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Executive Summary 
Silicon Valley Power (SVP) engaged Cadmus to conduct an evaluation of its 2020-2021 Room Air Cleaner 

Rebate program. Cadmus estimated gross annual energy savings and peak demand reductions 

attributable to this program, in accordance with the 2017 California Municipal Utilities Association 

Savings Estimation Technical Reference Manual (TRM) and the California Energy Commission's Publicly 

Owned Utility Evaluation, Measurement, and Verification Guidelines.  

To inform the evaluation, Cadmus conducted engineering and documentation reviews and participant 

surveys for a sample of projects.  

Based on the evaluation findings, Cadmus determined a 90% overall energy savings realization rate 

and a 60% demand reduction realization rate, as shown in Table 1. The primary factor contributing to 

variation in energy realization rates was the fact that participant usage (annual operating hours) varied 

from the assumption used by ENERGY STAR® to estimate annual savings. For the demand peak 

reduction, the primary factor contributing to variation was that the ENERGY STAR Clean Air Delivery 

Rate (CADR)/W ratings were significantly lower than many of the efficient CADR/W values gathered 

from product manufacturer data. The in-service rate (ISR), which incorporated both adjustments to 

installed units and leakage (units installed outside of SVP service territory) was high (98%). 

Table 1. Summary of 2020-2021 Room Air Cleaner Evaluated Savingsa 

Savings Type 
Sample 

Size 

Evaluated Savings 

(Population) 
Realization Rate (%) Precisionb 

Energy (kWh/year) 
65 

149,397 90% 12.8% 

Demand (kW) 11.19 60% 4.7% 

 
The Room Air Cleaner Rebate program participants were very satisfied with the program and had an 

improved opinion of SVP after participating.  
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Introduction  
The Room Air Cleaner Rebate program, introduced by SVP in 2020, offers rebates to residential 

customers for up to three ENERGY STAR-certified room air cleaners. As of the start of the evaluation 

(May 3, 2021), 346 households (unique Silicon Valley Accounts) had participated during the 2020-2021 

program year, purchasing a total of 575 units. 

Cadmus conducted an evaluation of this program in accordance with the most recent California Energy 

Commission's Publicly Owned Utility Evaluation, Measurement, and Verification Guidelines. The 

guidelines state the following purposes for program evaluations: 

• Reliably document program effects 

• Improve program designs and operations to be more cost-effective at obtaining energy 

resources 

This report details how Cadmus conducted the evaluation for this program and presents findings, 

conclusions, and recommendations.  
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Methodology 

Evaluation Activities 
In conducting the 2020-2021 Room Air Cleaner Rebate program evaluation, Cadmus used the approach 

outlined in Table 2.  

Table 2. Evaluation Activities 

Activity Overview 

Initial Tracking Data 

Review 
Review program tracking data to determine evaluability and inform survey questions. 

Engineering Analysis 
Review program assumptions and ex ante calculations and develop a gross savings calculation 

methodology 

Participant Surveys 
Verify installation rates and usage patterns and estimate annual hours-of-use (HOU) at the 

household level. Collect qualitative feedback about participant motivations and satisfaction. 

Desk Reviews 
Review program documentation for the evaluation sample to confirm quantities and model-

specific assumptions. Apply findings from participant surveys. 

Savings Analysis 
Calculate verified savings for the evaluation sample based on findings from desk reviews and 

surveys; extrapolate realization rates to the population and compute confidence and precision. 

 

Initial Tracking Data Review 
SVP provided Cadmus with tracking data including model-level details for rebates approved from July 

2020 through May 3, 2021. Cadmus reviewed these data and noted that, in addition to the smoke CADR 

provided, we would need standby-mode power and smoke CADR/W. We determined we could use the 

manufacturer and model details provided to retrieve these additional inputs from the ENERGY STAR 

QPL.  

Engineering Analysis 
SVP did not include ex ante savings in the program tracking data, but it did provide an ENERGY STAR 

workbook developed by ENERGY STAR for Cadmus to review. This workbook provided savings 

calculations, assumptions, and per-unit savings. We conducted an engineering analysis to review the 

ENERGY STAR savings and determine their reasonableness for use as ex ante savings, as well as to 

develop a methodology for calculating ex post savings. 

ENERGY STAR developed savings estimates by bin based on average manufacturer-provided CADR 

ratings and the assumption the air cleaners operate in active mode 5,840 hours per year and in standby 

mode 2,920 hours per year. Table 3 shows these estimates. 
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Table 3. ENERGY STAR Savings Assumptions 

CADR Range Average CADR Savings (kWh) 

30 ≤ Smoke CADR < 100 75 39 

100 ≤ Smoke CADR < 150 122 95 

150 ≤ Smoke CADR < 200 171 173 

200 ≤ Smoke CADR 302 328 

 
Cadmus calculated total consumption as the sum of active consumption and standby consumption and 

energy savings as the difference between the total baseline consumption and the total efficient 

consumption, adjusted for the verified ISR, as shown in Equation 1. 

Equation 1. Energy Savings 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

= ([𝐴𝑐𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 𝑆𝑡𝑎𝑛𝑑𝑏𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛] 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

− [𝐴𝑐𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + 𝑆𝑡𝑎𝑛𝑑𝑏𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛] 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑡) ) × [𝐼𝑆𝑅] 

Cadmus determined household-level ISRs based on survey data; if participants identified that the 

prompted number of units was different than the number of units purchased, we calculated the ISR as 

the total installed units divided by the total application units. 

Cadmus calculated active consumption as shown in Equation 2. In the baseline case, Cadmus used the 

smoke CADR from the ENERGY STAR Qualified Products List (QPL) and the average baseline CADR/W 

from the ENERGY STAR workbook for a conventional model. In the efficient case, we used the CADR/W 

from the QPL to calculate consumption. 

Equation 2. Active Consumption 

𝐴𝑐𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  
𝑆𝑚𝑜𝑘𝑒 𝐶𝐴𝐷𝑅

𝐶𝐴𝐷𝑅/𝑊
× 𝐴𝑐𝑡𝑖𝑣𝑒 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑈𝑠𝑒 ×

1 𝑘𝑊

1000 𝑊
 

Cadmus calculated standby consumption as shown in Equation 3. In the baseline case, Cadmus used the 

standby power from the ENERGY STAR workbook for a conventional model. In the efficient case, we 

used the standby power from the QPL to calculate consumption. 

Equation 3. Standby Consumption 

𝑆𝑡𝑎𝑛𝑑𝑏𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  𝑆𝑡𝑎𝑛𝑑𝑏𝑦 𝑃𝑜𝑤𝑒𝑟 × 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑂𝑛 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑈𝑠𝑒 ×
1 𝑘𝑊

1000 𝑊
 

To develop evaluated active and standby HOU assumptions, Cadmus incorporated survey responses 

regarding estimated days per year of operation and the ENERGY STAR assumption for the ratio of daily 

active versus standby mode hours into an estimation of annual active and partial HOU for each 

household. 
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Cadmus calculated ex post energy savings for the evaluation sample using two methods, with different 

HOU inputs:  

• ENERGY STAR HOU: In this method, Cadmus used the CADR specific to each unit and applied 

evaluated household-level ISRs but used the ENERGY STAR assumptions for annual active and 

standby hours.  

• Survey HOU: In this method, in addition to using unit-specific CADRs and evaluated ISRs, 

Cadmus used evaluated household-level HOU estimates.  

For both methods, Cadmus employed the calculation methodology described in Equation 2 and 

Equation 3. In the baseline case, Cadmus used the standby power from the ENERGY STAR workbook for 

a conventional model. In the efficient case, we used the standby power from the QPL to calculate 

consumption. 

To estimate demand reduction, Cadmus followed the methodology outlined in the California eTRM for 

Air Cleaners,1 wherein the peak period definition matches that of SVP. Cadmus calculated peak demand 

reduction as the difference between baseline and efficient active mode power draw, multiplied by the 

coincident demand factor. For ex-ante demand savings, we used a coincident factor of 0.67 which aligns 

with the ENERGY STAR hours of use assumption. For ex-post We used a coincident factor of 0.319, as 

defined in the eTRM, noting the eTRM operating hours assumption aligned more closely with the 

evaluated HOU.  

Cadmus evaluated energy savings and demand reduction on a per-unit basis, adding savings from all 

units in the evaluation sample to determine the energy and demand realization rates. 

Participant Surveys 
Cadmus sent email invitations to complete the online survey to all participants (n = 340 unique email 

addresses). The survey addressed the following research questions: 

• Was the reported quantity of rebated air cleaners purchased by the customer and for use at the 

address on record? 

• Are the air cleaners currently installed and in use (ISR)? 

• What percentage of rebated air cleaners were purchased for households outside of SVP's service 

territory (leakage)? 

• Are the air cleaners used year-round or seasonally (HOU)? If seasonally, what is the expected 

schedule of operations? 

• Do participants anticipate continuing/consistent patterns of use in future years? 

• Were participants aware of the cost of replacement filters at the time they purchased their 

units? 

 

1  California Electronic Technical Reference Manual MEASURE NAME: Room Air Cleaner; STATEWIDE MEASURE 

ID: SWAP008-01. 
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• Does the cost of replacement filters impact continued usage? 

• What is the size and type of the rooms within which the air cleaners are used? 

• What factors influenced participants' decisions to purchase efficient air cleaners (e.g., the 

program incentives or promotional material)? 

• Do participants own or rent their home? 

• How likely are participants to install additional energy-efficient equipment over the next 12 

months? 

At the end of the survey, Cadmus invited all respondents to participate in a brief virtual inspection of 

installed units via a video conference call to provide additional data regarding the installation, use, and 

operating conditions of participants’ air cleaners.  

Desk Reviews 
Cadmus incorporated household-level ISRs and HOU estimates informed by the participant surveys and 

reviewed available project documentation for all rebated units in a household for which a respondent 

completed a participant survey. This documentation included rebate applications and the supporting 

invoices for each rebated room air cleaner. We reviewed these documents to verify the rebated 

quantity of air cleaners for each customer as well as the make, model, and smoke CADR for each unit in 

the evaluation sample to ensure these inputs were consistent with the program tracking data.  
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Participant Survey Findings 
Sixty-eight participants from the Room Air Cleaner Rebate program responded to the online survey, 

resulting in a 20% response rate. However, none of the respondents said they were willing to participate 

in a virtual verification.  

Verification 
When asked if the quantity of rebated air cleaners as reported in the program tracking data were 

correct, 94% of the 68 survey respondents said the quantity was correct. Two said the quantity was 

incorrect and provided the correct number of rebated air cleaners and two respondents said they 

applied for a rebate but had not received one yet.  

When asked if the rebated room air cleaners were installed in the SVP service area household, all but 

one of the 68 respondents said the rebated room air cleaner was installed in their home located within 

the SVP service area. One respondent had initially installed the room air cleaner within the SVP service 

area household but then moved outside of SVP's service territory.  

Participant Motivations and Usage Patterns 
Seasonal wildfires were a common concern amongst SVP room air cleaner survey respondents. Seventy-

six percent of respondents cited mitigation of temporary or seasonal air quality issues, such as wildfires, 

as a primary consideration when purchasing a rebated air cleaner, and 68% cited general indoor air 

quality improvement (n=68). Thirty-five percent of respondents cited specific health issues or allergies 

as a primary consideration.2 Figure 1 summarizes the distribution of respondents’ purchase 

considerations. 

 

2 Respondents who also selected other, noted the COVID-19 virus (n=2) and having a pet (n=1) as a primary 

consideration of rebated room air cleaner purchases. One respondent mentioned that their son bought the 

room air cleaner for them.   
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Figure 1. Participant Purchasing Considerations 

 
Source: Survey question C1, "What were your primary considerations when deciding to purchase your 

ENERGY STAR room air cleaner/s? (Select all that apply)." 

 
As shown in Figure 2, most respondents reported using their air cleaners daily, year-round, but over one 
quarter said they only use their air cleaners during specific air quality events. 
 

Figure 2. Current Air Cleaner Usage 

 
Source: Survey question C2, " Which of the following best describes your current usage of your room air 

cleaner/s?”3 

 

 

3 Other responses describing room air cleaner usage include a few times a week, as needed, and weekly, year-round. One 

respondent reported half-year use and usage based on PPM sensor readings. 
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Figure 3 summarizes respondents’ reported changes in current usage (since first purchase) and 

anticipated future usage of rebated room air cleaners; most respondents reported the same usage level 

since installation and anticipated continuation of their current usage level. Four of five respondents who 

anticipated an increase in usage attributed the increase to wildfires. One respondent also expected an 

increase in usage during pollen season. One respondent anticipated a decrease in usage because they 

plan to install a new HVAC system that will include whole-house filtration system. 

Figure 3. Current and Anticipated Air Cleaner Usage 

 
Source: Survey question C5 and C6, "Has your usage of your room air cleaner/s changed since you first 

installed it/them?" and "Do you anticipate your use of your room air cleaner/s to change in the next 12 

months?" 

As shown in Figure 4, there was no substantial difference between the number of respondents who had 

and had not purchased a replacement filter for their air cleaners. Of the twelve respondents who 

reported a decrease in the usage of their air cleaner, five cited the cost of replacement air filters and 

three cited noise as a consideration or concern that impacted usage. One respondent cited energy 

consumption as a consideration that impacts usage, and one respondent cited air quality. Of the five 

respondents who listed the cost of replacement room air filters as a consideration that decreased usage, 

three were aware of the cost of replacement filters when they purchased their units, while two were 

not.  
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Figure 4. Filter Replacement Purchases 

 
Source: Survey question C7 " Have you purchased any replacement filters for your room air cleaner/s? 

 

Home Characteristics 
As shown in Figure 5, of 68 respondents, 66% are homeowners and 32% are renters; 62% live in a home 

between 1,000 and 2,000 square feet, followed by 28% percent who live in a home less than 1,000 

square feet 

Figure 5. Home Characteristics of SVP Room Air Cleaner Participants 

 
Source: Survey question E2 and E3, " What is the approximate size of your home?" and "Do you own or rent 

your home?" (n=68) 

Of 67 respondents (multiple responses selected), the majority installed their room air cleaner(s) in their 

living room and bedroom (81%, 70%); 15% installed rebated room air cleaners in their home office, and 

10% in their kitchen. One participant said they alternate using their air cleaner between bedroom and 

living room while working, and one said they move the air cleaner around the house as needed. 
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Program Influence 
As illustrated in Figure 6, most respondents said the Room Air Cleaner Rebate program helped them 

afford more efficient equipment; almost half said the program led them to prioritize of energy 

efficiency.  

Figure 6. Role of Silicon Valley Power's Rebate Program 

 
Source: Survey question D1, "What was the role of Silicon Valley Power's Rebate program in your decision 

to purchase an Energy Star room air cleaner? (Select all that apply)." (n=68; multiple-response question) 

 
Three participants offered additional insights on SVP's role in their decision to purchase an efficient air 

cleaner. One participant said the rebate program gave them the push they needed to buy an efficient air 

cleaner; one participant said they were not aware of the rebate until after the purchase; another 

participant said the program encouraged them to buy a larger and more capable air filter. 

 
As shown in Figure 7, while respondents most commonly said that, had they not received a rebate, they 

would have purchased less expensive equipment that did not qualify for rebates, the next three most 

common responses- not purchasing a room air cleaner, purchasing fewer units or purchasing the same 

number of room air cleaners- made up over half of responses. 
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Figure 7. Participant Purchasing Decisions in the Absence of a Rebate 

 
Source: Survey question D2, "According to program records, you received a rebate for [INCENTIVE 

AMOUNT]. If you had not received this rebate do you think you would have…" 

Program Awareness 
As shown in Figure 8, survey respondents (n=68) most commonly learned about SVP's Room Air Cleaner 

Rebate program from SVP—either from a bill insert or from SVP’s website, and less commonly by word 

of mouth.  
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Figure 8. Sources of SVP Rebate Program Awareness  

 
Source: Survey question F1, " How did you learn about Silicon Valley Power's Room Air Cleaner Rebate 

program? (Select all that apply)" 

 
Most respondents (n=68) reported being at least somewhat familiar (53%) or very familiar (12%) with 

other rebate programs offered by SVP. Twenty-nine percent of respondents were not too familiar, and 

6% were not at all familiar with SVP’s other programs.  

All but three respondents stated they were either very likely or somewhat likely (n=68) to participate in 

another SVP program. (One respondent said they are not at all likely, and three respondents were 

unsure.)  

Participant Satisfaction and Opinion of Silicon Valley Power 
Overall, satisfaction with rebated room air cleaners was very high: of 68 respondents, 79% were very 

satisfied, 18% were somewhat satisfied, and only one was not satisfied with their room air cleaners.  

When asked how their opinion of SVP had changed since participating in the Room Air Cleaner Rebate 

program, the overwhelming majority (84%) said their opinion improved significantly (44%) or improved 

somewhat (40%). Fifteen percent said their opinion did not change and only one participant said their 

opinion decreased somewhat.4 

 

4  When asked to specify why their opinion of SVP decreased, the respondent said they had received an email that said the rebate was 

approved but had not yet received the rebate.  
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Figure 9. Opinion of Silicon Valley Power After Participation 

 
Source: Survey question G2, "After participating in the Room Air Cleaner Rebate program, has your opinion 

of Silicon Valley Power changed?"  
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Savings Analysis 
This section summarizes Cadmus' savings analysis for the 2020-2021 Room Air Cleaner Rebate program. 

Evaluated Energy Savings and Demand Reduction 
Based on findings from the desk reviews and surveys, Cadmus calculated energy savings and demand 

reduction for the evaluation sample and applied the results to estimate program savings and demand 

reduction. Table 4 summarizes the evaluated energy savings and realization rates for the program using 

both HOU methodologies.  

Table 4. Evaluated Energy Savings 

HOU Basis Ex-Ante Savings (kWh) Ex-Post Savings (kWh) 
In-Service 

Rate 

Realization 

Rate 

Relative Precision 

Survey 165,881 149,397 
97.9% 

90.1% 12.8% 

ENERGY STAR 165,881 177,392 106.9% 5.4% 

 
Table 5 summarizes the demand reduction realization rates for the program. 

Table 5. Evaluated Demand Savings 

  
Table 6 shows the realization rates by participant usage pattern. While most (60%) of the survey 

respondents in the final evaluation sample reported using their units year-round, a substantial portion 

(28%) reported only using their units during air-quality events. This resulted in an average evaluated 

annual active HOU of 4,073, compared to the ENERGY STAR assumption of 5,840 (16 hour per day, year-

round, in active mode). 

Table 6. Realization Rates by Participant Usage Pattern 

Usage 

Average 

Annual 

Active HOU 

Average 

Days/yr 

Used 

Average 

Realization 

Rate 

n 
% of 

Respondents 

It/they are in use daily, year-round 5,844 365 127% 39 60% 

I only use it/them during specific air-quality events 

such as wildfires 
2,020 126 22% 18 28% 

I use it/them seasonally 1,043 65 36% 3 5% 

Other (please specify) 1,813 113 29% 4 6% 

I use my multiple units differently 4,533 283 109% 1 2% 

 

Ex-Ante Savings (kW) Ex-Post Savings (kW) Realization Rate Relative Precision 

18.66 11.19 60.0% 4.7% 
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Table 7 shows the realization rates by CADR bins. These bins were defined by ENERGY STAR and were 

used to categorize estimated savings by an average CADR per bin. Cadmus used an average CADR per 

household to stratify participants into the respective bins. Most participants had an average CADR 

greater than 200. The realization rate for this bin is 87.7%. This realization rate is affected by two main 

factors, the difference in actual versus assumed HOU which was highlighted in Table 6, and the 

unlimited upper bound of the bin. This result is highly dependent on the mix of units purchased by 

participants. 

Table 7. Realization Rates by Participant CADR Bin 

CADR Bin 

Population 

Reported 

Savings 

(kWh) 

Average 

CADR 
Average 

Realization 

Rate 

Evaluated 

Per-Unit 

kWh 

Evaluated 

Per-Unit 

kW 

  30 ≤ Smoke CADR < 100 1,461.6 89.3 85.6% 50.03 0.008 

100 ≤ Smoke CADR < 150 4,343.0 126.0 143.3% 103.73 0.007 

150 ≤ Smoke CADR < 200 8,511.7 174.1 105.2% 639.57 0.033 

200 ≤ Smoke CADR 151,565.1 248.7 87.7% 279.35 0.021 

 

Savings Adjustments 
This section provides additional details on general evaluation observations for sampled projects and 

common reasons for savings adjustments.  

Cadmus found that the documentation for the air cleaners was consistent with the tracking data for all 

but three applications. Upon review of the ENERGY STAR QPL, we found these applications had incorrect 

smoke CADRs. Because the tracking data were consistent with the QPL, the errors in the applications did 

not impact verified savings. Similarly, one application claimed three air cleaners were purchased; 

however, the tracking data and invoice indicated two were purchased, which was consistent with the 

survey response.   

Cadmus used the ENERGY STAR QPL provided by SVP to verify specifications for the units; this was 

supplemented by a dataset taken from ENERGY STAR's product finder website. Additionally, Cadmus 

manually confirmed specifications for nine models not found in either dataset by conducting further 

research on the ENERGY STAR website. We removed two customers from the survey sample 

(representing three air cleaner units) as we could not confirm their specifications in either dataset.  

One customer received an ISR of 0% because they purchased one air cleaner while living in SVP's service 

area but then later moved to another city and brought the air cleaner with them. This was the only 

instance of leakage, meaning only one out of 112 units in the evaluation sample was installed out of SVP 

territory. Three additional units received an ISR of 67% because the tracking data listed three installed 

units, but the respondent clarified that they had only purchased and installed two units. This was the 

only instance wherein the survey respondent reported a different quantity than was indicated in the 

tracking data and documentation. All other customers received an ISR of 100%. 
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Conclusions and Recommendations 
• Conclusion 1: Participants are satisfied with the program and their experience improved their 

opinion of SVP. 

• Conclusion 2: Leakage and cessation of use are not major factors affecting the program’s 

impact, but filter replacement cost can lead to reduced usage. 

• Conclusion 3: The program benefits participants by encouraging them to invest in energy-

efficient technology that improves indoor air quality and health. 

• Conclusion 4: Differences between evaluated usage patterns and those used by ENERGY STAR to 

estimate annual savings impact realization rates and precision. 

▪ Recommendation 1: Use the evaluated per-unit savings based on the evaluated HOU as ex 

ante savings going forward. 


