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1.  Executive Summary and Introduction 

The City of Palo Alto Utilities (CPAU) is the only municipal utility in California that operates city-owned 

utility services that provide electric, natural gas and water services to its customers. CPAU has been 

providing quality services to the citizens and businesses of Palo Alto since 1896. It serves about 29,000 

electric customers, and has a peak load of 189 megawatts with annual sales of about 1,040 gigawatt hours. 

CPAU has many demand-side management goals for all its utilities that are designed to support the 

City‘s environmental and sustainable policies.  

 

CPAU has a number of electricity and natural gas energy efficiency programs in both the residential and 

non-residential sectors. Approximately 85 percent of the FY 2013 gross ex-ante electricity savings comes 

from the non-residential sector. This is a small decrease from an 89 percent share in FY 2012. CPAU also 

provides energy efficiency programs designed to save natural gas. The program that has saved the most 

natural gas is the Home Energy Report at over 60 percent of claimed savings.  

1.1  Executive Summary 

For the FY2013 EM&V for Palo Alto’s energy efficiency programs, Navigant took the approach of 

evaluating the programs with the largest claimed energy savings and a mix of other programs. Navigant 

included seven of CPAU’s eleven programs in its FY 2013 EM&V, which comprised over 65 percent of the 

total FY 2013 claimed energy savings. These programs included: 

 

» Commercial Advantage (30.6%) 

» Enovity (15.1%) 

» Willdan (14.1%) 

» Low Income - REAP (1.0%) 

» Keep Your Cool (1.6%) 

» Hospitality (0.4%) 

» Business Water Efficiency Direct Install (3.8%) 

» SBW Vending and Cooling Miser (0.5%) 

1.1.1  Portfolio Level Ex-post Savings 

Table 1-1 summarizes the ex-ante and ex-post electricity savings at the portfolio level. Navigant did not 

evaluate the Right Lights, Smart Energy, Home Energy Report, or SCVWD Programs. For those programs 

that Navigant evaluated, the overall realization rate for electricity savings was 97.7 percent. At the 

program level, the realization rates ranged from a low of 28 percent for the Low Income REAP Program 

to a high of 100 percent for the Hospitality Program. It is conjectured, based on the regression coefficients 

found in the billing analysis by measure for the REAP Program, that additional amenities were added to 

homes rather than retrofitting existing measures. This was especially possible in the case of torchieres, or 

energy efficient floor lamps, which were likely added to homes where none had previously existed. 
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The CPAU E3 model does not include gas savings. For the programs that Navigant evaluated for which 

CPAU claimed natural gas savings, Table 1-2 summarizes the ex-ante and ex-post savings. Overall, the 

realization rate from the evaluated programs with natural gas savings was 91.9 percent. As with 

electricity, the lowest realization rate was from the low income REAP program with 55 percent, and the 

highest was the Hospitality Program, with 100 percent. For the REAP Program, the low realization rate 

came from the HVAC and shell related measures. The per-measure savings claimed for these should be 

reviewed.  

 

Table 1-1. Ex-ante and Ex-post Electric Energy and Demand Savings for FY2013 

CPAU Program 

Gross Annual 

Ex-ante 

Energy 

Savings 

(kWh) 

Energy 

Savings 

Realization 

Rate 

Gross Annual 

Ex-post 

Energy 

Savings 

(kWh) 

Net Ex-ante 

Coincident 

Peak Savings 

(kW) 

Net Ex-post 

Coincident 

Peak Savings 

(kW) 

COM-Com. Advantage 2,981,556 99.2% 2,957,704 148.1 146.9 

COM-Right Lights 1,875,934 NA 1,875,934 357.8 357.8 

RES-Home Energy Report 1,071,021 NA 1,071,021 0 0.0 

RES-REAP Low Income 93,464 44.0% 41,124 4.7 2.1 

RES-Smart Energy 272,134 NA 272,134 75.5 75.5 

COM-SCVWD 546 NA 546 0 0.0 

COM-Enovity 1,469,400 99.2% 1,457,645 88.4 87.7 

COM-Keep Your Cool 158,795 99.0% 157,207 12.9 12.8 

COM-Hospitality 37,656 100.0% 37,656 4.2 4.2 

COM-Willdan 1,370,382 99.2% 1,359,419 83.8 83.1 

COM-SBW-Miser 44,762 81.0% 36,257  0.0 

COM-SBW-Business Water 367,411 89.0% 326,916 0 0.0 

TOTAL Evaluated 6,523,427 97.7% 6,373,927 342.1 336.8 

TOTAL - All 9,743,062  
 

9,465,494  775.4 763.0 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 1-2. Ex-ante and Ex-post Natural Gas Savings for FY2013 

CPAU Program 
Gross Annual Ex-ante 

Energy Savings (therms) 

Energy Savings 

Realization Rate 

Gross Annual Ex-post 

Energy Savings (therms) 

RES-REAP Low Income 7,574  55.4% 4,193  

COM-Hospitality 4,621  100.0% 4,621  

COM-Willdan 70,909  93.9% 66,564  

COM-SBW-Business Water 30,478  95.1% 28,993  

TOTAL Evaluated 113,582  91.9% 104,371  

Source: Navigant 2013 Impact Evaluation analysis 

 

Navigant did not conduct primary research into net-to-gross affects. The net-to-gross ratios for electric 

measures are those listed in the E3 model. For natural gas measures, Navigant assumed a net-to-gross of 

100%. 

 

For the analysis of peak demand, Navigant used the California Protocol guidelines for estimating peak 

demand impact at the basic rigor level. The basic rigor level prescribes, at a minimum, an on-peak 

demand savings estimate based on an allocation of gross energy savings through the use of allocation 

factors, end-use load shapes, or end-use savings load shapes. These secondary data can come from DEER, 

the CEC forecasting model, utility end-use load shape data, or other prior studies. The time frame and 

budget available for this impact evaluation precluded direct measurement of peak demand impacts. 

Rather, following the protocol basic rigor level, Navigant utilized the peak demand estimates already 

included in the E3 model.  

 

Table 1-3 provides the portfolio level ex-post estimates of gross and net electric energy savings, as well as 

gross and net ex-post coincident peak demand. The overall, average net-to-gross value for the portfolio 

was 83.8 percent for electricity measures. Table 1-4 provides the portfolio level ex-post estimates of gross 

and net natural gas savings. The E3 model is the source for the electric measure net-to-gross values but E3 

does not include gas measures. With the low cost of natural gas, relative to electricity, ii is assumed that 

the net-to-gross ratios for natural gas measures are 100 percent. 

 

  



 

 

 

 

 

 

4 
 

Table 1-3. Ex-post Gross and Ex-post Net Electric and Demand Savings 

CPAU Program 

Gross 

Annual Ex-

post 

Energy 

Savings 

(kWh) 

Gross Ex-post 

Coincident 

Peak Savings 

(kW) 

Average 

Net-to-

Gross 

Ratio 

Net 

Annual Ex-

post 

Energy 

Savings 

(kWh) 

Net Ex-post 

Coincident 

Peak Savings 

(kW) 

COM-Com. Advantage, Enovity, Willdan 5,774,767 397 80.0% 4,619,814 318 

COM-Right Lights 1,875,934 436 82.2% 1,542,080 358 

RES-Home Energy Report 1,071,021  100.0% 1,071,021  

RES-REAP Low Income 41,124  82.9% 34,083  

RES-Smart Energy 272,134 102 74.2% 201,800 75 

COM-SCVWD 546  80.0% 437  

COM-Keep Your Cool 157,207  85.0% 133,626 13 

COM-Hospitality 37,656  85.0% 32,008 4 

COM-SBW-Miser 36,257  70.0% 25,380  

COM-SBW-Business Water 326,916  84.6% 276,513  

TOTAL Evaluated 6,245,859 397 82.0% 5,121,861 328 

TOTAL - All 9,465,494 926 83.8% 7,936,762 768 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 1-4. Ex-post Gross and Ex-post Net Natural Gas Savings 

CPAU Program 
Gross Annual Ex-post Energy 

Savings (therms) 

Average Net-to-

Gross Ratio 

Net Annual Ex-post Energy 

Savings (therms) 

RES-REAP Low Income 4,193  100% 4,193  

COM-Hospitality 4,621  100% 4,621  

COM-Willdan 66,564  100% 66,564  

COM-SBW-Business Water 28,993  100% 28,993  

TOTAL Evaluated 104,371  100% 104,371  

Source: Navigant 2013 Impact Evaluation analysis 

1.1.2  Portfolio Level EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The sources for estimates of EUL include the DEER 

database and the E3 model. Navigant calculated lifecycle savings by multiplying the EUL by the estimate 

of first year energy savings. Table 1-5 identifies the lifecycle electric savings for the portfolio of programs. 

Table 1-6 identifies the lifecycle natural gas savings for the portfolio of programs evaluated. Since E3 only 
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includes electricity measures, Navigant estimated program-level EUL and lifecycle savings based on the 

electric measures within the program. 

 

Table 1-5. Ex-post Lifecycle Electricity Savings 

CPAU Program 

Gross 

Annual Ex-

post Energy 

Savings 

(kWh) 

Net Annual 

Ex-post 

Energy 

Savings 

(kWh) 

Average 

Measure 

Life 

Gross 

Lifecycle Ex-

post Energy 

Savings 

(kWh) 

Net 

Lifecycle Ex-

post Energy 

Savings 

(kWh) 

COM-Com. Advantage, Enovity, Willdan 5,774,767 4,619,814 6.8 39,268,418 31,414,734 

COM-Right Lights* 1,875,934 1,542,080 13.8 25,930,412 21,445,682 

RES-Home Energy Report 1,071,021 1,071,021 1 1,071,021 1,071,021 

RES-REAP Low Income 41,124 34,083 6.9 285,723 236,801 

RES-Smart Energy 272,134 201,800 12.2 3,320,578 2,462,358 

COM-SCVWD 546 437 12 6,552 5,242 

COM-Keep Your Cool 157,207 133,626 11.6 1,823,722 1,550,163 

COM-Hospitality 37,656 32,008 12.1 457,461 388,842 

COM-SBW-Miser 36,257 25,380 4 145,029 101,520 

COM-SBW-Business Water 326,916 276,513 4 1,307,664 1,106,053 

TOTAL Evaluated 6,374,473 5,121,861 6.8 43,294,569 34,803,355 

TOTAL - All 9,593,562 7,936,762 7.7 73,616,580 59,782,416 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 1-6. Ex-post Lifecycle Natural Gas Savings 

CPAU Program 

Gross Annual 

Ex-post Energy 

Savings 

(therm) 

Net Annual 

Ex-post 

Energy 

Savings 

(therm) 

Average 

Measure 

Life* 

Gross Lifecycle 

Ex-post Energy 

Savings (therm) 

Net Lifecycle 

Ex-post Energy 

Savings (therm) 

RES-REAP Low Income 4,193  4,193  14.3  59,950  59,950  

COM-Hospitality 4,621  4,621  12  55,914  55,914  

COM-Willdan 66,564  66,564  6.8  452,635  452,635  

COM-SBW-Business Water 28,993  28,993  4.0  115,972  115,972  

TOTAL - Evaluated 104,371  104,371  6.6  684,471  684,471  

Source: Navigant 2013 Impact Evaluation analysis 



 

 

 

 

 

 

6 
 

1.1.3  Recommendations 

Navigant developed recommendations for each evaluated program. These recommendations are shown 

below: 

1.1.3.1  Commercial Sector Custom Advantage, Enovity, and Willdan Programs 

Only one site in the Custom Advantage, Enovity, and Willdan Programs had a realization rate lower than 

90 percent for either electric or natural gas savings. In general, the projects were well managed and 

measures were installed properly. Nonetheless, Navigant has provided some recommendations for 

program improvement. 

 

Provide as-built details of loads on motion sensor installations even if deemed savings are claimed. 

Site 960 installed motion sensors on linear fluorescent fixtures. The ex-ante savings were based on 

deemed savings, and Navigant used observed counts to determine the connected load on each motion 

sensor. However, the lighting at the site was complicated and as-built layouts for the motion sensor 

installations would have substantially reduced the time required to accurately verify savings onsite. Site 

977, however, provided detailed as-built plans which helped substantially in savings calculations. 

 

Re-establish baseline at facilities with substantial changes that may have affected load, or try to 

project for changes that are expected. Site 989 showed a low realization rate due to changes in 

occupancy. Willdan noted that the occupancy was expected to change soon, but did not re-establish the 

baseline, as the occupancy change had not actually occurred at the time of project verification. There was 

no documentation or recommendation as to what the new occupancy load would look like at the building 

and, and as such, the project report provided no altered projections forward. Conversely, Site 6 also 

experienced an occupancy change; however, Willdan roughly projected the new savings, which resulted 

in ex-post savings being much closer to the ex-ante prediction than seen at site 989.  

 

Store data from available interval meters for sites with projects affecting large portions of the facility. 

Facility contacts at both Sites 988 and 989 noted that there are 15-minute interval meters with 60 day 

storage capacity that would allow a high level of data granularity. However the data storage module was 

not connected and therefore interval data were not available for these sites over a significant period of 

time. These meters could have been employed to improve the accuracy and precision of savings 

calculations. 

 

Confirm long-term data storage of trends relevant to project savings where possible. Site 976 had eight 

months of data on most of the affected equipment, but not on all of the air handlers affected by the static 

pressure reset measures. The lack of long-term data on some of the fans prevented Navigant from 

performing detailed calculations on savings for these measures. Navigant could have used long term data 

to confirm the accuracy of modeled savings. 

1.1.3.2   Business Water Efficiency Direct Install Program 

Navigant’s literature review implies that the ex-post savings for Business Water Efficiency Direct Install 

Program should be approximately half of Palo Alto’s ex-ante claimed savings. Many factors led to this 

dramatic reduction in savings, including faucet throttling (not using the sink at maximum flow rates), 
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customer dissatisfaction with ultra-low-flow devices such as the 0.5 gpm aerators and the 0.65 gpm pre-

rinse spray valve, and higher efficiencies in water heating equipment. Navigant recommends: 

 

Adopting the lower impacts per device found through the literature review: The changes, as shown in  

Table 4-17, Table 4-18 and Table 4-19 will result in significant reductions in claimed savings. However, 

Navigant has found that the information gathered through the literature review is more reliable than the 

current estimates. 

 

Assessing the usefulness of ultra-low-flow devices in the commercial sector: Navigant’s verification 

survey brought to light some customer dissatisfaction with two of the water saving devices offered in the 

Business Water Efficiency Direct Install Program: 0.5 gpm faucet aerators and 0.65 gpm pre-rinse spray 

valves. In fact, over 9 percent of the 0.5 gpm faucet aerators were switched out with their older, less 

efficient devices, and about 16 percent of the 0.65 gpm pre-rinse spray valves removed for the less 

efficient versions. Customers’ main complaints with the measure were very low water pressure and an 

inability of the device to do the desired job. Navigant’s literature review did not identify any studies that 

were using such a low-flow in the Commercial sector. 

 

Collecting and data tracking of baseline devices replaced by efficient technologies: One could classify 

most of the installations in this program as early retirement. As such, the baseline could be the efficiency 

of the ‚as found‛ device being replaced, rather than the most current code. To be able to claim ‚as found‛ 

efficiency as the baseline, CPAU would need to gather data on what the ‚as found‛ efficiency is. 

Navigant’s verification survey showed that a significant number of buildings in Palo Alto’s Commercial 

sector were between 40 to 50 years old. Most of these buildings had not been remodeled since 2005, when 

the new plumbing code for water devices came into effect. Presumably, the baseline inefficient water 

devices in these buildings were much worse than the 2005 code minimum estimates used in Navigant’s 

savings calculation. Therefore, it is probable that these measure installations are achieving greater savings 

as a result of the Business Water Efficiency Direct Install Program. Through the verification survey, 

Navigant attempted to gather the gallon per minute rate of the removed baseline devices, but no one 

interviewed could answer the question with any certainty. Including ‚as found‛ efficiency information in 

the data gathered during the water audit would allow for the use of these lower baselines. 

 

Determining time-of-use estimates for the commercial sector: Navigant was unable to collect enough 

data in the verification survey to make confident time-of-use estimates for water saving devices. 

Therefore, Navigant utilized residential time-of-use estimates in estimating energy savings. Navigant 

recommends that either CPAU gather this data during the water audit, or conduct a study to understand 

how the water savings devices are used in the Commercial sector. 

 

Collecting program participant email address: Because Navigant did not have email addresses for 

program participants, the evaluation team had to manually send hardcopy surveys and follow up with 

phone surveys. This resulted in a relatively low completion rate, which presumably would have been 

higher had Navigant been able to email participants with an electronic link to an online web-version. This 

would have given customers greater flexibility to complete the survey. Navigant recommends collecting 

email addresses for future program participants. 



 

 

 

 

 

 

8 
 

1.1.3.3  Keep Your Cool Program 

Given the high realization rate for measure installations and the fact that savings estimates generally fell 

within a reasonable range, Navigant has only a few recommendations for the Keep Your Cool Program. 

These recommendations include: 

 

Consider dropping door gaskets from the program measure list: Door gaskets had the lowest realization 

rate of all measures, coming to 92%. Many of these gaskets were showing signs of initial tearing, which 

can compromise the effectiveness of the measures. Furthermore, at the sites that still had old gaskets as 

well as new, Navigant found that the condition of both the old and new measures were comparable, 

suggesting that a gasket retrofit was probably unnecessary in the first place. Finally, savings estimates 

from the literature review were much lower than the KYC ex-ante savings, suggesting that the measures 

that were installed may not achieve as much in energy savings as expected. Because of these reasons, 

Navigant suggests that CPAU drop gaskets from their KYC measure list. 

 

Conduct field verification of ASH Controller savings: Literature review findings suggest that ASH 

Controllers may achieve more savings than the program’s ex-ante values. CPAU should consider 

conducting on-site verification of ASH controller savings, either through metering or through a billing 

analysis on future installations. 

 

Consider adjusting savings estimates for strip curtains to align with literature review findings: 

Savings estimates from the literature review suggest that ex-ante estimates may be high for strip curtains. 

CPAU should consider adjusting their savings values to better align with IOU workpapers and other 

third-party evaluations. 

1.1.3.4  Hospitality Program 

The low participation rates for this program indicate that there are areas for improvement of this 

program. Navigant has therefore developed recommendations for CPAU that may help them to increase 

participation. These recommendations include: 

 

Increase marketing and education efforts, particularly for measures of interest, such as key cards: 

Findings from the decliner survey suggest that decliners did not fully understand what the measure was 

and how much energy it can save. Furthermore, nearly half of the decliners did not recall ever hearing 

about the program. This indicates that CPAU could reach a wider audience by offering more information 

and educational materials about the program and the measures.  

 

Increase follow-up efforts with prospective participants: A number of decliners claimed that they were 

interested in participating in the program and installing the measures, but they never received any 

follow-up from the contractors. CPAU should ensure that they are following up with leads, as this is 

could be a straightforward means of achieving higher participation rates. 

 

Provide training for the installation of measures, particularly newer measures such as key cards: The 

sole key card participant chose only to install one measure, as he was not confident in the contractor’s 

ability to install the measure due to lack of experience. If CPAU is particularly interested in the success of 
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this measure, it should consider providing training in the installation and maintenance of key card 

systems.  

1.1.3.5  Miser Program 

The overall realization rate for the Miser program came to 81 percent. Navigant has developed the 

following recommendations to improve the realization rate and evaluability of the program for the 

future: 

 

Improve the program tracking database: The tracking information that CPAU provided in the data 

request was difficult to decipher in some ways, leaving Navigant to make certain assumptions about the 

misers that were installed and the measure savings per site. Navigant contacted SBW for further 

information such as savings estimates and tracking information from previous years in order to 

determine which measures were installed at which sites. While this supplementary information was 

helpful, Navigant recommends that CPAU and their contractors collect and provide the following 

information for future evaluations: 

 Clear identification of the type of miser installed (vend or cool miser on a refrigerated unit, non-

refrigerated unit, beverage merchandizer) and estimated savings per unit: at sites with additional 

misers, the evaluation team had to make assumptions as to which misers were installed in the 

relevant program year. Identification would have been easier if the tracking data had noted on 

which equipment the miser was installed. 

 Identification numbers for the misers: Each miser had a bar code with an identification number 

affixed to it. Navigant recommends that SBW note these identification numbers for each site in 

the tracking database. 

 Tracking data from previous years: Although Navigant was not evaluating installations from 

previous years, this tracking data may have provided insights into how many misers had been 

installed outside of the relevant program year. 

 

Conduct follow-up, such as a post-installation inspection: As noted in the tracking data, many sites 

declined installation assistance from SBW. However, because of the high number of misers that were 

unplugged or not present, Navigant recommends that CPAU or SBW conduct a follow-up inspection 

to verify that all misers have been installed. This follow-up would also allow CPAU to gauge 

customer satisfaction with the measure and to determine whether there have been any problems with 

the measures. 

1.1.3.6  Low Income REAP Program 

After completing the billing analysis of REAP, the evaluation team has the following recommendations 

for the program: 

 

Conduct a process analysis for the program: The process analysis should evaluate the measure 

persistence of the lighting measures, such as the screw-based CFLs. The evaluation could also determine 

whether the program participants are replacing inefficient halogen torchieres for energy efficient 

measures, or whether the participants are installing these lamps in addition to existing equipment.  
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Re-examine the measure mix offered to program participants: The program should consider ceasing to 

offer some measures with very low or negative realization rates. 

1.2  Regulatory Context 

Two legislative bills regulate the energy efficiency conservation programs for California’s Publicly-

Owned Utilities (POU). These include the Senate Bill 1037 (SB 1037) and Assembly Bill 2021 (AB 2021), 

which were signed into law a year apart. SB 1037 requires that, similar to the states’ Investor-Owned 

Utilities (IOU), California’s ~40 POUs must place cost- effective, reliable, and feasible energy efficiency 

and demand reduction resources at the top of the utility resource loading order. The intention if this Bill 

is to give priority to the efficiency resource in utility operating plans.  Additionally, SB 1037 (signed 

September 29, 2005) requires that POUs submit an annual report describing utility programs, 

expenditures, expected energy savings, and actual energy savings.  

 

Assembly Bill 2021, signed by the governor a year later (September 29, 2006), reiterates the loading order 

and annual report stated in SB1037 and expands on the annual report requirements. The expanded report 

requires inclusion of investment funding and cost-effectiveness methodologies. It also requires the 

inclusion of an independent evaluation that measures and verifies both the energy efficiency savings and 

reductions in energy demand that are achieved through utilities’ energy efficiency and demand reduction 

programs. Additionally, AB 2021 requires a report every three years that highlights cost-effective 

potential electric savings from energy efficiency, and establishes annual targets for electricity energy 

efficiency and demand reduction over ten years. 

 

The California Energy Commission (CEC) is mandated by the legislature to oversee POU SB 1037 and AB 

1021 energy efficiency program and evaluation, measurement, and verification (EM&V) efforts, with the 

following requirements for the CEC: 

» Monitor POUs’ annual efficiency progress 

» Review POU independent evaluation studies, reporting results, and, if necessary, recommend 

improvements 

» Ensure that savings verification increases the reliability of savings and contributes to better 

program design 

 

The CEC also was mandated to provide the POUs EM&V Guidelines under which plans1 should be 

submitted.  

1.3  Objectives and Relevant Protocols 

The overarching goals of these FY 2013 EM&V activities are to provide CPAU with unbiased, objective, 

and independent program evaluations by giving the following: 

                                                           
1 SB 1037 and AB 1021 did not require energy efficiency reporting to the CEC for smaller POUs with loads equal to or less than 

500,000 megawatt-hours (MWh)/year. 
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» Useful recommendations and feedback to improve CPAU program operation, tracking, and 

measure offerings 

» Assessment of the quality of the program tracking data and supporting project application data 

for impact evaluation purposes 

» Increased level of confidence in conservation program results 

 

To achieve these goals, Navigant undertook impact evaluations of a select number of CPAU programs 

using the following guidelines for Navigant team activities: 

» CEC POU EM&V Guidelines 

» California Energy Efficiency Evaluation Protocols 

» California Evaluation Framework  

 

As a basic component of program impact evaluations, Navigant referred to International Performance 

Measurement and Verification Protocols (IPMVP) to determine the best options for evaluating energy 

efficiency measures (EEMs). These protocols are discussed in detail in Section 2. In section 1.2.1 below, we 

provide a detailed discussion of relevant CEC POU EM&V Guidelines and Criteria required for CPAU 

evaluations. 

1.3.1  CEC EM&V Guidelines 

CEC Guidelines include both POU reporting schedules as well as a set of CEC EM&V Framework of Criteria 

specifications by which POU EM&V reporting materials are to be evaluated.  

 

Specific EM&V reporting materials and CEC feedback reports are required to meet the following 

schedules: 

» CMUA’s annual March Report – every March 15 

» CMUA’s E3 Reporting Tool – every March 15 

» EM&V Portfolio-level Evaluation Plans – For POUs that do formal portfolio-level evaluation 

plans, reports should be submitted to the CEC as they are completed. 

» EM&V Evaluation (Impact) Studies - Submit to the CEC as they are completed 

» The CEC will provide feedback on the EM&V report directly to the POU staff contact within 60 

days of receiving the report. The Commission will generally base its evaluation of the report on 

the Framework of Criteria; however, feedback on and evaluation of the report will be interactive 

between Commission staff and POU staff.2 

 

For EM&V evaluation impact studies, the CEC guidelines require use of the CEC Framework of Criteria to 

guide the development and execution of EM&V impact studies through the following stages: 

                                                           
2As part of these reporting requirements, Navigant and CPAU staff have established a goal of submitting EM&V studies to CEC by 

February 2015—at or near the same time as the March Report is due. 
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» Gross savings methods, including both engineering and billing analysis 

» NTG methods 

» Sampling and statistical precision 

» EM&V reporting requirements 

 

The CEC Framework of Criteria guidelines (Part D), as identified in Table 1-7, provide a checklist for 

submitted POU EM&V reports.  
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Table 1-7. CEC Framework of Criteria Guidelines (Part D) 

Source: California Energy Commission EM&V Guidelines, POU Energy Efficiency Programs, January 2011 

 

Contextual Reporting 

 Does the EM&V report clearly state savings values consistent with the associated SB 1037 

annual report? 

 Does the evaluation cover a significant portion of the POUs portfolio and clearly describe 

the programs or savings not evaluated?  

 Does the evaluation assess risk or uncertainly in selecting the components of the portfolio 

to evaluate? 

Overview and Documentation of Specific Evaluation Effort 

 Does the report clearly identify what is being evaluated in the study (part of a program; an 

entire program; the entire portfolio)? 

 Does the evaluation include an assessment of EUL and lifecycle savings? 

 Does the evaluation report provide documentation of all engineering and billing analysis 

algorithms, assumptions, survey instruments and explanation of methods? 

 Does the report describe the methodology in sufficient detail that another evaluator could 

replicate the study and achieve similar results?  

 Are all data collection instruments included, typically in an appendix? 

 Does the report adequately describe metering equipment and protocols, if any, typically in 

an appendix? 

Gross Savings 

 Does the report review the program’s choice of baseline?  

 Does the report clearly characterize the population of participants? 

 Does the report clearly discuss its sampling approach and sample design? 

 Does the report state the sampling precision targets and achieved precision? 

 Does the report clearly present ex-post savings? 

 Are the results expanded to the program population? If not, the report should state why 

not and clearly indicate where ex ante savings are being passed through. 

 Does the study clearly explain any differences between ex ante and ex-post savings? 

Net Savings 

 Does the evaluation include a quantitative assessment of net-to-gross? If not, does the 

evaluator clearly indicate the source of the assumed net-to-gross value? 

 Does the report clearly discuss its sampling approach and sample design? 

 If a self-report method is used, does the approach account for free-ridership? 

EM&V Summary and Conclusions 

 Does the report provide clear recommendations for improving program processes to 

achieve measurable and cost-effective energy savings? 

 Does the evaluation assess the reliability of the verified savings and areas of uncertainty? 



 

 

 

 

 

 

14 
 

1.4  CPAU Energy Efficiency Program Offerings 

CPAU currently offers a number of energy efficiency programs in both the residential and non-residential 

sectors. Table 1-8 provides a summary by of the results of CPAU’s claimed savings from its energy 

conservation program in fiscal year (FY) 2013, separated by end-use category. 

 

Table 1-8. CPAU Summary of Energy Efficiency Savings at the End-Use Category Level, FY 2013 

Program Sector 

(Used in CEC 

Report) 

Category 

Gross 

Demand 

Savings 

(kW) 

Net 

Demand 

Savings 

(kW) 

Net Peak 

kW 

Savings 

Gross 

Annual 

kWh 

Savings 

Net 

Annual 

kWh 

Savings 

Appliances Res Clothes Washers 47 38 38 49,812 39,850 

HVAC Res Cooling       3,019 2,858 

Appliances Res Dishwashers 2 2 2 800 680 

Lighting Res Lighting 45 37 16 197,092 157,573 

Pool Pump Res Pool Pump 1 1 1 18,354 12,848 

Refrigeration Res Refrigeration 16 10 10 76,137 50,591 

HVAC Res Shell 19 13 13 20,344 14,537 

Comprehensive Res Comprehensive       1,071,062 1,071,053 

HVAC Non-Res Cooling 237 167 167 1,895,241 1,315,750 

HVAC Non-Res Heating 8 7 7 42,277 35,352 

Lighting Non-Res Lighting 836 699 496 2,787,465 2,317,581 

Refrigeration Non-Res Refrigeration 15 13 13 220,064 180,340 

HVAC Non-Res Shell 12 10 10 463,200 389,206 

Process Non Res Process 1 1 1 4,164 3,331 

Water Heating Non-Res Water Heating       367,411 312,299 

Comprehensive Non Res Comprehensive       2,526,621 2,170,633 

TOTAL   1,238 998 775 9,743,062 8,074,481 

Source: SB 1037 E3 Summary Repot 12-13 

 

Nearly 85 percent of FY 2013 claimed electric savings came from the nonresidential sector. Of this 

85 percent, about one-third is from lighting and another one-third from comprehensive measures. 

Another large share is from cooling. For the residential sector, about 75 percent of the savings came from 

comprehensive measures and 14 percent from lighting.  

 

The energy efficiency programs do not map directly into the end-use categories identified in Table 1-8. 

For instance, many programs offer measures that include several of these end-use categories. Table 1-9 

provides a summary by program of CPAU’s claimed savings in FY 2013. 
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The top four CPAU programs in terms of gross annual energy savings are all directed toward the 

commercial and industrial sectors. Just over 30 percent of total gross CPAU claimed savings come from 

the Commercial Advantage Program, followed by Right Lights at 19 percent, then Enovity at 15 percent 

and Willdan at 14 percent. The largest residential program, with 11 percent of the total claimed savings, is 

the Home Energy Report Program.  

 

Table 1-9. CPAU Summary of Energy Efficiency Savings at the Program Level, FY 2013 

CPAU Program 

Gross 

Annual 

Energy 

Savings 

(kWh) 

Percent of 

Total 

Gross 

Annual 

Energy 

Savings 

Net 

Annual 

Energy 

Savings 

(kWh) 

Percent of 

Total Net 

Annual 

Energy 

Savings 

Net 

Coincident 

Peak 

Savings 

(kW) 

Percent of Net 

Coincident 

Peak Demand 

Savings 

COM-Com. Advantage 2,981,556  31% 2,522,000  31% 148  19% 

COM-Right Lights 1,875,934  19% 1,556,111  19% 358  46% 

RES-Home Energy Report 1,071,021  11% 1,071,021  13%   0% 

RES-REAP Low Inc. 93,464  1% 77,168  1% 5  1% 

RES-Smart Energy 272,134  3% 201,800  2% 75  10% 

COM-SCVWD 546  0% 437  0%   0% 

COM-Enovity 1,469,400  15% 1,259,029  16% 88  11% 

COM-Keep Your Cool 158,795  2% 134,976  2% 13  2% 

COM-Hospitality 37,656  0% 31,263  0% 4  1% 

COM-Willdan 1,370,382  14% 877,044  11% 84  11% 

COM-SBW 412,173  4% 343,633  4%   0% 

TOTAL 9,743,062  100% 8,074,481  100% 775  100% 

Source: SB 1037 E3 Summary Repot 12-13 

1.4.1  Commercial/Industrial Customer Programs 

Listed below are the commercial/industrial programs offered by CPAU in FY 2013. 

 

» The Commercial Advantage Program (CAP) offers cash incentives for energy-saving electric and 

natural gas measures for commercial, industrial and public sector customers in the CPAU service 

territory. 

» The Right Lights Program offers small businesses extra assistance in implementing efficiency 

through on-site energy audits and rebates on a variety of lighting and other upgrades.  

» The Business Water Efficiency Direct Install Program provides free installation of faucet 

aerators, low-flow showerheads and pre-rinse spray valves to business customers.. In Table 1-9, 

the results from this program are under the COM-SBW name. 

» The SCVWD Program. CPAU partners with the Santa Clara Valley Water District (SCVWD) to 

provide programs to help CPAU customers improve their water use efficiency. These programs 
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include free indoor and outdoor water surveys, as well as many rebates and direct install water 

saving measures. 

» The Commercial Enovity Program. Through its contractor Enovity, CPAU offers incentives to 

large commercial and industrial customers at no cost. These incentives include: 

-   Customized analysis and measurements to determine system efficiency 

-   Detailed evaluation and recommendations for energy efficiency projects 

-   Implementation coordination assistance 

-   Report on reductions in energy, cost, and greenhouse gas emissions 

-   Independent verification of achieved energy savings after installation 

-   Cash incentives to help buy down the cost of energy efficiency upgrades 

» The Laboratory Efficiency (Willdan) Program. CPAU, through its contractor Willdan Energy 

Solutions, offers a program designed to aid laboratories in making significant energy-saving 

upgrades. The services provided by Willdan include: 

- No-cost energy assessment of the facility 

- Customized investigation report detailing recommendations for upgrades and associated 

energy and cost savings 

- 50 percent co-pay from CPAU for detailed investigation 

- Cash incentives to buy down the cost of energy upgrades implemented  

» The Hospitality Program. Rebates and assistance are offered to hotels and multi-family facilities 

on a variety of efficiency measure installation, including lighting and key card controls for 

lighting, air conditioning and plug loads that reduce power use when rooms are unoccupied.  

» The Keep Your Cool Program. Commercial kitchens receive a free, no-obligation, inspection of 

commercial refrigerators and coolers to evaluate their efficiency. Cash incentives are available to 

make efficiency upgrades affordable for a variety of equipment.  

1.4.2  Residential Customer Programs 

Listed below are the residential programs offered by CPAU in FY 2013.  

» The Home Energy Report Program. CPAU provides residents with individualized reports 

comparing their home energy use with that of 100 similarly sized homes. A web portal also offers 

tips and suggestions on reducing electric and natural gas usage.  

» The Smart Energy Program. CPAU offers financial rebates to residents who install energy 

efficient appliances and equipment in their homes or on their property. Palo Alto pays rebates to 

those who have their older, inefficient refrigerators and freezers recycled.  

» The Low-Income Energy Assistance Program (REAP). CPAU provides low-income residents 

with no-cost home lighting and heating system upgrades, as well as insulation for walls and roofs 

and weather-stripping for doors and windows.  

1.5  Evaluation Priorities  

Navigant (formerly Summit Blue) has developed EM&V Reports for CPAU since Fiscal Year 2008. In past 

years, reports have been completed for the following programs: 
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» Process Reports: 

- Smart Energy Program (Residential Rebates) - FY 2008 

- Commercial Advantage Program (Business Rebates) - FY 2008 

- Smart Energy Program (Residential Rebates) - FY 2009 

- Right Lights Plus (Business Lighting) - FY 2009 

- Net to Gross Evaluation for all programs - FY 2010 

- Washing Machine Rebates - FY 2011 

» Impact Reports: 

- Residential Refrigerator/Recycling Program - FY 2008 

- Smart Energy Program (Residential Rebates) - FY 2008 

- Compact Fluorescent Light Programs - FY 2008 

- Right Lights Plus (Business Lighting) - FY 2008 

- Custom Energy Rebate (Business Customers) - FY 2008 

- Commercial Advantage Program (Business Rebates) - FY 2009 

- Right Lights Plus (Business Lighting) - FY 2009 

- Commercial Advantage Program (Business Rebates) - FY 2010 

- Right Lights Plus (Business Lighting) - FY 2010 

- Home Energy Reports - FY 2011 

- Commercial Advantage Program (Business Rebates) - FY 2011 

- Commercial and Industrial Efficiency Program (Enovity) - FY 2011 

- Right Lights Plus (Business Lighting) - FY 2012 

- Commercial Advantage Program (Business Rebates) - FY 2012 

- Commercial and Industrial Efficiency Program (Enovity) - FY 2012 

 

The approach that these firms took was to always evaluate the programs with the largest claimed energy 

savings every fiscal year and to periodically evaluate programs with lower levels of claimed savings. For 

the programs with low levels of claimed energy savings, priority was placed on new programs and on 

programs with higher levels of savings uncertainty. Process evaluations were conducted only if CPUA 

had specific issues it wished to assess in that particular fiscal year. 

 

Navigant has continued this approach to prioritizing EM&V activities for this FY 2013 evaluation. In 

August of 2013, shortly after the completion of FY 2013 program activities, Navigant and CPAU staff 

discussed which FY 2013 programs Navigant would evaluate. Navigant and CPAU determined that 

Navigant would conduct impact evaluations for three of the top five programs in terms of claimed 

savings and a selection of the newer and smaller programs. As shown in  
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Table 1-3, the final sets of FY 2013 programs to be evaluated represent over 65 percent of the total FY 2013 

claimed energy savings and seven of the eleven total programs. The full list of programs in this 

evaluation includes: 

 

» Commercial Advantage (30.6%) 

» Enovity (15.1%) 

» Willdan (14.1%) 

» Low Income - REAP (1.0%) 

» Keep Your Cool (1.6%) 

» Hospitality (0.4%) 

» Business Water Efficiency Direct Install (part of the 4.2% identified under COM-SBW) 

» SBW Vending and Cooling Miser (part of the 4.2% identified under COM-SBW) 

 

The four programs not evaluated in the FY 2013 cycle include: 

 

» Right Lights (20.4%) – This program is historically a large energy saver and has been evaluated in 

FY 2008, FY 2009, FY 2010, and FY 2012. It is primarily made up of deemed lighting measures.  

» Home Energy Report (11.7%) – This program was evaluated in FY 2011 

» Residential Smart Energy Program (3.0%) – This program was evaluated in FY 2008. It includes 

only deemed measures with low levels of uncertainty. 

» The SCVWD Program (less than 1%) – This program was not evaluated because of the very small 

amount of energy saved relative to the entire portfolio. 

 

For this FY 2103 EM&V cycle, Navigant primarily conducted impact evaluations, although Navigant did 

conduct several process evaluations in previous FY cycles. During the FY 2013 cycle, Navigant performed 

two small process evaluations; the first was a brief Decliner survey for the key card portion of the 

Hospitality program, while the second was customer satisfaction survey with the Business Water 

Efficiency Direct Install Program. 
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2.  Overview of Approach 

2.1  Impact Verification of Energy and Demand Savings of Energy Efficiency Measures 

(EEMs) 

2.1.1  Key Issues 

The key issues for this impact evaluation included sample selection and the selection of the appropriate 

level of rigor with which to evaluate gross energy savings and peak demand impacts. The purpose of 

conducting ex-post savings analysis is to develop more precise and more accurate (i.e., less biased) 

estimates of both individual measure savings and overall program savings.  

 

Navigant used the International Performance Measurement and Verification Protocol (IPMVP) to guide 

the evaluation strategy for each program. Table 2-1 provides an overview of these IPMVP options. 

 

Table 2-1. Overview of IPMVP M&V Options 

IPMVP M&V Option 

Measure 

Performance 

Characteristics 

Data Requirements 

Option A: Engineering calculations using 

spot or short-term measurements, and/or 

historical data 

Constant 

performance 

 

» Verified installation 

» Nameplate or stipulated 

performance parameters 

» Spot measurements 

» Run-time hour measurements 

Option B: Engineering calculations using 

metered data 

Constant or 

variable 

performance 

 

» Verified installation 

» Nameplate or stipulated 

performance parameters 

» End-use metered data 

Option C: Analysis of utility meter (or sub-

meter) data using techniques from simple 

comparison to multivariate regression 

analysis 

Variable 

performance 

 

» Verified installation 

» Utility metered or end-use metered 

data 

» Engineering estimate of savings 

input to model 

Option D: Calibrated energy 

simulation/modeling; calibrated with hourly 

or monthly utility billing data and/or end-use 

metering 

Variable 

performance 

 

» Verified installation 

» Spot measurements, run-time hour 

monitoring, and/or end-use 

metering to prepare inputs to 

models 

» Utility billing records, end-use 

metering, or other indices to 

calibrate models 

Source: International Performance Measurement & Verification Protocol; http://www.nrel.gov/docs/fy02osti/31505.pdf 

  



 

 

 

 

 

 

20 
 

IPMVP option A is frequently used for lighting and high performance motor installations, where 

operational power does not vary significantly. Commercial/industrial electrical efficiency measures are 

most commonly suited to analysis using option B, with the installation of metering equipment for a few 

weeks on the end-use measures. Gas efficiency measures are often analyzed using option C, particularly 

if the gas measure affects a significant portion of the facility’s gas usage. Electrical measures may also be 

analyzed using option C if they have a relatively isolated utility feed with minimal loads other than the 

affected end use. Option D is generally used only for new construction, which has a package of measures 

and no history of usage. 

2.1.2  General M&V Approaches  

The Navigant team considered many issues when matching M&V approaches to different programs, 

including the following:  

 

» Size and proportion of the expected impact  

» Degree of site-by-site variation in per-unit savings  

» Aggregate size of the measure’s impact at the program and portfolio levels  

» Cost of applying the savings estimation method  

» Sampling size and associated sampling error  

» Reliability of the measured data  

 

The following are summaries of the primary M&V approaches available for evaluating the gross savings 

impacts of CPAU’s programs. The subsequent program-specific chapters reference these approaches, 

which are described below. 

 

Calibrated Building Simulation Models. For complex measures where individual engineering algorithms 

are inadequate (i.e., weather-dependent measures affecting multiple end uses), where billing analyses are 

inappropriate due to expected ‚noise‛ in the data and a comparatively small measure impact, and where 

direct measurement is either too expensive or otherwise not desirable as an exclusive method, we will use 

calibrated engineering simulation models to estimate the load impacts. This approach involves the 

construction and calibration of a typical program building—based on region-specific construction and 

consumption data—using building energy simulation software.  

 

Engineering Review. For many measures, more rigorous approaches, such as field metering, may not be 

warranted. In those cases, we will conduct a thorough review of the current ex-ante models used to 

estimate impacts. The results of this review may result in refinements to the current algorithm, the inputs 

to the algorithm, or an entirely new engineering model.  

 

On-Site Calibrated Engineering Analysis. For some measures, where monitoring and building simulation 

modeling is not feasible or cost-effective, we will collect on-site data to be used to update or calibrate the 

models (either ex-ante algorithms or stipulated savings estimates). For example, a value may be based on 

an engineering model that is a function of a number of parameters. We may find that one of the key 

parameters that drive this result is in need of updating. Our approach would be to estimate this 

parameter using on-site data to provide a more accurate and precise overall estimate of the measure’s 
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savings. The result of this task may be revised algorithm approaches, or the same ex-ante algorithm, but 

with more accurate inputs.  

 

Billing Analysis. Billing analysis is used when installed measures are expected to have noticeable, 

definable impacts on available monthly billing data. It is not appropriate for every evaluation, however, 

particularly those for which there may be insufficient data for the pre- and/or post-installation time 

frame. In addition, billing analyses can be sensitive to sample sizes and the relative sizes of the savings as 

compared to total customer consumption. Another possibility is to combine some of the engineering and 

simulation analyses with a billing analysis.  

2.1.3  On-Site Inspections 

Navigant conducted on-site inspections for most of the FY 2013 program EM&V efforts. The inspections 

encompass a range of activities, including the following:  

 

» Simple verification of measure installations  

» Confirmation of measure counts, capacities, and efficiencies  

» Observation of the quality of installation of the technology  

» Collection of nameplate and other performance data  

» Observation of control systems and schedules  

» Confirmation of baseline conditions (as possible)  

» Discussions with building operators about building construction features, occupancy schedules, 

and energy systems characteristics and operation  

 

In addition to these on-site inspection and verification activities, on-site performance measurement 

activities fall into the following three broad categories:  

 

» Spot measurements – Spot measurements are the first and simplest level of on-site performance 

measurement and include one-time instantaneous measurements of technology, system, or 

environmental factors including temperature, volts, amperes, true power, power factor, light 

levels, and other variables. As a general guide, these measures are used to quantify single 

operating parameters that do not vary significantly over time or are intended to provide a 

snapshot in time. They are not intended to capture seasonal or longer term effects. Another way 

of looking at this approach is that it is useful in assessing the savings of constant performance 

measures.  

» Run-time hour data logging – Run-time hour monitoring represents the second level of 

performance measurement and is used to record run-time profiles over a given time period or 

operating hour totals. Run-time hour monitoring is particularly useful for estimating long-term 

energy consumption from short-term measurements, particularly for technologies which exhibit 

constant performance characteristics. For example, this method is used extensively for assessing 

the operating hours of lighting systems and constant load motor systems. Monitoring is 

conducted with small, portable, simple-to-use monitors, which typically hold two weeks’ to one 

month’s worth of data.  
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» Interval metering – Interval metering is the most sophisticated level of on-site performance 

measurement and involves real-time monitoring of the energy use of specific end uses over a 

specified time period. This may involve recording true energy use or "proxy‛ values such as 

voltage and amperes from which energy used is computed. Interval metering is often used to 

measure pre- and post-installation performance to obtain accurate data on measure performance. 

Typically, this strategy is not deployed over long enough time periods to gauge seasonal effects, 

so the results of the measurements must be integrated into an analysis model to compute annual 

and seasonal impacts.  

2.1.4  Evaluation Strategies for Key Measures 

Below is a brief discussion of specific evaluation strategies for key measures offered through many of 

CPAU’s energy conservation programs.  

 

Air abatement can refer to a number of energy efficiency measures, including variable speed exhaust 

fans, improvements to dust collectors, regenerative catalytic oxidizers (RCOs), and bio-reactors, as well as 

other end uses. The electrical measures are generally analyzed using IPMVP option B, whereas gas 

measures such as RCOs may be analyzed using option C. In some cases these measures are new 

installations, and the evaluation must estimate the baseline using either engineering calculations based on 

measured data at the site or standard usage values from regulatory bodies. 

 

Compressed air is a significant user of energy in many industrial locations. Measuring compressed air 

energy usage usually requires interval metering, along with spot measurements to determine operation 

of the system, employing a combination of IPMVP options A and B. Anywhere from one to four weeks of 

data are typically used to evaluate typical usage of the system. Electrical current or energy measurements 

are used, along with system operation curves, to determine air usage. If pre-installation logging was 

performed, evaluators can compare logged data to the current usage to determine savings. If pre-

installation data is unavailable or unreliable, system operation curves for the baseline system can be 

employed to determine what the previous system usage would have been under the current 

circumstances. If system loads have changed, either system curves or a modeling tool such as AirMaster+ 

may be used to determine the effects of these changes. 

 

Process improvements can include numerous types of upgrades to a facility. When contacting and 

conducting its evaluation work, Navigant will work closely with facility personnel to understand process 

changes and determine the best way to calculate energy savings. In cases where production levels are 

affected by these retrofits or by other factors, it is frequently necessary to analyze production records 

along with IPMVP option B and sometimes C to assess energy savings from these projects. Process 

equipment may be logged for a period of 1 to 3 weeks, or Navigant may use EMS records collected by the 

facilities. Normalizing energy use to production levels permits a more appropriate evaluation of 

conditions than a straight comparison of pre- and post-retrofit energy usage. If production levels are not 

affected, process improvements can be evaluated without normalization to production levels. 

 

Lighting measures frequently consist of retrofits to T8 and T5 linear fluorescent fixtures, along with some 

compact fluorescent and LED installations. Lighting project evaluations often include a mix of deemed 
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measures and applicant-provided engineering calculations used to estimate savings. For many lighting 

measures, a combination of IPMVP options A and B is the most appropriate EM&V methodology, 

particularly if lighting controls are part of the project. Lighting control evaluations can benefit from use of 

billing data in the analysis if lighting is a significant portion of the facility’s electric load. 

 

Refrigeration measures can include compressor upgrades, controls changes, gaskets, or improved 

insulation. A combination of interval metering and sub-metered data as in IPMVP options B and C is 

typically used to determine savings for these projects. Since refrigeration systems can be weather 

dependent, long-term monitoring from facility sub-meters and local weather data, is strongly preferred, 

to provide the greatest degree of certainty in savings calculations. However, for simple measures with 

deemed savings, such as door gaskets and strip curtains, the evaluation may consist of only on-site 

verification of installation and measure condition. 

 

Heating, ventilation, and air conditioning (HVAC) measures include heating and air-conditioning 

retrofits, chiller upgrades, economizers, controls, and energy management systems. Because of the 

temperature-dependent nature of these measures, it is desirable to obtain as much long term operational 

data as possible, along with local weather records, in order to provide a reasonable degree of accuracy in 

savings estimates. Long-term billing data is frequently used along with metered data, combining IPMVP 

options B and C to determine energy usage. Metered data are typically normalized to weather in a typical 

meteorological year (TMY) to determine savings in a typical year. Energy management systems (EMS) are 

frequently used to control HVAC systems. Because of the extensive nature of these controls, and because 

they typically provide long-term operational data as part of their functionality, option C or D is used to 

analyze these savings. Due to the seasonal nature of HVAC measures, analysis of cooling projects may be 

scheduled to occur in the summer months. 

 

Pump measures include pump rebuilds, upgrades to high-efficiency pumps and pump motors and VFDs 

in industrial and agricultural applications. Interval metering is usually required along with spot 

measurements to determine operation of the system, employing a combination of IPMVP options A and 

B. Anywhere from one to three weeks of data are typically used to evaluate typical usage of the system. 

Electrical current or energy measurements are used, along with pump curves, to determine usage.  

 

Water treatment includes both fresh and waste water categories. These projects involve process changes, 

sensor replacements and pump and blower retrofits. Often VFDs are installed at water treatment 

facilities. Interval metering is usually required along with spot measurements to determine operation of 

the system, employing a combination of IPMVP options A and B. Anywhere from one to three weeks of 

data are typically used to evaluate typical usage of the system. Electrical current or energy measurements 

are used, along with pump curves, to determine usage. At smaller facilities, these upgrades may 

dramatically reduce energy usage. In these instances option C may be employed. 

 

Motor and VFD measures include high efficiency and premium efficiency motor upgrades and VFD 

installation on process and HVAC motors. Navigant has found that impact evaluations often reveal 

uncertainty in certain aspects of energy savings estimates. During its evaluation, Navigant will review 

basic assumptions used in ex-ante energy savings calculations (e.g., hours of operation, rated efficiency, 
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and loading). Field measurements, IPMVP options A and B, will be used. Typical logging periods of 1-3 

weeks are used in process applications and 1-4 weeks in HVAC applications. 

 

Operations and maintenance (O&M) projects include actions that affect how the building energy systems 

are operated and maintained. These might include retrocommissioning measures described below and 

also include repair and preventative service of equipment that affect comfort and energy use. Typical 

measures might include the use of notched belts, actuator repair or adjustment, sensor calibration, 

damper blade reconditioning, duct repair, optimal filter use and many other measures. Navigant worked 

with facility personnel to understand and evaluate energy savings and determine the best verification 

option.  

 

Retrocommissioning is a process of examining building systems in relation to how the occupants use the 

space, and optimizing the delivery of energy services (e.g., HVAC, lighting, and ITS) to satisfy the 

occupant needs at the lowest cost and, usually, lowest energy consumption. Retrocommissioning 

measures include optimizing HVAC sources and distribution through the use of automation systems, 

setpoints, and schedules; monitoring building power for effective demand response; monitoring system 

parameters to ensure persistence of energy-saving activities; identifying failed, broken or mal-adjusted 

equipment that affects building comfort and energy performance; and quantifying the costs of poor 

operation. Retrocommissioning projects are evaluated similarly to other HVAC projects. Long-term 

billing data is frequently used along with metered data, combining IPMVP options B and C to determine 

energy usage. Metered data are typically normalized to weather in a typical meteorological year to 

determine savings in a typical year. Due to the seasonal nature of HVAC measures, analysis of 

retrocommissioning projects may be scheduled to occur in the summer months if HVAC measures are a 

significant portion or the retrocommissioning activity.  

 

Strategic energy management measures include a variety of low-cost energy saving strategies such as 

process or floor-plan redesigns, simple waste heat recovery and behavior modification. Navigant will 

conduct interviews with facility personnel to understand and evaluate energy savings and determine the 

best verification option.  

 

Insulation measures may include both electric and gas savings, and can be particularly difficult to assess 

because of their nature. Building insulation does not lend itself to any direct measurement options, so 

assessment of billing records, IPMVP option C, or simulation modeling as in option D are typically the 

only options for evaluation. Option D is rarely applicable in industrial situations. Savings from insulation 

of process equipment or fluid lines can also be difficult to directly measure, although they can be 

estimated using measurements of fluid flow and temperature along with heating or cooling efficiency of 

the supplying equipment. 

 

Table 2-2, summarizes the IPMVP options typically used for each of these measures of interest.  
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Table 2-2. Assignment of M&V Protocols to Program Measures 

Measure Category 
IPMVP Option 

Comments 
A B C D 

Air Abatement      

Compressed Air      

Process      

Lighting     Option C rarely used. 

Refrigeration      

HVAC      

Pumps      

Water Treatment      

Motors and VFDs      

Operations and Maintenance      

Retrocommissioning      

Strategic Energy Management      

Insulation 
    

Option D may be used for building shell insulation, not for 

pipe or equipment insulation. 

Source: Navigant 2013 Impact Evaluation analysis 

2.2  Sampling 

Navigant’s approach to determining, validating, and verifying gross energy savings is based on obtaining 

at least 80 percent confidence and 20 percent precision at the program level. For some programs, the 

confidence level and precision is higher. 

 

For each program evaluation, the Navigant team defines the population based on the program tracking 

databases provided by CPAU. Information on installed measures, installation dates, key customer 

characteristics, and estimated savings are the primary data components that are reviewed for programs 

when developing the sample design. Where appropriate, the Navigant Team may also utilize other key 

program characteristics in determining an appropriate sampling design, such as the distribution of 

customer or business types, the number of measures or projects per participant, implementation 

contractors, and geography.  

 

Statisticians have developed many approaches to sample design. Each of these approaches may be best 

suited for a particular evaluation based on the objectives of each program and the availability of the 

population data. The Navigant team utilizes a variety of sampling approaches depending on the nature 

of the program and the key areas of interest for evaluation. The specific sampling approach used for each 

program evaluated is discussed in their respective chapters. Some of the sampling approaches that are 

commonly used are listed below: 

 

» Simple Random Sampling. Simple random sampling is a method of selecting sample cases out of 

the population such that every one of the distinct population cases has an equal chance of being 

selected.  

» Systematic Sampling. In systematic sampling, each sample unit is chosen at a prescribed interval. 

Often this approach is used to ensure that the sample draw achieves a representative distribution 

of a particular characteristic, such as ex-ante project savings. 
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» Stratified Random Sampling. In this method, the sample population is divided into subgroups 

(i.e., strata) based on a known characteristic such as savings level or energy usage. Stratified 

random samples can produce estimates with smaller coefficients of variation than simple random 

samples. A sample is then randomly chosen from each stratum in one of three ways: proportional 

stratification, optimal stratification, or disproportionate stratification.  

» Cluster Sampling or Snowball Sampling. Cluster sampling can be used to reduce the geographic 

distribution of the sample. The technique is employed where appropriate in sample selection or 

the scheduling of site visits to reduce travel times and more efficiently utilize field staff. 

» Ratio Estimation is a sampling method that can achieve increased precision and reliability by 

taking advantage of a relatively stable correlation between an auxiliary variable and the variable 

of interest. For the evaluation of energy efficiency programs, the most frequency utilized ratio is 

the realization rate between ex- ante savings and ex- post savings. 

 

In general, Navigant uses stratified samples when possible to improve the efficiency of the sample 

design. Stratification helps improve the representativeness of the sample relative to the range of 

participants in the whole population, thereby reducing the required size of the sample to meet precision 

targets. Where applicable, Navigant identified useful stratification variables based on a review of the 

program tracking databases, forecasts of program impacts, budget considerations, and discussions with 

utility staff. Stratification can result in a more efficient sample design by disproportionately focusing the 

selected sample on the program components that contribute the most to overall program savings. As an 

example, for business programs, Navigant recommends a census (or near census) of those projects with 

the greatest savings with samples taken from the other strata based on a stratified ratio estimation 

method. 

 

For nearly all sampling methodologies, one of the key variables that influence the sample size is the 

coefficient of variation (CV). The CV is a measure of the variability of the key data point(s) being 

measured: the higher the variability, the higher the CV, and the larger the sample size needed to achieve 

the same confidence and precision. The CV can be assigned for an entire program or for an individual 

stratum. The Navigant team will adhere to industry standards and CEC Protocols in determining an 

appropriate, but conservative CV to use for each program evaluation 

2.3  Peak Demand Estimation 

Navigant used the California Protocol guidelines to estimate peak demand impact at the basic rigor level. 

The basic rigor prescribes that at a minimum, an on-peak demand savings estimate is based on allocation 

of gross energy savings through the use of allocation factors, end-use load shapes or end-use savings load 

shapes. These secondary data can be from DEER, the CEC forecasting model, utility end-use load shape 

data or other prior studies. 
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3.  Commercial Sector Custom Advantage, Enovity, and Willdan Programs 

3.1  Program Description 

The Custom Advantage, Enovity, and Willdan Programs, are all under the umbrella of the Custom 

Advantage Program (CAP). Each includes custom measures installed in larger CPAU commercial 

building accounts. CAP offers cash incentives for energy-saving electric and natural gas measures for 

commercial, industrial and public sector. It is up to the customer to present CAP projects to the utility for 

approval and funding. The Enovity Program is a third party contractor (Enovity) program that offers a 

variety of custom measures at no cost to large commercial and industrial customers. The Willdan 

Program is also a third party contractor (Willdan) program that specializes in custom measures offered to 

clinical laboratories at no cost. In addition to providing similar custom style measures, there were only 

two Willdan and five Enovity projects in FY 2013, as compared to 24 CAP projects. Therefore, Navigant 

combined the project populations for the three programs with sampling drawn from this merged project 

population. 

3.2  Sample Design 

Navigant used stratified ratio estimation to draw the program sample. This method combines a stratified 

sample design with a ratio estimator. Both stratification and ratio estimation take advantage of 

supporting information available for each project in the population. In this case, the supporting 

information was ex-ante energy savings per project. Using the ex-ante energy savings per project as the 

stratification variable reduces the coefficient of variation in each stratum, thereby improving the 

statistical precision. Moreover, the sampling fraction varies from stratum to stratum to further improve 

the statistical precision. In particular, Navigant could select a relatively small sample from the accounts 

with small energy savings, but could force the sample to include a higher proportion of the projects with 

larger levels of energy savings. 

 

For FY 2013, there were a total of 31 projects; 24 CAP, five Enovity, and two Willdan. Navigant drew the 

sample to achieve a statistical confidence of 80 percent +/- 20 percent, assuming a coefficient of variance of 

0.5 to reflect the typical conservative uncertainty seen among custom measures. Navigant employed three 

stratification levels for each program, including both electric and natural gas savings. There were 28 sites 

with electric savings and five sites with natural gas savings. 

 

The 28 projects with electric savings ranged in savings from 3,744 kWh for the smallest project to 850,175 

kWh for the largest. For the five sites with natural gas savings, savings ranged from 240 therms to 145,664 

therms. Navigant rank ordered the 31 total projects by level of electricity savings.  

 

The final sample consists of six projects; two from each of the savings strata. Savings from the sample 

represent 51 percent of the total ex-ante electricity and 95 percent of the ex-ante natural gas savings. Table 

3-1 and Table 3-2 identify the sampled projects for electricity and natural gas, respectively, as well as the 

stratum from which they came and the extrapolated program level ex-ante savings.  
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Table 3-1. Sample by Stratum with Project-to-Population Weights for Elec. Ex-ante Savings 

Electricity 

Site # Strata # 

Stratum Level 

Total Ex-ante 

Savings (kWh) 

Project Ex-

ante Savings 

(kWh) 

Within 

Strata Share 

- Electric 

Project to 

Population 

Weight - Electric 

Project Based 

Extrapolated Ex-ante 

Savings (kWh) 

988 Strata #1 2,322,661 850,178 36.6% 1.45 1,231,969 

977 Strata #1 2,322,661 730,906 32.4% 1.45 1,059,135 

989 Strata #2 2,006,802 505,873 25.2% 1.99 1,006,757 

976 Strata #2 2,006,802 502,500 25.0% 1.99 1,000,045 

925 Strata #3 1,492,656 214,857 14.5% 5.04 1,083,242 

960 Strata #3 1,492,656 79,181 5.3% 5.04 399,204 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 3-2. Sample by Stratum with Project-to-Population Weights for Nat. Gas Ex-ante Savings 

Natural Gas 

Site # Strata # 

Stratum Level 

Total Ex-ante 

Savings 

(Therms) 

Project Ex-

ante Savings 

(Therms) 

Within 

Strata Share 

- Therms 

Project to 

Population 

Weight - Therms 

Project Based 

Extrapolated Ex-ante 

Savings (Therms) 

988 Strata #1 72,898 70,909 97.3% 1.03 72,898 

977 Strata #1 72,898 0 0.0% 0.00 0 

989 Strata #2 145,664 145,664 100.0% 1.00 145,664 

976 Strata #2 145,664 0 0.0% 0.00 0 

925 Strata #3 8,311 0 0.0% 0.00 0 

960 Strata #3 8,311 0 0.0% 0.00 0 

Source: Navigant 2013 Impact Evaluation analysis 

 

3.3  Estimating Project Level Ex-post Savings 

The final result from the gross analysis of each sampled measure provides an estimate of annual savings, 

including both annual energy savings and peak demand savings. Navigant divided the final ex-post 

impact estimate by the ex-ante estimate to compute measure-specific realization rates.  

 

 Realization Rate = (ex-post annual savings) / (ex-ante annual savings) 

 

Navigant conducted site visits covering six custom Commercial Advantage Program (CAP) projects in 

December 2012. Table 3-3 provides results of these site visits and analyses. 
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Table 3-3. Commercial Advantage Energy Savings 

Site 

ID 

Non-

Residential 

Programs 

Gross Ex-

ante 

Energy 

(kWh) 

Gross Ex-

post 

Energy 

(kWh) 

kWh 

Realization 

Rate 

Gross Ex-

ante Energy 

(therms) 

Gross Ex-

post Energy 

(therms) 

Therm 

Realization 

Rate 

925 CAP lighting 214,857 195,665 91% - - - 

960 CAP lighting 79,181 88,082 111% - - - 

977 CAP lighting 730,906 805,806 110% - - - 

976 Enovity 502,500 576,100 115% - - - 

989 Willdan 505,873 357,474 71% 145,664 62,176 43% 

988 Willdan 850,178 887,376 104% 70,909 66,564 94% 

Source: Navigant 2013 Impact Evaluation analysis 

3.3.1  Site 925  

Site 925 was a large, 222,759 sq. ft., three-story retail building that had retrofitted a mix of 2,234 

incandescent, compact fluorescent, and ceramic metal halide lamps with LEDs. Navigant’s evaluation at 

this location consisted of a floor-by-floor lighting inventory by lamp type and interviews with store staff 

to determine lighting operating hours.  

Of the reported 2,234 fixtures in the CAP application, 3 additional MSI 12W PAR 38 and 46 additional 

TCP dimmable 17W PAR38 lamps were found. The revised total lighting count is 2,283 LED lamps, 

which represents a 2 percent increase in lamps over the reported 2,234 count.  

Review of the CAP application revealed an error in the original calculation spreadsheet for 45 of the 

retrofitted lamps. Specifically, these had been calculated as 37 watts instead of 27 watts for the installed 

case, resulting in a 2,026 Ex-ante kWh/year discrepancy. The original calculation spreadsheets also 

showed 4,500 annual lighting hours for all fixtures, while interviews with store managers and staff 

revealed that lights were only used for 4,042 hours for the 2013 calendar year. This represents a 10 percent 

reduction in annual lighting hours. Navigant took both the revised ex-ante kWh and the revised annual 

lighting hours into consideration for this evaluation. The realization rate for this site came to 91 percent.  

Table 3-4. Site 925 Electric Savings 

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Custom Lighting Retrofit 214,857 195,665 91% 

Source: Navigant 2013 Impact Evaluation analysis 

3.3.2  Site 960 

Site 960 was a large, 104,717 sq. ft. office/warehouse building that had retrofitted 239 occupancy sensors 

for both office and warehouse spaces. Navigant’s evaluation at this location consisted of a comprehensive 

walkthrough of all retrofitted office and warehouse spaces, and the installation of 14 lighting loggers 

throughout the facility.  
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Navigant found all assessed occupancy sensors to be in working order, although the evaluation team 

found a few changes during the site interview and walkthrough that impacted the ex-post kWh. Due to a 

corporate move, the office spaces outside of the warehouse areas were mostly vacated with the exception 

of a few low-use offices. Navigant installed lighting loggers in both the vacated and occupied office areas 

to assess the magnitude of this change. Navigant found that the annual lighting hours were consistent 

with the change in use.  

In the warehouse areas, Navigant found that maintenance personnel would often change the angle of 

occupancy sensors to keep the lights on while working on specific equipment. This did not prevent 

proper function of the occupancy sensors, but these changes may have affected annual lighting hours. A 

small subset of occupancy sensors positioned in front of equipment were also triggering due to traffic 

from nearby walkways. Because the facility was a major telecommunications landline center, 

maintenance operations reportedly occurred anytime during the 8,760 annual hours. As the majority of 

occupancy sensors were located in the warehouse areas, the savings are primarily driven by maintenance 

requirements. Some areas may have seen no activity for weeks to months on end, while other areas may 

have seen high activity for periods of time ranging from weeks to months. Navigant extrapolated logged 

hours of use to the site based on fixture type, space type, and connected load. The realization rate for this 

site was 111 percent.  

Table 3-5. Site 960 Electric Savings 

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Wall- and Ceiling-Mounted 

Occupancy Sensors < 500 watts 
79,181 88,082 111% 

Source: Navigant 2013 Impact Evaluation analysis 

3.3.3  Site 977  

Site 977 was a large medical facility that had replaced T12 and old T8 linear fluorescent lighting with 

more efficient T8 fixtures. The facility had retrofitting lighting throughout large portions of the facility, 

including the installation of motion sensors in areas where use was not continuous throughout the day or 

week. Navigant obtained detailed layouts for the new lighting and confirmed the installation of the 

fixtures in most areas, although not all areas were accessible during the site visit and it was not practical 

to confirm each individual room with small numbers of fixtures. Navigant also confirmed the baseline 

fixtures with facility staff. Baseline hours of operation were 8,760 hours annually as the facility operates 

continuously. 

Navigant used fixture wattages from California Statewide Customized Offering Manual Appendix B to 

calculate power for the baseline and new lighting fixtures. This resulted in reduced power savings 

compared to the ex-ante calculations since the Manual wattages were slightly higher than those claimed 

for some of the new fixtures. 

All the lighting measures at the facility were in place and operating as expected. Navigant placed 15 

lighting loggers throughout the facility for over three weeks to determine typical operating hour 

reductions from the motion sensors. Two of the loggers failed, but the remaining 13 loggers showed an 

average operation reduction ranging from 9.2 percent to 91.3 percent, with an average reduction of 56.5 



 

 

 

 

 

 

31 
 

percent. This was substantially higher than the standard reductions claimed for the project, despite the 

slightly higher wattages used in calculations. The overall savings for the facility was 110 percent of the 

ex-ante value, as shown in Table 3-6 below. 

 

Table 3-6. Site 977 Electric Savings 

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Replace old lighting system with new, efficient substitutes 624,536 620,760 99% 

Occupancy sensors 106,369 185,046 174% 

Total 730,906 805,806 110% 

Source: Navigant 2013 Impact Evaluation analysis 

3.3.4  Site 976 

Site 976 was a large company with office and laboratory areas. The facility installed five measures as part 

of this project: two static pressure resets on air handlers, a chiller replacement and staging, a hot water 

pump optimization, and new interior lighting. All of these measures were still operating  at the time of 

Navigant’s evaluation, although the hot water pumping system had been removed and replaced with a 

variable speed system.. However, since the pumps were replaced one-for-one, and the controls allowing 

for only one of the two pumps to run were maintained, the savings from this measure were retained at 

100% realization rate. 

Static pressure resets require substantial, detailed trend data to analyze directly. Consequently, analyzing 

savings frequently requires models such as the Building Optimization Tool (BOA), which was used to 

initially by the implementation contractor to calculate and verify savings for this project. Navigant 

obtained detailed trend data for most of the affected air handlers from the facility, but the trend data did 

not include power, and in some cases covered only a short period of time. Where available, the trend data 

do clearly show that the static pressure resets were operating as expected. Because data were not 

adequate to independently calculate all of the savings for this measure, and because several California 

utilities have approved the BOA model, Navigant accepted the savings for these two measures. 

The facility had three main chillers and one backup chiller. Prior to the project, chiller 2 - a 900-ton, 

variable speed centrifugal unit - ran continuously, even at time of low load. Chillers 1 and 3 - both 

smaller, constant-speed units - were rarely used. As part of this project, the facility replaced chiller 1 with 

a 400-ton variable speed centrifugal chiller with cooling water resets and made it the base-load unit 

during off-hours. Outside of the project, the facility also replaced the chilled water and cooling water 

pumps for chiller 1 with larger units, running chiller 1 as the base load chiller most of the time. 

Navigant obtained eight months of trend data for the chillers from the facility. Trend data included flow 

and temperature trends, which Navigant used to calculate cooling tonnage, but no power information. 

Power logging on chiller 2 would have been difficult due to the unit size, and it was not operating at the 

time of the site visit. Therefore, Navigant did not obtain any power data for it. Enovity had likewise not 

been able to log chiller 2 power during their study due to the size of the unit. Navigant obtained spot 

measurements of power on the chiller 1 and used trend data obtained during the project verification to 

convert tonnage to power for the trend data. Since the two chillers were similar in design and 
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manufacturer, Navigant used the curve shape from chiller 1, along with specifications on the chillers, to 

estimate power consumption for chiller 2. Chiller 3 was off during the site visit and was shown to operate 

only rarely, mostly for maintenance purposes. 

Navigant used the chiller trend data to calculate cooling tons at varying outside air temperatures. 

Navigant also normalized both total tonnage and chiller 1 and chiller 2 cooling data to a typical 

meteorological year (TMY3 data) for the San Jose airport, which is the closest weather station to the 

facility. Navigant calculated power for each chiller in the current case and in the baseline situation, where 

only chiller 2 was operating Navigant adjusting for the cooling water reset as 1 percent efficiency gain per 

degree of reduction below 75 F outside air temperature. Based on these data, Navigant calculated energy 

savings for the chiller measure as 177,700 kWh/year, a value that is slightly higher than the ex-ante value 

but within the range of data variation and power conversion uncertainties. Figure 3-1 shows the facility 

cooling tons as a function of outside air temperature. 
 

Figure 3-1. Facility Cooling Tons 

 
Source: Navigant 2013 Impact Evaluation analysis 

 

Navigant found the lighting at Site 976 to have been retrofitted to T5 and hard-wired CFL fixtures, as 

described in the project file. Facility staff agreed with the description of the baseline systems as premium 

T8 fixtures and hard-wired 26 watt CFLs. The wattages reported in the project file, although close, were 

not the same as those provided in the California Statewide Customized Offering Manual Appendix B. In 

the absence of detailed specification sheets, Navigant used wattages from the Manual, resulting in minor 

changes in total demand usage for the project. 

 

The 12 percent of fixtures listed as controlled by motion sensors appeared accurate, although in some 

areas it was difficult to determine exactly which fixtures were covered by the project. Navigant accepted 

the 20 percent reduction reported in the project file for these fixtures, both in the baseline and efficient 

cases. However, facility staff reported 12 hours of operation weekdays rather than the 11 hour weekday 

operation listed in the project file. This was likely due to a change in operation since the project was 
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installed. In addition, staff claimed that 10 percent of the T5 troffers were on emergency circuits that 

operated 24/7, a claim in line with code requirements. Consequently, Navigant found substantially 

increased hours of operation for the lighting systems, resulting in a 128 percent realization rate. 

 

The overall realization rate for the site was 115 percent, as detailed in Table 3-7. Although the removal 

and replacement of the hot water pumping system resulted in no savings for that measure, the high 

realization rates of the lighting and chiller projects contributed to overall savings in excess of the ex-ante 

value. 

 

Table 3-7. Site 976 Electric Savings 

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Implement static pressure reset on AHUs 6, 8, 9, & 11 20,700 20,700 100% 

Chiller staging for part-load conditions 169,600 177,700 105% 

Repair primary hot water pump and operate only one pump 65,300 65,300 100% 

Implement static pressure reset on AHUs 1 & 3 9,100 9,100 100% 

New interior lighting 237,800 303,300 128% 

Total 502,500 576,100 115% 

Source: Navigant 2013 Impact Evaluation analysis 

3.3.5  Site 989 

Site 989 is a large 75,000 sq. ft., office building which implemented the following nine building 

improvements:  

1. Upgrade Boilers to Condensing Units 

2. Upgrade Air-Cooled Chiller 

3. Chilled Water Pump VFDs 

4. Heating Hot Water Pump VFDs 

5. Chilled Water Temperature Reset 

6. Heating Hot Water Temperature Reset 

7. Constant to Variable Air Volume 

8. Supply Air Temperature Reset 

9. Static Air Pressure Reset 

Navigant’s evaluation of the measures installed at the site consisted of a visual inspection and spot 

measurements. Navigant confirmed that all measures are in place and are working as expected. In 

addition Navigant obtained limited trend data from the facility spanning September through mid-

December 2013. The trend data received for this site only accounted for roughly one calendar day per 

month and was therefore only used in conjunction with Siemens building automation system data 

retrieved on-site to verify improvements were functioning as intended. Navigant also received the utility 

bills for this site spanning September 2010 through September 2011 for the pre-case and September 2013 

through December 2013 for the post-case.  
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This facility is a mix of lab space, office space, IT equipment rooms, and meeting rooms. Due to a tenant 

swap-out beginning late 2011, billing data from the period beginning September 2011 through August 

2013 were not representative of the true facility load. Navigant reviewed the billing data for this period of 

low occupancy and confirmed the consumption trending through the pre-installation analysis, interviews 

with site staff, and e-mail exchanges with the key account representative. The tenant swap-out showed a 

drastic downward change in facility consumption characteristics due to low occupancy, which may be 

evidenced in the site utility bills spanning August through November for the pre-installation and post-

installation repurposed facility respectively: 

Table 3-8. Site 989 Pre and Post-Installation Facility Consumption Profiles  

Month 

Pre-Installation Energy Usage (2011) Post-Installation Energy Usage (2013) 

Electricity Usage 

(kWh) 

Natural Gas Usage 

(Therms) 

Electricity Usage 

(kWh) 

Natural Gas Usage 

(Therms) 

August 289,950 12,555 298,312 9,794 

September 277,455 10,948 166,238 4,929 

October 246,750 12,320 144,430 7,722 

November 219,024 15,849 148,397 9,401 

Source: CPAU program tracking database 

 

The baseline from which the pre-installation claimable program savings were developed was based on 

the facility consumption prior to the tenant swap-out in 2012. The implementation contractor applied this 

baseline to an eQUEST whole building energy simulation model to determine the annual ex-ante savings 

by measure group as used in the CPAU program tracking database. Navigant reviewed the modeling 

input assumptions and found them to reasonable compared to the operational characteristics of the 

building, as informed by the limited post-installation trend data and on-site walkthrough. Navigant 

found average differences between the eQUEST modeling outputs and post-installation billing data of 19 

percent for electric consumption and 40 percent for gas consumption from September through December 

2013. Navigant calibrated the post-installation billing data to the modeling outputs by end-use for the 

months where billing data was available. For the months where billing data was unavailable, Navigant 

calibrated post-installation site consumption using the average differences in consumption for the months 

where billing data was available. Given the data constraints due to tenant swap outs, this approach 

allows for an annual view of ex-post consumption based on the months where billing data was available.  

 

Navigant verified on site that the 96 percent condensing boilers, upgraded air-cooled chiller, and chilled 

water pump VFDs were successfully installed and functional. Navigant also reviewed the Siemens 

building automation system on site in conjunction with the limited post-installation trend data. In doing 

so, Navigant confirmed that the chilled water supply temperature setpoint was no longer fixed and 

scaled with outside air temperature to meet building loads. This, in turn, reduces the energy usage of the 

chiller. Review of the post-installation trend data and Siemens building automation system also showed 

that the heating hot water pump VFDs were installed and operational. Navigant also verified that the 

heating hot water temperatures were reduced from to 170° F to between 130° F and 160° F depending on 

demand.  
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The total resulting realization rates across the nine measures for this project were 71 percent for electric 

and 43 percent for gas. Due to the uncertainty of the reduced consumption after the tenant swap-out, the 

ex-post consumption totals were distributed evenly across all measures. Correspondence from Willdan 

Energy Solutions and the site contact after the site visit indicated that Stanford had performed the 

upgrades to the building after signing a long term lease for the facility and were working towards full 

occupancy as soon as possible. Unfortunately specific occupancy details were not provided but if known 

could be used to predict the projected project consumption at full occupancy in relation to the modeled 

ex-ante consumption.   

 

Table 3-9. Site 989 Electric Savings  

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Upgrade Boilers to Condensing Units -14,331 -10,127 71% 

Upgrade Air-Cooled Chiller 74,659 52,758 71% 

Chilled Water Pump VFDs 10,209 7,214 71% 

Heating Hot Water Pump VFDs 2,229 1,575 71% 

Chilled Water Temperature Reset 16,036 11,332 71% 

Heating Hot Water Temperature Reset 548 387 71% 

Constant to Variable Air Volume 260,439 184,038 71% 

Supply Air Temperature Reset 155,736 110,050 71% 

Static Air Pressure Reset 348 246 71% 

Total 505,873 357,474 71% 

Source: CPAU program tracking database 

 

Table 3-10. Site 989 Gas Savings  

Measure Ex-ante Therms Ex-post Therms Realization Rate 

Upgrade Boilers to Condensing Units 22,157 9,458 43% 

Upgrade Air-Cooled Chiller NA NA NA 

Chilled Water Pump VFDs NA NA NA 

Heating Hot Water Pump VFDs -100 -43 43% 

Chilled Water Temperature Reset NA NA NA 

Heating Hot Water Temperature Reset 4,536 1,936 43% 

Constant to Variable Air Volume 85,190 36,363 43% 

Supply Air Temperature Reset 33,881 14,462 43% 

Static Air Pressure Reset NA NA NA 

Total 145,664 62,176 43% 

Source: CPAU program tracking database 
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3.3.6  Site 988 

Site 988 was a large, 91,600 sq. ft. office building that had implemented the following four building 

improvements:  

1. Upgrade Boilers to Condensing Units 

2. Chilled Water Temperature Reset 

3. Constant to Variable Air Volume 

4. Supply Air Temperature Reset 

Navigant’s evaluation of the measures installed at the site consisted of a visual inspection and spot 

measurements. Navigant confirmed that all measures are in place and are working as expected. Navigant 

also obtained limited trend data from the facility spanning September through mid-December 2013. The 

trend data for this site only accounted for roughly one calendar day per month. Therefore, Navigant only 

used this data in conjunction with Siemens building automation system data, which Navigant retrieved 

on-site to verify that improvements were functioning as intended. Navigant also received the utility bills 

for this site spanning July 2011 through June 2012 for the pre-case, and July 2013 through November 2013 

for the post-case.   

Historically this building was used as an office building, with 95 percent of the energy consumption 

serving office spaces and the remaining 5 percent serving lab spaces. After the remodel, the site was 

repurposed for approximately 75 percent lab usage. This change in facility operational characteristics was 

also evidenced in the site utility bills from August through November for the pre-installation and post-

installation repurposed facility:  

 

Table 3-11. Site 988 Pre and Post-Installation Facility Consumption Profiles 

Month 

Pre-Installation Energy Usage (2011) 
Post-Installation Repurposed Facility Energy 

Usage (2013) 

Electricity Usage 

(kWh) 

Natural Gas Usage 

(Therms) 

Electricity Usage 

(kWh) 

Natural Gas Usage 

(Therms) 

August 132,676 6,412 405,000 12,034 

September 160,038 7,758 262,000 9,826 

October 163,804 8,504 249,000 9,588 

November 134,934 7,700 212,000 14,230 

Source: CPAU program tracking database 

 

The baseline from which the pre-installation claimable program savings were developed by the 

implementation contractor incorporated Labs21 benchmark data applied to an eQUEST whole building 

energy simulation model to determine the annual ex-ante savings by measure group as used in the CPAU 

program tracking database. Navigant reviewed the modeling input assumptions and found them to be 

representative of the current facility operational characteristics. Navigant found average differences 

between the eQUEST modeling outputs and post-installation billing data of 26 percent for electric 

consumption and 32 percent for gas consumption across August through November 2013. Navigant 
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calibrated the post-installation billing data to the modeling outputs by end-use for the months where 

billing data was available. For the months where billing data were unavailable, Navigant calibrated post-

installation site consumption from the average differences in consumption for the months where billing 

data was available.   

 

Navigant also reviewed the Siemens building automation system on-site in conjunction with the limited 

post-installation trend data. In doing so, Navigant confirmed that the chilled water supply temperature 

setpoint was no longer fixed and scaled with outside air temperature to meet building loads, which in 

turn reduced the energy usage of the chiller. As there was no good way to independently meter the 

savings for this measure, and as it was operating correctly, Navigant accepts the ex-ante savings for the 

chilled water supply temperature reset measure resulting in a 100 percent realization rate. The facility 

upgraded to 94 percent efficient condensing boilers, which Navigant verified were installed on-site and 

functional through the limited trend data. Navigant could not perform spot measurements, as there were 

no accessible test ports available in the exhaust lines. Based on the initial project calculations, Navigant 

determined that 100 percent of the claimed savings for the 94 percent efficient condensing boiler 

upgrades have been achieved.  

 

The total resulting realization rates across the 4 measures for this project were 104 percent for electric and 

94 percent for gas. The total difference in savings estimates between the modeled pre-case and calibrated 

post-case demonstrated close alignment with initial project savings projections, with higher uncertainty 

surrounding the constant to variable air volume and supply air temperature reset improvements. Due to 

this uncertainty, Navigant subtracted the boiler upgrades and chilled water temperature reset 

improvements from the modeling totals and evenly distributed the remainder to the constant to variable 

air volume and supply air temperature reset improvements. 

 

Table 3-12. Site 988 Electric Savings 

Measure Ex-ante kWh Ex-post kWh Realization Rate 

Upgrade Boilers to Condensing Units NA NA NA 

Chilled Water Temperature Reset 14,257 14,257 100% 

Constant to Variable Air Volume 312,623 326,535 104% 

Supply Air Temperature Reset 523,298 546,585 104% 

Total 850,178 887,376 104% 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 3-13. Site 988 Gas Savings 

Measure Ex-ante Therms Ex-post Therms Realization Rate 

Upgrade Boilers to Condensing Units 8,068 8,068 100% 

Chilled Water Temperature Reset NA NA NA 

Constant to Variable Air Volume 28,530 26,557 93% 

Supply Air Temperature Reset 34,311 31,938 93% 

Total 70,909 66,564 94% 

Source: Navigant 2013 Impact Evaluation analysis 

3.4  Estimating Program Level Ex-post Savings 

Each of the three sample strata have a project-to-total-population weighting factor that Navigant 

to extrapolate full program ex-ante and ex-post savings from the individually samples projects. Table 

3-14 illustrates the weighting applied to each of the sample projects to develop the ex-ante and ex-post 

estimates of program savings. The program-level realization rate is the program level ex-post savings 

divided by the program level ex-ante savings. For electricity, the weighted realization rate was 99 

percent.  
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Table 3-15 provides this same illustration for the projects with natural gas savings. The program level 

natural gas realization rate was 60 percent. 

 

Table 3-14. Program Level Electric Gross Energy Ex-post Savings and Realization Rate 

Electricity 

Site # Strata # 

Project Ex-

ante Savings 

(kWh) 

Project 

Realization 

Rate 

Project 

Ex-post 

Savings 

(kWh) 

Project to 

Population 

Weight - 

Electric 

Project Based 

Extrapolated 

Ex-ante Savings 

(kWh) 

Project Based 

Extrapolated 

Ex-post Savings 

(kWh) 

988 Strata #1 850,178 104% 884,185 1.45 1,231,969 1,281,248 

977 Strata #1 730,906 110% 803,997 1.45 1,059,135 1,165,049 

989 Strata #2 505,873 71% 359,170 1.99 1,006,757 714,798 

976 Strata #2 502,500 115% 576,100 1.99 1,000,045 1,146,439 

925 Strata #3 214,857 91% 195,520 5.04 1,083,242 985,750 

960 Strata #3 79,181 111% 87,891 5.04 399,204 443,117 

Program Total Realization Rate 99.2%     5,780,353 5,736,401 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 3-15. Program Level Natural Gas Gross Energy Ex-post Savings and Realization Rate 

Natural Gas 

Site # Strata # 

Project Ex-

ante Savings 

(therms) 

Project 

Realization 

Rate 

Project Ex-

post 

Savings 

(therms) 

Project to 

Population 

Weight – 

Natural Gas 

Project Based 

Extrapolated 

Ex-ante 

Savings 

(therms) 

Project Based 

Extrapolated 

Ex-post 

Savings 

(therms) 

988 Strata #1 70,909 94% 66,654 1.03 72,898 68,524 

977 Strata #1 0 0% 0 0.00 0 0 

989 Strata #2 145,664 43% 62,636 1.00 145,664 62,636 

976 Strata #2 0 0% 0 0.00 0 0 

925 Strata #3 0 0% 0 0.00 0 0 

960 Strata #3 0 0% 0 0.00 0 0 

Program Total Realization Rate 60%     218,562 131,160 

Source: Navigant 2013 Impact Evaluation analysis 

3.4.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. The program level net-to-gross ratio 

for these three variants of the Custom Advantage Program from the E3 is 80 percent for electric energy 

and calculates with weighting to be 76 percent for coincident peak demand. The natural gas measures are 

assumed to have a net-to-gross of 100 percent. 

 

Navigant used the California Protocol guidelines for estimating peak demand impact at the basic rigor 

level when conducting the peak demand analysis. The basic rigor prescribes, at a minimum, an on-peak 

demand savings estimate based on allocation of gross energy savings through the use of allocation 

factors, end-use load shapes or end-use savings load shapes. These secondary data can come from DEER, 

the CEC forecasting model, utility end-use load shape data or other prior studies. The time frame and 

budget available for the impact evaluation precluded direct measurement of peak demand impacts. 

Rather, Navigant, following the protocol basic rigor level, utilized the peak demand estimates already 

included in the E3 model. These E3-sourced ex-ante peak demand estimates are adjusted by the same 

realization rate used for energy. 

 

 

Table 3-16 provides the program level ex-post estimates of gross and net energy savings for electricity 

and natural gas and the gross and net ex-post coincident peak demand. 

 

Table 3-16. Ex-ante and Ex-post Electric Energy and Coincident Peak Demand Savings and Natural 

Gas Energy Savings 

 Electric Energy (kWh) Electric Coincident Demand (KW) Natural Gas (therms) 

Ex-ante Gross Savings 5,780,353 419 218,562 

Realization Rate 99% 99% 60% 
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 Electric Energy (kWh) Electric Coincident Demand (KW) Natural Gas (therms) 

Ex-post Gross Savings 5,780,352 418 131,160 

Net-to-Gross Ratio 0.8 0.76 1 

Ex-post Net Savings 4,624,282 318 131,160 

Source: Navigant 2013 Impact Evaluation analysis 

3.5  EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model are the sources for 

estimates of EUL. Lifecycle savings are calculated by multiplying the EUL by the estimate of first year 

energy savings. Table 3-17 identifies the lifecycle electric savings of energy from the Custom Performance 

Programs. 

 

Table 3-17. Ex-post Lifecycle Electric Savings 

 
Lifecycle Electric 

Energy (kWh) 

Ex-ante Gross Savings 39,486,278 

Realization Rate 97% 

Ex-post Gross Savings 38,322,626 

Net-to-Gross Ratio 0.75 

Ex-post Net Savings 28,741,970 

Source: Navigant 2013 Impact Evaluation analysis 

3.6  Recommendations 

Only one site in the Custom Advantage, Enovity, and Willdan Programs had a realization rate lower than 

90 percent for either electric or natural gas savings. In general, the projects were well managed and 

measures were installed properly. Nonetheless, Navigant has provided some recommendations for 

program improvement. 

 

1. Provide as-built details of loads on motion sensor installations even if deemed savings are 

claimed. Site 960 installed motion sensors on linear fluorescent fixtures. The ex-ante savings were 

based on deemed savings, and Navigant used observed counts to determine the connected load 

on each motion sensor. However, the lighting at the site was complicated and as-built layouts for 

the motion sensor installations would have substantially reduced the time required to accurately 

verify savings onsite. Site 977, for instance, provided detailed as-built plans which helped 

substantially in savings calculations. 

 

2. Re-establish baseline at facilities with substantial changes that may have affected load, or try 

to project for changes that are expected. Site 989 showed a low realization rate due to changes in 
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occupancy. Willdan noted that the occupancy was expected to change soon, but did not re-

establish the baseline, as the occupancy change had not occurred at the time of project 

verification. There was no documentation or recommendation as to what the new occupancy load 

would look like at the building and, as such, the project report provided no altered projections 

forward. Conversely, Site 6 also experienced an occupancy change; however, Willdan roughly 

projected the new savings, which resulted in ex-post savings being much closer to the ex-ante 

prediction than seen at site 989.  

 

3. Store data from available interval meters for sites with projects affecting large portions of the 

facility. Facility contacts at both Sites 988 and 989 noted that there were 15-minute interval 

meters with 60-day storage capacity that would allow a high level of data granularity. However, 

the data storage module was not connected and therefore interval data were not available for 

these sites over a significant period of time. These meters could have been employed to improve 

the accuracy and precision of savings calculations. 

 

4. Confirm long-term data storage of trends relevant to project savings where possible. Site 976 

had eight months of data on most of the affected equipment, but not on all of the air handlers 

affected by the static pressure reset measures. The lack of long-term data on some of the fans 

prevented Navigant from performing detailed calculations on savings for these measures. 

Navigant could have used long term data to confirm the accuracy of modeled savings. 
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4.  Business Water Efficiency Direct Install Program 

4.1  Program Description 

The Business Water Efficiency Direct Install (BWEDI) Program, contracted through SBW Consulting, Inc. 

provides direct-install retrofits of faucet aerators, low flow showerheads, and pre-rinse spray valves to 

participants. These participants include commercial, industrial, school and institutional (CII) facilities.  

4.2  Evaluation Method 

Navigant evaluated Palo Alto’s BWE Program covering electric, gas, and water savings for low-flow 

faucet aerators, low-flow showerheads, and high efficiency pre-rinse spray valves. Palo Alto provided 

detailed participant tracking data, as well as counts of installed devices and per unit savings values 

compiled by SBW. Palo Alto was especially concerned that the per unit savings estimates provided by 

SBW were high and asked Navigant to review these values as part of their analysis. Navigant used the 

following methods to evaluate the Business Water Efficiency Direct Install Program and verify SBW per 

unit savings: 

 

 A Verification Survey sent to the entire list of program participants to verify installation of the 

water saving technologies and to provide insight into some of the engineering calculation 

variables used by SBW. 

 A Literature Review of existing secondary sources such as Technical Reference Manuals (TRMs), 

Investor Owned Utility (IOU) Work Papers, and other water saving studies such as EPA’s 

WaterSense® program. 

 A detailed Engineering Assumption Review of the calculations SBW used to develop their per unit 

savings estimates for each technology. Navigant replaced some of these assumptions with values 

derived from the verification survey and literature review to calculate more appropriate per unit 

deemed savings estimates. 

 

Table 4-1 provides a summary of the BWE Program participation and ex-ante number of devices 

installed, categorized by water heat source. Most devices were in locations with natural gas water heat. 

However, a large number were also in locations with electric water heat and a few in locations with no 

heated water. 
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Table 4-1. Business Water Efficiency Direct Install Program Summary – Ex-Ante 

Technology 

Count of 

Program 

Participants 

Installed 

Devices w/Elec 

Water Heat 

Installed 

Devices w/Gas 

Water Heat 

Installed 

Devices w/No 

Water Heat 

Total Number 

of Devices 

Installed 

Low-Flow Faucet 

Aerators (0.5 gpm) 
192 502 770 52 1,324 

Low-Flow Faucet 

Aerators (1.0 gpm) 
26 151 212 8 371 

Low-Flow 

Showerheads 
22 15 72 3 90 

High Efficiency Pre-

Rinse Spray Valves 
26 8 24 0 32 

Total 266 676 1,078 63 1,817 

Source: Navigant 2013 Impact Evaluation analysis 

4.3  Sampling and Verification Survey 

In 2012, over 260 program participants installed water saving measures through the BWE Program, 

which equated to over 1,800 new low-flow energy saving devices. In order to verify as many of these 

installations as possible, Navigant created a Verification Survey, a copy of which is included in Appendix 

C. Navigant used three different media platforms to reach a wide participant audience. These media 

included: 

 

 Postage-paid return envelope mailer survey – All participants received a hardcopy survey in the 

mail with a postage-paid envelope included. This allowed participants to fill out the three page 

survey and return it without paying postage costs. 

 Online survey – The hardcopy verification survey included a link to a web-based survey to allow 

participants the option of completing the survey online.  

 Phone survey – If participants did not complete either the online or hardcopy survey within 

three weeks, Navigant called the remaining participants to conduct the survey via phone. 

 

Table 4-2 shows survey response rates by device. At 29 percent, the lowest response rate was for low-flow 

faucet aerators, while the highest was for low-flow showerheads at 60 percent.  
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Table 4-2. Overall Survey Completion Rates 

Technology 
Count of Participants Receiving 

Surveys3 

Counts of Completed 

Surveys 

Total Completion 

Rate 

Low-Flow Faucet Aerators 173 51 29% 

Low-Flow Showerheads 20 12 60% 

High Efficiency Pre-Rinse 

Spray Valves 
26 11 42% 

Total 219 74 34% 

Source: Navigant 2013 Impact Evaluation analysis 

4.3.1  Hardcopy Survey 

Each participant who installed at least one water conservation measure received a 3 to 4 page paper 

survey with pre-paid return postage. Table 4-3 shows the counts of paper surveys by device type sent to 

program participants. 

 

Table 4-3. Paper Mailer Survey Distribution and Completion Rates 

Technology 

Count of Surveys 

Mailed to 

Participants 

Count of Surveys 

Undelivered due to Bad 

Addresses 

Count of Surveys 

Completed and 

Returned 

Completion 

Rate 

Low-Flow Faucet 

Aerators 
173 15 17 11% 

Low-Flow 

Showerheads 
20 2 0 0% 

High-Efficiency Pre-

Rinse Spray Valves 
26 1 1 4% 

Total 219 18 18 7% 

Source: Navigant 2013 Impact Evaluation analysis 

 

Navigant removed the counts of surveys with bad addresses from the return rate calculation. The return 

rate of 7% overall was significantly lower than anticipated. 

4.3.2  Online Survey 

Navigant’s hardcopy survey included a link at which participants could complete the survey online. This 

option was the least successful of the three methods with a total completion rate of 2 percent. This low 

response rate is likely due to the fact that the links to the online survey were not, themselves, electronic, 

but rather had to be manually typed into a web browser. For future evaluations, Navigant recommends 

                                                           
3 The ‚counts of participants receiving surveys‛ is less than the ‚total program participant counts‛ from  

 

 

Table 4-1above due to overlap in device participation. If a customer participated in both the faucet aerator portion of the program, 

as well as the showerhead portion, they only received one survey for showerheads and not the survey for faucet aerators. 
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that CPAU collect participant email addresses so that surveys may be sent via email, which is more 

convenient for participants and saves time and postage costs for evaluators. 

4.3.3  Phone Survey 

Navigant called non-responsive participants after three weeks in order to complete the verification 

survey via phone. Table 4-4 shows the completion rates for these phone surveys, as categorized by 

measure type. 

 

Table 4-4. Phone Survey Completion Rates 

Technology 
Count of Participants who Failed to 

Respond to Mailer or Online Survey 

Count of Surveys 

Completed via Phone 

Completion 

Rate 

Low-Flow Faucet 

Aerators 
151 29 19% 

Low-Flow Showerheads 20 12 60% 

High-Efficiency Pre-Rinse 

Spray Valves 
25 10 40% 

Total 196 51 26% 

Source: Navigant 2013 Impact Evaluation analysis 

 

Of the three media platforms, the phone surveys was achieved the highest completion rate, at 26 percent. 

These surveys accounted for approximately 70 percent of all completed verification surveys.  

4.3.4  Verification Survey and Customer Satisfaction Results 

This section provides explanation and discussion around some of the key findings from the Verification 

Survey. For a detailed breakdown of all survey results, see Appendix C. 

 

Installation Verification: Navigant developed the verification survey to verify installations of water 

conservation measures in order to provide CPAU with accurate ex-post savings estimates.  Table 4-5 

summarizes these verified installation counts from the verification surveys. Notably, the verified number 

of measures installed for low-flow faucet aerators (0.5 gpm) and high efficiency pre-rinse spray valves 

were lower than the ex-ante estimates of installed measures. According to the findings from the 

verification survey, this was a result from customer dissatisfaction with these devices. Because the 

customers were dissatisfied with the water conservation measures, they had re-installed the old, less 

efficient versions. 
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Table 4-5. Verified Water Saving Device Installations 

Technology 

Ex-ante 

installed 

count / elec 

Ex-ante 

installed 

count / gas 

Ex-ante 

installed 

count / no 

WH 

Ex-post 

installed 

count / elec 

Ex-post 

installed 

count / gas 

Ex-post 

installed 

count / no 

WH 

Low-Flow 

Faucet Aerators 

(0.5 gpm) 

502 770 52 434 727 52 

Low-Flow 

Faucet Aerators 

(1.0 gpm) 

151 212 8 151 212 8 

Low-Flow 

Showerheads 
15 72 3 15 72 3 

High Efficiency 

Pre-Rinse Spray 

Valves 

8 24 0 8 19 0 

Total 676 1,078 63 608 1,030 63 

Source: Navigant 2013 Impact Evaluation 

Low-Flow Device Satisfaction: Navigant asked surveyed participants to rate their satisfaction with their 

program measures on a scale of 1 to 5, where 1 was very dissatisfied and 5 was very satisfied. As shown 

in Figure 4-1, participants were very satisfied with low-flow showerheads and low-flow faucet aerators at 

1.0gpm. Low-flow faucet aerators at 0.5 gpm and high efficiency pre-rinse spray valves received lower 

levels of satisfaction, indicating that participants were only moderately satisfied with these two measures.  

 

Figure 4-1. Satisfaction Results for all Water Saving Devices 

 
Source: Navigant verification surveys 

 

 

Installer Satisfaction: Navigant’s verification survey also asked customers to rate their satisfaction with 

the installers on a scale of 1 to 5, where 1 was very dissatisfied and 5 was highly satisfied. Participants 

3.3 

4.0 

4.8 

4.9 

0.0 1.0 2.0 3.0 4.0 5.0

High Efficiency Pre-Rinse Spray Valves

Low-Flow Faucet Aerators 0.5 gpm

Low-Flow Faucet Aerators 1.0 gpm

Low-Flow Showerheads
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across the board offered scores above 4.8 out of 5, indicating that they were very satisfied with the 

program installers. 

 

Conclusion / Recommendation: When asked why they were less than satisfied with low-flow aerators and 

pre-rinse spray valves, participants pointed to a lack of sufficient water pressure to meet their needs.  

Several participants indicated that they removed these measures. In the Literature Review, Navigant did 

not identify any other evaluations for low-flow devices with flow rates this low. Due to low participant 

satisfaction scores, participant removal of devices, and the lack of inclusion of these measures in other 

programs, Navigant recommends removing 0.5 gpm aerators and 0.65 pre-rinse spray valves in programs 

oriented toward the Commercial sector. 

4.4  Program Level Ex-post Savings 

Navigant’s verification surveys provided estimates of measure-level realization rates. Based on the ex-

ante installation estimates and ex-post verified installation counts in Table 4-5, Navigant has developed 

realization rates by measure and water heating fuel type, as shown in Table 4-6 .  

 

Table 4-6. Realization Rates for Devices by Water Heat Fuel 

Summary Table 
Realization Rate for 

Devices on Electric WH 

Realization Rate for 

Devices on Gas WH 

Realization Rate 

for All Devices 

Low-Flow Faucet Aerators (0.5 gpm) 86% 94% 92% 

Low-Flow Faucet Aerators (1.0 gpm) 100% 100% 100% 

Low-Flow Showerheads 100% 100% 100% 

High Efficiency Pre-Rinse Spray Valves 100% 80% 85% 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 4-7, Table 4-8, and Table 4-9 provide program-level estimates of ex-ante savings, realization rates, 

and ex-post electricity, natural gas, and water savings. Devices installed on systems with electric water 

heat had a realization rate of 89 percent while those installed on systems with natural gas water heat had 

a realization rate of 95 percent.  
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Table 4-7. Ex-ante and Ex-post Savings for Devices with Electric Water Heat 

Summary Table 

Ex-ante 

Count of 

Devices on 

Electric 

WH 

Ex-ante 

Savings per 

Device on 

Electric WH 

Ex-ante 

Savings on 

Electric 

WH (kWh) 

Realization 

Rate for 

Devices on 

Electric WH 

Ex-post 

Savings on 

Electric 

WH (kWh) 

Low-Flow Faucet Aerators (0.5 gpm) 502 594 298,188 86% 257,693 

Low-Flow Faucet Aerators (1.0 gpm) 151 297 44,847 100% 44,847 

Low-Flow Showerheads 15 1,064 15,960 100% 15,960 

High Efficiency Pre-Rinse Spray Valves 8 1,052 8,416 100% 8,416 

Total 676 
 

367,411 89% 326,916 

Source: Navigant 2013 Impact Evaluation analysis 

Table 4-8. Ex-ante and Ex-post Savings for Devices with Gas Water Heat 

Summary Table 

Ex-ante 

Count of 

Devices on 

Gas WH 

Ex-ante 

Savings per 

Device on 

Gas WH 

Ex-ante 

Savings on 

Gas WH 

(therms) 

Realization 

Rate for 

Devices on 

Gas WH 

Ex-post 

Savings on 

Gas WH 

(therms) 

Low-Flow Faucet Aerators (0.5 gpm) 770 29 22,330 94% 21,089 

Low-Flow Faucet Aerators (1.0 gpm) 212 15 3,180 100% 3,180 

Low-Flow Showerheads 72 52 3,744 100% 3,744 

High Efficiency Pre-Rinse Spray Valves 24 51 1,224 80% 979 

Total 1,078 
 

30,478 95% 28,992 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 4-9. Ex-ante and Ex-post Water Savings by Device 

Summary Table 

Ex-ante 

Count of All 

Devices 

Installed 

Ex-ante 

Water 

Savings per 

Device 

Installed 

Ex-ante 

Water 

Savings 

(CCF) 

Realization 

Rate for 

Devices With 

No WH 

Ex-post 

Water 

Savings 

(CCF) 

Low-Flow Faucet Aerators (0.5 gpm) 1,324 6 7,944 92% 7,278 

Low-Flow Faucet Aerators (1.0 gpm) 371 3 1,113 100% 1,113 

Low-Flow Showerheads 90 14 1,251 100% 1,251 

High Efficiency Pre-Rinse Spray Valves 32 18 576 85% 490 

Total 1,785 
 

10,308 94% 9,642 

Source: Navigant 2013 Impact Evaluation analysis 
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4.4.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. The program level net-to-gross ratio 

for the Business Water Efficiency Direct Install Program from the E3 for electric savings is 85 percent. 

Natural gas measures are assumed to have a net-to-gross ratio of 100 percent. 

 

For the analysis of peak demand, Navigant used the California Protocol guidelines for estimating peak 

demand impact at the basic rigor level. The basic rigor prescribes, at a minimum, an on-peak demand 

savings estimate based on the allocation of gross energy savings through the use of allocation factors, 

end-use load shapes or end-use savings load shapes. These secondary data can come from DEER, the 

CEC forecasting model, utility end-use load shape data, or other prior studies. The time frame and 

budget available for the impact evaluation precluded direct measurement of peak demand impacts. 

Rather, Navigant, following the protocol basic rigor level, utilized the peak demand estimates already 

included in the E3 model. Within E3, the Business Water Efficiency Direct Install Program claimed no 

peak demand savings. 

 

Table 4-10 and Table 4-11 provide the program level ex-post estimates of gross and net energy savings as 

well as gross and net demand savings for electricity and natural gas, respectively. 

 

Table 4-10. Ex-post Gross and Ex-post Net Electric Energy and Demand Savings 

Measure 

Gross 

Annual Ex-

post kWh 

Savings 

Gross 

Demand Ex-

post kW 

Savings 

Net-to-

Gross 

Ratio 

Net Annual 

Ex-post kWh 

Savings 

Net Demand 

Ex-post kW 

Savings 

Low-Flow Faucet Aerators (0.5 gpm) 257,693 0 85% 219,039 0 

Low-Flow Faucet Aerators (1.0 gpm) 44,847 0 85% 38,120 0 

Low-Flow Showerheads 15,960 0 85% 13,566 0 

High Efficiency Pre-Rinse Spray Valves 8,416 0 85% 7,154 0 

Total 326,916 0 85% 277,879 0 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 4-11. Ex-post Gross and Ex-post Net Therm Energy Savings 

Measure 
Gross Annual Ex-post 

Therm Savings 

Net-to-Gross 

Ratio 

Net Annual Ex-post 

Therm Savings 

Low-Flow Faucet Aerators (0.5 gpm) 21,089 100% 21,089 

Low-Flow Faucet Aerators (1.0 gpm) 3,180 100% 3,180 

Low-Flow Showerheads 3,741 100% 3,741 

High Efficiency Pre-Rinse Spray Valves 979 100% 979 

Total 28,990 100% 28,990 

Source: Navigant 2013 Impact Evaluation analysis 
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4.5  EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model are the sources for 

estimates of EUL. Navigant calculated lifecycle savings by multiplying the EUL by the estimate of first 

year energy savings. Table 4-12 identifies the lifecycle electric savings, while Table 4-13 identifies the 

lifecycle of natural gas energy from the Business Water Efficiency Direct Install Program. 

 

Table 4-12. Ex-post Lifecycle Electric Savings 

Measure 

Gross 

Annual Ex-

post kWh 

Savings 

Net Annual 

Ex-post 

kWh 

Savings 

Measure 

Life 

Gross 

Lifecycle Ex-

post kWh 

Savings 

Net Lifecycle 

Ex-post kWh 

Savings 

Low-Flow Faucet Aerators (0.5 gpm) 257,693 219,039 4 1,030,773 876,157 

Low-Flow Faucet Aerators (1.0 gpm) 44,847 38,120 4 179,388 152,480 

Low-Flow Showerheads 15,960 13,566 4 63,840 54,264 

High Efficiency Pre-Rinse Spray Valves 8,416 7,154 4 33,664 28,614 

Total 326,916 277,879 
 

1,307,665 1,111,516 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 4-13. Ex-post Lifecycle Natural Gas Savings 

Summary Table 

Gross 

Annual Ex-

post Therm 

Savings 

Net Annual 

Ex-post 

Therm 

Savings 

Measure 

Life 

Gross 

Lifecycle Ex-

post Therm 

Savings 

Net Lifecycle 

Ex-post 

Therm 

Savings 

Low-Flow Faucet Aerators (0.5 gpm) 21,089 21,089 4 84,358 84,358 

Low-Flow Faucet Aerators (1.0 gpm) 3,180 3,180 4 12,720 12,720 

Low-Flow Showerheads 3,741 3,741 4 14,964 14,964 

High Efficiency Pre-Rinse Spray Valves 979 979 4 3,917 3,917 

Total 28,990 28,990  115,959 115,959 

Source: Navigant 2013 Impact Evaluation analysis 

 

4.6  Literature Review 

Navigant reviewed numerous secondary sources to assess the ex-ante electricity, gas, and water saving 

estimates for faucet aerators, showerheads, and pre-rinse spray valves.  

 

Table 4-14 lists these sources in order of relevance and usefulness to Navigant’s evaluation efforts. 
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Table 4-14. Literature Review List of Secondary Sources 

Rank Document Title 
Year of 

Publication 
Link 

1 Pennsylvania TRM 2013 
http://www.puc.pa.gov/electric/pdf/Act12

9/Act129_TRM-2013_Redlined.pdf 

2 PGE Work Papers 2010 N/A 

3 WaterSense® Study 2010 http://www.epa.gov/watersense/ 

4 Massachusetts TRM 2011 
http://www.nationalgridus.com/non_html

/eer/ma/10_MA_E_EEAR_Pt_3.pdf 

Source: Navigant 2013 Impact Evaluation analysis 

The Pennsylvania (Penn) TRM, updated in 2013, was the most useful source for current and vetted 

savings estimates. This TRM provided engineering calculations and informed assumptions for each of the 

three measures in the BWE Program. Navigant used the other three sources to benchmark the savings put 

forth by the Pennsylvania TRM. For complete engineering calculations and assumptions from the 

Pennsylvania TRM, see Appendix B. 

4.6.1  Engineering Assumption Review 

As part of the engineering review, Navigant reviewed each assumption and variable used in the 

engineering calculations for kWh, therm, and water savings, as provided by CPAU’s installation 

subcontractor, SBW Consulting. Navigant did not have direct access to the all of the necessary 

assumptions used by SBW. Therefore, Navigant approximated many of SBW’s assumptions by using 

their claimed per unit savings and applying the engineering formulas detailed in the Pennsylvania TRM, 

and known calculation constants. Navigant compared these approximated assumption values to the 

secondary sources found in the literature review to determine whether they fell within a reasonable 

range.  

 

Appendix B provides a detailed breakdown of all engineering calculations and assumptions that 

Navigant used to estimate the electric, gas, and water savings for faucet aerators, showerheads, and pre-

rinse spray valves.  

4.6.1.1  Faucet Aerators 

Nearly all sources from the Literature Review classified faucet aerator savings in terms of Residential 

Sector time-of-use. Navigant found only one Pacific Gas & Electric (PG&E) work paper that reviewed 

aerators in a Commercial Sector application. Table 4-15 provides a list of the assumptions that Navigant 

adjusted for faucet aerators in order to calculate savings estimates. 

 

  

http://www.puc.pa.gov/electric/pdf/Act129/Act129_TRM-2013_Redlined.pdf
http://www.puc.pa.gov/electric/pdf/Act129/Act129_TRM-2013_Redlined.pdf
http://www.nationalgridus.com/non_html/eer/ma/10_MA_E_EEAR_Pt_3.pdf
http://www.nationalgridus.com/non_html/eer/ma/10_MA_E_EEAR_Pt_3.pdf


 

 

 

 

 

 

53 
 

Table 4-15. Adjustments to SBW Engineering Assumptions for Faucet Aerators 

Engineering 

Calculation Variable 

Value Approximated for 

Ex-Ante Savings 

Adjusted Value used by Navigant 

for Ex-Post Savings Calculation 

Source and Reason for 

Adjustment 

Water Heater 

Efficiency (electric) 
90% 98% Pennsylvania TRM 

Water Heater 

Efficiency (gas) 
60% 80% Pennsylvania TRM 

Source: Pennsylvania TRM and Navigant 2013 Impact Evaluation 

Water Heater Efficiency: The literature review sources such as the Pennsylvania TRM and PG&E 

workpapers include increased average water heater efficiency ratings for both electric and gas units, as 

shown in Table 4-15. Navigant used these values in ex-post savings calculations. 

4.6.1.2  Showerheads 

Similar to faucet aerators, nearly all of the literature review sources reported showerhead time-of-use 

values in residential applications. Only one PG&E work paper reviewed this measure in a commercial 

application. Table 4-16 incorporates the values from this workpaper and lists the variables that Navigant 

use to adjust the ex-ante savings calculations for low-flow showerheads. 

 

Table 4-16. Adjustments to SBW Engineering Assumptions for Showerheads 

Engineering Calculation Variable 
Value Approximated 

for Ex-Ante Savings 

Adjusted Value Used by 

Navigant for Ex-Post 

Savings Calculation 

Source and Reason 

for Adjustment 

Water Temperature at Showerhead 120° F 105° F 
Pennsylvania TRM – 

water mixing 

Water Heater Efficiency (electric) 90% 98% Pennsylvania TRM 

Water Heater Efficiency (gas) 60% 80% Pennsylvania TRM 

Shower Throttling* 0% 10% PGE Work Paper 

Source: Pennsylvania TRM, PGE Work Paper, and Navigant 2013 Impact Evaluation analysis 

*Note: Shower throttling is associated with a building’s water pressure. It is not a factor of behavior. 

 

Water Temperature at Showerhead: Nearly all secondary sources indicated that the temperature at 

which people use their showers was below the maximum 120 degree F temperature. Navigant accepts 

this finding as an accurate representation of the reduction in water coming directly from the water heater, 

and therefore reduces the energy needed to re-heat that water. 

 

Water Heater Efficiency: Both the Pennsylvania TRM and the PG&E work papers showed higher average 

water heater efficiencies for both electric and gas units than found in the SBW calculations. Navigant 

used the higher efficiencies found in these sources when adjusting savings estimates. 

 

Shower Throttling: The PGE work paper reviewing low-flow showerheads showed that estimated 

energy savings were reduced by about 10 percent due to clogs in pipes, water pressure differences in 

some homes, and hard water deposits that can reduce water flow. Shower throttling in this context is not 

related to consumer behavior, but rather is related only to a building’s water pressure. 
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4.6.1.3  Pre-Rinse Spray Valves 

Navigant found that the assumptions used in the Pennsylvania TRM calculations in line with those used 

to develop ex-ante savings for pre-rinse spray valves. Therefore, Navigant accepted the ex-ante savings 

estimates developed by SBW. 

4.6.2  Impact of Changing to Literature Review Measure Impact Values 

Using results from the participant verification survey, Navigant’s literature review, and Navigant’s 

review of SBW engineering assumptions, Navigant has developed adjusted savings for the energy 

conservation measures offered through CPAU’s BWE Program. Table 4-17, Table 4-18, and Table 4-19 

summarize the results from these calculations for electricity savings in kWh, gas savings in therms, and 

water savings in CCF, respectively. The results for both low-flow faucet aerators and low-flow 

showerheads show a significant drop in savings due to water heater efficiency. Based on literature review 

findings, Navigant accepted the ex-ante savings estimates for pre-rinse spray valves, therefore there is no 

change in the savings estimates for this measure.  

 

Table 4-17. Business Water Efficiency Direct Install Program Electricity Savings (kWh) 

Technology 

Current Ex-Ante 

Savings/unit 

(kWh) 

Current Ex-

Ante 

Savings 

(kWh) 

Literature 

Review 

Savings/unit 

(kWh) 

Literature 

Review Based 

Savings (kWh) 

Change from 

Current to 

Literature Review 

Savings 

Low-Flow Faucet 

Aerators (0.5 gpm) 
594 298,188 206 103,613 35% 

Low-Flow Faucet 

Aerators (1.0 gpm) 
297 44,847 134 20,159 45% 

Low-Flow 

Showerheads 
1,064 15,960 746 11,186 70% 

High Efficiency 

Pre-Rinse Spray 

Valves 

1,052 8,416 1,052 8,416 100% 

Total - 367,411 - 143,373 39% 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 4-18. Business Water Efficiency Direct Install Program Gas Savings (therms) 

Technology 

Current Ex-

Ante 

Savings/unit 

(therm) 

Current Ex-

Ante 

Savings 

(therm) 

Literature Review 

Savings/unit 

(therm) 

Literature 

Review Based 

Savings (therm) 

Change from 

Current to 

Literature Review 

Savings 

Low-Flow Faucet 

Aerators (0.5 gpm) 
29 22,330 8.6 6,622 30% 

Low-Flow Faucet 

Aerators (1.0 gpm) 
15 3,180 5.6 1,187 37% 

Low-Flow 

Showerheads 
52 3,744 31.2 2,246 60% 

High Efficiency Pre-

Rinse Spray Valves 
51 1,224 51.0 1,224 100% 

Total - 30,478 - 11,280 37% 

Source: Navigant 2013 Impact Evaluation analysis 

Table 4-19. Business Water Efficiency Direct Install Program Water Savings (CCF) 

Technology 

Current Ex-

Ante 

Savings/unit 

(CCF) 

Current Ex-

Ante 

Savings 

(CCF) 

Literature 

Review 

Savings/unit 

(CCF) 

Literature 

Review Based 

Savings (CCF) 

Change from 

Current to 

Literature Review 

Savings 

Low-Flow Faucet 

Aerators (0.5 gpm) 
6 7,944 3.2 4,237 53% 

Low-Flow Faucet 

Aerators (1.0 gpm) 
3 1,113 2.0 742 67% 

Low-Flow 

Showerheads 
14 1,251 8.0 720 58% 

High Efficiency Pre-

Rinse Spray Valves 
18 576 18.0 576 100% 

Total - 10,884 - 6,275 58% 

Source: Navigant 2013 Impact Evaluation analysis 

4.7  Recommendations  

Based on literature review findings, Navigant’s adjusted engineering calculations indicate that the ex-

post savings for Business Water Efficiency Direct Install Program be approximately half of Palo Alto’s ex-

ante claimed savings. A few factors led to this dramatic reduction in savings, including customers 

reverting to older devices and higher efficiencies in water heating equipment. Navigant recommends: 

 

Adopting lower savings estimates identified in the literature review: These values, as shown in  

Table 4-17,   
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Table 4-18, and Table 4-19 will result in significant reductions in claimed savings. However, Navigant has 

found that the information gathered through the literature review is more reliable than the current 

estimates. 

 

Assessing the usefulness of ultra-low-flow devices in the commercial sector: Navigant’s verification 

survey brought to light some customer dissatisfaction with two of the water saving devices offered in the 

Business Water Efficiency Direct Install Program: 0.5 gpm faucet aerators and 0.65 gpm pre-rinse spray 

valves. In fact, over 9 percent of the 0.5 gpm faucet aerators were switched out with their older, less 

efficient devices, and about 16 percent of the 0.65 gpm pre-rinse spray valves removed for the less 

efficient versions. Customers’ main complaints with the measure were very low water pressure and an 

inability of the device to do the desired job. Navigant’s literature review did not identify any studies that 

were using such a low-flow in the Commercial sector. 

 

Collecting and data tracking of baseline devices replaced by efficient technologies: One could classify 

most of the installations in this program as early retirement. As such, the baseline could be the efficiency 

of the ‚as found‛ device being replaced, rather than the most current code. To be able to claim ‚as found‛ 

efficiency as the baseline, CPAU would need to gather data on what the ‚as found‛ efficiency is. 

Navigant’s verification survey showed that a significant number of buildings in Palo Alto’s Commercial 

sector were between 40 to 50 years old. Most of these buildings had not been remodeled since 2005, when 

the new plumbing code for water devices came into effect. Presumably, the baseline inefficient water 

devices in these buildings were much worse than the 2005 code minimum estimates used in Navigant’s 

savings calculation. Therefore, it is probable that these measure installations are achieving greater savings 

as a result of the Business Water Efficiency Direct Install Program. Through the verification survey, 

Navigant attempted to gather the gallon per minute rate of the removed baseline devices, but no one 

interviewed could answer the question with any certainty. Including ‚as found‛ efficiency information in 

the data gathered during the water audit would allow for the use of these lower baselines. 

 

Determining time-of-use estimates for the commercial sector: Navigant was unable to collect enough 

data in the verification survey to make confident time-of-use estimates for water saving devices. 

Therefore, Navigant utilized residential time-of-use estimates in estimating energy savings. Navigant 

recommends that either CPAU gather this data during the water audit, or conduct a study to understand 

how the water savings devices are used in the Commercial sector. 

 

Collecting program participant email address: Because Navigant did not have email addresses for 

program participants, the evaluation team had to manually send hardcopy surveys and follow up with 

phone surveys. This resulted in a relatively low completion rate, which presumably would have been 

higher had Navigant been able to email participants with an electronic link to an online web-version. This 

would have given customers greater flexibility to complete the survey. Navigant recommends collecting 

email addresses for future program participants. 

 

Tracking type of faucet (automatic vs. manual controls): Based on the literature review and participant 

surveys, Navigant initially intended to apply a throttling factor to the faucet aerator savings calculations. 

This is because consumers do not typically turn faucets on full-flow if the faucet is manually-operated. 

For the purposes of this evaluation, Navigant emitted this throttling assumption, as many commercial 
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faucets are automatic and therefore operate on an automatic full-flow by default. Because faucet 

throttling can make a significant difference in the energy savings achieved by faucet aerators, Navigant 

recommends that CPAU require contractors to track the type of faucet on which the aerator is installed. 

By tracking this information, future evaluations can apply throttling and weighting factors based on the 

amount of automatic vs. manual faucet controls.  
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5.  Keep Your Cool Program 

5.1  Program Description 

The Keep Your Cool (KYC) program is a commercial refrigeration energy efficiency program available for 

hotels/motels, convenience stores, liquor stores, supermarkets, restaurants, schools and hospitals/nursing 

homes. The program is managed by CPAU through a contract with Blue Earth, Inc. Program offerings 

include a comprehensive refrigeration audit and a number of direct-install measures designed to 

optimize refrigeration equipment performance. In FY 2013, there were 11 program participants, 

consisting primarily of restaurants and small grocery stores. As shown in Table 5-1, total ex-ante savings 

were 158,796 kWh. 

 

Table 5-1. Keep Your Cool Measures and Ex-ante Savings 

Measure Unit Units Installed 
Gross Annual Ex-ante 

kWh Savings 

Gross Demand Ex-

ante Savings (kW) 

Door Gasket Lin. Ft. 475.01 20,900 4.75 

Strip Curtain, walk-in Sq. Ft. 196.55 34,396 6 

EC Motor Motor 34.00 35,027 1.50 

ECM Fan Controller Motor 12.00 7,298 0.88 

ASH Controller Door 11.00 9,433 0.15 

LED Case Lighting Fixture 81.00 51,741 8.26 

Totals 
 

809.56 158,796 21.83 

Source: CPAU tracking database 

5.2  Sample Design 

Because there were only 11 program participants, Navigant did not draw a sample. Rather, the evaluation 

team visited all program participants that would allow the team to verify the measures. Navigant 

conducted on-site measure verification at 9 total sites. The statistical validity from completing 9 of 11 site 

assessments provides just over an 85 percent confidence level with 15 percent precision. 

5.3  Estimating Project Level Ex-post Savings 

Navigant visited 9 of the 11 KYC sites that had installed refrigeration measures through the program. 

Two sites – Sites 9 and 10 – refused to allow Navigant staff to inspect the program measures. These KYC 

measures included strip curtains for walk-ins, EC motors, ECM fan controls, anti-sweat heat (ASH) 

controllers, LED case lighting, and refrigerator door gaskets.  

 

Navigant visually inspected the measures installed at each site to determine whether they were installed 

and in use, and the measure condition. Generally, the evaluation team found that all measures except the 

door gaskets were installed and in good condition. While most of the door gaskets were in good-to-fair 
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condition, some gaskets did show signs of cracking and wear. The following section gives site-specific 

information regarding the measure installations and conditions. 

5.3.1  Site 1  

Site 1 was a small grocery store that had installed strip curtains, EC motors, ECM fan controllers, ASH 

controllers, and LED case lighting. Navigant’s evaluation of these measures consisted of visual inspection 

of each measure and measurement of the strip curtain square footage. Navigant confirmed that each 

measure had been installed and that the estimated square footage of the strip curtains was accurate. All 

measures were in visibly good condition and, according to the site contacts, were functioning as expected 

with no reported problems. 

 

Table -5-2. Site 1 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-post 

kWh Savings 

Gross Ex-post 

kW Savings 

Strip Curtain, 

walk-in (Sq. Ft.) 
32.5 5,687.50 1.04 100% 5,687.50 1.04 

EC Motor 6 5,027.96 0.26 100% 5,027.96 0.26 

ECM Fan 

Controller 
6 3,649.17 0.44 100% 3,649.17 0.44 

ASH Controller 

(Door) 
11 9,432.50 0.15 100% 9,432.50 0.15 

LED Case 

Lighting 

(Fixture) 

24 15,852.00 2.45 100% 15,852.00 2.45 

Total  39,649.13 4.34 100% 39,649.13 4.34 

Source: CPAU tracking database 

5.3.2  Site 2  

Site 2 was a small retail liquor store that installed strip curtains, EC motors, ECM fan controllers and LED 

case lighting. Navigant’s evaluation of the measures consisted of visual inspection of each measure and 

confirmed measurement of the strip curtain square footage. Navigant confirmed that all measures were 

installed at this location, including the 18.9 square feet of strip curtains. All measures were in visibly 

good condition and, according to the site contacts, were functioning as expected with no reported 

problems. 
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Table 5-3. Site 2 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Strip Curtain, 

walk-in (Sq. Ft.) 
18.9 3,307.50 0.60 100% 3,307.50 0.60 

EC Motor 6 5,027.96 0.26 100% 5,027.96 0.26 

ECM Fan 

Controller 
6 3,649.21 0.44 100% 3,649.21 0.44 

LED Case Lighting 

(Fixture) 
26 18,264.00 2.65 100% 18,264.00 2.65 

Total  30,248.67 3.96 100% 30,248.67 3.96 

Source: CPAU tracking database 

5.3.3  Site 3  

Site 3 was a mid-sized restaurant that installed door gaskets and strip curtains in the kitchen. Navigant’s 

evaluation of the measures at this location included visual inspection and confirming the linear footage of 

the door gaskets and square footage of the strip curtains. The evaluation team found that the gaskets 

installed on the door were in good condition, however the gaskets on the refrigerated drawers were torn 

or beginning to tear. For those torn or beginning to be torn, Navigant estimates that their integrity was 

compromised by about 50 percent. 

 

Table 5-4. Site 3 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
35.86 1,577.84 0.36 100% 1,577.84 0.36 

Drawer Gasket 

(Linear Feet) 
34.25 1,507.0 0.34 50% 753.5 0.17 

Strip Curtain, 

walk-in (Sq. Ft.) 
28.84 5,047.00 0.92 100% 5,047.00 0.92 

Total  8,131.84 1.62 90.7% 7,378.34 1.45 

Source: CPAU tracking database 

5.3.4  Site 4 

Site 4 was a small food service establishment that installed door gaskets and EC motors. Navigant’s 

evaluation of these measures consisted of visual inspection and measurement of the linear feet of the door 

gaskets. Navigant verified the number of EC motors installed and the linear feet of the door gaskets. The 

evaluation team found that the door gaskets showed minute signs of initial tearing, although they were 

still in good enough condition to warrant a 100% realization rate at the time of inspection. 
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Table 5-5. Site 4 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
59.25 2,607.00 0.59 100% 2,607.00 0.59 

EC Motor 2 2,393.58 0.09 100% 2,393.58 0.09 

Total  5,000.58 0.68 100% 5,000.58 0.68 

Source: CPAU tracking database 

5.3.5  Site 5 

Site 5 was a small restaurant that had installed door gaskets, strip curtains and EC motors. Navigant’s 

evaluation of these measures consisted of visual inspection and measurement of the linear and square 

footage of the door gaskets and strip curtains, respectively. Navigant confirmed the number of EC motors 

installed, as well as the length of the door gaskets and the area of the strip curtains. All measures were in 

good condition, and the site contacts reported no problems with any of the measures. 

 

Table 5-6. Site 5 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
19.33 850.52 0.19 100% 850.52 0.19 

Strip Curtain, 

walk-in (Sq. Ft.) 
18.1 3,167.50 0.58 100% 3,167.50 0.58 

EC Motor 2 2,154.22 0.09 100% 2,154.22 0.09 

Total  10,922.17 1.76 100% 10,922.17 1.76 

Source: CPAU tracking database 

5.3.6  Site 6 

Site 6 was a food service establishment that had installed door gaskets and strip curtains. Navigant’s 

evaluation of the measures at this location consisted of visual inspection and measurement of the linear 

and square footage of the door gaskets and strip curtains, respectively. Navigant confirmed the square 

footage of the strip curtains and the linear footage of the door gaskets. The strip curtains were in good 

condition. Some door gaskets were beginning to show signs of wear; in particular some were cracking 

and beginning to detach. However, the majority of the gaskets were in visually good condition. Navigant 

estimates that the overall integrity of the door gaskets was 80 percent. 
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Table 5-7. Site 6 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
54.71 2,407.24 0.55 80% 1,925.79 0.44 

Strip Curtain, 

walk-in (Sq. Ft.) 
18.76 3,283.00 0.60 100% 3,283.00 0.60 

Total  5,690.24 1.15 91.5% 5,208.79 1.04 

Source: CPAU tracking database 

5.3.7  Site 7 

Site 7 was a small restaurant that had installed door gaskets. Navigant’s evaluation of these measures 

consisted of visual inspection and measurement of the linear feet of the door gaskets. Navigant confirmed 

the linear footage of the door gaskets, all of which were in good condition with no reported problems. 

 

Table 5-8. Site 7 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
105.3 4,633.20 1.05 100% 4,633.20 1.05 

Total  4,633.20 1.05 100% 4,633.20 1.05 

Source: CPAU tracking database 

5.3.8  Site 8 

Site 8 was a small grocery store that had installed LED case lighting. Navigant’s visually inspected these 

fixtures, all of which had been installed and were functioning properly. 

 

Table 5-9. Site 8 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

LED Case Lighting 

(Fixture) 
31 17,625.00 3.16 100% 17,625.00 3.16 

Total  17,625.00 3.16 100% 17,625.00 3.16 

Source: CPAU tracking database 
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5.3.9  Site 9 

Site 9 was a small restaurant that had installed door gaskets. Navigant visually confirmed that the proper 

length of door gaskets had been installed, and that all were in good condition. 

 

Table 5-10. Site 9 Visit Findings and Realization Rates 

Measure Name Quantity 
Gross Ex-ante 

kWh Savings 

Gross Ex-ante 

kW Savings 

Realization 

Rate 

Gross Ex-

post kWh 

Savings 

Gross Ex-

post kW 

Savings 

Door Gasket 

(Linear Feet) 
50.82 2,236.08 0.51 100% 2,236.08 0.51 

Total  2,236.08 0.51 100% 2,236.08 0.51 

Source: CPAU tracking database 

 

5.4  Program Level Ex-post Savings 

Each of the nine sites visited is considered to be equally weighted. The only measure with a realization 

rate less than 100 percent was the door gasket measure at 92 percent. Table 5-11 shows the realization 

rates by measure and the overall realization rate for the program, which came to 99 percent. 

 

Table 5-11. Ex-post Savings and Realization Rates by Measure and for the Program 

Measure 
Gross Annual Ex-ante 

kWh Savings 

Gross Annual Ex-post 

kWh Savings 

Realization 

Rate 

Gross Demand Ex-

post kW Savings 

Door Gasket 15,818 14,583 92% 3.31 

Strip Curtain, walk-in 20,492 20,492 100% 3.46 

EC Motor 14,604 14,604 100% 0.7 

ECM Fan Controller 7,298 7,298 100% 0.88 

ASH Controller 9,433 9,433 100% 0.15 

LED Case Lighting 51,741 51,741 100% 8.26 

Totals 119,386 118,151 99% 16.76 

Source: Navigant 2013 Impact Evaluation analysis 

Table 5-12 provides the estimates of ex-ante and ex-post savings by measure and for the program as a 

whole. The realization rates identified in Table 5-11 were applied to the program total ex-ante savings by 

measure to develop the program level ex-post savings. 
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Table 5-12. Program Level Ex-ante and Ex-post Savings 

Measure 

Gross Annual 

Ex-ante kWh 

Savings 

Gross Demand 

Ex-ante kW 

Savings 

Realization 

Rate 

Gross Annual 

Ex-post kWh 

Savings 

Gross Demand 

Ex-post kW 

Savings 

Door Gasket 20,900 4.75 92% 19,268 4.38 

Strip Curtain, walk-in 34,396 6 100% 34,396 6 

EC Motor 35,027 1.5 100% 35,027 1.50 

ECM Fan Controller 7,298 0.88 100% 7,298 0.88 

ASH Controller 9,433 0.15 100% 9,433 0.15 

LED Case Lighting 51,741 8.26 100% 51,741 8.26 

Totals 158,795 21.54 99% 157,163 21.17 

Source: Navigant 2013 Impact Evaluation analysis 

5.4.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. The program level net-to-gross ratio 

for the Keep Your Cool Program from the E3 was 85 percent.  

 

For the analysis of peak demand, Navigant used the California Protocol guidelines for estimating peak 

demand impact at the basic rigor level. The basic rigor prescribes, at a minimum, an on-peak demand 

savings estimate based on the allocation of gross energy savings through the use of allocation factors, 

end-use load shapes or end-use savings load shapes. These secondary data can come from DEER, the 

CEC forecasting model, utility end-use load shape data, or other prior studies. The time frame and 

budget available for the impact evaluation precluded direct measurement of peak demand impacts. 

Rather, Navigant, following the protocol basic rigor level, utilized the peak demand estimates already 

included in the E3 model. 

 

Table 5-13 provides the program level ex-post estimates of gross and net energy savings as well as gross 

and net ex-post coincident peak demand. 
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Table 5-13. Ex-post Gross and Ex-post Net Electric Energy and Coincident Peak Demand Savings  

Measure 

Gross Annual 

Ex-post kWh 

Savings 

Gross Demand 

Ex-post kW 

Savings 

Net-to-

Gross 

Ratio 

Net Annual Ex-

post kWh 

Savings 

Net Demand Ex-

post kW Savings 

Door Gasket 19,268 4.38 85% 16,378 3.72 

Strip Curtain, walk-in 34,396 6 85% 29,237 5.10 

EC Motor 35,027 1.5 85% 29,773 1.28 

ECM Fan Controller 7,298 0.88 85% 6,203 0.75 

ASH Controller 9,433 0.15 85% 8,018 0.13 

LED Case Lighting 51,741 8.26 85% 43,980 7.02 

Totals 157,163 21.17 85% 133,589 17.99 

Source: Navigant 2013 Impact Evaluation analysis 

5.5  EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model offer estimates of 

EUL, which Navigant used to calculate lifecycle savings by multiplying this value by the estimate of first 

year energy savings. Table 5-14 identifies the lifecycle electric savings of energy from the KYC Program. 

 

Table 5-14. Ex-post Lifecycle Electric Savings 

Measure 

Gross Annual 

Ex-post kWh 

Savings 

Net Annual Ex-

post kWh 

Savings 

Measure 

Life 

Gross Lifecycle 

Electric Energy 

(kWh) 

Net Lifecycle 

Electric Energy 

(kWh) 

Door Gasket 19,268 16,378 4 77,072 65,511 

Strip Curtain, walk-in 34,396 29,237 4 137,584 116,946 

EC Motor 35,027 29,773 15 525,405 446,594 

ECM Fan Controller 7,298 6,203 16 116,768 99,253 

ASH Controller 9,433 8,018 16 150,928 128,289 

LED Case Lighting 51,741 43,980 16 827,856 703,678 

Totals 157,163 133,589 
 

1,835,613 1,560,271 

Source: Navigant 2013 Impact Evaluation analysis 

5.6  Literature Review 

KYC participants collectively implemented six different measures through the program. Table 5-15 

illustrates the per unit energy and demand savings for each of the measures included in the program.  
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Table 5-15: Keep Your Cool Energy and Demand Ex-ante Impacts per Unit by Measure 

Measure Unit 
Ex-ante kWh Energy 

Savings per Unit 

Ex-ante kW Demand 

Savings per Unit 

Door Gasket Lin. Ft. 44 0.01 

Strip Curtain, walk-in Sq. Ft. 175 0.05 

EC Motor Motor 
Calculated (avg. of 1,030 

kWh) 
0.044 

ECM Fan Controller Motor Controlled 
Calculated (avg. of 608 

kWh) 
0.073 

ASH Controller Door 858 0.014 

LED Case Lighting Fixture 
Calculated (avg. of 639 

kWh) 
0.102 

Source: CPAU tracking database 

 

To verify these ex-ante savings, the Navigant team conducted a broad literature review to determine a 

reasonable range of savings for each measure and to confirm whether each measure’s savings estimates 

fell within that range. The sources for the literature review included workpapers from the California 

investor-owned-utilities (IOU), relevant studies or past evaluations located on the CALMAC database, 

and technical reference manuals (TRM) where applicable.  

5.6.1  Door Gaskets 

Estimated ex-ante impacts from door gaskets for the KYC program were: 

 44 kWh/linear foot 

 0.01 kW/linear foot 

 

To verify the ex-ante savings estimates used in the E3 model, the evaluation team compared them to 

savings found in a 2010 EM&V from ADM Associates, Inc. and several IOU workpapers. The ADM study 

evaluated PG&E’s program savings from strip curtains and door gaskets in refrigerated reach-in coolers 

and warehouses. The study claimed ex-post savings of 3.3 kWh per linear foot for freezers and 0.4 kWh 

per linear foot for coolers, which is significantly lower than the average ex-ante savings of 44kWh per foot 

ex-ante estimate for the KYC program. The report offers a simple explanation for the low realization rates 

for door gaskets. Namely, the study found that there was no significant difference in leakage between 

older gaskets and new gaskets that were observed in the field. Because savings are almost entirely 

dependent on air leakage through baseline gaskets, the report determined that unless the baseline gasket 

suffers from ‚catastrophic failure,4‛replacement gaskets are unnecessary and achieve very little energy 

savings  

 

                                                           
4 http://www.calmac.org/ percent5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf 

http://www.calmac.org/%5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf
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Navigant also reviewed workpapers from the California IOUs to compare savings estimates with those of 

the KYC program. Although the differences in estimates were not as significant, the savings estimates 

from these workpapers were also significantly lower than those from the KYC program. As shown in 

Table 5-16, gross electricity savings/unit ranged from about 14-28 kWh per year depending on the 

application, which still comes to about half of the electricity savings.  

 

These reports suggest that the program ex-ante savings are high for door gaskets, and Palo Alto should 

consider either adjusting their numbers accordingly, or should conduct further field work to determine 

more accurate savings estimates. 

 

Table 5-16. IOU Workpapers: Door Gasket Ex-Post Savings 

Measure 

Application 

Unit 

Definition 

Gross 

Annual 

Electricity 

Savings 

(kWh/unit) 

Min 

Gross 

Annual 

Electricity 

Savings 

(kWh/unit) 

Max 

kW 

Savings 

per Unit 

Min 

kW 

Savings 

per Unit 

Max 

IOU 

Work 

Paper 

Number 

Door Gaskets for 

Main Door of 

Walk-in Cooler 

Linear Foot 13.81 16.36 0.0006 0.00075 SCE 
WPSCNR

RN0010 

Door Gaskets for 

Glass Door of 

Walk-in Cooler 

Linear Foot 13.8 16.4 0.0006 0.00075 SCE 
WPSCN0

004 

Low Temperature 

Display Case Door 

Gasket 

Linear Foot 18.05 28.13 0.0036 0.0055 SCE 
WPSCNR

RN0013 

Door Gaskets on 

Walk-in Doors 
Linear Foot 14 22 0.0027 0.0041 PG&E 

PGECOR

EF105 

Source: SCE workpapers WPSCNRRN0010 (2011), WPSCN0004 (2009), WPSCNRRN0013 (2011); PG&E workpaper 

PGECOREF105 (2009) 

5.6.2  Strip Curtain 

The KYC program’s ex-ante savings for strip curtains were 175 kWh per sq. ft. for walk-in boxes. To 

verify these savings, the evaluation team referred to the aforementioned ADM study5 as well as a number 

of PG&E workpapers. With regard to the 2010 ADM study, the report categorized savings values by 

building and equipment type, as show in 8 kWh/sq. ft. savings per year. 

Table 5-17. Annual savings in this study ranged from 14-409 kWh/sq. ft. The vast difference between 

these numbers is a result of the assumed time that the door is open, the temperature differential between 

infiltrating and refrigerated air, the difference in efficacy between the new strip curtain and the old 

infiltration barriers, and the efficiency of the refrigeration system, itself. The KYC program only included 

strip curtains on refrigerated coolers, and most of these were located in small restaurants or convenience 

                                                           
5 http://www.calmac.org/ percent5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf 

http://www.calmac.org/%5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf
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stores. Therefore, the ADM study’s most relevant savings estimates range from 14-18 kWh/sq. ft. savings 

per year. 

Table 5-17. Commercial Facilities Contract Group Strip Curtain Savings 

Site Type Ex-Post Energy Savings (kWh/sf) 

Supermarket Freezer 409 

Supermarket Cooler 159 

Restaurant Freezer 77 

Restaurant Cooler 18 

Convenience Freezer 16 

Convenience Cooler 14 

Refrigerated Warehouse 177 

Source: ADM’s Commercial Facilities Contract Group 2006-2008 

Direct Impact Evaluation6 

 

As shown in Table 5-18, PG&E’s workpaper on strip curtains showed savings estimates that were much 

more in-line with the KYC program estimates. Specifically, the workpaper gave savings estimates of 120 

kWh/sq. ft. for grocery stores in climate zone 04, and 146 kWh/sq. ft. for sit down restaurants in climate 

zone 04. Although these numbers are similar to Palo Alto’s ex-ante savings, they are still lower than Palo 

Alto’s 175 kWh/sq. ft. estimates. Moreover, the aforementioned ADM study found that most IOU 

workpapers assume that doors in restaurants, convenience stores, and small grocers are kept open as 

long as those in warehouses and supermarkets. Rather, the ADM study found that smaller stores kept 

their walk-in doors open for much less time and therefore the savings achieved by this measure are much 

more likely to fall in line with the ADM study than with the PG&E workpaper.  

 

These reports suggest that the program ex-ante savings are high for strip curtains, and Palo Alto should 

consider either adjusting their numbers accordingly, or should conduct further field work to determine 

more accurate savings estimates. 

 

  

                                                           
6 http://www.calmac.org/ percent5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf 

http://www.calmac.org/%5C/publications/ComFac_Evaluation_V1_Final_Report_02-18-2010.pdf
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Table 5-18. IOU Workpapers: Strip Curtains 

Measure Application 
Unit 

Definition 

Gross Annual 

Electricity Savings 

(kWh/unit) CZ04 

kW Savings 

per Unit CZ04 
IOU 

Work Paper 

Number 

Strip Curtains for 

Refrigerated Storage 

(Grocery) 

Square Foot 120 0.006432 PG&E PGECOREF103 

Strip Curtains for 

Refrigerated Storage 

(Restaurant - Sit Down) 

Square Foot 146 0.010938 PG&E PGECOREF103 

Source: PG&E workpaper PGECOREF103 (2011) 

5.6.3  EC Motors 

Blue Energy based their ex-ante savings estimate for EC motors on an engineering calculator, having 

calculated savings for each specific installation. The average annual ex-ante savings for EC Motors came 

to 1,030 kWh per motor. On an individual site basis, savings estimates ranged from 838 kWh for small 

grocery stores to 1,157 kWh for food service establishments. Navigant compared these numbers to 

workpapers by Southern California Edison (SCE) and Portland Energy Conservation, Inc. (PECI). Table 

5-19 shows the findings from these comparisons.  

 

Table 5-19. ECM Retrofit Workpaper Findings 

Measure 

Application Unit Bldg. Type 

Gross 

Annual 

Electric 

Savings 

(kWh/ 

unit) 

Min 

Gross 

Annual 

Electric 

Savings 

(kWh/ 

unit) 

Max 

User 

Entered 

kW 

Savings 

per Unit 

Min 

User 

Entered 

kW 

Savings 

per Unit 

Max IOU 

Work Paper 

Number 

Walk-in Cooler 

Evaporator Fan ECM 

Motor replacing 

Shaded Pole Motor 

Motor 
Restaurant 

Sit-Down 
239 289 0.023 0.026 SCE 

WPSCNRRN001

1 

Walk-In Evaporator 

Fan Motors: Shaded 

Pole to ECM 

Motor 
Grocery 

(CZ04) 
1,336 1,347 0.139 0.140 PECI WP-PG&E-M93 

Display Case 

Evaporator Fan 

Motors: Shaded Pole 

to ECM 

Motor 
Grocery 

(CZ04) 
699 705 0.072 0.073 PECI WP-CA-R76  

Source: SCE workpaper WPSCNRRN0011 (2011); PG&E (PECI) workpapers WP-CA-R76 (2009), WP-PG&E-M93 (2009) 
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As shown in Table 5-19, the 2011 SCE workpaper reviewed evaporator fan ECM retrofits that replaced 

shaded pole motors in restaurant walk-in coolers. Meanwhile, the 2009 workpapers by PECI reviewed 

display cases and walk-in coolers for grocery stores in the Energy Smart Grocer program. This PECI 

evaluation categorized savings estimates by climate zone and by building vintage, capturing facilities 

built prior to and after 2000. PECI also weighted the values by factors such as motor size and display case 

temperature. The estimates that Navigant used for comparison purposes were those from CZ04 in 

buildings constructed after 2000. 

 

As compared to the savings estimates in Table 5-19, CPAU’s E3 savings estimates for EC motor per unit 

fall into the lower range. DEER 2008, however, offers savings estimates that range from 365 kWh per year 

for reach-in enclosures to 444 kWh per year for walk-in enclosures. Given these DEER values, the Palo 

Alto average ex-ante savings of 1,030kWh per units may be reasonable for grocery stores, particularly for 

walk-ins. However, this number is high for applications such as sit-down restaurants. 

5.6.4  ECM Fan Controller 

Blue Energy calculated ex-ante savings estimates for each installed ECM fan controllers using a custom 

engineering calculator. The average annual ex-ante savings from ECM fan controllers came to 608 kWh 

per motor. Navigant compared this estimate to a work paper developed by PG&E and a 2010 

presentation by PECI,7 both of which offered savings estimates for ECM fan controllers on grocery store 

walk-ins. The savings from these two sources varied greatly; the PG&E workpaper offered a very high 

savings estimate of 1,183 kWh per motor. The PECI presentation, alternatively, offered a range of savings 

estimates, ranging from 81 to 264 kWh per motor depending on the size of the motor and the temperature 

of the walk-in. Although these savings varied greatly, the PECI numbers are presumably more accurate, 

as they are based on audit data rather than DEER estimates. However, because the PECI study audited 

Northwest sites, it is possible that savings would be higher for grocery stores in California due to 

differences in climate. The DEER-based E3 savings estimate for this measure was 569 kWh per motor. The 

Palo Alto ex-ante savings estimate is close to the average value between these secondary sources. 

Therefore, Navigant accepts that the savings fall within a reasonable range.  

5.6.5  ASH Controller 

Ex-ante savings for anti-sweat heat (ASH) controllers came to 858 kWh per door for the KYC program. 

The doors on which these ASH controllers were installed were typically between four to six feet in length, 

bringing the savings within a range of 143-215 kWh per linear foot. This number is notably lower than the 

saving estimates in the 2010 PG&E workpaper and the 2011 SCE workpaper on ASH controllers, as 

shown in Table 5-20. The Palo Alto ex-ante savings estimate is also slightly lower than the savings 

estimated in the DEER-based value in CPAU’s E3 model. The E3 offers an estimate of 976 kWh per door, 

or between 163-244 kWh per linear foot, depending on door size. Given these comparisons, the KYC 

savings estimates are reasonable, and may even be considered low. 

  

                                                           
7https://www.google.com/url?q=http://rtf.nwcouncil.org/meetings/2010/09/LEDs percent2520Open percent2520Display 

percent2520Cases percent2520and percent2520ECMotor percent2520Evap percent2520Fan 

percent2520Controllers_rev.ppt&sa=U&ei=D_VJUvO-Na6n4APi24GoBw&ved=0CAcQFjAA&client=internal-uds-

cse&usg=AFQjCNHvb8DFKNcU0Yx0r4YQ6s-lQVjZjw 
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Table 5-20. Anti-Sweat Heater Controller Workpapers 

Measure 

Application 
Unit 

Building 

Type 

Gross 

Annual 

Electricity 

Savings 

(kWh/unit) 

Min 

Gross 

Annual 

Electricity 

Savings 

(kWh/unit) 

Max 

kW 

Savings 

per Unit 

Min 

kW 

Savings 

per Unit 

Max 

IOU 
Work 

Paper 

Anti-Sweat 

Heater 

Controls 

(CZ04) 

Linear 

feet 

Com & 

Res 
- 343 - 0.0057 PG&E 

PGERE

F108 

Anti-Sweat 

Heater 

Controller, 

Cooler 

Linear 

feet 
Ag 293 455 0.0045 0.0074 SCE 

WPSC

NRRN0

009 

Source: PG&E workpaper PGEREF108 (2010); SCE workpaper WPSCNRRN0009 (2011) 

5.6.6  LED Case Lighting 

Ex-ante savings for LED case lighting came to 639 kWh per fixture for the KYC program. Typical LED 

case lighting fixtures range in length from 4 to 6 feet, which was also true for the KYC sites. With an 

average of 5-ft LED lighting, the per-unit ex-ante savings came to approximately 128 kWh savings per 

linear foot. The Navigant team compared this number to PG&E’s LED case lighting retrofit workpaper, as 

well as a PECI presentation8 delivered in 2010. The savings from the PECI presentation ranged from 38-

133 kWh per linear ft. of LED lighting, or between 190-665 kWh per 5-ft fixture. This wide gap in savings 

estimates is a result in variations of lighting controls (such as the presence of occupancy sensors) and the 

fixture wattage, as well as the wattage and type of pre-retrofit measure.  

 

The PG&E workpaper offered a narrower range of savings, at around 337-371 kWh per 5-ft fixtures. This 

came to a more moderate 67-72 kWh per linear ft. of LED. Given these ranges of savings, the Palo Alto ex-

ante savings may be considered slightly high, although it does fall into the high end of a reasonable 

range.  

5.7  Recommendations 

Given the high realization rate for measure installations and the fact that savings estimates generally fell 

within a reasonable range, Navigant has only a few recommendations for the Keep Your Cool Program. 

These recommendations include: 

 

                                                           
8https://www.google.com/url?q=http://rtf.nwcouncil.org/meetings/2010/09/LEDs percent2520Open percent2520Display 

percent2520Cases percent2520and percent2520ECMotor percent2520Evap percent2520Fan 

percent2520Controllers_rev.ppt&sa=U&ei=D_VJUvO-Na6n4APi24GoBw&ved=0CAcQFjAA&client=internal-uds-

cse&usg=AFQjCNHvb8DFKNcU0Yx0r4YQ6s-lQVjZjw 
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Consider dropping door gaskets from the program measure list: Door gaskets had the lowest realization 

rate of all measures, coming to 92%. Some gaskets were showing signs of initial tearing, which can 

compromise the effectiveness of the measures. Furthermore, at the sites that still had old gaskets as well 

as new, Navigant found that the condition of both the old and new measures were comparable, 

suggesting that a gasket retrofit was probably unnecessary in the first place. Finally, savings estimates 

from the literature review were much lower than the KYC ex-ante savings, suggesting that the measures 

that were installed may not achieve as much in energy savings as expected. Because of these reasons, 

Navigant suggests that CPAU drop gaskets from their KYC measure list. 

 

Require before and after photos for door gaskets if kept in the measure portfolio: If CPAU chooses to 

keep door gaskets in their measure portfolio, Navigant recommends that they require contractors to take 

before and after photos to show that new gaskets were needed. Literature review findings indicate that 

replacement door gaskets only achieve worthwhile savings if the old door gaskets were significantly 

deteriorated. Therefore, Palo Alto should only incentivize door gaskets if they are absolutely necessary. 

To ensure that this is the case, CPAU should require photographic evidence that the old gaskets were 

sufficiently degraded. 

 

Conduct field verification of ASH Controller savings and EC Motors: Literature review findings 

suggest that ASH Controllers may achieve more savings than the program’s ex-ante values. Meanwhile, 

the ex-ante savings for EC motors is about double the estimates found through the literature review. 

CPAU should consider conducting on-site verification of both measures, either through metering or 

through a billing analysis on future installations. 

 

Consider adjusting savings estimates for strip curtains to align with literature review findings: 

Savings estimates from the literature review suggest that ex-ante estimates may be high for strip curtains. 

CPAU should consider adjusting their savings values to better align with IOU workpapers and other 

third-party evaluations. 
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6.  Hospitality Program 

6.1  Program Description 

The Hospitality program is a direct install program for hotels, motels, senior centers and nursing homes. 

Synergy Companies is the acting contractor that installs program measures and calculates deemed 

savings accordingly. Available measures for this program include air duct leak testing and sealing, CFLs, 

hard-wired fluorescent lights, low-flow showerheads, faucet aerators and pipe insulation. During FY 

2013, the Hospitality program had three program participants, two of which were hotels/motels and one 

was a low-income apartment complex. As shown in Table 6-1, collective ex-ante savings for this program 

were 37,653.43 kWh and 4,621.01 therms for FY 2013. Table 6-2 provides the ex-ante savings/unit by 

measure. 

 

Table 6-1. Hospitality Measures and Ex-ante Savings 

Measures Unit 
Units 

Installed 

Gross Annual 

Ex-ante kW 

Savings 

Gross Annual 

Ex-ante kWh 

Savings 

Gross Annual 

Ex-ante Therm 

Savings 

Demand Circ Pumps Pump 3 1.03 3,618.0 4,374.0 

Key Card System 
Key 

Card 
1 0.51 960.0 0.0 

Super Low Flow Bathroom 

Aerators 
Aerator 31 0 0.0 187.5 

Super Low Flow Showerheads 
Shower

head 
30 0 0.0 241.8 

13 Watt CFL Lamp 5 0.16 789.6 -4.3 

23 Watt CFL Lamp 107 5.99 29,698.4 -163.3 

28 Watt CFL Hardwire 

Fixtures-Vanity 
Fixture 1 0.07 339.8 -1.9 

Hardwire Interior Light Fixture 7 0.34 1,999.4 -11.4 

4-Foot (2-lamp) T8 Retrofit Fixture 1 0.02 74.3 -0.4 

4-Foot (4-lamp) T8 Retrofit Fixture 1 0.05 174.0 -1.0 

TOTALS - 187 8.17 37,653 4,621 

Source: CPAU tracking database 
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Table 6-2. Hospitality Measures Ex-ante Savings/Unit 

Measures Unit 

Gross Ex-ante 

kW 

Savings/Unit 

Gross Ex-ante 

kWh 

Savings/Unit 

Gross Ex-ante 

Therm 

Savings/Unit 

Demand Circ Pumps Pump 0.34 1,206.0 1,458.0 

Key Card System Key Card 0.51 960.0 0.0 

Super Low Flow Bathroom Aerators Aerator 0.00 0.0 6.0 

Super Low Flow Showerheads Showerhead 0.00 0.0 8.1 

13 Watt CFL Lamp 0.03 157.9 -0.9 

23 Watt CFL Lamp 0.06 277.6 -1.5 

28 Watt CFL Hardwire Fixtures-

Vanity 
Fixture 0.07 339.8 -1.9 

Hardwire Interior Light Fixture 0.05 285.6 -1.6 

4-Foot (2-lamp) T8 Retrofit Fixture 0.02 74.3 -0.4 

4-Foot (4-lamp) T8 Retrofit Fixture 0.05 174.0 -1.0 

Source: CPAU tracking database 

6.2  Sample Design 

Because there were only three program participants, Navigant did not draw a sample. Rather, Navigant 

attempted to visit and include all of the program participants. Ultimately, the evaluation team was able to 

visit two of the three sites, with the third site verbally verifying the installation of its single measure (a 

key card system). The key card system was unavailable for visual inspection because the room was 

occupied.  

6.3  Estimating Project Level Ex-post Savings 

For the Hospitality Program, Navigant conducted site visits at two of the three participating sites in 

October 2013. Navigant did not conduct a site visit at Site 2, as the room was occupied throughout the 

duration of the site visit period. Because of this, the contact would not allow the evaluation team to verify 

the measure installation. The site contact did, however, state that the measure was installed and was 

working properly.  

 

Navigant visually inspected the measures installed at each site to determine whether they were installed 

and in use, as well as the measure condition. The evaluation team found that all measures were installed 

and in good condition at the sites that were accessible. 
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6.3.1  Site 1 

Site 1 was a small motel whose previous owners had participated in the program. The previous owners 

had installed low flow faucet aerators and low flow showerheads, as well as retrofitted lighting 

throughout the building in April of 2013. Navigant’s evaluation at this site consisted of visual inspections 

of the measures and lighting fixtures. 

 

The evaluation team found that counts of installed lighting fixtures exceeded those reported in the 

program documentation. The current motel owner claimed that he had not installed any of these 

measures, suggesting that the previous owners had either installed additional measures outside of the 

program, or had installed some of these measures in previous program years. Although the owners could 

not confirm which lighting fixtures had been retrofitted, all of the fixtures in the hotel that matched 

descriptions from the program documentation were functioning and in good condition. The motel owner 

did know which aerators had been retrofitted, and the evaluation team confirmed that these measures 

had been installed, were functioning, and were in good condition 

 

 

Table 6-3. Site 1 Visit Findings and Realization Rates 

Measure Qty 

Gross Ex-

Ante 

kWh 

Savings 

Gross 

Ex-Ante 

kW 

Savings 

Gross Ex-

Ante 

Therm 

Savings 

Realization 

Rate 

Gross Ex-

Post kWh 

Savings 

Gross 

Ex-Post 

kW 

Savings 

Gross Ex-

Post 

Therm 

Savings 

Super Low Flow 

Bathroom Aerator 
31 0 0 187.46 100% 0 0 187.46 

Super Low Flow 

Showerhead 

>1.7GPM 

30 0 0 241.8 100% 0 0 241.8 

EnergyStar® 13W 

CFL 
5 789.60 0.16 -4.34 100% 789.60 0.16 -4.34 

EnergyStar® 23W 

CFL 
107 29,698.39 5.99 -163.28 100% 29,698.39 5.99 -163.28 

EnergyStar® 28W 

CFL Fixture – 

Vanity 

1 339.77 0.07 -1.87 100% 339.77 0.07 -1.87 

18W Hardwire 

Interior Light 
7 1,999.41 0.34 -11.38 100% 1,999.41 0.34 -11.38 

32W 4-Foot (2-

lamp) T8 Retrofit 
1 74.31 0.02 -0.42 100% 74.31 0.02 -0.42 

32W 4-Foot (4-

lamp) T8 Retrofit 
1 173.96 0.05 -0.95 100% 173.96 0.05 -0.95 

Total  33,075.43 6.63 247.01 100% 33,075.43 6.63 247.01 

Source: CPAU tracking database 
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6.3.2  Site 2 

Site 2 was a hotel in which a key card system was installed in one hotel room. Navigant was unable to 

visually inspect the measure, as the room was occupied at the time of Navigant’s on-site period. The hotel 

manager reported that the measure was still in use and was functioning properly. 

 

The site contact confirmed that he only agreed to have one system installed and refused to continue with 

further installations. When asked why he did not move forward with further installations, the site contact 

claimed that he was uncomfortable with the installation team due to their lack of experience with 

installing this measure. 

 

Table 6-4. Site 2 Visit Findings and Realization Rates 

Measure Quantity 

Gross Ex-

Ante 

kWh 

Savings 

Gross Ex-

Ante kW 

Savings 

Gross Ex-

Ante 

Therm 

Savings 

Realization 

Rate 

Gross 

Ex-Post 

kWh 

Savings 

Gross 

Ex-Post 

kW 

Savings 

Gross 

Ex-Post 

Therm 

Savings 

Key Card 

System 
1 960 0.512 NA 100% 960 0.512 NA 

Source: CPAU tracking database 

6.3.3  Site 3 

Site 3 was an apartment complex in which three demand circulation pumps were installed in September 

2012. Navigant performed a visual inspection and verified that all three circulation pumps were installed 

and functioning at the time of the site visit. The site manager reported that one pump had been having 

occasional issues but was functioning normally at the time of the site visit. All three pumps were in 

visibly good condition. 

 

Table 6-5. Site 3 Visit Findings and Realization Rates 

Measure Quantity 

Gross 

Ex-Ante 

kWh 

Savings 

Gross Ex-

Ante kW 

Savings 

Gross 

Ex-Ante 

Therm 

Savings 

Realization 

Rate 

Gross 

Ex-Post 

kWh 

Savings 

Gross 

Ex-Post 

kW 

Savings 

Gross 

Ex-Post 

Therm 

Savings 

Demand 

Circ Pump 
3 3,618.00 1.033 4,374.00 100% 3,618.00 1.033 4,374.00 

Source: CPAU tracking database 

6.4  Program Level Ex-post Savings 

Each of the three sites is considered to be equally weighted for the purposes of this evaluation. All 

measures were installed, in use, and in good, working condition. Therefore, the per-measure realization 

rates came to 100 percent. Table 6-6 identifies the realization rates by measure as well as the overall 

realization rate for the program, which is 100 percent. 

 



 

 

 

 

 

 

77 
 

Table 6-6. Ex-post Savings and Realization Rates by Measure and for the Program 

Measures 
Realization 

Rate 

Gross 

Annual Ex-

post kW 

Savings 

Gross Annual 

Ex-post kWh 

Savings 

Gross Annual 

Ex-post Therm 

Savings 

Demand Circ Pumps 100% 1.03 3,618.0 4,374.0 

Key Card System 100% 0.51 960.0 0.0 

Super Low Flow Bathroom Aerators 
100% 

0 0.0 187.5 

Super Low Flow Showerheads 
100% 

0 0.0 241.8 

13 Watt CFL 
100% 

0.16 789.6 -4.3 

23 Watt CFL 100% 5.99 29,698.4 -163.3 

28 Watt CFL Hardwire Fixtures-Vanity 
100% 

0.07 339.8 -1.9 

Hardwire Interior Light 
100% 

0.34 1,999.4 -11.4 

4-Foot (2-lamp) T8 Retrofit 100% 0.02 74.3 -0.4 

4-Foot (4-lamp) T8 Retrofit 100% 0.05 174.0 -1.0 

Totals 100% 8.17 37,654 4,621 

Source: Navigant 2013 Impact Evaluation analysis 

6.4.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. The measure-level net-to-gross ratios 

for the Hospitality Program vary from 70 percent to 85 percent, as shown in Table 6-7. 

 

For the analysis of peak demand, Navigant used the California Protocol guidelines for estimating peak 

demand impact at the basic rigor level. The basic rigor prescribes, at a minimum, an on-peak demand 

savings estimate based on the allocation of gross energy savings through the use of allocation factors, 

end-use load shapes or end-use savings load shapes. These secondary data can come from DEER, the 

CEC forecasting model, utility end-use load shape data, or other prior studies. The time frame and 

budget available for the impact evaluation precluded direct measurement of peak demand impacts. 

Rather, Navigant, following the protocol basic rigor level, utilized the peak demand estimates already 

included in the E3 model.  

 

Table 6-7 provides the program level ex-post estimates of gross and net energy savings, as well as gross 

and net ex-post coincident peak demand. The measure-weighted, program-level net-to-gross value is 83 

percent. 
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Table 6-7. Ex-post Gross and Ex-post Net Electric Energy and Coincident Peak Demand Savings 

Measures 

Gross 

Annual Ex-

post kWh 

Savings 

Gross 

Annual Ex-

post kW 

Savings 

Net-to-Gross 

Ratio 

Net Annual 

Ex-post kWh 

Savings 

Net Annual 

Ex-post kW 

Savings 

Demand Circ Pumps 3,618 1.03 80% 2,894 0.82 

Key Card System 960 0.51 70% 672 0.36 

13 Watt CFL 790 0.16 85% 671 0.14 

23 Watt CFL 29,698 5.99 85% 25,244 5.09 

28 Watt CFL Hardwire 

Fixtures-Vanity 
340 0.07 85% 289 0.06 

Hardwire Interior Light 1,999 0.34 64% 1,280 0.22 

4-Foot (2-lamp) T8 Retrofit 74 0.02 85% 63 0.02 

4-Foot (4-lamp) T8 Retrofit 174 0.05 85% 148 0.04 

Totals 37,654 8.17 83% 31,261 6.75 

Source: Navigant 2013 Impact Evaluation analysis 

6.5  EUL & Lifecycle Savings 

 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model offer estimates of 

EUL, which Navigant used to calculate lifecycle savings by multiplying the EUL by the estimate of first 

year energy savings. Table 6-8 identifies the lifecycle electric savings of energy from the Hospitality 

Program. 
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Table 6-8. Ex-post Lifecycle Electric Savings 

Measure 

Gross 

Annual Ex-

post kWh 

Savings 

Net Annual 

Ex-post kWh 

Savings 

Measure 

Life 

Gross 

Lifecycle 

Electric Energy 

(kWh) 

Net 

Lifecycle 

Electric 

Energy 

(kWh) 

Demand Circ Pumps 3,618 2,894 16 57,888 46,310 

Key Card System 960 672 3 2,880 2,016 

13 Watt CFL 790 671 12 9,475 8,054 

23 Watt CFL 29,698 25,244 12 356,381 302,924 

28 Watt CFL Hardwire Fixtures-Vanity 340 289 12 4,078 3,466 

Hardwire Interior Light 1,999 1,280 12 23,993 15,355 

4-Foot (2-lamp) T8 Retrofit 74 63 11 817 695 

4-Foot (4-lamp) T8 Retrofit 174 148 11 1,914 1,627 

Totals 37,654 31,261 
 

457,426 380,447 

Source: Navigant 2013 Impact Evaluation analysis 

6.6  Card Key Non-participant Process Evaluation 

Palo Alto expressed particular interest in the Hospitality key card measure, and was particularly 

interested in the reasons why it was not being widely implemented. As previously mentioned, the single 

key card participant chose not to install multiple measures because he was uncomfortable with the 

installation team due to their lack of experience with this measure. 

 

The Navigant evaluation team also spoke with several decliners to understand why there were not more 

key card participants. To determine the appropriate contacts, Navigant referred to the Synergy 

prospecting list to identify those companies that had been approached about the key card systems. The 

prospecting list included 20 individual sites – all hotels or motels – that had been offered key card system 

installations. Navigant called each of these sites, and was able to reach half of them. The disposition 

report from these calls is shown in Table 6-9.  

 

Table 6-9. Disposition Report for Key Card Decliners 

Disposition n 

Total Sample 20 

Completes 10 

Refused 1 

No longer Exists 1 

No answer/unavailable 8 

Source: Navigant Hospitality Decliner Survey 
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Of the ten decliners with whom the evaluation team spoke, only six recalled hearing about the 

Hospitality program and declining to participate. The other four did not recall either the Hospitality 

program or speaking with the installation company. One respondent, in particular, claimed that he did 

not recall hearing about the program but was very interested in hearing more about the measure. The 

prospecting list stated that this site already had a key card system, although when probed further, the 

contact stated that his was a standard key card entry system, and not occupancy-based energy 

management key card system. This suggests that participants may not fully understand the measure, and 

improved communication or increased follow-up could result in greater participation. 

 

As shown in  

Table 6-10, when asked why they chose not to participate in the Hospitality program, respondents 

pointed to concerns with cost, technology, restrictions within their organizations, and the lack of follow-

up from the installation company. When asked why they chose not to participate in the key card portion of 

the program, specifically, half of the respondents identified concerns with the technology, itself. 

Although respondents did not elaborate on their concerns, some of these concerns could potentially be 

mitigated by further information or education about the program and the technology, itself. The full list 

of reasons for declining is shown in Table 6-11. 

 

Table 6-10. Reasons for Declining to Participate 

What were the reasons you chose not to participate in the 

Hospitality Program?* 
n=6 

Concerns with cost 2 

Concerns with technology 2 

Hotel franchise regulatory concerns 2 

Lack of follow-up/communication 1 

Source: Navigant Hospitality Decliner Survey 

 

 

Table 6-11. Reasons for Declining Key Card Systems 

What are the reasons you chose not to participate in the keycard 

portion of the program, specifically? 
n=6 

Concerns with technology 3 

Concerns with price of installation 1 

No follow-up 1 

Went with another company 1 

Source: Navigant Hospitality Decliner Survey 

 

Navigant also asked decliners about the likelihood that they would install key card systems through the 

program in the future. Half of the respondents claimed that it was very unlikely (score of 1-5 out of 10) 

that they would participate (see Table 6-12). When asked why they would not be likely to participate, 
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respondents pointed to customers’ demands for pre-heated rooms; claimed that they had already 

installed occupancy-based measures; or expressed concerns about complaints they had heard within the 

industry. Three respondents claimed that they would be interested in learning more about the measures, 

but their participation in the program would depend on the cost to them. Notably, two of the ten 

respondents claimed that they would be very likely to participate in the future, suggesting that there is 

opportunity to expand this program. 

 

Table 6-12. Likelihood of Future Key Card Installations 

Question n 
Low 

(1-4) 

Medium 

(5-7) 

High 

(8-10) 
Avg. 

Standard 

Deviation 

On a scale of 1-10, where 1 is not likely and 10 is very 

likely, how likely would you be to participate in the key 

card program, in the future? 

10 5 3 2 4.7 3.7 

Source: Navigant Hospitality Decliner Survey 

 

The evaluation team asked respondents whether there was anything Palo Alto could do to encourage 

participation in future programs. Respondents gave a number of suggestions, as shown in Table 6-13. 

When asked whether respondents had any further questions or comments, four respondents asked for 

additional information about different programs. Overall, the findings from the Decliner survey suggest 

that there is interest in this program and others, and that Palo Alto may find more success with the 

program if both the utility and the installation company increase their marketing and education efforts. 

 

Table 6-13. Actions to Encourage Future Participation 

Is there anything that Palo Alto could do to encourage you to participate in future programs? (N=10) 

Palo Alto is helping us on a lot of things. 

No 

Continue to keep us posted and up to date on what is going on, the information is critical to us. It is especially helpful 

if the info comes through email so I can just forward it on to the owners. 

I want something that saves money from my water heater, (demand circ pump) 

Find me a couple of parking spots, more incentives, rebates on utility charges. 

Cost, so many competitors in the area that the business hasn't been profitable. 

No 

Definitely, we have gone ahead and participated in the light exchange. 

No I think I think they are doing a good job. 

No, I think they are doing a good job. 

Source: Navigant Hospitality Decliner Survey 
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6.7  Literature Review 

The Hospitality program had a total of three participants. Their collective implemented measures 

included: 

 Various lighting measures 

 Demand circulation pumps 

 Key card system 

 Super low flow aerators 

 Super low flow showerheads 

 

To verify these ex-ante savings, the Navigant team conducted a literature review for all measures except 

lighting to determine a reasonable range of savings for each measure and to confirm whether each 

measure’s savings estimates fell within that range. The evaluation team did review literature for lighting 

measures; however the available literature was not directly comparable with the program measures by 

climate zone, building type, or measure type. Furthermore, new lighting standards render the current 

savings estimates moot for future application. Therefore, the Navigant team omitted literature review 

findings from this evaluation. 

 

The literature review sources for the remaining measures included workpapers from the California IOUs, 

relevant studies or past evaluations located on the CALMAC database, and technical reference manuals 

(TRM) where applicable. 

6.7.1  Demand Circulation Pumps  

Three demand circulation pumps were installed at one participant sites, amounting to 1,206 ex-ante kWh 

savings and 1,458 ex-ante therm savings per unit. These savings estimates came directly from an SCE 

workpaper on Demand Controls for Central DHW, which reviewed the measure application in California 

multifamily buildings.9 Navigant compared these savings to a workpaper by Southern California Gas 

(SCG), which only offered therm savings for the measure but referenced the SCE workpaper for electric 

savings.10 The SCG workpaper’s savings came to 1,093 therms per unit for storage tanks under 250 

gallons and 1,745 for storage tanks that are 250 gallons or larger. The SCE workpaper did not list the 

assumed storage tank size.  

 

The storage tanks at the Palo Alto Hospitality site were all less than 250 gallons, indicating that the ex-

ante gas savings may be slightly higher than the actual savings when the tanks size is taken into account. 

Navigant was unable to cross-check the ex-ante electric savings, although both estimates seemed to be 

within a reasonable range for a multi-family application. 

6.7.2  Key Card System 

The Palo Alto ex-ante estimate for savings from a key card system was 960 kWh per room. To verify this 

estimate, Navigant reviewed a 2007 PG&E report, which listed savings from three case studies.  

                                                           
9 Southern California Edison workpaper, Demand Control for Central DHW, WPSCE Revision No. 0 
10 Southern California Gas workpaper number WPSCGODE091116, available at http://deeresources.com/index.php/non-deer-

workpaper-values-13-14 

http://deeresources.com/index.php/non-deer-work-paper-values-13-14
http://deeresources.com/index.php/non-deer-work-paper-values-13-14
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Table 6-14 lists the average savings from this report and the savings by case study. The average savings 

per room from these case studies came to approximately 1,000 kWh/unit, which is similar to the Palo Alto 

ex-ante savings. Based on these case studies Navigant accepts the CPAU ex-ante estimate of 960 kWh per 

room. 

 

Table 6-14. Key Card System Literature Review Results 

Measure Application 

Unit 

Definition 

Building 

Type 

Annual Electric 

Savings (kWh/unit) IOU Report 

Average Savings from 

Case Studies: Card-key 

room controls 

Key card 

installation 

(room) 

Hotel/ 

motel 
1,000 PG&E 

Emerging Technologies 

Program  

Application Assessment 

Report # 0609 

Case Study 1: Key card 

system to control room 

HVAC and lighting 

during non-occupied 

periods (new 

construction only) 

Key card 

installation 

(room) 

Hotel/ 

motel 
713 ACEEE 

Emerging Energy-Saving 

Technologies and 

Practices for the 

Buildings Sector as of 

2004 

Case Study 2: Card-key 

room controls, 

controlling three 

portable lamps and 

heat pump unit 

Key card 

installation 

(room) 

Hotel/ 

motel 
483.56* SCE 

Field Performance of a 

Card Key Energy Saving 

System 

for Hotels and Motels 

(2000) 

Case Study 3: Card-key 

room controls, 

controlling all lights, 

appliances, and HVAC 

**Ex-ante savings 

Key card 

installation 

(room) 

Hotel/ 

motel 
1800 PG&E 

Emerging Technologies 

Program  

Application Assessment 

Report # 0609 

*The summary document (PG&E Report #0609) listed savings for this case study as 939 kWh/room. However, when 

reviewing the original document, Navigant found this number and could not determine where the 939 kWh/room savings 

estimate was found. 

Source: PG&E report no. 0609 (2007), Marketable Technologies for the Hotel Industry, available at http://www.etcc-

ca.com/reports/marketable-technologies-hotel-industry 

 

6.7.3  Super Low Flow Bathroom Aerators and Showerheads 

The Hospitality program’s ex-ante savings came to 6.05 therms per unit for low-flow bathroom aerators 

and 8.06 therms per unit for low-flow showerheads (>1.7 GPM). As part of the literature review, Navigant 

compared these numbers to PG&E workpapers. The results shown in Table 6-15 and  

Table 6-16 illustrate that ex-ante savings for both measures are within a reasonable rage as compared to 

PG&E’s workpapers.  

http://www.etcc-ca.com/reports/marketable-technologies-hotel-industry
http://www.etcc-ca.com/reports/marketable-technologies-hotel-industry
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Table 6-15. Low Flow Faucet Aerator Workpapers 

Measure Application 
Unit 

Definition 
Building Type 

Annual Gas 

Savings 

(therms/unit) 

IOU 
Work Paper 

Number 

Faucet Aerators Aerator Com & Res 6.05 PG&E PGEGPDHW005 

Faucet Aerators (0.5 GPM 

Bathroom) 
Aerator Com & Res 8.19 PG&E PGEGPDHW015 

Faucet Aerators (1.0 GPM 

Bathroom) 
Aerator Com & Res 6.55 PG&E PGEGPDHW015 

Faucet Aerators (1.0 GPM) Aerator Com 5.6 
Navigant Assessment of 

Business Water Program 

Source: PG&E workpapers PGEGPDHW005 (2009), PGEGPDHW015 (2014); Navigant BWE Program analysis 

 

Table 6-16. Low Flow Showerhead Workpapers 

Measure Application 
Unit 

Definition 
Building Type 

Annual Gas 

Savings 

(therms/unit) 

IOU 
Work Paper 

Number 

Low Flow Showerhead 

(1.6 gpm) for Natural Gas 

Water Heater Unit 

Showerhead Multi-Family 21 PG&E PGEGPDHW006 

LF Showerhead (Gas) Showerhead Com & Res 8.06 

Ecology 

Action 

(PG&E) 

Showerhead Gas 

Lodging Low Flow 

Showerhead 
Showerhead Motel 11.74 PG&E PGE3PDHW### 

Super Low Flow 

Showerhead 
Showerhead Com 31.2 

Navigant Assessment of 

Business Water Program 

Source: PG&E workpapers PGEGPDHW006 (2009), PGE3PDHW### (2009), Showerhead Gas; Navigant BWE Program 

analysis 

 

As shown in Table 6-15 and Table 6-16, Navigant also conducted separate engineering calculations for 

these measures for the Business Water Efficiency Direct Install (BWE) Program. These calculations relied 

on assumptions from these workpapers, the Pennsylvania TRM, and a verification survey given to BWE 

program participants. Palo Alto’s ex-ante estimate of 6.05 therms/unit is similar to the other impact 

estimates, although it is slightly higher than Navigant’s engineering calculations. However, Palo Alto’s 

ex-ante estimate of 8.06 therms/unit for low flow showerheads is significantly lower than both the PG&E 

workpaper value for multi-family and Navigant’s engineering estimate for the Business Water Program. 

However, the ex-ante savings estimate is similar to the PG&E workpaper value for motels. This suggests 

that the ex-ante savings estimate is reasonable for this particular installation, as the measures were 

installed in a motel. However, if CPAU installs these measures in participants of other building types that 

exhibit different usage patterns, CPAU should adjust their savings estimates accordingly.  
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6.8  Recommendations 

The low participation rates for this program indicate that there are areas for improvement of this 

program. Navigant has therefore developed recommendations for CPAU that may help them to increase 

participation. These recommendations include: 

 

Increase marketing and education efforts, particularly for measures of interest, such as key cards: 

Findings from the decliner survey suggest that decliners did not fully understand what the measure was 

and how much energy it can save. Furthermore, nearly half of the decliners did not recall ever hearing 

about the program. This indicates that CPAU could reach a wider audience by offering more information 

and educational materials about the program and the measures.  

 

Increase follow-up efforts with prospective participants: A number of decliners claimed that they were 

interested in participating in the program and installing the measures, but they never received any 

follow-up from the contractors. CPAU should ensure that they are following up with leads, as this is 

could be a straightforward means of achieving higher participation rates. 

 

Provide training for the installation of measures, particularly newer measures such as key cards: The 

sole key card participant chose only to install one measure, as he was not confident in the contractor’s 

ability to install the measure due to lack of experience. If CPAU is particularly interested in the success of 

this measure, it should consider providing training in the installation and maintenance of key card 

systems.  
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7.  Miser Program 

7.1  Program Description 

The Miser program is part of the commercial program contracted through SBW Consulting, Inc., a 

program that also includes commercial building water measures discussed in Section 4. The Miser sub-

program offers vending machine occupancy sensors for vending machines in commercial spaces. In 

particular, the program offers ‘vend misers’ for both refrigerated and non-refrigerated vending machines, 

and ‘cool misers’ for non-vending, refrigerated beverage cases. During FY 2013, this program had 30 

participants of varying building types. Based on the program documentation and deemed per-unit 

savings, Navigant estimated that the FY 2013 Miser program resulted in a total ex-ante program savings 

of 44,762 kWh, as shown in Table 7-1. 

 

Table 7-1. Miser Measures and Deemed Savings 

Measure Unit Units Installed 
Ex-ante Savings/unit 

(kWh) 

Gross Annual Ex-ante kWh 

Savings 

VendMiser, Refrigerated Miser 21 1,612 33,852 

VendMiser, Non-Refrigerated Miser 1 387 387 

CoolMiser, Refrigerated Miser 17 619 10,523 

TOTALS - 39  44,762 

Source: CPAU tracking database and Navigant 2013 Impact Evaluation analysis 

7.2  Sample Design 

Because there were only 30 program participants, Navigant did not draw a sample. Rather, Navigant 

visited all participant sites and to verify measure installations. 

7.3  Estimating Project Level Ex-post Savings 

For the Miser program, the Navigant team visited all 30 participating sites to determine whether misers 

had been installed, whether they were in-use, and whether they were functioning properly. The Navigant 

team found that 20 of the 21 refrigerated vend misers, 15 of the 17 cool misers, and the one non-

refrigerated vend miser had been installed at participating sites. Of the misers that were installed, 16 

vend misers and 12 cool misers were plugged in and in-use. The non-refrigerated vend miser was 

unplugged and not in use. Of the sites whose misers were unplugged, most site contacts did not offer a 

reason for keeping the miser unplugged. Rather, most contacts were unaware of the misers or what they 

were. The staff at Site 11, however, claimed that the reason their miser was unplugged was because it 

made the vending machine leak when it was in off-mode. This was the only such mention of this problem 

that the Navigant team encountered. 

 

A number of sites had additional misers to the ones that were recorded in the program documentation. 

Specifically, four sites had additional misers located at their facilities, amounting to a total of 8 additional 

misers overall. The site contacts could not offer insights into the installations of these measures, but they 
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were presumably either installed outside of the Palo Alto Miser program or may have been installed – 

and thus claimed – in previous program years. Because the program tracking data did not list ex-ante 

savings per site, Navigant had to make assumptions as to which misers were installed through the 

program during FY 2013. Therefore, the ex-ante savings listed in the tables below represent savings 

calculated by Navigant using CPAU’s E3 model and information from the program contractor, SBW 

Consulting, Inc. Because of this, Navigant limited the ex-post savings and realization rates listed in the 

tables below to a maximum of the ex-ante savings listed in the program tracking data.  

7.3.1  Site 1 

Site 1 was an aviation club run out of a small office. The program documentation indicated that the site 

had installed one refrigerated vend miser at this location; however, the evaluation team found no miser 

on the refrigerated vending machine and site personnel did not recall receiving a miser. 

 

Table 7-2. Site 1 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 0 0 1,612 0% 0 

Source: CPAU tracking database 

7.3.2  Site 2 

Site 2 was a car auto shop. Program documentation indicated that the site had installed vend misers on 

two vending machines, one refrigerated and one non-refrigerated. Upon visual inspection, the evaluation 

team found that while both misers were installed, only the miser on the refrigerated unit was plugged in. 

 

Table 7-3. Site 2 Visit Findings and Realization Rates 

Measure Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending Miser-

Refrig 
1 1 1 1,612 100% 1,612 

Vending Miser-

Non Refrig 
1 1 0 387 0% 0 

Total 2 2 1 1,999 81% 1,612 

Source: CPAU tracking database 

7.3.3  Site 3 

Site 3 was an animal shelter that had installed one refrigerated vend miser. Navigant confirmed that this 

miser was installed, plugged in, and working correctly. 
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Table 7-4. Site 3 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.4  Site 4 

Site 4 was a group of industrial buildings that had installed three refrigerated vend misers. Visual 

inspection confirmed that all three misers were installed, plugged in, and functioning. 

 

Table 7-5. Site 4 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
3 3 3 4,836 100% 4,836 

Source: CPAU tracking database 

7.3.5  Site 5 

Site 5 was a high school that had installed three refrigerated vend misers. Upon visual inspection, the 

evaluation team found a total of six misers on vending machines around the campus. This suggests that 

the school had installed additional misers outside of the program or in earlier program years. Of the six 

misers, five were installed and functioning correctly. The remaining miser was installed on an unplugged 

vending machine, and therefore was not in use. 

 

Table 7-6. Site 5 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
3 3* 3* 4,836 100% 4,836 

*Note: Two of the six misers were on non-refrigerated vending machines. Navigant was unable to determine which misers were 

installed through the program in the relevant program year. Navigant assumed that the three misers claimed were the three 

refrigerated misers found and operational. 

Source: CPAU tracking database 

7.3.6  Site 6 

Site 6 was a car dealership. According to program records, the site received one refrigerated vend miser 

through the program. Upon visual inspection, two misers were located at the site. However, one miser 

was unplugged and therefore not in use.  
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Table 7-7. Site 6 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1* 1* 1,612 100% 1,612 

*Note: Navigant assumed that the miser claimed was the refrigerated miser found and operational. 

Source: CPAU tracking database 

7.3.7  Site 7 

Site 7 was an office building that had received one refrigerated vend miser through the program. Visual 

inspection confirmed that the miser was installed correctly and functioning. 

 

Table 7-8. Site 7 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.8  Site 8 

Site 8 was a small music rehearsal space that had installed two refrigerated vend misers. Navigant was 

not able to enter this site, as no one was present to give the evaluation team access. However, the team 

was able to visually confirm through the site’s windows that the two misers were installed. One miser 

was visibly unplugged and therefore not in use. Navigant could not confirm whether the second miser 

was functioning; the vending machine on which the miser was affixed appeared to be off. This could 

have been because the miser was functioning properly and had switched off the machine as it should. 

Navigant assumed that this second machine was operational. 

 

Table 7-9. Site 8 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
2 2 1 3,224 50% 1,612 

Source: CPAU tracking database 

7.3.9  Site 9 

Site 9 was a retail store in an outdoor mall that had installed one refrigerated vend miser. Through visual 

inspection, the evaluation team confirmed that the miser was installed and functioning properly. 
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Table 7-10. Site 9 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.10  Site 10 

Site 10 was a retail store in an outdoor mall that had installed one refrigerated vend miser. Upon 

inspection, the Navigant team found the miser lying underneath the vending machine and therefore not 

in use. The site contact said that he thought it may have been installed at one point but had since been 

removed. 

 

Table 7-11. Site 10 Visit Findings and Realization Rates 

Measure Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending Miser-

Refrig- 
1 1 0 1,612 0% 0 

Source: CPAU tracking database 

7.3.11  Site 11 

Site 11 was an aviation club run out of a small office. According to program documentation, the site had 

installed one refrigerated vend miser. Navigant confirmed that the miser was installed on the vending 

machine. However, site personnel had unplugged the miser because it had caused the vending machine 

to leak while the machine was in off-mode. The miser was therefore not in use. 

 

Table 7-12. Site 11 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 0 1,612 0% 0 

Source: CPAU tracking database 

7.3.12  Site 12 

Site 12 was a school that had installed one refrigerated vend miser in the cafeteria. Visual verification 

revealed that two misers were installed and in-use at the site, suggesting that a miser had been installed 

outside of the program or in an earlier program year. 
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Table 7-13. Site 12 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1* 1* 1,612 100% 1,612 

* Note: Navigant assumed one of the two found misers was the one installed under the program. 

Source: CPAU tracking database 

7.3.13  Site 13 

Site 13 was a school that had installed one refrigerated vend miser. Visual inspection confirmed that the 

miser was installed and functioning. 

 

Table 7-14. Site 13 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.14  Site 14 

Site 14 was a community center that had installed one refrigerated vend miser. The site contact was 

unaware that they had a vending machine, and therefore did not know about the miser. However, the 

evaluation team found the machine in the theater (rather than the community center), which was run by a 

separate organization. The team confirmed that the miser was installed correctly and functioning. 

 

Table 7-15. Site 14 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.15  Site 15 

Site 15 was an auto maintenance facility that had installed one vend miser. Visual verification confirmed 

that the miser was installed and functioning. 
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Table 7-16. Site 15 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.16  Site 16 

Site 16 was an auto repair facility that had installed one refrigerated vend miser. Visual inspection 

confirmed that the miser was installed and functioning. 

 

Table 7-17. Site 16 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Vending 

Miser-Refrig 
1 1 1 1,612 100% 1,612 

Source: CPAU tracking database 

7.3.17  Site 17 

Site 17 was an office building that had installed one cool miser. The Navigant team confirmed that the 

miser was installed and functioning properly. 

 

Table 7-18. Site 17 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.18  Site 18 

Site 18 was an auto maintenance facility that had installed one cool miser. The Navigant team confirmed 

that the miser was installed and functioning. 

 

Table 7-19. Site 18 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 
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7.3.19  Site 19 

Site 19 was a small retail store that had installed two cool misers. The Navigant team confirmed that the 

misers were installed and functioning properly. 

 

Table 7-20. Site 19 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 2 2 2 1,238 100% 1,238 

Source: CPAU tracking database 

7.3.20  Site 20 

Site 20 was a small liquor store that had installed one cool miser. The Navigant team confirmed that the 

miser was installed and functioning as expected. 

 

Table 7-21. Site 20 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.21  Site 21 

Site 21 was a fitness facility that had installed one cool miser. The Navigant team confirmed that the 

miser was installed and functioning. 

  

Table 7-22. Site 21 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.22  Site 22 

Site 22 was a hardware store that had installed one cool miser. The Navigant team confirmed that both 

misers were installed, however one was unplugged and therefore not in-use. The other miser was in-use 

and functioning. 
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Table 7-23. Site 22 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 2 2 1 1,238 50% 619 

Source: CPAU tracking database 

7.3.23  Site 23 

Site 23 was a fitness facility. Program records reported that the site had installed one cool miser at this 

location. Upon visual inspection, the evaluation team found no miser at this facility. The team found one 

small refrigerator that had Velcro affixed to the back. This suggests that the facility may have initially 

installed a miser but had since removed it. 

 

Table 7-24. Site 23 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 0 619 0% 0 

Source: CPAU tracking database 

7.3.24  Site 24 

Site 24 was a restaurant that had installed one cool miser. The Navigant team confirmed that the miser 

was installed and functioning as expected. 

 

Table 7-25. Site 24 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.25  Site 25 

Site 25 was a fitness facility that had installed one cool miser. The Navigant team confirmed that the 

miser was installed but unplugged, and therefore not in-use. 

 

Table 7-26. Site 25 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 0 619 0% 0 

Source: CPAU tracking database 
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7.3.26  Site 26 

Site 26 was a small office that had installed one cool miser. The Navigant team confirmed that the miser 

was installed and functioning as expected. 

 

Table 7-27. Site 26 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.27  Site 27 

Site 27 was a drug store that had installed two cool misers, according to program records. Upon visual 

inspection, there were no misers installed at this site. The store manager did not recall misers ever being 

delivered to the store or anyone coming to install them. 

 

Table 7-28. Site 27 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 2 0 0 1,238 0% 0 

Source: CPAU tracking database 

7.3.28  Site 28 

Site 28 was a restaurant that had installed one cool miser. The Navigant team confirmed that the miser 

was installed and functioning. 

 

Table 7-29. Site 28 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.3.29  Site 29 

Site 29 was a large drug store which that had installed one cool miser, according to program records. 

Upon visual inspection, The Navigant team found four Cool misers at the site, all of which were installed 

and functioning.  
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Table 7-30. Site 29 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 4* 4* 619 100% 619 

*Note: Navigant assumed that the miser claimed was one of the four refrigerated misers found and operational. 

Source: CPAU tracking database 

7.3.30  Site 30 

Site 30 was a hardware store that had installed one cool miser. The Navigant team confirmed that the 

miser was installed correctly and was functioning. 

 

Table 7-31. Site 30 Visit Findings and Realization Rates 

Measure 

Name 

Claimed 

Quantity 

Verified 

Quantity 

Quantity In 

Use 

Ex-ante kWh 

Savings 

Realization 

Rate 

Ex-post kW 

Savings 

Cool Miser 1 1 1 619 100% 619 

Source: CPAU tracking database 

7.4  Sub-program Level Ex-post Savings 

Each of the thirty sites visited is considered to be equally weighted. Table 7-32 identifies the realization 

rates, ex-ante and ex-post savings by measure for the program as a whole. The table also shows the 

overall realization rate for the program, which is 77%. 

 

Table 7-32. Program Level Ex-Ante and Ex-Post Savings 

Measure 
Claimed 

Quantity 

Confirmed 

Quantity 

Realization 

Rate 

Ex-ante 

Savings/unit 

(kWh) 

Gross 

Annual Ex-

ante kWh 

Savings 

Gross 

Annual Ex-

post kWh 

Savings 

VendMiser, Refrigerated 21 18 86% 1,612 33,852 29,016 

VendMiser, Non-Refrigerated 1 0 0% 387 387 0 

CoolMiser, Refrigerated 17 12 71% 619 10,523 7,428 

TOTALS 39 30 77%   44,762 36,444 

Source: Navigant 2013 Impact Evaluation analysis 

7.4.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. The net-to-gross ratio for the Miser 

Program is 70 percent, as found in the CPAU E3 model.  

 

For the analysis of peak demand, Navigant used the California Protocol guidelines for estimating peak 

demand impact at the basic rigor level. The basic rigor prescribes, at a minimum, an on-peak demand 

savings estimate based on the allocation of gross energy savings through the use of allocation factors, 
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end-use load shapes or end-use savings load shapes. These secondary data can come from DEER, the 

CEC forecasting model, utility end-use load shape data, or other prior studies. The time frame and 

budget available for the impact evaluation precluded direct measurement of peak demand impacts. 

Rather, Navigant, following the protocol basic rigor level, utilized the peak demand estimates already 

included in the E3 model.  

 

Based on field verification and program tracking documents, Navigant has estimated gross and net 

energy savings for both vend and cool misers. Table 7-33 provides the program level ex-post estimates of 

gross and net energy savings as well as gross and net ex-post coincident peak demand.  

 

Table 7-33. Ex-post Gross and Ex-post Net Electric Energy and Coincident Peak Demand Savings 

Measures 

Gross Annual 

Ex-post kWh 

Savings 

Gross Annual 

Ex-post kW 

Savings 

Net-to-

Gross 

Ratio 

Net Annual 

Ex-post kWh 

Savings 

Net Annual 

Ex-post kW 

Savings 

VendMiser, Refrigerated 29,016 0.00 70% 20,311 0.00 

VendMiser, Non-Refrigerated 0 0.00 70% 0 0.00 

CoolMiser, Refrigerated 7,428 0.00 70% 5,200 0.00 

TOTALS 36,444 0.00 
 

25,511 0.00 

Source: Navigant 2013 Impact Evaluation analysis 

7.5  EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model offer estimates of 

EUL, which Navigant used to calculate lifecycle savings by multiplying the EUL by the estimate of first 

year energy savings. Program. 

 

Table 7-34 identifies the lifecycle electric savings of energy from the Miser Program. 

 

Table 7-34. Ex-post Lifecycle Electric Savings 

Measure 

Gross Annual 

Ex-post kWh 

Savings 

Net Annual 

Ex-post kWh 

Savings 

Measure 

Life 

Gross Lifecycle 

Electric Energy 

(kWh) 

Net Lifecycle 

Electric Energy 

(kWh) 

VendMiser, Refrigerated 29,016 20,311 4 116,064 81,245 

VendMiser, Non-Refrigerated 0 0 4 0 0 

CoolMiser, Refrigerated 7,428 5,200 4 29,712 20,798 

TOTALS 36,444 25,510.80 
 

145,776 102,043.20 

Source: Navigant 2013 Impact Evaluation analysis 

 



 

 

 

 

 

 

98 
 

7.6  Literature Review 

According to the Palo Alto E3 calculator, ex-ante energy savings for the Miser program came to 1,612 

kWh for misers on refrigerated vending units and 387 kWh for misers on non-refrigerated vending units. 

Savings estimates for cooling misers came from CPAU’s contractor, SBW Consulting, Inc. Based on their 

work with Puget Sound Energy (PSE), SBW offered a range of savings estimates, from 500-650 kWh per 

unit depending on the volume of the beverage case. SBW found that those units that were 12 cubic feet or 

smaller had a savings of approximately 619 kWh/unit. Because the units that Navigant found were 

roughly 12 cubic feet on average, this is the value that Navigant used in its evaluation. For the literature 

review, Navigant compared these estimates to a number of EM&V studies, as well as PECI’s most recent 

calculation for this measure for the NW Power Council’s Regional Technical Forum.11  

 

Table 7-35. Vend Miser Literature Findings 

Measure 

Application 

Unit 

Definition 
Building Type 

Annual Electric 

Savings (kWh/unit) 
IOU Report 

Refrigerated Vend 

Miser 
Miser School 1,565 N/A 

Pinellas County 

School District PDF 

Refrigerated Vend 

Miser 
Miser Not listed 1,554 NCPA NCP0001.10 

Refrigerated Vend 

Miser 
Miser 

Schools, 

Municipalities 
1,590 SDG&E 

CALMAC Study 

SDG0215.02 

Refrigerated Vend 

Miser 
Miser Various 1,346.40 PECI RTF Calculator 

Non-Refrigerated 

Vend Miser 
Miser Various 734.40 PECI RTF Calculator 

Source: Navigant 2013 Impact Evaluation analysis 

  

As shown in Table 7-35, these findings estimate that refrigerated vending miser savings range from 

around 1,350-1,600 kWh/miser. The Palo Alto estimate is slightly higher than this range, although not to 

the extent that it should be considered unreasonable. The Palo Alto ex-ante savings for vending misers on 

non-refrigerated units were about half of the estimated savings reported by the RTF, suggesting that 

savings estimates may be low for this measure. Navigant was unable to find secondary research on cool 

misers for beverage merchandizers. However, because SBW calculated savings by logging merchandizers 

before and after installing misers, Navigant believes these estimates to be accurate. 

                                                           
11https://www.google.com/url?q=http://rtf.nwcouncil.org/measures/com/ComGroceryVendingController_v1_0.xlsm&sa=U&ei=p-

jFUt-mD-ir2gWbjoEo&ved=0CAoQFjAD&client=internal-uds-cse&usg=AFQjCNGHt1oVSWt9TOkjxLZITUx10pglfg 
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7.7  Recommendations 

The overall realization rate for the Miser program came to 81 percent. Navigant has developed the 

following recommendations to improve the realization rate and evaluability of the program for the 

future: 

 

Improve the program tracking database: The tracking information that CPAU provided in the data 

request was difficult to decipher in some ways, leaving Navigant to make certain assumptions about the 

misers that were installed and the measure savings per site. Navigant contacted SBW for further 

information such as savings estimates and tracking information from previous years in order to 

determine which measures were installed at which sites. While this supplementary information was 

helpful, Navigant recommends that CPAU and their contractors collect and provide the following 

information for future evaluations: 

 Clear identification of the type of miser installed (vend or cool miser on a refrigerated unit, non-

refrigerated unit, beverage merchandizer) and estimated savings per unit: at sites with additional 

misers, the evaluation team had to make assumptions as to which misers were installed in the 

relevant program year. Identification would have been easier if the tracking data had noted on 

which equipment the miser was installed. 

 Identification numbers for the misers: Each miser had a bar code with an identification number 

affixed to it. Navigant recommends that SBW note these identification numbers for each site in 

the tracking database. 

 Tracking data from previous years: Although Navigant was not evaluating installations from 

previous years, this tracking data may have provided insights into how many misers had been 

installed outside of the relevant program year. 

 

Conduct follow-up, such as a post-installation inspection: As noted in the tracking data, many sites 

declined installation assistance from SBW. However, because of the high number of misers that were 

unplugged or not present, Navigant recommends that CPAU or SBW conduct a follow-up inspection 

to verify that all misers have been installed. This follow-up would also allow CPAU to gauge 

customer satisfaction with the measure and to determine whether there have been any problems with 

the measures. 
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8.  The Low Income REAP Program 

8.1  Program Description 

The Residential Energy Assistance Program (REAP) is a direct install program that provides a free Home 

Energy Analysis and the installation of various measures to CPAU’s low-income customers. Qualified 

participants may be eligible to receive the installation of the following items at no cost:  

 Weather stripping 

 Window caulking 

 Attic insulation 

 Showerheads 

 Faucet aerators 

 Compact fluorescent lighting 

 Torchieres 

 Additional measures, depending on the Home Energy Analysis 

8.2  Data Collection Activities 

This section presents the approach that Navigant used in the billing data analysis to estimate realized 

kWh and therm savings for REAP. It describes the data that Navigant collected, the steps Navigant took 

to prepare and clean the data, and the analytical methods that Navigant used to perform the billing 

analysis. 

8.2.1  Program Tracking Data 

Navigant used program tracking data to identify program participants who received no-cost electric and 

gas energy efficiency measures between July 1, 2012 and June 30, 2013.  Table 8-1 shows that 89 customers 

participated in the program, each of whom installed multiple measures. Overall, participants installed a 

total 25,401 energy efficiency measures, although this number is skewed by the common units used for 

attic insulation, which is measured per square foot. The most commonly-installed measure, other than 

attic insulation, was a 23 watt CFL. The second most popular measures included outlet gaskets and 

hardwire interior lights. 
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Table 8-1. Residential Energy Assistance Program Tracking Data Savings 

Measure Number of Units 
Number of 

Participants 

Total kWh 

Savings 

 

Total Therm 

Savings 

Attic Insulation* 23,742 19 4.2 3,561 

CFL Replacement* 668 41 33,400 0 

Outlet Gaskets* 461 15 0 0 

Hard-wired Interior Lights* 159 38 17,808 0 

Door Weather-Stripping* 112 38 336 448 

Faucet Aerator 96 40 0 581 

Energy Education 79 79 0 0 

R40 18W CFLs* 71 12 3,550 0 

Showerhead 59 38 0 826 

Hard-wired Exterior Lights* 57 25 12,426 0 

Caulking SFD Windows* 40 40 76 40 

T8 Delamp Conversion* 37 11 20,416 0 

Minor Home Repair 36 36 0 0 

NGAT Testing 34 34 0 0 

Vanity Lights 31 19 2,344 0 

Attic Weather Stripping* 15 13 29 15 

Refrigerator Replacement* 14 14 1,694 0 

Water Heater Blanket 12 12 0 660 

Duct Testing & Sealing* 8 8 1,000 192 

Torchiere Replacement* 8 6 0 0 

Furnace Replacement 8 8 0 840 

Refrigerator Recycling* 5 5 9,730 0 

Wall Furnace Replacement 5 3 150 60 

Programmable Thermostat 4 4 294 304 

Occupancy Sensors* 3 1 432 0 

Furnace Filter* 1 1 1 0 

Glass Replacement 1 1 0 0 

Water Heater Replacement 1 1 0 47 

Door Replacement* 0 0 0 0 

*Measures included in the Palo Alto E3 

Source: Synergy tracking database 
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The program tracking data provided ex-ante estimates of kWh and therm savings for each measure. The 

savings estimates in the tracking system were consistent for all customers.  

 

The program tracking data that were used in the billing data analysis included the following: 

 Unique CPAU Account Number 

 Description of energy efficiency measures installed and fuel type 

 Estimated kWh and therm savings from installed measures 

 Installation date of measures 

 

8.2.2  Billing Data 

Navigant requested monthly billing data from CPAU for all 89 unique program participants. Typically, 

Navigant requests at least two full years of billing data to fully characterize the effect of a program such 

as REAP. This data should include twelve months prior to program participation and twelve months 

after program participation).Pre-installation REAP data for REAP participants date from June 1, 2010 

through December 31, 2013. Most measures were installed after August 1, 2012, so there is a full year of 

pre-participation billing data for most participants. Navigant did not necessarily have a full year of post-

installation participant data, as the length of post-program billing data depended on program measure 

installation dates. Those that participated late in the program year had as little as 6 months of post-

installation data. Moreover, although there were 89 program participants, CPAU only provided billing 

for 88 accounts. Therefore, one participant was omitted from the program billing analysis. 

 

As with all billing data datasets, the data included some null values for gas and electric usage readings 

and some skipped months for the program participants. Navigant identified forty-two customers with a 

zero or negative kWh or therm usage value. Navigant manually cleaned the data, removing null and 

negative usage records while retaining as much data as possible due to the relatively small number of 

program participants.  

 

To better understand the effects of the REAP program, Navigant also requested billing data for 1,000 non-

participants for the time period from June 1, 2010 to December 31, 2013 to create a non-participant 

comparison group. 

 

Navigant matched the pre-program billing data for the program participants and the non-participant 

billing data from the same time period on a month-by-month basis using the smallest ‚Euclidean 

distance‛, or the absolute difference in average daily energy usage for a given month. Using this method, 

Navigant was able to create a comparison group of 122  non-participant electric customers and 109 non-

participant gas customers whose billing data most closely mirrored that of the REAP participants before 

participating in the program.  

 

Navigant calculated an ‚Average Daily Usage‛ variable for both groups. The Average Daily Usage is the 

kWh and therm usage standardized by the length of monthly billing period. Because the data for both the 

program participants and the control group were in monthly increments (i.e. January 2011), the 

evaluation team calculated the average daily usage by dividing the total kWh and therm usage by the 
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number of days in the month. There were some instances where a monthly record was missing and the 

following month had twice the normal energy usage. Navigant assumed that either these were months 

when two billing dates occurred, one at the beginning of the month and one at the end, or that there was 

a two month billing period. For these occurrences, Navigant calculated the Average Daily Usage using a 

two month billing period, making sure to check that the values were reasonable. Records with more than 

two consecutive months of billing data missing were discarded. Figure 8-1 and Figure 8-2 present the 

average energy and gas usage for the participants and the control group; respectively. 

 

 

Figure 8-1. Average Energy Usage (kWh) 

 
Source: Navigant 2013 Impact Evaluation analysis 
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Figure 8-2. Average Daily Gas Usage (Therms) 

 
Source: Navigant 2013 Impact Evaluation analysis 

8.2.3  Weather Data 

The final step in the data collection process was the addition of weather data for weather normalization of 

energy use. The evaluation team collected daily weather data from the Moffett Federal Airfield weather 

station (KNUQ) in Mountain View, California. Navigant evaluated the availability and quality of 

historical daily weather data for several weather stations in the Palo Alto area. The evaluation team found 

that the most complete historical series of daily weather data for the period of January 1, 2010 through 

December 31, 2013 came from the weather station KNUQ. 

Navigant used the daily weather data to calculate both heating degree days and cooling degree days for 

each billing period for each customer. A "degree day" is a unit of measure for recording how cold or how 

hot it has been over a 24-hour period. It is highly correlated to the amount of energy needed to heat or 

cool the average home. The number of degree days applied to any particular day of the week is 

determined by calculating the mean temperature for the day and then comparing the mean temperature 

to a base value of 65 degrees F. The "mean" temperature is calculated by adding together the high for the 

day and the low for the day, and then dividing the result by 2. For example, if the mean temperature for 

the day is 5 degrees higher than 65, then there have been 5 cooling degree days. Conversely, if the 

weather has been cool, and the mean temperature is 55 degrees, then there have been 10 heating degree 

days (65 minus 55 equals 10).12 Table 8-2 summarizes the weather data collected for years 2010 through 

2013. 

 

                                                           

12 http://www.srh.noaa.gov/ffc/html/degdays.shtml 
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Table 8-2. Summary of Historical Weather Data 2010-2013 

Year Days 
Annual Heating 

Degree Days 

Annual Cooling 

Degree Days 

2010 365 2,458 323 

2011 365 2,302 431 

2012 366 2,213 296 

2013 365 2,269 449 

Source: Moffett Federal Airfield weather station (KNUQ) in Mountain View, available at http://www.wunderground.com/ 

8.3  Billing Analysis Methodology 

Navigant compiled tracking, billing, and weather data for both participants and non-participants to 

create the dataset needed for the billing analysis. Navigant estimated the ex-post savings values for the 

gas rebate program using a statistical model framed within the Statistically Adjusted Engineering (SAE) 

approach. This approach includes the ex-ante as an explanatory variable in a regression equation, with 

the billed therm consumption as the dependent variable. This regression analysis results in the realization 

rate, or a coefficient that indicates the average percentage of the ex-ante savings that is realized according 

to the billing record analysis.  

 

Unlike annual pre/post-participation models, this model does not require a full year of pre- and post-

participation data for every participant. Because the consumption data in the panel model includes up to 

24 months before and 6 months after the program year, the exact post-installation period can be defined 

specifically for each customer. This feature of the panel model allows for the pre-installation months of 

consumption to act as controls for post-participation months.  

 

For Navigant’s billing analysis, data were available both across customers (i.e., cross-sectional) and over 

time (i.e., time-series). This ‚panel‛ data allowed Navigant to control for differences across homes and 

periods in time through the use of a ‚fixed-effects‛ panel model, which assumes that differences across 

customers can be explained by customer-specific intercept terms. 

 

The fixed effects model can be viewed as a type of differencing model that captures all customer 

characteristics within constant terms that represent each unique customer home. These characteristics are 

independent of time and determine the level of home energy consumption. Algebraically, the fixed-effect 

panel data model is described as: 

 

 yit = i + xit +RR·Sit+ it 

 

where: 

yit  =  Average daily kWh or therm consumption for site i during billing period t 

i = Constant term for site i 

 = Vector of coefficients  
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x = Vector of variables that represent factors causing changes in billing period 

consumption (i.e., the time-effects variables such as weather) 

RR = The estimated coefficient that represents the realization rate for each measure (a 

coefficient of -0.8 indicates that 80% of the deemed measure savings were 

achieved) 

Sit = The tracking system estimate of average daily kWh or therm savings for site i 

during billing period t 

 =  Error term 

 

Navigant utilized this fixed effects model to estimate the realization rates for both the total savings from 

the program and for different measures. The evaluation did so by entering tracking system estimates of 

yearly kWh and therm savings separately into the model for each measure type. 

In constructing the Sit savings variables used in the billing analysis model, Navigant used input zero for 

expected daily kWh or therm savings for all billing periods that ended prior to, or included, the 

installation date for each individual measure. For billing periods after the installation date, the Sit savings 

variable took on the participant-specific measure savings estimate divided by 365 to get a daily savings 

estimate. 

 

Due to the small number of measure installations, Navigant grouped several of the measures, including 

refrigeration, envelope improvements, and lighting, categories due to achieve statistically significant 

results. Table 8-3 and Table 8-4 show these measure groupings. 



 

 

 

 

 

 

107 
 

Table 8-3. Measure Groupings - Electric 

Technology Measure Group 

Replace Refrigerator – Small Refrigeration 

Replace Refrigerator – Large Refrigeration 

Remove Refrigerator Refrigeration 

Attic Access Weather-Stripping Envelope 

Caulking SFD Envelope 

Doors – Weather-Stripping Envelope 

Door Replacement Envelope 

Outlet Gaskets Envelope 

Duct Testing & Sealing HVAC 

Attic Insulation Attic Insulation 

Furnace Filters HVAC 

Hard-Wired Interior Lighting Hard-Wired Lighting 

Hard-Wired Exterior Lighting Hard-Wired Lighting 

Torchieres Torchieres 

Occupancy Sensors Occupancy Sensors 

Energy Star CFL 23 W CFL 

Energy Star CFL R-40 CFL 

T-8 Lamps T-8 Lamps 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 8-4. Measure Groupings - Gas 

Technology Measure Group 

Attic Access Weather-Stripping Envelope 

Caulking SFD Envelope 

Doors – Weather-Stripping Envelope 

Duct Testing & Sealing Envelope 

Attic Insulation Attic Insulation 

Replace Forced Air Furnace – Small HVAC 

Replace Forced Air Furnace – Large HVAC 

Replace Wall Furnace HVAC 

Programmable Thermostat Programmable Thermostat 

Faucet Aerators Water Heating 

Pipe Insulation Water Heating 

Low-Flow Showerheads Water Heating 

Water Heater Blanket Water Heating 

Replace Water Heater Water Heating 

Source: Navigant 2013 Impact Evaluation analysis 

8.4  Regression Model Results 

In addition to the measures for which Palo Alto is claiming savings, the program tracking data also 

included several other program measures although there was no claimed savings associated with these 

measures. These additional measures include occupancy sensors, vanity lighting, programmable 

thermostats, and replacement of a wall furnace. Navigant included these measures due to the possibility 

that they might affect the overall energy usage of participant households. 

 

Table 8-5 shows the realization rates from the electric billing data regression analysis, which represents 

the impact of each independent measure or measure group on the dependent variable (energy use). 

Realization rate coefficients are negative if the measure is correlated with decreased energy use and 

positive if correlated with increased energy use. For example, T-8 lamps have a realization rate coefficient 

of -0.46, indicating they realized 46% of their deemed savings. The table also states whether the results 

were statistically significant at the 90 percent confidence level. Full electric model results can be found in 

Appendix E. 
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Table 8-5. Energy Results for the Fixed Effects Regression Model 

Measure 
Realization Rate 

Coefficient 
Standard Error T-Value* 

Statistically 

Significant 

CFL 0.32 0.20 1.57 No 

HW Lighting -0.80 0.17 4.82 Yes 

Torchieres 3.03 1.22 2.49 Yes 

T-8 Lamps -0.46 0.14 3.25 Yes 

Occ. Sensors 1.12 1.55 0.72 No 

HVAC -5.97 2.09 2.86 Yes 

Envelope 17.07 12.55 1.36 No 

Attic Insulation 0.62 1.36 0.46 No 

Refrigeration -1.47 0.33 4.50 Yes 

Vanity Lighting 4.31 1.09 3.97 Yes 

Programmable T-Stat -6.31 5.51 1.15 No 

Replace Wall Furnace 8.42 8.39 1.00 No 

* The T-value is equal to the estimated realization rate divided by its standard error. It can be used directly to test the 

hypothesis that the realization rate is equal to zero. An absolute T-value of 1.645 indicates there is 90 percent confidence that 

the realization rate is statistically significant and is not zero. Higher T-values indicate higher confidence levels. The T-values 

in the table are absolute values. 

Source: Navigant 2013 Impact Evaluation analysis 

Using this model, Navigant obtained statistically significant savings results for six measures, including 

hard wired lighting, torchieres, T-8 delamping and replacement, HVAC improvements, and refrigeration. 

Navigant also obtained statistically significant results for vanity lighting; although CPAU did not claim 

savings for these measures through REAP. Notably, the results for both torchieres and vanity lights 

showed that participants who receive these measures consume more energy after participation than they 

did before. This may be because participants install these measures in addition to their existing measures 

rather than retrofitting their inefficient equipment.  

 

The realization rate for CFLs also indicates that program participants consumed more energy after 

participating in the program, although this realization rate was only significant at the 88 percent level. 

Since this measure included screw-based CFLs, the rate of measure retention may be low from the 

possibility that many CFLs are removed after installation, or the CFLs may be installed as additional 

lighting where there previously was no lighting. 

 

HVAC measures, which primarily consisted of duct sealing and testing, had the highest statistically 

significant realization rate at 597 percent. It is uncertain why this realization rate is so high, but it may be 

driven from the fact that HVAC measures were a small part of overall program savings and that the 

regression coefficient is representing only a small overall change in the energy savings estimate relative 

to the overall program.  
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The refrigeration measures had a realization rate greater than one (147 percent) and near the expected 

measure savings value. Hardwired lighting measures and T-8 replacement had statistically significant 

realization rates, although both realization rates were less than one. It is likely that there are much higher 

rates of measure persistence with these lighting measures compared to CFLs due to the fact that hard-

wired lighting and T-8 lamps are much more difficult to remove than screw-based CFLs.  

 

Table 8-6 shows the realization rates from the natural gas billing data regression analysis. Navigant also 

achieved statistically significant values for three measure categories in the gas regression model. These 

measures included water heating, attic insulation, and programmable thermostats. Programmable 

thermostats had the highest realization rates, at 261 percent. Water heating measures also had a 

statistically significant realization rate of greater than one, while attic insulation had a statistically 

significant the realization rate of 28 percent. 

 

Table 8-6. Gas Results for the Fixed Effects Regression Model 

Coefficient Realization Rate Standard Error T-Value* Statistically Significant 

Water Heating -1.14 0.38 2.99 Yes 

HVAC 0.08 0.47 0.18 No 

Envelope 1.10 1.06 1.04 No 

Attic Insulation -0.28 0.16 1.78 Yes 

Programmable T-

stat 
-2.61 0.89 2.93 Yes 

* The T-value is equal to the estimated realization rate divided by its standard error. It can be used directly to test the 

hypothesis that the realization rate is equal to zero. A T-value of 1.645 indicates there is 90 percent confidence that the 

realization rate is statistically significant and is not zero. Higher T-values indicate higher confidence levels. The T-values 

in the table are absolute values. 

Source: Navigant 2013 Impact Evaluation analysis 

8.5  Program Level Ex-post Savings 

To calculate the program realization rate, the evaluation team used the measure savings number 

provided by Synergy Companies, the program implementation firm. These numbers were different from 

the savings numbers included in the E3 Reporting Tool, yet Navigant used the Synergy ex-ante estimates 

to remain consistent with the savings numbers used throughout the rest of the evaluation portfolio.  

Using the results of the billing analysis regression models, the evaluation team was able to determine the 

realization rates for the measure groupings and from them the overall program realization rate using a 

weighted average of the realization rates from individual measure groupings. Table 8-7 shows the 

realization rates and the verified net savings for the program. Navigant used a weighted average of the 

overall program realization rate came to 44 percent. 
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Table 8-7. Program Energy Results (kWh) 

REAP Measure 

Group 

Gross Ex-ante 

Energy Savings 

(kWh) 

Gross Ex-ante 

Peak Demand 

Savings (kW) 

Realization 

Rate 

Gross Ex-post 

Energy Savings 

(kWh) 

Gross Ex-post 

Peak Demand 

Savings (kW) 

Refrigeration 5,899 0.9 147.1 % 8,677 1.3 

Envelope 

Measures 
487 0.0 0.0 % 0 0.0 

Attic Insulation 2,849 7.2 
Not 

Significant 
0 0.0 

HVAC 1001 0.0 597.5 % 5,981 0.0 

HW Lighting 30,234 0.0 80.2 % 24,248 0.0 

Torchieres 1,584 0.2 -303.0 % -4,800 -0.5 

Occupancy 

Sensor 
432 0.0 

Not 

Significant 
0 0.0 

CFL 36,169 0.0 0.0 % 0 0.0 

T-8 Lamps 20,417 0.9 46.3 % 9,453 0.4 

Total 99,072 9.1 44.0 % 43,559 1.2 

Source: Navigant 2013 Impact Evaluation analysis 

Table 8-8 presents the realization rate for the gas saving measures included in the program. Navigant 

took the gas savings estimates from the tracking database provided by Synergy. The realization rate for 

the gas measures was higher than that of the electric measures, coming to 55.4 percent. 

 

  Table 8-8. Program Gas Results (Therms) 

REAP Measure Group 
Gross Ex-ante Energy Savings 

(therm) 

Realization 

Rate 

Gross Ex-post Energy Savings 

(therm) 

Water Heating 2,113 113.5 % 2,399 

HVAC 900 Not Significant 0 

Programmable 

Thermostats 
304 260.9 % 793 

Envelope 695 Not Significant 0 

Attic Insulation 3,561 28.1 % 1,001 

Total 7,573 55.4 % 4,193 

Source: Navigant 2013 Impact Evaluation analysis 

As can be seen in the above table, several of the measures did not receive statistically significant 

realization rates.  For some of the measures, this was due to the relatively small participation population.  

For example, only three occupancy sensors were installed through the program, and all three were 
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installed by the same participant.  Also, attic insulation and other envelope measures did not receive 

statistically significant realization rates for electric usage, which is possibly due to the temperate climate 

that the participants live in. 

8.5.1  Ex-Post Gross and Net Energy Savings and Demand Impacts 

Navigant did not conduct primary research into net-to-gross affects. Each measure within the REAP 

program has a different net-to-gross value. For natural gas, the estimates of measure level net-to-gross 

ratios are 100 percent.  

 

Navigant referred to the California Protocol guidelines for estimating peak demand impact at the basic 

rigor level. The basic rigor prescribes that at a minimum, an on-peak demand savings estimate based on 

allocation of gross energy savings through the use of allocation factors, end-use load shapes or end-use 

savings load shapes. These secondary data can be from DEER, the CEC forecasting model, utility end-use 

load shape data or other prior studies. The time frame and budget available for the impact evaluation 

precluded direct measurement of peak demand impacts. Rather, Navigant, following the protocol basic 

rigor level, utilized the peak demand estimates already included in the E3 model.  

 

Table 8-9 provides the program level ex-post estimates of gross and net energy savings, as well as gross 

and net ex-post coincident peak demand. Table 8-10 provides the program level ex-post estimates of 

gross and net therm energy savings. 

 

Table 8-9. Ex-post Gross and Ex-post Net Electric Energy and Demand Savings 

REAP Measure 

Group 

Gross Annual 

Ex-post Energy 

Savings (kWh) 

Gross Ex-post 

Coincident Peak 

Savings (kW) 

Average 

Net-to-

Gross Ratio 

Net Annual Ex-

post Energy 

Savings (kWh) 

Net Ex-post 

Coincident Peak 

Savings (kW) 

Refrigeration 8,677 1.3 78.5% 6,811 1.0 

Envelope Measures 0 0.0 76.6% 0 0.0 

Attic Insulation 0 0.0 70.0% 0 0.0 

HVAC 5,981 0.0 78.0% 4,665 0.0 

HW Lighting 24,248 0.0 85.0% 20,611 0.0 

Torchieres -4,800 -0.5 70.0% -3,360 -0.3 

Occupancy Sensor 0 0.0 76.0% 0 0.0 

CFL 0 0.0 85.0% 0 0.0 

T-8 Lamps 9,453 0.4 78.0% 7,373 0.3 

TOTAL 43,559 1.2 82.9% 36,101 1.0 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 8-10. Ex-post Gross and Ex-post Net Therm Energy Savings 

REAP Measure Group 

Gross Annual Ex-

post Energy 

Savings (therm) 

Average Net-to-

Gross Ratio 

Net Annual Ex-

post Energy 

Savings (therm) 

Water Heating 2,399 100% 2,399 

HVAC 0 100% 0 

Programmable Thermostats 793 100% 793 

Envelope 0 100% 0 

Attic Insulation 1,001 100% 1,001 

Total 4,193 100% 4,193 

Source: Navigant 2013 Impact Evaluation analysis 

 

8.6  EUL and Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 provide estimates for 

EUL, which Navigant used to calculate lifecycle savings by multiplying the EUL by the estimate of first 

year energy savings. For natural gas, Navigant based the estimates of measure lifetimes on electric 

measure equivalent or near equivalent measures. Table 8-11nidentifies the lifecycle electric savings of 

energy and Table 8-12 the natural gas lifecycle therm savings from REAP. 

 

Table 8-11. Ex-post Lifecycle Electric Savings 

REAP Measure 

Group 

Gross Annual 

Ex-post Energy 

Savings (kWh) 

Net Annual Ex-

post Energy 

Savings (kWh) 

Average 

Measure 

Life 

Gross Lifecycle 

Ex-post Energy 

Savings (kWh) 

Net Lifecycle Ex-

post Energy 

Savings (kWh) 

Refrigeration 8,677 6,811 7.7 66,813 52,448 

Envelope Measures 0 0 17.5 0 0 

Attic Insulation 0 0 20 0 0 

HVAC 5,981 4,665 18 107,658 83,973 

HW Lighting 24,248 20,611 5.3 128,514 109,237 

Torchieres -4,800 -3,360 5.3 -25,440 -17,808 

Occupancy Sensor 0 0 8 0 0 

CFL 0 0 5.3 0 0 

T-8 Lamps 9,453 7,373 11 103,983 81,107 

TOTAL 43,559 36,101 8.8 381,528 308,957 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 8-12. Ex-post Lifecycle Natural Gas Savings 

REAP Measure Group 

Gross Annual 

Ex-post Energy 

Savings 

(therm) 

Net Annual 

Ex-post 

Energy 

Savings 

(therm) 

Average 

Measure 

Life 

Gross Lifecycle 

Ex-post Energy 

Savings (therm) 

Net Lifecycle 

Ex-post Energy 

Savings (therm) 

Water Heating 2,399 2,399 14.0 33,586 33,586 

HVAC 0 0 18.0 0 0 

Programmable Thermostats 793 793 8.0 6,344 6,344 

Envelope 0 0 17.5 0 0 

Attic Insulation 1,001 1,001 20.0 20,020 20,020 

Total 4,193 4,193 14.3 59,950 59,950 

Source: Navigant 2013 Impact Evaluation analysis 

8.7  Recommendations 

After completing the billing analysis of REAP, the evaluation team has the following recommendations 

for the program: 

 

Conduct a process analysis for the program: The process analysis should evaluate the measure 

persistence of the lighting measures, such as the screw-based CFLs. The evaluation could also determine 

whether the program participants are replacing inefficient halogen torchieres for energy efficient 

measures, or whether the participants are installing these lamps in addition to existing equipment.  

 

Re-examine the measure mix offered to program participants: The program should consider ceasing to 

offer some measures with very low or negative realization rates. 
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9.  Portfolio Summary of Impacts 

For the FY2013 EM&V for Palo Alto’s energy efficiency programs, Navigant evaluated the programs with 

the largest claimed energy savings and a mix of other programs. The programs included for the FY2013 

EM&V comprise over 65 percent of the total FY 2013 claimed energy savings and seven of the eleven 

programs identified in Table 1-9. These programs are: 

 

» Commercial Advantage (30.6 percent) 

» Enovity (15.1 percent) 

» Willdan (14.1 percent) 

» Low Income - REAP (1.0 percent) 

» Keep Your Cool (1.6 percent) 

» Hospitality (0.4 percent) 

» Business Water Efficiency Direct Install (3.8%) 

» SBW Vending and Cooling Miser (0.5%) 

9.1  Portfolio Level Ex-post Savings 

Table 9-1summarizes the ex-ante and ex-post electricity savings at the portfolio level. Navigant did not 

evaluate the Right Lights, Smart Energy, Home Energy Report, or SCVWD Programs. For those programs 

that Navigant evaluated, the overall realization rate for electricity savings was 97.7 percent. At the 

program level, the realization rates ranged from a low of 44 percent for the Low Income REAP Program 

to a high of 100 percent for the Hospitality Program. Based on the regression coefficients found in the 

billing analysis by measure for REAP, Navigant concludes that additional amenities were added to 

homes rather than retrofitting existing measures. This was especially possible in the case of torchieres, or 

energy efficient floor lamps, which were likely added to homes where none had previously existed. 

 

The CPAU E3 model does not include gas savings. For the programs that Navigant evaluated for which 

CPAU claimed natural gas savings, Table 9-2 summarizes the ex-ante and ex-post savings. Overall, the 

realization rate from the evaluated programs with natural gas savings was 91.9 percent. As with 

electricity, the lowest realization rate was from the low income REAP program with 55 percent, and the 

highest was the Hospitality Program, with 100 percent. For the REAP Program, the low realization rate 

came from the HVAC and shell related measures. The per-measure savings claimed for these should be 

reviewed.  
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Table 9-1. Ex-ante and Ex-post Electric Energy and Demand Savings for FY2013 

CPAU Program 

Gross Annual 

Ex-ante 

Energy 

Savings 

(kWh) 

Energy 

Savings 

Realization 

Rate 

Gross Annual 

Ex-post 

Energy 

Savings 

(kWh) 

Net Ex-ante 

Coincident 

Peak Savings 

(kW) 

Net Ex-post 

Coincident 

Peak Savings 

(kW) 

COM-Com. Advantage 2,981,556 99.2% 2,957,704 148.1 146.9 

COM-Right Lights 1,875,934 NA 1,875,934 357.8 357.8 

RES-Home Energy Report 1,071,021 NA 1,071,021 0 0.0 

RES-REAP Low Income 93,464 44.0% 41,124 4.7 2.1 

RES-Smart Energy 272,134 NA 272,134 75.5 75.5 

COM-SCVWD 546 NA 546 0 0.0 

COM-Enovity 1,469,400 99.2% 1,457,645 88.4 87.7 

COM-Keep Your Cool 158,795 99.0% 157,207 12.9 12.8 

COM-Hospitality 37,656 100.0% 37,656 4.2 4.2 

COM-Willdan 1,370,382 99.2% 1,359,419 83.8 83.1 

COM-SBW-Miser 44,762 81.0% 36,257  0.0 

COM-SBW-Business Water 367,411 89.0% 326,916 0 0.0 

TOTAL Evaluated 6,523,427 97.7% 6,373,927 342.1 336.8 

TOTAL - All 9,743,062  9,593,562 775.4 770.1 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 9-2. Ex-ante and Ex-post Natural Gas Savings for FY2013 

CPAU Program 
Gross Annual Ex-ante 

Energy Savings (therms) 

Energy Savings 

Realization Rate 

Gross Annual Ex-post 

Energy Savings (therms) 

RES-REAP Low Income 7,574 55.4% 4,193 

COM-Hospitality 4,621 100.0% 4,621 

COM-Willdan 70,909 93.9% 66,564 

COM-SBW-Business Water 30,478 95.1% 28,993 

TOTAL Evaluated 113,582 91.9% 104,371 

Source: Navigant 2013 Impact Evaluation analysis 
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Navigant did not conduct primary research into net-to-gross affects. The net-to-gross ratios for electric 

measures are those listed in the E3 model. For natural gas measures, Navigant assumed a net-to-gross of 

100%. 

 

Navigant used the California Protocol guidelines for estimating peak demand impact at the basic rigor 

level. The basic rigor level prescribes, at a minimum, an on-peak demand savings estimate based on an 

allocation of gross energy savings through the use of allocation factors, end-use load shapes, or end-use 

savings load shapes. These secondary data can come from DEER, the CEC forecasting model, utility end-

use load shape data, or other prior studies. The time frame and budget available for this impact 

evaluation precluded direct measurement of peak demand impacts. Rather, following the protocol basic 

rigor level, Navigant utilized the peak demand estimates already included in the E3 model.  

 

Table 9-3 provides the portfolio level ex-post estimates of gross and net electric energy savings as well as 

gross and net ex-post coincident peak demand. The overall average net-to-gross value for the portfolio is 

83.8 percent for electricity measures. Table 9-4 provides the portfolio level ex-post estimates of gross and 

net natural gas savings. The E3 model is the source for the electric measure net-to-gross values but E3 

does not include gas measures. With the low cost of natural gas, relative to electricity, ii is assumed that 

the net-to-gross ratios for natural gas measures are 100 percent. 

 

Table 9-3. Ex-post Gross and Ex-post Net Electric and Demand Savings 

CPAU Program 

Gross 

Annual Ex-

post 

Energy 

Savings 

(kWh) 

Gross Ex-post 

Coincident 

Peak Savings 

(kW) 

Average 

Net-to-

Gross 

Ratio 

Net 

Annual Ex-

post 

Energy 

Savings 

(kWh) 

Net Ex-post 

Coincident 

Peak Savings 

(kW) 

COM-Com. Advantage, Enovity, Willdan 5,774,767 397 80.0% 4,619,814 318 

COM-Right Lights 1,875,934 436 82.2% 1,542,080 358 

RES-Home Energy Report 1,071,021  100.0% 1,071,021  

RES-REAP Low Income 41,124  82.9% 34,083  

RES-Smart Energy 272,134 102 74.2% 201,800 75 

COM-SCVWD 546  80.0% 437  

COM-Keep Your Cool 157,207  85.0% 133,626 13 

COM-Hospitality 37,656  85.0% 32,008 4 

COM-SBW-Miser 36,257  70.0% 25,380  

COM-SBW-Business Water 326,916  84.6% 276,513  

TOTAL Evaluated 6,245,859 397 82.0% 5,121,861 328 

TOTAL - All 9,465,494 926 83.8% 7,936,762 768 

Source: Navigant 2013 Impact Evaluation analysis 
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Table 9-4. Ex-post Gross and Ex-post Net Natural Gas Savings 

CPAU Program 
Gross Annual Ex-post Energy 

Savings (therms) 

Average Net-to-

Gross Ratio 

Net Annual Ex-post Energy 

Savings (therms) 

RES-REAP Low Income 4,193  100% 4,193  

COM-Hospitality 4,621  100% 4,621  

COM-Willdan 66,564  100% 66,564  

COM-SBW-Business Water 28,993  100% 28,993  

TOTAL Evaluated 104,371  100% 104,371  

Source: Navigant 2013 Impact Evaluation analysis 

9.2  Portfolio Level EUL & Lifecycle Savings 

Effective Useful Life (EUL) is an estimate of the median number of years that the measures installed 

under a program are still in place and operable. The DEER database and the E3 model are the sources for 

estimates of EUL.  

 

Lifecycle savings are calculated by multiplying the EUL by the estimate of first year energy savings. Table 

9-5 identifies the lifecycle electric savings of energy for the portfolio of programs. Table 9-6 identifies the 

lifecycle natural gas savings for the portfolio of program evaluated. Since E3 only includes electricity 

measures, program level EUL and lifecycle savings are estimated based on the electric measures within 

the program. 

 

  



 

 

 

 

 

 

119 
 

Table 9-5. Ex-post Lifecycle Electricity Savings 

CPAU Program 

Gross 

Annual Ex-

post Energy 

Savings 

(kWh) 

Net Annual 

Ex-post 

Energy 

Savings 

(kWh) 

Average 

Measure 

Life 

Gross 

Lifecycle Ex-

post Energy 

Savings 

(kWh) 

Net 

Lifecycle Ex-

post Energy 

Savings 

(kWh) 

COM-Com. Advantage, Enovity, Willdan 5,774,767 4,619,814 6.8 39,268,418 31,414,734 

COM-Right Lights* 1,875,934 1,542,080 13.8 25,930,412 21,445,682 

RES-Home Energy Report 1,071,021 1,071,021 1 1,071,021 1,071,021 

RES-REAP Low Income 41,124 34,083 6.9 285,723 236,801 

RES-Smart Energy 272,134 201,800 12.2 3,320,578 2,462,358 

COM-SCVWD 546 437 12 6,552 5,242 

COM-Keep Your Cool 157,207 133,626 11.6 1,823,722 1,550,163 

COM-Hospitality 37,656 32,008 12.1 457,461 388,842 

COM-SBW-Miser 36,257 25,380 4 145,029 101,520 

COM-SBW-Business Water 326,916 276,513 4 1,307,664 1,106,053 

TOTAL Evaluated 6,374,473 5,121,861 6.8 43,294,569 34,803,355 

TOTAL - All 9,593,562 7,936,762 7.7 73,616,580 59,782,416 

Source: Navigant 2013 Impact Evaluation analysis 

 

Table 9-6. Ex-post Lifecycle Natural Gas Savings 

CPAU Program 

Gross Annual 

Ex-post Energy 

Savings 

(therm) 

Net Annual 

Ex-post 

Energy 

Savings 

(therm) 

Average 

Measure 

Life* 

Gross Lifecycle 

Ex-post Energy 

Savings (therm) 

Net Lifecycle 

Ex-post Energy 

Savings (therm) 

RES-REAP Low Income 4,193 4,193 14.3 59,950 59,950 

COM-Hospitality 4,621 4,621 12 55,914 55,914 

COM-Willdan 66,564 66,564 6.8 452,635 452,635 

COM-SBW-Business Water 28,993 28,993 4.0 115,972 115,972 

TOTAL - Evaluated 104,371 104,371 6.6 684,471 684,471 

Source: Navigant 2013 Impact Evaluation analysis 
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Appendix A.  Measure Descriptions 

This appendix contains measure descriptions for each program included in the 2013 Palo Alto 

Evaluation. 

A.1  Business Water Efficiency Direct Install Program Measure Descriptions 

Super Low Flow Bathroom Aerator (<1.5 GPM): Super low flow bathroom aerators attach to faucets to 

reduce the water flow from the faucet while maintaining water pressure. In facilities with electric water 

heaters, low-flow faucet aerators reduce electric energy usage by reducing demand for hot water. The 

super low flow bathroom aerators installed in the Hospitality program reduce the water flow of the 

faucet to 1.5 gallons per minute, as compared to the baseline standard showerhead flow of 2.2 gallon per 

minute.13  
 

Super Low Flow Showerhead (>1.7 GPM): Super low flows showerheads reduce water use in the 

shower by reducing the water per minute flow from the showerhead, while maintaining water pressure.  

In homes with electric water heaters, low-flow showerheads reduce electric energy usage by reducing 

demand for hot water.14 The super low flow showerheads installed in the Hospitality program reduce 

the showerhead flow to less than 1.7 gallons per minute, as compared to a normal showerhead flow of 

2.5 gallons per minute, according to WaterSense, an EPA partnership program.15  
 

Pre-Rinse Spray Valves: Commercial dishwasher pre-rinse spray valves (pre-rinse valves) use hot water 

under pressure to clean food items off plates, flatware, and other kitchen items before they are placed 

into a commercial warewasher. Pre-rinse valves are handheld devices, consisting of a spray nozzle, a 

squeeze lever that controls the water flow, and a dish guard bumper. Often they include a spray handle 

clip, allowing the user to lock the lever in the full spray position for continual use. The pre-rinse valve is 

part of the pre-rinse unit assembly that typically includes an insulated handle, a spring supported metal 

hose, a wall bracket, and dual faucet valves. Pre-rinse valves are inexpensive and frequently 

interchangeable within different manufacturers’ hose assemblies. They are usually placed at the entrance 

to a warewasher and can also be located over a sink, used in conjunction with a faucet fixture.  

 

A.2  Keep Your Cool Program Measure Descriptions 

ASH Controller: Anti-sweat heaters control the condensation around the access door in a cooler/freezer. 

A dew point sensor (controller) signals the anti-sweat heaters (ASH) to power off when the 

cooler/freezer door is closed and anti-sweat heating is not necessary.16 

 

                                                           
13 Pennsylvania Public Utility Commission. 2014. Technical Reference Manual. 
14 Ibid. 
15 http://www.epa.gov/watersense/docs/matrix508.pdf 
16 http://www.energy.ca.gov/appliances/2003rulemaking/documents/case_studies/CASE_Walk-In_Cooler.pdf 
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Door Gaskets: A gasket is a seal that fills the space between two surfaces, such as refrigerator case and 

door. Tight fitting gaskets inhibit infiltration of warm and moist air from the surrounding environment 

into the cold refrigerated space, thereby reducing the cooling load.  They also prevent moisture entering 

the refrigerated space from ending up as frost on the cooling coils, which adversely impacts their heat 

transfer effectiveness, air passage way and defrost energy.  As a result, door gaskets reduce compressor 

run time and energy consumption. 

 

EC Motor: This measure is the replacement of an existing standard efficiency shaded-pole evaporator 

fan motor with an Electronically Commutated Motor (ECM) of equivalent size in fan coil systems in 

display cases. ECMs are found within the display case itself and, because they are more efficient then 

shaded pole motors, they reduce equipment operating load as well as producing lower waste heat which 

reduces the internal load generated within the case.17 

 

ECM Fan Controller: Electronically Commutated Motor (ECM) fan controllers turn off the fan motor or 

reduces the motor speed when there is no need for cooling and the compressor shuts off.18 

 

LED Case Lighting: The LED case lighting measure involves the removal of T8, T10 or T12 Fixtures and 

Ballasts and the installation of LED fixtures and drivers for reach-in, closed refrigeration/freezer units. 

 

Strip Curtains: Strip curtains are strips of plastic that hang in doorways of walk-in freezers and coolers, 

and in doorways of refrigerated warehouses. Strip curtains impede heat transfer from adjacent warm 

and humid spaces into refrigerated space when the door is opened, thereby reducing the cooling load. 

As a result, compressor run-time and energy consumption are reduced. Installing strip curtains on 

doorways to refrigerated spaces can result in energy savings due to decreased infiltration of outside air 

into the refrigerated spaces.19 

A.3  Hospitality Program Measures Descriptions 

Super Low Flow Bathroom Aerator (<1.5 GPM): Super low flow bathroom aerators attach to faucets to 

reduce the water flow from the faucet while maintaining water pressure. In facilities with electric water 

heaters, low-flow faucet aerators reduce electric energy usage by reducing demand for hot water. The 

super low flow bathroom aerators installed in the Hospitality program reduce the water flow of the 

faucet to 1.5 gallons per minute, as compared to the baseline standard showerhead flow of 2.2 gallon per 

minute.20  
 

Super Low Flow Showerhead (>1.7 GPM): Super low flows showerheads reduce water use in the 

shower by reducing the water per minute flow from the showerhead, while maintaining water pressure.  

In homes with electric water heaters, low-flow showerheads reduce electric energy usage by reducing 

demand for hot water.21 The super low flow showerheads installed in the Hospitality program reduce 

                                                           
17 PG&E Workpaper 091009 
18 http://www.energy.ca.gov/appliances/2003rulemaking/documents/case_studies/CASE_Walk-In_Cooler.pdf 
19 PG&E Workpaper PGECOREF103 
20 Pennsylvania Public Utility Commission. 2014. Technical Reference Manual. 
21 Ibid. 
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the showerhead flow to less than 1.7 gallons per minute, as compared to a normal showerhead flow of 

2.5 gallons per minute, according to WaterSense, an EPA partnership program.22  
 

EnergyStar® 13W CFL: An Energy Star compliant 13 Watt CFL. 

 

EnergyStar® 23W CFL: An Energy Star compliant 23 Watt CFL. 

 

EnergyStar® 28W CFL Fixture (Vanity): An Energy Star compliant 28 Watt CFL for a Vanity. 

 

Hardwire Interior Light: A light fixture that is hardwired directly to the circuit breaker panel. 

 

4-Foot (2-lamp) T8 Retrofit: Upgrade of existing standard T8 or T12 two lamp fixtures to reduced 

wattage T8 lamps. 

 

4-Foot (4-lamp) T8 Retrofit: Upgrade of existing standard T8 or T12 four lamp fixtures to reduced 

wattage T8 lamps. 

 

Key Card System: Key card-based energy conservation systems are a form of guest room occupancy 

controls for HVAC and lighting systems. The installed measure can include captive card key controls or 

sensor-based controls.  The occupancy sensor sends a signal to power off all lighting units, including 

plug-in fixtures, and return HVAC equipment to a pre-determined setback position when the guest 

room is vacant. When the room is occupied, the guests have control over the thermostat settings, lighting 

and any plug-in fixtures.23   
 

Demand CIRC Pump: Hot water recirculation pump that uses smart technology flow and temperature 

sensors to deliver hot water on demand to users and turns the pump off when it does not need to run. 

Demand controls on hot water recirculation systems turn off the recirculation pump when it is not 

needed, thereby reducing unnecessary heat loss from the loop, reducing the boiler fire time, and thus 

reducing the natural gas consumption.24 

A.4  Miser Program Measures Descriptions 

Cooler Miser: External occupancy-based technology that works in conjunction with glass-front coolers 

to conserve energy usage in lighting and machine cooling.  The unit is typically mounted to the glass-

front cooler or a wall nearby and uses a passive infrared sensor to monitor the temperature and 

occupancy of the room.  If a pre-determined period of time passes without any occupants in the room, 

the Cooler Miser signals the glass-front cooler to power down.  The Cooler Miser signals the glass-front 

cooler to power up again when occupants enter the room and at pre-set intervals to keep the product 

cold. 

 

                                                           
22 http://www.epa.gov/watersense/docs/matrix508.pdf 
23http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/current/Reports/Nonresidential/Lighti

ng_Controls_Bldg_Power/2013_CASE_NR_Guest_Room_Occupancy_Controls_Oct_2011.pdf 
24 SCG Workpaper WPSCE: Demand Control for Central DHW 

http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/current/Reports/Nonresidential/Lighting_Controls_Bldg_Power/2013_CASE_NR_Guest_Room_Occupancy_Controls_Oct_2011.pdf
http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/current/Reports/Nonresidential/Lighting_Controls_Bldg_Power/2013_CASE_NR_Guest_Room_Occupancy_Controls_Oct_2011.pdf
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Vend Miser: External occupancy-based technology that works in conjunction with vending machines to 

conserve energy usage in lighting and machine cooling (for refrigerated units).  The unit is typically 

mounted to the vending machine or a wall nearby and uses a passive infrared sensor to monitor the 

temperature and occupancy of the room.  If a pre-determined period of time passes without any 

occupants in the room, the Vending Miser signals the vending machine to power down.  The Vending 

Miser signals the vending machine to power up again when occupants enter the room and at pre-set 

intervals. Vend Miser can be installed on either refrigerated or non-refrigerated vending machines.
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Appendix B.  Business Water Efficiency Direct Install Program Engineering 

Calculations 

This appendix provides the engineering calculations and assumptions behind the ex-post savings 

estimates for Low-Flow Faucet Aerators, Low-Flow Showerheads, and Pre-Rinse Spray Valves. The 

appendix shows kWh, therm, and water savings for each measure. 

B.1  Low-Flow Faucet Aerators 

kWh Savings Calculation: The Pennsylvania TRM provides the following formula for calculating 

electricity savings in kWh for low-flow faucet aerators: 

 

ΔkWh = ISR × *(FB – FP) × TPerson/Day × Npersons × Days × ΔTL × UH × UE / Eff+ / (F/home) 

 

Table B-1. kWh Engineering Assumptions for Low-Flow Faucet Aerators 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB 
Baseline flow rate 

(gpm) 
2.2 1.2 Pennsylvania TRM - throttling 

FP1 
Efficient flow rate 

(gpm) 
0.5 0.3 

Business Water Efficiency Direct Install 

program - throttling 

FP2 
Efficient flow rate 

(gpm) 
1.0 0.6 

Business Water Efficiency Direct Install 

program - throttling 

TPerson/Day 

Usage time  

(min per person per 

day) 

9.85 9.85 
Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

Npersons Persons per home 2.6 2.6 Pennsylvania TRM 

Days Days per year 365 365 
Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

ΔTL Delta Temperature 35 35 Pennsylvania TRM 

UH Btu per Gallon °F 8.33 8.33 Engineering Constant 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.90 0.98 Pennsylvania TRM – used a higher efficiency 

EffGas 
Gas Water Heater 

Efficiency 
0.60 0.80 Pennsylvania TRM – used a higher efficiency 

F/home Faucets per home 3.5 3.5 Pennsylvania TRM 

ISR In Service Rate 1 1 Pennsylvania TRM 

Source: Navigant 2013 Impact Evaluation  
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Therm Savings Calculation: Navigant used the following formula for calculating gas savings in therms 

for low-flow faucet aerators: 

 

ΔTherms = (ΔkWh / UE / 100,000) * (EffElec / EffGas) 

 

Table B-2. Therm Engineering Assumptions for Low-Flow Faucet Aerators 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

ΔkWh 
Electricity Savings 

(kWh) 
kWh result kWh result 

Resulting kWh savings value calculated by 

using the formula above. 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.90 0.98 Pennsylvania TRM – used a higher efficiency 

EffGas 
Gas Water Heater 

Efficiency 
0.60 0.80 Pennsylvania TRM – used a higher efficiency 

Source: Navigant 2013 Impact Evaluation 

 

Water Savings (CCF) Calculation 

Navigant used the following formula for calculating water savings in CCF for low-flow faucet aerators: 

 

ΔCCF = ,*(FB – FP) × Min/Day × Days] / Gal/CF} / 100 

 

Table B-3. Water CCF Engineering Assumptions for Low-Flow Faucet Aerators 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB 
Baseline flow rate 

(gpm) 
2.2 1.2 Pennsylvania TRM - throttling 

FP1 
Efficient flow rate 

(gpm) 
0.5 0.3 Pennsylvania TRM - throttling 

FP2 
Efficient flow rate 

(gpm) 
1.0 0.6 Pennsylvania TRM - throttling 

Min/Day 

Usage time  

(min per sink per 

day) 

7.3 7.3 
Pennsylvania TRM – 

[(TPerson/Day*Npersons)/ F/home] 

Days Days per year 365 365 Pennsylvania TRM 

Gal/CF 
Gallons per cubic 

foot 
7.5 7.5 Engineering Constant 

Source: Navigant 2013 Impact Evaluation 
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B.2  Low-Flow Showerheads 

kWh Savings Calculation 

The Pennsylvania TRM provides the following formula for calculating electricity savings in kWh for 

low-flow showerheads: 

 

ΔkWh = , ,*(FB – FP) × Pers/Home × Gal/Day × Days+ / Showers} × ΔTL × UH × UE / Eff } * Throttle 

 

Table B-4. kWh Engineering Assumptions for Low-Flow Showerheads 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB Baseline flow rate (gpm) 2.5 2.5 Pennsylvania TRM 

FP Efficient flow rate (gpm) 1.5 1.5 Pennsylvania TRM 

Pers/Home 
Number of Persons per 

Home 
2.6 2.6 Pennsylvania TRM 

Gal/Day 
Gallons of Water used per 

Day for Showering 
11.6 11.6 Pennsylvania TRM 

Days Days per year 365 365 
Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

Showers 
Number of Showers per 

Home 
1.7 1.7 Pennsylvania TRM 

ΔTL Delta Temperature 65 50 
Pennsylvania TRM – used a lower mixed 

temperature coming from showerhead 

UH Btu per Gallon °F 8.33 8.33 Engineering Constant 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.90 0.98 

Pennsylvania TRM – used a higher 

efficiency 

EffGas 
Gas Water Heater 

Efficiency 
0.60 0.80 

Pennsylvania TRM – used a higher 

efficiency 

Throttle Shower throttling factor 0% 10% 
PGE Work Paper – Throttling due to pipe 

clogs and other impediments.25 

Source: Navigant 2013 Impact Evaluation 

 

  

                                                           
25 PGE Work Papers - PGEGPDHW006 R1 - Low Flow Showerheads-G8 H804, 2010; PGECODHW113 R3 Low Flow 

Showerhead with Thermostatic Valve, 2010. 
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Therm Savings Calculation 

Navigant used the following formula for calculating gas savings in therms for low-flow showerheads: 

 

ΔTherms = (ΔkWh / UE / 100,000) * (EffElec / EffGas) 

 

Table B-5. Therm Engineering Assumptions for Low-Flow Showerheads 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

ΔkWh 
Electricity Savings 

(kWh) 
kWh result kWh result 

Resulting kWh savings value calculated by 

using the formula above. 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.90 0.98 Pennsylvania TRM – used a higher efficiency 

EffGas 
Gas Water Heater 

Efficiency 
0.60 0.80 Pennsylvania TRM – used a higher efficiency 

Source: Navigant 2013 Impact Evaluation 

 

Water Savings (CCF) Calculation 

Navigant used the following formula for calculating water savings in CCF for low-flow showerheads: 

 

ΔCCF = , ,*(FB – FP) × Gal/Shower × Days] / Gal/CF} / 100 } * Throttle 

 

Table B-6. Water CCF Engineering Assumptions for Low-Flow Showerheads 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB 
Baseline flow rate 

(gpm) 
2.5 2.5 Pennsylvania TRM 

FP 
Efficient flow rate 

(gpm) 
1.5 1.5 Pennsylvania TRM 

Gal/Shower 
Gallons of Water 

used per Shower 
18.2 18.2 

Pennsylvania TRM - [(Pers/Home*Gal/Day)/ 
Showers] 

Days Days per year 365 365 
Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

Gal/CF Gallons per cubic foot 7.5 7.5 Engineering Constant 

Throttle 
Shower throttling 

factor 
0% 10% 

PGE Work Paper – Throttling due to pipe 

clogs and other impediments. 

Source: Navigant 2013 Impact Evaluation 
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B.3  High Efficiency Pre-Rinse Spray Valves 

kWh Savings Calculation 

The Pennsylvania TRM provides the following formula for calculating electricity savings in kWh for 

high efficiency pre-rinse spray valves (PRSVs): 

 

ΔkWh = [(FB * UB) – (FP * UP)+ × Days × ΔTL × UH × UE / Eff 

 

Table B-7. kWh Engineering Assumptions for High Efficiency PRSVs 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB 
Baseline flow rate 

(gpm) 
1.6 1.6 

Business Water Efficiency Direct Install 

program 

FP 
Efficient flow rate 

(gpm) 
0.65 0.65 

Business Water Efficiency Direct Install 

program 

UB 
Baseline water use 

(min/day) 
32.4 32.4 

Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

UP 
Efficient flow rate 

(gpm) 
43.8 43.8 

Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

Days Days per year 365 365 
Pennsylvania TRM – could be adjusted to 

account for Commercial time-of-use 

ΔTL Delta Temperature 50 50 Pennsylvania TRM 

UH Btu per Gallon °F 8.33 8.33 Engineering Constant 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.98 0.98 Pennsylvania TRM26 

EffGas 
Gas Water Heater 

Efficiency 
0.80 0.80 Pennsylvania TRM 

Source: Navigant 2013 Impact Evaluation 

 

  

                                                           
26 Water heater efficiencies for other water saving devices showed to use the lesser efficient values, but 

approximations from the PRSV per unit savings values showed evidence that SBW used the higher efficiencies. 



 

 

 

 

 

 

 
   Page B-6 
 

Therm Savings Calculation 

Navigant used the following formula for calculating gas savings in therms for high efficiency PRSVs: 

 

ΔTherms = (ΔkWh / UE / 100,000) * (EffElec / EffGas) 

 

Table B-8. Therm Engineering Assumptions for High Efficiency PRSVs 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

ΔkWh 
Electricity Savings 

(kWh) 
kWh result kWh result 

Resulting kWh savings value calculated by 

using the formula above. 

UE kWh per Btu (1/3413) 0.000293 0.000293 Engineering Constant 

EffElec 
Elec. Water Heater 

Efficiency 
0.98 0.98 Pennsylvania TRM – used a higher efficiency 

EffGas 
Gas Water Heater 

Efficiency 
0.80 0.80 Pennsylvania TRM – used a higher efficiency 

Source: Navigant 2013 Impact Evaluation 

 

Water Savings (CCF) Calculation 

Navigant used the following formula for calculating water savings in CCF for high efficiency PRSVs: 

 

ΔCCF = *(FB * UB) – (FP * UP)] × Days / Gal/CF / 100 

 

Table B-9. Water CCF Engineering Assumptions for High Efficiency PRSVs 

Variable Description 

SBW 

Approx. 

Navigant 

Value Navigant’s Sources & Notes 

FB Baseline flow rate (gpm) 1.6 1.6 
Business Water Efficiency Direct Install 

program 

FP Efficient flow rate (gpm) 0.65 0.65 
Business Water Efficiency Direct Install 

program 

UB 
Baseline water use 

(min/day) 
32.4 32.4 Pennsylvania TRM 

UP Efficient flow rate (gpm) 43.8 43.8 Pennsylvania TRM 

Days Days per year 365 365 Pennsylvania TRM 

Gal/CF Gallons per cubic foot 7.5 7.5 Engineering Constant 

Source: Navigant 2013 Impact Evaluation 
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Appendix C.  Business Water Efficiency Direct Install Program Participant Surveys 

This appendix provides the participant survey guides used to verify the measure installations for the 

Low-Flow Faucet Aerator, Low-Flow Showerhead, and Pre-Rinse Spray Valve Programs. The appendix 

also lists the results from the surveys, as shown in the grey boxes next to each question. 

C.1  Verification Survey and Results for Low-Flow Faucet Aerators 

To whom it may concern, 
 

As a participant in the City of Palo Alto Utility’s Business Water Efficiency Direct Install program, your company 

has received one or more “low-flow” faucet aerators. Palo Alto has contracted with Navigant Consulting to verify 

the installation of these low-flow devices. Please complete this 5-10 minute survey to assist us with verification and 

evaluation. The survey can be completed in one of three ways: 

 

1. Paper – fill out and return this form in the provided self-address-stamped-envelope. 

2. Online – go to https://www.surveymonkey.com/s/PA-FaucetAerators to complete the survey online. 

3. Phone – if you do not complete either the paper or online versions of the survey within two to three weeks, 

we will call you to complete the survey over the phone. 

Thank you for your assistance to help us evaluate this program. If you have any questions or concerns, please 

contact:  

 

 

Low-Flow Faucet Aerator Survey 

 

FA1.  How many low-flow faucet aerators were installed at your facility under the Business Water 

Efficiency Direct Install program? 

 

 Number: _____   (If you had more than 5 low-flow devices installed, please use the 

‚supplemental data sheet‛ on the last page of the survey for devices six 

and on.)  

 

FA2.  Do you know the gallons per minute (GPM) flow of the old devices that were removed? 

Yes   No    

If Yes, please list the GPM for each device:  #1  #2  #3  
 

 

Results: 50 valid responses 

Results (# of responses):  

GPM value: 1 

Don’t Know: 29 

No Answer: 20 
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FA3. Did the installer explain the gallons per minute (GPM) of the 

new low-flow devices that were installed?  

Yes   No    

If Yes, please list the GPMs of the new devices that correspond 

to the old devices listed in question FA2 above. 

 

FA4. What is the approximate year the building was built?  Year: _________ 

 

Results (# of responses): 

Age value: 27 

No Answer: 22 

Don’t Know: 1 

Average Age: 1950 

 

FA5. Has the building been remodeled since 2005?     Yes _____     No _____ 

 

Results (# of responses): 

Yes: 5 

No: 24 

No Answer: 18 

Don’t Know: 3 

 

FA6. Approximately what temperature is the water heater(s) set at that is feeding the new low-flow 

devices? 

Temperature for each water heater:  #1  #2  
 

Results (# of responses): 

WH Temp value: 7 

No Answer: 35 

Don’t Know: 3 

No WH or Tankless: 5 

 

FA7.  What is the fuel type for each of your water heaters? (E = 

Electricity; NG = Natural Gas; O = Other) 

Fuel types for each water heater:  #1  #2  

 

 

Results (# of responses):  

GPM value: 2 

Don’t Know: 18 

No Answer: 24 

Cannot Remember: 6 

Results (# of responses): 

Electric WH: 9 

Gas WH: 5 

No Answer: 36 
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FA8.  Do you know how efficient your water heater(s) is/are?  

 
          High Efficiency Water Heater is defined as: Electric >= 0.93 Energy Factor 

(EF); Natural Gas >= 0.63 EF 

Please enter ‚High‛ Efficiency or ‚Standard‛ Efficiency for 

each water heater: 

#1  #2  

 

FA9.  Approximately how often is the sink with the new low-flow 

faucet aerator used per day? (approximate the minutes each faucet 

is used using hand-washing time of around 20-30 seconds) 

Number of minutes for 

each sink: 

#1  #2  

 

 

FA10.  Would you say that you normally turn the water on all of the 

way (full blast) when you use the sink? 

Yes   No    

 

 

FA11. Would you say that you use the new low-flow device differently than your old device? (For 

example do you feel the need to turn the new device on higher to achieve the same results as your 

old device?) 

Yes   No   Not Sure    Explain:  
 

Results (# of responses): 

Yes: 12 

No: 14 

No Answer: 22 

Don’t Know: 2 

 

FA12. How long would you say the new device takes to reach your desired and comfortable 

temperature? (estimate minutes) 

Number of seconds for each faucet: #1  #2  
 

Results (# of responses): 

Time value: 14 

No Answer: 36 

Average Time: 47 seconds 

Results (# of responses): 

High Efficiency: 5 

Standard Efficiency: 3 

No Answer: 41 

Don’t Know: 1 

Results (# of responses): 

Usage value: 29 

No Answer: 21 

Average Time: 11 minutes 

Results (# of responses): 

Yes: 8 

No: 21 

No Answer: 21 
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FA13. If the length of time to reach your desired and comfortable temperature differs from your old 

device, explain how it differs. 

Results (# of responses): 

Recorded Answer: 6 

No Answer: 44 

 

FA14.  Overall, on a scale of 1-5, are you satisfied with your new faucet aerator(s)?  

       (1= Not Satisfied. 5 = Very Satisfied)  _______ 

 

If you are not satisfied (rating of 1 or 2), please explain why: 

 

 

  

Results (# of responses): 

Satisfaction values: 45 

No Answer: 5 

-------------------------------- 

Recorded Explanation: 10 

No Explanation: 40 
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FA15. If you were not satisfied with the new low-flow faucet aerator(s), did you have your old 

device(s) re-installed? 

 

Yes _____     No _____ 

 

FA16.  Overall, on a scale of 1-5, were you satisfied with installer?  

       (1= Not Satisfied. 5 = Very Satisfied)  _______ 

 

If you are not satisfied (rating of 1 or 2), please explain why: 

 

Supplemental Data Sheet – (If you installed more than 25 faucet 

aerators, please use a representative sample of aerators and enter that 

data below.) 

 

Q FA2. GPM of the old devices that were removed: 

#6.  #7.  #8.  #9.  #10.  

 

 

Q FA3. GPM of the new devices that were installed: (Please be sure the new devices correspond to the 

old devices listed above.) 

#6.  #7.  #8.  #9.  #10.  

 

 

Q FA9. Approximately how often is the sink with the new low-flow faucet aerator used per day? 

(approximate the minutes each faucet is used using hand-washing time of around 20-30 seconds). 

Number of minutes for each sink: 

#6.  #7.  #8.  #9.  #10.  

 

 

Q FA12. How long would you say the new device takes to reach your desired and comfortable 

temperature? (estimate minutes) Number of minutes for each faucet: 

#6.  #7.  #8.  #9.  #10.  

 

  

Results (# of responses): 

Yes: 3 

No: 17 

No Answer: 30 

Results (# of responses): 

Satisfaction values: 42 

No Answer: 8 

-------------------------------- 

Recorded Explanation: 3 

No Explanation: 47 
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C.2  Verification Survey and Results for Low-Flow Showerheads 

To whom it may concern, 
 

As a participant in the City of Palo Alto Utility’s Business Water Efficiency Direct Install program, your company 

has received one or more “low-flow” showerheads. Palo Alto has contracted with Navigant to verify the installation 

of these low-flow devices. Please complete this 5-10 minute survey to assist us with verification and evaluation. The 

survey can be completed in one of three ways: 

 

1. Paper – fill out and return this form in the provided self-address-stamped-envelope. 

2. Online – go to https://www.surveymonkey.com/s/PA-Showerheads to complete the survey online. 

3. Phone – if you do not complete either the paper or online versions of the survey within two to three weeks, 

we will call you to complete the survey over the phone. 

Thank you for your assistance to help us evaluate this program. If you have any questions or concerns, please 

contact: 

 

Low-Flow Showerheads Survey 

 

SH1. How many low-flow showerheads were installed at your facility under the Business Water 

Efficiency Direct Install program? 

 

 Number: _____   (If you had more than 5 low-flow devices installed, please use the 

‚supplemental data sheet‛ on the last page of the survey for devices six 

and on.)  

Results: 68 valid responses27 

 

SH2. Do you know the gallons per minute (GPM) flow of the old devices that were removed? 

Yes   No    

If Yes, please list the GPM for each device:  #1  #2  #3  
 

Results (# of responses):  

GPM value: 0 

Don’t Know: 56 

No Answer: 12 

 

 

  

                                                           
27 For low-flow showerheads there were 12 completed survey responses which covered 68 of the 90 installed devices. 
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SH3. Did the installer explain the gallons per minute (GPM) of the new low-flow devices that were 

installed?  

Yes   No    

If Yes, please list the GPMs of the new devices that correspond to the old devices 

listed in question SH2 above. 

Results (# of responses):  

GPM value: 0 

Don’t Know: 56 

No Answer: 12 

 

SH4. What is the approximate year the building was built?  Year: _________ 

 

Results (# of responses):  

Age value: 0 

No Answer: 68 

 

SH5. Has the building been remodeled since 2005?     Yes _____     No _____ 

 

Results (# of responses):  

Yes: 0 

No: 21 

No Answer: 47 

 

SH6. Approximately what temperature is the water heater(s) set at that is feeding the new low-flow 

devices? 

Temperature for each water heater:  #1  #2  
 

Results (# of responses): 

WH Temp value: 0 

No Answer: 68 

 

SH7. What is the fuel type for each of your water heaters? (E = Electricity; NG = Natural Gas; O = 

Other) 

Fuel types for each water heater:  #1  #2  
 

Results (# of responses): 

Electric WH: 0 

Gas WH: 0 

No Answer: 68 
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SH8.  Do you know how efficient your water heater(s) is/are?  

 
          High Efficiency Water Heater is defined as: Electric >= 0.93 Energy Factor 

(EF); Natural Gas >= 0.63 EF 

Please enter ‚High‛ Efficiency or ‚Standard‛ Efficiency for 

each water heater: 

#1  #2  

 

SH9. Approximately how many showers per day is the new low-flow showerhead used? 

Number of showers for each showerhead: #1  #2  
 

Results (# of responses): 

Zero showers: 3 

No Answer: 65 

 

SH10. How long would you say the new device takes to reach your desired and comfortable 

temperature? (estimate minutes) 

Number of minutes for each showerhead: #1  #2  
 

Results (# of responses): 

Time value: 0 

No Answer: 68 

 

SH11. If the length of time to reach your desired and comfortable temperature differs from your old 

device, explain how it differs. 

Results (# of responses): 

No Answer: 68 

 

SH12. Overall, on a scale of 1-5, are you satisfied with your new showerhead(s)?  

       (1= Not Satisfied. 5 = Very Satisfied)  _______ 

If you are not satisfied (rating of 1 or 2), please explain why: 

Results (# of responses): 

Satisfaction values: 64 

No Answer: 4 

-------------------------------- 

No Explanation: 68 

 

Results (# of responses): 

High Efficiency: 0 

Standard Efficiency: 0 

No Answer: 68 
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SH13. If you were not satisfied with the new low-flow showerhead, did you have your old model re-

installed? 

 

       Yes _____     No _____ 

Results (# of responses): 

Yes: 0 

No: 52 

No Answer: 16 

 

SH14. Overall, on a scale of 1-5, were you satisfied with installer?  

       (1= Not Satisfied. 5 = Very Satisfied)  _______ 

 

If you are not satisfied (rating of 1 or 2), please explain why: 

Results (# of responses): 

Satisfaction values: 66 

No Answer: 2 

-------------------------------- 

No Explanation: 68 

 

Supplemental Data Sheet 

 

Q SH2. GPM of the old devices that were removed: 

#6.  #7.  #8.  #9.  #10.  

 

 

Q SH3. GPM of the new devices that were installed: (Please be sure the new devices correspond to the 

old devices listed above.) 

#6.  #7.  #8.  #9.  #10.  

 

 

Q SH9. Approximately how many showers per day is the new low-flow showerhead used? Number of 

showers for each showerhead: 

#6.  #7.  #8.  #9.  #10.  

 

 

Q SH10. How long would you say the new device takes to reach your desired and comfortable 

temperature? (estimate minutes) Number of minutes for each showerhead: 

#6.  #7.  #8.  #9.  #10.  
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C.3  Verification Survey and Results for High Efficiency Pre-Rinse Spray Valves 

To whom it may concern, 
 

As a participant in the City of Palo Alto Utility’s Business Water Efficiency Direct Install program, your company 

has received one or more high efficiency pre-rinse spray valves.  Palo Alto has contracted with Navigant 

Consulting to verify the installation of these high efficiency devices.  Please complete this 5-10 minute survey to 

assist us with verification and evaluation.  The survey can be completed in one of three ways: 

 

1. Paper – fill out and return this form in the provided self-address-stamped-envelope. 

2. Online – go to https://www.surveymonkey.com/s/PA-Pre-RinseSprayValves to complete the survey 

online. 

3. Phone – if you do not complete either the paper or online versions of the survey within two to three weeks, 

we will call you to complete the survey over the phone. 

 

 

High Efficiency Pre-Rinse Spray Valve Survey 

 

SV1. How many high efficiency pre-rinse spray valves were installed at your facility under the 

Business Water Efficiency Direct Install program? 

 

Number: _________ 

Results: 11 valid responses 

 

SV2. Do you know the gallons per minute (GPM) flow of the old spray valves that were removed? 

Yes _________         No _________ 

If Yes, please list the GPM for each device:  #1  #2  #3  
 

Results (# of responses):  

GPM value: 0 

Don’t Know: 11 
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SV3.  Did the installer explain the gallons per minute (GPM) of the new high efficiency pre-rinse 

spray valves that were installed?  

Yes _________         No _________ 

If yes, please list the GPMs of the new devices that correspond 

to the old devices listed in question SV2 above. 

 

SV4. What is the approximate year the building was built?  Year: _________ 

 

Results (# of responses):  

Age value: 3 

No Answer: 6 

Don’t Know: 2 

Average Age: 1989 

 

SV5. Has the building been remodeled since 2005?         Yes _________         No _________ 

 

Results (# of responses):  

Yes: 1 

No: 3 

No Answer: 7 

 

SV6. Approximately what temperature is the water heater(s) set at that is feeding the new low-flow 

devices? 

Temperature for each water heater:  #1  #2  
 

Results (# of responses): 

WH Temp value: 2 

No Answer: 8 

Don’t Know: 1 

 

  

Results (# of responses):  

GPM value: 0 

Don’t Know: 10 

Cannot Remember: 1 
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SV7. Did you have to adjust your water heater(s) temperature after installing the new high-efficiency 

spray valve? 

Yes _________         No _________ If yes, new temperature setting: _________ 

 

Results (# of responses): 

Yes: 0 

No: 4 

No Answer: 7 

 

SV8. What is the fuel type for each of your water heaters? (E = Electricity; NG = Natural Gas;  

O = Other) 

Fuel types for each water heater:  #1  #2  
 

Results (# of responses): 

Electric WH: 2 

Gas WH: 2 

No Answer: 7 

 

SV9. Do you know how efficient your water heater(s) is/are? 

High Efficiency Water Heater is defined as: Electric >= 0.93 Energy Factor (EF); Natural Gas >= 0.63 EF 

Please enter ‚High‛ efficiency or ‚Standard‛ efficiency for each water heater: 

#1  #2  

Results (# of responses): 

High Efficiency: 1 

Standard Efficiency: 0 

No Answer: 8 

Don’t Know: 2 

 

SV10. On average, how long does the new high-efficient pre-rinse spray valve take to clean a dish? 

Average seconds per dish for each spray valve (if different): #1  #2  
 

Results (# of responses): 

Time value: 2 

No Answer: 9 
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SV11. Does the average time to clean a dish for the new high-efficient spray valves differ from the time 

it took your old spray valve to clean a similar dish? 

Yes _________         No _________ Explain: _____________________________ 

 

Results (# of responses): 

Yes: 2 

No: 3 

No Answer: 6 

 

SV12. Does your pre-rinse spray valve have a way of locking into an ‚on‛ or ‚spray‛ position without 

having to manually hold the handle? 

Yes _________         No _________ 

If yes, how often would you say you use this ‚spray locking‛ mechanism? 

Always ______      Often ______      Rarely ______      Never ______      N/A ______ 

 

Results (# of responses): 

Yes: 2 

No: 2 

No Answer: 7 

-------------------------------- 

Often: 0 

Rarely: 1 

Never: 1 

No Answer: 9 

 

 

SV13. Would you say that you use the new high efficiency device differently than your old device in 

any other way? 

Yes _________         No _________ Explain: __________ 

Results (# of responses): 

Yes: 1 

No: 4 

No Answer: 6 
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SV14. Overall, on a scale of 1-5, are you satisfied with your new high-efficiency spray valve(s)? 

(1 = Not Satisfied   5 = Very Satisfied _________ 

If you are not satisfied (rating of 1 or 2), please explain why: 

Results (# of responses): 

Satisfaction values: 11 

-------------------------------- 

Not enough pressure: 4 

No Explanation: 7 

 

SV15. If you were not satisfied with the new high-efficiency spray valve(s), did you have your old 

model re-installed?  

Yes _________         No _________ 

Results (# of responses): 

Yes: 3 

No: 5 

No Answer: 3 

 

SV16.  Overall, on a scale of 1-5, were you satisfied with installer?  

(1 = Not Satisfied   5 = Very Satisfied _________ 

If you are not satisfied (rating of 1 or 2), please explain why: 

 

  

Results (# of responses): 

Satisfaction values: 10 

No Answer: 1 

-------------------------------- 

No Explanation: 11 
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Appendix D.  On-Site Checklists for Keep Your Cool, Hospitality, & Miser Programs 

This appendix includes the onsite-checklists for the Keep Your Cool, Hospitality, and Miser Programs. 

These checklists show the measures for each site, the verified quantity installed, the condition of the 

measure, and whether the measure was functioning and in-use. 

 

D.1  Keep Your Cool Program On-Site Checklist 

Table D-1. Keep Your Cool Site 1 

Measure Name Quantity 
Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Strip Curtain, 

walk-in 
32.5 SF Y 32.5 G Y Y 

EC Motor 6 Y 6 G Y Y 

ECM Fan 

Controller 
6 Y 6 G Y Y 

ASH Controller 

(Door) 
11 Doors Y 11 G Y Y 

LED Case 

Lighting 

(Fixture) 

24 Fixutres Y 24 G Y Y 

Source: Navigant On-Sites 

 

Table D-2. Keep Your Cool Site 2 

Measure Name Quantity 
Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Strip Curtain, 

walk-in 
18.9 Y 18.9 G Y Y 

EC Motor 6 Y 6 G Y Y 

ECM Fan 

Controller 
6 Y 6 G Y Y 

LED Case 

Lighting 

(Fixture) 

26 Y 26 G Y Y 

Source: Navigant On-Sites 
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Table D-3. Keep Your Cool Site 3 

Measure 

Name Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure 

In Use? Notes 

Door 

Gasket 
70.11 Y 70.11 See note Y Y 

3-4 gaskets were 

torn, two were 

starting to tear, 

most in good 

condition 

Strip 

Curtain, 

walk-in 

28.84 Y 28.84 G Y Y  

Source: Navigant On-Sites 

 

Table D-4. Keep Your Cool Site 5 

Measure 

Name Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Door 

Gasket 
59.25 Y 59.25 See note Y Y 

EC Motor 2 Y 2 G Y Y 

Source: Navigant On-Sites 

 

Table D-5. Keep Your Cool Site 6 

Measure 

Name Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Door Gasket 19.33 Y 19.33 G Y Y 

Strip Curtain, 

walk-in 
18.1 Y 18.1 G Y Y 

EC Motor 2 Y 2 G Y Y 

Source: Navigant On-Sites 
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Table D-6. Keep Your Cool Site 7 

Measure 

Name 
Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Door Gasket 54.71 Y 54.71 Fair Y Y 

Strip Curtain, 

walk-in 
18.76 Y 18.76 G Y Y 

Source: Navigant On-Sites 

 

Table D-7. Keep Your Cool Site 8 

Measure 

Name 
Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Door 

Gasket 
105.3 Y 105.3 G Y Y 

Source: Navigant On-Sites 

 

Table D-8. Keep Your Cool Site 9 

Measure 

Name 
Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

LED Case 

Lighting 
31 Y 31 G Y Y 

Source: Navigant On-Sites 

 

Table D-9. Keep Your Cool Site 10 

Measure 

Name 
Quantity 

Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

Door 

Gasket 
50.82 Y 50.82 G Y Y 

Source: Navigant On-Sites 

D.2  Hospitality Program On-Site Checklist 

Table D-10. Hospitality Site 1 

Measure Name Quantity 
Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure 

In Use? 
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Measure Name Quantity 
Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure 

In Use? 

Super Low Flow 

Bathroom Aerator 
31 Y 31 G Y Y 

Super Low Flow 

Showerhead 

>1.7GPM 

30 Y 30 G Y Y 

EnergyStar® 13W 

CFL 
5 Y >5 G Y Y 

EnergyStar® 23W 

CFL 
107 Y 107 G Y Y 

EnergyStar® 28W 

CFL Fixture (Vanity) 
1 Y 1 G Y Y 

Hardwire Interior 

Light 
7 Y 7 G Y Y 

4-Foot (2-lamp) T8 

Retrofit 
1 Y 4 G Y Y 

4-Foot (4-lamp) T8 

Retrofit 
1 Y 1 G Y Y 

Source: Navigant On-Sites 

 

Table D-11. Hospitality Site 3 

Measure Name Quantity 
Measure 

Installed? 

Confirmed 

Quantity 

Measure 

Condition 

Measure 

Functioning? 

Measure In 

Use? 

D'MAND CIRC 

Pump 
3 Y 3 See note Y Y 

Source: Navigant On-Sites 
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D.3  Miser Program On-Site Checklist 

Table D-12. Vend Miser On-Site Checklist 

Sit

e 

ID Vend Co. 

Measur

e 

Installe

d 

Quantit

y 

Installe

d 

Measur

e In 

Use? 

Measure 

Conditio

n Notes 

1 Coke N 0 N - No miser 

2 Coke Y 1 Y G   

2 Certain Foods Y 1 N - Unplugged 

3 Canteen/ Coke Y 1 Y G   

4 Coke Y 1 Y G   

4 Coke Y 1 Y G   

4 Pepsi Y 1 Y G   

5 
Dr.Pep/ 

Snapple 
Y 3 Y G Gatorade 

5 Pepsi Y 1 N - Vending machine unplugged 

5 Pepsi Y 2 Y G Snacks - no refrigeration 

6 
C&S 

Enterprise 
Y 1 Y/N G 1 unplugged & 1 machined with no miser 

7 Busch vending Y 1 Y G   

8   Y 1 N G Miser unplugged 

8   Y 1 Unk Unk 

Saw through window, vending machine 

looked off, could either have been that miser 

was working & turned machine off or that 

neither the miser nor vending machine was 

plugged in 

9 Avtar Y 1 Y G   

10 Pepsi/ Royal N 1 N - Miser unplugged (not installed) 

11 n/a Y 1 N G 
Claims to make machine leak, keeps it 

unplugged 

12 Pepsi Y 2 Y G   

13 Coke Y 1 Y G   

14 Coke Y 1 Y G In community theater 

15 Dr. Pepper Y 1 Y G   

16 J&J Vending Y 1 Y G   

Source: Navigant On-Sites 
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Table D-13. Cool Miser On-Site Checklists 

Site 

ID Vend Co 

Measure 

Installed? 

Quantity 

Installed 

Measure 

In Use? 

Measure 

Condition Notes 

17 Coke Y 1 Y G Awesome 

18 Coke Y 1 Y G 
 

19 Coke Y 1 Y G 
 

19 Dr.Pep/Snapple Y 1 Y G HABCO - Generic 

20 Monster Y 1 Y G 
 

21 Dr.Pep/Snapple Y 1 Y G 
 

22 Coke Y 1 Y G 
 

22 Coke Y 1 N ? Unplugged 

23 
 

N 0 N 
 

Velcro there - was probably uninstalled 

24 Dr. Pepper Y 1 Y G 
 

25 Coke/Vit H2O Y 1 N G Miser unplugged 

26 
 

Y 1 Y G Tiny fridge 

27 Pepsi N 
   

Were never installed 

27 Coke N 
   

Were never installed 

28 
 

Y 1 Y G 
 

29 Monster Y 4 (5?) Y G One may have been removed 

30 Coke Y 1 Y G 
 

Source: Navigant On-Sites 
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Appendix E.  Residential Energy Assistance Program Model Results 

E.1  Billing Analysis Model Results 

This appendix includes the results and the statistical assumptions for the Residential Energy Assistance 

Program’s natural gas and electric models. These data are presented below in Error! Reference source 

not found. through Table E-4. 

 

Table E-1. REAP Billing Analysis Natural Gas Model Results 

Coefficient Estimate Error t-value Pr(>|t|) 

HDD.std 0.1569186 0.0021912 71.6146 < 2.2e-16 *** 

envelope2.therms.std  1.1045357  1.0655953  1.0365  0.299986    

waterheat.therms.std -1.1355228 0.3796011 -2.9914 0.002787 ** 

hvac2.therms.std      0.0819843  0.4713276  0.1739  0.861915    

AI.therms.std        -0.2810048 0.1578296 -1.7804  0.075051 . 

PT.therms.std        -2.6085028  0.8913129 -2.9266 0.003439 ** 

HDD.std:program -0.0156560 0.0035690 -4.3867 1.168e-05 *** 

Source: Navigant billing analysis 

 

Table E-2. REAP Billing Analysis Natural Gas Model Statistical Assumptions 

Assumption Value 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Total Sum of Squares: 8645.9 

Residual Sum of Squares: 4033.8 

R-Squared:  0.53344 

Adj. R-Squared:  0.51947 

F-statistic: 1099.27 on 7 and 6730 DF 

p-value: < 2.22e-16 

Source: Navigant billing analysis 
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Table E-3. REAP Billing Analysis Electric Model Results 

Coefficient Estimate Error t-value Pr(>|t|) 

HDD.std 0.570948 0.023464 24.3334 < 2.2e-16 *** 

CDD.std 0.689585 0.100423 6.8668 7.091e-12 *** 

lighting.CFL.kwh.std 0.316553 0.201040 1.5746 0.115397 

lighting.HW.kwh.std -0.802415 0.166480 -4.8199 1.465e-06 *** 

TCH.kwh.std 3.030113 1.219217 2.4853 0.012966 * 

T8.kwh.std -0.462665 0.142484 -3.2471 0.001171 ** 

OS.kwh.std 1.118365 1.550607 0.7212 0.470782 

deemed.hvac.kwh.std -5.974910 2.088838 -2.8604 0.004243 ** 

deemed.envelope.kwh.std 17.070368 12.548305 1.3604 0.173753 

AI.kwh.std 0.618508 1.357837 0.4555 0.648755 

deemed.refrig.kwh.std -1.471413 0.326972 -4.5001 6.894e-06 *** 

VL.kwh.std 4.312944 1.085161 3.9745 7.120e-05 *** 

PT.kwh.std -6.309073 5.509845 -1.1451 0.252223 

RWF.kwh.std 8.421412 8.391899 1.0035 0.315644 

HDD.std:program -0.053569 0.037685 -1.4215 0.155220 

CDD.std:program -0.335519 0.161682 -2.0752 0.038005 * 

Source: Navigant billing analysis 

 

Table E-4. REAP Billing Analysis Electric Model Statistical Assumptions 

Assumption Value 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Total Sum of Squares: 241210 

Residual Sum of Squares: 193560 

R-Squared:  0.19756 

Adj. R-Squared:  0.19206 

F-statistic: 115.533 on 16 and 7508 DF 

p-value: < 2.22e-16 

Source: Navigant billing analysis 

 


