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EXECUTIVE SUMMARY 

Sacramento Municipal Utility District’s (SMUD) Home Performance Program for Multifamily 
(HPP-MF) program is a performance-based incentive program, designed and managed by 
SMUD, and funded by SMUD’s internal energy efficiency public goods funds. To qualify for the 
program, properties must improve energy efficiency by a minimum of 10 percent above existing 
conditions, based on the kilowatt hour (kWh) site-based savings (no gas savings), and install at 
least two different types of energy efficiency measures.  The eligible measures include: 

 Windows 

 Roof/attic insulation, wall insulation, or floor insulation 

 Cool roofing 

 Space cooling equipment or HVAC/duct sealing and insulation 

 Water heating equipment, only electric water heating system (including solar pre-heat) 

 Comprehensive hard wired indoor lighting 

 Kitchen appliances (refrigerator and dishwasher) 

TRC Energy Services (TRC), along with their partners, Benningfield Group (BG) and Klos 
Energy Consulting, was selected by SMUD to conduct an evaluation of the HPP-MF program for 
projects enrolled during 2012 to 2014.  

Evaluation Objectives 

The goal of the evaluation was to measure and verify the energy (kWh) and demand (kW) 
savings attributable to the HPP-MF for projects participating in the program from 2012 to 20141, 
and validate the EnergyPro simulation estimates.   Specifically, this study addressed the 
following objectives:  

 Determine program impacts, net and gross savings: 

• Annual energy consumption saving; and 

• Demand savings; 

1 The evaluation was for program years 2013 and 2014.  However, a few projects were submitted in 2012 and rolled into the 2013 
program, and the evaluation team sampled from projects completed through May 2014 in order to capture the 2014-summer 
season in the billing analysis. 
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 Review and validate the EnergyPro simulation assumptions and energy savings estimates; 

 Verify the installed measures; 

 Develop mean hourly load profiles at the building/complex level; 

 Compare measure costs compiled and compared to savings; and 

 Characterize participating building owner customers. 

Evaluation Methods 

TRC used several methods to conduct the impact evaluation of the HPP-MF Program, relying 
primarily on program data (i.e. EnergyPro models, billing data, etc.) provided by SMUD, and the 
following evaluation methods: 

 Building Owner Interviews; 

 EnergyPro Model Verification; 

 On-site Surveys;   

 Statistical Billing Analysis. 

Program Participation Overview 

The SMUD HPP-MF program paid incentives to 27 projects during the 2012-2014 program 
cycle.  Twenty-one separate building owners represented these 27 project.  The program reported 
total energy savings of 3,361,167 kWh with individual project savings ranging from 4,152 to 
347,799 kWh.  The average project size was 120,042 kWh and the average energy savings per 
unit was 1,730 kWh.  The program issued nearly $2,265,364 incentives across 71 measures.   

Conclusions 

Site and Model Verification 

All measures incented by the program were installed and functioning.  Site verification identified 
that all projects installed incentivized measures properly and that the upgrades complied with 
efficiency specifications of the program.  

The overall verification factor of the twelve sites that received site verification visits is 0.92, 
though the discrepancies in the verification rate stem from differences in the building simulation 
model parameters and not directly from the incented program measures.  While sometimes the 
Rater configured the model improperly compared with the actual conditions of the project, site 
visits confirmed that the contractors installed all upgrade measures specified by the program.  

The parameters of greatest impact on the energy calculations were domestic hot water (DHW) 
energy factor and heating ventilation and air conditioning (HVAC) efficiency while building 
geometry and façade areas (including roofs, windows, doors, walls and floors) have little impact 
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on overall building energy use.  The variance in building heat transfer caused by internal systems 
dwarfs the variance in building heat transfer (gain and loss) due to sunlight and ambient weather. 

Billing Analysis 

The billing analysis estimates 861,000 kWh of gross energy savings, resulting in a realization 
rate of 26 percent for the program.  The difference between this estimate and the reported 
savings, which is based on the EnergyPro modelling, is likely caused by the following: 

 Difference in Modeled Total KWH Use.  The building simulation models estimate a 
total kWh use for each project based on the building design and end uses where the 
billing analysis is based on the participant’s actual usage. 

 Reported Changes in Installations.  During the telephone interviews, four of the 
building owners reported that their project scope did not cover the installation of 
measures in all of their units. 

 Verification Factor.  The verification factor determined from the on-site visits was 
previously reported as 92 percent.   

 Difference in Modeled Savings Percent.  Variations in the model’s assumptions about 
occupant behavior and plug loads and the actual occupant behavior and plug loads are the 
likely source of this difference.  

The savings rate varies considerably by season with the largest seasonal savings achieved during 
winter for customers with electric space heat. 

On average, individual occupants saved over $43 per year on their electricity bill.  Some 
occupants realized much higher savings while some occupants did not realize any savings or saw 
an increase. 

The savings rate for the program is higher on peak days than on an annual basis because the 
savings are weather-sensitive.  During the critical hours of 4 to 7 pm, there is an average 
reduction of 0.30 kW per occupied living unit. 

Statistically significant savings estimates are found for attic insulation, but not for any of the 
other measure types.  The seasonal models estimated savings from attic insulation to be -442 
kWh per year.  This is equivalent to an 8 percent reduction in usage due to attic insulation.  
Savings from attic insulation occurred throughout the day during winter, spring and fall, with 
greatest savings on the coldest days. In contrast, summer savings from attic insulation occur 
primarily during the afternoon hours.  

Free-ridership 

The program had a significant impact on the building owners’ decisions to undertake the 
retrofits, resulting in an estimated free-ridership rate of 7 percent and a net-to-gross ratio of 93 
percent.  Most building owners indicated that they would not have completed the retrofits 
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without the program incentives.  Some building owners indicated that they were thinking of 
installing one measure type, but installed the additional measures to meet the program’s 
requirements.   

Building Owner Feedback 

Participants expressed high levels of satisfaction with all aspects of the program.  The highest 
marks were for the measure installation process and the only aspects that merited neutral ratings 
were the application and enrollment process and the incentive amounts.  Tenants were also 
reported to be happy with the results of the upgrades, citing increased comfort and utility bill 
savings. 

The HERS Raters were instrumental in helping the building owners identify upgrade 
opportunities.  Several building owners confessed that they would not have known what 
measures or efficiency levels to install without their HERS Rater recommendations. 

Building owners were satisfied with almost every aspect of the SMUD incentive, from the 
amount to the speed at which the checks were delivered.  The incentive covered the entire project 
cost for some projects; most other building owners were able to fund their portion of the costs 
with cash on hand.  Two projects were financed using Sacramento’s PACE program.   

The availability of incentives, tenant complaints about high bills, and the poor condition of 
existing equipment were the building owners’ motivations to undertake the upgrades. 

The program and installation processes went smoothly for most owners with only a few owners 
mentioning minor challenges.  One owner complimented the SMUD program manager by name, 
noting that he was easy to work with and gave clear information on the program benefits and 
requirements.   

Recommendations  

If program administration resources are constrained, TRC recommends that the SMUD HPP-MF 
consider changing Energy Pro model scrutiny protocols. The model verification process 
demonstrated that building geometry and façade have little impact on building energy savings. 
However, these aspects of the building simulation require significant labor resources to review 
individually. The program could consider implementing an updated model review process that 
focuses heavily on the internal systems of the building with reduced scrutiny on building 
orientation, façade areas and geometry.  

Reconsider using EnergyPro building simulation results as the basis for reporting program 
impacts.  The EnergyPro model’s primary purpose is to understand the trade off in energy 
savings between various measure installations and is not intended to be a reliable estimate of 
total energy savings or energy use.   In this case, the model estimates produced savings estimates 
greater than what was verified through the billing analysis. 

7   |   TRC Energy Services 



Home Performance Program – Multifamily Evaluation  

Conduct future studies to better understand occupant behavior (hours of use, number of 
occupants) and plug loads.  This information will help to refine energy savings estimates and 
may identify additional areas of potential savings and program interventions. 
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1. INTRODUCTION 

TRC Energy Services (TRC), along with their partners, Benningfield Group (BG) and Klos 
Energy Consulting, was selected by the Sacramento Municipal Utility District (SMUD) to 
conduct an evaluation of their Home Performance Program for Multifamily (HPP-MF) program 
for projects enrolled during 2012 to 2014.  

  Program Description  

SMUD’s HPP-MF program is a performance-based incentive program, designed and managed 
by SMUD, and funded by SMUD’s internal energy efficiency public goods funds. To qualify for 
the program, properties must improve energy efficiency by a minimum of 10 percent above 
existing conditions, based on the kilowatt hour (KWh) site-based savings (no gas savings), and 
install at least two different types of energy efficiency measures.  The eligible measures include: 

 Windows 

 Roof/attic insulation, wall insulation, or floor insulation 

 Cool roofing 

 Space cooling equipment or HVAC/duct sealing and insulation 

 Water heating equipment, only electric water heating system (including solar pre-heat) 

 Comprehensive hard wired indoor lighting 

 Kitchen appliances (refrigerator and dishwasher) 

SMUD calculated the incentive based on the percentage improvement in kWh per multifamily 
unit, and not on the total acquired kWh savings.  In 2014, the program paid $35 for every percent 
improvement in the kWh per unit, regardless of the size of the unit or the total kWh savings per 
unit.  The lack of correlation between the total kWh savings and the incentive payment was an 
intentional program design feature.  

 Evaluation Objectives 

The goal of the evaluation was to measure and verify the energy (kWh) and demand (kW) 
savings attributable to the HPP-MF for projects participating in the program from 2012 to 20141, 

1 The evaluation was for program years 2013 and 2014.  However, a few projects were submitted in 2012 and rolled into the 2013 
program, and the evaluation team sampled from projects completed through May 2014 in order to capture the 2014-summer 
season in the billing analysis. 
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and validate the EnergyPro simulation estimates.   Specifically, this study addressed the 
following objectives:  

 Determine program impacts, net and gross savings: 

• Annual energy consumption saving; and 

• Demand savings; 

 Review and validate the EnergyPro simulation assumptions and energy savings estimates; 

 Verify the installed measures; 

 Develop mean hourly load profiles at the building/complex level; 

 Compare measure costs compiled and compared to savings; and 

 Characterize participating building owner customers. 

 Evaluation Methodology  

TRC used several methods to conduct the impact evaluation of the HPP-MF Program, relying 
primarily on program data (i.e. EnergyPro models, billing data, etc.) provided by SMUD, and the 
following evaluation methods: 

 Building Owner Interviews.  TRC conducted 151 interviews to solicit building owner 
feedback on their satisfaction with the program and decision-making processes, including 
their drivers and barriers to implementing energy efficiency upgrades and to participating 
in the program.  The interviews also assessed free-ridership and the effect of the program 
on accelerated equipment replacement.  

 EnergyPro Model Verification.  For all field-verified projects, TRC reviewed the 
program project materials and updated the whole building model if any verified 
parameters were outside of established tolerances.  From this, TRC developed a 
verification factor per project and for the program overall. 

 On-site Surveys.  The Benningfield Group conducted field site visits to verify the 
installation of the incentivized measures as well as building characteristics used in the 
energy models at 12 sites.   

 Statistical Billing Analysis.  Klos Energy Consulting calculated gross energy savings, 
gross demand savings, and net impact estimation through statistical billing analysis. 

 A detailed method for each activity is presented in the appendices. 

1 One property owner gave a partial interview 
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 Organization of Report 

This introductory chapter gives background on the program, evaluation objectives and 
methodology.  The report has three additional chapters: 

 Chapter 2: Findings 

 Chapter 3: Conclusions & Recommendations 

 Chapter 4: Appendices 
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2. FINDINGS 

 Program Participation Overview 

The SMUD HPP-MF program paid incentives to 27 projects during the 2012-2014 program 
cycle.  Twenty-one separate building owners represented these 27 project.  Of these projects, 25 
were low-rise buildings (one to three units) and two were high-rise (four plus units).  Table 1 
lists key summary information for each of the completed projects.  Projects participating in the 
program varied in number of buildings and units.  On average, projects installed two different 
measures, and took 135 days to complete the retrofit (based on date Notice to Proceed and 
incentive check was issued).     

The program reported total energy savings of 3,361,167 kWh with individual project savings 
ranging from 4,152 to 347,799 kWh.  The average project size was 120,042 kWh and the average 
energy savings per unit was 1,730 kWh.  The program issued nearly $2,265,364 incentives 
across 71 measures.   
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Table 1. SMUD HPP-MF Projects 2012-2014 

Project 
ID 

# 
Buildings # Units Reported Savings 

(kWh) 
% Program 

Reported Savings Measures 

01 10 92  124,110  4% Windows, HVAC 
02 27 77  244,515  7% Windows, HVAC 

03* 
1 7  8,369  0.5% Windows, Attic insulation, HVAC, 

Cool Roof 16 147  170,292  5% 
04 1 129  91,274  3% Wall insulation, HVAC 
05 47 94  257,898  8% Windows, Attic insulation 
05 13 54  155,666  5% Windows, Attic insulation, HVAC 
07 7 96  113,579  3% Windows, Attic insulation, HVAC 
08 7 42  52,176  2% Windows, Attic insulation 
09 10 40  134,999  4% Windows, HVAC 
10 1 13  27,049  1% Windows, Attic insulation, HVAC 
11 1 4  4,152  5% Windows, Attic and wall insulation 
12 1 30  39,071  1% HVAC, Refrigerators 
13 4 35  48,279  1% HVAC, Refrigerators 
14 28 76  241,675  7% Windows, HVAC 
15 1 30  38,571  1% HVAC, Refrigerators 
16 6 156  165,300  5% Windows, Attic insulation, HVAC 
17 4 18  57,639  2% Windows, HVAC, Cool Roof 

18 11 44  149,645  4% Windows, Wall and Roof Insulation, 
HVAC, Cool Roof 

19 22 88  347,799  10% Windows, HVAC 
20 13 64  83,074  2% Windows, Attic insulation 
21 6 92  71,000  2% Windows, Attic insulation 
22 15 168  222,131  7% Windows, Roof insulation, HVAC 
23 5 40  47,801  1% Wall and Attic Insulation, HVAC 
24 2 92  89,339  3% Windows, Cool Roof 
25 18 120  171,456  5% Windows, Attic Insulation 
26 1 12  61,393  2% Windows, HVAC 
27 4 83  142,915  4% Windows, Lighting 

Total 282 1,943 3,361,167 100%  
*Project completed in 2 phases over two program years.  
Note: Highlighted projects indicate onsite survey completed. 

Of the measures installed, windows (32 percent) and HVAC (28 percent) were the most common 
measure installed through the program.  Figure 1 shows the distribution of measures by count of 
measure type installed.  Because of the nature of the building modeling simulation software, we 
are not able to present the distribution of energy savings by measure.  HVAC measures include 
space cooling equipment (majority were thru wall units) or HVAC/Duct Sealing and insulation.  
Refrigerators (4 percent) and lighting (2 percent) measures were least commonly installed 
through the program.   
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Figure 1. Frequency of Installation of Each Measure Offered 

 

Note: HVAC measures include space cooling equipment or HVAC/duct sealing and insulation 

 Project Costs and Savings 

TRC assessed the cost for SMUD to secure the energy savings as well as the customer’s cost to 
install the measures.  TRC was not able to assess costs or savings on a measure basis because the 
program uses a whole building simulation to determine energy savings; therefore, savings are not 
estimated by measure.  Table 2 summarizes the energy savings, incentive amount and participant 
retrofit costs for each project. The participant retrofit costs were taken from documentation in the 
project files; not all project files included project cost documentation. 

Overall, the cost for SMUD to secure the savings averaged $0.78 per kWh.  This is based on the 
incentive amount only, and does not include SMUD’s administration and marketing costs.  The 
individual costs varied by project, from a low of $0.24 per kWh (site 05) to a high of $2.33 per 
kWh (site 4).  There did not seem to be any correlation between the incentive amount and the 
incentive cost per kWh. For instance, the incentive cost per kWh did not decrease as the total 
incentive amount increased. 

TRC also reviewed the project costs in terms of the participant’s cost to secure the energy 
savings.  On average, the building owners paid installation costs of $0.82 per kWh for their 
projects after applying the SMUD incentives reducing the owners’ average costs by $0.65, from 
$1.47 without any incentives. As with the incentive paid per kWh, there did not seem to be a 
correlation between the installation cost and the cost per kWh and there were no efficiencies 
gained by larger or more expensive projects.  The most expensive retrofit (site 22) was the site 
with the highest installation cost per kWh ($5.85).  However, the least expensive retrofit (site 11) 
was the project with the second highest cost per kWh ($3.45).  For four projects, according to the 
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project cost documentation provided in the project files, the cost of the retrofit was completely 
off set by the incentive amount.  

Table 2. Comparison of Incentive and Project Cost to Energy Savings 

Project 
ID 

Reported 
Savings 
(kWh) 

Incentive 
Amount ($) 

Incentive/kWh 
($)  Total Cost of 

Retrofit ($) 

Retrofit 
$/kWh 

($) 

Cost of 
Retrofit after 

Incentive 
($/kWh) 

01  124,110   $93,840.00   $0.76    $240,569.00   $1.94   $1.18  
02  244,515   $77,000.00   $0.31    $140,981.00   $0.58   $0.26  

03* 
 8,369   $6,730.00   $0.80      

 170,292   $175,140.00   $1.03   $466,540.39 $2.74  $1.71  
04  91,274   $212,850.00   $2.33    $217,850.00   $2.39   $0.05  
05  257,898   $62,040.00   $0.24    $251,882.40   $0.98   $0.74  
05  155,666   $57,240.00   $0.37    $202,915.00   $1.30   $0.94  
07  113,579   $129,600.00   $1.14    $146,275.00   $1.29   $0.15  
08  52,176   $42,630.00   $0.82    $92,447.21   $1.77   $0.95  
09  134,999   $68,000.00   $0.50          
10  27,049   $20,020.00   $0.74   $39,376.98  $1.46   $0.72  
11  4,152   $3,080.00   $0.74    $17,418.00   $4.20   $3.45  
12  39,071   $42,927.00   $1.10    $42,927.71   $1.10   $0.00  
13  48,279   $64,835.00   $1.34    64.835.73   $1.34   $0.00  
14  241,675   $67,080.00   $0.28    $542,283.00   $2.24   $1.97  
15  38,571   $41,328.00   $1.07    $41,328.33   $1.07   $0.00  
16  165,300   $215,280.00   $1.30      
17  57,639   $23,400.00   $0.41   $66,504.00  $1.15   $0.75  
18  149,645   $85,360.00   $0.57   $132,365.00  $0.88   $0.31  
19  347,799   $118,982.00   $0.38    $118,982.00   $0.34   $0.00   
20  83,074   $42,240.00   $0.51    $93,180.00   $1.12   $0.61  
21  71,000   $87,400.00   $1.23    $87,400.00   $1.23   $0.00  
22  222,131   $200,182.00   $0.90    $1,500,000.00   $6.75   $5.85  
23  47,801   $22,000.00   $0.46    $74,000.00   $1.55   $1.09  
24  89,339   $86,480.00   $0.97   $214,460.00  $2.40   $1.43  
25  171,456   $102,000.00   $0.59    $229,450.00   $1.34   $0.74  
26  61,393   $26,400.00   $0.43        
27  142,915   $91,300.00   $0.64      

Total 3,361,167  $2,265,364.00     $5,023,970.75    
Average 120,042  $80,905.86  $0.78   $218,433.49  $1.47  $0.82 

Retrofit cost was not available for sites 3, 9, 16, 26, and 27. 
Note: Highlighted projects indicate onsite survey completed. 
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 Site and Model Verification  

 Site Verification 

The Benningfield Group (BG) conducted site verifications for a sample of projects in the 
program. Twelve sites went through onsite verification surveys.  TRC coordinated with property 
owners to allow BG to access a representative sample of units within the selected projects. The 
sample included outdoor perimeter, attic hatches, common areas, mechanical rooms, laundry 
rooms and various dwelling units. Site verification visits lasted from two hours to about four 
hours. Whenever BG found inconsistent results (e.g. discrepancies in equipment efficiency 
between units), BG asked to view more units to confirm accurate results. In all cases, property 
representatives were flexible to the requests of the site verification team. 

Site verification identified that all projects installed incentivized measures properly and that the 
upgrades complied with efficiency specifications of the program. While sometimes the Rater 
configured the model improperly compared with the actual conditions of the project (more on 
this in the following section), BG confirmed that the contractors installed all upgrade measures 
specified by the program.  

In most cases, BG was not able to verify the R-value of the wall insulation. The condition and 
rating of wall insulation is a common problem for verification due to accessibility limitations. 
Similarly, BG reported difficulty verifying some HVAC model numbers. This issue was the 
result of packaged terminal air conditioning (PTAC) unit’s installation “sleeve”. The sleeve 
surrounding the unit or insulation sometimes can hide the unit model number. When a piece of 
information could not be verified, the evaluation team used the conditions reported by the 
original project Rater, or the vintage table default values if the original project Rater notes were 
incomplete. TRC used the results of BG’s site verification documentation to conduct model 
verifications. 

 Model Verification 

Engineering verification of the EnergyPro models and results reviewed the reasonableness of the 
savings estimates and the accuracy of the modeling assumptions.  The onsite surveys offered a 
means to compare measure information from the program files to verified quantities and 
efficiencies.  Of the twelve projects, nine projects had discrepancies between the project files and 
the on-site data collection, which triggered a rerun of the EnergyPro model using the onsite 
verification findings.  A list of discrepancy tolerances is located in the appendices. 

TRC estimated the verification factor for each project, which is the ratio of the energy savings 
after the model was rerun with the site-verified quantities and efficiencies, divided by the 
claimed energy savings.  The overall verification factor of the twelve sites that received site 
verification visits is 0.92, with projects ranging from 0.45 to 1.10 (Table 3).  TRC found 
parameter discrepancies most commonly within floor area, lighting (count/type), and areas (wall, 
window, roof).  The model discrepancies of these resulted in minimal impact to the overall 
energy calculations.  The parameters of greatest impact on the energy calculations were domestic 
hot water (DHW) energy factor and heating ventilation and air conditioning (HVAC) efficiency.  

TRC Energy Services   |   16 



Home Performance Program – Multifamily Evaluation 

Changes to the DHW and HVAC efficiencies were made in three projects, resulting in one 
project with a 0.45 verification factor, the most significant of all the projects.      

Building geometry and façade areas (including roofs, windows, doors, walls and floors) have 
little impact on overall building energy use. Models varied in building geometry and façade areas 
by up to 100 percent. In one case, verification models were oriented east when the original model 
was oriented north. In another case, verification models had window areas different from original 
model by 50 percent. Each of these cases resulted in negligible difference in the overall 
verification factor. The simulation engine of EnergyPro dictates this result. The variance in 
building heat transfer caused by internal systems dwarfs the variance in building heat transfer 
(gain and loss) due to sunlight and ambient weather. 

In contrast to building façade variations, internal building systems efficiency changes resulted in 
significant verification factor discrepancies. In project 09, a change in the domestic hot water 
(DHW) energy efficiency resulted in a reduction of the simulated cooling load required by the 
building. The verification model used a slightly more energy efficient DHW system than the 
original model (recovery efficiency of 0.80 and 0.78, respectively), however the overall cooling 
load for the verification model dropped 50 percent (over 9,000 kWh per year). The internal 
systems of the building operate far more frequently and with more significant impact to the heat 
transfer profile than ambient weather. Thus, minor changes to the efficiency of DHW and HVAC 
systems affected the verification factor significantly more than building façade area or 
orientation. The results in Figure 4 show many projects with modifications to inconsequential 
simulation details and only a few outlier projects with significant verification factors.  

Table 3. EnergyPro Savings Verification 

Project 
ID 

Reported 
Savings 
(kWh) 

Final Model 
Savings 
(kWh) 

Verification 
Factor 

 
 Model Parameters Modified in Model 

   

 

 
Floor 
Area 

Lighting 
Count/Type 

Wall 
Area 

Window 
Area 

DHW 
or 

HVAC 
Eff. 

Roof 
Area 

Door 
Location 

01  124,110  110,457  0.89  X X X X  X  

02  244,515   244,515  1.00         

03* 
 8,369   8,369  1.00         

 170,292  141,342  0.83  X X X X X X  
04  91,274  91,274 1.00         
05  257,898  193,423  0.75  X  X X    
06  155,666  150,996  0.97  X X X X X   
07  113,579  113,579 1.00  X X X X  X  
08  52,176   57,393  1.10  X X X X  X  
09  134,999   60,749  0.45  X X X  X  X 
10  27,049  27,049    1.00         
11  4,152   4,110 0.99  X X X X  X  
12  39,071   110,458  0.89  X X X X    
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*Project completed in 2 phases over two program years.  
Note: Highlighted projects indicate onsite survey completed. 

 Free-ridership 

The program had a significant impact on the building owners’ decisions to undertake the 
retrofits, resulting in low program free-ridership.  The estimated free-ridership rate was 7 
percent, for a net-to-gross ratio of 93 percent.  TRC completed surveys with 13 building owners 
representing 217 participating buildings and 2,290,537 kWh (68 percent) of claimed energy 
savings.  Because of the nature of the whole building modeling, TRC was not able to estimate 
the free-ridership at the measure level, so the net-to-gross analysis was calculated based on a 
straight average across the measures.   

Seven building owners indicated, without equivocation, that they would not have completed the 
retrofits without the program incentives.  The rest of the building owners indicated that they were 
thinking of installing one measure type, but installed the additional measures to meet the 
program’s requirements.  For the measures that the building owners claimed they thinking of 
installing, all but one indicated that, had they pursued the upgrade themselves, they would have 
installed the measure over time, either as units were vacated or upon equipment failure. 

Table 4. Project Free-ridership 

 

 

 

 

 

 

 

 

 

 

 

 

Total 1,423,150 1,242,330 0.92         

Project ID Reported Savings 
(kWh) 

Net to gross 
Score Measures 

01  124,110  88% Windows, HVAC 
02  244,515  100% Windows, HVAC 
03  178,661 100% Windows, Attic insulation, HVAC, Cool Roof 
04  91,274  100% Wall insulation, HVAC 
05  257,898  100% Windows, Attic insulation 
06  155,666  89% Windows, Attic insulation, HVAC 
07  113,579  98% Windows, Attic insulation, HVAC 
08  52,176  88% Windows, Attic insulation 
09  134,999  100% Windows, HVAC 
10  27,049  89% Windows, Attic insulation, HVAC 
11  4,152  83% Windows, Attic and wall insulation 
12  39,071  88% HVAC, Refrigerators 
13 48,279 88% HVAC, Refrigerators 
14 241,675 100% Windows, HVAC 
15 39,071 88% HVAC, Refrigerators 
16 165,300 87% Windows, Attic insulation, HVAC 
17 57,639 89% Wall insulation, HVAC 
20 83,074 100% Windows, Attic insulation 
25 171,456 98% Windows, Attic insulation 
26 61,393 88% Windows, HVAC 
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 Billing Analysis 

Billing analysis is used to estimate the gross energy and demand savings from the HPP-MF 
program.  A net-to-gross ratio developed from the customer interviews is applied to the gross 
savings to create estimates of net program savings.  Descriptions of this work and the related 
findings are presented in the rest of this section. 

Gross Impacts 

In this evaluation, billing analysis is used to verify estimates of gross savings.  The billing 
analysis compares pre-installation usage to post-installation usage in weather-normalized 
seasonal consumption models. Hourly consumption data for the study covers the time period of 
January 1, 2011 through September 30, 2014.  Installation dates ranged from July 2012 through 
June 2014.  Twenty-seven projects had sufficient data to be included in the billing analysis. 

Gross Energy Savings and Overall Realization Rate   

Total reported savings for the program was 3,361,167 kWh for the 27 evaluable projects covered 
in this study.  This estimate of savings came from the building simulation models used during the 
implementation of the program.  It represents an expected annual savings in a typical 
meteorological year (normal weather). 

The results of the billing analysis is an estimate of 861,000 kWh of energy savings.  This creates 
a realization rate of 26 percent for the program (861,000/3,361,167).  There are several 
explanations for this difference, and they are summarized in Figure 2 and detailed below.  

 

Figure 2.  Explanation of Realization Rate 

Total 2,290,537 93%  
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 Difference in Modeled Total KWH Use.  The building simulation models estimate a 
total kWh use for each project based on the building design and end uses.  Not all of the 
building design components are measurable, and real-life behavior patterns can alter what 
is assumed for base loads.  Consequently, the total usage estimate from the model is 
unlikely to match actual consumption.  For this set of projects, the modeled total usage 
was 27 percent less than the actual billed usage.  It is assumed that this would reduce the 
expected project savings by 27 percent also, accounting for 892 MWH of the difference 
in the savings estimates. 

Note that the modeled usage assumes 100 percent occupancy, and it is being compared to 
a billing analysis estimate that is also based on 100 percent occupancy.  However, within 
the billing analysis data a person may be on vacation or away for a weekend and have 
reduced usage in response to that behavioral action even when it is still considered an 
occupied unit.  This could account for some of the difference. 

 Reported Changes in Installations.  During the telephone interviews, four of the 
building owners reported that their project scope did not cover the installation of 
measures in all of their units.  This would reduce the expected savings observed in the 
billing analysis by 86 MWH. 

 Verification Factor.  The verification factor determined from the on-site visits was 
previously reported as 92 percent.  This difference between the original modeled savings 
and the revised modeled savings would explain 336 MWH of the difference from 
observed savings.   

Note that 336 MWH is 10 percent of the reported savings, rather than 8 percent as might 
be expected.  This seeming incongruity comes from the fact that the differences in 
savings are estimated on a project-by-project basis and are consequently weighted by 
savings per project.  The 92 percent verification factor is weighted by project, rather than 
by savings, which is appropriate for reporting purposes since the sampling unit was by 
project. 

 Difference in Modeled Savings Percent.  This is the remaining unexplained difference 
between the reported savings and the billing analysis savings.  It represents a difference 
in the modeled savings percent and what actually occurred.  It is likely that this remaining 
difference is the combined effect of many different factors that are not distinguishable or 
quantifiable at this time.  Variations in the model’s assumptions about occupant behavior 
and plug loads and the actual occupant behavior and plug loads are the likely source of 
this difference. 

Reliability of Overall Savings Estimates.  There is an uncertainty band around the overall 
estimated energy savings of less than 1 percent at the 90 percent confidence level.  This 
uncertainty does not come from sampling error because all projects are included in the billing 
analysis.  Rather, it comes from the unexplained variation in observed usage and the uncertainty 
bands around the estimated coefficients on the post-period variables. 

This uncertainty band (relative precision) is exceptionally low because of the very large volume 
of hourly data that was available for creating the savings estimate.  When looking at individual 
projects, the relative precision of the savings estimates varies from plus or minus 25 percent for 
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some projects to something less than one for others.  However, the large majority of projects (19 
out of 27) have a relative precision that is less than plus or minus three percent.   

When the overall relative precision is found for the whole program, offsetting errors come into 
play.  While savings for one project might actually have been higher that what was observed, 
savings for another program might have been lower.  The combined effect of these offsetting 
errors creates a relative precision of less than one for the program as a whole, even though 
individual projects show a greater level of uncertainty.1   

Other Considerations Related to Reliability.  While the statistical calculation of the relative 
precision of the savings estimate for this program is very low because of the high volume of data 
available for analysis, it does not address other sources of uncertainty that are outside the dataset 
itself.  Here are a few examples of additional uncertainty outside of the statistical measurement. 

 Some projects did not have enough data for each season to estimate their full annual 
savings.  Missing seasons were estimated based on the season(s) observed.  

 Best efforts were made to remove common areas and vacant units from the savings 
estimates for occupied units, but it is not possible to do this with total accuracy.   

 It isn’t even possible to be positive that all of the appropriate premises for a given project 
were found. 

 A different billing analysis model specification could change the estimated savings.  The 
model used in this evaluation (seasonal pre versus post with weather-normalization) is 
sound and standard practice, but it is not the only model that could create valid energy 
savings estimates.  

The magnitude of these additional sources of uncertainty and potential bias are unknown and 
cannot be quantified.  They should be kept in mind, though, when evaluating the reliability of the 
savings estimate beyond the reported measurable statistical reliability. 

Energy Savings by Season.  The energy savings measures in this program are primarily 
weather-sensitive measures which save energy related to space heating or space cooling needs.  
Consequently, the savings rate varies considerably by season.   

As shown in Table 5, the largest seasonal savings are achieved during winter for customers with 
electric space heat.  Their savings are fourteen percent on weekdays, and eleven percent on 
weekend days and holidays.  The second largest savings are during summer, with six percent 
savings across all day types. 

1 An explanation of how to estimate relative precision for a group of projects can be found in “California Evaluation 
Framework”, TecMarket Works, June 2004, pp. 300-301.  It includes an example of why overall precision is better than what 
is found for the individual projects.  
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Lower savings rates of three to four percent are seen during winter for customers without electric 
space heat, and during the spring and fall months.   

Table 5. Weather-Normalized Energy Savings by Season 

 Weekdays Weekends and Holidays 

Summer (Jun, Jul, Aug, Sep) 6% 6% 

Spring/Fall (Oct, Nov, Apr, May) 4% 4% 

Winter (Dec, Jan, Feb, Mar) 

No Electric Space Heat 
3% 4% 

Winter (Dec, Jan, Feb, Mar) 

With Electric Space Heat 
14% 11% 

Mean hourly load profiles for each of these seasons can be found in the appendices.  Note that all 
of the load profiles are presented on a per occupied living unit basis, and can be multiplied by the 
number of units in a building to create a good load shape at the building/complex level.  This 
was deemed preferable to simply presenting the load profiles at the building/complex level since 
there is a wide range of variation in the number of units per building/complex in the program 
participant group. 

Presenting load profile information on a per occupied unit level reduces potential sampling bias 
that might occur if the mix of number of units in multifamily buildings in the participant group is 
different than what occurs in the general population. 

Gross Peak Demand Savings   

The savings rate for the program is even higher on peak days than on an annual basis because the 
savings are weather-sensitive.   

Looking at summer peak, a normal summer peak day for SMUD is defined as the third day of a 
heat wave that has a maximum temperature of 106 degrees between 4 and 7 pm on the third day.  
This is preceded by a maximum of 104 degrees the day before, and 100 degrees the day before 
that. The minimum temperature on the peak day is 67 degrees, meaning that there is little relief 
from the heat during the nighttime or early morning.   
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Results of the billing analysis for the summer season are applied to the summer peak day weather 
factors to estimate gross peak demand savings.  During the critical hours of 4 to 7 pm, there is an 
average reduction of 0.30 kW per occupied living unit, as shown in Table 6.  Using a value of 
1,943 units, this is equivalent to 583 kW of summer demand savings from the program 
participants in this evaluation.   

Table 6. Gross Demand Savings During Summer Peak Hours per Occupied Living Unit 

Hour Ending 

Electric Use 
BEFORE 

Participation per 
Occupied Unit 

Electric Use 
AFTER 

Participation per 
Occupied Unit 

Impact per 
Occupied Unit Percent Impact 

5 pm 2.10 kW 1.76 kW -0.34 kW -16% 

6 pm 2.05 kW 1.73 kW -0.32 kW -16% 

7 pm 1.79 kW 1.55 kW -0.24 kW -13% 

Average Over 
Three Hours 1.98 kW 1.68 kW -0.30 kW -15% 

This is a 15 percent reduction in electric use during those hours.  An equivalent level of demand 
reduction is also seen in the preceding hours of 2 pm through 4 pm, as illustrated in the summer 
peak day load curve shown in Figure 3. 
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Figure 3.  Mean Hourly Load Profile for Summer Peak Day 

The appendices contain additional detail on the mean hourly load profile for summer peak, as 
well as load profiles for winter peak.  There is little impact on winter peak from customers 
without electric space heat, but customers with electric space heat show reductions greater than 
20 percent throughout most of the day.   

Most of the uncertainty in the estimated demand savings comes from unexplained variation in 
consumption within the billing analysis model.  Looking at the standard errors on the post-period 
coefficients, there is a relative precision of plus or minus 20 percent at the 90 percent confidence 
level for the estimates of demand savings.  This is equivalent to plus or minus 0.06 kW around 
the estimated demand savings of -0.30 kW per unit.    

Gross Measure-level Savings   

The program energy and demand savings reported previously are the combined impact of all 
installed measures.  Conditional demand analysis was used to see if program savings could be 
indentified for each individual measure type.   

Statistically significant savings estimates are found for attic insulation, but not for any of the 
other measure types.  The seasonal models estimated savings from attic insulation to be -442 
kWh per year.  Based on the average annual use of 5,416 kWh per unit before participation, this 
is equivalent to an 8 percent reduction in usage due to attic insulation.  Of course, this value is 
highly dependent on the building structure, space heat type and occupant behavior of each unit in 
the study group.  The most reliable take-away from this finding is that attic insulation probably 
contributes more savings than the other measures since its impact was observable within the 
models and the others’ were not. 
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Table 7. Estimated kWh Savings per Unit for Attic Insulation 

Summer (Jun, Jul, Aug, Sep) -84 

Spring/Fall (Oct, Nov, Apr, May) -94 

Winter (Dec, Jan, Feb, Mar) -264 

Annual kWh Savings -442 

While attic insulation savings are statistically significant within each seasonal model, savings are 
highest in winter, reflecting the fact that some participants had electric space heat.  It was 
previously shown that customers with electric space heat showed very high savings in winter 
compared to other customers without electric space heat.  Work was done to try to quantify 
savings at the measure level just for electric space heat customers so their effect could be taken 
out of the overall average.  It turned out that this estimation was not possible because there 
wasn’t enough variation in measures to allow for identification of savings from each measure 
within the electric space heat group.  For example, almost all electric space heat customers had 
both new windows and attic insulation installed, so there was no way to distinguish between the 
savings from each of these two measures individually. 

Time of Day of Savings from Attic Insulation.  Savings from attic insulation occurred 
throughout the day during winter, spring and fall, with greatest savings on the coldest days (see 
Winter Peak Day in Figure 4). In contrast, summer savings from attic insulation occur primarily 
during the afternoon hours.  

Average Day by Season Peak Day by Season 
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There are no peak days during Spring or Fall. 

  

Figure 4. Seasonal Time of Day Savings from Attic Insulation 
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It is interesting to note that the savings from attic insulation reach approximately the same level, 
-0.25 kW per hour, during both winter and summer.  However, assuming these savings are equal 
in both seasons in all cases would be misleading.  It must be remembered that all units in the 
participant group with attic insulation had air-conditioning, but only a small number had electric 
space heat.  The saturation of electric space heat within any population will affect the overall 
average savings per unit during winter. 

Enhanced Rigor Estimate of Gross Savings   

Using a Matched Control Group for Enhanced Rigor.  A pre versus post billing analysis, 
such as the one used in this study, meets the basic rigor level for estimating gross energy and 
demand savings according to the California “Evaluators’ Protocols”.1  For enhanced rigor, an 
additional modeling approach is recommended to verify and potentially improve on the original 
savings estimates.   

This study uses a matched control group methodology to provide enhanced rigor.  The control 
group allows for a difference of differences evaluation where the pre versus post difference for 
participants is compared to the pre versus post difference for a matched group of customers.  For 
example, participants may have decreased their usage by 10 percent after installation of the 
program measures, but if similar customers reduced their usage by 4 percent during the same 
period because of an economic downturn, the energy savings attributable to the program would 
be only 6 percent. 

For this study, a matched control group is created using a bias-adjusted method put forth by Imbens 
and Abadie2.   Monthly billing data for each participating project is compared to monthly billing 
data for all other non-participant residential multifamily customers in the SMUD service territory.  
The five best matches to each participating project make up the matched control group.  In this 
case, there were twenty-seven participating projects with sufficient data for analysis, and 135 
customers in the matched control group. 

The matching period started with January 2011 for everyone, but ended at a different time for each 
project.  The matching period ended with the month before each individual participant received 
their Notice to Proceed in the program.  Using customized end dates ensures that no installations 
occurred within the billing periods used for finding the best matches. 

Consumption was normalized to a per unit (premise) basis for comparison.  This means that an 
apartment building with fifty units could be matched to an apartment building of one hundred units 
if the average use per unit (premise) was the same.   

1 “California Energy Efficiency Evaluation Protocols:  Technical, Methodological, and Reporting Requirements for Evaluation 
Professionals”, prepared for the California Public Utilities Commission by The TecMarket Works Team, April 2006, p. 26. 

2 Abadie, Alberto, and Guido Imbens. 2011. Bias-corrected matching estimators for average treatment effects. 
Journal of Business and Economic Statistics 29(1): 1-11. 
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Customers who had participated in other SMUD energy efficiency programs were excluded from 
being a potential match in the control group.  This keeps the comparison clean between HPP-MF 
program savings and naturally-occurring savings in the general population.  More details on the 
creation of the matched control group can be found in Appendix A. 

Visual Comparison of Participants to the Matched Control Group.  As expected, the 
methodology created a good matched control group.  The closeness of the matches can be seen in 
Figure 5 by looking at the pre-installation time period, which encompasses the time periods less 
than zero.  It is also obvious in this figure that savings start to occur after installation.  The 
participants’ average use (red line) often drops below the usage of the control group during the 
post-installation period. 

Interpreting this chart can be a bit challenging because each project has a different installation 
time, which means there is a different number of months pre and post installation for each one.  
For example, customers with the most pre-installation data (latest installation dates) are larger than 
the other customers, but there were only a few of them.  This makes average usage in the period 
25 to 30 months before installation much greater than what is seen as an average in other months.  
It is only in the three months pre and post installation that all projects are included in the reported 
average.  When everyone is included in the average, there is a very noticeable reduction in energy 
use in the participant group.  However, this is not equally true for the projects with an early 
installation date.  Looking at months 12 through 18, the participant group actually uses more 
electric energy than the control group. 

 

Figure 5.  Comparison of Participants’ Monthly Usage to Matched Control Group 

Comparing by Calendar Month.  This view of savings is also a bit hard to interpret because the 
months do not correspond to a particular calendar month.  For example, since every participant 
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has a different starting month, there is a mixed bag of calendar months included in the average 
for month two.  This might be July 2014 for some customers and December 2012 for others.  
Even so, the comparisons between the participant group and the control group are valid because 
they are always matched.   

It is helpful, though, to convert this view of the matched control group to a calendar month basis 
so possible differences between summer and winter responses can be seen.  The calendar month 
view of the difference in usage between the participants and their matched controls after 
installation of measures is shown in Figure 6.  In this figure, the greatest difference can be seen 
during the summer of 2014.  There is also savings in the summer of 2012 and the winter of 2013-
14.  However, early differences have less weight than later differences because fewer 
participants are included in the early averages. 

 

Figure 6.  Comparison to the Matched Control Group on a Calendar Month Basis 

Weather-normalization.  All of the usage in these figures, and in the subsequent difference of 
difference regression models, are weather-normalized using the PRISM method.  Rather than 
using the default value of 65 degrees for the reference temperature in the calculation of heating 
degree days and cooling degree days, the PRISM method1 runs multiple weather-normalization 
models at different reference temperatures for each individual site during their pre-participation 

1 The PRISM methodology was originally developed in 1986 as the basis of the Princeton Scorekeeping Method 
(PRISM™) software.  It has been widely used within the industry for weather-normalization of billing data. 
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period.  The reference temperatures in the models with the best fit are found for each individual 
site, and then the median reference temperatures for winter and summer are used in the final 
fixed effects weather-normalization regression for the entire group. 

In this study, the median reference temperatures were found to be 59 degrees for winter and 66 
degrees for summer.  This means that participants generally don’t start using their space heating 
until the temperature reaches 59 degrees or lower outside, and they don’t start using their air-
conditioning until the temperature outside is 66 degrees or higher.  Reference temperatures for 
the control group customers were the same as they were for the participants since their usage 
patterns matched so closely during the pre-participation period. 

Quantifying the Difference of Differences.  The median reference temperatures of 59 degrees 
for winter and 66 degrees for summer are used in a fixed effects regression model to measure the 
difference of differences savings from the program.  The results of this modeling effort do not 
show any statistically significant savings for program participants beyond a reduction in usage 
that occurred for everyone.  So, while there is some visual verification that the program created 
savings compared to a control group, it is not possible to get a reliable quantification of the 
overall impact. 

Why There Are No Statistically Significant Savings from the Difference of Differences 
Method.  The finding of no quantifiable overall program savings is not surprising given the 
visual picture of the difference of differences that has already been presented.  Savings were 
strongest during the summer of 2014, but they were not always present over the whole lifetime 
of the program for all participants. The wide difference in installation dates across participants 
creates pre and post average usage values that are highly influenced by weighting.  If there was a 
full year of billing data available in the post period for all of the program participants, perhaps 
savings would be measurable.  It appears that some of the most recent participants are 
experiencing greater savings than previous participants. 

Also, the high volume of hourly data led to reliable estimates of program savings in the seasonal 
pre versus post models.  However, the matched control group model uses monthly data instead of 
hourly data.  Consequently, the number of observations used for estimating the savings is much 
smaller.  There are never more than forty-three monthly observations available for each 
customer, which is much less than the thousands of hourly observations available in the pre 
versus post model.  There is simply not enough data available to accurately measure savings in a 
difference of differences specification with monthly data.  

Table 8 summarizes project energy savings as reported by the program, verified through site visit 
and model re-run, and billing analysis.  It is important to note that the billing analysis does not 
build on the verified savings; these were two separate and distinct assessments. Verified savings 
were only estimated for projects where an on-site inspection was completed. 
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Table 8. Summary of Project-Level Savings 

Project 
ID 

# 
Buildings # Units Reported Savings 

(kWh) 
Verified Savings 

(kWh) 
Billing Analysis Savings 

(kWh) 
01 10 92  124,110  110,457  45,025 
02 27 77  244,515   244,515  (44,288) 

03* 
1 7  8,369   8,369  

9,770 
16 147  170,292  141,342  

04 1 129  91,274  91,274 42,252 
05 47 94  257,898  193,423  221,965 
05 13 54  155,666  150,996   83,568 
07 7 96  113,579  113,579 (36,172) 
08 7 42  52,176   57,393  47,236 
09 10 40  134,999   60,749   28,706 
10 1 13  27,049  27,049    11,022 
11 1 4  4,152   4,110 1,186 
12 1 30  39,071   110,458  19,430 
13 4 35  48,279   19,258 
14 28 76  241,675   10,614 
15 1 30  38,571   (11,490) 
16 6 156  165,300   56,102 
17 4 18  57,639   33,719 
18 11 44  149,645   14,127 
19 22 88  347,799   (1,665) 
20 13 64  83,074   (6,380) 
21 6 92  71,000   53,010 
22 15 168  222,131   56,644 
23 5 40  47,801   198,799 
24 2 92  89,339   4,237 
25 18 120  171,456   (11,247) 
26 1 12  61,393   20,238 
27 4 83  142,915   (4,862) 

Total 282 1,943 3,361,167  860,802 
Note: Highlighted projects indicate onsite survey completed. 

Net Impacts 

The estimate of free ridership from the interviews is considered to be the best estimate to use for 
the net-to-gross ratio in this study.  The estimated net-to-gross ratio of 93.5 percent has a relative 
precision of plus or minus 9 percent at the 90 percent confidence level. 

When applied to the best estimate of gross energy savings, 861 MWH, the result is net savings of 
805 MWH with a relative precision of plus or minus 9 percent at the 90 percent confidence level.  
The savings from this program are highly weather-sensitive, so results are presented for a typical 
meteorological year. 
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Table 9. Summary of Program Savings 

 
Weather-

Normalized 
Annual Energy  

Relative Precision 
at 90% 

Confidence Level  

Typical Summer 
Peak Day 
Demand  

Relative Precision 
at 90% 

Confidence Level 

Program-Reported 
Savings -3,361 MWH - - - 

Ex-Ante Gross 
Savings -861 MWH < ± 1% -583 KW ± 20% 

Net-to-Gross 
Ratio 93.5% ± 9% 93.5% ± 9% 

Net Savings -805 MWH ± 9% -545 KW ± 22% 
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Occupant Bill Savings 

Table 10 presents the estimated occupant electricity bill savings.  On average, individual 
occupants saved over $43 per year on their electricity bill.  Project 5 occupants realized much 
higher savings ($149), while some occupants did not realize any savings or saw an increase.  
Occupants across all projects will realize almost eighty-five thousand dollars annually. 

Table 10. Occupant Bill Savings 

Project 
ID # Units 

Average Annual 
Impact 

(kWh/project) 

Gross Annual Impact 
(kWh/unit) 

Annual Bill Savings 
($/occupied unit) 

01 92 45,025 489  $49.03 
02 77  (44,288) (575)  $(57.90) 
03 154 9,770 63  $6.02 
04 129 42,252 328  $32.95 
05 94 221,965 2361  $230.39) 
05 54 83,568 1548  $149.15 
07 96 (36,172) (377)  $(38.45) 
08 42  47,236 1125  $107.30 
09 40 28,706 718  $74.13 
10 13 11,023 848  $83.26 
11 4 1,186 297  $29.94 
12 30 19,430 648  $63.19 
13 35 19,258 550  $54.76 
14 76 10,614 140  $12.37 
15 30 (11,490) (383)  $(38.85) 
16 156 56,102 360  $34.84 
17 18 33,719 406  $41.00 
18 44 14,127 785  $75.16 
19 88 (1,665) (38)  $(3.85) 
20 64 (6,380) (72)  $(6.33) 
21 92 53,010 828  $81.63 
22 168 56,644 616  $62.10 
23 40 198,799 1183  $118.47 
24 92 4,237) 106  $10.92 
25 120 (11,247) (122)  $(11.35) 
26 12 20,238 169  $17.11 
27 83 (4,862) (405)  $(39.68) 

Total 1,943 860,802  $84,785 
Average   443 $43.64 
Note: Highlighted projects indicate onsite survey completed. 
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 Building Owner Feedback 

The results presented in this section are from phone interviews of 151 property owners, covering 
21 projects.  Participants provided program feedback by satisfaction of the participation process 
and identifying influencing factors in their decision making process.  The survey also used a 
series of questions to identify free ridership at the project level and to characterize the program’s 
participants.  The survey instrument used is located in the Appendix.      

Satisfaction  

Overall, participants expressed high levels of satisfaction with all aspects of the program.  Very 
satisfied scores for all seven specific program elements and for the program overall were above 
60 percent.  The highest marks were for the measure installation process and the only aspects 
that merited neutral ratings were the application and enrollment process and the incentive 
amounts.  Seventy five percent of the respondents were very satisfied with the program overall 
and the balance were satisfied. 

“Very happy with the program!” 

“Really happy with what SMUD has put together, easy to participate” 

“Everything went better than expected” 

In addition to the owner satisfaction with the program processes, several report that their tenants 
are happy with the results of the upgrades, citing increased comfort and utility bill savings.  Only 
one owner indicated that they have seen only small decrease in their electric bills.  They indicate 
that they selected the insulation R-value based on the HERS Rater’s recommendation, but wishes 
they’d gone with a higher efficiency. 

1 One property owner gave a partial interview. 
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Figure 7. Participant Satisfaction 

HERS Rater 

The building owners generally had good feedback about the program requirement to work with a 
HERS Rater and with the Raters themselves, calling them “professional” and “helpful”.  The 
only criticisms were mild: one owner cited the requirement for an audit as a barrier and another 
believed that some Raters are reluctant to talk on small projects.  It should be noted that the 
owner who though the audit process was a barrier also admitted that the Rater did a good job and 
helped them to identify upgrades that they otherwise would not have been able to identify 
themselves.   

Other owners noted that the menu of options their Rater created helped in their decision making 
process.  One pointed out that they believed that they needed to replace their window air 
conditioning units but that their Rater informed them that the units were already efficient.  

Incentives 

Building owners were satisfied with almost every aspect of the SMUD incentive, from the 
amount to the speed at which the checks were delivered.  Several owners noted that the incentive 
covered their entire retrofit.  The lowest incentive scores came from four owners who had 
applied when the program was funded through ARRA funds, though one of these four still rated 
the incentive a “ten”.  Another of these pointed out that they would be able to retrofit more of 
their properties if the incentive amounts were higher. 
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Program Awareness 

Generally, building owners were made aware of the program through informal channels or 
because of past participation.  Two owners were made aware of the program’s existence through 
their rental association or property manager and two others indicated that they were generally 
aware of the availability of incentives and initiated the research.  Three owners indicated that a 
program representative came to their offices promoting the program, though one of these 
indicated that the visit was several years ago.  One owner noted that they received marketing 
materials from the previous program implementer.  The program Web site is an important 
resource as several owners indicated that they sought out information about the program on the 
SMUD Web site. 

Barriers and Challenges 

The program and installation processes went smoothly for most owners with only a few owners 
mentioning minor challenges.  Nine of the 12 building owners who provided feedback on the 
challenges and barriers to undertaking the upgrades indicated that they did not experience any 
challenges and that the projects had gone smoothly.  One implied that this is because they’d 
completed the retrofit using in house staff.  Two noted the HERS Rater or the auditing process as 
challenging.  One of these felt that HERS Raters they reached out to were reluctant to take on 
smaller projects.  The other felt that the process of having to complete an audit was a barrier, 
though they admitted that the auditor did a thorough job.  One owner complimented the SMUD 
program manager by name, noting that he was easy to work with and gave clear information on 
the program benefits and requirements.   

A few owners made suggestions about other measures SMUD could incent: 

 Appliances, specifically electric stoves 

 Siding and exterior insulation products 

 Electrical service upgrades 

 Solar 

 Electric vehicle charging stations 

Funding Sources 

The SMUD incentives were an important funding source for the projects.  Most owners indicated 
that the incentive covered the entire cost of the retrofit or that the owner was able to use cash for 
their portion.  Only three owners were an exception to this: one owner used green financing, 
another indicated that they used “private funds”, and the third was not sure because they had not 
handled the finances of the project. 

Motivation to Participate 

Most building owners noted a combination of factors that influenced their decision to install the 
measures.  These factors included: the availability of the rebates, the poor condition of the 
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existing equipment, and tenant complaints about high utility bills.  Many owners indicated that 
the poor condition of one of the existing measures motivated them to seek out the program while 
the incentives made it possible to complete the retrofit.  One owner indicated that the high rebate 
level made their project too good to pass up.  Three owners noted tenant utility bills specifically 
and three cited the availability of rebates as their only motivating factor. 

Owners were asked specifically about the importance of three factors in their decision to pursue 
the upgrades: 

 The incentives provided by SMUD 

 The recommendations by their contractor or HERS Rater 

 The information provided by the program 

Figure 8 illustrates the importance of the SMUD incentives in the building owners’ decision to 
install the measures.  Almost 70 percent ranked these as the most influential.  Note that two 
building owners were not able to define just one factor; these two owners ranked the incentives 
and their HERS Raters equally. 

 

Figure 8. Influence on Decision to Install Measures 

 Participant Characterization 

The program participation was dominated by local organizations serving the Sacramento region.  
Nine of the properties are headquartered in Sacramento, two in northern California (Roseville 
and Menlo Park) and two in southern California (San Diego and the Los Angeles area).  Only 
one organization is located out of state, in Las Vegas, Nevada. 

Most organizations (eight of 14) manage large properties with greater than 500 units.  The largest 
of these owns 12,000 units across California, Arizona, and Las Vegas, Nevada; the other seven 
own between 700 and 1,000 units.  One owner was unsure of the number of units, stating that the 
private building owners have a “few properties”.  Despite the large size of these portfolios, the 
majority choose to manage their properties using in-house staff.  Only 21 percent use an external 
property management firm.   
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Most of the properties offer market rate housing, though two of these building owners believe 
that that many of their tenants likely qualify as low income because of the location, affordable 
rents, and small unit size.   

 

Figure 9. Participant Characterization 

Most of the building owners were able to fund their retrofits with a combination of cash and the 
SMUD incentives.  Five owners reported that the SMUD Incentives covered the entire cost of the 
retrofit.  Two owners leveraged a Property Assessed Clean Energy (PACE) program to help fund 
their upgrades.  The specific PACE program, Clean Energy Sacramento, is sanctioned by the 
City of Sacramento and administered by Ygrene Energy Fund.  PACE Programs allow for capital 
improvements for energy-saving upgrades and clean energy to be repaid through the facility’s 
property taxes, with a modest interest rate.  
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Figure 10. Sources of Financing 
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3. CONCLUSIONS AND RECOMMENDATIONS  

This section summarizes the key findings from the evaluation and the resulting recommendations 
from the TRC team. 

 Conclusions 

Site and Model Verification 

All measures incented by the program were installed and functioning.  Site verification identified 
that all projects installed incentivized measures properly and that the upgrades complied with 
efficiency specifications of the program.  

The overall verification factor of the twelve sites that received site verification visits is 0.92, 
though the discrepancies in the verification rate stem from differences in the building simulation 
model parameters and not directly from the incented program measures.  While sometimes the 
Rater configured the model improperly compared with the actual conditions of the project, site 
visits confirmed that the contractors installed all upgrade measures specified by the program.  

The parameters of greatest impact on the energy calculations were domestic hot water (DHW) 
energy factor and heating ventilation and air conditioning (HVAC) efficiency while building 
geometry and façade areas (including roofs, windows, doors, walls and floors) have little impact 
on overall building energy use.  The variance in building heat transfer caused by internal systems 
dwarfs the variance in building heat transfer (gain and loss) due to sunlight and ambient weather. 

Billing Analysis 

The billing analysis estimates 861,000 kWh of gross energy savings, resulting in a realization 
rate of 26 percent for the program.  The difference between this estimate and the reported 
savings, which is based on the EnergyPro modelling, is likely caused by the following: 

 Difference in Modeled Total KWH Use.  The building simulation models estimate a 
total kWh use for each project based on the building design and end uses where the 
billing analysis is based on the participant’s actual usage. 

 Reported Changes in Installations.  During the telephone interviews, four of the 
building owners reported that their project scope did not cover the installation of 
measures in all of their units. 

 Verification Factor.  The verification factor determined from the on-site visits was 
previously reported as 92 percent.   

 Difference in Modeled Savings Percent.  Variations in the model’s assumptions about 
occupant behavior and plug loads and the actual occupant behavior and plug loads are the 
likely source of this difference.  
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The savings rate varies considerably by season with the largest seasonal savings achieved during 
winter for customers with electric space heat. 

On average, individual occupants saved over $43 per year on their electricity bill.  Some 
occupants realized much higher savings while some occupants did not realize any savings or saw 
an increase. 

The savings rate for the program is higher on peak days than on an annual basis because the 
savings are weather-sensitive.  During the critical hours of 4 to 7 pm, there is an average 
reduction of 0.30 kW per occupied living unit. 

Statistically significant savings estimates are found for attic insulation, but not for any of the 
other measure types.  The seasonal models estimated savings from attic insulation to be -442 
kWh per year.  This is equivalent to an 8 percent reduction in usage due to attic insulation.  
Savings from attic insulation occurred throughout the day during winter, spring and fall, with 
greatest savings on the coldest days. In contrast, summer savings from attic insulation occur 
primarily during the afternoon hours.  

Free-ridership 

The program had a significant impact on the building owners’ decisions to undertake the 
retrofits, resulting in an estimated free-ridership rate of 7 percent and a net-to-gross ratio of 93 
percent.  Most building owners indicated that they would not have completed the retrofits 
without the program incentives.  Some building owners indicated that they were thinking of 
installing one measure type, but installed the additional measures to meet the program’s 
requirements.   

Building Owner Feedback 

Participants expressed high levels of satisfaction with all aspects of the program.  The highest 
marks were for the measure installation process and the only aspects that merited neutral ratings 
were the application and enrollment process and the incentive amounts.  Tenants were also 
reported to be happy with the results of the upgrades, citing increased comfort and utility bill 
savings. 

The HERS Raters were instrumental in helping the building owners identify upgrade 
opportunities.  Several building owners confessed that they would not have known what 
measures or efficiency levels to install without their HERS Rater recommendations. 

Building owners were satisfied with almost every aspect of the SMUD incentive, from the 
amount to the speed at which the checks were delivered.  The incentive covered the entire project 
cost for some projects; most other building owners were able to fund their portion of the costs 
with cash on hand.  Two projects were financed using Sacramento’s PACE program.   

The availability of incentives, tenant complaints about high bills, and the poor condition of 
existing equipment were the building owners’ motivations to undertake the upgrades. 
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The program and installation processes went smoothly for most owners with only a few owners 
mentioning minor challenges.  One owner complimented the SMUD program manager by name, 
noting that he was easy to work with and gave clear information on the program benefits and 
requirements.   

 Recommendations 

If program administration resources are constrained, TRC recommends that the SMUD HPP-MF 
consider changing Energy Pro model scrutiny protocols. The model verification process 
demonstrated that building geometry and façade have little impact on building energy savings. 
However, these aspects of the building simulation require significant labor resources to review 
individually. The program could consider implementing an updated model review process that 
focuses heavily on the internal systems of the building with reduced scrutiny on building 
orientation, façade areas and geometry.  

Reconsider using EnergyPro building simulation results as the basis for reporting program 
impacts.  The EnergyPro model’s primary purpose is to understand the trade off in energy 
savings between various measure installations and is not intended to be a reliable estimate of 
total energy savings or energy use.   In this case, the model estimates produced savings estimates 
greater than what was verified through the billing analysis. 

Conduct future studies to better understand occupant behavior (hours of use, number of 
occupants) and plug loads.  This information will help to refine energy savings estimates and 
may identify additional areas of potential savings and program interventions. 
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4. APPENDICES   

This section contains the following appendices: 

 Methodology 

 Building Owner Survey 

 Mean Hourly Load Profiles 

  

43   |   TRC Energy Services 



Home Performance Program – Multifamily Evaluation  

 Appendix: Methodology 

 Building Owner Interviews 

TRC conducted in-depth interviews with 15 of the participating building owners.   Interviews 
were conducted via telephone from July to September 2014 and lasted an average of 20 minutes.  
Call attempts were made to each participating building owner.   

 EnergyPro Model Verification  

File Reviews 

TRC conducted detailed reviews of the program participation database and project files, 
including EnergyPro input and output files, to prepare the field surveyor for on-site data 
collection to verify measure installation and collect sufficient building characteristics and 
operating conditions to validate the energy models.  TRC examined project files for details on 
retrofit measures and building characteristics, including: 

 Building Characteristics:  square footage, geometry, orientation, quantity and variation 
of dwelling units 

 Building Envelope and Ventilation:  construction assembly type and insulation, 
window area by orientation, overhangs, and other exterior shading, visual observation of 
air-tightness of the building (natural infiltration)  

 Cooling system: types (e.g. PTAC, split system A/C), age, quantities, nameplate 
efficiency, and observations of general condition to consider operating efficiency when 
reviewing model inputs 

 Heating systems:  type (e.g. heat pump, baseboard, hydronic hot water), age, quantities 
(e.g. linear feet of baseboards), nameplate efficiency, and observations of general 
condition to consider operating efficiency when reviewing model inputs 

 Ventilation Systems:  ventilation system type (e.g. central, individual) 
 Lighting systems:  dwelling unit and common area lighting fixtures types, wattages, 

quantities, and locations for accurate assignment of internal heat gains 
 Appliances and Miscellaneous Loads:  dwelling unit appliances, common area laundry 

equipment 

On-Site Verification Surveys  

TRC conducted on-site verification for a sample of sites.  TRC contacted all of the participating 
sites (30 sites) with a goal of conducting site visits with 13 sites.  TRC was able to complete site 
visits with 12 sites representing 42 percent of program savings.   

The measure data collected included details on all measures and building characteristics 
identified during the file review, including the following: 

 Windows were inspected for the type of framing material (metal, non-metal, and vinyl 
clad metal), number of panes of glass, and square footage by orientation.  The surveyor 
attempted to locate an NFRC rating label to verify performance values.  If the NFRC 
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labels were not located, and the field verified number of panes and frame type match the 
values reported in the project file we assumed the values from project files were accurate.  
If the verified window types did not match the values reported in the project file, we 
reran the model based on default values based on framing type and number of panes. 

 Attic insulation was verified on-site by accessing the attic space and identifying the type 
of insulation installed (batt or loose fill), thickness of insulation, and square feet of 
surface area.  Where batt insulation was installed, the R-value stamped on the material 
was recorded.  Loose fill attic insulation thickness was measured in four locations to 
verify average thickness.  The quality of insulation installation was assessed to verify that 
there were no voids or gaps in installation and the insulation was not compressed causing 
a reduction in specified R-value.  If the inspection identified significant lack of coverage 
of insulation installation, or gaps in installation, we applied a de-rating factor and reran 
the model using the assembly effective U-value based on our observations. 

 Floor insulation in accessible crawl spaces was inspected for insulation thickness, R-
value label, square feet of surface area, and quality of installation described above.   

 Wall and floor insulation in sealed cavities is extremely difficult to verify in a non-
intrusive manner.  In these instances attempted to verify framing thickness to ensure they 
were thick enough to hold the claimed insulation R-value.  In instances where the floor 
insulation was not accessible, or the joist thickness could not be confirmed, we verified 
the square feet of the floor and assumed the measure was installed as reported in program 
data. 

 Cool roofing characteristics, including color and material were recorded by the surveyor 
and compared to the reflectance and emissivity as specified in the documents.  

 Duct insulation R-values and quality of duct sealing were recorded.  

 HVAC system type, nameplate data, and quantities were recorded by the surveyor.  

Analysis: EnergyPro Savings Verification 

TRC verified that the assumptions in the EnergyPro models and file documentation match data 
verified on-site.  The EnergyPro models were rerun if the differences were significant based on 
the following tolerances: 

a. The efficiency of installed measure is different than modeled by more than 5% 
b. The quantity of installed measure (including counts and square footage) is different than 

modeled by more than 5% 
c. Orientation modeled is off by 15 degrees or greater 
d. Overall conditioned floor area differs by more than 10% 
e. Window/floor area ratio (low rise) or window/wall area ratio (high rise) differ by more 

than 5% if windows are a measure or not 
f. Continuous efficiency improvements such as cooling efficiency or window performance 

(U-values and SHGC) values or envelope insulation differ by more than 5%. 
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For projects where the discrepancies between the project files and the on-site data collection was 
outside of one of these tolerances, TRC reran the calculations with the data collected on-site for 
the entire project, not just the parameter that was outside of the tolerance.   

 Billing Analysis 

This section describes the process used to develop the billing analysis. 

Data Preparation – Weather Data 

The latitude and longitude of each project was estimated based on the associated zip code for the 
premise address. The nearest NOAA weather station with good data for the last four years was 
located.  There were a total of seven different weather stations used for the twenty-seven projects 
in this evaluation.   

Heating and cooling indices based on the weather data were developed for weather-
normalization of each model as shown in Table 10.  Each index is designed to correlate with 
space heating or space cooling usage.  The reference temperatures for the monthly billing data 
weather indices were determined as the mean project-level values from PRISM modeling.   

Table 11. Weather Measures for Weather Normalization 

 Heating Index Cooling Index 

Hourly AMR Data Max(65 – Hourly Temp ºF, 0) 

Max(THI – 65, 0) where 

THI = (0.55 x Hourly Temp ºF)   +    
(0.20 x Hourly Dewpoint Temp ºF) 

+17.5 

Monthly Billing Data 
Max(59 – Ave Daily Temp ºF, 

0), Daily Index averaged by 
month 

Max(Ave Daily Temp ºF - 66, 0),      
Daily Index averaged by month 

When normal weather data was needed, typical meteorological year data for Sacramento was 
used.  The TMY3 data for Sacramento was downloaded from 
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.htmlsed. 

Data Preparation – Identifying Vacancies and Common Spaces 

Billing data analysis for residential multifamily units is more challenging than equivalent 
analysis for single-family units because of the complexity of the billing data.  Some projects are 
master-metered with just a few meters for the entire complex.  Others have a separate meter for 
each living unit, as well as meters for common areas.  Also, there are frequent occupant moves in 
and out of each living unit with vacant periods in between.  

To standardize the billing data for analysis, an effort was made to identify common areas and 
vacancies.  It was assumed that under each of these conditions, the customer name on the 
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account would be the landlord’s name.  The trick was to distinguish landlord names from 
occupant names. 

This was done by doing an initial search for premises with daily usage less than 10 kWh and six 
or fewer monthly bills.  These cut-offs were determined based on visual and statistical analysis 
of the data.  Given that many leases are for one year, a shorter period of assignment is indicative 
of a potential vacancy.  Plus, accounts that were active for six months or less generally had very 
low usage compared to other accounts and looked like vacant units. 

Once the potential vacant units were identified, the associated customer name was considered a 
potential landlord name.  Other accounts for each project were searched for additional premises 
under the same landlord name.  All of these were flagged as potential common area accounts or 
vacancies.  

There were 5,271 potential landlord names identified, and they were associated with 31,270 
accounts.  This represented nine percent out of the total 345,000 multifamily accounts.  Note that 
these accounts were associated with 149,000 premises.  Premises represent physical locations 
while accounts represent customers that move in and out of those premises. 

Data Preparation – Hourly Consumption Data for Participants 

Nearly three million observations of hourly electric energy use were received for thirty-five 
different projects that were potential program participants.   A project can include multiple 
buildings, and each building has multiple living units.  Only twenty-seven of the original thirty-
five potential projects actually completed their installations in the time frame that allowed for at 
least three months of post-installation data for analysis.  That is, the installations had to be 
completed before July 1 of 2014.  Pre-installation data was available back to January 2011 for 
each project. 

Hourly consumption data was summarized at the project level for analysis.  The goal was to 
create an average hourly usage per occupied unit for each project.  This removed the variation in 
total usage that came from having a different number of units in each project, or different 
vacancy rates or common areas.  Accounts that had been flagged as potential common areas or 
vacancies were excluded from the calculation of the average.  

The number of premises identified as occupied for each project was compared to the number of 
units that participated in the measure installations.  The congruence between the two was very 
good for most projects.  For weighting purposes within the models, the number of units 
identified as participating units in the program documentation was used.  However, the average 
use per unit was calculated using the number of premises as the denominator.  This was felt to be 
the most accurate representation of participants and usage affected by the program. 

One participating project was identified as master-metered.  They had over one hundred living 
units but only seven premises with billing data.  In that case, the total usage of the seven 
premises was summed and then divided by the number of living units to create equivalent usage 
per unit observations that could be compared to the usage per unit observations from the other 
projects. Vacancy rates and common areas were not known for this customer.   
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The accuracy of the hourly data was verified by comparison to the monthly data received for the 
same premises.  The accuracy was found to be very good. 

Data Preparation – Monthly Billing Data for Participants and Non-Participants 

Monthly billing data was received for both participants and non-participants.  Non-participants 
were premises identified as residential multifamily within the SMUD billing system, and they 
did not participate in any other energy efficiency programs. 

While the monthly billing data was used as the basis for finding common areas and vacancies 
that were used to identify occupied units, this adjustment was not applied to the monthly data.  
This is because the monthly data was used in a difference of differences analysis with a matched 
control group.  The common areas and vacancies did not need to be identified.  It was assumed 
that whatever their proportion was within the participant group, it was the same as the non-
participant group, so there  would not be any effect on the savings difference between the two 
groups. 

The greatest challenge in data preparation for the monthly billing data was the identification of 
non-participants at a building complex level that would be similar to the project level data known 
for the participants.  Each project, or complex, could include multiple buildings, and each 
building had multiple living units.  Sometimes street addresses would be the same for multiple 
buildings in the same complex, but often they were not.  Sometimes street addresses would be 
the same for multiple units in the same building, but sometimes they were not. 

Assumptions had to be made on how to group the disparate non-participant premises into groups 
that would approximate the project-level building complexes in the participant group.  This was 
done by assuming that all multi-family premises within the same block were part of the same 
complex.  The house number was extracted from each address and rounded to the nearest 100 to 
get a block number for that street.  This assumes that each city block goes up by 100.  All 
multifamily premises in the same street and block were combined to get an average usage per 
building complex that was comparable to the participant projects.  Granted, this is not 100 
percent accurate, but it is accurate enough to create the comparison that is needed.  Some smaller 
multi-family units may be included in the average for the block that are not really part of a large 
complex, but presumably they are a small percentage and not a large influence on the average.  
Even so, the final non-participant averages are matched to the participant averages, and if the 
match is good these differences aren’t particularly important. 

Monthly billing data covers different billing periods for each customer.  This was standardized to 
calendar month data for analysis.  For example, if there were ten billing days in June and twenty 
billing days in July, one-third of the billed usage would be assigned to June and two-thirds of the 
billed usage would be assigned to July.  This removes some of the accuracy of the consumption 
data compared to what is available with hourly data and is another reason why using hourly data 
in billing analysis can lead to reliable findings of savings that are not observable with monthly 
data.  

Selecting the Matched Control Group 
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To select a matched control group, the monthly electric use for each participant is matched to the 
monthly electric use of each non-participant at the project (building complex) level.  The 
difference between these two values is squared, and then the results for each month are added 
together for each possible participant: non-participant pair.  The pair with the lowest sum of 
squared differences (SSD) is considered the best match.   

This study used a load shape matching technique for calculating the SSD.  Monthly electric 
billing data has a strong seasonal pattern since air-conditioning is a major use that responds only 
to summer weather, and space-heating and lights are common uses that respond strongly to 
winter.  Other appliances and plug-in loads tend to make up base use that stays relatively 
constant throughout the year.  This situation means that some customer patterns can match well 
if their seasonal response is the same, even though their baseload level is different.  To improve 
the accuracy of matching loads based purely on their shape, the monthly usage differences 
between each potential participant:non-participant matched pair are subtracted from their average 
difference before creating the overall sum of squared differences for the pair.  This normalizes 
the load level and increases focus on load shapes instead.   

The average difference in monthly usage between the two customers in the matched pair is then 
applied to the usage for the non-participant to create a bias-adjusted match for later modeling.  
This bias-adjustment is similar to the day-of adjustment that is often used in demand response 
program impact evaluations.   The load shape of the comparison case is preserved while its 
magnitude is adjusted to match the participant's exact condition in the pre-period.   

An Example of Why Load Shape Matching Creates Better Matches.  Figure 11 shows monthly 
electric usage for Customer A compared to Customer B.  Their patterns match exactly, but 
Customer B has higher average use than Customer A.   

  

Figure 11.  Example of a Good Match; Customer A and Customer B  

are Different Sizes but Share the Same Usage Pattern 
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The opposite case is shown in Figure 12, where the same Customer A is compared to Customer 
C.  Customer C has the same average usage as Customer A, but the patterns of usage, or load 
shape, do not match well at all. 

  

Figure 12.  Example of a Poor Match; Customer A and Customer C  

are the Same Size but have Different Usage Patterns 

Using a simple sum of squared differences method would select Customer C as the best match 
for Customer A, simply because they are closer in size.  Using Customer C as the counter factual 
in post-participation program years would not be a good predictor of Customer A's monthly 
usage, and it would not be useful for creating good estimates of monthly energy savings. 

Using the mean-adjusted sum-of-squared differences Load Shape Matching method, Customer B 
would be chosen as the best match for Customer A.  Customer B's pattern of usage would be a 
very good counter factual comparison for Customer A in program years, as long as the difference 
in average usage seen between Customer A and Customer B in the pre-program period is used to 
adjust Customer B's use.  Essentially, the size difference between the participant and their match 
in the pre-period is adjusted to zero, and the same adjustment is applied to post-period use also.   
This is the bias-adjustment.  

In this study, the five non-participants with the best match to each participant were selected to be 
in the matched control group for analysis.  The final dataset for analysis included twenty-seven 
participant projects and 135 matched non-participants. 

Basic Rigor Model Specification – Seasonal Savings with Hourly Data 

Separate models were run for each project, season, day type and hour of the day using hourly 
billing data in a pre vs. post specification.  There were twenty-seven different projects.  There 
were three seasons:  Summer (June, July, August and September), Winter (December, January, 
February and March), and Spring/Fall (April, May, October and November).  There were two 
day types:  Weekdays and Weekend Days.  Holidays were included with Weekend Days.  Each 

TRC Energy Services   |   50 



Home Performance Program – Multifamily Evaluation 

of the twenty-four hours of the day was modeled separately to accurately reflect changing base 
use and weather-sensitive behaviors throughout the day.  For example, base use is much lower 
during nighttime hours than during daytime hours.  It is also much higher during early morning 
and evening hours when occupants are most likely to be home.  This was a total of 27 * 3 * 2 * 
24 = 3,888 separate regression models. 

Each regression model had the following basic specification: 

𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 = 𝑎𝑎 + 𝑏𝑏1𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡  + 𝑏𝑏2𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡  + 𝑏𝑏3𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡  +  𝑏𝑏4𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡  + 𝑏𝑏5𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡 
 
Where: 
 
𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡  = Average Hourly Energy Consumption for Occupied Units during hour t 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡  = A 0/1 binary variable equal to 1 if hour t is after installation of measures 
𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡  = Max(65 – Hourly Temp ºF, 0) during hour t 
𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 = Max(THI – 65, 0) during hour t,  
                            where THI = (0.55 x Hourly Temp ºF)  + (0.20 x Hourly Dewpoint Temp ºF) 

+17.5 

For summer models, the HDD variables were excluded.  For winter models, the CDD variables 
were excluded.  PRISM weather-normalization methods were not used for the hourly data 
models because each model was already picking up reference temperature differences related to 
base use and weather-sensitive use for each individual customer. 

To estimate program savings, the coefficients on the post variables were combined with TMY3 
weather. 

While a fixed effects regression specification could have been used that developed average 
savings over all projects, there was sufficient data to create separate reliable estimates of savings 
for each individual project.  This was preferable since it allowed for comparison across projects. 

The coefficients from the summer weekday regressions were used to model summer peak day 
impacts.  

SMUD defines summer peak day as the third day of a heat wave that has a maximum 
temperature of 106 degrees between 4 and 7 pm on the third day.  This is preceded by a 
maximum of 104 degrees the day before, and 100 degrees the day before that. The minimum 
temperature on the peak day is 67 degrees, meaning that there is little relief from the heat during 
the nighttime or early morning.  

Using typical meteorological year data (TMY3) for Sacramento, the SMUD definition of 
summer peak day conditions is best met on August 2, 3 and 4.  However, temperatures on those 
days are a bit too low to meet the standard definition, so 6 degrees are added to every daytime 
hour and two degrees are added to nighttime hours on August 4 to make it a better fit. 

Enhanced Rigor Model Specification - Monthly Data and a Matched Control Group 
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A single fixed-effects regression model was run to estimate the difference of differences savings 
with a matched control group.  Seasonal variation was handled by including both summer and 
winter weather variables in the same model. 

The fixed effects regression model had the following specification:  

𝐴𝐴𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡 = 𝑎𝑎𝑘𝑘 + 𝑏𝑏1𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡  + 𝑏𝑏2𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡 + 𝑏𝑏3𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡   + 𝑏𝑏4𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡  + 𝑏𝑏5𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡
⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡  +  𝑏𝑏6𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡  + 𝑏𝑏7𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡 + 𝑏𝑏8𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑘𝑘𝑡𝑡 

Where: 

𝐴𝐴𝐻𝐻𝐻𝐻𝑘𝑘𝑡𝑡 = Average Daily KWH Consumption for All Premises for customer k 
during month t 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃k𝑡𝑡 = A 0/1 binary variable equal to 1 if month t is after installation of 

measures for the participant match to customer k 
 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃k𝑡𝑡 = A 0/1 binary variable equal to 1 if month t is after installation of 

measures for customer k and customer k is a participant in the program 
 
𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻k𝑡𝑡 = Max(59 – Ave Daily Temp ºF, 0), Daily Index averaged by month t for 

customer k 
 
𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻k𝑡𝑡 = Max(Ave Daily Temp ºF - 66, 0),  Daily Index averaged by month t for 

customer k                             

To estimate savings, the coefficients on the postpartic variables were combined with TMY3 
weather. 
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 Appendix B: Building Owner Survey  

BUILDING OWNER INTERVIEW GUIDE FOR THE SMUD HPP-MF 
EVALUATION  

Introduction 
The Sacramento Municipal Utility District (SMUD) has been implementing the High Performance 
Program – Multifamily (HPP-MF) since 2012.  SMUD has contracted with TRC to conduct an evaluation of 
the program for program years 2013 - 20141.   

The purpose of this survey is to collect information from building owners participating in the SMUD High 
Performance Program, Multifamily during 2013 and 2014.  Questions in this interview guide are 
designed to provide interviewers with prepared questions to ask participating multifamily property 
owners, property managers, or other decision-makers about their experience with the program.  Table 
11 below outlines the sections, topics, and questions of the interview guide to cross-reference them 
with the goals and objectives of the program evaluation. 

[Note to interviewers: This topic guide is designed to help you to complete an approximately 30-minute 
in-depth interview (IDI). This IDI combines both quantitative and qualitative research questions.  Please 
be sure to capture specific point values for the questions in the Free-ridership and Program Satisfaction 
sections as these results will be tabulated and compared across respondents.  Open ended questions, 
and those with a prompt to probe, are focused on discovery and should be captured qualitatively.]  

Objectives of these interviews include: 

 Owner satisfaction with the program and decision-making processes; 
 Drivers and barriers to conduct an energy efficiency upgrade, and participate in the program; 
 Assess free ridership; 
 Assess the effect of the program on accelerated equipment replacement; 
 Inquire about facility operations which will enable us to more accurately interpret billing data; 

and 
 Serve as a recruitment mechanism for on-site surveys. 

 

1  Seven projects were completed after April 1, 2012.  These projects are included in this evaluation. 
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Section Topic(s) Question #s 

Screening Questions  1& 2 

Participant Characteristics 

Owner size, ownership 
headquarters location, source(s) 
of financing used to fund the 
retrofit, whether the property 
manager works directly for the 
owner or is external, population 
served 

3 to 6 

Project Characteristics 

Ownership type, structure, and 
location, source of financing for 
the retrofit, vacancy rates, change 
to facility operations 

7 to 12 

Owner Decision-Making 

How the owner originally heard 
about the program, motivations 
and challenges to conduct an 
energy efficiency upgrade, and  
motivations and challenges to 
participate in the program 

13 to 15 

Free-ridership 

The influence of the program on 
the types of measures installed, 
the influence of the program on 
the timing of the installation, and 
on the level of efficiency achieved 
for each measure 

16 & 17 

Program Satisfaction 

The program overall, the energy 
efficiency retrofit, each stage of 
the participation process, the 
Home Energy Rating System 
(HERS) rater’s service on the 
project 

18 & 19 

Program Recommendations 

Suggestions for improvement to 
the program processes, 
requirements or eligibility, 
incentive levels, or eligible 
measures 

20 

Onsite Recruitment  21 & 22 

Table 12. Interview Topics and Corresponding Question Count 
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Interview Guide 
TRC will use the following guide to interview building owners who participated in the SMUD HPP-MF.  
The interview should last one half hour.  

If the interview is recorded, TRC will obtain explicit permission from the respondent before proceeding. 

If the respondent questions the legitimacy of the survey, the SMUD evaluation manager’s contact 
information will be shared: 

 Wim Bos 

 916-732-6579 

If respondents express concern about confidentiality of their feedback, TRC will assure them that: 

1. their answers remain confidential; 

2. their feedback will be reported in aggregate with the other respondents such that their identify 
is not disclosed; and 

3. their feedback will not affect the status of any current or future projects they may have with 
SMUD.  

Introduction and Screening 
Hello, this is [INTERVIEWER’S NAME] calling from TRC Solutions on behalf of the Sacramento Municipal 
Utility District. This is not a sales call. We are contacting building owners who have participated in the 
High-Performance Program - Multifamily through which you had energy efficiency measures installed at 
your facility at [Address]. 

The purpose of this call is to ask you about your satisfaction with the program and other related topics.  
This interview should take approximately 30 minutes.  We are conducting an independent study to 
evaluate the program and would like to include your opinions.  

1. Are you the person who is most familiar with the decision to install these upgrades and 
participate in the program? 

a. Yes [Proceed with interview] 

b. No [Skip to 2] 

c. Don’t Know [Skip to 2]  

d. Refuse [Skip to 2]  

Is there someone who may be more knowledgeable about the upgrades that I could speak with? 

a. Yes and available [Proceed with interview] 

b. Yes and busy [Ask for contact information and Schedule a call back] 

c. No [Terminate call] 

d. Don’t know/Refused [Terminate call] 

[Note: If the respondent is the correct person to speak with, ask them if they are willing to participate in 
the interview, and if this is the best time to talk or if they prefer to schedule another time.] 
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Your feedback will be used to assess the effectiveness of the program and to help design future 
programs. Your answers remain confidential and will not affect the status of any current or future 
projects you may have with SMUD.  We would be grateful for your participation in our research. 

Participant Characteristics 
Approximately how many multifamily units does your company own or manage (portfolio wide, and 

in the Sacramento area)? 

Where is the business headquarters located (e.g., locally owned or national entity)?   

What was the financing source(s) used to fund the retrofit, in addition to the SMUD incentive? 

Is the property management done in-house (e.g., an in-house property manager) or is it an external 
party (i.e., is hired from a different organization)? 

Project Characteristics 
In this survey, I will refer to the property at [Address] that participated in the program as “property.” 

How many buildings are on this property? Did all of the building participate in the program?  

What type of population is served at this property (e.g. affordable, market rate (including affordable 
units), assisted living facilities, or other types of facilities)? 

The program records show that you had the following types of efficiency measures installed in 
[insert program year]. Please confirm that this is correct. Interviewer will fill in the installed 
measures before the interview from the program documents. 

a. Windows 

b. Roof/attic insulation/Wall insulation/Floor insulation 

c. Cool roofing 

d. Space cooling equipment or HVAC/Duct sealing and insulation 

e. Comprehensive hard wired indoor lighting 

Did all of your buildings on the property receive the same efficiency measures?  If not, what other 
measures where installed? (Probe: how many buildings where the other measures done in?  
Same or different type of building?) 

Did your building receive any other energy efficiency upgrades (i.e. refrigerator or dishwasher) 
during or after the retrofit? [Remind them the program year they participated] 

Have there been any vacancy, operational, or other changes that may affect savings or energy use 
since the upgrade? [Probe for: high tenant turnover, population change, facility operation 
changes, HVAC maintenance or replacement, or other factors] 

a. If there were changes, what was the program’s influence on these changes? [If needed, 
provide examples: the vacancy rate may have been reduced because of benefits resulting 
from the upgrade (e.g., lower energy bills, improved comfort), or the rater may have 
provided guidance for achieving energy savings through improved operations.] 
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Owner Decision to Participate 
How did you [or the building owner] originally hear about the program? 

What motivated you to install these energy efficiency measures?  [If they have difficulty with this 
question, ask: What benefits did you expect to see from the upgrades?] 

What were the challenges or barriers to conduct the energy efficiency upgrades?   

Free-ridership 
Which of the following factors was most important in your decision to install the energy efficiency 

measures through the SMUD multifamily program?   

a. The information provided by the program 

b. The incentives provided by SMUD 

c. Recommendations by your contractor or HERS rater  

Keep thinking about <measure x>.  What would you have done if there hadn't been any SMUD 
program available at that time? 

RECORD VERBATIM RESPONSES 

Follow-up with these probing questions if the respondent hasn't addressed them: 

o "Did the timing of the installation change because of the program?" 

If "yes", then record the difference in timing (months or years) 

o "Did the efficiency level of what you installed change because of the program?" 

If "yes", then record the difference in efficiency level. 

o "Did the number of <measures> that you installed change because of the program?"  

If "yes", then record the difference in the number of measures  

Program Satisfaction 
I’d now like to ask about your satisfaction with the SMUD program.  Please rate your satisfaction with 
each of the following statements on a scale of 1 to 10, where 1 is strongly dissatisfied and 10 is strongly 
satisfied.  [If answers are very low (1, 2, or 3) or very high (8, 9, or 10) ask: “Why did you give this 
rating?”]  

How satisfied were you with the results of the energy efficiency retrofit?  [If needed, say “Such as 
whether the owner or residents have noticed changes in comfort, the energy bills are lower, or 
other effects.”] 

How satisfied were you with: 

a. The energy assessment completed by Home Energy Rating System or HERS Rater 

b. The application and enrollment process 

c. The measure installation process 

d. Post installation inspection completed by HERS Rater 
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e. Amount of time it took to receive the incentive check 

f. The incentive amount 

g. The program overall 

Program Recommendations 
Are there other measures or technologies you’d like SMUD to offer incentives for? 

Onsite Recruitment  
For this evaluation, we are also conducting on-site surveys for some of the properties to verify the 
measures installed through the program. Only a sample of units within your complex will need to be 
visited, not all units.   We can visit vacant units if these are available.  

Would you be willing to participate in on-site verification of the energy efficient measures?   

a. If so, what is your preference for scheduling time to sample the units? (Properly manager 
gives tenants 48hrs notice, TRC contacts the tenants, etc.)  

Do you [the owner] have additional multifamily properties in SMUD territory you [they] are 
interested in enrolling in the program? [If so, take down name and address of property, number 
of units, and measures they are interested in.  Tell them someone from SMUD will contact 
them.] 

 
Those are all of my questions for you today.  Do you have any final comments about the program? 
Thank you so much for your time.  

 

  

TRC Energy Services   |   58 



Home Performance Program – Multifamily Evaluation 

 Appendix C: Mean Hourly Load Profiles 

 

Average Summer Weekdays 

 

HE Before After Impact
1 0.54 0.52 -0.02
2 0.48 0.47 -0.01
3 0.44 0.43 -0.01
4 0.41 0.40 -0.01
5 0.40 0.40 0.00
6 0.42 0.42 0.00
7 0.45 0.44 -0.01
8 0.46 0.45 -0.01
9 0.48 0.47 -0.01
10 0.54 0.52 -0.02
11 0.61 0.58 -0.04
12 0.70 0.65 -0.05
13 0.80 0.74 -0.06
14 0.88 0.81 -0.07
15 0.95 0.87 -0.08
16 1.04 0.95 -0.09
17 1.05 0.97 -0.08
18 1.02 0.96 -0.07
19 0.93 0.89 -0.04
20 0.89 0.84 -0.04
21 0.88 0.83 -0.05
22 0.84 0.78 -0.07
23 0.76 0.69 -0.06
24 0.64 0.60 -0.04

DAILY 16.64 15.69 -0.95
Days 85 85 85

KWH/Cust 1414 1333 -81
-5.7%
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Average Summer Weekend Days and Holidays 

 

  

HE Before After Impact
1 0.59 0.58 -0.01
2 0.51 0.51 -0.01
3 0.47 0.46 0.00
4 0.43 0.43 0.00
5 0.42 0.42 0.00
6 0.41 0.40 0.00
7 0.40 0.40 0.00
8 0.43 0.43 0.00
9 0.51 0.51 0.00
10 0.61 0.59 -0.02
11 0.71 0.66 -0.05
12 0.81 0.73 -0.08
13 0.90 0.81 -0.10
14 0.97 0.88 -0.09
15 1.05 0.95 -0.11
16 1.11 1.01 -0.10
17 1.09 1.01 -0.09
18 1.03 0.95 -0.08
19 0.93 0.88 -0.05
20 0.88 0.83 -0.05
21 0.87 0.82 -0.05
22 0.84 0.79 -0.05
23 0.75 0.73 -0.02
24 0.65 0.64 -0.01

DAILY 17.39 16.40 -0.99
Days 37 37 37

KWH/Cust 643 607 -37
-5.7%
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Summer Peak Day 
 

 
 

  

HE Before After Impact Pct Impact
1 0.75 0.64 -0.11 -14%
2 0.68 0.58 -0.10 -15%
3 0.68 0.54 -0.14 -21%
4 0.72 0.49 -0.23 -31%
5 0.73 0.48 -0.25 -35%
6 0.64 0.50 -0.15 -23%
7 0.59 0.51 -0.08 -13%
8 0.57 0.56 -0.01 -1%
9 0.72 0.69 -0.03 -4%
10 0.78 0.75 -0.03 -4%
11 0.95 0.87 -0.08 -8%
12 1.14 1.02 -0.12 -10%
13 1.39 1.22 -0.17 -12%
14 1.66 1.43 -0.23 -14%
15 1.87 1.59 -0.28 -15%
16 1.98 1.66 -0.32 -16%
17 2.10 1.76 -0.34 -16%
18 2.05 1.73 -0.31 -15%
19 1.79 1.55 -0.24 -14%
20 1.59 1.36 -0.22 -14%
21 1.49 1.28 -0.21 -14%
22 1.11 0.98 -0.13 -11%
23 0.92 0.82 -0.10 -11%
24 0.81 0.72 -0.10 -12%
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Average Winter Weekday – Electric Space Heat Customers 
 

 
 

  

HE Before After Impact
1 1.07 0.90 -0.17
2 1.04 0.85 -0.19
3 1.04 0.85 -0.20
4 1.08 0.87 -0.21
5 1.17 0.97 -0.19
6 1.35 1.16 -0.19
7 1.66 1.41 -0.26
8 1.66 1.38 -0.28
9 1.51 1.25 -0.27
10 1.40 1.18 -0.21
11 1.25 1.09 -0.16
12 1.12 1.01 -0.11
13 1.03 0.93 -0.10
14 0.95 0.86 -0.09
15 0.90 0.81 -0.09
16 0.91 0.83 -0.08
17 1.03 0.93 -0.10
18 1.22 1.11 -0.12
19 1.39 1.26 -0.13
20 1.47 1.32 -0.15
21 1.47 1.28 -0.19
22 1.39 1.19 -0.20
23 1.29 1.10 -0.19
24 1.16 0.98 -0.18

DAILY 29.59 25.53 -4.06
Days 84 84 84

KWH/Cust 2486 2145 -341
-13.7%
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Average Winter Weekend Days and Holidays – Electric Space Heat Customers 
 

 
 

  

HE Before After Impact
1 1.14 0.98 -0.16
2 1.14 0.96 -0.18
3 1.11 0.94 -0.17
4 1.13 0.95 -0.18
5 1.17 0.99 -0.17
6 1.25 1.08 -0.17
7 1.35 1.15 -0.20
8 1.48 1.28 -0.21
9 1.59 1.42 -0.17
10 1.63 1.46 -0.16
11 1.56 1.39 -0.17
12 1.42 1.30 -0.12
13 1.29 1.20 -0.08
14 1.18 1.12 -0.06
15 1.13 1.07 -0.06
16 1.10 1.03 -0.07
17 1.17 1.09 -0.08
18 1.31 1.22 -0.09
19 1.43 1.33 -0.10
20 1.49 1.37 -0.12
21 1.49 1.34 -0.15
22 1.44 1.26 -0.18
23 1.36 1.18 -0.18
24 1.25 1.09 -0.16

DAILY 31.60 28.20 -3.40
Days 37 37 37

KWH/Cust 1169 1044 -126
-10.8%
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Winter Peak Day – Electric Space Heat Customers 
 

 
 

  

HE Before After Impact Pct Impact
1 1.56 1.17 -0.39 -25%
2 1.56 1.13 -0.43 -27%
3 1.55 1.12 -0.42 -27%
4 1.63 1.19 -0.44 -27%
5 1.72 1.30 -0.41 -24%
6 1.92 1.51 -0.41 -21%
7 2.21 1.74 -0.47 -21%
8 2.27 1.78 -0.49 -22%
9 2.40 1.75 -0.65 -27%
10 2.24 1.66 -0.58 -26%
11 1.91 1.46 -0.45 -24%
12 1.68 1.31 -0.37 -22%
13 1.56 1.22 -0.34 -22%
14 1.44 1.14 -0.30 -21%
15 1.37 1.06 -0.31 -23%
16 1.42 1.10 -0.32 -22%
17 1.50 1.19 -0.31 -21%
18 1.74 1.39 -0.35 -20%
19 1.83 1.50 -0.33 -18%
20 1.86 1.52 -0.33 -18%
21 1.81 1.47 -0.34 -19%
22 1.75 1.38 -0.38 -21%
23 1.64 1.29 -0.35 -21%
24 1.41 1.12 -0.29 -21%
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Average Winter Weekday – No Electric Space Heat 
 

 
 

  

HE Before After Impact
1 0.32 0.28 -0.04
2 0.30 0.26 -0.03
3 0.27 0.26 -0.01
4 0.26 0.25 -0.01
5 0.26 0.26 0.00
6 0.27 0.28 0.01
7 0.30 0.30 0.00
8 0.28 0.28 0.00
9 0.26 0.26 0.01
10 0.26 0.26 0.00
11 0.27 0.27 0.00
12 0.27 0.27 0.00
13 0.27 0.28 0.01
14 0.27 0.27 0.01
15 0.26 0.27 0.01
16 0.26 0.28 0.02
17 0.30 0.31 0.01
18 0.36 0.36 0.00
19 0.42 0.41 -0.01
20 0.43 0.41 -0.02
21 0.44 0.40 -0.04
22 0.42 0.38 -0.04
23 0.40 0.35 -0.04
24 0.36 0.32 -0.04

DAILY 7.50 7.29 -0.21
Days 84 84 84

KWH/Cust 630 612 -18
-2.8%
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Average Winter Weekend Days and Holidays – No Electric Space Heat 
 
 

 
 

  

HE Before After Impact
1 0.34 0.30 -0.05
2 0.34 0.29 -0.05
3 0.30 0.26 -0.03
4 0.28 0.26 -0.02
5 0.27 0.26 0.00
6 0.27 0.27 0.00
7 0.27 0.28 0.01
8 0.27 0.27 0.00
9 0.28 0.29 0.01
10 0.30 0.32 0.02
11 0.31 0.33 0.02
12 0.33 0.32 -0.02
13 0.33 0.32 0.00
14 0.33 0.32 0.00
15 0.32 0.32 0.01
16 0.32 0.33 0.01
17 0.33 0.35 0.01
18 0.38 0.39 0.01
19 0.43 0.41 -0.01
20 0.44 0.41 -0.03
21 0.44 0.39 -0.05
22 0.43 0.38 -0.05
23 0.41 0.35 -0.05
24 0.37 0.32 -0.05

DAILY 8.08 7.75 -0.32
Days 37 37 37

KWH/Cust 299 287 -12
-4.0%

TRC Energy Services   |   66 



Home Performance Program – Multifamily Evaluation 

 
 

Winter Peak Day – No Electric Space Heat 
 

 

HE Before After Impact Pct Impact
1 0.32 0.31 -0.01 -4%
2 0.30 0.29 -0.01 -2%
3 0.29 0.28 0.00 -1%
4 0.28 0.28 0.00 1%
5 0.28 0.29 0.01 3%
6 0.30 0.31 0.01 4%
7 0.32 0.33 0.01 2%
8 0.30 0.31 0.00 2%
9 0.29 0.31 0.02 5%
10 0.28 0.31 0.03 9%
11 0.28 0.31 0.03 11%
12 0.29 0.31 0.02 5%
13 0.31 0.32 0.01 3%
14 0.29 0.31 0.03 10%
15 0.27 0.31 0.04 15%
16 0.30 0.32 0.02 6%
17 0.34 0.36 0.01 4%
18 0.43 0.43 0.00 -1%
19 0.47 0.46 -0.02 -3%
20 0.46 0.43 -0.02 -5%
21 0.44 0.41 -0.03 -7%
22 0.44 0.40 -0.04 -9%
23 0.40 0.37 -0.03 -7%
24 0.37 0.33 -0.03 -9%
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Home Performance Program – Multifamily Evaluation  

 
 

Average Spring/Fall Weekday 

 

  

HE Before After Impact
1 0.47 0.44 -0.03
2 0.43 0.41 -0.01
3 0.41 0.37 -0.03
4 0.40 0.36 -0.04
5 0.41 0.37 -0.03
6 0.44 0.41 -0.03
7 0.49 0.46 -0.03
8 0.48 0.45 -0.02
9 0.43 0.43 0.00
10 0.42 0.43 0.00
11 0.43 0.43 0.00
12 0.44 0.43 -0.01
13 0.46 0.44 -0.02
14 0.46 0.44 -0.02
15 0.46 0.44 -0.02
16 0.49 0.46 -0.03
17 0.50 0.48 -0.01
18 0.49 0.49 0.00
19 0.60 0.59 -0.01
20 0.65 0.63 -0.02
21 0.67 0.65 -0.03
22 0.65 0.62 -0.03
23 0.60 0.56 -0.04
24 0.53 0.50 -0.03

DAILY 11.79 11.30 -0.49
Days 85 85 85

KWH/Cust 1002 960 -41
-4.1%
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Home Performance Program – Multifamily Evaluation 

 

 

Average Spring/Fall Weekend Days and Holidays 

 

 

 

 

HE Before After Impact
1 0.49 0.45 -0.04
2 0.45 0.41 -0.04
3 0.43 0.39 -0.04
4 0.42 0.38 -0.04
5 0.42 0.38 -0.04
6 0.42 0.38 -0.04
7 0.41 0.39 -0.02
8 0.42 0.41 -0.02
9 0.46 0.45 0.00
10 0.49 0.49 0.00
11 0.50 0.50 0.00
12 0.53 0.53 0.00
13 0.54 0.52 -0.01
14 0.54 0.52 -0.02
15 0.54 0.52 -0.02
16 0.53 0.52 -0.02
17 0.50 0.51 0.00
18 0.48 0.48 0.00
19 0.59 0.56 -0.03
20 0.64 0.60 -0.04
21 0.66 0.61 -0.04
22 0.64 0.60 -0.04
23 0.59 0.55 -0.04
24 0.53 0.50 -0.03

DAILY 12.20 11.64 -0.57
Days 37 37 37

KWH/Cust 452 431 -21
-4.6%
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