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EXECUTIVE SUMMARY 
 
SMUD’s Low-Income Weatherization Program provides installation of energy conservation measures 
and energy conservation education to reduce the energy consumption of low-income customers while 
improving health and safety.  This report presents the findings from the 2014 SMUD Low-Income 
Weatherization Program Evaluation. 
 

A. Evaluation Research 
 
The goals of the evaluation were to analyze the SMUD Weatherization services provided, estimate 
the impacts of the services on energy usage, and make recommendations for program 
improvement.  Eight key activities were undertaken as part of this evaluation. 
 

 Background Research: We reviewed SMUD documents related to the Low-Income 
Weatherization Program.  

 Needs Assessment: We conducted analysis of the American Community Survey data for the 
Sacramento area to determine the energy needs of the local low income population.  

 SMUD Manager and Staff Interviews: We conducted telephone interviews with SMUD 
Weatherization managers and staff, and with two SMUD auditors. 

 Contractor Interviews: We conducted in-depth telephone interviews with contractors at two 
companies that provide services under SMUD’s Low-Income Weatherization Program. 

 Participant Survey: We conducted a telephone survey with weatherization participants. 

 On Site Research: We conducted on-site inspections of completed weatherization work.   

 Usage Impacts Analysis: We analyzed hourly billing data to estimate the impact of the 
program on energy usage and peak demand. 
 

 Deemed Savings Analysis: We conducted analysis of SMUD’s deemed savings and 
compared those savings to the findings from the usage impact analysis.   

This report describes each evaluation activity and the findings from those activities. 
 

B. SMUD’s Low-Income Weatherization Program 
 
SMUD’s Low-Income Weatherization Program was introduced in 1978 with a goal of increasing 
the affordability of the customer’s electric bill, while maintaining or increasing the safety and 
comfort of the home environment.  In 2014, 1,154 customers were served in total and 630 had 
their refrigerators replaced.     
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SMUD offers weatherization services to their electric heating customers who meet discounted bill 
guidelines or whose income is at or below 200 percent of the poverty level.  SMUD offers the 
program to owners and renters, in multi-family and single-family homes.  
 
After the customer’s eligibility is verified, the SMUD auditor visits the customer’s home to verify 
the equipment, determine what services are needed, and make recommendations.  Common 
measures include refrigerator replacement, CFL installation, weather stripping, and insulation. 
 
The auditor provides education on behavior changes and measures provided by the program, 
measures that are utilized by the customer, such as ceiling fans or thermostats, and any important 
safety-related issues noted in the home, such as live wires, electrical issues, gas leaks or dangerous 
hot water heater temperatures.   
 
The 2013 Low Income Deep Energy Efficiency Retrofit (LIDEER) Program was focused on 
carbon reduction and deeper energy savings for the home.  This program utilized a direct install 
model and aimed for a 30 percent reduction in energy usage.  This program spent an average of 
$15,000 per home, compared to the $1,000 average in the general program. 
 

C. Needs Assessment 
 
Low-income energy needs vary considerably from state to state, and even within states, so it is 
important to document the energy needs of low-income households in the particular area when 
assessing an energy program.  The 2010-2012 American Community Survey (ACS) was used to 
estimate the number of households in Sacramento and the number and percent of those 
households that are low-income.  These data represent Sacramento in 2012. 
 
Key findings from the Needs Assessment were as follows. 
 

 SMUD Low-Income Customers: SMUD had approximately 154,000 customers with 
income at or below 200 percent of poverty and direct payment of their electric bill. 

 

 Demographics of Low-Income Electric Customers: 55 percent of the low-income 
households with direct electric bill payment had annual income at or below $20,000.  While 
28 percent had a senior aged 60 or older, 25 percent had a young child under six.  Forty percent 
had a language other than English spoken at home. 

 

 Housing Characteristics: While 49 percent lived in single family detached homes and seven 
percent lived in single family attached homes, 28 percent lived in apartment homes with five 
units or more.  Fifty-nine percent of households lived in homes that were built in 1979 or 
earlier and were good targets for weatherization.  Thirty-two percent owned their homes and 
had fewer barriers to weatherization. 

 

 Energy Characteristics: While 44 percent of the low-income households with electric bill 
payment had electric heat, 53 percent had natural gas heat.  Approximately 21 percent had 
estimated annual electric bills of $1,500 or more and ten percent had an annual electric burden 
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of at least 25 percent of their income.  Thirty-five percent had high baseload electric usage of 
8,000 kWh or more and 14 percent had high electric heating usage of 16,000 kWh or more.   

 

D. Participant Feedback 
 
The evaluation included a survey with weatherization participants to assess program 
understanding, satisfaction, and impact.  SMUD customers who received weatherization services 
in the second half of 2013 and in 2014 were included in the survey. 

 
Key findings from the SMUD Low-Income Weatherization survey are summarized below.  The 
program participants were satisfied with the program, reported that their bills were lower, their 
home was more comfortable, and that the program had been important in helping them to meet 
their needs. 

 
Household Demographics 

 Vulnerabilities: Most customers who received SMUD Weatherization services, 91 percent, 
had some type of vulnerable member including a child, or an elderly or disabled member. 

 Daytime Electric Usage: Of the SMUD Low Income Weatherization participants, 81 
percent said that someone was typically at home during the day on weekdays.   

 
Reasons for Participation 

 Information Source: Most respondents learned about the program through a bill insert or 
mailing, through a friend or relative, or from a SMUD Customer Representative.  

 Reason for Participation: The most common reasons for participation in the SMUD Low-
Income Weatherization Program were to reduce electric bills and improve the comfort of the 
home.  

 
Actions Taken to Save Electricity 

 Provider Education: Sixty-nine percent reported that their provider recommended actions 
to save electricity and 50 percent reported that the provider explained how their electricity is 
measured and left information on how to reduce electric use.  

 Energy Savings Actions: When asked about specific reductions in electric use, 77 percent 
reported that they reduced their lighting use, 70 percent reduced their heating use, and about 
45 percent reduced their hot water use, air conditioning use and clothes dryer use. 

  
Program Measures 

 Satisfaction with Refrigerator: Respondents were generally satisfied with the refrigerator 
replacements.  Of those who received new refrigerators, 90 percent were very or somewhat 
satisfied with the refrigerator and 97 were very or somewhat satisfied with its delivery. 

 Satisfaction with Sealing and Insulation: Ninety-three percent stated that they were very 
or somewhat satisfied with the air sealing and insulation work and 94 percent were very or 
somewhat satisfied with the condition in which their home was left. 

 Weatherization Impact: While 52 percent of respondents reported that the winter 
temperature in their home had improved after receiving program services, 46 percent of 
respondents reported that the summer temperature had improved. 
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 Electric Usage: Seventy-two percent of respondents reported that they reduced their electric 
usage as a result of the program.  

 
Understanding, Impact and Usage 

 Understanding of Benefits: Eighty-eight percent of respondents felt they had a good 
understanding of the benefits provided by the SMUD Low-Income Weatherization Program. 

 Program Benefits: Over 90 percent of respondents agreed that lower electric bills, lower 
electric usage, energy education and a safer and more comfortable home were benefits of the 
program. 

 Paying SMUD Bill: Sixty-five percent of respondents reported it was very or somewhat 
difficult to pay their monthly SMUD bill and 62 percent reported that their SMUD bill was 
lower after receiving program services. 

 SMUD Weatherization Importance: When asked about the importance of the program in 
meeting their needs, 83 percent that it had been very or somewhat important. 

 
Satisfaction 

 Energy Education: Eighty-seven percent of respondents were very or somewhat satisfied 
with their energy education. 

 Providers and Completed Work: Ninety-one percent reported that their provider was very 
or somewhat knowledgeable about electricity usage.  While asked how soon the work that was 
promised was completed, 87 percent reported that it was done very or somewhat soon. 

 Overall Satisfaction: Most respondents, 94 percent, were very or somewhat satisfied with 
the program as a whole. 

 

E. On-Site Research 
 
The evaluation included on-site inspections of completed weatherization jobs.  The key goals for 
the inspections were to document the following information. 

 

 Work quality: To what extent was the work that was completed done well, and where was 
there area for improvement? 

 Missed opportunities: What opportunities were missed in terms of the measures that are 
currently included in SMUD’s program? 

 Additional measures: What additional opportunities were there for other cost-effective 
measures that are not currently part of SMUD’s program? 

 
Twenty-six inspections were conducted on weatherization jobs completed in 2013 and 2014.  The 
inspections found that the providers generally did a good job.  For the most part, all measures 
recorded in the program database were found in the inspected homes.  While 84 percent of the 
inspected measures were found to be of excellent quality, 14 percent were rated to be of good 
quality.  Missed opportunities for program measures were infrequently found.  The inspector did not 
recommend additional measures, but based on findings from other low-income energy efficiency program research, we 
recommend that SMUD consider air sealing in the attic and basement, as well as programmable thermostats. 
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F. Energy Usage and Peak Impacts 
 
The usage impact analysis provided estimates of the amount of energy saved by participating 
customers based on analysis of hourly billing data.  Peak demand reduction and cost-effectiveness 
were also analyzed. 
 
Customers who received SMUD weatherization services in 2012 and 2013 were included as 
potential members of the treatment group for this evaluation.  The 2013 participants serve as a 
control for those customers treated in 2012 and the 2014 participants serve as a control for those 
customers treated in 2013. 
 
Energy usage data were weather normalized to ensure that changes in energy usage were due to 
changes in usage patterns, rather than due to changes in weather.  Several weather normalization 
techniques, including PRISM and fixed effects regression analysis, were employed to ensure that 
savings estimates were accurately modeled. 
 
A summary of the findings from the analyses and recommendations for the program are below. 

 

 Reduction in Energy Usage: The analysis found that savings were approximately 577 kWh 
or five percent of pre-treatment usage for the 2012 participants, and 1,083 kWh or ten percent 
of pre-treatment usage for the 2013 participants.  Average savings for the LIDEER customers, 
a subgroup of the 2013 participants, was 1,843 kWh, higher than for the 2013 participants as 
a whole, but about the same percentage of pre-treatment usage.  
 

 Measures: The most common measures were refrigerators and CFLs.  About 70 percent of 
participants received new refrigerators and about 40 percent received CFLs.  Insulation was 
installed in nine percent of homes in 2013, but only in three percent in 2012. 
 

 LIDEER Measures: While 86 percent of these participants had a new HVAC system 
installed, 76 percent had duct work, 69 percent had insulation installed and about one third 
had CFLs, weatherstripping, or a refrigerator replacement. 
 

 Savings by Measure Combinations: Customers who received a refrigerator or a refrigerator 
and other measures had the greatest savings in 2012, averaging about 900 kWh in 2012 and 
about 1,200 kWh in 2013.  Customers who received a HVAC system had only 376 kWh of 
savings in 2012, probably due to the fact that the HVAC system that was replaced was not 
functioning properly and the replacement system allowed the customer to keep the home at a 
safer and more comfortable temperature.  However, in 2013, savings for customers with 
replaced HVAC systems averaged 1,364 kWh. 
 

 Weighted Savings Estimate: The customers with only refrigerator replacement were 
underrepresented in the 2012 analysis sample, as 55 percent of 2012 participants only had a 
refrigerator installed, while 36 percent of the 2012 treatment group only had a refrigerator 
installed.  The 2012 average savings increased by 131 kWh to 708 kWh when the differential 
attrition was taken into account.  The 2013 weighted savings were approximately the same as 
the unweighted savings. 
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 Savings by Pre-Treatment Energy Usage: Consistent with previous research, the analysis 
showed that participants with higher pre-treatment energy usage had greater savings resulting 
from the weatherization services.  The 2012 participants with usage of less than 8,000 kWh 
had average savings of 286 kWh, compared to savings of 563 kWh for participants with usage 
from 8,000 kWh to 12,000 kWh, and savings of 944 kWh for participants with pre-treatment 
usage of 12,000 kWh or more.  SMUD should consider targeting program services to their highest usage 
low-income customers to achieve greater energy savings. 
 

 Load Profile: An analysis of participants’ load shape and change in usage over the day by 
season, showed that the program had the benefit of decreasing summer usage the most in the 
late afternoon hours. 
 

 Peak Usage Impact: There were small, statistically insignificant reductions in peak hourly 
usage from the peak event in the pre-treatment period to the peak event in the post-treatment 
period.  Reductions were .06 kW for the 2012 participants and .15 kW for the 2013 
participants.  The peak usage is approximately three times the average hourly usage over the 
full year period.  Peak usage reductions were approximately the same as the average hourly 
demand reduction over the full year. 
 

 Cost Effectiveness: The analysis showed that the program was approximately cost-effective 
when comparing the weighted average savings over a 15-year measure life to the costs for 
program administration, audits, and measures.  The cost over the 15-year measure life was 
estimated to be 13 cents per kWh saved in 2012 and 16 cents per kWh saved in 2013.  SMUD 
can increase savings and cost-effectiveness by targeting services to high usage customers. 

 

G. Deemed Savings and Realization Rates 
 
The deemed savings analysis compared the program’s deemed savings to the usage impact results 
calculated in this evaluation.  A summary of the findings and recommendations from the deemed 
savings analyses is provided below. 
 

 Deemed Savings and Realization Rates: There was wide variation in realization rates across 
participants, but the deemed savings did a good job across the program of estimating savings 
from refrigerators alone and refrigerators and other measures in 2012 and 2013 and of 
estimating savings from all measures except the HVAC system in 2013.   
 

 Deemed Savings for HVAC System Replacement: Savings from the HVAC system were 
very highly overestimated in both 2012 and 2013.  The deemed savings, averaging just over 
3,000 kWh in 2012, were approximately 31 percent of pre-treatment usage and were a 
reasonable level of savings to project.  However, customers may not realize these savings if 
their HVAC system was not functioning properly prior to replacement.  The 2013 deemed 
savings, averaging 10,883 kWh were 67 percent of pre-treatment usage and these savings are 
very unlikely to be realized.  Savings from replacement HVAC systems should be scaled down overall, 
and should be based on an assessment of whether the pre-replacement HVAC system is functioning properly. 
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 Deemed Savings from CFLs and Torches: Savings for these customers were well 
underestimated, as the program realization rate was 628 percent in 2012 and 332 percent in 
2013.  We recommend that the savings for these measures be based on the number of lights installed, an 
estimated difference in wattage, and an estimate of two hours of usage per day.  For a standard CFL replacing 
a 60 watt incandescent, the deemed savings should be approximately 34 kWh.   
 

 Deemed Demand Savings and Realization Rates: The kW savings overall for the program 
were overestimated in both 2012 and 2013.  This results from overestimates of demand savings 
for the HVAC system, refrigerators, and refrigerators and other measures in 2012 and for all 
measure groups in 2013.  The demand savings should be scaled down to approximate the usage impact 
savings over the annual hours of usage. 

 

H. Findings and Recommendations 
 
This section provides recommendations for program design, program implementation, and 
deemed savings calculations, based on the research findings presented in this report.  The 
evaluation found that the program was generally well-designed and managed, customers were 
satisfied with the process and services, and the program achieved significant energy savings that 
were cost-effective or close to cost-effective.  The recommendations made here may increase 
savings for the program and provide more beneficial services to program participants.  Given that 
the program was close to cost-effective in 2012 and 2013, these changes may increase savings 
enough to make the program cost-effective. 
 
The recommendations are as follows. 
 

Program Design 
1. Target High Usage EAPR Customers for Program Participation 

2. Consider Air Sealing Focused on the Top and Bottom of the Envelope as An Additional 

Measure 

3. Consider Programmable Thermostats as An Additional Measure 

4. Develop a Data Collection and Storage System to Improve Data Availability and Accuracy 

Program Implementation 
1. Review Insulation Decisions to Reduce Missed Opportunities 

2. Review Showerhead Replacement for Missed Opportunities 

Deemed Savings Calculations 
1. Improve Documentation of Deemed Savings Calculation Procedures 

2. Improve Data Management for Deemed Savings 

3. Adjust Deemed Savings Calculations for HVAC System Replacement 

4. Adjust Deemed Savings Calculations for CFLs and Torches 

5. Adjust Deemed Savings Calculations for Demand Savings 
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I. INTRODUCTION 
 

SMUD’s Low-Income Weatherization Program provides installation of energy conservation measures 
and energy conservation education to reduce the energy consumption of low-income customers while 
improving health and safety.  This report presents the findings from the 2014 SMUD Low-Income 
Weatherization Program Evaluation. 
 

A. Evaluation Objectives and Activities 
 
The goals of the evaluation were to analyze the SMUD Weatherization services provided, estimate 
the impacts of the services on energy usage, and make recommendations for program 
improvement.  Eight key activities were undertaken as part of this evaluation. 
 

 Background Research: We reviewed SMUD documents related to the Low-Income 
Weatherization Program including service delivery statistics, deemed savings parameters and 
estimates, measures installed, outreach events conducted, and requirements for service 
delivery agencies.  

 Needs Assessment: We conducted analysis of the American Community Survey data for the 
Sacramento area to determine the energy needs of the local low income population.  

 SMUD Manager and Staff Interviews: We conducted telephone interviews with SMUD 
Weatherization managers and staff, and discussed program goals, operations, and procedures 
of the general SMUD Low-Income Weatherization Program and the 2013 Low Income Deep 
Energy Efficiency Retrofit pilot program (LIDEER).  We also conducted interviews with two 
SMUD auditors who complete the home energy audits and discussed the audit process, energy 
education provided and overall feedback. 

 Contractor Interviews: We conducted in-depth telephone interviews with contractors at two of 
companies that provide services under SMUD’s Low-Income Weatherization Program and 
the 2013 LIDEER Pilot Program.  One of the contractors worked solely on the 2013 pilot 
and the other worked on both the general program and the 2013 pilot.  We discussed 
communication with SMUD, training, services delivered, quality control procedures and 
program feedback. 

 Participant Survey: We conducted a telephone survey with SMUD Weatherization participants 
to discuss understanding of the program, reasons for participation, actions taken to reduce 
energy usage, satisfaction with program measures, program impact on comfort, perceived 
importance of the program, and overall satisfaction with the program. 

 On Site Research: We conducted on-site inspections in 26 homes.  The inspections aimed to 
examine work quality, missed opportunities and whether there were opportunities for 
additional measures to be added to the program. 
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 Usage Impacts Analysis: We analyzed billing data to estimate the impact of the program on energy 
usage, savings by specific measures, and cost-effectiveness of the measures and the program 
as a whole. 
 

 Deemed Savings Analysis: We conducted analysis of SMUD’s deemed savings and compared 
those savings to the findings from the usage impact analysis.   

B. Organization of the Report 
 
Seven sections follow this introduction. 
 

 Section II – SMUD’s Low-Income Weatherization Program: This section describes SMUD’s 
program design and implementation. 

 

 Section III – Needs Assessment: This section provides descriptive statistics on the energy 
needs of the low-income population in Sacramento using 2012 American Community Survey 
(ACS) data. 

 

 Section IV – Participant Feedback: This section provides a summary of the findings from the 
participant telephone interviews. 

 

 Section V – On-Site Research: This section provides a summary of the findings from the on-
site inspections.  

 

 Section VI – Energy Usage and Peak Impacts: This section analyzes the impacts of SMUD’s 
Low-Income Weatherization Program on customers’ electric usage and peak demand. 

 

 Section VII – Deemed Savings and Realization Rates: This section analyzes the deemed 
savings and compares those savings to the usage impact findings.  

 

 Section VIII – Findings and Recommendations: This section provides a summary of the key 
findings and furnishes recommendations for SMUD’s Low-Income Weatherization Program 
based on the analyses in this report. 
 

APPRISE prepared this report under contract to SMUD.  SMUD facilitated this research by 
furnishing data to APPRISE.  Any errors or omissions in this report are the responsibility of 
APPRISE.  Further, the statements, findings, conclusions, and recommendations are solely those 
of analysts from APPRISE and do not necessarily reflect the views of SMUD.  
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II. SMUD’S Low-Income Weatherization Program 
 

This section provides a description of SMUD’s Low-Income Weatherization Program.  The program 
was introduced in 1978 with a goal of increasing the affordability of the customer’s electric bill, while 
maintaining or increasing the safety and comfort of the home environment.   

 
The purpose of the Low-Income Weatherization Program is as follows. 

 To weatherize the homes of eligible low-income customers at no charge to help reduce their 
electricity bill while maintaining or increasing the safety and comfort of their home environment. 

 To provide energy education services to help reduce energy usage and lower utility bills.  

 To partner with contractors to reach eligible customers and provide services. 

 

A. Design 
 

The weatherization program focuses on measures that will have an impact on the bill and will 
lower the SMUD Energy Assistance Program Rate (EAPR) subsidy amount.  The EAPR rate 
offers low-income customers who live below 200 percent of the poverty level a 40 percent 
discount on their monthly electric bill.  
 
SMUD offers weatherization services to their electric heating customers1 (about 30% of SMUD 
customers) who meet EAPR guidelines or whose income is at or below 200 percent of the poverty 
level.  EAPR participation is not required to receive weatherization services, and SMUD offers 
the program to owners and renters, in multi-family and single family homes.  

 

Application Processing 
 

When a customer calls to inquire about the weatherization program, SMUD screens to determine 
program eligibility.  Income eligibility is verified over the telephone and customers who currently 
participate in the EAPR program are not required to send in income documentation.  Almost all 
weatherization participants receive the EAPR subsidy.  Customers who are not currently 
participating in EAPR must provide copies of income documents for all money and non-cash 
benefits, including pay stubs, benefit letters (SSI, SNAP, Pensions, Workers Compensations, etc.) 
or a tax return.  SMUD also uses a third party, Data Quick, to verify income using publically 
available data.  If the customer is eligible, SMUD creates a file with the customer’s account and 
usage, and assigns the customer to an auditor to schedule the audit visit.  
 
High usage SMUD customers are not targeted for the weatherization program due to the high 
demand.  The program does not run throughout the entire year, because SMUD runs out of funds 
prior to the end of the year. 
 

                                                 
1Customers who do not use electric heat are referred to other programs. 
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Program Benefits 
 

After the customer’s eligibility is verified, the SMUD auditor visits the customer’s home to verify 
the equipment, determine what services are needed, and make recommendations.   

 
The auditors review the customer’s usage data to help determine which measures to install and to 
determine if there are abnormalities in usage that point to a mechanical failure.  SMUD auditors 
also use the smart meters to display current energy consumption and identify inefficient 
equipment.  The auditor will recommend the measures that are needed based on a visual 
inspection.  Each auditor carries a set of guidelines and a checklist to aid in recommending 
measures.   
 
The auditor provides education on behavior changes and measures provided by the program.  If 
there is a measure that is utilized by the customer, such as ceiling fans or thermostats, the auditor 
explains the intent of the equipment.  The auditor leaves behavioral information sheets with the 
customer that include tips such as closing blinds and opening windows, closing drapes during the 
heat of the day, turning off lights when not in use, efficient thermostat settings, and replacing 
incandescent bulbs with CFLs or LEDs.  The auditor also will educate the customer on any 
important safety-related issues noted in the home, such as live wires, electrical issues, gas leaks or 
dangerous hot water heater temperatures.  The auditors have a safety sheet that addresses these 
issues. 
 
The auditor often finds that the customer’s bill is high because the customer is not knowledgeable 
about efficient use of equipment.  Auditors talk to the customer about changes they can make or 
the auditor makes changes, such as reducing the temperature on the hot water heater. 
 
The audit will typically last between 30 minutes and 1 hour depending on the potential for savings 
in the home and the amount of energy education provided. 
 
Following the audit, the auditor provides an itemized list of measures and where the measures are 
to be installed.  The contractors are bound to install what is listed on the work order and not to 
deviate from the work order without calling and discussing with SMUD.  The contractor will often 
call the auditor to clarify the measures and information in the work scope before visiting the home.   
 
The customer must qualify for three or more measures to qualify for a work order.  SMUD 
schedules work with outside HVAC, electrical, and other contractors as needed.   
 
Measures provided through weatherization include the following. 

 Attic insulation 

 Weather stripping 

 Air Sealing 

 Water heater blanket 

 Pipe wrap 

 Low flow showerheads 

 Faucet aerators 

 Compact fluorescent light bulbs 
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 Ceiling fans 

 Microwaves 

 Bug Screens 

 Smart strips 

 Programmable thermostats 

 Minor home repairs that allow the energy efficiency measures to be installed.  These would 
usually be from the following list. 
o Door replacements 
o Window replacements 
o Filling in or patching holes 
o Minor roof repairs 
o Minor plumbing repairs 
o Minor electrical repairs (frequently grounding)   

 
SMUD replaces refrigerators for customers who qualify for EAPR and meet the other following 
requirements.  The old refrigerator is recycled at the County of Sacramento’s recycling facility.  
Electric heating is not required for refrigerator replacement.   

 Refrigerator is operating and at least twelve years old. 

 Customer agrees to a weatherization audit and inspection of the refrigerator area. 

 Customer agrees to have the old refrigerator taken away. 

 Customer is less than two months behind on SMUD account payment. 

 The refrigerator owner signs a waiver providing permission to remove and recycle it. 

 Customer has not received a free refrigerator from SMUD in the past ten years. 
 

SMUD auditors will refer customers to other organizations if they see a need when visiting the 
home. 

 If the customer has gas heating, SMUD will refer the customer to CRP or PG&E for 
weatherization services. 

 County assistance and food banks. 

 Low income internet connection programs. 

 Water conservation programs. 

 Other utility bill assistance or rebate programs. 
 

B. Management 
 
SMUD has the following staff to manage the weatherization program. 

 Program manager who spends half of his time on weatherization program management. 

 Ten staff members who spend part of their time on auditing 

 One full-time office specialist. 

 One support technician. 

 One intern. 
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Auditors 
 

When SMUD initially hired the auditors, they participated in a rigorous six-month internal training 
period before they began to conduct audits.  The auditors also attend classes run by PG&E.  
Auditors are HERS-certified and receive on-going training to remain up-to-date on new 
technologies.  Each auditor has an area that he/she specializes in.    
 

Contractors 
 
SMUD’s supply chain has outlined the requirements that are mandatory for the contractors, 
including insurance and bonding.  SMUD also checks the following. 

 Past customer references. 

 If the contractor has previously provided services for this type of program. 

 Pricing for each item.   

 Whether the contractor is SEED-qualified.   
 

SMUD obtains competitive contractor bids in the fourth quarter of each year and the contracts 
are effective in the first quarter of the next year.  SMUD assigns work to the contractors in the 
following way. 

 They have two general contractors and they alternate work equally between those two. 

 They have one HVAC contractor. 

 They have one refrigerator contractor. 

 CRP is the sole source contractor for WAP jobs.  SMUD has a contract with CRP so that 
SMUD pays for the electrical measures CRP installs in a gas heated home.  (Note: these jobs 
are counted in the 975 weatherization jobs SMUD does each year.)   
These electrical measures include the following. 
o CFLs 
o Water measures if the customer has electric hot water 
o Refrigerator 
o Microwave 
o Ceiling fan 

 

Data and Reporting 
 
SMUD receives regular data from the contractors including the work order, invoice, and backup 
documentation to support the charges.  SMUD’s internal database captures the customer data, 
including when the audit was assigned and when it was completed.  Each auditor has a tracking 
tool with goals for weatherization audits and refrigerator audits. 
 
SMUD tracks the budget data to determine whether the allocated budget for allowable charges 
matches up to what was spent in the homes.  SMUD also has monthly reports to manage the 
program. 
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Quality Control 
 

SMUD’s weatherization program manager conducts quality control on the auditor’s work.  He 
reviews each auditor a few times per year with ride-alongs and field inspections.  Auditors also go 
out in the field with other employees to ensure that they are aware of new technologies. 

 
SMUD conducts quality control on ten percent of contractors’ installations to make sure that the 
work meets expectations.  They assess the quality of the work and ensure that all reported 
measures were installed in the home.  If the work is not up to par, the contractor must return to 
the home to fix the work.  The contractors also conduct their own quality control examinations 
on a portion of the homes.  SMUD has not documented the inspection failure rate. 

 

C. Statistics 
 
Table II-1 displays statistics on the number of customers served and the number who had 
refrigerators replaced.  In 2014, 1,154 customers were served in total and 630 had their 
refrigerators replaced.  The table shows that SMUD exceeded its goals for customers served and 
projected savings, which are based on installed measures.   

 
Table II-1 

Weatherization Service Delivery 
2011-2014 

 

 2011 2012 2013 2014 

Customers Served 975 1,025 1,045 1,154 

% Goal 107% 105% 107% 118% 

Refrigerators 617 610 600 630 

% Goal 103% 102% 100% 105% 

MW Savings .260 .229 .513 .786 

% Goal 173% 153% 342% 524% 

GWh Savings 1.45 0.75 1.24 1.49 

% Goal 145% 75% 124% 149% 

 

D. 2013 Pilot Low Income Deep Energy Efficiency 
Retrofit (LIDEER) 
 

The 2013 Low Income Deep Energy Efficiency Retrofit (LIDEER) Program was focused on 
carbon reduction and deeper energy savings for the home.  This program utilized a direct install 
model and aimed for a 30 percent reduction in energy usage.  This program spent an average of 
$15,000 per home, compared to the $1,000 average in the regular Low-Income Weatherization 
Program. 

 
The purpose of the 2013 LIDEER Pilot was as follows. 
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 To weatherize the homes of 65 to 70 eligible low-income customers at no charge to help 
reduce their electricity bill by 30 percent while maintaining or increasing the safety and comfort 
of their home environment. 

 To reduce carbon emissions through energy reduction. 

 To provide energy education to help reduce energy usage and lower utility bills.  

 To complete whole house weatherization, spending $14,000 or greater per home. 
 

LIDEER Targeting 
 
The income eligibility requirements for the 2013 LIDEER program were the same as the overall 
Low-Income Weatherization Program.  However, SMUD customers were targeted to participate 
in this pilot and the participants were required to meet the following criteria. 

 Single family, owner-occupied home 

 Not a participant of another SMUD pilot program 

 Home was built before 1983 

 No pools, built in or above ground 

 12 months of usage history available 

 All electric heating 

 Must be in the top quartile of EAPR participants in any of the following 1) average kWh use 
2) kWh per square foot 3) summer peak usage   

 
SMUD took the current EAPR customers and ranked them by highest energy use to target homes 
that would provide the greatest energy savings and carbon reduction.  Targeted customers were 
sent marketing letters.  
 

LIDEER Benefits 
 
After the customer’s eligibility was verified, the SMUD auditor visited the customer’s home with 
a certified contractor to verify the equipment, determine what services were needed, and make 
recommendations jointly with the contractor.  The auditor and contractor used a computerized 
job reporting template to determine the recommend measures.  
 
The auditor and contractor performed a Blower-Door test, a Duct Blaster test, a Combustion 
Safety test and examined the attic insulation and HVAC equipment.  In addition to the refrigerator 
replacement and basic weatherization measures included in the regular program, the 2013 pilot 
was meant to address all possible energy savings measures in the home.  The program had a great 
deal of flexibility and contractors were free to complete all measures needed.  
 
Measures provided through weatherization included the following. 

 Comprehensive home energy assessment (test in and test out) 

 Removal of existing attic insulation 

 Attic floor sealing 

 New attic insulation 

 Air sealing (non attic area) 
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 HVAC System (2,3,4, or 5 ton system) 
o Split Central AC 
o Package Central AC 
o Split Heat Pump System 
o Package Heat Pump 

 Duct replacement (one system) 

 Thermostat 

 Lighting Units 

 Plug load control devices 

 Water heater – heat pump 

 Water heater – standard high efficiency electric  

 Duct sealing 

 Deep bury ducts 

 Wall and crawlspace insulation 
 

LIDEER Contractors 
 

The contractors for the 2013 LIDEER program, in addition to fulfilling the requirements of the 
general Low-Income Weatherization Program, needed to have recently completed work for the 
SMUD home performance program and describe two comprehensive whole house performance 
projects they had completed.  Seven contractors were hired for this pilot program.  Some but not 
all had previously worked on SMUD’s regular weatherization program.   

 
The SMUD auditor performed a post-retrofit inspection in 100% of the homes.  
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III. NEEDS ASSESSMENT 
 
Low-income energy needs vary considerably from state to state, and even within states, so it is 
important to document the energy needs of low-income households in the particular area when 
assessing an energy program.  This section of the report provides data and information on SMUD’s 
low-income households. 
 

A. SMUD Low-Income Customers 
 

The 2010-2012 American Community Survey (ACS) was used to estimate the number of 
households in Sacramento and the number and percent of those households that are low-income.  
These data represent Sacramento in 2012.2   

 
Table III-1 shows that the 2012 ACS estimate of the number of occupied housing units was 
513,397.  Our previous research found that these data did not exactly match SMUD’s residential 
customers for the following reasons. 

 The ACS estimate is for 2012 and the SMUD customer count is the year end number. 

 The ACS estimate is at one point in time, and SMUD customers had service at any point 
during the month. 

 The ACS would not include vacant rental units with some usage, but SMUD would include 
these households as customers. 

 ACS would not include second homes, but SMUD would include these accounts. 
 

Table III-1 
Sacramento Households and SMUD Customers 

 

 Number of Households 

Housing Units 555,895 

Vacant Units  42,498 

                                                 
2The American Community Survey (ACS) is an official Census Bureau Survey that is part of the Decennial Census Program.  The ACS 
serves the nation by providing a consistent and cohesive collection of population, social, housing and economic characteristics that are 
comparable across all U.S. geographies.  Federal agencies use ACS statistics to determine the equitable distribution of a substantial 
portion of federal assistance to the states, particularly in the form of grants.  The ACS is a federally funded statistical product that Census 
makes available to the public through online access tools, documentation, and support programs for data users. 
 
After the 2000 Census, the Decennial Census long form became the ACS and will continue to collect long-form-type information 
throughout the decade. The ACS includes not only the basic short-form questions, but also detailed questions about population and 
housing characteristics. It is a nationwide, continuous survey designed to provide communities with reliable and timely demographic, 
housing, social, and economic data every year. Since its start, the ACS has been providing a continuous stream of updated information 
for states and local areas. 
 
The ACS forms are not mailed to specific people, but rather to specific addresses. The sample is designed to ensure good geographic 
coverage and does not target individuals. By focusing on quality geographic coverage, the ACS can produce a good picture of the 
community’s people and housing by surveying a representative sample of the population.  The Census Bureau selects a random sample 
of addresses to be included in the ACS. Each address has about a 1-in-480 chance of being selected in a month, and no address should 
be selected more than once every 5 years. The Census Bureau mails questionnaires to approximately 295,000 addresses a month across 
the United States.  Telephone and in-person follow-ups are conducted for addresses that do not respond. 

 



SMUD Low-Income Weatherization Program Evaluation Report 

Needs Assessment 
 

 
 
 

Page 11 

 

 

 

APPRISE Incorporated 

 

 Number of Households 

Occupied Housing Units  513,397 

 
Table III-2 displays the number of households with income at or below 200 percent of the poverty 
level, the income eligibility criteria for SMUD’s Low-Income Weatherization Program.  The 
number of low-income SMUD customers with direct payment of the electric bill was estimated to 
be 154,502.  Some households do not pay their electric bill directly because their electric service is 
included with their rent. 
 

Table III-2 
Low-Income Households and Direct Bill Payment 

 

Low-Income and Direct Bill 
Payment 

Number of Households 

<= 200% 161,910 

Direct Payment of Electric Bill 154,502   

 

B. Demographic Characteristics 
  

This section examines the demographic characteristics of low-income Sacramento households 
with direct electric bill payment, including income, number of household members, poverty level, 
heating type, vulnerable household members, and language spoken.  Table III-3 displays annual 
household income for low-income household and shows that 55 percent of the low-income 
households had annual income at or below $20,000. 

 
Table III-3 

Annual Household Income 
 

Annual Household Income 
Percent of 

Households 

<=$10,000 20% 

$10,001 - $20,000 35% 

$20,001 - $30,000 24% 

$30,001 - $40,000 12% 

$40,001 - $50,000 6% 

$50,001 - $60,000 2% 

>$60,000 2% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 
Table III-4 displays the number of household members.  The table shows that 30 percent had 
only one household member and 36 percent had four or more household members.  The table 
also shows the 2012 HHS income level cutoff for 200 percent of poverty for each household size.  
The cutoff was $46,100 for a family of four. 
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Table III-4 
Number of Household Members 

 

Number of Household Members 
Percent of 

Households 
Income Limit  

200% of Poverty 

1 30% $22,340 

2 21% $30,260 

3 14% $38,180 

4 15% $46,100 

5 or More 21% +$3,960 per member 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100%  

 

Table III-5 displays the poverty level for households with income at or below 200 percent of 
poverty with direct electric bill payment.  The table shows that 43 percent had income at or below 
the poverty level and 28 percent had income between 151 and 200 percent of the poverty level. 

 

Table III-5 
Poverty Level of Low-Income Customers 

 

Poverty Group Percent of Households 

<= 100% 43% 

101% - 125% 14% 

126% - 150% 15% 

151% - 175% 14% 

176%  - 200% 14% 

ALL LOW-INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 

Table III-6 displays the number of workers in the family.  The table shows that 26 percent had no 
workers, 47 percent had one worker, and 27 percent had more than one worker. 

 

Table III-6 
Number of Workers in Family* 

 

Number of Workers in Family Percent of Households 

No Workers 26% 

1 Worker 47% 

2 Workers 21% 

3 or More Workers 6% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

*55,352 households (weighted, 1,626 unweighted) did not have information available and were not 
included in the table. 
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Table III-7 examines the percent of low-income households with seniors, defined as 60 or older, 
and young children, defined as under six.  These individuals have been found to be especially 
vulnerable to temperature extremes.  The table shows that 51 percent of the low-income 
households with direct electric bill payment had at least one member of these vulnerable groups 
present in the household. 

 
Table III-7 

Vulnerable Status 
 

Vulnerability Status 
Percent of 

Households 

Senior (60 or older) 28% 

Young Child (under 6) 25% 

Senior or Young Child 51% 

 

Table III-8 displays the language spoken at home by low-income households in Sacramento with 
direct electric bill payment.  The table shows that forty percent of the households had a language 
other than English spoken at home.  Nineteen percent spoke Spanish, 11 percent spoke Asian and 
Pacific Island languages, and nine percent spoke other Indo-European languages. 

 
Table III-8 

Language Spoken at Home 
 

Language Spoken 
Percent of 

Households 

English 59% 

Spanish 19% 

Other Indo-European languages 9% 

Asian and Pacific Island languages 11% 

Other languages 1% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 

C. Housing Characteristics 
 
This section displays data on the housing characteristics of low-income households in Sacramento 
with direct electric bill payment, including type of home, when the home was built, ownership 
status, and length of time in the home. 

 
Table III-9 shows that 49 percent lived in single family detached homes and 28 percent lived in 
homes with five or more apartments. 
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Table III-9 
Home Type 

 

Home Type Percent of Households 

Single Family Detached 49% 

Single Family Attached 7% 

2 Apartment Home 2% 

3-4 Apartment Home 9% 

5+ Apartment Home 28% 

Mobile Home or Trailer 4% 

Boat, RV, Van, Etc. <1% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 

Table III-10 shows that 59 percent of households lived in homes that were built in 1979 or earlier 
and were good targets for weatherization. 

 

Table III-10 
Year Home Built 

 

Year Home Built Percent of Households 

2000 or Later 14% 

1980-1999 27% 

1960-1979 36% 

1959 or Earlier 23% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 
Table III-11 displays the number of rooms and the number of bedrooms in the home, an indicator 
of home size.  The table shows that 44 percent had four or fewer rooms and 52 percent had two 
or fewer bedrooms.   

Table III-11 
Number of Rooms in Home 

 

Number of Rooms 
Percent of Households 

Rooms Bedrooms 

0 Rooms 0% 2% 

1 Room 1% 17% 

2 Rooms 4% 33% 
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Number of Rooms 
Percent of Households 

Rooms Bedrooms 

3 Rooms 15% 33% 

4 Rooms 24% 13% 

5 Rooms 24% 2%* 

6 Rooms 16% -- 

7+ Rooms 15% -- 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 100% 

*5 or more bedrooms. 

 

Table III-12 displays home ownership status.  The table shows that 32 percent owned their homes, 
and had fewer barriers to weatherization. 

 

Table III-12 
Home Ownership 

 

Home Ownership Status Percent of Households 

Owned with Mortgage or Loan 20% 

Owned Free and Clear 12% 

Rented 66% 

Occupied without Payment of Rent 2% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

 

Table III-13 displays the length of time in their current home by whether or not the home is 
owned.  The table shows that households that did not own their homes were more likely to have 
been in the home for 12 months or less and that owners were more likely to have been in their 
home for five years or more. 

 
Table III-13 

Length of Time in Current Home 
 

Length of Time in Current Home 
Percent of Households 

Owners Not Owners All 

12 Months or Less 8% 36% 27% 

13-23 Months 3% 11% 9% 

2 to 4 Years 14% 29% 24% 
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Length of Time in Current Home 
Percent of Households 

Owners Not Owners All 

5 to 9 Years 22% 12% 15% 

10 to 19 Years 25% 8% 14% 

20 to 29 Years 11% 2% 5% 

30 Years or More 18% 1% 6% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 100% 100% 

 

D. Energy Characteristics 
 

This section displays data on energy costs and usage characteristics.  Table III-14 shows that 44 
percent heated with electricity and 53 percent heated with natural gas. 

 

Table III-14 
Main Heating Fuel 

 

Main Heating Fuel Percent of Households 

Electric 44% 

Natural Gas 53% 

Other‡ 2% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 

‡ “Other” includes propane, coal, wood, solar energy, other fuel, and no fuel used categories.   

 

Table III-15 displays the annual estimated electric bill by whether the household heated with 
electricity.  The table shows that estimated bills were similar for the two groups of households.  
Approximately 21 percent of households had annual bills of $1,500 or more. 

 

Table III-15 
Annual Electric Bill 

 

Annual Electric Bill 

Percent of Households 

Electric 
Heat 

Non-Electric 
Heat 

All 

$1 - $499 26% 27% 26% 

$500 - $999 33% 35% 34% 

$1,000 - $1,499 19% 18% 19% 

$1,500 - $1,999 9% 9% 9% 

$2,000 - $2,499 5% 4% 4% 

$2,500 or more 9% 7% 8% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 100% 100% 
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Table III-16 displays the estimated annual electric burden, or percent of income spent on 
electricity.  The table shows that while more than half of the households had an annual burden of 
five percent or less, about 10 percent had an annual burden of 25 percent or more. 

 

Table III-16 
Annual Electric Burden 

 

Annual Electric Burden 

Percent of Households 

Electric 
Heat 

Non-Electric 
Heat 

All 

0% to less than 5% 53% 58% 55% 

5% to less than 10% 23% 22% 23% 

10% to less than 15% 8% 5% 7% 

15% to less than 20% 4% 3% 3% 

20% to less than 25% 2% 1% 1% 

25% or more† 11% 10% 11% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 100% 100% 

†Households with negative and zero income are included in 25% or more electric burden group. 

 

Some households have difficulty meeting their energy needs because their income is too low, but 
some households have difficulty because of high energy usage and need for weatherization 
services.  We used an estimated price for electricity and household reports on dollars spent on 
these bills to estimate annual usage.  We then determined there was a need for weatherization 
services if baseload usage was above 8,000 kWh or electric heating usage was above 16,000 kWh.  
Table III-17 shows that 35 percent had high baseload electric usage and 14 percent had high 
electric heating usage.3   

 

Table III-17 
Annual Electric Use 

 

Annual Electric Usage 

Percent of Households 

Electric 
Heat 

Non-Electric 
Heat 

All 

<4,000 kWh 33% 36% 34% 

4,000 – 7,999 kWh 28% 28% 28% 

8,000 – 11,999 kWh 17% 16% 17% 

12,000 – 15,999 kWh 8% 8% 8% 

>16,000 kWh 14% 11% 12% 

ALL LOW INCOME SACRAMENTO HOUSEHOLDS 
WITH DIRECT ELECTRIC BILL PAYMENT 

100% 100% 100% 

†Households with negative and zero income are included in 25% or more electric burden group. 
 

  

                                                 
3 A monthly charge of $14 and a cost of $0.11/kWh was used to estimate usage from the annual electric bill. 
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E. Summary 
 

Key findings from the Needs Assessment are summarized below. 
 

 SMUD Low-Income Customers: SMUD had approximately 154,000 customers with 
income at or below 200 percent of poverty and direct payment of their electric bill. 

 

 Demographics of Low-Income Electric Customers: 55 percent of the low-income 
households with direct electric bill payment had annual income at or below $20,000.  While 
28 percent had a senior aged 60 or older, 25 percent had a young child under six.  Forty percent 
had a language other than English spoken at home. 

 

 Housing Characteristics: While 49 percent lived in single family detached homes and seven 
percent lived in single family attached homes, 28 percent lived in apartment homes with five 
units or more.  Fifty-nine percent of households lived in homes that were built in 1979 or 
earlier and were good targets for weatherization.  Thirty-two percent owned their homes and 
had fewer barriers to weatherization. 

 

 Energy Characteristics: While 44 percent of the low-income households with electric bill 
payment had electric heat, 53 percent had natural gas heat.  Approximately 21 percent had 
estimated annual electric bills of $1,500 or more and ten percent had an annual electric burden 
of at least 25 percent of their income.  Thirty-five percent had high baseload electric usage of 
8,000 kWh or more and 14 percent had high electric heating usage of 16,000 kWh or more.   
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IV. PARTICIPANT FEEDBACK 
 
The evaluation included a survey with weatherization participants to assess program understanding, 
satisfaction, and impact.  This section of the report describes the Weatherization participant survey 
methodology and findings.     
 

A. Introduction 
 
APPRISE conducted a survey with SMUD Low Income Weatherization participants as part of 
the comprehensive evaluation.  The survey addressed the following issues. 

 Demographic Characteristics of Participants 

 Reasons for Program Participation 

 Energy Education and Actions Taken by Participants to Reduce Usage 

 Satisfaction With Program Measures 

 Impact of Program on Home Comfort and Electric Bills 

 General Program Satisfaction 
 

SMUD customers who received weatherization services in the second half of 2013 and in 2014 
were included in the survey. 
 

B. Methodology 
 
An advance letter was sent to the 556 selected customers to inform them of the survey and request 
their participation.  A phone number was also provided for customers to call in and complete the 
survey at their convenience.  Telephone surveys were conducted by the telephone center staff 
beginning on February 2, 2015 and throughout the three week field period.  All customers received 
at least 15 calls and were called during the day, the evening and on the weekend.  
 
Table IV-1 displays the final sample disposition, the cooperation rate, and the response rate.  There 
were 137 interviews completed.  The final cooperation rate was 71 percent and the final response 
rate was 55 percent. 

 
Table IV-1 

Sample Disposition 

 

Final Disposition 
Number of 

Respondents 
Percent of Sample 

Complete 137 25% 

Max Call Attempts Reached 128 23% 

Non-working  78 14% 

Wrong Number 63 11% 

Hard Refusal 55 10% 

Did Not Remember Program  39 7% 
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Final Disposition 
Number of 

Respondents 
Percent of Sample 

Moved Since Receiving Services  36 6% 

Non-Residential Number or Cell Phone 14 3% 

Phone Problem 3 1% 

Claims Previous Interview 3 1% 

Total 556 100% 

Cooperation Rate 71% 

Response Rate 55% 

 

C. Survey Findings 
 
Findings from the survey are summarized in this section.  The findings are categorized in the 
following areas.  

 Demographics 

 Reasons for participation 

 Actions taken to save electricity 

 Program measures 

 Understanding, impact, and usage 

 Satisfaction 
 
Only 4 surveys were completed with LIDEER participants, so these results are not shown 
separately.  However, descriptive information is provided where LIDEER participant responses 
were noteworthy.  
 

Demographics 
 

Respondents were asked to report the number of elderly, children, and disabled individuals 
residing in the household.  Table IV-2 shows that 91 percent of respondents reported that they 
had at least one vulnerable member.  While 48 percent had a child 18 or younger, 45 percent had 
a household member aged 60 or older and 42 percent had a disabled household member. 

 
Table IV-2 

Percent with Vulnerable Household Members 
  

Including yourself, is anyone in your household 60 or older/18 or under/disabled? 

Vulnerability Number of Respondents Percent of Respondents 

60 or Older 61 45% 

18 or Under 66 48% 

Disabled 57 42% 

Any Vulnerable 124 91% 
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Table IV-3 shows that 87 percent of SMUD Low Income Weatherization participants reside in 
households where someone is home during the day on weekdays.  This question was asked to 
assess daytime electric usage and opportunities for peak load reduction.    

 
Table IV-3 

Daytime Electric Usage 

 

Is someone usually home during the day on weekdays? 

Daytime Electric Use Number of Respondents Percent of Respondents 

Yes 119 87% 

No 14 10% 

Don’t Know 1 1% 

Refused 3 2% 

Total 137 100% 

 
Table IV-4 displays home ownership of SMUD Low Income Weatherization participants.  While 
59 percent of respondents own their home, 39 percent are renters. 

 
Table IV-4 

Home Ownership 
 

Do you own or rent your home? 

Own or Rent Home Number of Respondents Percent of Respondents 

Own  81 59% 

Rent 53 39% 

Don’t Know 1 1% 

Refused 2 1% 

Total 137 100% 

 

Reasons for Participation  
 

SMUD Low-Income Weatherization Program participants were asked to indicate how they found 
out about the program.  Table IV-5 shows that the most common sources of information were a 
bill insert or mailing, a friend or relative, or a SMUD customer service representative. 

 
Table IV-5 

Information Source 
 

How did you find out about the Low-Income Weatherization Program? 

Information Source 
Number of 

Respondents 
Percent of 

Respondents 

Bill Insert or Mailing 46 34% 

Friend or Relative 30 22% 
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How did you find out about the Low-Income Weatherization Program? 

SMUD Customer Service Rep 27 20% 

SMUD Website 7 5% 

Newspaper or Television Advertisement 7 5% 

Community Agency 5 4% 

Social Service or Government Agency 4 3% 

Marketing at the Home 3 2% 

Energy Assistance Program Rate (EAPR) 2 1% 

Other Weatherization Program 1 1% 

Don’t Know 10 7% 

 
SMUD Low Income Weatherization participants were asked why they wanted to receive program 
services.  The majority of respondents, 56 percent, reported that they wanted to reduce their 
electric bills.  Other common reasons were to improve the comfort of their home and receive new 
appliances. 

 
Table IV-6 

Participation Reason 
 

Why did you want to receive weatherization services? 

Participation Reason Number of Respondents Percent of Respondents 

Reduce Electric Bills 77 56% 

Improve Comfort of Home 46 34% 

Receive New Appliances 21 15% 

Reduce Electric Use 9 7% 

Free Services/Appliances 4 3% 

Low Income 3 2% 

Reduce SMUD Arrearages 1 1% 

Other 2 1% 

 

Actions Taken to Save Electricity 
 

SMUD participants were asked several questions regarding the energy education that was provided 
at the time of the service provider’s visit.  Table IV-7 shows that 69 percent reported that the 
provider recommended actions to save electricity.  About 50 percent reported that the provider 
explained how their electricity is measured and left information on how they could reduce the 
amount of electricity that is used.  Respondents were somewhat less likely to report that the 
provider explained expected monetary savings or provided a written plan of action to reduce 
electric usage.  The LIDEER participants were just as likely, if not more so, than the general 
program participants to report that the provider took these steps. 
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Table IV-7 
Provider Education 

 
Did any of the providers… 

 Explain how your electric use is measured?  

 Recommend some actions that you could take to save electricity?  

 Tell you how much money you could expect to save by taking the electricity-saving actions that 
he or she recommended?  

 Give you a written plan of actions that you could take to save electricity?  

 Leave you with information about how to reduce the amount of electricity you use? 

Education 
Number of 

Respondents 
Percent of Respondents 

Explained how electricity is measured 69 50% 

Recommend actions to save electricity 94 69% 

Explain expected money savings from actions 60 44% 

Provided written action plan 59 43% 

Left information on how to reduce electric use 72 53% 

 
SMUD Low Income Weatherization participants were asked to report if they had reduced the 
amount of electricity used by various appliances, heating, and lights in their home as a result of 
participating in the program.  Table IV-8 shows that respondents were most likely to reduce 
lighting use, followed by heating usage.  Respondents also were likely to report that they reduced 
the amount of electricity used by their air conditioning, clothes dryer or hot water heater as a result 
of the program.  All LIDEER respondents reported that they reduced use of lighting, heat, and 
hot water energy usage as a result of the program. 

 
Table IV-8 

Electricity Saving Actions 
 

Have you reduced the amount of electricity used by/for ______ as a result of participating?  
Do you use your electric space heater more, less, or about the same since participating? 

Reduced Electric Use 
Number of Respondents 

(Yes or Trying) 
Percent of Respondents 

(Yes or Trying) 

Lighting 106 77% 

Heat 96 70% 

Air Conditioning 63 46% 

Clothes Dryer 58 42% 

Hot Water Usage 60 44% 

Electric Space Heater 27 20% 

 

Program Measures 
 
Respondents were asked about the measures they received and their satisfaction with those 
measures.  Table IV-9 shows that 61 percent of SMUD Low Income Weatherization participants 
received a refrigerator as a result of the program.  Ninety percent of those who received a 
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refrigerator reported that they were very or somewhat satisfied with the new refrigerator and 97 
percent reported that they were very or somewhat satisfied with the delivery. 

 
Table IV-9 

Refrigerator Satisfaction 
 

How satisfied are you with your new refrigerator?   
How satisfied were you with the delivery of your new refrigerator? 

 All 

Number Received Refrigerator 84 

% Received 61% 

 Percent of Respondents 

 Refrigerator Delivery 

Very Satisfied 65% 82% 

Somewhat Satisfied 25% 15% 

Somewhat Dissatisfied 4% 1% 

Very Dissatisfied 4% 0% 

Don’t Know 2% 1% 

Total 100% 100% 

 
Table IV-10 shows that 45 percent of respondents reported that the service provider sealed gaps 
in their home or added to their home’s insulation as a part of the weatherization services they 
received.  When asked about their satisfaction with the air sealing and insulation work, 74 percent 
of respondents were very satisfied and 19 percent were somewhat satisfied.  SMUD Low Income 
Weatherization participants were also asked about their satisfaction with the condition their home 
was left in following the work.  The table shows that 94 percent were very or somewhat satisfied 
with the condition in which their home was left. 

 
Table IV-10 

Air Sealing and Insulation Satisfaction 
 

How satisfied were you with the completion of this sealing and insulation work? 
How satisfied were you with the condition your home was left in after the 

completion of the sealing and insulation work? 

 All 

Number Received 62 

% Received 45% 

 Percent of Respondents 

 
Sealing and Insulation 

Work 
Condition of Home 

Very Satisfied 74% 79% 

Somewhat Satisfied 19% 15% 

Somewhat Dissatisfied 5% 5% 
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How satisfied were you with the completion of this sealing and insulation work? 
How satisfied were you with the condition your home was left in after the 

completion of the sealing and insulation work? 

 All 

Very Dissatisfied 2% 0% 

Refused 0% 1% 

Total 100% 100% 

 
SMUD Low Income Weatherization participants were asked whether the temperature of the home 
had changed in the winter and summer since receiving weatherization services.  Table IV-11 shows 
that 52 percent of respondents reported that the winter temperature had improved since service 
delivery and 46 percent of respondents reported that the summer temperature had improved.  All 
LIDEER respondents reported that the winter temperature in their homes had improved since 
participating in the program. 

 
Table IV-11 

SMUD Low Income Weatherization Comfort Impact 
 

Has the winter/summer temperature in your home improved,  
worsened or stayed the same since receiving Weatherization services? 

Temperature 
Impact 

Winter Summer 

Number of 
Respondents 

Percent of 
Respondents 

Number of 
Respondents 

Percent of 
Respondents 

Improved 71 52% 63 46% 

Worsened 3 2% 1 1% 

Stayed the Same 55 40% 52 38% 

Don’t Know 8 6% 20 15% 

Refused 0 0% 1 1% 

Total 137 100% 137 100% 

 
Table IV-12 shows that 72 percent of SMUD Low Income Weatherization participants reported 
that they reduced their overall electric usage as a result of participating in the program. 

 
Table IV-12 

Reduced Electric Usage 
 

Do you feel that your household has reduced its 
 overall electric usage as a result of the program? 

Electric Usage Number of Respondents Percent of Respondents 

Yes 98 72% 

No 28 20% 

Don’t Know 11 8% 

Total 137 100% 
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Understanding, Impact, and Usage 
 

SMUD Low Income Weatherization participants were asked whether they had a good 
understanding of the benefits provided by the program.  Most respondents, 88 percent, indicated 
they did. 

 
Table IV-13 

Understand Low-Income Weatherization Program Benefits 
 

Do you feel that you have a good understanding of the benefits 
provided by the Low-Income Weatherization Program? 

Understand Benefits Number of Respondents Percent of Respondents 

Yes 121 88% 

No 14 10% 

Don’t Know 2 1% 

Total 137 100% 

 
Respondents were asked several questions about what they believed were benefits of the program.  
Over 90 percent of respondents agreed that lower electric bills, lower electric usage, energy 
education and a safer and more comfortable home were benefits of the program. 

 
Table IV-14 

Benefits of Low-Income Weatherization Program 
 

Do you feel ______ are a benefit of the program? 

Agree it is a Benefit 
Number of 

Respondents 
Percent of 

Respondents 

Lower Electric Bills 125 91% 

Lower Electric Usage 124 91% 

Energy Education 126 92% 

Safer/ More Comfortable Home 127 93% 

 
Table IV-15 shows that the majority of SMUD Low Income Weatherization participants, 62 
percent, felt that their SMUD bill was lower after participating in the program.  While 26 percent 
reported no change in their bill, 9 percent reported that it was higher. 

 
Table IV-15 
Bill Impact 

 
Do you feel your SMUD bill is higher, lower or has not changed in 

comparison to what it was before receiving weatherization services? 

SMUD Bill Number of Respondents Percent of Respondents 

Higher 12 9% 

Lower 85 62% 
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Do you feel your SMUD bill is higher, lower or has not changed in 
comparison to what it was before receiving weatherization services? 

No Change 35 26% 

Don’t Know 5 4% 

Total 137 100% 

 
When asked how difficult it was to pay their monthly SMUD electric bill, 65 percent said it was 
very or somewhat difficult. 

 
Table IV-16 

Difficulty of Paying Monthly SMUD Bill 
 

How difficult is it to pay your monthly SMUD bill? 

Difficulty of Bill 
Number of 

Respondents 
Percent of 

Respondents 

Very Difficult 23 17% 

Somewhat Difficult 66 48% 

Not too Difficult 28 20% 

Not at all Difficult 19 14% 

Don’t Know 1 1% 

Total 137 100% 

 
Table IV-17 shows that 83 percent of respondents felt that the SMUD Low-Income 
Weatherization Program had been very or somewhat important in helping to meet their needs. 
 

Table IV-17 
SMUD Low Income Weatherization Importance 

 
How important has the Low Income Weatherization 

Program been in helping you to meet your needs? 

Importance of Program Number of Respondents Percent of Respondents 

Very Important 89 65% 

Somewhat Important 25 18% 

Of Little Importance 14 10% 

Not at all Important 6 4% 

Don’t Know 3 2% 

Total 137 100% 

 

Satisfaction 
 
SMUD Low Income Weatherization participants were asked how satisfied they were with the 
energy education that they received at the time of the service provider’s visit.  Table IV-18 shows 
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that 87 percent of respondents were very or somewhat satisfied with energy education they 
received. 

 
Table IV-18 

Energy Education Satisfaction 
 

How satisfied were you with the energy education that you received?   
By energy education, we mean the explanation of the program, referrals to other programs or 

services, and recommendations for what you can do to reduce your electric use. 

Energy Education Number of Respondents Percent of Respondents 

Very Satisfied 77 56% 

Somewhat Satisfied 43 31% 

Somewhat Dissatisfied 8 6% 

Very Dissatisfied 4 3% 

Don’t Know 4 3% 

Refused 1 1% 

Total 137 100% 

 
Table IV-19 shows that 91 percent of SMUD Low Income Weatherization participants felt their 
provider was very or somewhat knowledgeable about electricity usage.  

 
Table IV-19 

Providers Were Knowledgeable 
 

Do you feel that the provider who came to your home was very knowledgeable  
about electricity usage, somewhat knowledgeable, or not at all knowledgeable? 

Provider Knowledge Number of Respondents Percent of Respondents 

Very Knowledgeable 102 74% 

Somewhat Knowledgeable 23 17% 

Not at all Knowledgeable 1 1% 

Don’t Know 11 8% 

Total 137 100% 

 
SMUD Low Income Weatherization participants were asked how soon the weatherization work 
was done after it was promised.  Table IV-20 shows that 59 percent of respondents said it was 
done very soon and 28 percent said it was done somewhat soon after. 

 
Table IV-20 

Work Done Soon After Promised 
 

Was all of the work that you were promised done very soon  
after it was promised, somewhat soon after, or not at all soon after? 

Work Completed 
Number of 

Respondents 
Percent of 

Respondents 

Very Soon 81 59% 
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Was all of the work that you were promised done very soon  
after it was promised, somewhat soon after, or not at all soon after? 

Somewhat Soon 39 28% 

Not at all Soon 11 8% 

Don’t Know 4 3% 

Refused 2 1% 

Total 137 100% 

 
SMUD Low Income Weatherization participants were asked about their overall satisfaction with 
the program.  Most respondents, 94 percent were very or somewhat satisfied with the program as 
a whole. 

 
Table IV-21 

Overall Satisfaction 
 

Overall, how satisfied were you with the Low-Income Weatherization Program? 

Overall Satisfaction Number of Respondents Percent of Respondents 

Very Satisfied 90 67% 

Somewhat Satisfied 37 27% 

Somewhat Dissatisfied 7 5% 

Very Dissatisfied 1 1% 

Don’t Know 2 1% 

Total 137 100% 

  
Respondents were asked whether they had any recommendations for improvements to the 
program.  While 56 percent did not have any recommendations to offer, many SMUD Low 
Income Weatherization participants offered specific recommendations.  The most common 
recommendation was that the program provide more information, in particular providing clear 
expectations of the program and improving the energy education.  Respondents also 
recommended increasing the services provided, specifically by adding window replacement, 
HVAC system replacement, solar panels, and furnace tune-ups to the list of measures, and by 
increasing the amount of insulation and appliance replacement options offered.  
 

Table IV-22 
Recommendations 

 

Do you have any recommendations for improvements to the program? 

Recommendations Number of Respondents Percent of Respondents 

Need More Information 18 13% 

More Services 16 12% 

Negative Comment 8 6% 

Improve Service 7 5% 
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Do you have any recommendations for improvements to the program? 

Recommendations Number of Respondents Percent of Respondents 

Expand the Program 5 4% 

Positive Comment 2 1% 

Other 6 4% 

No Recommendations 77 56% 

 

Additional comments from customers who wanted more information included the following. 

 “Give the information that you are supposed to, to the consumer.”  

 “I don't have a number on paper written from them on how much it was going to cost.  I 
did know what they said was affordable but I didn't have a break down on the cost of the 
things.” 

 “That they follow up with what they are supposed to do and when they teach them 
something, do it in terms that they understand.” 

 “Everybody should come into sync with each other as far as communication as far as how 
the program works, so people can have a better understanding of how the program 
works.” 

 “That they would let people know when things are not going as planned and that it will 
take longer to let people understand if they are going to be late or not come, let the 
consumer know so everyone is on the same page and no one gets upset.” 

 “Someone should explain the program to me before they start asking me questions, give 
me literature.” 

 “Just to have more explanation of the process and what you should expect.” 

 “Give more information and explain things better.” 

 “The representative should have been clear on what comes next after the inspection of 
appliances.” 

 
Additional comments from customers who wanted improved or additional services included 
the following. 

 “They didn't do anything to the house except put weather stripping on one door.” 

 “They should come back every year to come back and check out things that were installed 
to make sure they are still working and in good shape.  Want to know if the windows can 
be replaced through their program.  I have mold in the master bedroom, would like 
someone to look at this.” 

 “The main thing I wanted them to do was to put in a heater and or air conditioner.  The 
only thing they did was weather stripping.” 

 “I would like them to provide more since they couldn't really help me.” 

 “For them to come out because the windows are older and they need to be updated.  Under 
the doors you can feel the air coming in, it stays cold in here.  I thought that when they 
did weatherization, they were supposed to do that.  Maybe they should teach a class were 
people can learn what people can do before they do the weather stripping.” 

 “I wish that they would do something like more weatherizing your windows.  Kind of 
helping people keep heat in their house, that's what I was told would happen and nothing 
happened.” 
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 General positive remarks about the program included the following. 

 “No improvements but one of the things is that he brought over some kids books for my 
baby and I thought that was something extra special.” 

 “I do think that it's an extremely good program.” 
 
Some of the customers expressed dissatisfaction with some of the measures. 

 “When they did the weather strip, it didn't work.  It wasn't good for the doors.” 

 “Not to break my stuff, two out of four things that they fixed, it broke.” 

 “I would say when they came here to look for the insulation in the house and in the attic.  
The attic wasn't done very well and I would like them to measure it better and do all the 
insulation.” 

 “Provide better quality refrigerators.” 

 “The only part I participated was the refrigerator, it was small and it didn't meet the size 
of our household.  They should pair it up to the size of the household.” 

 

D. Summary 
 

Key findings from the SMUD Low Income Weatherization survey are summarized below.  The 
program participants were satisfied with the program, reported that their bills were lower, their 
home was more comfortable, and that the program had been important in helping them to meet 
their needs. 

 

 Household Demographics 
o Vulnerabilities: Most customers who received SMUD Weatherization services, 91 

percent, had some type of vulnerable member including a child, or an elderly or disabled 
member. 

o Daytime Electric Usage: Of the SMUD Low Income Weatherization participants, 81 
percent said that someone was typically at home during the day on weekdays.   
 

 Reasons for Participation 
o Information Source: Most respondents learned about the program through a bill insert 

or mailing, through a friend or relative, or from a SMUD Customer Representative.  
o Reason for Participation: The most common reasons for participation in the SMUD 

Low-Income Weatherization Program were to reduce electric bills and improve the 
comfort of the home.  
 

 Actions Taken to Save Electricity 
o Provider Education: Sixty-nine percent reported that their provider recommended 

actions to save electricity and 50 percent reported that the provider explained how their 
electricity is measured and left information on how to reduce electric use.  

o Energy Savings Actions: When asked about specific reductions in electric use, 77 
percent reported that they reduced their lighting use, 70 percent reduced their heating use, 
and about 45 percent reduced their hot water use, air conditioning use and clothes dryer 
use. 
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 Program Measures 
o Satisfaction with Refrigerator: Respondents were generally satisfied with the refrigerator 

replacements.  Of those who received new refrigerators, 90 percent were very or somewhat 
satisfied with the refrigerator and 97 were very or somewhat satisfied with its delivery. 

o Satisfaction with Sealing and Insulation: Ninety-three percent stated that they were 
very or somewhat satisfied with the air sealing and insulation work and 94 percent were 
very or somewhat satisfied with the condition in which their home was left after the work 
was completed. 

o Weatherization Impact: While 52 percent of respondents reported that the winter 
temperature in their home had improved after receiving program services, 46 percent of 
respondents reported that the summer temperature had improved. 

o Electric Usage: Seventy-two percent of respondents reported that they reduced their 
electric usage as a result of the program.  

 

 Understanding, Impact and Usage 
o Understanding of Benefits: Eighty-eight percent of respondents felt they had a good 

understanding of the benefits provided by the SMUD Low-Income Weatherization 
Program. 

o Program Benefits: Over 90 percent of respondents agreed that lower electric bills, lower 
electric usage, energy education and a safer and more comfortable home were benefits of 
the program. 

o Paying SMUD Bill: Sixty-five percent of respondents reported it was very or somewhat 
difficult to pay their monthly SMUD bill and 62 percent reported that their SMUD bill 
was lower after receiving program services. 

o SMUD Weatherization Importance: When asked about the importance of the program 
in meeting their needs, 83 percent that it had been very or somewhat important. 

 

 Satisfaction 
o Energy Education: Eighty-seven percent of respondents were very or somewhat 

satisfied with their energy education. 
o Providers and Completed Work: Ninety-one percent reported that their provider was 

very or somewhat knowledgeable about electricity usage.  While asked how soon the work 
that was promised was completed, 87 percent reported that it was done very or somewhat 
soon. 

o Overall Satisfaction: Most respondents, 94 percent, were very or somewhat satisfied with 
the program as a whole. 
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V. ON-SITE RESEARCH 
 

One of the research activities in the SMUD low-income weatherization program evaluation was on-
site inspections of completed weatherization jobs.  The key goals for the inspections were to document 
the following information. 
 

 Work quality – To what extent was the work that was completed done well, and where is there 
area for improvement? 

 Missed opportunities – What opportunities were missed in terms of the measures that are currently 
included in SMUD’s program? 

 Additional measures – What additional opportunities were there for other cost-effective measures 
that are not currently part of SMUD’s program? 

 
This section of the report describes the methodology for the research, provides information on the 
research findings, and provides recommendations for the program based on this research. 
 

A. Methodology 
 
APPRISE subcontracted with Matrix Energy Services, based in Sacramento, CA, to conduct the 
inspections of completed weatherization jobs. 
 
APPRISE initially provided a sample of 39 2013 LIDEER jobs and a sample of 39 2014 jobs.  
APPRISE then provided an additional sample of 20 2014 jobs near the end of the field period to 
ensure that the goals for the number of inspections completed was reached.  Table V-1 displays 
the number of sample home provided and the number of completed inspections.  As designed, 
16 visual inspections and 10 testing inspections were completed.  Further information on the 
details of these inspections are provided below. 
 

Table V-1 
Sample and Completed Inspections 

 

Year 
Participated 

Visual Inspection Testing Inspection Total 

Sample 
Completed 
Inspection 

Sample 
Completed 
Inspection 

Sample 
Additional 

Sample 
Completed 
Inspection 

2013 24 9 15 4 39 -- 13 

2014 24 7 15 6 39 20 13 

Total 48 16 30 10 98 26 

 
The data file with the sample jobs that was provided to Matrix included the following information. 

 Contact information – name, address, phone number 

 Year of service delivery 

 Measures installed 
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Additionally, APPRISE had received more detailed information on 50 of the 80 jobs initially 
selected for inspection, and sent this additional information to Matrix. 

 A job report, which contained the following information from the home assessment. 
o Basic information about the house 
o The conditions of the house prior to the work 
o The proposed upgrades and work scope 
o The estimated savings from the proposed work 

 A work order detailing the quantities and costs of the proposed measures. 
 

Matrix was instructed to perform the following tasks. 
 
1. Schedule Inspections.  Contact the targeted list of SMUD customers who received 

weatherization services, screen for eligibility, and schedule appointments for inspections.  
Customers were eligible if they were still living in the home where the weatherization services 
were provided. 
 

2. Conduct Visual Inspections.  Conduct 16 visual inspections that did not include diagnostic 
testing.  These inspections were designed to verify the installation of measures that were 
recorded.  Customers were provided with a $50 incentive to encourage participation and 
compensate them for their time. 

 
3. Conduct Testing Inspections.  Conduct 10 inspections that included Duct Blaster and 

Blower-Door testing for sealing measurements, and flow measurement for low-flow shower 
heads.  These inspections were designed to go further in assessing the quality of the completed 
work.  Customers were provided with a $75 incentive to encourage participation and 
compensate them for their time. 

 
4. Reporting.  Report on findings from each inspection, including an assessment of whether 

expected work was completed, quality of work, and missed opportunities.  APPRISE provided 
Matrix with a data collection form.  They were instructed to record the following information. 

 Services received from other weatherization programs 

 Work completed by the customer following service delivery 

 Measures that were installed according to the program database 

 Measures found in the home 

 Quality of installed measures 

 Whether there was a missed opportunity if the measure had not been installed 

 Other missed opportunities 

 Customer comments 

 General findings from the inspection 
 
The testing inspections also collected the following data. 

 Blower door results 

 Duct blaster results 

 Shower flow results 
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B. Research Findings 
 
This section provides a summary of the findings from the inspection research.   
 
The inspector reported that the program did a good job of documenting measures that were 
installed.  The majority of claimed measures were visually verified as installed.  Of the remaining, 
some could not be verified because access was not provided into two attics, there was no 
information regarding the nature of the home repair and the homeowner could not provide the 
information, or the homeowner could not remember the CFLs that were installed.    
 
Table V-2 displays the quality rating for the measures that were found in the inspected homes.  
The table shows that the work was generally rated to be of excellent quality, and usually of good 
quality if not excellent.  While 84 percent of the inspected measures were rated as excellent, 14 
percent were rated as good.  Only two percent were rated fair and no measures were reported to 
be of poor quality. 
 
The one measure that showed the most room for improvement was the insulation.  While 11 were 
rated to be excellent quality, five were rated to be good quality, and two were rated as fair quality.  
The issues noted by the inspector about the insulation were that the insulation was installed before 
the HVAC equipment, and the insulation looked low in the middle of the attic. 
 

Table V-2 
Quality of Installed Measures and Weatherization Work 

 

Measure 
Number 

Completed  

Work Quality 

Excellent Good Fair Poor 

Refrigerator 13 13 0 0 0 

CFLs 13 11 2 0 0 

Weather Stripping 16 14 2 0 0 

Insulation 18 11 5 2 0 

Duct Work 14 13 1 0 0 

Water Heater Pipe Wrap 7 6 1 0 0 

HVAC System 16 14 2 0 0 

Water Heater Installed 3 3 0 0 0 

Home Repair 1 0 1 0 0 

Ceiling Fan 2 2 0 0 0 

Windows 1 1 0 0 0 

Other 8 6 2 0 0 

TOTAL 
112 94 16 2 0 

100% 84% 14% 2% 0% 

 

Table V-3 displays the missed opportunities that were seen during the inspections.  Missed 
opportunities were relatively uncommon, as only 13 percent of the measures that were not 



SMUD Low-Income Weatherization Program Evaluation Report 

On-Site Research 
 

 
 
 

Page 36 

 

 

 

APPRISE Incorporated 

 

installed were found to be missed opportunities.  The table shows that the most common areas 
for missed opportunities were water heater pipe wrap and insulation.4   
 

Table V-3 
Missed Opportunities 

 

Measure 
Number Not 
Completed  

Missed Opportunity 

Yes No 
Cannot 

Determine 

Refrigerator 13 1 12 0 

CFLs 13 3 10 0 

Weather Stripping 10 2 8 0 

Insulation 8 4 2 2 

Duct Work 12 0 8 4 

Water Heater Pipe Wrap 19 8 8 3 

HVAC System 10 1 8 1 

Water Heater Installed 23 0 21 2 

Home Repair 25 1 22 2 

Ceiling Fain 24 1 23 0 

Windows 25 1 24 0 

Other 18 3 15 0 

Total 
200 25 161 14 

 100% 13% 81% 7% 

 

Table V-4 displays the testing results.  Blower door tests were conducted with the house 
depressurized to 50 Pascal.  The blower door results show that most of the homes tested were 
fairly tight, but there was one home with a leakage rate of 4,240 CFM50.  SMUD should consider 
adding air sealing, with a focus on the top and bottom of the envelope, as a measure.  This should 
be completed prior to the attic insulation work. 
 
The ducts leakage test was conducted with the air registers and return temporarily covered.  The 
leakage to outside measurement is the most important of the two duct blaster tests.  The average 
leakage to outside measurement was 83 cfm which is in line with results seen after duct systems 
have been sealed.  The total duct leakage is expected to be higher than the leakage to outside 
measurement.  The average total duct leakage measurement was 143 cfm.  These values suggest 
that there are not significant missed opportunities for duct sealing. 
 

                                                 
4The inspector rated ten homes as having a missed opportunity for window replacement.  However, only one of these 
homes had cracked glass.  The others were noted as an opportunity for window replacement because they had aluminum 
frames.  Because research has shown that window replacement is not a cost-effective measure, we have removed these 
from the missed opportunity column. 
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The shower flow averaged 2.2 and 25 percent had a rate of more than 2.5 gallons per minute.  
There may be additional opportunities for more efficient showerheads provided through the 
program. 

Table V-4 
Testing Results 

 

Measure 
Number 
Tested  

Testing Result Statistics 

Mean Min 
Percentile 

Max 
25 50 75 

Blower Door (CFM50) 10 1635 896 1048 1458 1733 4240 

Duct Leakage to Outside 10 83 21 48 116 85 163 

Duct Leakage - Total 10 143 60 88 142 174 303 

Shower Water Flow 16 2.2 1 2 2.5 2.5 3 

 
The general notes provided by the inspector showed that the program is generally doing a good 
job.  The comments were as follows. 

 Overall excellent job (4 jobs). 

 Overall good job (7 jobs). 

 No complaints from homeowner (3 jobs). 

 Insulation looks very good. 

 Needs shoe/sweep on front door. 

 Insulation was very even.  Duct work looked good.  Very happy customer. 

 Very tight duct system. 

 HVAC installers did excellent work.  Test results look very good. 
 

Some of the customers had complaints about measures that they expected installers to return to 
provide (replace cracked windows or repair ceiling fan) or problems with installed measures 
(HVAC or insulation).  However, most of the customers were very satisfied with the work that 
was completed. 
 

C. Summary 
 

Twenty-six inspections were conducted on weatherization jobs completed in 2013 and 2014.  The 
inspections found that the providers generally did a good job.  For the most part, all measures 
recorded in the program database were found in the inspected homes.  While 84 percent of the 
inspected measures were found to be of excellent quality, 14 percent were rated to be of good 
quality.  Missed opportunities for program measures were infrequently found and testing results 
did not find many missed opportunities for air sealing or duct sealing.  The inspector did not recommend 
additional measures, but based on findings from other low-income energy efficiency program research, we recommend 
that SMUD consider air sealing in the attic and basement, as well as programmable thermostats.
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VI. ENERGY USAGE AND PEAK IMPACTS 
 

This section provides a summary of the usage impact analysis.  The usage impact analysis provides 
estimates of the amount of energy saved by participating customers based on analysis of customer’ 
billing data.  Peak demand reduction and cost-effectiveness are also analyzed in this section. 
 

A. Methodology 
 
Customers who received SMUD weatherization services in 2012 and 2013 were included as 
potential members of the treatment group for this evaluation.  Comparison group customers were 
those who were served in the following year.  The 2013 participants serve as a control for those 
customers treated in 2012 and the 2014 participants serve as a control for those customers treated 
in 2013.  Table VI-1 displays the methodology for defining the pre and post analysis periods for 
the treatment and comparison groups. 
 

Table VI-1 
Treatment and Comparison Groups 

 

 Pre Post Change Measured 

Treatment Group 
Year Before 

Services 
Year After 
Services 

After - Before 
Program Impact and 

Other Factors 

Comparison Group 2 Years Before 1 Year Before 
2 Years Before – 

1 Year Before 
Other Factors 

Treatment - Comparison    Program Impact 

 
It is important to employ a comparison group in the analysis because changes in usage may relate 
to many factors exogenous to the SMUD weatherization program.  Other factors that can impact 
usage include the economy and changes in electric billing rates.   
 
To control for changes that are exogenous to the program, we compare the change for the 
treatment group to the change for the comparison group.  The change for the treatment group is 
the gross change, the difference between what the customer experienced in the year before service 
delivery and the year after service delivery.  The same time period is examined for the comparison 
group, but since these customers received services one year later, the two years examined for the 
comparison group are two years and one year prior to service delivery.  The comparison group’s 
change is an estimate of what the change for the treatment group would have been if they had not 
received services.  By subtracting the comparison group’s change from the treatment group’s 
change, we obtain the net change, or the estimate of the impact of the program.   
 
Energy usage data were weather normalized to ensure that changes in energy usage were due to 
changes in usage patterns, rather than due to changes in weather.  Several weather normalization 
techniques were employed to ensure that savings estimates were accurately modeled.  The 
techniques fell into two main types – the house-by-house analysis and the pooled analysis. 
 

 House-by-house analysis: PRISM is an example of the house-by-house analysis, where energy 
usage for each home is analyzed for periods before and after treatment.  Gross savings is 
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calculated for each home as the difference between pre and post treatment weather-adjusted 
usage.  Net savings is calculated by adjusting gross savings by the average change in weather-
adjusted usage for comparison homes.  In addition to PRISM, we estimated a degree day 
analysis that allowed for a greater percentage of cases to be included. 

 

 Pooled analysis:  Fixed effects regression modeling was also conducted, where savings were 
not estimated for each home, but instead the model directly estimated the program savings as 
a parameter of the regression model.   
 

Results were fairly consistent across the various models. 
 

B. Data 
 
Usage data were requested and received from SMUD for the 2012, 2013, and 2014 weatherization 
program participants.  Table VI-2 displays the number of customers in each group and the number 
that had sufficient data available to be included in the usage impact analysis.  The table shows that 
about 43 percent of the treatment group could be included in the analysis because they had enough 
usage data available.  A smaller percentage were included in the PRISM analysis because the model 
was not a good fit5 for many of the cases.6 
 

Table VI-2 
Attrition Analysis 

 

  

2012 Analysis  2013 Analysis  

Treatment 
Group 

Comparison 
Group 

Treatment 
Group 

Comparison 
Group 

# % # % # % # % 

All Customers 1,174 100% 751 100% 768 100% 129 100% 

Usage data received 941 80% 479 64% 494 64% 128 99% 

Sufficient usage data available7 535 46% 273 36% 386 50% 122 95% 

Outliers removed8 508 43% 254 34% 348 45% 94 73% 

Full Analysis Group 508 43% 254 34% 348 45% 94 73% 

Reliable PRISM Results 281 24% 127 17% 154 20% 40 31% 

 

                                                 
5The PRISM model is defined as having a good fit based on the software’s recommended criteria, with an R-squared of at least 0.7 and 

the relative standard error of the Normalized Annual Consumption at no more than 0.07. 
6There were initially 1,180 unique customer identification numbers in 2012 and in 2013.  However, there were some duplicates by 
account and premise number, so the total number of eligible participants are listed as 1,174 in 2012 and 768 in 2013. 
7Close to a full year of pre- and post-treatment usage data is needed to perform reliable weather normalized analysis of changes in energy 

usage.  Accounts were removed if there were fewer than 10 bills or more than 12 bills in the pre- or post-treatment period. 
827 treatment and 19 comparison group accounts in the 2012 analysis and 38 treatment and 28 comparison group accounts in the 2013 

analysis were removed as outliers because they had the top or bottom one percent of usage or had more than a 65 percent change in 
usage. 
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C. Usage Impact Results 
 
Table VI-3A displays the savings estimates for the 2012 and 2013 participants.  Parameters for 
these models and all other models presented in this section are included in the report’s appendix.  
The table shows that the savings were approximately 577 kWh or five percent of pre-treatment 
usage for the 2012 participants, and 1,083 kWh or ten percent of pre-treatment usage for the 2013 
participants.  We focus on the degree day weather normalized usage results, as these results were 
the most stable and reliable.  However, the fixed effects regression results and the PRISM analysis 
results are shown for comparison.  Results were very stable for the 2012 analysis.  However the 
fixed effects estimate is somewhat higher and the PRISM estimate is significantly lower for the 
2013 participants. 
 

Table VI-3A 
Average Annual Usage and Savings 

 

  

Treatment Group Comparison Group 
Net Savings 

# 
Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

kWh % kWh % kWh % 

2012 Participants 

Non Normalized 508 10,538 9,692 845** 8.0% 254 11,260 10,938 322** 2.9% 524** 5.0% 

Degree Day  508 10,881 10,059 822** 7.6% 254 11,570 11,325 246* 2.1% 577** 5.3% 

Fixed Effects  508 10,624 9,801 823** 7.7% 254 11,011 10,750 261** 2.4% 563** 5.3% 

PRISM  281 11,357 10,408 949** 8.4% 127 12,189 11,827 362** 3.0% 587** 5.2% 

2013 Participants 

Non Normalized 348 10,117 8,958 1,159** 11.5% 94 9,826 8,683 142 1.4% 1,016** 10.0% 

Degree Day  348 10,439 9,544 895** 8.6% 94 10,264 10,452 -188 -1.8% 1,083** 10.4% 

Fixed Effects  348 9,963 9,150 813** 8.2% 94 10,009 10,402 -393** -3.9% 1,206** 12.1% 

PRISM  154 10,710 9,730 980** 9.1% 40 11,782 11,415 367 3.1% 613* 5.7% 

**Denotes significance at the 99 percent level.  *Denotes significance at the 95 percent level.  #Denotes significance at the 90 percent level. 

 
Only five of the LIDEER participants had enough data to be included in the usage impact 
analysis.9  Table VI-3B shows that the average savings for this subgroup of the 2013 participants 
was 1,843 kWh, higher than for the 2013 participants as a whole, but about the same percentage 
usage reduction. 

 

                                                 
9There were 63 LIDEER customers, 41 merged with the 2013 participant data, 33 merged with the usage data, and five had sufficient 
usage data to be included in the analysis.  Of the 28 that did not have sufficient usage data, 27 did not have enough pre-treatment data 
and one did not have enough post-treatment data. 
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Table VI-3B 
Average Annual Usage and Savings – 2013 LIDEER Participants 

 

  

Treatment Group Comparison Group 
Net Savings 

# 
Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

kWh % kWh % kWh % 

Non Normalized 5 18,613 16,806 1,807* 9.7% 94 9,826 8,683 142 1.4% 1,665* 8.9% 

Degree Day  5 18,780 17,125 1,655* 8.8% 94 10,264 10,452 -188 -1.8% 1,843* 9.8% 

**Denotes significance at the 99 percent level.  *Denotes significance at the 95 percent level.  #Denotes significance at the 90 percent level. 

 
Table VI-4A displays the percent of participants and the percent of the treatment group that 
received each measure.  The table shows that the most common measures were refrigerators and 
CFLs.  About 70 percent of participants received new refrigerators and about 40 percent received 
CFLs.  The analysis group, those with enough data to be included in the usage impact analysis, 
were somewhat less likely to receive refrigerators than the group of all participants in 2012 and 
were somewhat more likely to receive CFLs.  The only other measures installed in about ten 
percent of the homes or more were weatherstripping, door sweeps and R19 insulation.  The 
insulation was installed in nine percent of homes in 2013, but only in three percent in 2012. 

 
Table VI-4A 

Frequency of Measures 
 

Measures10 
All Participants Analysis Group 

2012 2013 2012 2013 

Number of Customers 1,174 767 508 348 

Refrigerator 67% 70% 47% 68% 

CFLs 33% 43% 52% 47% 

Weatherstripping 6% 13% 5% 13% 

Door sweep/shoe 3% 9% 1% 9% 

R-19 insulation  3% 9% 3% 7% 

Torcheire 2% 4% 4% 5% 

Water heater pipe wrap  3% 5% 3% 5% 

HVAC maintenance  3% 5% 4% 3% 

Refrigerator Grounding  2% 4% 1% 4% 

Low flow showerhead  2% 3% 2% 3% 

R-30 insulation  2% 2% 2% 2% 

Caulking  1% 3% 1% 3% 

HVAC system  1% 6% 1% 2% 

                                                 
10One percent or fewer had the following measures installed: Minor home repair, microwave oven, cooling system, pick up 2nd 
refrigerator, gasket weatherstripping bulb, appliance maintenance, bug screen installed, water heater blanket, appliance installed, CO 
detector, domestic water heater, electrical range, gas range, glass replacement, HVAC filter, hard wire CFL, portable evaporative cooler, 
shade screen, and window replacement. 
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Measures10 
All Participants Analysis Group 

2012 2013 2012 2013 

Number of Customers 1,174 767 508 348 

Ceiling fan <1% 2% 1% 3% 

Duct work 0% 5% 0% 1% 

Door threshold <1% 2% <1% 2% 

Faucet aerator <1% 2% <1% 1% 

 
Table VI-4B displays the measures installed in the 2013 pilot program homes.  The table shows 
that, as designed, these customers received more intensive treatments.  While 86 percent had a 
new HVAC system installed, 76 percent had duct work, 69 percent had insulation installed and 
about one third had CFLs, weatherstripping, or a refrigerator replacement. 

 
Table VI-4B 

Frequency of Measures 
LIDEER Participants 

 

Measures 
2013 LIDEER 

All Treatment 

Number of Customers 42 5 

HVAC system 86% 100% 

Duct work 76% 80% 

R-19 insulation 69% 60% 

CFLs installed 36% 20% 

Weatherstripping 36% 60% 

Refrigerator 33% 40% 

Door sweep/shoe  21% 60% 

Minor home repair 14% 20% 

Door threshold 12% 20% 

R-30 insulation 10% 0% 

Domestic water heater 10% 0% 

Ceiling fan 7% 0% 

Window replacement 7% 0% 

Water heater pipe wrap 5% 20% 

Torcheire  2% 20% 

Low flow showerhead 2% 0% 

Cooling system 2% 0% 

 
Table VI-5A displays savings by measure combination for the 2012 participants.  The table shows 
that customers who received a refrigerator or a refrigerator and other measures had the greatest 
savings.  Customers who received a HVAC system (only four customers in this analysis) had only 
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four percent savings, probably due to the fact that the HVAC system that was replaced was not 
functioning properly and the replacement system allowed the customer to keep the home at a safer 
and more comfortable temperature. 
 

Table VI-5A 
2012 Analysis Group Savings  

By Measure Combination 
 

Measures 
Installed  

Treatment Group Comparison Group 
Net Savings 

Jobs Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

# % kWh % kWh % kWh % 

HVAC System 4 1% 9,753 9,132 621 6.4% 

254 11,570 11,325 246* 2.1% 

376 3.9% 

Only Refrigerator 183 36% 10,997 9,816 1,181** 10.7% 935** 8.5% 

Refrig & Other 54 11% 10,609 9,531 1,078** 10.2% 833** 7.8% 

Only Other 243 48% 10,957 10,424 533** 4.9% 288# 2.6% 

No Recorded 
Measures 

24 5% 10,033 9,566 467 4.7% 222 2.2% 

**Denotes significance at the 99 percent level. *Denotes significance at the 95 percent level. #Denotes significance at the 90 percent level 

 
Table VI-5B displays savings by measure combination for the 2013 participants.  As with the 2012 
participants, the table shows that customers who received a refrigerator or a refrigerator and other 
measures had the greatest percentage savings.  However, customers who received a HVAC system 
or “only other measures” had greater savings in 2013 than in 2012, and the highest kWh savings, 
averaging 1,364 kWh was for customers who received HVAC system replacements.  Most of the 
2013 customers with HVAC system replacements were the pilot participants and their pre-
treatment usage was significantly higher than those who received HVAC system replacements in 
2012. 
 

Table VI-5B 
2013 Analysis Group Savings  

By Measure Combination 
 

Measures 
Installed  

Treatment Group Comparison Group 
Net Savings 

Jobs Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

# % kWh % kWh % kWh % 

HVAC System 8 2% 16,294 15,118 1,177# 7.2% 

94 10,264 10,452 -188 -1.8% 

1,364* 8.4% 

Only Refrigerator 141 41% 9,793 8,816 978** 10.0% 1,165** 11.9% 

Refrig & Other 94 27% 9,993 8,926 1,067** 10.7% 1,255** 12.6% 

Only Other 95 27% 11,368 10,743 625** 5.5% 813** 7.2% 

No Recorded 
Measures 

10 3% 10,241 9,783 457 4.5% 645 6.3% 

**Denotes significance at the 99 percent level. *Denotes significance at the 95 percent level. #Denotes significance at the 90 percent level 
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The analysis above showed that there could be bias resulting from high attrition of customers who 
received refrigerators in 2012.  Table VI-6 provides a comparison of the measure combination 
groups for all participants and for the analysis group.  The table confirms that customers with only 
refrigerators were underrepresented in the 2012 analysis sample, as 55 percent of 2012 participants 
only had a refrigerator installed, while only 36 percent of the 2012 treatment group only had a 
refrigerator installed. 
 

Table VI-6 
Measure Combinations in Full Sample and Analysis Sample 

 

Measures Installed  

2012 Participants 2013 Participants 

All Participants 
Treatment 

Group 
All Participants Treatment Group 

# % # % # % # % 

HVAC System 8 1% 4 1% 46 6% 8 2% 

Only Refrigerator 651 55% 183 36% 321 42% 141 41% 

Refrigerator & Other 136 12% 54 11% 203 26% 94 27% 

Only Other 346 29% 243 48% 183 24% 95 27% 

No Recorded 
Measures 

33 3% 24 5% 15 2% 10 3% 

Total 1,174 100% 508 100% 768 100% 348 100% 

 
Table VI-7 provides a weighted estimate of energy savings to account for the higher attrition 
experienced by participants who received refrigerators.  The results were weighted by the 
percentage of all participants with each type of measure.  For example, 55 percent of the 2012 
participants only received a refrigerator as compared to 36 percent of the treatment group.  
Therefore, the average savings for this group is given a 55 percent weight in the total average 
savings estimate instead of a 36 percent weight if no correction factor was applied.  The table 
shows that the 2012 average savings increase by 131 kWh to 708 kWh when the differential 
attrition is taken into account.  The 2013 weighted savings were approximately the same as the 
unweighted savings. 

 
Table VI-7 

Weighted and Unweighted Usage Savings Estimates 
 

Savings 
2012 2013 

Unweighted Weighted Unweighted Weighted 

kWh 577 708 1,083 1,105 

Percent 5.3% 6.5% 10.4% 10.6% 

 
Table VI-8 displays the degree day normalized savings estimates by type of usage – heating, 
cooling, or baseload.  The table shows that most of the savings were estimated to result from 
baseload usage reduction. 
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Table VI-8 
Average Annual Usage and Savings 

By Heating, Cooling, and Baseload Usage 
 

  

Treatment Group Comparison Group 
Net Savings 

# 
Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

kWh % kWh % kWh % 

2012 Participants 

Heating 508 1,028 1,074 -46 -4.5% 254 1,486 1,569 -84 -5.6% 38 3.7% 

Cooling 508 1,487 1,538 -51 -3.4% 254 1,281 1,289 -8 -0.6% -44 -2.9% 

Baseload 508 8,367 7,447 919** 11.0% 254 8,803 8,467 337** 3.8% 583** 7.0% 

2013 Participants 

Heating 348 1,192 1,299 -107* -9.0% 94 1,549 1,930 -381** -24.6% 274* 23.0% 

Cooling 348 1,221 1,318 -97* -7.9% 94 1,152 1,303 -151# -13.2% 54 4.5% 

Baseload 348 8,026 6,927 1,099** 13.7% 94 7,563 7,219 344* 4.6% 755** 9.4% 

**Denotes significance at the 99 percent level.  *Denotes significance at the 95 percent level.  #Denotes significance at the 90 percent level. 

 
Table VI-9 displays savings by pre-treatment weather normalized usage.  Consistent with previous 
research, the table shows that participants with higher pre-treatment energy usage had greater 
savings resulting from the weatherization services.  The table shows that the 2012 participants 
with usage of less than 8,000 kWh had average savings of 286 kWh, compared to savings of 563 
kWh for participants with usage from 8,000 kWh to 12,000 kWh, and savings of 944 kWh for 
participants with pre-treatment usage of 12,000 kWh or more. 

 
Table VI-9 

Average Annual Usage and Savings 
By Pre-Treatment Usage 

 

  

Treatment Group Comparison Group 
Net Savings 

# 
Pre-
Use 

Post-
Use 

Savings 
# 

Pre-
Use 

Post-
Use 

Savings 

kWh % kWh % kWh % 

2012 Participants 

<8,000kWh 140 6,041 5,745 296** 4.9% 82 6,078 6,067 11 0.2% 286# 4.7% 

8,000-<12,000kWh 199 9,971 9,375 596** 6.0% 70 9,858 9,825 33 0.3% 563* 5.6% 

≥12,000kWh 169 15,963 14,438 1,525** 9.6% 102 17,161 16,581 581** 3.4% 944** 5.9% 

2013 Participants 

<8,000kWh 122 5,804 5,291 514** 8.8% 35 5,987 6,378 -391# -6.5% 905** 15.6% 

8,000-<12,000kWh 115 9,648 9,064 584** 6.1% 34 9,928 10,263 -335 -3.4% 919** 9.5% 

≥12,000kWh 111 16,354 14,717 1,637** 10.0% 25 16,708 16,411 297 1.8% 1,340** 8.2% 

**Denotes significance at the 99 percent level.  *Denotes significance at the 95 percent level.  #Denotes significance at the 90 percent level. 
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D. Load Profile 
 
This section examines the load profile for the weatherization participants.   
 

Figure VI-1: Average Hourly Usage (kWh), 2012 Analysis Group 
Figure VI-1 displays the 
load profile by season 
for the 2012 
participants.  Statistics 
are provided in the 
appendix.  The graphs 
show the increase in 
usage in the late 
afternoon in the 
summer season, peaking 
about 6:00pm.  The 
graphs display the pre 
and post average hourly 
usage and show that 
usage declined 
throughout the day, but 
savings were somewhat 
more pronounced 
during the late 
afternoon hours. 

 
Figure VI-2: Average Hourly Savings (kWh), 2012 Analysis Group 

Figure VI-2 displays the 
average hourly savings 
by season for the 2012 
participants.  The graphs 
show more clearly the 
distribution of savings 
by time of day.  The 
program had the benefit 
of decreasing summer 
usage the most in the 
late afternoon hours. 
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Figure VI-3: Average Hourly Usage (kWh), 2013 Analysis Group  

Figure VI-3 displays the 
load profile by season for 
the 2013 participants.  
The graphs are similar to 
those for the 2012 
participants, but show 
greater savings, as the 
distances between the 
lines are greater than in 
the previous graphs. 

 

 

 

 

 
 
 
 

 

Figure VI-4: Average Hourly Savings (kWh), 2013 Analysis Group 

Figure VI-4 displays the 
average hourly savings by 
season for the 2013 
participants.  The graphs 
show more clearly the 
distribution of savings by 
time of day.  The program 
had the benefit of 
decreasing summer usage 
the most in the late 
afternoon hours.  Fall 
usage reduction was also 
greatest in late afternoon 
hours, while winter and 
spring reductions were 
more stable throughout 
the day. 
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E. Peak Usage Impact 
 
The Low-Income Weatherization Program reflects SMUD’s concern with reducing the electric 
demand of its customers during summer peak conditions.  In 2008, SMUD refined the definition 
of the peak savings as the average load reduction that would occur between 4:00 pm and 7:00 pm 
during a three-day heat storm that includes the highest annual temperature.  The average is 
measured in kilowatts (kW) across the nine hours. 
 
Table VI-10 displays the temperature conditions in a normal weather year for peak load savings 
as defined by SMUD. 

 
Table VI-10 

Temperature Conditions for Peak Load Savings 
Normal Year (50% Probability) 

 

Consecutive Weekday Temperature 

High Temperature First Day 100° F 

4-7 PM 
Second Day 104° F 

Third Day 106° F 

Low Temperature Third Day 67° F 

 
SMUD provided information on the historical peak days during the period of analysis.  They were 
as follows: 

 2011 - 7/5/2011 

 2012 - 8/11/2012 

 2013 - 7/30/2013 

 2014 - 8/6/2014 
 
The requirements for usage data for the analysis of peak impact are that the customer has the peak 
usage period included in the year prior to service delivery and the year following service delivery.  
This is different than the requirement for the usage impact analysis, which requires close to a full 
year of usage data in the year preceding and the year following service delivery.  Table VI-11 
displays the availability of data for the peak analysis compared to that for the full usage analysis.   

 
Table VI-11 

Attrition Analysis 
 

  

2012 Analysis Group 2013 Analysis Group 

Treatment 
Group 

Comparison 
Group 

Treatment Group 
Comparison 

Group 

# % # % # % # % 

All Customers 1,157 100% 751 100% 766 100% 129 100% 

A Peak Period in Pre and Post 602 52% 393 52% 296 39% 129 100% 
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2012 Analysis Group 2013 Analysis Group 

Treatment 
Group 

Comparison 
Group 

Treatment Group 
Comparison 

Group 

# % # % # % # % 

Outliers Removed11 569 49% 363 48% 274 36% 121 94% 

Peak Usage Analysis Group 569 49% 363 48% 274 36% 121 94% 

Full Analysis Group 508 43% 254 34% 348 45% 94 73% 

 
Table VI-12 displays the average hourly peak usage reduction from the peak period in the pre- 
treatment year to the peak period in the post-treatment year.  This is the difference between the 
average hourly usage for the nine hour pre peak period and the average hourly usage for the nine 
hour post period.  The table shows small, statistically insignificant reductions in peak hourly usage.  
Reductions for the group that was included in the usage impact analysis were .06 kW for the 2012 
participants and .15 kW for the 2013 participants.  (There were too few LIDEER participants to 
provide a separate analysis.)  For comparison purposes, we provide the average, weather 
normalized, hourly usage for the pre and post treatment year.  The comparison shows that the 
peak usage is approximately three times the average hourly usage over the full year period.  The 
table also shows that peak usage reductions were approximately the same as the average hourly 
demand reduction over the full year. 

 
Table VI-12 

Average Peak Usage (kW) Reduction 
 

  

Treatment Group Comparison Group 
Net Savings 

# Pre Post 
Savings 

# Pre Post 
Savings 

kW % kW % kW % 

Peak Usage Analysis Group 

2012 569 3.53 3.51 0.03 0.70% 363 3.25 3.25 >-0.01 >-0.1% 0.03 0.70% 

2013  274 3.35 3.2 0.15* 4.60% 121 3.12 3.06 0.07 2.10% 0.09 2.60% 

Peak Usage Analysis Group Included in Usage Impact Analysis 

2012 385 3.65 3.61 0.04 1.10% 164 3.27 3.3 -0.02 -0.70% 0.06 1.70% 

2013  177 3.24 3.14 0.10 3.10% 92 3.03 3.08 -0.05 -1.60% 0.15 4.60% 

Full Year Average Hourly Usage Reduction for Group Included in Usage Impact Analysis 

2012 508 1.24 1.15 0.09** 7.6% 254 1.32 1.29 0.03* 2.1% 0.07** 5.3% 

2013 348 1.19 1.09 0.10** 8.6% 94 1.17 1.19 -0.02 -1.8% 0.12** 10.4% 

 
Table VI-13 provides an estimate of the total peak load reduction due to the program by 
multiplying the average hourly reduction by the number of participants.  The table shows total 

                                                 
1133 cases in the 2012 Treatment group, 30 cases in the 2012 Comparison group, 22 cases in the 2012 Treatment group 
and 8 cases in the 2012 Comparison group were removed due to peak usage over 150 kW or change in peak usage of more 
than 300 percent. 
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reductions ranging from 35 to 71 kW for 2012 and from 70 to 117 for 2013 depending on the 
analysis group used. 

 
Table VI-13 

Average Savings  
 

Year # Participants Average Savings (kW) Total Savings (kW) 

All Peak Usage Analysis Group 

2012 1,180 0.03 35.40 

2013 777 0.09 69.93 

Peak Usage Analysis Group Included in Usage Impact Analysis 

2012 1,180 0.06 70.80 

2013 777 0.15 116.55 

 

F. Job and Measure Costs and Cost-Effectiveness 
 
Table VII-7 displays the calculation of average total costs for weatherization participants in 2012 
and 2013.  This is the sum of the audit and administrative costs reported by SMUD and the 
participants’ invoiced measure costs reported in the program database.  

 
Table VII-7 

Average Weatherization Costs 
 

Year 
Audit and 

Administrative Cost  
Measure Cost Total Cost  

2012 $350  $625  $975  

2013 $433  $1,391  $1,824  

 
Table VII-8 displays an estimate of the program’s cost-effectiveness based on the weighted 
average savings and the average total cost.  The cost over the 15-year measure life was estimated 
to be about 13 cents per kWh saved in 2012 and 16 cents per kWh saved in 2013.  The 15-year 
measure life is a conservative assumption for HVAC systems, insulation, and refrigerators, but an 
overly optimistic assumption for the lighting.  On balance, it is approximately the correct 
assumption for the program as a whole. 
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Table VII-8 
Program Cost-Effectiveness 

 

Year Participants 
Average 
Savings 
(kWh) 

Average 
Total 
Cost 

Cost Per 
Unit Saved 

$/kWh Saved 

5 Year 

Measure 

Life 

10 Year 

Measure 

Life 

15 Year 

Measure 

Life 

2012 1,180 708 $975 $1.38 $0.32 $0.18 $0.13 

2013 777 1,105 $1,824 $1.65 $0.38 $0.21 $0.16 

 

G. Summary 
 

This section provides an analysis of the impacts of SMUD’s low-income weatherization program 
on overall energy usage and peak usage.  A summary of the findings from the analyses and 
recommendations for the program are below. 

 

 Reduction in Energy Usage: The analysis found that savings were approximately 577 kWh 
or five percent of pre-treatment usage for the 2012 participants, and 1,083 kWh or ten percent 
of pre-treatment usage for the 2013 participants.  Average savings for the LIDEER customers, 
a subgroup of the 2013 participants, was 1,843 kWh, higher than for the 2013 participants as 
a whole, but about the same percentage usage reduction.  
 

 Measures: The most common measures were refrigerators and CFLs.  About 70 percent of 
participants received new refrigerators and about 40 percent received CFLs.  Insulation was 
installed in 11 percent of homes in 2013, but only in five percent in 2012. 
 

 LIDEER Measures: While 86 percent of these participants had a new HVAC system 
installed, 76 percent had duct work, 69 percent had insulation installed and about one third 
had CFLs, weatherstripping, or a refrigerator replacement. 
 

 Savings by Measure Combinations: Customers who received a refrigerator or a refrigerator 
and other measures had the greatest savings in 2012, averaging about 900 kWh in 2012 and 
about 1,200 kWh in 2013.  Customers who received a HVAC system had only 376 kWh of 
savings in 2012, probably due to the fact that the HVAC system that was replaced was not 
functioning properly and the replacement system allowed the customer to keep the home at a 
safer and more comfortable temperature.  However, in 2013, savings for customers with 
replaced HVAC systems averaged 1,364 kWh. 
 

 Weighted Savings Estimate: The customers with only refrigerators were underrepresented 
in the 2012 analysis sample, as 55 percent of 2012 participants only had a refrigerator installed, 
while only 36 percent of the 2012 treatment group only had a refrigerator installed.  The 2012 
average savings increased by 131 kWh to 708 kWh when the differential attrition is taken into 
account.  The 2013 weighted savings were approximately the same as the unweighted savings. 
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 Savings by Pre-Treatment Energy Usage: Consistent with previous research, the analysis 
showed that participants with higher pre-treatment energy usage had greater savings resulting 
from the weatherization services.  The 2012 participants with usage of less than 8,000 kWh 
had average savings of 286 kWh, compared to savings of 563 kWh for participants with usage 
from 8,000 kWh to 12,000 kWh, and savings of 944 kWh for participants with pre-treatment 
usage of 12,000 kWh or more.  SMUD should consider targeting program services to their highest usage 
low-income customers to achieve greater energy savings. 
 

 Load Profile: An analysis of participants’ load shape and change in usage over the day by 
season, showed that the program had the benefit of decreasing summer usage the most in the 
late afternoon hours. 
 

 Peak Usage Impact: There were small, statistically insignificant reductions in peak hourly 
usage from the peak event in the pre-treatment period to the peak event in the post-treatment 
period.  Reductions were .06 kW for the 2012 participants and .15 kW for the 2013 
participants.  The peak usage is approximately three times the average hourly usage over the 
full year period.  Peak usage reductions were approximately the same as the average hourly 
demand reduction over the full year. 

 

 Cost Effectiveness: The analysis showed that the program was approximately cost-effective 
when comparing the weighted average savings over a 15-year measure life to the costs for 
program administration, audits, and measures.  The cost over the 15-year measure life was 
estimated to be 13 cents per kWh saved in 2012 and 16 cents per kWh saved in 2013.  SMUD 
can increase savings and cost-effectiveness by targeting services to high usage customers. 
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VII. DEEMED SAVINGS AND REALIZATION 
RATES 
 
This section of the report provides a summary of the deemed savings analysis that was conducted for 
the SMUD low-income weatherization program evaluation.  The deemed savings analysis compares 
the program’s deemed savings to the usage impact results calculated in this evaluation.   
 

A. Deemed Savings and Realization Rates 
 
SMUD has developed deemed savings factors to project the savings from the weatherization 
services.  Table VII-1 displays SMUD’s deemed usage and demand savings parameters for each 
type of measure installed. 

 
Table VII-1 

Deemed Savings by Individual Measures 
 

 Measure 
Mean Total 

Deemed 
Savings (kWh) 

Mean Deemed 
Savings (kW) 

Attic Insulation   

     R-0 to R-38 1,784 1.340 

     R-11 to R-38 843 0.875 

     R-19 to R-38 445 0.475 

House Sealing 93 0.195 

HVAC   

     Duct Insulation 167 0.290 

     Duct Replacement 853 1.840 

     Duct Sealing 517 1.090 

     Replacement CAC: Split/Pkg 1,533 3.710 

     Replacement HP: (incl. Resist. Heat to HP) 4,308 3.920 

     Room A/C 138 0.159 

Envelope   

     Shade Screen 253 0.120 

Electric Hot Water   

     Replacement 712 0.090 

     Blanket 204 0.020 

     Pipe Wrap 61 0.006 

     Aerator 42 0.004 

     Showerhead  318 0.031 

Lighting   
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 Measure 
Mean Total 

Deemed 
Savings (kWh) 

Mean Deemed 
Savings (kW) 

     CFL 16 0.002 

     Fixture 127 0.007 

     Torch 278 0.065 

     Power Strips 87 0.011 

Appliances   

     Clothes Washer 417 0.155 

     Refrigerator 789 0.134 

     Refrigerator Removal 675 0.089 

 
SMUD also provided a database with the deemed savings calculations by participant.  However, 
these data did not include records for all participants.  Table VII-2 displays the percent of the 2012 
and 2013 treatment groups that had deemed savings data available. 

 
Table VII-2 

Deemed Savings Data Attrition 
 

  
2012 Treatment 2013 Treatment 

# % # % 

Usage impact analysis group 508 100% 348 100% 

With deemed savings information 333 66% 302 87% 

 
Table VII-3 displays the deemed savings, usage impact savings, and realization rates by measure 
grouping.  The mean customer realization rate is the average of the realization rate across the 
customers.  The mean program realization rate is the usage impact savings for the program divided 
by the deemed savings for the program.  There was wide variation in realization rates across the 
participants, but the deemed savings did a good job across the program of estimating savings from 
refrigerators and refrigerators and other measures in 2012 and 2013 and of estimating savings 
from all measures except the HVAC system in 2013.   
 
Savings from the HVAC system were highly overestimated in both 2012 and 2013.  The deemed 
savings averaged just over 3,000 kWh in 2012 and were approximately 31 percent of pre-treatment 
usage.  This is a reasonable level of savings to project, but customers may not realize these savings 
if their HVAC system prior to replacement was not functioning properly.  The 2013 deemed 
savings, averaging 10,883 kWh, were 67 percent of pre-treatment usage, and these savings are very 
unlikely to be realized. 
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Table VII-3 
Deemed Usage Savings and Realization Rate 

By Measure Grouping 
 

  Obs. 
Mean Total 

Deemed 
Savings (kWh) 

Mean Usage 
Impact Savings 

(kWh) 

Mean 
Customer 

Realization  

Mean 
Program 

Realization  

2012 Treatment Group 

HVAC System 3 3,037 1,110 48% 37% 

Only a Refrigerator 70 821 1,086 133% 132% 

Refrigerator and Other Measures 25 1,286 1,294 121% 101% 

Only Other Measures 217 153 553 738% 360% 

No Recorded Measures 18 166 597 652% 360% 

2012 Treatment Group 333 406 728 554% 180% 

2013 Treatment Group 

HVAC System 7 10,883 1,401 11% 13% 

Only a Refrigerator 124 792 914 115% 115% 

Refrigerator and Other Measures 86 1,045 1,075 116% 103% 

Only Other Measures 82 567 535 309% 94% 

No Recorded Measures 3 606 702 226% 116% 

2013 Treatment Group 302 1,035 866 167% 84% 

 
A large percentage of customers received “only other measures” as shown in the table above.  
Savings from these measures were underestimated in the 2012 program and were fairly accurate 
in the 2013 program.  Table VII-4 displays the combinations of measures that were included in 
this category.  The table shows that the majority of these customers only received CFLs and/or 
torches.   

 
Table VII-4 

Measure Combinations with Only Other Measures  
2012 Treatment Group 

 

Measures 2012 Participants 2013 Participants 

Number of Customers 217 82 

CFLs and/or Torch 180 45 

Insulation and other 13 16 

CFLs, Water Heater pipe wrap 9 1 

CFL and/or Torch, HVAC maintenance 8 1 

CFL, Torch, and other 7 15 

Other combination 0 4 
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Table VII-5 displays the savings and realization for customers who only received CFLs and 
Torches.  The table shows that the savings for these customers were well underestimated.  We 
recommend that the savings for these measures be based on the number of lights installed, an 
estimated difference in wattage, and an estimate of two hours of usage per day.  For a standard 
CFL replacing a 60 watt incandescent, the deemed savings should be approximately 34 kWh.   
 
 
 
 

Table VII-5 
Deemed Usage Savings and Realization Rate 

Customers with Only CFLs and Torches 
 

 Year Obs. 
Mean Total Deemed 

Savings (kWh) 
Mean Usage Impact 

Savings (kWh) 
Mean Program 

Realization  

2012 180 93 584 628% 

2013 45 152 504 332% 

 
Table VII-6 displays the deemed demand savings and realization rate.  This table compares the 
average hourly savings from the usage impact analysis to the deemed kW savings reported by 
SMUD.  The table shows that the kW savings overall for the program were overestimated in both 
2012 and 2013.  This results from overestimates of demand savings for the HVAC system, 
refrigerators, and refrigerators and other measures in 2012 and for all measure groups in 2013. 

 
Table VII-6 

Deemed Demand Savings and Realization Rate 
By Measure Grouping 

 

  Obs. 
Mean Deemed 
Savings (kW) 

Mean Usage 
Impact Savings 

(kW) 

Mean 
Customer 

Realization  

Mean 
Program 

Realization  

2012 Treatment Group 

HVAC System 3 5.01 0.13 2% 3% 

Only a Refrigerator 70 0.14 0.12 90% 89% 

Refrigerator and Other Measures 25 0.32 0.15 74% 46% 

Only Other Measures 217 0.05 0.06 628% 116% 

No Recorded Measures 18 0.02 0.07 604% 284% 

2012 Treatment Group 333 0.14 0.08 466% 61% 

2013 Treatment Group 

HVAC System 7 5.57 0.16 3% 3% 

Only a Refrigerator 124 0.13 0.10 78% 78% 

Refrigerator and Other Measures 86 0.25 0.12 77% 49% 

Only Other Measures 82 0.31 0.06 277% 19% 

(60 watts – 13 watts)*.001 * 365 days * 2 hours/day = 34 kWh 
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  Obs. 
Mean Deemed 
Savings (kW) 

Mean Usage 
Impact Savings 

(kW) 

Mean 
Customer 

Realization  

Mean 
Program 

Realization  

No Recorded Measures 3 0.10 0.08 200% 81% 

2013 Treatment Group 302 0.34 0.10 131% 29% 

 

B. Summary and Recommendations 
 

This section provides a summary of the findings and recommendations from the deemed savings 
analyses. 
 

 Deemed Savings Documentation: The evaluation found significant differences between the 
deemed savings in 2012 and 2013, and it was not clear how the deemed savings were 
determined.  SMUD should develop a guide to document the steps to be followed when calculating the deemed 
savings for each program measure.   
 

 Deemed Savings Data: The evaluation found that deemed savings data were only available 

for 66 percent of the 2012 participants in the usage impact analysis and 87 percent of the 2013 

participants in the usage impact analysis.  It was not clear why the deemed savings were not 

available for the other participants.  SMUD should improve the management of the deemed savings data 

and include these data in a comprehensive program database. 

 Deemed Savings and Realization Rates: There was wide variation in realization rates across 
participants, but the deemed savings did a good job across the program of estimating savings 
from refrigerators and refrigerators and other measures in 2012 and 2013 and of estimating 
savings from all measures except the HVAC system in 2013.   
 

 Deemed Savings for HVAC System Replacement: Savings from the HVAC system were 
very highly overestimated in both 2012 and 2013.  The deemed savings, averaging just over 
3,000 kWh in 2012, were approximately 31 percent of pre-treatment usage and were a 
reasonable level of savings to project.  However, customers may not realize these savings if 
their HVAC system was not functioning properly prior to replacement.  The 2013 deemed 
savings, averaging 10,883 kWh were 67 percent of pre-treatment usage and these savings are 
very unlikely to be realized.  Savings from replacement HVAC systems should be scaled down overall, 
and should be based on an assessment of whether the pre-replacement HVAC system is functioning properly. 
 

 Deemed Savings from CFLs and Torches: Savings for these customers were well 
underestimated, as the program realization rate was 628 percent in 2012 and 332 percent in 
2013.  We recommend that the savings for these measures be based on the number of lights installed, an 
estimated difference in wattage, and an estimate of two hours of usage per day.  For a standard CFL replacing 
a 60 watt incandescent, the deemed savings should be approximately 34 kWh.   
 

 Deemed Demand Savings and Realization Rates: The kW savings overall for the program 
were overestimated in both 2012 and 2013.  This results from overestimates of demand savings 
for the HVAC system, refrigerators, and refrigerators and other measures in 2012 and for all 



SMUD Low-Income Weatherization Program Evaluation Report 

Deemed Savings and Realization Rates 
 

 
 
 

Page 58 

 

 

 

APPRISE Incorporated 

 

measure groups in 2013.  The demand savings should be scaled down to approximate the usage impact 
savings over the annual hours of usage. 
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VIII. FINDINGS AND RECOMMENDATIONS 
 

This section provides recommendations for program design, program implementation, and deemed 
savings calculations, based on the research findings presented in this report.  The evaluation found 
that the program was generally well-designed and managed, customers were satisfied with the process 
and services, and the program achieved significant energy savings that were cost-effective or close to 
cost-effective.  The recommendations made here may increase savings for the program and provide 
more beneficial services to program participants.  Given that the program was close to cost-effective 
in 2012 and 2013, these changes may increase savings enough to make the program cost-effective. 

 

A. Program Design 
 
Recommendations for program design changes that may improve program outcomes are 
described below. 
 

1.  Target High Usage EAPR Customers for Program Participation 

 
SMUD’s Low-Income Weatherization Program serves eligible customers on a first-come, first-
serve basis, and does not currently target high usage customers for service delivery.  Findings 
presented in this report, as well as numerous other studies of such programs, show that the 
program can achieve higher savings by targeting higher usage customers. 
 
The results in this study for the 2012 program showed that participants with usage of less than 
8,000 kWh had average savings of 286 kWh, compared to savings of 563 kWh for participants 
with usage from 8,000 kWh to 12,000 kWh, and savings of 944 kWh for participants with pre-
treatment usage of 12,000 kWh or more. 
 
The participant survey found that respondents were most likely to have learned about the program 
through a bill insert or mailing.  Therefore, we recommend that SMUD send program recruitment 
materials to the highest usage EAPR customers to encourage their participation in the program.  
These materials should emphasize the reduction in bills and improved home comfort, as these 
were the most common reasons that survey respondents reported for participating in the program. 

 

2.  Consider Air Sealing Focused on Top and Bottom of Envelope as an Additional Measure 

 
The program does not currently provide air sealing at the top and bottom of the envelope.  This 
air sealing is one of the most effective weatherization techniques, because the stack effect causes 
warm air to leave the home through penetrations in the ceiling and roof and cooler air to enter 
the home through holes and penetrations near the floor.  Air sealing will reduce heat loss and 
increase the effectiveness of the insulation.    
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3.  Consider Programmable Thermostats as an Additional Measure 

 
Programmable thermostats should be considered as an additional program measure where 
customers appear interested and capable of understanding the purpose and appropriate use of this 
measure.  They should be installed in coordination with customer education on nighttime setbacks 
and setbacks when away from the home on a regular time. 

4.  Develop a Data Collection and Storage System to Improve Data Availability and Accuracy 

 
The program did not appear to have a comprehensive and systematic method for collecting and 
storing customer, home, and program data.  SMUD should develop a system to collect and store 
these data.  Such data will help in program management, performance measurement, and future 
evaluations. 

B. Program Implementation 
 

This section provides recommendations for changes to program implementation. 

 

1.  Review Insulation Decisions to Reduce Missed Opportunities 

 
The most common missed opportunity found during the post completion inspections was 
insulation.  Insulation was only installed in five percent of the homes in 2012 and in 11 percent of 
the homes in 2013.  SMUD should ensure that auditors are listing insulation as a measure when 
cost-effective opportunities are present. 
 

2.  Review Shower Head Replacement for Missed Opportunities 

 
The inspections found that 25 percent of the tested homes had a flow rate of more than 2.5 gallons 
per minute.  This finding suggests that there may be additional opportunities for more efficient 
showerheads provided through the program. 
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C. Deemed Savings Calculations 
 

This section provides recommendations for changes to the deemed savings documentation, data 
and calculations. 

 

1.  Improve Documentation of Deemed Savings Calculation Procedures 

 
SMUD should develop a guide to document the steps to be followed when calculating the deemed 
savings for each program measure.  The evaluation found significant differences between the 
deemed savings in 2012 and 2013, and it was not clear how the deemed savings were determined.  

 

2.  Improve Data Management for Deemed Savings 

 
The evaluation found that deemed savings data were only available for 66 percent of the 2012 
participants in the usage impact analysis and 87 percent of the 2013 participants in the usage 
impact analysis.  It was not clear why the deemed savings were not available for the other 
participants.  SMUD should improve the management of the deemed savings data and include 
these data in a comprehensive program database. 
 

3.  Adjust Deemed Savings Calculations for HVAC System Replacement 

 
Deemed savings from the HVAC system were very highly overestimated in both 2012 and 2013.  
The deemed savings, averaging just over 3,000 kWh in 2012, were approximately 31 percent of 
pre-treatment usage and were a reasonable level of savings to project.  However, customers may 
not realize these savings if their HVAC system was not functioning properly prior to replacement.  
The 2013 deemed savings, averaging 10,883 kWh were 67 percent of pre-treatment usage and 
these savings are very unlikely to be realized.  Savings from replacement HVAC systems should 
be scaled down overall, to approximately 20 percent, and should be based on an assessment of 
whether the pre-replacement HVAC system was functioning properly. 

 

4.  Adjust Deemed Savings Calculations for CFLs and Torches 

 
Deemed Savings from CFLs and torches were well underestimated, as the program realization rate 
was 628 percent in 2012 and 332 percent in 2013.  We recommend that the savings for these 
measures be based on the number of lights installed, an estimated difference in wattage, and an 
estimate of two hours of usage per day.  For a standard CFL replacing a 60 watt incandescent, the 
deemed savings should be approximately 34 kWh, as shown below.   
 
 
 

(60 watts – 13 watts)*.001 * 365 days * 2 hours/day = 34 kWh 



SMUD Weatherization Program Evaluation Report 

Findings and Recommendations 
 

 
 
 

Page 62 

 

 

 

APPRISE Incorporated 

 

 

5.  Adjust Deemed Savings Calculations for Demand Savings 

 
The kW savings overall for the program were overestimated in both 2012 and 2013.  This results 
from overestimates of demand savings for the HVAC system, refrigerators, and refrigerators and 
other measures in 2012 and for all measure groups in 2013.  The demand savings should be scaled 
down to approximate the usage impact savings over the annual hours of usage. 
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APPENDIX 
 

Additional information on the usage impact analysis is presented in this Appendix. 
 

A. Degree Day Normalization 
 
The following steps were taken for the Degree Day Normalization. 
 
1. Computes the nonnegative heating degree days (base 65) and cooling degree days (base 70) 

using data on daily average temperatures for the Philadelphia area. 
2. Calculates long-term, annual average heating and cooling degree days for the period 2/1/1993-

1/31/2013. 
3. Combines usage periods that have estimated reads with a subsequent usage period that has a 

real read. 
4. Calculates the number of days, usage per day, and degree days per day in each usage period. 
5. Classifies usage periods as follows. 

 
Table A-1 

Degree Day Period Definitions 
 

Period Definition  

Heating 
Heating degree days per day ≥ 3 
Cooling degree days per day ≤ 1.5 
Total cooling degree days in period < 100 

Cooling 
Heating degree days per day < 3 
Cooling degree days per day >1.5 
Total heating degree days in period < 1,000 

Baseload 

Heating degree days per day <3 
Cooling degree days per day <1.5 

Periods classified as neither heating nor cooling. 

 
6. Calculates the total usage, number of days, and number of degree days for the baseload, 

heating (winter), and cooling (summer) seasons. 
7. Calculates the average daily baseload usage as the total baseload usage divided by the total 

number of baseload days. 
8. Reclassifies a period as baseload if its average daily usage is lower than the average daily 

baseload usage. 
9. Recalculates steps 6 and 7, incorporating reclassified usage periods. 
10. Calculate slopes. 

a. Calculates the heating slope as: 
Heating Slope =  (Total Winter Use – (Average Baseload Use * Number of Total Winter 
Days)) / Total Number of Winter Heating Degree Days 

b. Calculates the cooling slope as:   
Cooling Slope =  (Total Summer Use – (Average Baseload Use * Number of Total 
Summer Days)) / Total Number of Summer Heating Degree Days 
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11. Calculates normalized annual heating/cooling usage as the heating/cooling slope multiplied 
by long term average heating/cooling degree days per year. 

12. Calculates the normalized annual consumption as the sum of an estimated year’s baseload use, 
normalized annual heating usage, and normalized annual cooling usage. 
Normalized annual consumption = (Average baseload use * 365) + Normalized annual heating 
usage + Normalized annual cooling usage  
                 

Table A-2 
Degree Day Parameters 

 

  
2012 Analysis 2013 Analysis  

Treatment Comparison Treatment Comparison 

Savings 
Mean 822 246 895 -188 

SE(mean) 87 104 99 174 

Average Heating Degree Days 
Pre Period 1,340 1,356 1,251 1,352 

Post Period 1,209 1,205 968 981 

Average Cooling Degree Days 
Pre Period 783 748 900 880 

Post Period 868 882 797 824 

Average Heating Slope 
Pre Period 0.83 1.20 0.96 1.25 

Post Period 0.87 1.27 1.05 1.56 

Average Cooling Slope 
Pre Period 1.75 1.51 1.44 1.36 

Post Period 1.81 1.52 1.55 1.53 

Average Number of Total Heating Days 
Pre Period 103 117 95 107 

Post Period 95 99 97 101 

Average Number of Total Cooling Days 
Pre Period 107 94 110 97 

Post Period 123 112 115 112 

 
 

B. Fixed Effects 
             

Fixed effects analysis is conducted using a regression model, where savings are not estimated for 
each home, but instead the model directly estimates the program savings as a parameter of the 
regression model. The fixed effects estimates can be calculated using the following regression 
analysis equation. 
 
Average daily usage during the pre- and post-treatment periods =  
Average daily baseload usage  
+ b1 * (average daily heating degree days)  
+ b2 * (average daily cooling degree days)  
+ b3 * (1 if post-period)  
+ b4 * (1 if post-period) * (1 if treatment)  
+ b5 *(average daily heating degree days) * (1 if treatment)  
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+ b6 * (average daily heating degree days) * (1 if post-period)  
+ b7 * (average daily heating degree days) * (1 if treatment) * (1 if post-period) 
+ b8 * (average cooling degree days) * (1 if treatment)  
+ b9 * (average cooling degree days) * (1 if post-period)  
+ b10 * (average cooling degree days) * (1 if treatment) * (1 if post-period)  
+ (estimation error term) 

                 

The savings are then calculated using the following equation. 
      Savings for treatment group =- ((b3 + b4)* 365.25  

+ (b6 + b7) * (long-term annual average heating degree days)  
+ (b9 + b10) * (long-term annual average cooling degree days)) 
 
Savings for comparison group = -b3 * 365.25  
+ b6 * (long-term annual average heating degree days)   
+ b9 * (long-term annual average cooling degree days)) 
 

Table A-3 
Fixed Effect Parameters 

 

  
2012 Analysis 2013 Analysis  

Treatment Comparison Treatment Comparison 

Savings 

Mean 823 261 813 -393 

SE(mean) 54 76 62 119 

T-stats 15.30 3.41 13.10 -3.31 

R-square (overall)  0.09 0.09 

F-statistics 573 344 

 

C. PRISM 
             

The Princeton Scorekeeping Method (PRISM) is an example of the house-by-house analysis 
technique. This software estimates the Normalized Annual Consumption (NAC) for each home 
using monthly billing data and daily temperature data. The model estimates the best fit reference 
temperature from which heating and cooling degree days are calculated.  
                 
PRISM uses regression analysis to fit the model. 
 
(Average daily consumption) = (daily baseload usage)  
+ b1 * (heating degree days to reference temperature)  
+ b2 * (cooling degree days to reference temperature)  
+ (random error term) 
 
The NAC is then calculated using the following equation over a long-term (20 year) annual average 
of heating degree days and cooling degree days.  
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APPRISE Incorporated 

 

  NAC = 365 * (daily baseload usage)  
+ b1 * (long-term annual average heating degree days)  
+ b2 * (long-term annual average cooling degree days) 
 

Table A-4 
PRISM Parameters 

 

  
2012 Analysis 2013 Analysis  

Treatment Comparison Treatment Comparison 

Savings 
Mean 949 362 980 367 

SE(mean) 107 126 128 249 

R-square 
Pre Period 0.90 0.89 0.91 0.91 

Post Period 0.90 0.91 0.91 0.91 

SE(NAC) 
Pre Period 394 422 341 417 

Post Period 321 358 293 347 

CV(NAC) 
Pre Period 0.04 0.03 0.03 0.04 

Post Period 0.03 0.03 0.03 0.03 

Average Reference Temperature for Heating 
Pre Period 54 55 59 56 

Post Period 60 61 61 61 

Average Reference Temperature for Cooling 
Pre Period 70 70 71 71 

Post Period 71 72 72 72 

Customers with No Cooling 
Pre Period 24 25 6 5 

Post Period 6 5 0 0 

 
 

D. Subgroup Analysis Parameters 
             

This section provides parameters for the subgroup analysis models. 
 

Table A-5 
2013 LIDEER Participants – Model Parameters 

 

  
2013 LIDEER 

Treatment Comparison 

Savings 
Mean 1,655 -188 

SE(mean) 447 174 

Average Heating Degree Days 
Pre Period 1,196 1,352 

Post Period 968 981 
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APPRISE Incorporated 

 

  
2013 LIDEER 

Treatment Comparison 

Average Cooling Degree Days 
Pre Period 957 880 

Post Period 715 824 

Average Heating Slope 
Pre Period 1.01 1.25 

Post Period 0.96 1.56 

Average Cooling Slope 
Pre Period 2.28 1.36 

Post Period 1.30 1.53 

Average Number of Total Heating Days 
Pre Period 102 107 

Post Period 114 101 

Average Number of Total Cooling Days 
Pre Period 141 97 

Post Period 104 112 

 
 

Table A-6 
Measure Combination Analysis – Model Parameters 

 

  

2012 Treatment 

HVAC 
System 

Only 
Refrigerator 

Refrigerator  
& Other 

Only Other 
No Recorded 

Measures 

Savings 
Mean 621 1,181 1,078 533 467 

SE(mean) 872 148 267 122 314 

Average Heating Degree 
Days 

Pre Period 1,375 1,302 1,361 1,368 1,301 

Post Period 1,186 1,234 1,185 1,196 1,204 

Average Cooling Degree 
Days 

Pre Period 789 710 731 843 846 

Post Period 848 889 892 851 830 

Average Heating Slope 
Pre Period 0.76 0.85 0.85 0.79 0.99 

Post Period 0.61 0.86 0.96 0.86 0.82 

Average Cooling Slope 
Pre Period 1.85 1.91 1.62 1.69 1.48 

Post Period 1.61 1.75 1.64 1.89 1.87 

Average Number of Total 
Heating Days 

Pre Period 114 100 104 104 104 

Post Period 76 88 105 97 105 

Average Number of Total 
Cooling Days 

Pre Period 92 105 103 109 108 

Post Period 130 119 117 128 129 
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APPRISE Incorporated 

 

  

2013 Treatment 

HVAC 
System 

Only 
Refrigerator 

Refrigerator  
& Other 

Only Other 
No Recorded 

Measures 

Savings 
Mean 1,177 978 1,067 625 457 

SE(mean) 515 166 172 192 551 

Average Heating Degree 
Days 

Pre Period 1,219 1,241 1,265 1,255 1,261 

Post Period 968 964 962 979 964 

Average Cooling Degree 
Days 

Pre Period 942 907 896 892 901 

Post Period 728 799 787 808 803 

Average Heating Slope 
Pre Period 1.21 0.76 0.89 1.29 1.13 

Post Period 1.29 0.86 0.98 1.35 1.34 

Average Cooling Slope 
Pre Period 1.70 1.46 1.43 1.38 1.49 

Post Period 1.30 1.55 1.56 1.56 1.71 

Average Number of Total 
Heating Days 

Pre Period 113 90 90 105 88 

Post Period 113 96 91 103 99 

Average Number of Total 
Cooling Days 

Pre Period 123 111 109 108 98 

Post Period 88 115 113 119 116 

 
 

Table A-7 
Heating, Cooling, and Baseload Analysis – Model Parameters 

 

  Savings 

Mean SE (Mean) 

2012 Analysis 

Heating 
Treatment -46 34 

Comparison -84 57 

Cooling 
Treatment -51 38 

Comparison -8 47 

Baseload 
Treatment 919 79 

Comparison 337 113 

2013 Analysis 

Heating 
Treatment -107 48 

Comparison -381 136 

Cooling 
Treatment -97 42 

Comparison -151 82 

Baseload 
Treatment 1,099 102 

Comparison 344 166 
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APPRISE Incorporated 

 

Table A-8 
Pre-Treatment Usage Savings Analysis – Model Parameters 

 

  

2012 Treatment 2012 Comparison 

Pre-Treatment Usage (kWh) Pre-Usage (kWh) 

<8,000  8,000-12,000  ≥12,000  <8,000  8,000-<12,000  ≥12,000  

Savings 
Mean 296 596 1,525 11 33 581 

SE(mean) 94 117 195 133 151 209 

Average Heating Degree Days 
Pre Period 1,356 1,325 1,345 1,349 1,359 1,360 

Post Period 1,198 1,214 1,211 1,205 1,209 1,201 

Average Cooling Degree Days 
Pre Period 797 780 776 728 764 752 

Post Period 863 870 871 901 873 873 

Average Heating Slope 
Pre Period 0.44 0.67 1.34 0.54 0.91 1.92 

Post Period 0.47 0.78 1.30 0.60 0.96 2.02 

Average Cooling Slope 
Pre Period 1.02 1.81 2.29 1.02 1.53 1.89 

Post Period 1.13 1.82 2.36 1.02 1.51 1.93 

Average Number of Total Heating Days 
Pre Period 113 96 102 113 107 126 

Post Period 100 91 94 90 98 106 

Average Number of Total Cooling Days 
Pre Period 104 111 105 93 103 88 

Post Period 123 125 121 111 117 109 

 

  

2013 Treatment 2013 Comparison 

Pre-Treatment Usage (kWh) Pre-Usage (kWh) 

<8,000  8,000-12,000  ≥12,000  <8,000  8,000-<12,000  ≥12,000  

Savings 
Mean 514 584 1,637 -391 -335 297 

SE(mean) 111 146 227 220 318 376 

Average Heating Degree Days 
Pre Period 1,247 1,256 1,251 1,349 1,355 1,353 

Post Period 969 968 966 977 978 991 

Average Cooling Degree Days 
Pre Period 899 898 905 878 882 880 

Post Period 806 795 789 824 824 823 

Average Heating Slope 
Pre Period 0.46 0.92 1.56 0.82 1.13 2.01 

Post Period 0.55 0.98 1.66 0.83 1.77 2.28 

Average Cooling Slope 
Pre Period 1.02 1.31 2.03 1.02 1.51 1.61 

Post Period 1.07 1.44 2.20 1.31 1.66 1.68 

Average Number of Total Heating Days 
Pre Period 88 96 100 102 100 124 

Post Period 94 100 98 97 102 106 

Average Number of Total Cooling Days 
Pre Period 109 108 112 97 102 92 

Post Period 116 112 116 106 112 122 
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APPRISE Incorporated 

 

E. Peak Analysis Parameters 
             

This section provides parameters for the peak analysis. 
 

Table A-9 
2012 Treatment Group – Mean Hourly Usage and Savings 

 

 
Winter Spring Summer Fall 

Pre Post Savings Pre Post Savings Pre Post Savings Pre Post Savings 

1 1.03 0.94 0.09 0.82 0.74 0.08 1.01 0.96 0.06 0.85 0.74 0.10 

2 0.93 0.86 0.07 0.71 0.63 0.08 0.86 0.81 0.05 0.75 0.66 0.10 

3 0.88 0.81 0.08 0.65 0.57 0.07 0.76 0.71 0.05 0.70 0.61 0.09 

4 0.87 0.79 0.08 0.62 0.54 0.08 0.70 0.64 0.06 0.68 0.58 0.09 

5 0.90 0.83 0.07 0.63 0.54 0.09 0.67 0.61 0.06 0.69 0.59 0.09 

6 0.98 0.91 0.07 0.66 0.57 0.09 0.68 0.62 0.06 0.75 0.64 0.10 

7 1.11 1.04 0.06 0.75 0.67 0.08 0.73 0.67 0.06 0.87 0.76 0.11 

8 1.27 1.16 0.11 0.87 0.77 0.09 0.81 0.75 0.07 1.01 0.87 0.13 

9 1.27 1.16 0.11 0.90 0.79 0.11 0.88 0.82 0.06 1.02 0.89 0.13 

10 1.27 1.16 0.11 0.96 0.82 0.13 0.98 0.91 0.07 1.06 0.92 0.15 

11 1.26 1.16 0.10 1.00 0.88 0.13 1.09 1.03 0.06 1.08 0.95 0.13 

12 1.24 1.15 0.09 1.03 0.92 0.11 1.22 1.17 0.05 1.10 0.97 0.13 

13 1.21 1.12 0.09 1.06 0.96 0.10 1.40 1.33 0.07 1.09 0.97 0.12 

14 1.17 1.07 0.10 1.07 0.99 0.08 1.61 1.53 0.08 1.08 0.96 0.12 

15 1.15 1.04 0.11 1.09 1.03 0.06 1.86 1.74 0.11 1.09 0.96 0.12 

16 1.16 1.07 0.10 1.16 1.11 0.05 2.11 1.98 0.13 1.13 1.00 0.13 

17 1.25 1.14 0.11 1.24 1.20 0.03 2.31 2.17 0.14 1.22 1.08 0.14 

18 1.45 1.31 0.14 1.31 1.27 0.03 2.39 2.26 0.14 1.34 1.19 0.15 

19 1.56 1.43 0.13 1.35 1.28 0.06 2.34 2.18 0.15 1.41 1.25 0.16 

20 1.60 1.46 0.14 1.35 1.26 0.09 2.14 1.98 0.15 1.45 1.27 0.17 

21 1.59 1.46 0.13 1.39 1.31 0.08 1.93 1.79 0.14 1.40 1.23 0.17 

22 1.52 1.39 0.12 1.35 1.27 0.08 1.76 1.63 0.13 1.32 1.16 0.16 

23 1.37 1.25 0.11 1.19 1.10 0.09 1.50 1.40 0.10 1.16 1.02 0.14 

24 1.18 1.09 0.10 0.99 0.90 0.08 1.23 1.15 0.08 0.99 0.87 0.12 
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APPRISE Incorporated 

 

Table A-10 
2013 Treatment Group – Mean Hourly Usage and Savings 

 

 
Winter Spring Summer Fall 

Pre Post Savings Pre Post Savings Pre Post Savings Pre Post Savings 

1 1.04 0.89 0.15 0.79 0.70 0.09 0.97 0.87 0.10 0.80 0.70 0.10 

2 0.96 0.81 0.14 0.68 0.60 0.07 0.82 0.73 0.08 0.71 0.62 0.09 

3 0.92 0.77 0.15 0.62 0.55 0.07 0.73 0.65 0.08 0.67 0.58 0.09 

4 0.92 0.78 0.15 0.59 0.51 0.07 0.67 0.59 0.08 0.65 0.57 0.08 

5 0.94 0.79 0.15 0.59 0.51 0.08 0.66 0.57 0.08 0.66 0.57 0.09 

6 1.01 0.86 0.14 0.62 0.54 0.08 0.66 0.58 0.08 0.70 0.62 0.08 

7 1.16 1.00 0.16 0.74 0.65 0.09 0.71 0.63 0.08 0.84 0.76 0.08 

8 1.30 1.15 0.15 0.85 0.76 0.09 0.77 0.70 0.07 0.96 0.89 0.07 

9 1.31 1.16 0.14 0.86 0.78 0.08 0.83 0.76 0.07 0.98 0.89 0.09 

10 1.30 1.13 0.17 0.89 0.82 0.08 0.92 0.84 0.08 1.02 0.91 0.11 

11 1.27 1.09 0.18 0.93 0.83 0.10 1.03 0.94 0.09 1.03 0.90 0.13 

12 1.22 1.06 0.16 0.97 0.85 0.12 1.15 1.06 0.09 1.04 0.90 0.14 

13 1.20 1.03 0.17 0.99 0.90 0.10 1.32 1.23 0.09 1.05 0.90 0.15 

14 1.17 1.01 0.16 1.03 0.94 0.09 1.50 1.40 0.10 1.06 0.90 0.15 

15 1.14 1.00 0.14 1.06 1.00 0.06 1.69 1.57 0.12 1.06 0.91 0.15 

16 1.14 1.01 0.13 1.13 1.06 0.06 1.88 1.72 0.17 1.11 0.94 0.17 

17 1.20 1.07 0.13 1.20 1.13 0.07 2.04 1.86 0.18 1.18 0.98 0.20 

18 1.37 1.24 0.13 1.26 1.18 0.08 2.14 1.94 0.20 1.29 1.08 0.21 

19 1.50 1.35 0.15 1.30 1.21 0.09 2.10 1.90 0.20 1.34 1.15 0.20 

20 1.54 1.37 0.18 1.30 1.19 0.11 1.95 1.75 0.19 1.34 1.17 0.18 

21 1.53 1.36 0.18 1.34 1.22 0.13 1.80 1.61 0.19 1.31 1.14 0.17 

22 1.47 1.29 0.18 1.30 1.18 0.12 1.67 1.48 0.18 1.23 1.07 0.16 

23 1.34 1.16 0.18 1.15 1.02 0.12 1.43 1.28 0.15 1.08 0.95 0.13 

24 1.19 1.01 0.18 0.95 0.85 0.11 1.19 1.05 0.13 0.94 0.82 0.13 

 
 


