32,190 53,611 167% 6.12 
Lighting Occupancy 
Sensors 15,773 8,042 51% 0.92 

Total 47,963 61,653 129% 7.04 

The project-level realization rate is 129%. The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
  



 

Appendix A A-88 

Site Wing Fung Tong 
Address 523 Broadway, Sacramento, CA 95818 
Project Number 8020789 

 

                        
 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, The Gasket Buy Inc 
received incentives from SMUD for an auto closer and strip curtains implemented at 
Wing Fung Tong. An auto closer and strip curtains were installed in a walk-in cooler to 
reduce infiltration. The realization rates for this project are 61% kWh and 169% kW. 

Project Description 
The customer installed an auto closer on a walk-in cooler door to reduce infiltration by 
insuring that the door fully closes. Before the auto closer was installed, the cooler was 
manually closed. The customer also installed strip curtains in the walk-in cooler to 
reduce infiltration when the door is open. There weren’t any curtains before the project 
was completed. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the auto closer and strip curtains. 
The ex post energy savings for the auto closer are deemed and were taken directly from 
DEER. The ex post energy savings for the strip curtains came from equations used in 
the 2006-2008 Direct Impact Evaluation Study ID: PUC0016.03. In Appendix E of the 
study, influential parameters and equations were given for strip curtains energy savings. 
The equations were used to determine the energy savings for the strip curtains per 
square foot. The energy savings per square foot were multiplied by the area of the 
installed strip curtains to obtain total kWh savings for the strip curtains. The peak 
savings are 0 because the door isn’t open during the peak. Total ex post savings for 
both measures were then compared to the ex ante values, and realization rates were 
established. 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Strip Curtains 
          

3,503  
    

1,664.40  48% 
           

0.07                 -    0% 

Auto Closer 
             

968  
    

1,080.32  112% 
           

0.05  
           

0.19  403% 

Total 
          

4,471  
    

2,744.72  61% 0.1146 0.190478 169% 

 
The project realization rates are 61% kWh and 169% kW. The strip curtains realization 
rates are 48% kWh and 0% kW. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 161.53 kWh and 0.003 kW per square foot of curtains, 
compared to the ex post using equations and parameters found in 2006-2008 Direct 
Impact Evaluation Study ID: PUC0016.03. The auto closer realization rates are 112% 
kWh and 403% kW. This is due to the ex ante analysis methodology using a 
prescriptive energy savings of 982 kWh and 0.048 kW per closer, compared to the ex 
post using DEER values. The supporting calculations behind the ex ante deemed 
values were not provided in the project documentation, which inhibited a more detailed 
comparison. 
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Site Aerojet 
Address Highway 50 and Aerojet Road, Rancho Cordova, CA 

95670 
Project Number 8020938 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Aerojet received 
incentives from SMUD for installing VFDs on eleven of their groundwater extraction well 
pumps.  The energy savings realization rate for this project is 66%. 

Project Description 
 The customer installed VFDs on eleven of their groundwater extraction wells to reduce 
the speed of the pumps to precisely control the water flow to meet design flow of the 
treatment process.  Extraction well sites include 4140, 4210, 4675, 4630, 4718, 4719, 
4680, 4685, 4655, 4355, and 4726.  All well pumps operate 24/7 as required by the 
United States Environmental Protection Agency, with a 10% down time for system 
maintenance. 
The customer previously used inline butterfly valves as throttling valves to control the 
extraction well pump flows.  The throttling valves were adjusted to maintain the 
designed flow rates for the treatment equipment.  The throttling valves placed a 
restriction in the pipe to reduce flow, which causes a pressure increase on the pump, 
increasing energy consumption.   
The new VFDs are manually adjusted as needed to meet flow rates determined by 
geologists.  The required flow rates can and do change. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of a sample of the VFDs and took 
one-time field measurements including frequency, power, and flow rate.  Details about 
how the pumps are operated and the system they support were discussed with the site 
representative.  ADM also requested and obtained SMUD meter numbers and flow rate 
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data for several of the pumps.  The meter numbers were used to obtain pump power 
data from SMUD.  All ex ante project documentation was reviewed. 
ADM calculated post-retrofit pump energy consumption using flow rate data received 
from Aerojet and one-time field measurements.  Since the pumps are manually 
controlled, with no feedback control, flow rate ranges were established from plots of the 
data.  There was anywhere from two to five ranges observed for each pump.  Pump 
affinity laws were used with one-time measurements to compute pump power for the 
average flow within each flow range.  The percentage of time the pumps operate in 
each range was then calculated and multiplied by the 24/7 year-round operating 
schedule and associated power to determine energy consumption. 
Baseline pump power requirements were computed using the 60 Hz pump curves, as a 
function of flow rate.  
Energy savings were computed as the difference in baseline and post-retrofit pump 
energy consumption. 
Total savings were then compared to the claimed values, and realization rates were 
established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Process VFDs 976,945 644,418 66% 126 82.30 65% 

Total 976,945 644,418 66% 126 82.30 65% 

The project realization rate of 66% is due to the ex ante calculations being based on two 
data points for each pump, one representing baseline pump operation, and the other 
representing post-retrofit operation.  Furthermore, the post-retrofit data point assumed 
each pump operates within the 40-50 Hz frequency.   
ADM’s calculation referenced nine months worth of one-day interval flow rate data, 
which provided a more accurate history of pump operation.  In many cases, pumps 
were off longer than had been assumed in the ex ante analysis, and/or operating at a 
higher frequency.  Of course, savings diminish as the pump frequency approaches full 
speed (60Hz) and there may even be more energy consumed as a result of drive 
losses.  
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Site Consumnes River 
Address 8401 Center Pkwy, Sacramento, CA 95823 
Project Number 8020999 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at 
Consumnes River College. Plug load occupancy sensors were installed in classrooms, 
computer labs, and offices to reduce plug loads during unoccupied periods. The 
realization rate for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 590 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that less than 100 
were still in use. The college had removed the sensors from the computer labs because 
they were having issues. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
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the computer monitor and speaker modes references Lawrence Berkeley National 
Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 0.86 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 191,935 7,606 4% 0 0.86 N/A 

Total 191,935 7,606 4% 0 0.86 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. The LBNL study was used to estimate 
equipment usage, and the monitored data was used to develop a load profile for the 
different space types. The facility uses PC power management software, and the 
monitors were turning off or were put in “sleep mode” before the plug load occupancy 
sensors completely removed residual power. The average LCD monitor draw is 1.38 
Watts, while speakers draw 4.12 Watts when left on. If it is assumed that in the baseline 
case all equipment was left in these modes for 8,760 hours the maximum savings when 
power is completely cut from the items due to the occupancy sensors would be 8,883 
kWh.  

It should be noted that during ADM’s site visit, the computer labs/classrooms only had 
monitors plugged in, and the offices only had monitors and computer speakers plugged 
in.  If additional equipment (such as chargers, printers or other devices that continually 
draw power when plugged in) were incorporated into the plug load occupancy sensor 
device, the realized savings would have been greater.  
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Site Cardinal Glass 
Address 680 Industrial Dr., Galt, CA 95632 
Project Number 8021076 

 
 

           

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Cardinal Glass 
received incentives for the replacement if diffusion vacuum pumps with turbo molecular 
vacuum pumps, installation of VFDs on blowers, cooling tower fans and condenser 
water pumps. The realization rate for this project is 107%. 

Project Description 
Cardinal Glass is a glass coating facility that applies low-e coating to window glass and 
also tempers glass for safety applications. The facility operates its low –e line 24 hours 
per day five days per week, while tempering occurs 16 hours per day five days per 
week.  Both processes are very energy intensive as a multitude of vacuum pumps, 
blowers and cooling systems are required for the process. The tempering process 
requires the glass to be heated then rapidly cooled in order to quench the surface of the 
glass. The quenching process is accomplished through the use of four blowers; two 300 
Hp, one 250 hp, and one 100 Hp. Originally the required air flow was modulated through 
the use of inlet guide veins, his control method is inefficient as it restricts the flow of the 
fan. In order to reduce the blower energy consumption, VFDs were installed on all four 
blowers. The addition of the VFDs allows the fans’ speed to be modulated causing the 
power consumption to follow the affinity law. 
The low-e coating process involved the sputtering of metals in a vacuum onto the 
surface of the class. In order to accomplish this, Cardinal Glass utilizes 18 
vacuum/sputtering zones each of which require six vacuum pumps. Originally 108 
diffusion pumps were used to provide a vacuum of 10-6 atmospheres for the process. 
The diffusion pumps rely on a set of electric heating coils to vaporize oil which creates a 
high speed jet of vapor to direct gas molecule through the exhaust of the pump. Each of 
the 108 original diffusions pumps had a demand of 9 kW for a total demand of 972 kW. 
Cardinal Glass replaced 84 of the diffusion pumps with turbo molecular pumps which do 
not rely on electric resistive heating. Instead the pumps rely on a series of high speed 
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rotor and stator pairs to push the gas molecules out of the vacuum chamber. The 
installed molecular pumps only require a demand of 0.4 kW. 
As a part of the diffusion pump process the outer vessel of the pump requires cooling. 
This is accomplished through a cooling tower loop which supplies 77oF to each of the 
diffusion pumps. Originally both the cooling tower pumps and fans were constant speed, 
in which the pumps operated continuously with the tower fans cycling on and off. In 
order to reduce the energy consumption of the cooling water system, VFDs were 
installed on both the pumps and tower fans. The pumps are now operated at a reduced 
frequency, while the six tower fans modulate with load and outdoor wet bulb 
temperature. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the VFDs and turbo molecular 
pumps. In order to calculate the energy savings for the collective of energy efficiency 
measures, ADM obtained gross monthly production data for 2011 and 2012 along with 
corresponding billing data. Due to the claimed energy savings being upwards of 33% of 
the annual facility’s energy consumption, ADM used billing analysis to calculate the 
annual energy savings. A correlation was determined between the square feet of glass 
produced and the consumed kWh for both the pre and post installation conditions. The 
following table summarizes this effort: 

Annual Energy Savings Billing Analysis 

Month 
Gross Production 

SqFt 
kWh kWh/SqFt 

Average 
kWh/SqFt 

Jan-11 2,751,953.28 2,380,000 0.8648 

0.8567 

Feb-11 1,811,402.47 2,170,000 1.1980 

Mar-11 2,777,444.30 2,310,000 0.8317 

Apr-11 2,641,933.45 2,282,000 0.8638 

May-11 2,606,997.40 1,988,000 0.7626 

Jun-11 2,968,963.61 2,506,000 0.8441 

Jul-11 2,570,957.70 2,296,000 0.8931 

Aug-11 2,891,363.99 2,338,000 0.8086 

Sep-11 2,858,480.05 2,212,000 0.7738 

Oct-11 2,920,445.75 2,282,000 0.7814 

Nov-11 2,760,131.86 2,212,000 0.8014 

Dec-11 1,974,101.95 2,156,000 1.0921 Project 
Underway Jan-12 2,813,658.96 1,988,000 0.7066 

Feb-12 2,392,080.05 1,680,000 0.7023 

0.5796 

Mar-12 2,784,827.66 1,680,000 0.6033 

Apr-12 2,892,549.61 1,666,000 0.5760 

May-12 3,184,911.09 1,829,545 0.5744 

Jun-12 3,284,419.57 1,800,263 0.5481 

Jul-12 3,207,065.62 1,720,555 0.5365 
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Aug-12 3,124,660.95 1,728,376 0.5531 

Sep-12 3,151,072.29 1,710,698 0.5429 
 

 
Annual 

Production 
Average 

kWh/SqFt Annual kWh 
Baseline 36,032,380 0.8567 30,867,304 

As-Built 36,032,380 0.5796 20,883,628 

Savings 9,372,768 

Peak kW reduction due to the implementation of the energy efficiency measures was 
also calculated through the use of billing analysis. The results of this analysis can be 
seen in the table below: 

Peak kW Reduction Billing Analysis 

Month 
Gross 

Production SqFt 
kW Hours 

Average 
SqFt/Hr 

kW/SqFt 
Average 
kW/SqFt 

Jan-11 2,751,953.28 5,712.00 744 3,698.86 1.5443 

1.6006 

Feb-11 1,811,402.47 5,782.00 672 2,695.54 2.1450 

Mar-11 2,777,444.30 6,118.00 744 3,733.12 1.6388 

Apr-11 2,641,933.45 6,048.00 720 3,669.35 1.6482 

May-11 2,606,997.40 5,768.00 744 3,504.03 1.6461 

Jun-11 2,968,963.61 5,908.00 720 4,123.56 1.4327 

Jul-11 2,570,957.70 5,866.00 744 3,455.59 1.6975 

Aug-11 2,891,363.99 5,684.00 744 3,886.24 1.4626 

Sep-11 2,858,480.05 5,726.00 720 3,970.11 1.4423 

Oct-11 2,920,445.75 5,656.00 744 3,925.33 1.4409 

Nov-11 2,760,131.86 5,782.00 720 3,833.52 1.5083 

Dec-11 1,974,101.95 5,978.00 744 2,653.36 2.2530 Project 
Underway Jan-12 2,813,658.96 5,782.00 744 3,781.80 1.5289 

Feb-12 2,392,080.05 5,068.00 696 3,436.90 1.4746 

1.2323 

Mar-12 2,784,827.66 5,236.00 744 3,743.05 1.3989 

Apr-12 2,892,549.61 4,942.00 720 4,017.43 1.2301 

May-12 3,184,911.09 4,956.00 744 4,280.79 1.1577 

Jun-12 3,284,419.57 4,970.00 720 4,561.69 1.0895 

Jul-12 3,207,065.62 4,984.00 744 4,310.57 1.1562 

Aug-12 3,124,660.95 5,040.00 744 4,199.81 1.2001 

Sep-12 3,151,072.29 5,040.00 720 4,376.49 1.1516 
 

 

Typical 
Hourly 

Production 
kW/SqFt Peak kW 

Baseline 4,115.84 1.6006 6,587.89 

As-Built 4,115.84 1.2323 5,072.11 

Reduction 1,515.78 
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
VFDs and Turbo Molecular 

Pumps 9,372,768 9,983,677 107% 1,171 1,516 129% 

Total 9,372,768 9,983,677 107% 1,171 1,516 129% 

It should be noted that the original application also claimed savings for the repiping of 
the DP cooling loop. However, it was determined that this was not cost effective and 
only contributed to less than 1% of the overall claimed savings. 
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Site Sacramento City 
Address 3835 Freeport Blvd, Sacramento, CA 95822 
Project Number 8021080 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at 
Sacramento City College. Plug load occupancy sensors were installed in classrooms, 
computer labs, and offices to reduce plug loads during unoccupied periods. The 
realization rate for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 1,150 plug load occupancy sensors 
had been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that less than 150 
were still in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 1.68 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 374,111 14,824 4% 0 1.68 N/A 

Total 374,111 14,824 4% 0 1.68 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 17,314 kWh.  
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Site Folsom Lake 
Address 10 College Pkwy, Sacramento, CA 95630 
Project Number 8021082 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at Folsom 
Lake College. Plug load occupancy sensors were installed in classrooms, computer 
labs, and offices to reduce plug loads during unoccupied periods. The realization rate 
for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 550 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that all 550 were still 
in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 0.8 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 178,923 7,090 4% 0 0.8 N/A 

Total 178,923 7,090 4% 0 0.8 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 8,281 kWh.  
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Site American River 
Address 3835 Freeport Blvd, Sacramento, CA 95822 
Project Number 8021081 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at American 
River College. Plug load occupancy sensors were installed in classrooms, computer 
labs, and offices to reduce plug loads during unoccupied periods. The realization rate 
for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 1150 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that not all of the 
devices were still in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 1.68 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 374,111 14,824 4% 0 1.68 N/A 

Total 374,111 14,824 4% 0 1.68 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 17,314 kWh.  
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Site Sutter Health 
Address 2801 L Street, Sacramento, CA 95814 
Project Number 8021175 

 
                        
 

 

 

 

 

 

 

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Sutter Health received 
incentives from SMUD for installing a total of 12,049 sqft. of reflective window film.  The 
energy savings realization rate for this project is 11%. 

Project Description 
The customer installed Panorama Slate 20 and 30 reflective window film as tabled 
below.  The existing windows were double pane with a light green tint.   

Qty. 
Windows Description 

Film 
Applied 

Total 
sqft. 

110 East facing windows & south entrance 1st 
floor 

Slate 30 3,921 

269 East, south, west facing windows 2nd floor Slate 20 2,502 
276 All windows 4th floor Slate 20 2,855 
251 East, south, west facing windows 3rd floor Slate 20 2,771 
 12,049 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified installation of the window film and gathered 
information through discussion with the site representative.  All ex ante project 
documentation was also reviewed. 
ADM calculated energy savings using the solar heat gain calculation described in the 
1997 ASHRAE Fundamentals Handbook (pg. 29.28).  Solar gain is equal to the shading 
coefficient multiplied by the solar heat gain factor. 
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𝑞 = 𝑆𝐶 𝑥 𝑆𝐻𝐺𝐹 

Where, 

𝑞 = 𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛 (
𝐵𝑡𝑢

ℎ ∙ 𝑓𝑡2
) 

𝑆𝐶 = 𝑠ℎ𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑒𝑛𝑡 

𝑆𝐻𝐺𝐹 = 𝑠𝑜𝑙𝑎𝑟 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (
𝐵𝑡𝑢

ℎ ∙ 𝑓𝑡2
)  

The SC’s for the post-retrofit condition were provided in the window film specification.  
The DOE-2 Glass Library was used to lookup the SC for the baseline double pane, light 
green windows.  SHGF values were obtained from Table 15 in the 1997 ASHRAE 
Fundamentals Handbook, interpolated for the Sacramento location.   
Solar gain was multiplied by window areas, with orientations taken into consideration.  
This result was then multiplied by Typical Meteorological Year 3 (TMY3) cooling season 
bin hours, with the cutoff being 72.5 degrees Fahrenheit.  An assumed mechanical 
cooling equipment efficiency value of 1.2 kW/ton was also applied in the energy 
computation. 
Energy savings were computed as the difference in baseline and post-retrofit 
mechanical cooling energy needed to account for solar gain.  Total savings were then 
compared to the claimed values, and realization rates were established. 

Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 

Window Film  166,291 18,791 11% 28 18.7 66.9% 

Total 166,291 18,791 11% 28 18.7 66.9% 

The project realization rate of 11% is likely due to the use of a deemed 14 kWh/ sqft. of 
installed window film annual savings value in the ex ante analysis.  The ex post analysis 
referenced ASHRAE SHGF tables, TMY3 weather data, and window orientation and 
properties specific to the project.   
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Site American River #2 
Address 3835 Freeport Blvd, Sacramento, CA 95822 
Project Number 8021245 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at American 
River College. Plug load occupancy sensors were installed in classrooms, computer 
labs, and offices to reduce plug loads during unoccupied periods. The realization rate 
for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 1150 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that not all of the 
devices were still in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 1.68 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 374,111 14,824 4% 0 1.68 N/A 

Total 374,111 14,824 4% 0 1.68 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 17,314 kWh.  
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Site American River #3 
Address 3835 Freeport Blvd, Sacramento, CA 95822 
Project Number 8021266 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at American 
River College. Plug load occupancy sensors were installed in classrooms, computer 
labs, and offices to reduce plug loads during unoccupied periods. The realization rate 
for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 500 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that not all of the 
devices were still in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 0.73 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 162,657 6,445 4% 0 0.74 N/A 

Total 162,657 6,445 4% 0 0.74 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 7,528 kWh.  
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Site  Safeway 1794 
Address 1150 Prairie City Road 

Folsom, CA 95630 
Project Number 8021331 
 

       

Executive Summary 
Under project 8021331, Safeway 1794 received incentives from SMUD for installing 
LED lighting in their refrigeration display cases and installing occupancy sensors to 
control the case lighting.  The realization rate for this project is 132%. 

Project Description 
The customer installed LED lighting and occupancy sensors for (117) doors and 
installed LED lighting without occupancy sensors for (12) doors. The baseline is T8 
fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 117 117 60 20 8,760 36,929 61,495 1.50 167% 

T8 Fixtures to LED 
Fixtures 12 12 60 20 8,760 3,156 6,307 1.50 200% 

Total      40,086 67,802  169% 

 
The reduction of lighting operating hours associated with occupancy sensors is 
determined by multiplying the baseline hours by a Power Adjustment Factor of 0.7 
(adapted from ASHRAE 90.1-1989). 
Lighting occupancy sensor energy savings are calculated as: 

   


Area

builtasbasesavings
ttNWHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of occupancy sensors 

W = Wattage controlled by each occupancy sensor 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 

The table shown below presents expected and realized energy savings for the lighting 
controls installed under the project. 

Lighting Controls Savings Calculations 

Measure Quantity Controlled 
Wattage 

Hours Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New 

Controls 24 98 8,760 6,132 18,095 9,224 1.50 51% 
Total     18,095 9,224  51% 
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Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings 

Realized Peak 
kW Reduction Expected Realized Realization 

Rate 

Lighting Retrofit 40,086 67,802 169% 7.74 
Lighting Occupancy 
Sensors 18,095 9,224 51% 1.05 

Total 58,181 77,027 132% 8.79 

The project-level realization rate is 132%. The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
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Site Safeway #1746 
Address 10635 Folsom Boulevard, Rancho Cordova, CA 95670 
Project Number 8021422 

  

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, Safeway #1746 
received incentives for the installation of 15 feet of high efficiency multi deck 
refrigeration cases with LED lighting (6 doors), and eight (8) EC motors. The realization 
rate for this project is 29%. 

Project Description 
Safeway #1746 is a grocery store that replaced some its existing refrigeration cases 
with high efficiency cases. The existing cases also utilized T8 fixtures to light their 
contents. The new energy efficient cases are equipped with: energy efficient doors, high 
efficiency evaporator fans and LED display lights. The addition of the energy efficient 
doors will significantly reduce the infiltration and exfiltration loads experienced by the 
case thus reducing the load on the compressors. The addition of the LED lights not only 
saves on lighting energy but also reduces the heat introduced into the refrigerated case 
thus, reducing energy on the compressors also. Two (2) new cases had a total of six (6) 
EC motors. A third new case also had two (2) EC motors. EC motors are much more 
efficient than standard shaded pole or PSC motors. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified the installation of the new Hussmann cases, 
along with the LED case lights and EC motors. ADM also collected site specific details 
about the facility’s refrigeration equipment, these details included but where not limited 
to: type of condenser, temperature of refrigerated cases, and typical lighting operation 
schedules.  
ADM used DEER’s eQuest refrigeration models to calculate the annual savings due to 
the new cases. DEER’s refrigeration model was used as the base model in which 
changes in the input file were made to allow the model to more closely reflect an actual 
store’s refrigeration system. The baseline model utilized Hussmann DM cases for the 
medium temperature fixtures in which the default fan and lighting load were adjusted to 
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match the provided manufacturer specifications. The savings for the installation of the 
new cases was calculated by changing the Hussmann DM cases to multi deck cases 
with doors resulting in an increase in fan efficiency and a reduction in infiltration loads. 
The savings for the efficient cases is the difference between the baseline models annual 
consumption and the high efficiency case model’s annual consumption.  
 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 
kWhsavings = Annual energy savings 
N = Number of fixtures 
W = Wattage of each fixture 
t = Lighting operating hours 
HCIF = HVAC interactive factor 

 
The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 
Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 
kWh 
Savings 

Realized 
kWh 
Savings 

Heating 
Cooling 
Interaction 
Factor 

Realization 
Rate 

Old New Old New 

T8 Fixtures to LED 
Fixtures 

6 6 60 22 6,935 2,827 2,372 1.50 84% 

Total      2,827 2,372  84% 

 
The savings due to the installation of EC motors was determined by assuming the 
evaporator fans operate 24 hours continuously. Therefore, the annual savings is the 
difference in motor wattage multiplied by the annual hours of operation. ADM calculated 
the energy savings due to the electrically commutated motors installed on evaporator 
fans as follows: 

𝑘𝑊ℎ 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 =  
# ∗ (𝑊𝑏𝑎𝑠𝑒 − 𝑊𝑝𝑜𝑠𝑡) ∗ 𝐻𝑜𝑢𝑟𝑠 ∗ 𝐻𝐶𝐸𝐹

1,000
 

Where: 
kWhsavings = Annual energy savings 
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# = Number of EC Motors 
Wbase = Baseline Wattage of Evaporator Fan Motor 
Wpost = As-Built Wattage of EC Motor 
Hours = Annual Hours of Operation 
HCEF = Heating/Cooling Energy Interactive Factor 
 
EC Fan Motor kWh Savings Calculations 

Cooler / Freezer 
Model 

Quantity (Motors) Wattage 
Hours 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 
HCEF Realization 

Rate 
Base Post Base Post 

RL-3 3 3 47 12 8760 2472 1022 1.112 41% 

RL-3 3 3 47 12 8760 2472 1022 1.112 41% 

D5X-6LEPU 2 2 47 12 8760 1648 666 1.086 40% 

Total 6,593 2,711  41% 

 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 2,827 2,372 84% 0.34 

ECMs 6,593 2,711 41% 0.31 

New Cases 18,363 3,072 17% 2.45 

Total 27,783 8,155 29% 3.10 

The project-level realization rate is 29%. The difference in annual savings can be 
attributed to the ex-ante calculations using prescriptive methods to calculate savings. A 
prescriptive methodology does not take into account site specific details as it uses 
typical inputs to calculate its savings. The supporting calculations behind the ex ante 
deemed values were not provided in the project documentation, which inhibited a more 
detailed comparison. 
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Site Consumnes River College #2 
Address 8401 Center Pkwy, Sacramento, CA 95823 
Project Number 8021501 

 

      

Executive Summary 
Under SMUD’s Commercial Services Energy Efficiency Program, IPAN LED, Inc 
received incentives from SMUD for plug load occupancy sensors installed at 
Consumnes River College. Plug load occupancy sensors were installed in classrooms, 
computer labs, and offices to reduce plug loads during unoccupied periods. The 
realization rate for this project is 4%. 

Project Description 
The customer installed plug load occupancy sensors to reduce unnecessary plug loads 
in classrooms, computer labs, and offices when areas become unoccupied. Before the 
plug load occupancy sensors were installed, computer monitors would either go into 
sleep mode or be turned off, and computer speakers in offices would either be left on or 
turned off when areas became unoccupied. The purpose of the plug load occupancy 
sensors is to reduce the phantom plug loads, which occur when electronics are plugged 
in and are in the off position. 

Measurement and Verification Effort 
During the M&V process, ADM staff verified that 590 plug load occupancy sensors had 
been purchased and installed through provided invoices. During the site visit, it was 
determined through verification and interviews with the site contact that less than 100 
were still in use. 
The ex post energy savings for the plug load occupancy sensors were derived from on 
site observations and monitored data. Monitoring data was used to determine the 
average week occupancy profiles and the modes that computer monitors were in before 
being turned off by plug load occupancy sensors.  
It was determined that the computer monitors would either be in “sleep mode” or off. It 
was also determined that some of the computers had external speakers in which the 
two modes experienced were on with no sound or off. Average power consumption for 
the computer monitor and speaker modes references Lawrence Berkeley National 
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Laboratory’s (LBNL) Standby Power Summary Table. Average weekly profiles were 
extrapolated to one year and disaggregated by two space types which included: offices, 
and classrooms/computer labs. Holidays, breaks, and other reduced occupancy periods 
were accounted for in the average year profiles by reducing the typical weekly 
occupancy profiles during these periods. An example of a typical school week’s 
occupancy profile for a classroom/computer lab is shown below: 

Typical Classroom/Computer Lab Occupancy Profile 

 
The ex post calculations summed the hourly energy savings when the plug load 
occupancy sensors were enabled. The hourly energy savings was the product of the 
percent of each hour that the plug load occupancy sensors were enabled and the 
corresponding mode power consumption for the computer monitors and speakers. The 
percent enabled comes from the unoccupied times in the occupancy profiles. Total ex 
post kWh savings for the project was then compared to the ex ante values, and a 
realization rate was established. 
 

𝐴𝑛𝑛𝑢𝑎𝑙  𝑘𝑊ℎ =  ∑ 𝑚𝑜𝑑𝑒 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ×
% 𝑒𝑛𝑎𝑏𝑙𝑒𝑑

ℎ𝑜𝑢𝑟
 

8760

𝑖=1

 

 
The peak savings were calculated to be 0.86 kW. The ex ante savings assumed that the 
peak savings were 0, so a realization rate was undefined.  
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Results 

Verified Gross Savings/Realization Rates 

Measure Category 

kWh Savings kW Savings 

Expected Realized 
Realization 

Rate Expected Realized 
Realization 

Rate 
Plug Load Occupancy 
Sensor 191,935 7,606 4% 0 0.87 N/A 

Total 191,935 7,606 4% 0 0.87 N/A 

The project realization rate is 4%. This is due to the ex ante analysis methodology using 
a prescriptive energy savings of 330 kWh and 0 kW per plug load occupancy sensor, 
compared to the ex post using occupancy profiles derived from monitoring data, and 
power consumption parameters found in a LBNL study. The supporting calculations 
behind the ex ante deemed values were not provided in the project documentation, 
which inhibited a more detailed comparison. However, from on site observations and 
monitored data, it was determined that the only devices that contribute to the energy 
savings are computer monitors and speakers. Since the facility has enabled the “sleep 
mode” on all of its computers the average LCD monitor draw is 1.38 Watts, while 
speakers draw 4.12 Watts when left on. If it is assumed that in the baseline case all 
equipment was left in these modes for 8,760 hours the maximum savings when power 
is completely cut from the items due to the occupancy sensors would be 8,883 kWh.  
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Site  Air Resources Board 
Address 1001 I Street, Sacramento, CA 95812 
Project Number 8020890 
 

  

Executive Summary 
Under project 8020890, Air Resources Board received incentives from SMUD for 
installing PC Management Software on the computers throughout their facility.  The 
realization rate for this project is 97%. 

Project Description 
The customer retrofitted (1,649) Computers with PC Power Management Software. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation and baseline conditions. 
A series of questions were asked to determine a computer operation usage profile. 
These data were used to calculate energy savings. 
PC Management Software energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of Computer Systems 

W = Wattage of each Computer 

t = Computer operating hours (old – new) 

HCIF = HVAC interactive factor 

 
The table shown below presents expected and realized energy savings for the PC 
Management Software installed under the project. 
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PC Management Software Savings Calculations 

Measure 
Hours Wattage 

Quantity 
(Computer) 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

 
Computer Software 

 
2,739 

                          
1,479   

                
114  

                 
114   

            
1,649 

           
270,030  

         
261,863  

               
1.11  

 
97% 

Total      270,030 261,863  97% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Computer Software            270,030           261,863  97%         44.06  

Total 270,030 261,863 97%         44.06  

The project-level realization rate is 97%. For the PC Management Software, the 
realization rate is low mainly because the number of computers verified as being 
controlled by the software (1,649) is less than those used to perform ex ante estimation 
(1,712). 
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Site  Dept of Pesticide Reg. 
Address 1001 I Street, Sacramento, CA 95814 
Project Number 8019446 
 

  

Executive Summary 
Under project 8019446, Department of Pesticide Reg. received incentives from SMUD 
for installing PC Management Software on the computers of their facility.  The 
realization rate for this project is 95%. 

Project Description 
The customer retrofitted (333) Computers with PC Power Management Software. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation and baseline conditions. 
A series of questions were asked to determine a computer operation usage profile. 
These data were used to calculate energy savings. 
PC Management Software energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of Computer Systems 

W = Wattage of each Computer System 

t = Computer operating hours (old – new) 

HCIF = HVAC interactive factor 

 
The table shown below presents expected and realized energy savings for the PC 
Management Software installed under the project. 
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PC Management Software Savings Calculations 

Measure 
Hours Wattage 

Quantity 
(Computer) 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

Computer Software  
2,739 

                             
1,479 

                
114  

                 
114  

             
333 

             
55,678  

           
52,881  

               
1.11  

 
95% 

Total      55,678 52,881 1.11 95% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Computer Software 55,678 52,881 95% 8.90 

Total 55,678 52,881 95% 8.90 

The project-level realization rate is 95%. For the PC Management Software installed on 
the office computers, the realization rate is low mainly because the number of verified 
computers (333) is less than those used to perform ex ante estimation (353). 
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Site  Downtown Plaza Parking Garage 
Address 312 K Street, Sacramento, CA 95814 
Project Number 8020052 
 

  

Executive Summary 
Under project 8020052, Downtown Plaza Parking Garage received incentives from 
SMUD for retrofitting lighting in the interior and exterior of their facility.  The realization 
rate for this project is 97%. 

Project Description 
The customer retrofitted the following fixtures: 

 (610) 100W MH fixtures with (610) Bi-level LED fixtures  
 (72) 100W MH fixtures with (72) 70W LED fixtures  
 (48) 4' 2-lamp T12 fixtures with (48) 4' 2-lamp T8 fixtures  
 (4) 2' 2-lamp T12 fixtures with (4) 2' 2-lamp T8 fixtures  
 (4) 250W MH fixtures with (4) 110W LED fixtures  
 (14) 250W single pole lamp fixtures with (14) 110W single pole lamp fixtures  
 (11) 250W twin pole lamp fixtures with (11) 220W twin pole lamp fixtures  
 (1) 175W MH fixture with (1) 90W LED fixture  

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 
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N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
 

The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Realized 

kWh 
Savings 

Heating 
Cooling 

Interaction 
Factor Old New Old New 

100W MH to Bi -
level High 610  610  128  69  8,760  315,272 1.00 

100W MH to Bi -
level low 

                             
183  

                
183  

                      
69  

                 
25  

               
2,628  36,582 1.00 

100W MH to 70W 
LED 72  72  128  70  8,760  11,353 1.00 

4' 2L T12 to 4' 2L 
T8 48  48  72  45  8,760  806 1.00 

2' 2L T12 to 2' 2L 
T8  4  4  56  33  8,760  3,190 1.00 

250W MH to 110W 
LED 4  4  295  110  4,311 11,165 1.00 

250W Single Pole 
Lamp to 110W 
Single pole lamp 

14  14  295  110  4,311 7,113 1.00 

250W Twin Pole 
Lamp to 220W Twin 
Pole Lamp 

11  11  590  440  4,311 539 1.00 

175W MH to 90W 
LED 1  1  215  90  4,311 21,161 1.00 

Total      407,181  

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 419,608 407,181 97% 42.12 

Total 419,608 407,181 97% 42.12 

The project-level realization rate is 97%.  For the lighting retrofit, the realization rate is 
low mainly because the ex-ante pre-fixture wattages were higher than those used in ex-
post calculations.   
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Site  Dry Creek Elemt Dist 
Address 9707 Cook Riolo Road, Roseville, CA 95747  
Project Number 8019660 
 

  

Executive Summary 
Under project 8019660, Dry Creek Elementary School District received incentives from 
SMUD for installing PC Management Software on the computers in some of the 
classrooms and offices in their facility.  The realization rate for this project is 102%. 

Project Description 
The customer installed (900) Computers with PC Power Management Software. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation and baseline conditions. 
A series of questions were asked to determine a computer operation usage profile. Data 
available for this site includes a three month sample of computer usage, which was 
used to determine the amount of hours that the computers operated under the new PC 
Management Software. Detailed computer data was also available, including computer 
model numbers for all computers using the new software. These data were used to 
calculate energy savings. 
PC Management Software energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of Computer Systems 

W = Wattage of each Computer 

t = Computer operating hours (old – new) 
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HCIF = HVAC interactive factor 

 
The table shown below presents expected and realized energy savings for the PC 
Management Software installed under the project. 

PC Management Software Savings Calculations 

Measure 
Hours Wattage 

Quantity 
(Computer) 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

Computer Software  
1,440 

                             
133 

                
114  

 
114                   

               
900   

           
141,955  

         
144,261  

               
1.08  

 
102% 

Total      141,955 144,261 1.08 102% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Computer Software            141,955           144,261  102% 19.05 

Total            141,955           144,261  102% 19.05 

The project-level realization rate is 102%, which indicates a highly accurate ex ante 
savings estimation. 
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Site  Office of Fleet Administration Management Lot 14 
Address 1301 P Street, Sacramento, CA 95814 
Project Number 8019015 
 

  

Executive Summary 
Under project 8019015, Office of Fleet Administration Management Lot 14 received 
incentives from SMUD for retrofitting lighting in the interior of their facility.  The 
realization rate for this project is 109%. 

Project Description 
The customer retrofitted (150) 175W Metal Halide fixtures with (150) 100W Induction 
fixtures. 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation, baseline and post-
retrofit connected load, and determined the lighting operating schedule. These data 
were used to calculate energy savings. 
Lighting retrofit energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of fixtures 

W = Wattage of each fixture 

t = Lighting operating hours 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the lighting 
retrofit installed under the project. 

Lighting Retrofit Savings Calculations 

Measure 

Quantity 
(Fixtures) Wattage 

Hours 
Expected 

kWh 
Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

175W MH to 100W 
Induction fixtures 150 150 215 111 8,760 125,648 136,656 1.00 109% 

Total      125,648 136,656  109% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Lighting Retrofit 125,648 136,656 109% 15.60 

Total 125,648 136,656 109% 15.60 

The project-level realization rate is 109%.  The realization rate is high because, for the 
baseline metal halide fixtures, the wattage used for ex post estimation (215W) is greater 
than the wattage used for ex ante estimation (208W).  
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Site  San Juan District 
Address 3738 Walnut Avenue, Carmichael, CA 95608 
Project Number 8021114 and 8021570 
 

  

Executive Summary 
Under projects 8021114 and 8021570, San Juan District received incentives from 
SMUD for installing PC Management Software on the computers of their facility.  The 
realization rates for these projects are both 92%. 

Project Description 
The customer installed the following equipment: 

 (4,998) Computers with PC Power Management Software (Project 802114) 
 (3,370) Computers with PC Power Management Software (Project 8021570) 

Measurement and Verification Effort 
During the M&V visit, ADM staff verified equipment installation and baseline conditions. 
A series of questions were asked to determine a computer operation usage profile. 
These data were used to calculate energy savings. 
PC Management Software energy savings are calculated as: 

   


Area

builtasbuiltasbasebasesavings
WNWNtHCIFkWh 1000/

 
Where: 

kWhsavings = Annual energy savings 

N = Number of Computer Systems 

W = Wattage of each Computer 

t = Computer operating hours (old – new) 

HCIF = HVAC interactive factor 
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The table shown below presents expected and realized energy savings for the PC 
Management Software installed under both projects. 

PC Management Software Savings Calculations 

Measure 
Hours Wattage 

Quantity 
(Computer) 

Expected 
kWh 

Savings 

Realized 
kWh 

Savings 

Heating 
Cooling 

Interaction 
Factor 

Realization 
Rate 

Old New Old New 

 
Computer Software 

 
2,492 

                         
1,346  

                
114  

                 
114  

            
4,998 

           
788,325  

         
722,045  

               
1.11  92% 

 
Computer Software 

 
2,492 

                          
1,346 

                
114  

                 
114 

            
3,370 

           
531,543  

         
486,853  

               
1.11  92% 

Total      1,319,868 1,208,899 - 92% 

Results 

Verified Gross Savings/Realization Rates By Measure 

Measure Category 
kWh Savings Realized Peak 

kW Reduction Expected Realized Realization 
Rate 

Computer Software 788,325 722,045 92% 144.05 
 
Computer Software 531,543 486,853 92% 97.13 

Total 1,319,868 1,208,899 92% 241.18 

The project-level realization rates for projects 8021114 and 8021570 are both 92%. The 
realization rates are low mainly because the verified computer hours of operation are 
less (2,492) than those used in ex ante calculations (2,739). The difference lies in the 
space type; a large office space was used for ex ante calculations whereas the ADM 
site visit determined the space type to be a small office. While this is a school district 
and school deemed DEER hours may seem appropriate, further investigation of this site 
showed the facility to have mostly support staff office buildings.  
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Appendix B: Questionnaire for Decision Maker Survey 
 

1.         Compared to all other factors, how important is energy efficiency as a factor in 
planning your operations for this facility? (READ) Is it… 
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Don’t know 

2. Which of the following policies or procedures does your organization have in 
place regarding energy efficiency improvements at this facility? (READ) Is it.. 
(Check all that are mentioned.) 
  An energy management plan  

2a. (If YES), Does your energy management plan have numerical goals? 
 Yes    2b. (IF YES) What are the goals? _________________________  
 No 
 Don’t know 

 A Staff member responsible for energy and energy efficiency 
 Corporate Policies that incorporate energy efficiency in operations and 

procurement  
 Any Others, such as active training of staff or something else. 

3. How does your organization decide to make energy efficiency improvements for 
this facility? Is the decision (READ ALL. CAN BE MULTIPLE RESPONSE):  
 Made by one or two key people? 
   3a.  What are their titles?   _______________________________________  
 Based on staff recommendations to a decision maker?  
    3b. What is that decision maker's title?   ____________________________  
 Made by a group or committee?  
    3c.  What is the group or committee name?   ________________________  
 Made in some other way? 

     3d.  How are energy efficiency improvement decisions made?   __________  
     ___________________________________________________________  
     ___________________________________________________________  

4. What are the sources your organization relies on for information about energy 
efficient equipment, materials and design features? Please answer yes or no for 
each one. (READ EACH; YES, NO, OR DK FOR EACH) 
 
 A SMUD Energy Specialist 
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 A SMUD Account Representative 
 The SMUD website 
 Brochures or advertisements 
 Trade associations or business groups you belong to 
 Trade journals or magazines 
 Friends and colleagues 
 An architect, engineer or energy consultant 
 Equipment vendors or building contractors 
 Any others IF YES: What other sources? 

__________________________________ 

4a.  Which sources are your top three?  (READ LIST AGAIN ONLY IF NEEDED 
TO PROMPT.  OK IF FEWER THAN THREE) 

For each of the following, tell me if it is “very important,” “somewhat important,” 
“only slightly important,” or “not important at all” for your decision making 
regarding energy efficiency improvements.  

5. incentive payments from SMUD?  
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Don't know (DON'T READ) 

6. past experience with energy efficient equipment? 
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Don't know (DON'T READ) 

7. your organization’s policies?  
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Don't know (DON'T READ) 

8. advice and/or recommendations received from SMUD? 
 Very important 
 Somewhat important 
 Only slightly important 
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 Not important at all 
 Don't know (DON'T READ) 

9. advice and/or recommendations from equipment vendors? 
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Don't know (DON'T READ) 

10. Which financial methods does your organization typically use to evaluate energy 
efficiency improvements for your facility? (READ ALL.  YES, NO OR DK FOR 
EACH.)  (CAN BE MULTIPLE RESPONSES)  
 Initial Cost 
 Simple payback   (Go to question 10.a) 
 Internal rate of return  (Go to question 10.b) 
 Life cycle cost   (Go to question 10.c) 
 Other (Please Explain)    _____________________________ (Go to 
question 13) 
 Don't know   (Go to question 11) 

 10.a  What payback length of time do you normally require in order  
  to consider an energy investment cost effective? 
    Years  (Go to question 11.) 

 10.b   What rate of return do you normally require in order to consider an 
energy 
  investment cost effective?  %  
  (Expect answers 10 to 30 %.)   (Go to question 11.) 

 10.c  What discount rate do you normally use in determining the life-cycle 
costs  
  of various equipment options? %  
  (Expect answers 3 to 30 %.) (Go to question 11.) 

11. When you have to replace equipment at this facility, how often do you try to 
purchase energy efficient equipment? (READ)  Would you say… 
 Always 
 Usually  
 Sometimes  
 Occasionally  
 Never  
 Don't know (DON'T READ) 
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12. Before you knew about Commercial Energy Efficiency and/or Rebate Programs, 
had you purchased and installed any energy efficient equipment at this facility? 
 Yes 
 No 
 Don't know (DON'T READ) 

13. Has your organization purchased any energy efficient equipment in the last three 
years for which you did not apply for a financial incentive through the 
Commercial Energy Efficiency Program?  (IF RESPONDENT SAYS, “No” 
CLARIFY IF “No equipment purchased” OR IF “No, have applied for financial 
incentives.”) 
 Yes, Purchased energy efficient equipment but did not apply for financial 
incentive.   
 
IF YES: 13a. Why didn’t you apply for a financial incentive on that equipment? 

 (DO NOT READ LIST.  PROMPT IF NECESSARY) 
 Didn’t know whether equipment qualified for financial incentives 
 Didn’t know about financial incentives until after equipment was 

purchased 
 Didn’t have time to complete paperwork for financial incentive application 
 Paperwork for the financial incentive application was too much 
 Financial incentive wasn’t enough to bother with 
 Other 1  (Specify) ___________________________________  
 Other 2  (Specify) ___________________________________  

 No, Applied for financial incentives on all of the energy efficient equipment 
purchased. 

 IF NO: 13b.  Did you receive all of your incentives?  
   Yes 
   No 
   Don’t know 
 Has NOT purchased equipment 
 Don’t know  (DO NOT READ) 

 

14. Before participating in the Commercial Energy Efficiency Program, had you 
installed any equipment or measure similar to [Rebated Equipment/Measure] at 
your facility? 
 Yes  
 No 

15. Did you have plans to implement the equipment or measure before participating 
in the program?  
 No 
 Yes  
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  If Yes: 15a  Would you have gone ahead with this planned installation even 
if you had not participated in the program?      
  Yes   

   No 
16. Did the installation of [Equipment/Measure] replace old equipment or was it a 

new installation? 
 Replaced old equipment 
 New installation 

  Both, some replaced old equipment and some was a new installation 
  Don’t know 
 

17. How important was previous experience with the SMUD Commercial Energy 
Efficiency Program in making your decision to install the energy efficient 
equipment or measures implemented through the program? Is it… (READ LIST)  
 Very important 
 Somewhat important 
 Only slightly important 
 Not important at all 
 Or you did not have previous experience with the program 
 Don't know (DON'T READ) 

 
18. In your previous program experience, did a SMUD Energy Specialist or Program 

Representative recommend that you install [Equipment/Measure]? 
 Yes 
 No 

  Don’t know 

  If Yes: 18a If the Commercial Energy Efficiency Program representative 
had not recommended that you implement the equipment or measures, how 
likely is it that you would have installed this equipment anyway? You… 
(READ LIST) 
    Definitely would have  
    Probably would have  
    Probably would not have  
    Definitely would not have  
    Don't know (DON'T READ) 

19. Did a SMUD Energy Specialist or Program Representative recommend that you 
implement the equipment or measures implemented through this program? 

  Yes 
 No 

  Don’t know 
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  If Yes: 19a If the Commercial Energy Efficiency Program representative 
had not recommended that you implement the equipment or measures, how 
likely is it that you would have installed this equipment anyway? You… 
(READ LIST) 
    Definitely would have  
    Probably would have  
    Probably would not have  
    Definitely would not have  
    Don't know (DON'T READ) 

20. Would you have been financially able to implement the energy efficient 
equipment or measures implemented through the program without the financial 
incentive from the Commercial Energy Efficiency Program? 
 Yes  
 No 
 Don’t know 

21. If the financial incentive from the Commercial Energy Efficiency Program had not 
been available, how likely is it that you would have implemented the energy 
efficient equipment or measures anyway?  You… (READ LIST) 
 Definitely would have  
 Probably would have  
 Probably would not have  
 Definitely would not have  
 Don't know (DON'T READ) 

22. How did the availability of information and financial incentives through the 
Commercial Energy Efficiency Program affect the quantity (or number of units) of 
energy efficient equipment or measures that you purchased and implemented? 
Did you purchase and implement more energy efficient equipment or measures 
than you otherwise would have without the program?  
 Yes 
    IF YES: 22b How much more?   _____________________ 
 No, Did not affect quantity purchased and installed 

23. How did the availability of information and financial incentives through the 
Commercial Energy Efficiency Program affect the level of energy efficiency you 
chose for the equipment or measures you implemented? Did you choose 
equipment that was more energy efficient than you otherwise would have chosen 
because of the program? 
 Yes 

  IF YES: 23b How much more efficient? (could be expressed in different ways.  
Ask for percentage: e.g., 10% more efficient)  _____________________ 
 No, program did not affect level of efficiency that we chose for equipment 
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24. How did the availability of information and financial incentives through the 
Commercial Energy Efficiency Program affect the timing of your purchase and 
implementation of the equipment or measures?  Did you purchase and 
implement the equipment or measures earlier than you otherwise would have 
without the program? 
 Yes 
 
IF YES: 24a When would you otherwise have installed the equipment? 
(READ IF NEEDED) 
  In less than 6 months later  
 In 6-12 months later  
 In 1-2 years later 
 In 3-5 years later 
 In more than 5 years later    

 No, did not affect timing of purchase and installation 

25. [WILL NOT ASK FOR EXPRESS] Was there an open bidding process for 
choosing a vendor who did your installation, or did you only offer it to one firm?  

  Bidding process (go to Q25a) 
  One firm (go to Q25a) 
  Self installed/No vendor used (go to Q26) 
  Don't know (go to Q25a)  

25a. Did more than one vendor promote the program? 
  Yes 
  No  
  Don't know  
25b.  Did you select a firm that promoted the program? 
  Yes (go to Q26) 
  No (go to Q25c) 
  Don't know (go to Q26) 
25c.  Did you tell the firm about the program? 
  Yes  
  No  
  Don't know 

 
26. [WILL NOT ASK FOR EXPRESS] Did the vendor/contractor you learned of the 

program from install the measures?  
   Yes (go to Q26a) 
  No (go to Q27) 
  Don't know (go to Q27) 

26a.  Had you previously worked with this vendor/contractor?  
  Yes 
  No  
  Don't know  
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26b.  Did the fact that the energy efficiency program was part of the project 
influence your decision on what vendor/contractor to use?  
  No 
  Yes  
  Don't know  

27.      Did the implementation of the energy efficient equipment go smoothly?  
  No, Explain_________________________  
  For the most part, Explain______________  
  Yes 
  Don't know 
 
28.   Did the energy efficiency measure meet your expectation? 
  No, Explain_________________________  
  For the most part, Explain______________  
  Yes 
  Exceeded my expectations 
  Don't know 
  
29.       [WILL NOT ASK FOR EXPRESS] Do you feel you got a quality installation? 
  No, Explain_________________________  
  For the most part, Explain______________  
  Yes 
  Don't know 
 
30.      Did the incentive agreement that you received meet your expectations? 
  No, Explain_________________________  
  Yes 
  Don't know 
 
31.    [WILL NOT ASK FOR EXPRESS] Did anyone from SMUD come to your facility to 

do a pre-inspection?  
  No (go to Q32)  
  Yes (go to Q31a) 
  Don't know (go to Q31) 

31a. Who performed the inspection?  
31b. What did the pre-inspection consist of? 
31c. Did anything change in the design as a result of the pre-inspection? 

   No 
   Yes, Explain______________  
   Don't know  
 
32.    [WILL NOT ASK FOR EXPRESS] Did anyone from SMUD come to your facility to 

do a post-inspection?  
  No (go to Q33)  
  Yes (go to Q32a) 
  Don't know (go to Q33) 
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32a. Who performed the inspection?  
32b. What did the post-inspection consist of? 
32c. Did anything change in the incentive amount as a result of the post-

inspection? 
   No 
   Yes, Explain______________  
   Don't know  
 
33.     Did you provide SMUD copies of purchase orders and invoices that document the 

final costs or did the vendor/contractor? 
  Someone within firm 
  Vendor/Contractor 
  Someone else (specify)_______________ 
  Don't know 
 
34.     Were there any issues getting the paperwork approved?  
  No  
  Yes, Explain_________________________ 
  Don't know 
 
35.    Were there any issues receiving the incentive check?   
  No  
  Yes, Explain_________________________ 
  Don't know 
36.    Was the incentive check the amount you expected? 
  No, Explain_________________________  
  Yes 
  Don't know 

37. How did you learn of the Commercial Energy Efficiency or Rebate Program? 
(READ.  MULTIPLE OKAY) 
 Approached directly by SMUD Energy Specialist or Account Representative 
of Commercial Energy Efficiency Program 
 Received an information brochure on the Commercial Energy Efficiency 
Program 
 A SMUD representative mentioned it 
   The SMUD website 
 Friends or colleagues (i.e., word of mouth) 
 An architect, engineer or energy consultant 
 An equipment vendor or building contractor 
 Past experience with the program 
 Or some other way (please explain) 
__________________________________ 

38. When did you learn of the Commercial Energy Efficiency or Rebate Program? 
(READ. ONE ONLY) 
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 Before planning for replacing the equipment began 
 During your planning to replace the equipment  
 Once equipment had been specified but not yet installed 
 After equipment was installed 
 Some other time (When?  _____) 

  Don't know (Don't Read) 

39. Has your experience with the Commercial Energy Efficiency or Rebate Program 
led you to buy any energy efficient equipment? 
 Yes 
 
If Yes: What type of equipment including quantity?   ____________________    

 No  
 Don’t know (DON’T READ) 
 
39A. What was the approximate cost of this additional equipment? 
 
39A. Did you apply for or receive a rebate from SMUD for this additional 

equipment?  
 Yes 
 No  
 Don’t know (DON’T READ) 
 
39B. How important was information received from SMUD or a program 

representative to your decision to implement this additional energy 
efficient equipment? 

    Very important 
  Somewhat important 
  Neither important nor unimportant 

    Somewhat unimportant 
    Unimportant 
    Don’t know 
 

40. Given your experience with the Commercial Energy Efficiency Program, would 
you buy energy efficient equipment in the future even if financial incentives for 
such equipment were not being offered through the Commercial Energy 
Efficiency Program? 
 Yes 
 No  
 Don’t know (DON’T READ) 
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41. On a scale of 1 to 5, where “5” is very satisfied and “1” is very dissatisfied, and a 
3 is neither satisfied nor dissatisfied, how would you rate your satisfaction with 
the following?  

 

 
1 

Very 
Dissatisfied 

2 3 4 
5 

Very 
Satisfied 

Don’t know 
or no 

answer 
A. Performance 

of the 
equipment 
installed 

      

B. Savings on 
your monthly 
bill 

      

C. Incentive 
amount       

D. The effort 
required for 
the application 
process 

      

E. Information 
provided by 
your 
contractor 

      

F. Quality of the 
work 
conducted by 
your 
contractor 

      

G. Information 
provided by 
SMUD 
Account 
Representativ
e 

      

H. Overall 
program 
experience 

      

I. The elapsed 
time until you 
received the 
incentive 

      

 

42. ASK FOR EACH IF ANSWERED 1 or 2 FOR ANY ASPECT IN QUESTION 40: 

Why were you dissatisfied with this aspect(s) of the program? 
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43. That concludes my questions.  Do you have any other comments that you would 
like me to relay to SMUD about energy efficiency in commercial and industrial 
facilities or about their programs? 
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Appendix C: Decision Maker Survey Responses 
As part of the evaluation work effort, a survey was administered to a sample of decision 
makers for facilities that received incentives under the SMUD Commercial Energy 
Efficiency Program.  That survey provided the information used in Chapter 3 to estimate 
free ridership for projects in the program. However, the survey also provided more 
general information pertaining to the making of decisions to improve energy efficiency 
by program participants. 

Each participant was interviewed using the survey instrument provided in Appendix B.  
The interviews were conducted by telephone.  During the interview, a participant was 
asked questions about (1) his or her general decision making regarding purchasing and 
installing energy efficient equipment, (2) his or her knowledge of and satisfaction with 
the Commercial Energy Efficiency Program, and (3) the influence that the Commercial 
Energy Efficiency Program had on his or her decision to install energy efficiency 
measures (e.g., lighting measures, HVAC measures,). 

The following tabulations summarize SMUD customer survey responses. Section C.1 
displays the 2010 participant responses and section C.2 displays the 2011 participant 
responses. Three columns of data are presented.  The first column presents the number 
of survey respondents (n).  The second column presents the percentage of survey 
respondents (n).  The third column shows the percentage of total program realized 
gross energy savings represented by the respondents. 
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C.1 2010 Participant Survey Responses 
 
  

Response (n=33) 
Percent of 

Respondents 
Compared to all other factors, how 
important is energy efficiency as a factor 
in planning your operations for this 
facility?  

Very important 27 82% 

Somewhat important 6 18% 

Only slightly important 0 0% 

Not important at all 0 0% 

Don't know 0 0% 
 

     

Response (n=29) 
Percent of 

Respondents 
Which of the following policies or 
procedures does your organization have 
in place regarding energy efficiency 
improvements at this facility?  

An energy management plan 12 41% 

A Staff member responsible for 
energy and energy efficiency 15 52% 

Corporate Policies that 
incorporate energy efficiency in 
operations and procurement 14 48% 

Any Others, such as active training 
of staff or something else. 11 38% 

* Customer could make multiple responses.  The percentages are based on the number of respondents rather than 
the number of responses.  Thus, the total exceeds 100%. 
  
 

     

Response (n=12) 
Percent of 

Respondents 
Does your energy management plan 
have numerical goals? 

Yes 8 67% 

No 4 33% 

Don't know 0 0% 
 

     

Response (n=33) 
Percent of 

Respondents 
How does your organization decide to 
make energy efficiency improvements 
for this facility?  

Made by one or two key people? 24 73% 

Based on staff recommendations 
to a decision maker? 5 15% 

Made by a group or committee? 6 18% 

Made in some other way? 1 3% 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than 
the number of responses.  Thus, the total exceeds 100%. 
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Response (n=33) 
Percent of 

Respondents 
What are the sources your organization 
relies on for information about energy 
efficient equipment, materials and 
design features?  

A SMUD Energy Specialist 6 18% 

A SMUD Account Representative 12 36% 

The SMUD website 3 9% 

Brochures or advertisements 3 9% 

Trade associations or business 
groups you belong to 1 3% 

Trade journals or magazines 2 6% 

Friends and colleagues 0 0% 

An architect, engineer or energy 
consultant 2 6% 

Equipment vendors or building 
contractors 11 33% 

Other sources (describe) 15 45% 

Don't know 2 6% 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
  
 

     

Response (n=8) 
Percent of 

Respondents 
Which three of the sources the you 
mentioned would you say are the most 
important? 

A SMUD Energy Specialist 0 0% 

A SMUD Account Representative 3 38% 

The SMUD website 0 0% 

Brochures or advertisements 0 0% 

Trade associations or business 
groups you belong to 0 0% 

Trade journals or magazines 0 0% 

Friends and colleagues 0 0% 

An architect, engineer or energy 
consultant 0 0% 

Equipment vendors or building 
contractors 0 0% 

Other sources (describe) 2 25% 

Don't know 3 38% 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
  
 

   

  Response (n=33) 
Percent of 

Respondents 
How important are incentive payments Very important 28 85% 
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from SMUD for your decision making 
regarding energy efficiency 
improvements? 

Somewhat important 3 9% 

Neutral 0 0% 

Only slightly important 1 3% 

Not important at all 1 3% 

Don't know 0 0% 
 

   

  Response (n=33) 
Percent of 

Respondents 
How important is past experience with 
energy efficient equipment for your 
decision making regarding energy 
efficiency improvements? 

Very important 18 55% 

Somewhat important 12 36% 

Neutral 0 0% 

Only slightly important 1 3% 

Not important at all 1 3% 

Don't know 1 3% 
 

   

  Response (n=33) 
Percent of 

Respondents 
How important are your organization's 
policies for your decision making 
regarding energy efficiency 
improvements? 

Very important 20 61% 

Somewhat important 10 30% 

Neutral 1 3% 

Only slightly important 0 0% 

Not important at all 1 3% 

Don't know 1 3% 
 

   

  Response (n=33) 
Percent of 

Respondents 
How important is advice and/or 
recommendations received from SMUD 
for your decision making regarding 
energy efficiency improvements? 

Very important 22 67% 

Somewhat important 11 33% 

Neutral 0 0% 

Only slightly important 0 0% 

Not important at all 0 0% 

Don't know 0 0% 
 

   

  Response (n=33) 
Percent of 

Respondents 
How important is advice and/or 
recommendations from equipment 
vendors for your decision making 
regarding energy efficiency 
improvements? 

Very important 15 45% 

Somewhat important 13 39% 

Neutral 0 0% 

Only slightly important 4 12% 

Not important at all 0 0% 

Don't know 1 3% 
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Response (n=32) 
Percent of 

Respondents 
Which financial methods does your 
organization typically use to evaluate 
energy efficiency improvements for your 
facility?  

Initial Cost 11 34% 

Simple payback 13 41% 

Internal rate of return 14 44% 

Life cycle cost 13 41% 

Other (Please explain) 1 3% 

Don't know 1 3% 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
  
 

   

  
(n=9) 

What payback length of time do you 
normally require in order to consider an 
energy investment cost effective? (in 
years) 

Average (years)   3.4 

 
   

  
(n=6) 

What rate of return do you normally 
require in order to consider an energy 
investment cost effective? (Percentage) 

Average (percentage)   27% 

 
   

  
(n=5) 

What discount rate do you normally use 
in determining the life-cycle costs of 
various equipment options? 
(Percentage) 

Average (percentage)   20% 

 
   

  Response (n=33) 
Percent of 

Respondents 
When you have to replace equipment at 
this facility, how often do you try to 
purchase energy efficient equipment? 

Always 26 79% 

Usually 3 9% 

Sometimes 3 9% 

Occasionally 1 3% 

Never 0 0% 

Don't know 0 0% 
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  Response (n=32) 
Percent of 

Respondents 
Before you knew about the Commercial 
Energy Efficiency Program, had you 
purchased and installed any energy 
efficient equipment at this facility? 

Yes 20 63% 

No 11 34% 

Don't know 0 0% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Has your organization purchased any 
energy efficient equipment in the last 
three years for which you did not apply 
for a financial incentive through the 
Commercial Energy Efficiency Program? 

Yes, Purchased energy efficient 
equipment but did not apply for 
financial incentive. 13 39% 

No, Applied for financial incentives 
on all of the energy efficient 
equipment purchased. 5 15% 

Has NOT purchased equipment 11 33% 

Don't know 4 0% 
 

   

  Response (n=12) 
Percent of 

Respondents 
Why didn't you apply for a financial 
incentive on that equipment? (Only 
respondents who answered "Yes, 
Purchased energy efficient equipment 
but did not apply for financial incentive" 
to the previous question were asked this 
one.) 

Didn't know whether equipment 
qualified for financial incentives 5 42% 

Didn't know about financial 
incentives until after equipment 
was purchased 4 33% 

Didn't have time to complete 
paperwork for financial incentive 
application 1 8% 

Paperwork for the financial 
incentive application was too 
much 0 0% 

Financial incentive wasn't enough 
to bother with 0 0% 

Other 1 (Specify) 6 50% 

Other 2 (Specify) 0 0% 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
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  Response (n=5) 
Percent of 

Respondents 
Did you receive all of your incentives? 
(Only respondents who answered "No, 
Applied for financial incentives on all of 
the energy efficient equipment 
purchased" to the question before last 
were asked this question.) 

Yes 4 80% 

No 0 0% 

Don't know 1 20% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Before participating in the Commercial 

Energy Efficiency Program, had you 
installed any equipment similar to the 

energy efficient equipment or measures 
installed through the program at your 

facility? 

Yes 10 30% 

No 23 70% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Did you have plans to implement the 
equipment or measures before 
participating in the program? 

Yes 21 64% 

No 12 36% 

 
   

  Response (n=21) 
Percent of 

Respondents 
Would you have gone ahead with this 
planned installation even if you had not 
participated in the program? 

Yes 17 81% 

No 4 19% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Did the equipment or measures 
implemented through the program 
replace old equipment or was it a new 
installation? 

Replaced old equipment 20 61% 

New installation 4 12% 

Both, some replaced old 
equipment and some was a new 
installation 7 21% 

Don't know 2 6% 
 

   

  Response (n=33) 
Percent of 

Respondents 
How important was previous experience 
with the SMUD Commercial Energy 

Very important 16 48% 

Somewhat important 7 21% 
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Efficiency Program in making your 
decision to install the energy efficient 
equipment or measures implemented 
through the program? 

Only slightly important 1 3% 

Not important at all 0 0% 

Or you did not have previous 
experience with the program 9 27% 

Don't know 0 0% 
 

   

  Response (n=24) 
Percent of 

Respondents 
In your previous program experience, 
did a SMUD Energy Specialist or Program 
Representative recommend that you 
implement the equipment or measures 
implemented through the program? 

Yes 14 58% 

No 10 42% 

Don't know 0 0% 

 
   

  Response (n=14) 
Percent of 

Respondents 
If the Commercial Energy Efficiency 
Program representative had not 
recommended implementing the energy 
efficient equipment or measures, how 
likely is it that you would have installed 
this equipment anyway?  

Definitely would have 2 14% 

Probably would have 8 57% 

Probably would not have 3 21% 

Definitely would not have 1 7% 

Don't know 0 0% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Did a SMUD Energy Specialist or 
Program Representative recommend 
that you implement the equipment or 
measures implemented through this 
program? 

Yes 17 52% 

No 16 48% 
 

   

  Response (n=16) 
Percent of 

Respondents 
If the Commercial Energy Efficiency 
Program representative had not 
recommended the equipment or 
measures implemented through the 
program, how likely is it that you would 
have implemented it anyway? 

Definitely would have  2 13% 

Probably would have  10 63% 

Probably would not have  3 19% 

Definitely would not have  1 6% 

Don't know 0 0% 
 

   

  Response (n=32) 
Percent of 

Respondents 
Would you have been financially able to 
implement the energy efficient Yes 17 53% 
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equipment or measures implemented 
through the program without the 
financial incentive from the Commercial 
Energy Efficiency Program? 

No 12 38% 

Don't know 3 9% 
 

   

  Response (n=33) 
Percent of 

Respondents 
If the financial incentive from the 
Commercial Energy Efficiency Program 
had not been available, how likely is it 
that you would have implemented the 
energy efficient equipment or measures 
anyway? 

Definitely would have  6 18% 

Probably would have  15 45% 

Probably would not have  8 24% 

Definitely would not have  3 9% 

Don't know 0 0% 

 

   

  Response (n=33) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the quantity (or number of units) 
of energy efficient equipment or 
measures that you purchased and 
implemented? Did you purchase and 
implement more energy efficient 
equipment or measures than you 
otherwise would have without the 
program? 

Yes 9 27% 

No, Did not affect quantity 
purchased and implemented 24 73% 

 
   

  
(n=3) 

How much more equipment or 
measures did you purchase and 
implement? 

Average (percentage)   28% 

 
   

  Response (n=33) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the level of energy efficiency you 
chose for the equipment or measures 
you implemented? Did you choose 
equipment or measures that were more 
energy efficient than you otherwise 
would have chosen because of the 
program? 

Yes 16 48% 

No, program did not affect level of 
efficiency that we chose 17 52% 
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(n=7) 

How much more efficient was the 
equipment that you purchased and 
installed? 

Average (percentage)   25% 

 
   

  Response (n=33) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the timing of your purchase and 
implementation of the equipment or 
measures? Did you purchase and 
implement the equipment or measures 
earlier than you otherwise would have 
without the program? 

Yes 16 48% 

No, did not affect timing of 
purchase and implementation 17 52% 

 
   

  Response (n=16) 
Percent of 

Respondents 
When would you otherwise have 
implemented the equipment or 
measures? 

In less than 6 months later 0 0% 

In 6-12 months later 7 44% 

In 1-2 years later 3 19% 

In 3-5 years later 4 25% 

In more than 5 years later 2 13% 

No, did not affect timing of 
purchase and installation 0 0% 

 
   

  Response (n=8) 
Percent of 

Respondents 
Was there an open bidding process for 
choosing a vendor who did your 
installation, or did you only offer it to 
one firm? 

Bidding process 6 75% 

One firm 2 25% 

Self installed/No vendor used 0 0% 

Don't know 0 0% 
 

   

  Response (n=8) 
Percent of 

Respondents 
Did more than one vendor promote the 
program? 

Yes 5 63% 

No 2 25% 

Don't know 1 13% 
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  Response (n=8) 
Percent of 

Respondents 
Did you select a firm that promoted the 
program? 

Yes  5 63% 

No  2 25% 

Don't know  1 13% 
 

   

  Response (n=6) 
Percent of 

Respondents 
Did you tell the firm about the program? Yes 0 0% 

No 5 83% 

Don't know 1 17% 

 
   

  Response (n=7) 
Percent of 

Respondents 
Did the vendor/contractor you learned 
of the program from install the 
equipment? 

Yes 3 43% 

No 4 57% 

Don't know 0 0% 
 

   

  Response (n=3) 
Percent of 

Respondents 
Had you previously worked with this 
vendor/contractor? 

Yes 1 33% 

No 1 33% 

Don't know 1 33% 
 

   

  Response (n=3) 
Percent of 

Respondents 
Did the fact that the energy efficiency 
program was part of the project 
influence your decision on what 
vendor/contractor to use? 

Yes 0 0% 

No 3 100% 

Don't know 0 0% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Did the implementation of the energy 
efficient equipment go smoothly? 

Yes 32 97% 

For the most part, explain 0 0% 

No, Explain 0 0% 

Don't know 1 3% 
 
 
 
 
 

   



 

Appendix C C-12 

 

  Response (n=33) 
Percent of 

Respondents 
Did the energy efficient equipment meet 
your expectations? 

Exceeded my expectations 3 9% 

Yes 26 79% 

For the most part, Explain 1 3% 

No, Explain 2 6% 

Don't know 1 3% 
 

   

  Response (n=8) 
Percent of 

Respondents 
Do you feel you got a quality 
installation? 

Yes 8 100% 

No, Explain 0 0% 

For the most part, Explain 0 0% 

Don't know 0 0% 

 
   

  Response (n=33) 
Percent of 

Respondents 
Did the incentive agreement that you 
received meet your expectations? 

Yes 26 79% 

No, Explain 2 6% 

Don't know 5 15% 

 

   

  Response (n=8) 
Percent of 

Respondents 
Did anyone from SMUD come to your 
facility to do a pre-inspection? 

Yes 4 50% 

No 1 13% 

Don't know 3 38% 

 

   

  Response (n=4) 
Percent of 

Respondents 
Did anything change in the design as a 
result of the pre-inspection? 

No 4 100% 

Yes, Explain 0 0% 

Don't know 0 0% 

 
   

  Response (n=8) 
Percent of 

Respondents 
Did anyone from SMUD come to your 
facility to do a post-inspection? 

Yes 2 25% 

No 3 38% 

Don't know 3 38% 
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  Response (n=0) 
Percent of 

Respondents 
Did anything change in the incentive 
amount as a result of the post-
inspection? 

No 0 N/A 

Yes, Explain 0 N/A 

Don't know 0 N/A 
 

   

  Response (n=33) 
Percent of 

Respondents 
Did you provide SMUD copies of 

purchase orders and invoices that 
document the final costs or did the 

vendor/contractor? 

Someone within firm 7 21% 

Vendor/Contractor 18 55% 

Don't know 7 21% 

Someone else (specify) 1 3% 
 

   

  Response (n=32) 
Percent of 

Respondents 
Were there any issues getting the 
paperwork approved? 

No 27 84% 

Yes, Explain 0 0% 

Don't know 5 16% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Were there any issues receiving the 
incentive check? 

No 23 70% 

Yes, Explain 3 9% 

Don't know 7 21% 
 

   

  Response (n=33) 
Percent of 

Respondents 
Was the incentive check the amount you 
expected? 

Yes 21 64% 

No, Explain 1 3% 

Don't know 11 33% 
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  Response (n=33) 
Percent of 

Respondents 
How did you learn of the Commercial 
Energy Efficiency or Rebate Program? 
(Multiple Responses Allowed) 

Approached directly by SMUD 
Energy Specialist or Account 
Representative of Commercial 
Energy Efficiency Program 15 45% 

Received an information brochure 
on the Commercial Energy 
Efficiency Program 3 9% 

A SMUD representative 
mentioned it 4 12% 

The SMUD website 0 0% 

Friends or colleagues (i.e., word of 
mouth) 0 0% 

An architect, engineer or energy 
consultant 0 0% 

An equipment vendor or building 
contractor 8 24% 

Past experience with the program 1 3% 

Or some other way 2 6% 
 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
  
 

   

  Response (n=33) 
Percent of 

Respondents 
When did you learn of the Commercial 
Energy Efficiency or Rebate Program? 

Before planning for replacing the 
equipment began 22 67% 

During your planning to replace 
the equipment 7 21% 

Once equipment had been 
specified but not yet installed 0 0% 

After equipment was installed 2 6% 

Don't know (don't read) 2 6% 

Some other time (When?) 0 0% 
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  Response (n=33) 
Percent of 

Respondents 
Has your experience with the 
Commercial Energy Efficiency or Rebate 
Program led you to buy any additional 
energy efficient equipment? 

Yes 13 39% 

No 20 61% 

Don't know 0 0% 

 
   

  
(n=4) 

What was the approximate cost of this 
additional equipment? Average (dollars)   $1,252,750 

 
   

  Response (n=13) 
Percent of 

Respondents 
Did you apply for or receive a rebate 
from SMUD for this additional 
equipment? 

Yes 4 31% 

No 8 62% 

Don't know 1 0% 
 

   

  Response (n=13) 
Percent of 

Respondents 
How important was information 
received from SMUD or a program 
representative to your decision to 
implement this additional energy 
efficient equipment? 

Very important 8 62% 

Somewhat important 2 15% 

Neither important nor 
unimportant 2 15% 

Somewhat unimportant 0 0% 

Unimportant 0 0% 

Don't know 1 8% 

 
   

  Response (n=33) 
Percent of 

Respondents 
Given your experience with the 
Commercial Energy Efficiency Program, 
would you buy energy efficient 
equipment in the future even if financial 
incentives for such equipment were not 
being offered through the Commercial 
Energy Efficiency Program? 

Yes 29 88% 

No 0 0% 

Don't know 4 0% 
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  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the performance 
of the equipment installed? 

5 23 70% 

4 6 18% 

3 2 6% 

2 1 3% 

1 1 3% 

Don't know or no answer 0 0% 

Average from respondents   4.5 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the savings on 
your monthly bill? 

5 12 36% 

4 9 27% 

3 4 12% 

2 0 0% 

1 0 0% 

Don't know or no answer 8 24% 

Average from respondents   4.3 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the incentive 
amount? 

5 14 42% 

4 3 9% 

3 2 6% 

2 1 3% 

1 0 0% 

Don't know or no answer 13 39% 

Average from respondents   4.5 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the effort required 
for the application process? 

5 14 42% 

4 9 27% 

3 3 9% 

2 0 0% 

1 0 0% 
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Don't know or no answer 7 21% 

Average from respondents   4.4 
 
 
 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the information 
provided by your contractor? 

5 17 52% 

4 7 21% 

3 6 18% 

2 0 0% 

1 1 3% 

Don't know or no answer 2 6% 

Average from respondents   4.3 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the quality of the 
work conducted by your contractor? 

5 23 70% 

4 5 15% 

3 3 9% 

2 0 0% 

1 1 3% 

Don't know or no answer 1 3% 

Average from respondents   4.5 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the information 
provided by your SMUD Account 
Representative? 

5 18 55% 

4 8 24% 

3 2 6% 

2 0 0% 

1 0 0% 

Don't know or no answer 5 15% 

Average from respondents   4.6 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the overall 

5 23 70% 

4 8 24% 

3 2 6% 
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program experience? 2 0 0% 

1 0 0% 

Don't know or no answer 0 0% 

Average from respondents   4.6 
 
 
 
 

   

  Response (n=33) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the elapsed time 
until you received the incentive? 

5 12 36% 

4 4 12% 

3 5 15% 

2 0 0% 

1 0 0% 

Don't know or no answer 12 36% 

Average from respondents   4.3 
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C.2 2011 Participant Survey Responses 
 
  

Response (n=44) 
Percent of 

Respondents 
Compared to all other factors, how 
important is energy efficiency as a factor 
in planning your operations for this 
facility?  

Very important 37 84% 
Somewhat important 6 14% 
Only slightly important 1 2% 
Not important at all 0 0% 
Don't know 0 0% 

 
     

Response (n=42) 
Percent of 

Respondents 
Which of the following policies or 
procedures does your organization have 
in place regarding energy efficiency 
improvements at this facility?  
 

An energy management plan 11 26% 
A Staff member responsible for 
energy and energy efficiency 14 33% 
Corporate Policies that 
incorporate energy efficiency in 
operations and procurement 11 26% 
Any Others, such as active 
training of staff or something else. 19 45% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
 

     
Response (n=11) 

Percent of 
Respondents 

Does your energy management plan 
have numerical goals? 

Yes 4 36% 
No 7 64% 
Don't know 0 0% 

 
     

Response (n=44) 
Percent of 

Respondents 
How does your organization decide to 
make energy efficiency improvements for 
this facility?  

Made by one or two key people? 30 68% 

Based on staff recommendations 
to a decision maker? 10 23% 
Made by a group or committee? 8 18% 
Made in some other way? 2 5% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
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Response (n=44) 

Percent of 
Respondents 

What are the sources your organization 
relies on for information about energy 
efficient equipment, materials and design 
features? (Select all that apply.) 

A SMUD Energy Specialist 6 14% 

A SMUD Account Representative 6 14% 
The SMUD website 5 11% 
Brochures or advertisements 1 2% 
Trade associations or business 
groups you belong to 1 2% 
Trade journals or magazines 2 5% 
Friends and colleagues 9 20% 
An architect, engineer or energy 
consultant 1 2% 
Equipment vendors or building 
contractors 15 34% 
Other sources (describe) 13 30% 
Don't know 3 7% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
 

     
Response (n=17) 

Percent of 
Respondents 

(READ ONLY IF MORE THAN THREE 
PICKED ABOVE) Which three of the 
sources the you mentioned would you 
say are the most important? 

A SMUD Energy Specialist 1 6% 

A SMUD Account Representative 4 24% 
The SMUD website 3 18% 
Brochures or advertisements 1 6% 
Trade associations or business 
groups you belong to 0 0% 
Trade journals or magazines 0 0% 
Friends and colleagues 4 24% 
An architect, engineer or energy 
consultant 1 6% 
Equipment vendors or building 
contractors 11 65% 
Other sources (describe) 3 18% 
Don't know 0 0% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
 

   

  Response (n=44) 
Percent of 

Respondents 
How important are incentive payments 
from SMUD for your decision making 
regarding energy efficiency 
improvements? 

Very important 29 66% 
Somewhat important 9 20% 
Neutral 0 0% 
Only slightly important 1 2% 
Not important at all 3 7% 
Don't know 2 5% 
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  Response (n=44) 
Percent of 

Respondents 
How important is past experience with 
energy efficient equipment for your 
decision making regarding energy 
efficiency improvements? 

Very important 32 73% 
Somewhat important 10 23% 
Neutral 1 2% 
Only slightly important 0 0% 
Not important at all 1 2% 
Don't know 0 0% 

 
   

  Response (n=43) 
Percent of 

Respondents 
How important are your organization's 
policies for your decision making 
regarding energy efficiency 
improvements? 

Very important 26 60% 
Somewhat important 13 30% 
Neutral 2 5% 
Only slightly important 1 2% 
Not important at all 0 0% 
Don't know 1 2% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How important is advice and/or 
recommendations received from SMUD 
for your decision making regarding 
energy efficiency improvements? 

Very important 31 70% 
Somewhat important 11 25% 
Neutral 2 5% 
Only slightly important 0 0% 
Not important at all 0 0% 
Don't know 0 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How important is advice and/or 
recommendations from equipment 
vendors for your decision making 
regarding energy efficiency 
improvements? 

Very important 27 61% 
Somewhat important 13 30% 
Neutral 1 2% 
Only slightly important 3 7% 
Not important at all 0 0% 
Don't know 0 0% 

 
     

Response (n=44) 
Percent of 

Respondents 
Which financial methods does your 
organization typically use to evaluate 
energy efficiency improvements for your 
facility? (Can be multiple responses.) 

Initial Cost 17 39% 
Simple payback 17 39% 
Internal rate of return 13 30% 
Life cycle cost 11 25% 
Other (Please explain) 1 2% 
Don't know 5 11% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
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(n=16) 

What payback length of time do you 
normally require in order to consider an 
energy investment cost effective? (in 
years) 

Average (years)   4.5 

 
   

  
(n=5) 

What rate of return do you normally 
require in order to consider an energy 
investment cost effective? (Percentage) 

Average (percentage)   54% 

 
   

  
(n=4) 

What discount rate do you normally use 
in determining the life-cycle costs of 
various equipment options? (Percentage) 

Average (percentage)   21% 

 
   

  Response (n=44) 
Percent of 

Respondents 
When you have to replace equipment at 
this facility, how often do you try to 
purchase energy efficient equipment? 

Always 30 68% 
Usually 7 16% 
Sometimes 5 11% 
Occasionally 1 2% 
Never 0 0% 
Don't know 1 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Before you knew about the Commercial 
Energy Efficiency Program, had you 
purchased and installed any energy 
efficient equipment at this facility? 

Yes 26 59% 

No 14 32% 

Don't know 4 0% 
 

   

  Response (n=44) 
Percent of 

Respondents 
Has your organization purchased any 
energy efficient equipment in the last 
three years for which you did not apply 
for a financial incentive through the 
Commercial Energy Efficiency Program? 

Yes, Purchased energy efficient 
equipment but did not apply for 
financial incentive. 10 23% 
No, Applied for financial incentives 
on all of the energy efficient 
equipment purchased. 12 27% 
Has NOT purchased equipment 18 41% 
Don't know 4 0% 

 
 
 

   



 

Appendix C C-23 

  Response (n=10) 
Percent of 

Respondents 
Why didn't you apply for a financial 
incentive on that equipment? (Only 
respondents who answered "Yes, 
Purchased energy efficient equipment 
but did not apply for financial incentive" 
to the previous question were asked this 
one.) 

Didn't know whether equipment 
qualified for financial incentives 2 20% 
Didn't know about financial 
incentives until after equipment 
was purchased 4 40% 
Didn't have time to complete 
paperwork for financial incentive 
application 0 0% 
Paperwork for the financial 
incentive application was too 
much 0 0% 
Financial incentive wasn't enough 
to bother with 2 20% 
Other 1 (Specify) 3 30% 
Other 2 (Specify) 0 0% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
 

   

  Response (n=12) 
Percent of 

Respondents 
Did you receive all of your incentives? 
(Only respondents who answered "No, 
Applied for financial incentives on all of 
the energy efficient equipment 
purchased" to the question before last 
were asked this question.) 

Yes 10 83% 

No 1 8% 

Don't know 1 8% 
 

   

  Response (n=44) 
Percent of 

Respondents 
Before participating in the Commercial 
Energy Efficiency Program, had you 
installed any equipment similar to the 

energy efficient equipment or measures 
installed through the program at your 

facility? 

Yes 15 34% 

No 29 66% 
 

   

  Response (n=44) 
Percent of 

Respondents 
Did you have plans to implement the 
equipment or measures before 
participating in the program? 

Yes 21 48% 

No 23 52% 
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  Response (n=21) 
Percent of 

Respondents 
Would you have gone ahead with this 
planned installation even if you had not 
participated in the program? 

Yes 17 81% 

No 4 19% 
 

   

  Response (n=44) 
Percent of 

Respondents 
Did the equipment or measures 
implemented through the program 
replace old equipment or was it a new 
installation? 

Replaced old equipment 31 70% 
New installation 10 23% 
Both, some replaced old 
equipment and some was a new 
installation 1 2% 
Don't know 2 5% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How important was previous experience 
with the SMUD Commercial Energy 
Efficiency Program in making your 
decision to install the energy efficient 
equipment or measures implemented 
through the program? 

Very important 13 30% 
Somewhat important 7 16% 
Only slightly important 4 9% 
Not important at all 3 7% 
Or you did not have previous 
experience with the program 17 39% 
Don't know 0 0% 

 
   

  Response (n=27) 
Percent of 

Respondents 
In your previous program experience, did 
a SMUD Energy Specialist or Program 
Representative recommend that you 
implement the equipment or measures 
implemented through the program? 

Yes 17 63% 

No 9 33% 

Don't know 1 4% 
 

   

  Response (n=17) 
Percent of 

Respondents 
If the Commercial Energy Efficiency 
Program representative had not 
recommended implementing the energy 
efficient equipment or measures, how 
likely is it that you would have installed 
this equipment anyway?  

Definitely would have 3 18% 
Probably would have 8 47% 
Probably would not have 5 29% 
Definitely would not have 1 6% 
Don't know 0 0% 
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  Response (n=44) 
Percent of 

Respondents 
Did a SMUD Energy Specialist or 

Program Representative recommend that 
you implement the equipment or 

measures implemented through this 
program? 

Yes 21 48% 

No 23 52% 
 

   

  Response (n=21) 
Percent of 

Respondents 
If the Commercial Energy Efficiency 
Program representative had not 
recommended the equipment or 
measures implemented through the 
program, how likely is it that you would 
have implemented it anyway? 

Definitely would have  4 19% 
Probably would have  10 48% 
Probably would not have  6 29% 
Definitely would not have  1 5% 
Don't know 0 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Would you have been financially able to 
implement the energy efficient equipment 
or measures implemented through the 
program without the financial incentive 
from the Commercial Energy Efficiency 
Program? 

Yes 21 48% 

No 21 48% 

Don't know 2 5% 
 

   

  Response (n=44) 
Percent of 

Respondents 
If the financial incentive from the 
Commercial Energy Efficiency Program 
had not been available, how likely is it 
that you would have implemented the 
energy efficient equipment or measures 
anyway? 

Definitely would have  10 23% 
Probably would have  15 34% 
Probably would not have  14 32% 
Definitely would not have  5 11% 
Don't know 0 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the quantity (or number of units) of 
energy efficient equipment or measures 
that you purchased and implemented? 
Did you purchase and implement more 
energy efficient equipment or measures 
than you otherwise would have without 
the program? 

Yes 14 32% 

No, Did not affect quantity 
purchased and implemented 30 68% 
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(n=6) 

How much more equipment or measures 
did you purchase and implement? Average (percentage)   44% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the level of energy efficiency you 
chose for the equipment or measures 
you implemented? Did you choose 
equipment or measures that were more 
energy efficient than you otherwise would 
have chosen because of the program? 

Yes 23 52% 

No, program did not affect level of 
efficiency that we chose 21 48% 

 
   

  
(n=12) 

How much more efficient was the 
equipment that you purchased and 
installed? 

Average (percentage)   28% 

 
   

  Response (n=44) 
Percent of 

Respondents 
How did the availability of information 
and financial incentives through the 
Commercial Energy Efficiency Program 
affect the timing of your purchase and 
implementation of the equipment or 
measures? Did you purchase and 
implement the equipment or measures 
earlier than you otherwise would have 
without the program? 

Yes 20 45% 

No, did not affect timing of 
purchase and implementation 24 55% 

 
   

  Response (n=20) 
Percent of 

Respondents 
When would you otherwise have 
implemented the equipment or 
measures? 

In less than 6 months later 1 5% 
In 6-12 months later 6 30% 
In 1-2 years later 4 20% 
In 3-5 years later 4 20% 
In more than 5 years later 4 20% 
No, did not affect timing of 
purchase and installation 1 5% 

 
 
 

   



 

Appendix C C-27 

  Response (n=12) 
Percent of 

Respondents 
Was there an open bidding process for 
choosing a vendor who did your 
installation, or did you only offer it to one 
firm? 

Bidding process 5 42% 
One firm 4 33% 
Self installed/No vendor used 2 17% 
Don't know 1 8% 

 
   

  Response (n=10) 
Percent of 

Respondents 
Did more than one vendor promote the 
program? 

Yes 6 60% 
No 3 30% 
Don't know 1 10% 

 
   

  Response (n=10) 
Percent of 

Respondents 
Did you select a firm that promoted the 
program? 

Yes  6 60% 
No  3 30% 
Don't know  1 10% 

 
   

  Response (n=4) 
Percent of 

Respondents 
Did you tell the firm about the program? Yes 2 50% 

No 1 25% 
Don't know 1 25% 

 
   

  Response (n=12) 
Percent of 

Respondents 
Did the vendor/contractor you learned of 
the program from install the equipment? 

Yes 7 58% 
No 3 25% 
Don't know 2 17% 

 
   

  Response (n=7) 
Percent of 

Respondents 
Had you previously worked with this 
vendor/contractor? 

Yes 5 71% 
No 2 29% 
Don't know 0 0% 

 
   

  Response (n=7) 
Percent of 

Respondents 
Did the fact that the energy efficiency 
program was part of the project influence 
your decision on what vendor/contractor 
to use? 

Yes 1 14% 
No 6 86% 

Don't know 0 0% 
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  Response (n=44) 
Percent of 

Respondents 
Did the implementation of the energy 
efficient equipment go smoothly? 

Yes 42 95% 
For the most part, explain 0 0% 
No, Explain 2 5% 
Don't know 0 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Did the energy efficient equipment meet 
your expectations? 

Exceeded my expectations 14 32% 
Yes 26 59% 
For the most part, Explain 1 2% 
No, Explain 3 7% 
Don't know 0 0% 

 
   

  Response (n=12) 
Percent of 

Respondents 
Do you feel you got a quality installation? Yes 12 100% 

No, Explain 0 0% 
For the most part, Explain 0 0% 
Don't know 0 0% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Did the incentive agreement that you 
received meet your expectations? 

Yes 35 80% 
No, Explain 4 9% 
Don't know 5 11% 

 
   

  Response (n=12) 
Percent of 

Respondents 
Did anyone from SMUD come to your 
facility to do a pre-inspection? 

Yes 8 67% 
No 1 8% 
Don't know 3 25% 

 
   

  Response (n=8) 
Percent of 

Respondents 
Did anything change in the design as a 
result of the pre-inspection? 

No 8 100% 
Yes, Explain 0 0% 
Don't know 0 0% 

 
   

  Response (n=12) 
Percent of 

Respondents 
Did anyone from SMUD come to your 
facility to do a post-inspection? 

Yes 7 58% 
No 3 25% 
Don't know 2 17% 
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  Response (n=0) 
Percent of 

Respondents 
Did anything change in the incentive 
amount as a result of the post-
inspection? 

No 0 N/A 
Yes, Explain 0 N/A 
Don't know 0 N/A 

 
   

  Response (n=44) 
Percent of 

Respondents 
Did you provide SMUD copies of 
purchase orders and invoices that 
document the final costs or did the 

vendor/contractor? 

Someone within firm 17 39% 
Vendor/Contractor 24 55% 
Don't know 2 5% 
Someone else (specify) 1 2% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Were there any issues getting the 
paperwork approved? 

No 43 98% 
Yes, Explain 0 0% 
Don't know 1 2% 

 
   

  Response (n=44) 
Percent of 

Respondents 
Were there any issues receiving the 
incentive check? 

No 34 77% 
Yes, Explain 5 11% 
Don't know 5 11% 

 
   

  Response (n=43) 
Percent of 

Respondents 
Was the incentive check the amount you 
expected? 

Yes 28 65% 
No, Explain 3 7% 
Don't know 12 28% 
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  Response (n=44) 
Percent of 

Respondents 
How did you learn of the Commercial 
Energy Efficiency or Rebate Program? 
(Multiple Responses Allowed) 

Approached directly by SMUD 
Energy Specialist or Account 
Representative of Commercial 
Energy Efficiency Program 15 34% 
Received an information brochure 
on the Commercial Energy 
Efficiency Program 1 2% 
A SMUD representative 
mentioned it 5 11% 
The SMUD website 4 9% 
Friends or colleagues (i.e., word of 
mouth) 3 7% 
An architect, engineer or energy 
consultant 0 0% 
An equipment vendor or building 
contractor 12 27% 
Past experience with the program 1 2% 
Or some other way 5 11% 

 
* Customer could make multiple responses.  The percentages are based on the number of respondents rather than the number of 
responses.  Thus, the total exceeds 100%. 
 

   

  Response (n=44) 
Percent of 

Respondents 
When did you learn of the Commercial 
Energy Efficiency or Rebate Program? 

Before planning for replacing the 
equipment began 29 66% 
During your planning to replace 
the equipment 9 20% 
Once equipment had been 
specified but not yet installed 1 2% 
After equipment was installed 2 5% 
Don't know (don't read) 3 7% 
Some other time (When?) 0 0% 

 
   

  Response (n=43) 
Percent of 

Respondents 
Has your experience with the 
Commercial Energy Efficiency or Rebate 
Program led you to buy any additional 
energy efficient equipment? 

Yes 14 33% 
No 28 65% 

Don't know 1 0% 
 

   
  

(n=8) 

What was the approximate cost of this 
additional equipment? Average (dollars)   $177,488 
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  Response (n=14) 
Percent of 

Respondents 
Did you apply for or receive a rebate 
from SMUD for this additional 
equipment? 

Yes 10 71% 
No 4 29% 
Don't know 0 0% 

 
   

  Response (n=14) 
Percent of 

Respondents 
How important was information received 
from SMUD or a program representative 
to your decision to implement this 
additional energy efficient equipment? 

Very important 9 64% 
Somewhat important 4 29% 
Neither important nor unimportant 0 0% 
Somewhat unimportant 0 0% 
Unimportant 1 7% 
Don't know 0 0% 

 
   

  Response (n=43) 
Percent of 

Respondents 
Given your experience with the 
Commercial Energy Efficiency Program, 
would you buy energy efficient 
equipment in the future even if financial 
incentives for such equipment were not 
being offered through the Commercial 
Energy Efficiency Program? 

Yes 31 72% 

No 6 14% 

Don't know 6 0% 
 

   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the performance of 
the equipment installed? 

5 31 70% 
4 7 16% 
3 5 11% 
2 0 0% 
1 1 2% 

Don't know or no answer 0 0% 
Average from respondents   4.5 

 
   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the savings on your 
monthly bill? 

5 17 39% 
4 15 34% 
3 4 9% 
2 1 2% 
1 1 2% 

Don't know or no answer 6 14% 
Average from respondents   4.2 
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  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the incentive 
amount? 

5 18 41% 
4 14 32% 
3 3 7% 
2 0 0% 
1 0 0% 

Don't know or no answer 9 20% 
Average from respondents   4.4 

 
   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the effort required 
for the application process? 

5 20 45% 
4 14 32% 
3 2 5% 
2 0 0% 
1 0 0% 

Don't know or no answer 8 18% 
Average from respondents   4.5 

 
   

  Response (n=43) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the information 
provided by your contractor? 

5 17 40% 
4 18 42% 
3 4 9% 
2 0 0% 
1 0 0% 

Don't know or no answer 4 9% 
Average from respondents   4.3 

 
   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the quality of the 
work conducted by your contractor? 

5 30 68% 
4 11 25% 
3 3 7% 
2 0 0% 
1 0 0% 

Don't know or no answer 0 0% 
Average from respondents   4.6 
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  Response (n=43) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the information 
provided by your SMUD Account 
Representative? 

5 21 49% 
4 7 16% 
3 8 19% 
2 0 0% 
1 0 0% 

Don't know or no answer 7 16% 
Average from respondents   4.4 

 
   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the overall program 
experience? 

5 27 61% 
4 11 25% 
3 3 7% 
2 1 2% 
1 0 0% 

Don't know or no answer 2 5% 
Average from respondents   4.5 

 
   

  Response (n=44) 
Percent of 

Respondents 
On a scale of 1 to 5, where “5” is very 
satisfied and “1” is very unsatisfied, how 
satisfied are you with the elapsed time 
until you received the incentive? 

5 22 50% 
4 7 16% 
3 2 5% 
2 0 0% 
1 1 2% 

Don't know or no answer 12 27% 
Average from respondents   4.5 

 
 
 


	1. Executive Summary
	2. Introduction
	2.1 Description of Program
	2.2 Overview of Evaluation Approach
	2.3 Organization of Report

	3. Estimation of Gross Savings
	3.1 Methodology for Estimating Gross Savings
	3.1.1 Sampling Plan
	3.1.2 Review of Documentation
	3.1.3 On-Site Data Collection Procedures
	3.1.4  Procedures for Estimating Measure-level Savings

	3.2 Results of Gross Savings Estimation - 2010
	3.2.1 Realized Gross kWh Savings
	3.2.2 Realized Gross Peak kW Savings
	3.2.3 Discussion of Gross Savings Analysis

	3.3 Results of Gross Savings Estimation - 2011
	3.3.1 Realized Gross kWh Savings
	3.3.2 Realized Gross Peak kW Savings
	3.3.3 Discussion of Gross Savings Analysis


	4. Estimation of Net Savings
	4.1 Procedures Used To Estimate Net Savings
	4.2 2010 Results of Net Savings Estimation
	4.2.1 Realized Net kWh Savings
	4.2.2 Realized Net Peak kW Savings
	4.2.3 Spillover Savings

	4.3 2011 Results of Net Savings Estimation
	4.3.1 Realized Net kWh Savings
	4.3.2 Realized Net Peak kW Savings
	4.3.3 Spillover Savings


	5. Process Evaluation
	5.1 Evaluation Objectives
	5.2 Summary of Primary Data Collection
	5.3 Summary of Conclusions and Recommendations
	5.4 Customer Outcomes
	5.4.1 How Customers Learn About the Program
	5.4.2 Factors Affecting Customer Participation
	5.4.3 Energy Efficiency Attitudes, Behaviors, and Decision Making
	5.4.4 The Decision Makers
	5.4.5 Where Decision Makers Get Their Information
	5.4.6 Participant Decision Process
	5.4.7 Financial Methods Used by Decision Makers
	Table 5-15 displays the financial methods that respondents indicated using to review efficiency projects.  Respondents could provide more than one method in their responses, and the percentages shown are percentage of respondents. The reported methods...
	5.4.8 Customer Satisfaction with the Program
	5.4.9 Paperwork, Installation and Incentives
	5.4.10 Pre- and Post-Inspections
	5.4.11 Future Energy Efficiency Plans
	5.4.12 Customer Recommendations and Overall Impressions


	6. Conclusions and Recommendations
	6.1 Key Conclusions
	6.2 Program Recommendations

	Appendix A: Project-Level Analyses
	A.1 Project-Level Analyses - 2010
	A.2 Project-Level Analyses - 2011

	Appendix B: Questionnaire for Decision Maker Survey
	Appendix C: Decision Maker Survey Responses
	C.1 2010 Participant Survey Responses
	C.2 2011 Participant Survey Responses


