G

[bookmark: _Ref122352289][bookmark: _Hlk122085570][image: ]eric               

CT R1983 HES/HES-IE Impact and Process Evaluation


REVIEW DRAFT
March 13, 2023
SUBMITTED TO:
Connecticut Energy Efficiency Board
SUBMITTED BY:
Doug Bruchs, Eric Dimperio, Angela Kora, Cadeo Melissa Meek, Julian Ricardo, NMR Group, Inc.
Glenn Gavi, Shawn Bodmann, DNV




Table of Contents
Executive Summary	7
Background	7
Tasks & Objectives	7
Key Findings & Recommendations	8
Section 1	About HES and HES-IE	30
1.1	Program Descriptions	30
1.2	Program Measures	31
1.3	Recent Participation Trends	32
1.4	Ex Ante Savings by Measure Group and Fuel Type	33
Section 2	About this Study	36
2.1	Study Background and Goals	36
2.2	Study Tasks & Objectives	36
2.3	Key Limitations and Sources of Uncertainty	37
2.4	Report Organization	38
Section 3	Methodology	40
Section 4	Key Findings: Process Evaluation	44
4.1	Participation and Awareness	44
4.2	Participant Experience and Satisfaction	47
4.3	Vendor Performance and Program Experience	48
4.4	Participant and Vendor Experience with Virtual Pre-Assessments	49
4.5	Barriers to Additional Savings	49
Section 5	Key Findings: Impact Evaluation	53
5.1	Program Impact Metrics	53
5.2	Gross Savings & Realization Rates	54
5.3	Free-ridership, Spillover, and Installation Rates	65
Section 6	Key Findings: Customer Profile	68
Appendix B	Detailed Methodologies	74
B.1	Stakeholder Interviews	74
B.2	Participant Survey	75
B.3	Program Material and Data Review	81
B.4	Billing and Realization Rate Analysis	82
B.5	Engineering Analysis and Building Simulation	87
B.6	Customer Profiling	87
Appendix C	Process Evaluation - Detailed Results	94
C.1	Participant Engagement	94
C.2	Program Delivery and Processes	105
C.3	Health and Safety Barriers	117
C.4	Drivers and Barriers to Additional Savings	128
C.5	Rebates and Financing	147
C.6	DOE Home Energy Scores	156
C.7	Training and Workforce Development	158
C.8	Demographics and Firmographics	161
Appendix D	Additional Net-to-Gross and Installation Rate Findings	167
D.1	Free-ridership	167
D.2	Spillover	183
D.3	Installation Rates	186
Appendix E	Additional Impact Findings	190
E.1	Air Sealing & Insulation: Results Using Multiple Estimation Approaches	190
E.2	Air Sealing & Insulation: Control Group Experimentation	191
E.3	Air Sealing & Insulation: By Vendor	192
E.4	Changes in HES Customers Over Time	193
E.5	About Using Multiple Impact Evaluation Methodologies	195
E.6	About The Impact Evaluation Supporting Documentation Workbook	198
Appendix F	Additional Customer Profile Findings	201
F.2	Distribution of Savings	201
F.3	Income Eligible Programs Analysis	202
F.4	Non-Income Eligible Programs Analysis	208
F.5	Full Correlation Matrices	213
F.6	Maps	217
Appendix G	Summary of PSD Updates	224
Appendix H	Summary of Data Issues Encountered	235
H.1	Data Management Challenges	235
H.2	Customer-Level Tracking	236
H.3	Inconsistent or Incomplete Data	237

SYNOPSIS


CT R1983 HES/HES-IE Impact and Process Evaluation

1



4


Key Terminology
	Term
	Definition

	Add on Measure
	Describes an efficiency measure (insulation, windows, etc.) installed in an HES-IE participant’s home following the customer’s assessment that was provided, by Eversource or UI, at no additional cost.

	Control Group
	The set of customers used in a billing analysis to serve as a counterfactual for estimating the program’s impact. The control group accounts (or controls) for exogenous factors such as moves and rate changes that can otherwise obscure program-generated savings. In the context of this evaluation, the study used future participants (i.e., 2020 HES participants & 2020 HES-IE participants) as the control group. 

	Companies
	The Connecticut investor-owned utilities that administer the Energize Connecticut / EnergizeCT programs (Eversource and the Avangrid companies, including the United Illuminating Company [UI], Connecticut Natural Gas Company [CNG], and Southern Connecticut Gas Company [SCG])

	Core Participant
	The subset of HES or HES-IE participants (as defined above) that did not install any “rebated” or “add-on” efficiency improvements recommended by their home energy assessor. Most, but not all, assessment-only received instant savings measures (e.g., LEDs, showerheads) directly installed by their assessor during their home energy assessment.

	Direct Install Measure
	Describes an efficiency measure installed by the vendor during the participant’s assessment at no additional cost. The most common direct install measure in both HES and HES-IE were LEDs. 

	EA Team
	Connecticut Energy Efficiency Board’s Evaluation Administrator Team (Lisa Skumatz, Bob Wirtshafter, and Ralph Prahl)

	Ex Ante Savings
	The anticipated or claimed savings associated with a measure or program prior to an evaluation. In the case of this study, HES & HES-IE ex ante savings are documented in the current PSD and were largely generated by the previous HES & HES-IE impact evaluation (R1603)

	Ex Post Savings
	The evaluated savings determined at the conclusion of an impact evaluation such as this one (R1983)

	Free-ridership
	The fraction of gross program savings that would have occurred in the absence of a Conservation and Load Management (C&LM) program.

	Gross Savings
	Savings generated by the program without consideration for whether the participant would have taken the same/similar actions absent R1983

	Health and Safety Barrier
	A health and safety issue (e.g., mold, asbestos, knob & tube wiring) identified during an in-home assessment that prevented participants from moving forward with upgrades unless the issue could be remediated. 

	Impact Factors
	Other factors, such as in-service rate (also known as removal rate, measure retention rate, or savings persistence rate) that impact the savings generated by program measures.

	Installation Rate
	The fraction of recorded measures (i.e., in program tracking data) that were verified as installed

	Net Savings
	Savings generated by the program that account for the participant’s likely action in the absence of the program. 

	Participant
	Any individual or household (also identified by a unique account number) who receive a home energy assessment through HES or HES-IE.

	Pre-weatherization Barrier
	Typically, a health and safety (e.g., mold, failed combustion test) or clutter issue identified prior to an in-home assessment, which prevents participants from moving forward with the assessment until the issue(s) are remediated.  

	Realization Rate
	The ratio of ex ante and ex post savings

	Rebated Measure
	Describes an efficiency measure (insulation, windows, etc.) installed in an HES participant’s home following the customer’s assessment that was partially paid for by Eversource or UI.

	Rebated or Add-on Participant
	The subset of HES or HES-IE participants that installed at least one “rebated” (HES) or “add-on” (HES-IE) efficiency improvements recommended by their home energy assessor.

	Savings Rate
	Total first year program savings occurring in a census block group divided by the total consumption in that block group (used as part of the customer profiling task)

	Spillover
	The savings attributable to a C&LM program in addition to gross savings. Spillover savings may result from participants who install additional energy-efficient measures due to their previous involvement with the program, and non-participants that the program nonetheless influences to install energy-efficient measures.

	Treatment Group
	The HES and HES-IE participants for whom the study estimated ex post savings: customers who received HES or HES-IE measures in program year 2019.[footnoteRef:2] The HES participants serve as a separate treatment group from the HES-IE participants. The study matched each treatment group to its corresponding control group.  [2:  The billing analysis began with each participant’s post-installation period with the second full billing cycle after the participant’s final measure installation date, which allows for at least one full month of “transition time” between pre- and post- period. ] 


	Weatherization
	A general term used to describe air sealing and/or insulation (one of more of attic, wall, or floor insulation). References to air sealing or insulation in the report are specific to that measure, whereas weatherization refers to one or both measures.


Acronyms
	Acronym
	Meaning

	AC
	Air Conditioning

	ACS
	American Community Survey

	AFUE
	Annual Fuel Utilization Efficiency

	AMI
	Area Median Income

	AMI
	Area Median Income

	BPI
	Building Performance Institute 

	BTU
	British Thermal Unit

	C&LM Plan
	Conservation and Load Management Plan

	CAA
	Community Action Agencies

	CAC
	Central Air Conditioner

	CATI
	Computer-Assisted Telephone Interview

	CEEF
	Connecticut Energy Efficiency Fund

	DEEP
	Department of Energy and Environmental Protection

	DHW
	Domestic Hot Water

	DOE
	Department of Energy

	EER
	Energy Efficiency Ratio, a measure of cooling efficiency

	EF
	Energy Factor, a measure of energy conversion efficiency, typical of residential appliances

	FR 
	Free-ridership

	HES
	Home Energy Solutions

	HES-IE
	Home Energy Solutions-Income Eligible

	HMFA
	Department of Housing and Urban Development Metropolitan Fair Market Rent Area

	HSPF
	Heating Season Performance Factor, a measure of heating efficiency

	HTR
	Hard-to-reach

	HVAC
	Heating, Ventilation, and Air Conditioning

	ICAST
	International Center for Appropriate and Sustainable Technology 

	IES
	Income Eligible Service

	ISR
	Installation Rate

	LIHEAP
	Low Income Energy Assistance Program 

	MCG
	Matched Control Group

	MF
	Multifamily

	MLS
	Multiple Listing Service

	Model DHW
	Domestic Hot Water

	NEIs
	Non-Energy Impacts 

	NOAA
	National Oceanic and Atmospheric Administration 

	NPSO
	Non-Participant Spillover

	NRZ
	Neighborhood Revitalization Zone

	NTG
	Net-to-Gross

	PA
	Program Administer

	POD
	Print On Demand

	PPR
	Post-Program Regression

	PSD
	Connecticut Program Savings Document

	PSO
	Participant-spillover

	PV
	Photovoltaic

	RCD
	Residential Coordinated Delivery

	RR
	Realization Rate

	SEER
	Season Energy Efficiency Ratio, a measure of cooling efficiency

	SF
	Single Family

	SO
	Spillover

	TRC
	Total Resource Cost

	WAP
	Weatherization Assistance Program



SYNOPSIS
SYNOPSIS

CT R1983 HES/HES-IE Impact and Process Evaluation


[bookmark: _Toc129521309]Executive Summary
This report, developed for the Connecticut Evaluation Administrator (EA) Team, summarizes the findings of Home Energy Solutions (HES) and Home Energy Solutions-Income Eligible (HES-IE) Impact and Process Evaluation (R1983). This report also includes the results of a Residential Customer Profiling effort that assessed statewide participation across all Energize Connecticut/ Energize CT residential programs, not just HES and HES-IE. 
This evaluation was performed by NMR Group and its subcontractors Cadeo and DNV. 
[bookmark: _Toc63595929][bookmark: _Toc115298132][bookmark: _Toc116310100][bookmark: _Toc129521310]Background
In terms of annual energy savings (MMBtu) and program budgets, HES and HES-IE are two of the largest residential programs in Connecticut.[footnoteRef:3] As such, the programs merited a comprehensive evaluation (i.e., impact and process) that produced:	Comment by Emerick, Ma Romilee:  What % of residential savings and budgets come from these programs? [3:  https://energizect.com/connecticut-energy-efficiency-board/about-energy-efficiency-board/annualreports. Accessed August 2022.] 

Accurate gross and net measure-level energy savings and realization rates for prospective application as part of Program Savings Documentation (PSD) updates.
Actionable, process-oriented insights that will help Connecticut Natural Gas, Eversource, Southern Connecticut Gas, and United Illuminating (the Companies) continue to evolve these critical programs, particularly in response to changes stemming from the COVID-19 pandemic and the continued shift away from lighting. 	Comment by Emerick, Ma Romilee: What changes are being referred to here?
This evaluation updates previous impact and process evaluations completed in 2019 and 2016, respectively.[footnoteRef:4],[footnoteRef:5] The residential customer profiling element of this study represents the first of its kind in the state. 	Comment by Emerick, Ma Romilee: This evaluation also updates the R1983 interim results for gas weatherization RRs (50%) and HES ISRs and NTG values provided to the utilities in Sep 2022. The Utilities updated the 2023 PSD with those interim results and should be noted here. [4:  https://www.energizect.com/sites/default/files/R4_HES-HESIE%20Process%20Evaluation,%20Final%20Report_4.13.16.pdf]  [5:  https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A6ad1a31e-b53f-43aa-81bc-d5646e8c7d45#pageNum=1
] 

[bookmark: _Toc129521311]Tasks & Objectives
Figure 1 lists the evaluations tasks completed as part of R1983 and maps each task to the study’s objectives, which are associated with three overarching research topics: 
Assessing Program Delivery
Determining Program Impacts
Understanding Program Reach
[bookmark: _Ref119251530]Figure 1: Research Topics and Evaluation Tasks	Comment by Williams, Kiersten M: Customer profiling is a task and objective, was this on purpose? 	Comment by Emerick, Ma Romilee: Also – initial scope included comparing process and results with Recurve efforts as an evaluation priority. Are there results from that effort?
[image: ]
[bookmark: _Toc129521312]Key Findings & Recommendations
Finding 1: Realization rates for the program’s most important measures—air sealing & insulation—are very low (between 15-36%)		
Air sealing and insulation are the two most important measures delivered through HES and HES-IE, Connecticut’s flagship residential energy efficiency program offerings. In 2019, the two measures constituted 67% and 62% of HES and HES-IE total ex ante savings, respectively, across all measures and fuel types. As such, these two critical measures were a focus of this study’s impact evaluation.
The study’s billing analysis of natural gas-heated customers that air sealed and/or insulated their homes through HES & HES-IE revealed low average savings relative to program’s ex ante estimates. As shown in Table 1, the realization rate – the ratio of ex post savings (determined through this evaluation) and ex ante savings (determined as part of the previous evaluation and documented in the Program Savings Document [PSD]) – ranged from 15% to 36% depending on the installed measure(s) and program. The results below exceed the study’s 90% confidence and 20% precision for billing analysis and were corroborated using multiple statistical models, as well as engineering-based approaches.
[bookmark: _Ref122242968]Table 1: Evaluated Air Sealing and Insulation Savings (CCF/Year) for 2019 Participants (Statewide, Natural Gas-Heated Customers)
	Program
	Air Sealing Only
	Air Sealing & Insulation

	
	Ex Ante*
	Ex Post
	Realization Rate
	Ex Ante*
	Ex Post
	Realization Rate

	HES
	69
	17
	25%
	415
	77
	19%

	HES-IE
	71
	11
	15%
	303
	108
	36%


*Average participant savings, as calculated by the evaluation team using program tracking data and the current PSD savings algorithm, and after applying the relevant PSD gross savings realization rate.
The ex post air sealing and insulation savings determined for HES and HES-IE were also lower than the evaluated savings for the same measures in similar programs offered in Massachusetts and Rhode Island. However, a comparison against these regional benchmarks – provided in Table 2 – also reveals that the results of this study are much closer to results of evaluations in neighboring states than the previous HES & HES-IE impact evaluation in Connecticut.	Comment by Emerick, Ma Romilee:  It seems to suggest that the results from the previous CT evaluation are problematic so I suggest clarifying. Also maybe it would helpful to note any methodological differences between previous and current evaluation (i.e pooled model vs PPR/lag dependent variable or modeling with vs without comparison groups) as these might be contributing to the differences in estimated savings.
[bookmark: _Ref128918345]Table 2: Benchmarking: Air Sealing and Insulation Savings (CCF/Year)
	Program Type
	Program 
(State, Cohort)
	Reference Point	Comment by Emerick, Ma Romilee: Provide references/links to the reports
	Air Sealing Only
	Air Sealing & Insulation

	Market Rate
	HES (CT, 2015-16)
	Previous CT evaluation
	64
	218

	
	HES (CT, 2019)
	Current CT evaluation
	17
	77

	
	EWSF (RI, 2017-18)
	Benchmark
	33	Comment by Emerick, Ma Romilee: 34
	93	Comment by Emerick, Ma Romilee: 96 based on the report. Also, the RI savings include savings from duct insulation but the CT savings does not.

	
	HES/RCD (MA, 2015-16)
	Benchmark
	31	Comment by Emerick, Ma Romilee: 32
	125	Comment by Emerick, Ma Romilee: 130 

	Income Eligible
	HES (CT, 2015-16)
	Previous CT evaluation
	59
	217

	
	HES (CT, 2019)
	Current CT evaluation
	11
	108

	
	IESF (RI, 2015-16)
	Benchmark
	N/A
	120	Comment by Emerick, Ma Romilee: 124


The results of this evaluation were consistent with a long-term trend of declining average air sealing and insulation savings over time. As shown in Figure 2, every subsequent impact evaluation in Connecticut (HES), Massachusetts (HES/RCD), and Rhode Island (EWSF) resulted in lower evaluated savings for participants that received air sealing and/or insulation. 
[bookmark: _Ref128922161]Figure 2: Evaluated Savings Over Time by State – Average Air Sealing & Insulation Savings (CCF/Year) for Market Rate Natural Gas-Heated Customers	Comment by scottd (apexanalyticsllc.com): Why do the ex ante CT numbers differ from the evaluated savings from the table above? (i.e, what adjustments are made that drive the differences from prior evaluated to ex ante)
[image: Chart, line chart

Description automatically generated]
The global drivers of this consistent decline in air sealing and insulation savings are numerous and include: 
· Less “Low-Hanging Fruit.” Customers with least efficient homes (and highest energy bills) are most motivated to air seal and/or insulated their homes through programs like HES and HES-IE. As a result, there tends to be less savings opportunity per home over time as programs mature, achieve greater cumulative participation, and serve those customers in most need of program services. In addition, as program’s mature they also tend to have more repeat participants, which also means less remaining savings potential. 	Comment by Emerick, Ma Romilee: This seems to suggest that the retrofit programs are attracting more efficient homes overtime which contradicts the CT findings about the program servicing older homes in section E4.Can you please reconcile the findings?	Comment by Emerick, Ma Romilee:  From a previous participation study done in RI the repeat participation doesn’t seem that high 3-8% for EWSF and IESF Gas. Did you look at the extent of  repeat participants in CT? Would be good to provide data or references to other studies that support these findings.
· Increasing Heating System Efficiencies. The savings opportunity for air sealing and insulation measure is also correlated with the efficiency of participants’ heating system. Increases in the prevalence of higher efficiency condensing gas furnaces across the country due to code requirements and declining costs improves overall efficiency, but also means less savings potential for weatherization measures.	Comment by Emerick, Ma Romilee: Suggest referencing relevant eval studies showing this trend
For HES & HES-IE specifically, the study also found the following drivers of lower air sealing and/or insulation savings:
· Lower pre-program consumption. On average, the 2019 HES participants analyzed as part of this evaluation used 20% less energy than 2018 HES cohort and nearly 30% less than the 2017 HES cohort (after weather normalization). The study observed similar declining total consumption trend for HES-IE. The decline in average pre-program natural gas energy consumption for both programs has a direct impact on program savings: lower pre-program consumption means less opportunity for energy savings.	Comment by scottd (apexanalyticsllc.com): Would be helpful to see the exact numbers for the % energy reduction for participants in the past vs. current program (and what % of RR might be impacted by the drop in pre-program usage)

	Comment by Emerick, Ma Romilee: R1603 showed an average use of 1,030 therms for 2015-2016 cohort while this study shows an average gas heating use of  957 ccf for 2019 cohort. The drop is not nearly 20-30%. 20%/30% reduction really seems a lot and I would suggest triple checking this. The RI study also showed a 6% decline in usage between the last 2 evaluation (985 therms to 926 therms).

Also, please include a figure showing the comparison of consumption for future reference.
· Smaller participating homes. Relatedly, the study’s analysis of 2017 – 2019 program data showed the size of the average participating home (i.e., square footage of conditioned space) declined over time for both HES & HES-IE and across all heating fuel types. Specifically, the team observed a modest decline in home size over this three-year period. This contributed to the lower average pre-program energy consumption and, in turn, meant reduced opportunity for program savings. 	Comment by Emerick, Ma Romilee: Can you please add a figure showing the size of home? Also, did you observe this trend in both UI and Eversource data? 

· Less time air sealing. Unlike the programs in Massachusetts and Rhode Island where air sealing occurs during a separate, post-assessment visit, HES & HES-IE conduct air sealing during participant’s initial energy assessment. The HES & HES-IE vendors interviewed indicated they typically spent two to four hours assessing each home. The average includes the myriad of non-air sealing responsibilities HES and HES-IE vendors have at each assessment: engaging with the participant, doing a complete energy audit of the home, installing direct install measures, the “kitchen table” wrap-up to share results and, for some customers, estimating the DOE Energy Score. As a result, the amount of time dedicated to air sealing is only a portion of the self-reported average of two to four hours per assessment and meaningfully less than the average number of hours (six) spent just air sealing as part of the MA HES/RCD program.[footnoteRef:6] [6:  Based on HES/RCD tracking data] 

Recommendations for Addressing Finding 1: Low Wx Savings 

The study offers several recommendations to address these low evaluated savings and generate higher average air sealing and/or insulation savings prospectively: About Delivered Fuels
These recommendations, which build off the findings for natural gas heated homes detailed in the previous section, are also relevant to HES & HES-IE participants that heat with oil or propane, which ~half the program’s participants do. Since billing analysis is not possible for delivered fuels, the study team leveraged the natural gas billing analysis results – by applying engineering adjustments to account for differences in heating system efficiencies and home size – to evaluate air sealing and insulation savings for delivered fuel participants.  

RECOMMENDATION 1A. Refine the HES incentive structure to encourage more comprehensive weatherization. In 2019, 38% of the HES participants who installed insulation following their assessment only insulated their attic. Encouraging participants to weatherize their home more comprehensively – i.e., install multiple types of insulation – will drive higher average savings. We recommend that the Companies consider:	Comment by Emerick, Ma Romilee: As noted below the program already increased the incentives in 2020 for HES. Also the low realized savings found by the study and this recommendation to increase incentives could have large cost effectiveness implications. I suggest noting that caution should be taken before making any decisions to further increase incentives.

For IE customers, the savings are also low and the insulation measures are already installed at ‘no cost’ to customers. Are there other options the program should consider to encourage comprehensive weatherization? 
· Tiered or bundled incentives that increase as participants act on more insulation recommendations.
· Optimizing incentive levels for each type of insulation to encourage HES participants to go beyond only insulating their attic and encourage installing wall and/or basement insulation.
· Retaining the elevated incentive levels (initially increased in 2020 in response to the COVID-19 pandemic), to drive and provide financial support for more comprehensive weatherization (subject to cost-effectiveness considerations)
· Offering escalating incentives to vendors when the participants they assess act on multiple recommendations.
RECOMMENDATION 1B. Increase targeting of homes with greater savings potential. The study found higher air sealing and insulation savings for customers who lived in larger homes, leakier homes, and/or those greater pre-program usage. These characteristics are all consistent with basic building science principles for greater savings opportunity; they suggest that greater program targeting as part of prospective program cycle could increase the average savings determined through future evaluations. We recommend the Companies:
· Provide vendors with access to pre-program energy consumption data. 
· Target  highest consumers and/or larger homes in marketing efforts.	Comment by scottd (apexanalyticsllc.com): What about assessing the least efficient homes? (e.g., divide the energy consumption by the square footage of the home - obtained from 3rd party data sources - to more strategically target inefficient homes?

Can also set thresholds for who can get insulation (e.g., must have attic R-Value below a selected threshold). 	Comment by Williams, Kiersten M: Agree with Scott. I worry targeting larger homes with greater energy usage could unintentionally make the program less equitable. 
RECOMMENDATION 1C. Consider an air sealing field assessment to assess work quality and missed opportunities. Detailed tracking data provided by the Companies showed lower air sealing savings for inspected sites relative compared to uninspected sites, which suggest missed opportunities. These data are consistent with on-site inspections of HES participating homes completed in 2016.[footnoteRef:7] An empirical follow-up could provide more definitive insights into uncaptured air sealing savings and the value of the program’s current assess-and-sealing-in-one-visit approach.	Comment by Williams, Kiersten M: Could you clarify how this shows missed/ uncaptured opportunities for savings? Is it in comparison to other states? My concern would be it shows errors in savings claimed when inspectors aren’t present rather than missed opportunities, especially given the low realization/ savings rates we are seeing. 	Comment by Williams, Kiersten M: Also, would it be possibleto get a breakdown of the savings from inspected vs uninspected sites, by utility? The utilities employ two different inspection approaches.  [7:  https://energizect.com/sites/default/files/documents/R151%20-%20CT%20HES%20Air%20Sealing%2C%20Duct%20Sealing%2C%20and%20Insulation%20Practices%20-%20Final%20Report_3.24.16.pdf] 

Finding 2: HES participants install insulation less often than similar regional programs 
A key goal of assessment-based programs, like HES, is to identify efficiency opportunities and, through incentives and education, to get customers to act on those opportunities. Consequently, a key performance metric is an assessment program’s ability to convert recommendations into installation. Since HES completes air sealing during the initial assessment, the program’s primary recommendation is installing attic, wall, and/or floor insulation. 
To assess HES’ effectiveness of turning assessments into insulation jobs, the study benchmarked HES’s performance against the same comparable market rate programs in Massachusetts[footnoteRef:8] and Rhode Island[footnoteRef:9] using three metrics:	Comment by Williams, Kiersten M:  CT only allows an insulation incentive when existing material is rated an R-value of 19 or lower. MA and RI allow an insulation upgrade when pre-existing R-value is less than R49.  It may be worth noting as it’s a significant difference between the programs, and isnt an equal comparison.  [8:  2018 participants in Massachusetts’ Home Energy Services program (now the Residential Coordinated Delivery program); specifically Portfolio J, KPI #7.
https://ma-eeac.org/wp-content/uploads/MA-RES-35-HES-Process-Evaluation-Comprehensive-Report_FINAL_31MAR2018.pdf]  [9:  2018 participants in Rhode Island EnergyWise Single Family program (Table 3). http://rieermc.ri.gov/wp-content/uploads/2020/10/ng-ri-ewsf-impact-and-process-comprehensive-report_final_04sept2020.pdf ] 

· Recommendation rate. Insulation Recommendations/ Total Assessments
· Conversion rate. Insulation Installations/ Assessments with Insulation Recommendations
· Installation rate. Insulation Installations/ Total Assessments
As shown in Figure 3, HES had lower rates – for all three metrics – relative to the regional benchmarks.
[bookmark: _Ref128940453]Figure 3: Benchmarking: Insulation Recommendation, Conversion, and Installation Rates (Market Rate Customers, All Fuel Types)
[image: Chart, bar chart

Description automatically generated]
The study’s independent assessment of the insulation installation rate (14%) for 2019 HES participants (using the provided program tracking data) matched the Companies reporting on the state’s dashboard.[footnoteRef:10] The longer-term perspective of insulation installation rates in Figure 4 shows that the 2019 rate of 14% is not a historical outlier.	Comment by Emerick, Ma Romilee: What about HES-IE? [10:  https://www.ctenergydashboard.com/Public/PublicHESActivity.aspx] 

[bookmark: _Ref128942902]Figure 4: Insulation Installation Rates Over Time 
(2014 – 2022, Statewide Dashboard)	Comment by Williams, Kiersten M: Is it possible to include the % of barriered houses in this graph?	Comment by scottd (apexanalyticsllc.com): Maybe 2021 was an outlier do to something with COVID changing how the assessment was completed.
[image: Chart, bar chart, waterfall chart

Description automatically generated]
Additionally, the study also found that moderate-income HES participants installed insulation at a lower rate than other participants. HES participants with an income less than 80% of the area median income (AMI) were significantly less likely to have installed insulation (9%) than other HES participants (19%). 
The drivers of the low insulation rates for HES include: 
· Lower Incentives. In 2020, HES increased the insulation incentives to encourage participation in the wake of the pandemic. However, prior to these elevated incentives, HES aimed to cover approximately 50% of participant’s average upfront insulation costs, which is less than Massachusetts’ historical 75% coverage. As shown above, higher incentives in 2021 and 2022 have encouraged greater installation (and recommendation) rates. With additional time for these more recently assessed participants to act on their insulation recommendation, it’s possible the insulation installation gap with Massachusetts will narrow or even close.
· Different Program Designs. As noted previously, HES (and HES-IE) conduct blower-door assisted air sealing during customer’s initial assessment, while the programs in Massachusetts and Rhode Island air seal during a subsequent visit to the home. It’s important to note that the program design in Connecticut results in a larger percentage of overall customers receiving air sealing (i.e., all participants without a pre-weatherization barrier) than customers are receiving in the benchmarked states. This positive program design attribute could possibly have an unintended consequence: it’s possible the more comprehensive initial assessment leads HES participants to think they are “done” after the assessment and that installing insulation is less important.
· [image: ]Contractor Variance. It is unsurprising that some vendors, in relative terms, were more successful encouraging HES participants to install the insulation they recommended than other vendors. Given these vendors are all delivering the same program, the wide variation in installation rates suggests certain vendors are better at targeting customers likely to act, convincing customers of the value of insulating their home, or are less focused on insulation (because they specialize in  ancillary residential services). The fact that some vendors are more successful at targeting or as salespeople indicates that training could increase performance for the vendors with lower rates.
Recommendations for Addressing Finding 2: Low HES Insulation Installation Rates

The study offers several recommendations for encouraging a greater percentage of HES participants to act on their vendor’s recommendations to insulate their home, including: 
RECOMMENDATION 2A. Directly incentivize HES vendors based on their insulation installation rate, not just air sealing completions. Right now, the current HES payment structure incentivizes vendors to air seal and move on to the next customer. To achieve the goals, it’s vital to significantly increase the percentage of HES participants that receive and act on their insulation recommendations. Air sealing alone is not enough. Explicitly tying vendor incentives to their customer’s insulation installation rates will align vendor’s financial motivations with program goals.	Comment by scottd (apexanalyticsllc.com): Seems like it should be tied to the conversion rates (don't want to encourage too many recommendations where they are not valuable; or need to set an EUI - CCF/sqft threshold- to screen out certain homes from being eligible. 
RECOMMENDATION 2B. Provide dedicated sales training. Interviewed vendors said they could train anyone to perform a home energy assessment, but it is difficult to turn an energy technician into a salesperson. Program-supported, sales-focused training will provide vendors with additional skills necessary to communicate the value of insulation to participating HES participants. The training should:
· Identify and leverage best practices from HES vendors with highest install rates, as well as sales best practices used outside energy efficiency programs.
· Provide vendors with specific language they can use to articulate the program’s value proposition, enumerate its benefits, and properly emphasize the non-energy benefits that often motivate action. 
· Teach vendors to be clear with participants: “We air sealed today, but that is not enough; we also need to insulate your home.”
RECOMMENDATION 2C. Simplify and sharpen custom-facing incentive messaging. When the study compared the MassSave.com and EnergizeCT.com websites, there was a clear difference in how each website framed insulation incentives. MassSave.com described the incentives offered in Massachusetts in terms (“75% off” versus “1.70 per square foot” for EnergizeCT.com) that are more likely to resonate with the average, non-technical customer. The websites also differed in their specificity. MassSave.com provides the costs for an example project, whereas the EnergizeCT.com acknowledges the same uncertainty differently stating: “The average initial costs varies from home to home”. While technically true, the ambiguity of this language does not enable customers to understand the value of the program and make decisions accordingly.  Lastly, MassSave.com emphasizes non-energy benefits like comfort whereas these important motivators for action are not mentioned on EnergizeCT.com. 	Comment by Williams, Kiersten M: This recommendation seems to ring true for stakeholders, could we include examples of how this might impact the program from customer surveys or stakeholder interviews to make it more tangible later in the report?
Figure 5: Excerpts from MassSave.com and EnergizeCT.com
[image: Graphical user interface, text, application

Description automatically generated]
RECOMMENDATION 2D. Develop a program or offer elevated incentives targeting moderate-income households and/or rental properties. As noted above, the insulation installation rate was appreciably lower for HES participants that earn less than 80% of the state median income (SMI) but more than threshold to receive insulation at no cost through HES-IE (60% SMI). To close this gap, it’s clear the Companies will have to modify their program design and/or incentive levels.	Comment by Emerick, Ma Romilee: Earlier you used AMI. What % of the participants fall under moderate income?	Comment by Emerick, Ma Romilee: Can you provide suggestions on effective program features used by other states to address low participation of moderate income customers and renters?
Finding 3: Unlike air sealing and insulation, the study found high gross savings and NTG results for most other measures. 
Air sealing and insulation constitute approximately two-thirds of HES and HES-IE savings and, as determined through this study, showed a substantial drop in savings. For reasons, those key measures justified significant attention as part of this study. However, both programs offer a wide variety of other measures, which, unlike air sealing and insulation, generally met gross and net savings expectations. 
Table 3 summarizes the study’s ex post savings and resulting realization rates for all HES and HES-IE measures, including air sealing and insulation. As evident below, the study generally found high realization rates for the non-air sealing and insulation measures. For most measures, the provided data enabled the study for estimate program-specific savings and realization rates. For the other measures, none of which constitute more than 1% of either programs’ total savings, the team calculated a single gross saving value applicable for both programs.
Similar to Table 1, these realization rates reflect the ratio of ex post savings determined through this study and the ex ante savings calculated by the study using program tracking data and the current PSD savings algorithm, and after applying the relevant PSD gross savings realization rate. 	Comment by Emerick, Ma Romilee: This is confusing and it is not clear why the previous RR is relevant and why it should impact results. Also, 2022 RRs referred by the study has been updated for air sealing and insulation based on the study’s interim results (50% RR)
This realization rate calculation answers the important question: What percentage of the savings that the Companies expected (i.e., ex ante) were realized following the outcomes of this study (ex post)? The answer to this question is approximately 50% for HES and 67% for HES-IE (across all measures and fuel types). These program-level gross realization rates are primarily driven by the lower-than-anticipated air sealing and insulation measures, which, as noted above, constitute roughly two-thirds of both program’s total savings across fuel types and therefore have significant influence over program averages.	Comment by Emerick, Ma Romilee:  Can you add a table showing this program-level RR calculation?
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[bookmark: _Ref128947059]Table 3: Ex Post Savings and Realization Rates by Program, Measure, and Fuel
	[bookmark: _Hlk115866206]Measure Group
	Measure
	% Total Savings
HES/
HES-IE
	Electric
	Natural Gas
	Oil
	Propane

	
	
	
	HES & HES-IE
	HES & HES-IE
	HES & HES-IE
	HES & HES-IE

	
	
	
	kWh
	RR
	CCF
	RR
	gal
	RR
	gal
	RR

	Appliances & Plug Load
	Refrigerator 
	<0.1 / < 0.1
	404
	97%
	
	
	
	
	
	

	
	Freezer
	<0.1 / < 0.1
	145
	105%
	
	
	
	
	
	

	
	Dehumidifier
	<0.1 / < 0.1
	316
	73%
	
	
	
	
	
	

	
	Clothes Washer
	0.1 / < 0.1
	189
	100%
	3.9
	140%
	4.9
	152%
	7.4
	120%

	
	Advanced Power Strips
	<0.1 / < 0.1
	117
	100%
	
	
	
	
	
	

	Heating Equipment
	Heat Pump – Ducted (heating)
	0.1 / < 0.1
	1,723
	100%
	
	
	
	
	
	

	
	Heat Pump – Ducted (cooling)
	<0.1 / < 0.1
	279
	100%
	
	
	
	
	
	

	
	Heat Pump – Ductless (heating)
	0.6 / <0.1
	918
	100%
	
	
	
	
	
	

	
	Heat Pump – Ductless (cooling)
	0.2 / <0.1
	260
	100%
	
	
	
	
	
	

	
	Furnace Replacement
	<0.1 / < 0.1
	
	
	109
	96%
	81
	96%
	123
	96%

	
	Boiler Replacement
	<0.1 / < 0.1
	
	
	87
	98%
	64
	98%
	98
	98%

	
	ECM Circulator Pump
	<0.1 / < 0.1
	68
	100%
	
	
	
	
	
	

	Measure Group
	Measure
	% Total Savings
	HES
	HES-IE
	HES
	HES-IE
	HES
	HES-IE
	HES
	HES-IE

	
	
	
	kWh
	RR
	kWh
	RR
	CCF
	RR
	CCF
	RR
	gal
	RR
	gal
	RR
	gal
	RR
	gal
	RR

	Domestic 
Hot Water
	Faucet Aerators
	1.6 / 1.2
	38
	100%
	35
	100%
	1.6
	100%
	1.5
	100%
	1.2
	100%
	1.1
	100%
	1.8
	100%
	1.7
	100%

	
	Showerhead
	5.0 / 4.5
	126
	100%
	149
	100%
	5.3
	100%
	6.2
	100%
	3.9
	100%
	4.6
	100%
	5.9
	100%
	7.0
	100%

	
	Pipe Insulation
	3.3 / 1.0
	16
	100%
	15
	100%
	0.7
	100%
	0.7
	100%
	0.5
	100%
	0.5
	100%
	0.8
	100%
	0.7
	100%

	Lighting
	Lighting*
	12.8 / 7.2
	18
	69%
	17
	66%
	
	
	
	
	
	

	Controls
	Wi-Fi Thermostat (Heating)
	2.2 / < 0.1
	397
	124%
	407
	116%
	30
	99%
	38
	127%
	22
	99%
	28
	127%
	34
	99%
	43
	126%

	
	Wi-Fi Thermostat (Cooling)
	<0.1 / < 0.1
	37
	58%
	37
	57%
	
	
	
	
	
	

	Weatherization
	Air Sealing & Insulation
	61.7 / 74.5
	708
	12%
	874
	16%
	77
	19%
	108
	36%
	71
	32%
	89
	44%
	106
	31%
	134
	43%

	
	Air Sealing Infiltration Reduction (Blower Door Test)
	29.8 / 7.4
	128
	8%
	81
	5%
	17
	25%
	11
	15%
	13
	23%
	8.3
	14%
	19
	23%
	12
	14%

	
	Air Sealing Infiltration Reduction (Prescriptive)
	N/A
	85
	13%
	53
	6%
	14
	35%
	7.7
	17%
	16
	35%
	8.6
	18%
	10
	35%
	5.5
	17%

	
	Insulation – All
	32.0 / 66.9
	580	Comment by Emerick, Ma Romilee: Are these based on electric billing analysis? If not why? Appendix seems to suggest billing analysis was only done for lighting and gas weatherization.
	14%
	794
	23%
	60
	15%
	97
	39%
	58
	37%
	81
	60%
	87
	37%
	122
	60%

	Distribution
	Duct Sealing	Comment by Emerick, Ma Romilee: Table 35 shows that duct sealing was estimated using billing analysis but this table suggests using a building simulation. Please clarify
	3.7 / 3.7
	66	Comment by Williams, Kiersten M: Would it be possible to provide median savings for duct sealing as well?
	3%
	66
	3%
	8.8
	8%
	8.6
	9%
	6.6
	8%
	6.5
	9%
	9.9
	8%
	9.7
	9%

	Windows
	Windows
	0.7 / 4.3
	56
	100%
	71
	100%
	2.9
	100%
	5.5
	100%
	2.1
	100%
	4.0
	100%
	3.2
	100%
	6.0
	100%


* Unlike other savings in this table, the lighting savings are net as the results of billing analyses for residential lighting should be interpreted as net, not gross, savings
	Key
	Billing Analysis
	Engineering Algorithm
	Building Simulation
	Engineering Adjusted Billing Analysis
	Billing Analysis Informed Engineering Algorithm
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The study found overall weighted NTG ratio of 83% for HES (Table 4); NTG is not applicable for HES-IE. Overall, measure-specific NTG rates, detailed in Section 5, were generally high and free-ridership values were similar to other studies, particularly in Massachusetts, which used a similar NTG algorithm to this study.
[bookmark: _Ref129251610]Table 4: Overall HES Net-to-Gross (NTG) Ratio	Comment by scottd (apexanalyticsllc.com): I find it hard to believe that almost 1/4 participants were going to install the energy savings measures they got through the program. Was this based on the participants during the higher incentive periods? They would have a higher NTG. (i.e., report notes above that incentive levels were increased in 2020)	Comment by Williams, Kiersten M: The incentive structure for insulation was changed (increased) in 2020 to $2.20 / square foot and subsequently lowered back down to $1.70 in 2021. In In 2022 the insulation rebate ($1.70), was further updated to include a cap of 75% of project cost (instead of 100%), so that customers had some co-payment associated with insulation upgrade. How might this affect a prospective application of NTG rates based on 2019-2020 participants?
	Ratios and Ratio
	HES

	Weighted free-ridership rate
	24%

	Weighted spillover rate
	7%

	Net-to-gross ratio
	83%



Recommendations for Addressing Finding 3: High realization rates and NTG estimates for most non-air sealing and insulation measures

RECOMMENDATION 3A. Apply the recommended PSD changes documented in Appendix F as part of the next PSD update. The realization rates in Table 3 rely on the current PSD algorithms and inputs. Through this evaluation, the study identified a handful of instances where a PSD algorithm would benefit from a correction or where an input value could be improved. Making these recommendations in the PSD will result in more accurate ex ante savings as part of prospective program cycles and improve realization rates resulting from future evaluations.	Comment by Emerick, Ma Romilee: This report gives multiple sets of realization rates and is very confusing. Suggest adding the key PSD updates in the ES and replacing the RRs reported in Table 3 with the RRs recommended for the PSD update. It seems like those RR are buried in the Appendix. Also it would be helpful to identify measures with deemed savings since RRs for those will be kept at 100% but the deemed savings will be updated with the new evaluated gross savings. The study seems to direct utilities to apply RRs even for measures with deemed savings.
Finding 4: Financial and logistical barriers impede the statewide weatherization goals.
At least 7% of HES and 19% of HES-IE participants from 2017 to 2020 had a health and safety barrier that affected their assessment. Survey respondents self-reported barriers at a higher rate than recorded in the program tracking data. Moderate-income HES participants had higher rates of health and safety barriers than other HES participants with household incomes greater than 80% area median income (AMI). 	Comment by Williams, Kiersten M: Are we able to track # barriers overtime/ compare to past studies? Wondering if it correlates w/ age of home. 
Cost is a significant barrier to both remediating health and safety barriers and installing additional measures following the assessment. Nearly one-quarter of HES-IE participants (23%) and 7% of HES participants reported having asbestos or vermiculite insulation. HES-IE respondents who did not remediate the asbestos or vermiculite insulation (69%) cited cost and landlord permission as the most common barriers. 
Demand for remediation assistance likely exceeds available funding. The Statewide Weatherization Barrier Remediation Services Program launched by DEEP in 2022 is designed to serve 1,000 low-income customers in its first year.[footnoteRef:11] However, survey results indicated that nearly 4,500 single-family HES-IE households might be waiting for remediation services for asbestos or vermiculite insulation. This is a conservative estimate; it excludes households that have other health and safety barriers, including mold, all multifamily households, and households with barriers who received assessments in 2021 or 2022. Nearly 70% of HES-IE survey respondents with asbestos or vermiculite insulation found during their assessments (2017 – 2020) indicated they had not yet pursued remediation.  [11:  Department of Energy and Environmental Protection (DEEP). June 23, 2022. “DEEP Launches ICAST Partnership to Deliver Weatherization Barrier Remediation Services to Connecticut Families.” https://portal.ct.gov/DEEP/News-Releases/News-Releases---2022/DEEP-Launches-ICAST-Partnership-to-Deliver-Weatherization-Barrier-Remediation-Services. ] 

Cost was a leading deterrent for rebated measure installation and awareness of financing options was limited. One-fifth of respondents that did not install insulation, HVAC measures, or a water heater following the assessment said that the measure was too expensive. While participants utilized incentives and financing to afford installations of more expensive equipment installs, such as heat pumps, awareness of financing options was limited. Only one-half of HES respondents (51%) and 28% of HES-IE respondents indicated they were aware of financing options available through the program.	Comment by Emerick, Ma Romilee: Did they get recommendations for these measures?
Vendors and community stakeholders doubted that the state of Connecticut will meet its goal of weatherizing 80% of all residential units in 2030 without significant changes in program funding, incentives, and workforce development. 
Qualified technicians are in demand but scheduling on-the-job training can be difficult. Program stakeholders acknowledged challenges in managing a diverse group of program vendors, many of which were trying to grow their workforce while maintaining quality control. Vendors expressed concern about maintaining a fully staffed workforce while balancing program training requirements with keeping up with home energy assessments. Vendors requested additional assistance from the program in training new technicians. (See Training and Workforce Development for more details).
Recommendations for Addressing Finding 4: Financial and logistical barriers impede the statewide weatherization goals

RECOMMENDATION 4A. Expand the Statewide Weatherization Barriers program to serve the needs of low- and moderate-income customers. The program began in 2022 with a mandate to serve 1,000 low-income households. If the program is successful, expand its mandate to other income-eligible households waiting for services and moderate-income households that may also face financial barriers to remediation. Homes with health and safety barriers that only receive complementary air sealing are not considered weatherized and cannot benefit from additional savings through the program. 
RECOMMENDATION 4B. Work with existing vendors and contractors to increase training opportunities, recruit new technicians, and conduct outreach to technical schools. Trained technicians and installation contractors are vital to the HES and HES-IE program. Provide compensation for program vendors to complete training through the program. Adequate staffing levels are also vital for program success. Consider a model utilized by the sponsors of Mass Save to partner with local community-based organizations to develop the workforce for energy-efficiency programs: Clean Energy Pathways and the Workforce Partnership Grant.[footnoteRef:12] [12:  Mass Save. “Communities.” https://www.masssave.com/partners/community. Accessed March 2023.] 

Finding 5: Certain customer segments face barriers to participation in HES and HES-IE.
Stakeholders suggested some customer segments are underserved by the program, including low-income and moderate-income customers, renters, rural customers, customers with limited English proficiency, elderly customers, and immigrant customers. (See Participation and Awareness for additional details.)
Program participants are more highly educated and younger than households in the general population. Comparison of survey results to census data suggests that HES/HES-IE program participants were more likely to have a bachelor’s degree or higher, suggesting that participants may also skew wealthier. Households with an occupant aged 65 or older were also underrepresented among survey respondents. However, the racial composition of survey respondents was similar to estimates from the census, suggesting the program is successfully reaching a diverse set of customers.  
Barriers to participation in HES or HES-IE among equity-related demographic groups included difficulty affording health and safety remediation, installing additional measures, accessing program information, and scheduling assessments. As the participant survey focused on single-family households, these findings complement, rather than contradict, the customer profile finding (Finding 8) that large multifamily locations are driving participation in areas with populations of underserved customers. 
Program marketing and word-of-mouth referrals are the primary sources of program awareness among current participants. Over one-half of respondents (59% of HES respondents and 54% of HES-IE respondents) learned about the program through program marketing, including the Energize Connecticut website, bill inserts, utility company websites, and/or utility advertisements. Approximately one-quarter of participants (25% of HES respondents and 23% of HES-IE respondents) learned about the programs from family or friends.
Community stakeholders suggested the Companies shift their outreach focus away from Company marketing efforts to community outreach efforts. Stakeholders representing communities with underserved populations identified gaps in program outreach, implying that some of the resources the Companies are spending on traditional marketing, such as bill inserts and advertisements, should be spent directly in communities to engage trusted messengers. The program is currently succeeding in reaching more highly educated customers that have higher trust in utilities and can be engaged by traditional marketing efforts. Stakeholders suggested empowering local institutions, including schools, local community groups, non-profits, and community events to spread awareness of HES and HES-IE. These stakeholders agreed that friends, family, and community members were trusted messengers. 
Recommendations for Addressing Finding 5: Barriers to Participation

RECOMMENDATION 5A: Remove barriers to participation for customers with limited English proficiency by providing vendors with access to a language line and use of other language technologies. HES-IE program materials are available in English and Spanish. In order to effectively engage participants of both programs, technicians need to clearly explain the assessment to customers and provide information about additional opportunities, rebates, and next steps. 
RECOMMENDATION 5B: Expand eligibility for HES-IE or consider targeted program offerings for moderate income customers. Fewer customers with incomes less than 80% of AMI are installing rebated measures (15%) than other HES participants (29%) but are not eligible for free or discounted measures available to low-income participants. 
RECOMMENDATION 5C: Offer assessments on evenings or weekends to accommodate customers who are unable to take off work during the weekday. Community stakeholders suggested this program change because some customers work multiple jobs or cannot afford an unpaid day off work. This study did not include a non-participant survey and could not quantify the number of potential customers excluded due to incompatible schedules.
RECOMMENDATION 5D: Divert resources from traditional marketing campaigns to community outreach efforts. Work with local institutions and organizations to spread awareness about the program in communities. Utilize the principles of Community-Based Social Marketing to engage communities that do not respond to traditional marketing efforts.[footnoteRef:13] Community Action Agencies are likely well positioned to expand their outreach efforts to include these community sources. Schools, community organizations, and neighborhood associations, and community events could provide valuable opportunities to spread awareness of program offerings, answer questions, and address any concerns. Consider utilizing models similar to these offerings by the Sponsors of Mass Save, the Community First Partnership and the Community Education Grant.[footnoteRef:14] [13:  University of Pennsylvania. “Your Quick Guide to Community-Based Social Marketing.” https://sustainability.upenn.edu/sites/default/files/legacy/Guide%20to%20Community-Based%20Social%20Marketing.pdf. Accessed March 2023. ]  [14:  Mass Save. “Communities.” https://www.masssave.com/partners/community. Accessed March 2023.] 

Finding 6: Overall satisfaction among vendors and HES participants is high, with room to improve program communication and messaging, particularly for HES-IE participants.  
Vendors expressed overall satisfaction with the program and their role promoting energy-efficiency and weatherization services to customers, while seeking improvements to certain program requirements and the quality inspection process.
HES participants report higher overall satisfaction with the program (81%) than HES-IE participants (68%). Program satisfaction is similar to levels observed during the 2016 evaluation of the program, which found that 80% of HES participants and 72% of HES-IE participants were satisfied with their experience with the program. HES-IE participants reported higher levels of dissatisfaction with the professionalism and service provided by technicians (13%, compared to 4% of HES participants). One in five HES-IE participants expressed dissatisfaction with the energy savings from their assessment (20%), compared to 11% of HES participants.
The program can improve information sharing with participants during and after the assessment. Nearly one in ten HES respondents (8%) and one-fifth of HES-IE respondents (18%) expressed dissatisfaction with information provided to them about energy-savings opportunities during the assessment or the kitchen table wrap-up. The majority of these respondents said the technician and/or the assessment itself was not very informative. 
In particular, HES-IE participants were frustrated that they did not receive recommendations or information directly from the technician. In the HES-IE model, technicians submit paperwork directly to the Companies to determine eligibility for add-on measures.
Some participants had issues scheduling an assessment. While satisfaction was high overall, five percent of survey respondents had issues with their assessments being canceled or rescheduled, waiting to schedule an appointment, or contacting customer service.
Home comfort is an important motivation for participating. Half of all respondents said they participated in HES or HES-IE to find ways to make their home more comfortable. While savings on a utility bill can be difficult to perceive when energy costs increase, improvement in home comfort is a tangible non-energy benefit that can increase satisfaction and be used to encourage customers to act on the recommendation to install insulation. 
Recommendations for Addressing Finding 6: Improve participant experience by increasing engagement during and after assessments.

RECOMMENDATION 6A: Ensure technicians walk through the findings of the assessment and next steps with HES-IE participants and consistently follow-up with next steps. While HES participants need to apply for rebated measures following their assessment, HES-IE participants are eligible for additional services directly from the program. This program model may lead some vendors to sign up HES-IE participants for all the add-on measures they are eligible for without the benefit of a kitchen table wrap-up because there is no need to convince the HES-IE participant of the benefits before they receive the energy-saving measure. This may leave some HES-IE participants dissatisfied with their experience and unsure about the next steps.
RECOMMENDATION 6B: Improve customer service experiences for customers looking to schedule an assessment or receive additional information. Ensure prompt response times when a customer calls customer service or uses the WISE USE hotline to schedule an assessment. 
RECOMMENDATION 6C: Follow up with all participants to remind them about recommended measures and provide additional information. Encourage vendors to follow up with customers after their assessment to answer any questions and make sure the customer is aware of how to proceed with accessing additional energy savings opportunities, including referrals for installation services if applicable. As in Recommendation 2A above, offer additional financial incentive for vendors to engage with customers beyond the assessment to increase installation of rebated measures. The Companies can also send reminders via mail and/or email to remind customers how to take action to increase the savings from their assessment.
Finding 7: Virtual audits offered during the pandemic had limited uptake, which resulted in lower savings of 2.6 MMBtu on average.
Few participants opted to receive virtual audits. Only 12% of HES participants who received an assessment after March 2020 indicated they had received a virtual audit, offered by the program following the onset of the COVID-19 pandemic. According to the Energize Connecticut website, virtual pre-assessments are still available for current participants.[footnoteRef:15] [15:  Energize Connecticut. “Virtual Pre-assessment: Home Energy Solutions.” https://energizect.com/energy-evaluations/home-energy-solutions-virtual-pre-assessment. Accessed March 2023. ] 

Participants who self-reported receiving a virtual audit had lower average savings (7.7 MMBtu) than those who did not report having part of their assessment conducted virtually (10.3 MMBtu). The survey did not ask participants who had not received a virtual audit to explain why they had elected not to do so. The lower savings rate for recipients of a virtual audit could be due to differences in quality of services delivered in the virtual audit format, lower engagement with the program, or participant unwillingness to permit additional contractors in their home to install add-on measures during the pandemic.
Vendors also did not favor virtual audits, citing frustration with the fact that there was still an in-person component. According to vendors, customers would often not schedule the in-person visit to complete the assessment, the program did not adequately compensate vendors for the added effort involved, and spotty internet service could complicate delivery of the virtual audit.
Recommendations Addressing Finding 7: Increasing Value of Virtual Assessments

RECOMMENDATION 7A: Consider adopting stricter guidelines for virtual audits to ensure access to savings opportunities and compensating vendors for the additional time needed to conduct the virtual pre-assessment. Blower door-guided air sealing, duct sealing, and hot water-saving devices cannot be offered during a virtual pre-assessment. Any virtual pre-assessment that is not followed by an in-home follow-up visit will achieve lower savings than a traditional assessment. Offering the virtual pre-assessment separately than an in-home visit can nearly double the work for a vendor to serve a single site and should be compensated accordingly. 
Finding 8: Residential programs are effectively reaching disadvantaged households. 
The percent of total savings from the income-eligible programs is about the same as the percent of low-income households.  About one-fourth (27%) of households with electric service are classified as low-income, and about 30% of households with gas service are classified as low-income (Table 5). The proportion of total savings from the income-eligible programs (Table 6) is approximately the same as the proportion of low-income households in both cases (33% for electric and 32% for gas). This pattern indicates that at the broadest level of analysis, savings from the energy efficiency programs are distributed the same as population distributions.
[bookmark: _Ref129519402]Table 5: Household Distributions by Income Level
	Programs
	Block Groups with Electric Service
	Block Groups with Gas Service

	Moderate or higher income
	73%
	70%

	Low income
	27%
	30%


[bookmark: _Ref129519413]Table 6: Savings Distributions by Program Type
	Programs
	Electric Savings (kWh)
	Gas Savings (CCF)
	Electric Savings (%)
	Gas Savings (%)

	Non-Income-Eligible
	125,814,158
	7,106,794
	67%
	68%

	Income-Eligible
	61,294,181
	3,413,870
	33%
	32%

	Total
	187,108,339
	10,520,664
	100%
	100%



The residential portfolio, overall, is successfully reaching areas with high concentrations of equity-related demographics. Table 7 shows that areas with high concentrations of: limited English proficiency, low-income households, multifamily housing, renters, and that were on the state-wide distressed areas list in 2018, 2019, or 2020 all tended to have greater electric and gas savings from the portfolio as a whole, relative to the consumption in those areas.
The savings rate variable is calculated by dividing total program savings in a Census block group by the total consumption in that block group.
[bookmark: _Ref129519466]Table 7. Correlations Between Demographics and Savings Rates 
(Residential Portfolio Participation)	Comment by Emerick, Ma Romilee: Suggest providing a sample interpretation to guide readers
	Demographic variable
	Whole Portfolio Electric Savings rate
	Whole Portfolio 
Gas Savings rate

	Limited English
	0.142 *
	0.071 *

	Low income
	0.199 *
	0.097 *

	Moderate income
	0.009
	0.034

	High income
	-0.182 *
	-0.007

	Multifamily housing
	0.337 *
	0.193 *

	Single-family housing
	-0.236 *
	-0.109 *

	Renter-occupied housing
	0.242 *
	0.108 *

	Construction year pre-1950
	-0.009
	-0.069 *

	Distressed 2018, 2019, 2020
	0.103 *
	0.021


*Correlation is statistically different from 0 (p<0.01)

Finding 9: The portfolio is reaching disadvantaged areas through locations with unusually high savings and the income-eligible (IE) programs.
When unusually high-saving sites are removed from the portfolio, disadvantaged areas tend to have lesser savings from the portfolio. Approximately 30% of program savings occurred at sites with unusually high (top 1%) site-level savings. When these sites are removed, disadvantaged areas tend to have lesser savings rates from the portfolio (Table 8). Satellite imagery confirmed that many of the unusually high-savings locations are large multifamily properties with over 100 units.
[bookmark: _Ref129519677]Table 8: Pairwise Correlations – Unusually High-saving Sites Removed
	
	Electric Saving Rate
	Gas Saving Rate

	Limited English
	-0.125 *
	-0.099 *

	Low income
	-0.138 *
	-0.101 *

	Moderate income
	0.035
	0.010

	High income
	0.075 *
	0.039

	Multifamily housing
	-0.312 *
	-0.162 *

	Single-family
	0.244 *
	0.168 *

	Renter-occupied housing
	-0.234 *
	-0.184 *

	Pre-1950 construction
	-0.007
	-0.048

	Distressed last three years
	0.050
	0.013

	* Correlation is statistically different from 0 (p<0.01)



Disadvantaged areas tend to have lower savings from the non-income-eligible (Non-IE) programs. Table 9 shows that areas with high concentrations of: limited English proficiency, low-income households, moderate-income households, renters, and that were on the statewide distressed areas list in 2018, 2019, or 2020 all tended to have lesser electric and gas savings from the Non-IE programs to the consumption in those areas.
[bookmark: _Ref129519694]Table 9: Pairwise Correlations – Non-IE Programs
	
	Electric Saving Rate
	Gas Saving Rate

	Limited English
	-0.063 *
	-0.116 *

	Low income
	-0.076 *
	-0.166 *

	Moderate income
	-0.044 *
	-0.049 *

	High income
	0.054 *
	0.149 *

	Multifamily housing
	0.103 *
	-0.013

	Single-family
	0.002
	0.128 *

	Renter-occupied housing
	-0.005
	-0.132 *

	Pre-1950 construction
	-0.085 *
	-0.159 *

	Distressed last three years
	-0.094 *
	-0.182 *

	* Correlation is statistically different from 0 (p<0.01)



Finding 10: Despite reaching disadvantaged areas generally, the portfolio underrepresents rural areas and single-family, low-income households.
Across the whole portfolio, electric and gas savings are concentrated in the urban areas. Figure 6 and Figure 7 show the geographic concentrations of electric and gas savings, respectively. The figures show that customers in urban areas disproportionately participated in residential programs relative to more rural portions of the state. The study found that residential portfolio-level savings rate (i.e., total first year program savings occurring in a census block group divided by the total consumption in that block group), is concentrated in urban area. This metric inherently controls for differences in population levels across block groups (via total energy consumption), so the observed concentrations are not simply a product of more customers living in urban areas. 
[bookmark: _Ref129521438]Figure 6: Electric Savings Rate 2017 – 2020
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[bookmark: _Ref129521448]Figure 7: Gas Savings Rate 2017 – 2020
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Low-income, single-family households are somewhat under-enrolled in the IE electricity programs. Table 10 shows the distributions of households and IE program electric savings across census block groups that are above and below the median proportions of low-income and single-family households. IE program electric savings were disproportionately concentrated in low-income, multifamily areas. Approximately 41% of households were in these areas, while 72% of IE program electric savings occurred in these areas. Low-income, single-family areas were somewhat underserved: 9% of households were in these areas while only 6% of the electric savings occurred there.
Gas savings showed a similar pattern as electric savings except low-income, single-family areas appeared to be receiving about the same amount savings as the number of households: 9% of households were in these areas and 10% of the gas savings occurred there.
[bookmark: _Ref129519778]Table 10: IE Electric Savings Distributions
	Label
	Concentration of Low-income homes
	Concentration of Single-family homes
	% of Households
	% of IE electric savings
	% of IE gas savings

	High-income, multifamily
	Low
	Low
	11%
	7%
	7%

	High-income, single-family
	Low
	High
	39%
	14%
	13%

	Low-income, multifamily
	High
	Low
	41%
	72%
	70%

	Low-income, single-family
	High
	High
	9%
	6%
	10%



Recommendations Related to Findings 8 - 10 : 
Reaching Diverse Customer Segments

The study offers multiple recommendations for extending the Companies’ reach and overcoming remaining barriers to more equitable participation: 
RECOMMENDATION 8A: Create program designs that dedicate more resources to rural areas of the state. Rural areas have lower population density and usually have few qualified contractors to complete energy-efficiency projects, so the cost of enrollment is usually higher in these areas. Care will have to be taken to maintain program cost-effectiveness requirements.
RECOMMENDATION 8B: Devote additional income-eligible program resources to enrolling single-family homes. There was generally a greater administrative cost to enrolling these homes per unit of savings, so care should be taken to maintain cost-effectiveness requirements.


Finding 11: Significant delays in data request fulfilment and data quality issues adversely impacted the timeliness of this study and its ability to inform the planning process.
The study submitted its initial data request to the Companies in August 2020. It took until February 2022 and more than 200 data request related communications for the Companies to provide the data necessary to complete the process, impact, and customer profiling tasks scoped for this study. The significant delay fulfilling the study’s data requests had a commensurate impact on the study’s timeline and budget. There is always a lag between evaluated participation cohorts and evaluation reports, especially when using a billing analysis that requires at least a full year of post-participation data, but the delays in data request fulfillment resulted in the difference between the evaluated HES & HES-IE cohort (2019) and the study completion (2023) being much greater than planned. 	Comment by Emerick, Ma Romilee: Please note that an updated data request was provided to the utilities in Jan 2021 (following the data call in December 2020) 
In addition to these delays, the study encountered issues with the data itself including, but not limited to multiple and inconsistent unique customer identifiers, masked account numbers, incomplete measure details, disparate data structures, and a lack of data dictionaries. Collectively, these data issues limited the study’s ability to provide greater visibility into some findings. The data issues encountered as part of this study are described in greater detail in Appendix H.Appendix H.	Comment by Mascoli, Richard J: The comments about multiple and consistent customer identifiers was likely due to the differences in CLMTRS reporting modules. Our legacy tracking system was designed in a modular fashion, with uncommon fields between modules. This situation was corrected with the introduction of our new Tracksys tracking system.
Is  the evaluator noting a disparity between the Eversource and UI tracking systems? We did provide a data dictionary for the Eversource legacy tracking system.
Masked account numbers came from our legacy mobile application. This process was used to protect our customers identity. Different security processes are in place within our new mobile assessment application.	Comment by Mascoli, Richard J: This was one of the most complex data requests we have ever received, following are a few items that we would find helpful for improving our performance in the future and comments on the process. 
 Please clearly define issues applicable to Eversource.  
In Q1 and Q2 of 2021 Eversource had an enterprise-wide transition of IT providers which significantly impacted operations. This caused a large delay in our ability to pull data and we communicated this to the evaluators. It would be helpful to include this point when discussing delays and recommendations for the future. 
 One of the subsection requests involved customer arrearage data. This data is not commonly requested. Queries and reports are not readily available for these areas. Therefore, we had to closely work with our credit and collections group to create ad-hoc reports suitable for the evaluators needs.This procedure took extra time, and had clear communication to the evaluator of the timing. 
Recommendations Related to Finding 11: Improving data delivery that undermine timeliness of the evaluation work.

The study offers multiple recommendations for extending the Companies’ reach and overcoming remaining barriers to more equitable participation: 
RECOMMENDATION 11A: Improve the rigor of data collection and management, as well as Data consistency between Eversource and UI. Specifically, both companies should use data validation to force a standard for recording key customer information such as account numbers and addresses. The Companies should also regularly audit data to ensure that vendors are using data fields properly. UI, specifically, should establish a process for storing data queries related to evaluation studies that the Company can leverage and replicate such that they can reissue data request updates in the consistent format.[footnoteRef:16] (This was not an issue for Eversource). Lastly, distributors and contractors applying for instant rebates on behalf of their customers should be required to record customer contact information to better track customer participation and uptake of energy efficient measures. [16:  In response to DEEP’s Condition of Approval of the 2022-2024 CL&M Plan, UI has been working towards developing and updating a data dictionary for customer and program data. https://portal.ct.gov/-/media/DEEP/energy/ConserLoadMgmt/Attachment-A---Schedule-of-2022-2024-Conditions-of-Approval.pdf] 
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[bookmark: _Toc129521313]About HES and HES-IE
To make the greatest use of this study’s findings, it’s important that readers understand how HES and HES-IE are delivered, the measures promoted, and recent trends in participation.
[bookmark: _Toc112334902][bookmark: _Toc115298138][bookmark: _Toc116310106][bookmark: _Toc129521314]Program Descriptions
Home Energy Solutions (“HES”) and Home Energy Solutions – Income Eligible (“HES-IE”) are Connecticut’s flagship residential retrofit energy-efficiency programs within the Connecticut Energy Efficiency Fund (“CEEF") residential program portfolio. Both programs are amongst the state’s largest residential efforts in terms of both program budgets and annual energy reduced (MMBtu).[footnoteRef:17] The programs help single-family homeowners and rental property owners conduct home energy assessments, learn about ways to make their homes more energy-efficient and comfortable, and carry out energy efficiency upgrades.  [17:  https://energizect.com/connecticut-energy-efficiency-board/about-energy-efficiency-board/annualreports. Accessed August 2022.] 

During the home energy assessments, technicians provide core services, which could include directly installing LEDs, faucet aerators, showerheads, blower-door-guided air sealing, and/or duct sealing. HES customers pay a nominal fee for these services, whereas HES-IE customers receive them at no cost. Technicians also examine homes for hazardous materials and unsafe conditions, e.g., asbestos, mold, and gas leaks. HES & HES-IE technicians conduct comprehensive air sealing as part of the initial assessment. This is different from similar assessment-based programs in neighboring states where weatherization contractors only conduct air sealing during follow-up visits to the subset of participants that decide to install insulation. As a result, nearly all HES & HES-IE participants receive air sealing, while a minority of participants in similar programs do. 

After providing core services, technicians turn to a “kitchen table sales effort,” in which they review completed work with customers, educate them on how to make their homes more efficient and comfortable, then provide them with information and/or professional referrals to install rebated (HES) or add-on (HES-IE) measures. 
As indicated in Table 11, add-on measures include ENERGY STAR-certified appliances (refrigerators, freezers, dehumidifiers, clothes washers), building envelope upgrades (insulation and windows, double-pane or better), Wi-Fi thermostats, heat pumps (air-source, geothermal, or ductless mini-splits), and other HVAC equipment replacement (central air conditioners, natural gas furnaces and boilers). The idea driving both programs, that the assessments are an entry point to pursue deeper savings, makes the kitchen table conversation integral. Participants who choose to install add-on measures are usually eligible for rebates, financing, or both. For HES-IE participants, vendors obtain multiple quotes and submit them for screening before the program approves them. 
Both HES and HES-IE participants also receive a comprehensive HES Customer Report and a DOE Home Energy Score report.[footnoteRef:18] The latter provides customers with a visual aid that explains how they could capture deeper energy savings from upgrades to their home. [18:  According to the field implementation manual, HES-IE customers did not receive DOE Home Energy reports until 2019 or later. ] 

[bookmark: _Toc115298139][bookmark: _Toc116310107][bookmark: _Toc129521315]Program Measures
At the outset of R1983, the study worked with the Companies to categorize the detailed measure data provided in the HES and HES-IE tracking data into 19 discrete measures associated with eight measure categories.
[bookmark: _Ref106283450]Table 11: HES & HES-IE Measures
	Measure Group
	Measure

	Domestic Hot Water
	· Faucet Aerators 
· Showerhead
· Pipe Insulation

	Lighting
	· Lighting

	Controls
	· Wi-Fi Thermostats* 

	Appliance & Plug Load
	· Refrigerator*
· Freezer*
· Dehumidifier*
· Clothes Washer*
· Advanced Power Strips

	Weatherization
	· Air Sealing
· Insulation*

	Distribution
	· Duct Sealing

	Windows
	· Windows*

	Heating Equipment
	· Heat Pump – Ducted*
· Heat Pump – Ductless*
· Furnace Replacement*
· Boiler Replacement*
· ECM Circulator Pump*


*Add-on/Rebated measure
[bookmark: _Toc129521316][bookmark: _Toc115298141][bookmark: _Toc116310109]Recent Participation Trends
According to the program tracking data provided by Eversource and UI, total participation (i.e., unique customers that received an assessment) in HES-IE steadily declined between 2017 and 2020. Specifically, HES-IE experienced a 16% year-over-year drop in both 2018 and 2019,[footnoteRef:19] followed by a larger drop (45%) in 2020 – likely the result of the COVID-19 pandemic. Participation in HES was more stable over the same time frame (minus a dip in 2018) and experienced a less dramatic pandemic-related drop off in 2020 than HES-IE. The study’s benchmarking efforts identified similar dips in participation due to the pandemic, with the size of the dip related to the state’s pandemic policies and the programs’ abilities to ramp up the programs in-person and/or virtually. [19:  The state legislature raided energy efficiency funding in early 2018, which resulted in cuts to the HES/HES-IE program in 2018 and 2019. The Office of Consumer Counsel estimated that 12,900 fewer homes would receive weatherization services following the funding cuts. (Consumer Counsel. January 16, 2018. “Impacts of the Energy Efficiency Fund Raid Being Felt Throughout Connecticut.” https://portal.ct.gov/-/media/OCC/20180112FundraidimpactsTOpdf.pdf.) ] 

Figure 8: Total Participation (by Program, Company, and Year)
[image: ]
As noted above, HES and HES-IE customers may choose to act on one or more of the recommendations from their assessment and install a “rebated” (HES) or “add-on” (HES-IE) measure, such as insulation or a new heating system. It is important to note that not all participants receive a recommendation for a rebated or add-on measure.[footnoteRef:20] This may be because the assessment did not identify the need for such a measure or because a technical or health and safety barrier prevents the recommendation.  [20:  The program tracking data provided by Eversource and UI did not include data regarding add-on measures that were recommended by the technician but not installed. However, according to the statewide dashboard, technicians recommended the add-on measures to 2017-2020 HES participants at the following rates: appliances (61%), HVAC equipment (58%), insulation (40%), water heaters (40%) and windows (4%). https://energizect.com/eeb-statewide-energy-efficiency-dashboard.] 

[bookmark: _Toc115298142][bookmark: _Toc116310110][bookmark: _Toc129521317]Ex Ante Savings by Measure Group and Fuel Type 
As show in Figure 9, on a MMBTU basis, just over half (51%) of HES ex ante savings in 2019, come from air sealing. This outcome is intuitive given HES and HES-IE delivery model, which provides air sealing to all eligible customers (i.e., those without barriers) during the initial assessment. Another 16% and 18% come from rebated insulation and direct install lighting, respectively. In total, these three measures constitute 85% of HES savings. Similarly, these same three measures account for a comparable percentage of total claimed HES-IE savings in 2019 (84%). Both companies have very similar overall distributions. Both have 16% of savings attributes to insulation, but Eversource attributes more to lighting (21% compared 13% for UI) and less to air sealing (49% compared to 56% for UI). HES-IE attributed a similar percentage of claimed savings to weatherization (62%) as compared to HES above (67%). However, the HES-IE program saw that shared equally among insulation measures (32%) and air sealing (31%)
[bookmark: _Ref121219086]Figure 9: Ex Ante Savings by Measure Type (HES, 2019)
[image: Chart, pie chart

Description automatically generated]

Figure 10: Ex Ante Savings by Measure Type (HES-IE, 2019)
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This study also investigated how each fuel type (electricity, natural gas, and oil/propane) contributes to the program’s overall savings. As shown below, most HES savings consistently came from delivered fuels (heating oil and propane) between 2017 and 2020. In fact, 2020 represented the highwater mark for delivered fuels savings, accounting for 54% of total HES savings statewide. 
Figure 11: Statewide Savings by Fuel Type (HES, 2017-2020)
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The distribution of savings by fuel type differs significantly by company. As shown in Figure 12, nearly two-thirds of Eversource’s savings (63%) come from delivered fuels, whereas most of UI’s savings are associated with natural gas measures (61%).
[bookmark: _Ref121222243]Figure 12: Company Savings by Fuel (HES, 2019)
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[bookmark: _Toc129521318]About this Study
This report details findings from NMR, Cadeo, and DNV’s impact and process evaluation of the Home Energy Solutions (“HES”) and Home Energy Solutions—Income Eligible (“HES-IE”) programs, which both fall under the Energize Connecticut initiative. 
[bookmark: _Toc97902745][bookmark: _Toc95479349][bookmark: _Toc115298144][bookmark: _Toc116310112][bookmark: _Toc129521319]Study Background and Goals
In terms of annual energy savings (MMBtu) and program budgets, HES and HES-IE are two of the largest residential programs in Connecticut.[footnoteRef:21] As such, the programs merited a comprehensive evaluation (i.e., impact and process) that produced: [21:  https://energizect.com/connecticut-energy-efficiency-board/about-energy-efficiency-board/annualreports. Accessed August 2022.] 

Accurate gross and net measure-level energy savings and realization rates for prospective application as part of Program Savings Documentation (PSD) updates.
Actionable, process-oriented insights that will help Connecticut Natural Gas, Eversource, Southern Connecticut Gas, and United Illuminating (the Companies) continue to evolve these critical programs, particularly in response to changes stemming from the COVID-19 pandemic and the continued shift away from lighting. 
This evaluation updates previous impact and process evaluations completed in 2019 and 2016, respectively.[footnoteRef:22],[footnoteRef:23] The residential customer profiling element of this study represents the first of its kind in the state.  [22:  https://www.energizect.com/sites/default/files/R4_HES-HESIE%20Process%20Evaluation,%20Final%20Report_4.13.16.pdf]  [23:  https://documentcloud.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A6ad1a31e-b53f-43aa-81bc-d5646e8c7d45#pageNum=1
] 

[bookmark: _Toc129521320]Study Tasks & Objectives
Figure 13 lists the evaluations tasks completed as part of R1983 and maps each task to the study’s objectives, which are associated with three overarching research topics: 
1. Assessing Program Delivery
Determining Program Impacts
Understanding Program Reach
[bookmark: _Ref121732158]Figure 13. Research Topics and Evaluation Tasks
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[bookmark: _Toc115298146][bookmark: _Toc116310114][bookmark: _Toc129521321]Key Limitations and Sources of Uncertainty
The study sought every opportunity to minimize uncertainty and produce specific, actionable findings and recommendations. Nonetheless, it is important to acknowledge that it is not possible to eliminate all sources of uncertainty and/or bias. Specifically, the study is subject to the following inherent limitations and sources of uncertainty:
· Delayed Data Request Fulfillment. The study submitted its initial data request to the Companies in August 2020. It took until February 2022 and more than 200 data request related communications for the Companies to provide the data necessary to complete the process, impact, and customer profiling tasks scoped for this study. The significant delay fulfilling the study’s data requests had a commensurate impact on the study’s timeline and budget. There is always a lag between evaluated participation cohorts and evaluation reports, especially when using a billing analysis that requires at least a full year of post-participation data, but the delays in data request fulfillment resulted in the difference between the evaluated HES & HES-IE cohort (2019) and the study completion (2023) being much greater than planned.	Comment by Williams, Kiersten M: We received the finalized data request in January 2021. 
· Program Data Challenges. As detailed in Appendix H of this report, the study experienced serious challenges obtaining, combining, standardizing, and analyzing HES & HES-IE program tracking data for the process and impact evaluation, as well as broader residential program data for the customer profiling effort. The study employed a series of quality assurance checks to mitigate these challenges (e.g., comparing summarized tracking data to existing program-level reported customer counts or savings value, having Eversource and UI review measure mapping tables, rates using two data teams perform independent merges to compare). However, it is important to acknowledge that the data-centric challenges both limited what the study could report and added uncertainty to the findings.
· Survey Recall Bias. Several survey respondents used open-end responses in the survey to explain that they could not recall the answer to certain survey questions due to the amount of time that had passed between their participant and the survey. As the study examined participants who received an assessment in 2017 to 2020 and the participant survey was fielded in late 2021, nearly all the respondents responded to the survey at least one year after receiving an assessment. As noted above, this lag was exacerbated by the delays fulfilling the study’s data request.
[bookmark: _Toc115298147][bookmark: _Toc116310115][bookmark: _Toc129521322]Report Organization
This report is designed to prioritize summarizing the study’s key findings while also providing detailed insight into HES & HES-IE delivery and impacts. 
To achieve this, the body of the report includes four summary sections:
· Methodology
· Key Findings: Process
· Key Findings: Impact
· Key Findings: Customer Profile
To supplement these summary sections, the report includes a set of appendices that elaborate and expand upon the key findings, as well as offer a more detailed description of the evaluation methodologies used as part of R1983. These appendices include:
· Appendix A: Detailed Methodologies
· Appendix B: Process Evaluation - Detailed Results 
· Appendix C: Additional Net-to-Gross and Installation Rate Findings
· Appendix D: Additional Impact Evaluation Findings
· Appendix E: Additional Customer Profile Findings
The appendix of this report also includes two sections that summarize the study’s collective recommendations for updating the PSD in one easy-to-access and leverage place and that provides more insight into some of the data-centric challenges faced by the study team.
· Appendix F: Summary of PSD Updates
· Appendix G: Summary of Encountered Data Issues
To supplement the gross savings results provided in this report, the study team created and provided a separate Impact Evaluation Supporting Documentation workbook. 
2

The workbook includes a tab for each HES & HES-IE measure that was evaluated using an engineering approach (i.e., algorithms or building simulation). For these measures, the workbook details the PSD energy savings calculation used to evaluate that measure and all the values (and sources) for algorithm inputs and assumptions. Each tab links to common sets of participants, housing stock, and engineering assumptions, ensuring consistency across measures. The study determined, early in the evaluation process, that such a workbook (versus similar details provided in a static report appendix) was a more functional format for conveying these details.
[bookmark: _Methodology][bookmark: _Toc129521323]Methodology
This section provides a high-level summary the methodology the study used to complete each of R1983’s seven complementary tasks:
1. Stakeholder Interviews
Participant Surveys
Program Material & Data Review
Billing & Realization Rate Analysis
Engineering Algorithms & Building Simulation
Customer Profiling
Benchmarking

For a more detailed description of the study’s task-specific methodologies, see Appendix B.
	
	

	
	Stakeholder Interviews
· Completed 30 interviews with:
· Program Staff (n=2)
· DEEP Weatherization Assistance Program (WAP) Coordinator (n=1)
· Program Vendors (n=16)
· Community Action Agency (n=1)
· Community Stakeholders (n=10) 
Focused interview topics on program delivery, drivers and barriers to participation, health and safety barriers, training and workforce development, and the needs of underserved populations. 

	
	

	
	Participant Surveys
· Surveyed 1,208 randomly sampled 2017-2020 participants; 932 HES participants and 276 HES-IE participants stratified by HUD Metro Fair Market Rent (FMR) Area (HMFA) and participation type. 
· Oversampled participants who installed low-incidence measures in order to calculate NTG (see Participant Survey Methodology).
· Invited customers to participate in the web survey with a letter and follow-up postcard and/or email reminder, with the option to complete the survey over the phone. The outreach materials and survey were offered in both English and Spanish.  
· Provided all participants who completed the survey with a $10 incentive.
· Focused survey topics on customer experience, drivers and barriers to participation, health and safety barriers, program marketing, and awareness and attitudes towards additional savings opportunities, including the availability of rebates and financing.
· Calculated measure-specific persistence rates.
· Estimated net-to-gross ratios for all program measures, including direct-install and add-on measures, for the HES program.[footnoteRef:24]  [24:  HES-IE measures are assumed to have a NTG of 100%. ] 

· Weighted NTG ratio results by program savings (see Saving Weights). 
Weighted non-NTG (process) survey results to account for the higher response rate of Eversource customers and the oversampling of low-incidence rebated or add-on measures relative to the population of HES/HES-IE participants (see Survey Weights). 

	
	

	
	Program Materials & Data Review
· Program materials review focused on assessing their quality, clarity, comprehensiveness, consistency, and accuracy. 
Materials included field implementation manuals; kitchen table wrap-up/leave-behind packets; vendor training materials and QA/QC protocols; vendor scorecards and inspection reports, and DOE Home Energy Score reports.

	
	

	
	Billing and Realization Rate Analysis
· Used to evaluate savings when measure-specific billing analysis results met pre-determined threshold of better than ±20% precision at the 90% confidence level, which was primarily true (at the statewide level) for air sealing and insulation.
· Combined customer-specific billing records with weather data and measure installation data to get a complete perspective of each customer’s energy consumption drivers.
· Specified and refined a monthly post-program regression (PPR) model.
· Matched each treatment group customer to a control group (consisting of future HES and HES-IE participants) customer with a similar, monthly, pre-program energy consumption pattern.
· Used a consistent screening process to ensure the model only included customers with sufficient billing data and without spurious billing records
· Estimated separate participant-specific “difference of differences” savings (using matched control) to corroborate pooled PPR model results, as well as provide greater insight into differences in savings by vendor.
· Weather-normalized (where applicable) using 30-year historical weather data from sixteen National Oceanic and Atmospheric Administration (NOAA) weather stations; mapped each participant to the closest NOAA weather station.
· Disaggregated billing data into specific end uses (heating, water heating, and baseload) to inform engineering algorithms and building simulation activities.

	
	

	
	Engineering Algorithms & Building Simulation
· Relied primarily on the algorithms documented in the 19th Edition, 2022 Connecticut Program Savings Document (PSD)[footnoteRef:25] to calculate savings. [25:  https://energizect.com/sites/default/files/2021-11/Final%202022%20PSD%20FILED%20%2811-1-2021%29.pdf] 

· Leveraged detailed HES and HES-IE data from both Companies when available to calculate baseline and efficient cases as required to complete PSD-prescribed algorithms. 
· Used recent studies or sources cited in other regional TRMs (including Massachusetts, New York, and Rhode Island) when we identified a PSD algorithm or parameter that warranted updating.
· Made engineering adjustments to leveraged billing analysis results to inform savings estimates for delivered fuel measures 
· Modeled using EnergyPlus, DOE’s open-source whole-building energy modeling simulation engine.
· Constructed four baseline home geometries using inputs like square footage, number of floors, and foundation types from Eversource and UI program data.
· Simulated two different scenarios for each baseline model type and program type (total of 16 models) reflecting pre-program and post-program air sealing and insulation (such as walls, floors, and ceiling) measure values.
· Leveraged the difference between pre- and post-program results to estimate the average heating and cooling savings proportions attributed to each measure by model type.
· Weighted the average savings proportions of the air sealing and insulation measures to the number of customers represented by each model type.

	
	

	
	Customer Profiling
· Consolidated 2017 to 2020 program tracking and customer billing data from the Companies into a single dataset.
· Geocoded all entries in the evaluation datasets. Addresses representing 90% of electric savings and 88% of gas savings were geocoded to Census block groups. The study excluded data from Census block groups[footnoteRef:26] with less than 25 accounts or where reported savings were greater than total energy consumption for the block.[footnoteRef:27] The excluded values represented 1% of electric savings and 3% of gas savings. The final evaluation datasets thus contained 88% of the electric savings and 85% of the gas savings of the original evaluation datasets. [26:  Census block groups typically include 600 to 3,000 people.]  [27:  Site-level savings will rarely exceed 10% of consumption. However, the evaluation used this more lenient threshold to include as much of the tracked savings as possible.] 

· Consolidated the evaluation data set to Census block group level
· Added American Community Survey data at block group level
· Computed participation metrics of location participation and population savings rates
· Ran zero-order correlations on all pairs of variables
· Conducted multiple regression analysis to isolate effects of intercorrelated variables on savings rate.

	
	

	 
	Program Benchmarking
· The study benchmarked NTG estimates against findings from similar programs in the Northeast and Mid-Atlantic.
· The study benchmarked process and impact findings against studies of similar programs and previous Connecticut HES/HES-IE evaluations, where applicable. 



Table 12 summarizes the targets and achieved completes for each outreach data collection task. See Appendix B for additional details on the methodology for these research tasks.
[bookmark: _Ref121233765]Table 12: Primary Data Collection Targets and Completes by Data Collection Task
	Data Collection Task
	Target
	Completes

	Program Staff Interviews
	3
	3

	Qualified Vendor Interviews
	Up to 40 
(20 per program)
	17 
(10 both programs;
6 HES only; 1 HES-IE only)[footnoteRef:28] [28:  The study contacted all active vendors (29) and invited them to participate in an interview. ] 


	Community Stakeholder interviews
	Up to 12
	10

	Participant Survey
	1,200
	1,208 
(932 HES; 276 HES-IE)
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[bookmark: _Toc129521324]Key Findings: Process Evaluation 
This section contains key findings related to the study’s assessment of the delivery of HES & HES-IE including program participation and awareness, participant experience with the program, vendor and participant satisfaction, vendor performance, and suggestions for improvements to program processes.  
As noted in the “Report Organization” section, readers can find additional process related findings in Error! Reference source not found.. 
[bookmark: _Toc129521325][bookmark: Section4_1]Participation and Awareness
Vendors and stakeholders identified customer types that they believe are underserved by the HES/HES-IE program and suggested solutions to serve these groups more effectively:
· Low-income customers may be underserved due to difficulty in verifying income or inability to take off work for the assessment. 
· Moderate-income customers do not qualify for HES-IE but have difficulty affording the recommended upgrades and the remediation costs of health and safety barriers. The study operationalized these households as having incomes that fell between 60% and 80% of the area median income (AMI).
· Renters require approval to participate from their landlords. Vendors and stakeholders suggested directly engaging with landlords to educate them on the benefits of the program. 
· Rural customers may be located outside vendors’ service areas and have fewer options for service.
· Customers with limited English proficiency may not have access to program materials or advertisements printed in their language or be able to communicate effectively with program vendors; one vendor suggested providing technicians access to a language line. 
· Elderly customers have fixed incomes and may have difficulty accessing program materials online.
· Immigrant customers may be wary of engaging with programs that involve house visits and personal data collection. 
The customer profiling effort found that the HES-IE program was adequately serving low-income customers, achieving savings at an expected rate relative to the population of low-income customers in the state. Stakeholder insight on this population illuminates reasons why individuals may be unable to participate, even if low-income customers as a demographic group are being effectively served by the program.  
Customer profiling results corroborated vendor and stakeholder insights on moderate-income and rural customers. Rural areas have lower program participation than urban areas and areas with high concentrations of moderate-income households are being served at below-average rates by non-income-eligible programs. See Section 6 for additional details.
Moderate-income households install fewer rebated measures following their assessment than other HES participants. Households with incomes less than 80% of the area median income (AMI) were significantly less likely to have installed a rebated measure (15%) than other HES participants (29%). As shown in Figure 14, these moderate-income households installed insulation (9%) and Wi-Fi thermostats (5%) less frequently than HES participants with incomes greater than 80% AMI (19% and 14%, respectively). 
[bookmark: _Ref121938468]Figure 14: Rebated Measures Installation by Income (HES)
(Source: Measure installation rate from program tracking data and income level from participant survey) 
[image: ]
*Significantly different than participants with incomes less than 80% AMI at the 90% confidence level.
Demographics of survey respondents suggest HES/HES-IE participants skew more highly educated and younger. Program participants are more highly educated than the general population (Figure 15). Survey respondents were statistically significantly more likely to have a bachelor’s degree or higher (65%) compared to census estimates (51%). As educational attainment could be used as a proxy for income, this finding suggests that program participants may also be wealthier, on average. 	Comment by Williams, Kiersten M: HES, or for HES/ HES IE combined? Contradicts statement that HES ie is adequately serving low income above
[bookmark: _Ref121111744]Figure 15: Highest Educational Attainment of Owner-Occupied Households
[image: Chart
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*Significantly different from census estimates at the 90% confidence level.
Comparison to census data also suggests that households with people 65 and older are underrepresented among program participants (Figure 16).
[bookmark: _Ref121114244]Figure 16: Owner-Occupied Households with Occupant Aged 65+
[image: Graphical user interface, website

Description automatically generated]
*Significantly different from census estimates at the 90% confidence level.
Renters face barriers to participation that disproportionately affect HES-IE customers. Four of six community stakeholders who commented on program barriers brought up issues between landlords and tenants as an important barrier to program participation (see Barriers to Renters). 
The perspectives of these customers are not likely to be reflected in the participant survey, as the renters in the study likely already secured landlord approval to engage the program. However, renters who participate may face challenges accessing deeper savings through the program. Nearly two-thirds of HES-IE renters (62%, n=47) and one of nine HES renters surveyed cited lack of permission from their landlord as barriers to air sealing and/or installation of insulation, HVAC equipment or water heaters following the assessment.
Program marketing and word-of-mouth referrals are the primary sources of program awareness among current participants . Over one-half of respondents (59% of HES respondents and 54% of HES-IE respondents) learned about the program through program marketing, including the Energize Connecticut website, bill inserts, utility company websites, and/or utility advertisements (Figure 17). Approximately one-quarter of participants (25% of HES respondents and 23% of HES-IE respondents) learned about the programs from family or friends.[footnoteRef:29],[footnoteRef:30]  [29:  This finding is slightly lower than in Massachusetts, where a 2018 evaluation of the Massachusetts HES program found that 31% of participants heard about the program from friends, family, or neighbors. “Home Energy Services Process Evaluation (R35).” March 2018. https://ma-eeac.org/wp-content/uploads/MA-RES-35-HES-Process-Evaluation-Comprehensive-Report_FINAL_31MAR2018.pdf. ]  [30:  The R4 study found that 32% of HES participants and 23% of HES-IE participants heard about the program from family or friends. https://energizect.com/sites/default/files/R4_HES-HESIE%20Process%20Evaluation,%20Final%20Report_4.13.16.pdf] 

[bookmark: _Ref121261285]Figure 17: Top Sources of Program Awareness
(Source: Participant survey)
[image: ]
Customers can schedule assessments by contacting their utilities, calling the WISE USE hotline, or contacting the program vendor directly. Only four of the 17 vendors interviewed considered leads generated through the WISE USE hotline their primary source of customer leads. Vendors reported receiving customer referrals through partnerships with solar contractors, referrals from previous customers, and marketing efforts. 
Community stakeholders suggested the Companies shift their outreach focus away from Company marketing efforts to community outreach efforts. They suggested empowering local institutions, including schools, local community groups, non-profits, and community events to spread awareness of HES and HES-IE. These stakeholders agreed that friends, family, and community members were trusted messengers (see Program Marketing).
Home comfort and energy savings are important motivators for participation in HES and HES-IE. HES and HES-IE respondents shared the same top three motivations for deciding to have their home energy assessment done: 1) to identify opportunities to save the most money, 2) to learn about energy-saving opportunities, and 3) to make their homes more comfortable (see Motivations for Participation).
HES respondents with moderate incomes (below 80% area median income (AMI), but above the threshold for HES-IE eligibility) were more likely than other HES respondents to say they decided to have the home assessment done to find ways to make their home more comfortable. 
[bookmark: _Toc129521326]Participant Experience and Satisfaction	Comment by Williams, Kiersten M: Did we hear from any participants that had overcome barriers/ gone through the remediation process? Wondering if it impacts satisfaction. Also, the wondering HES IE satisfaction is affected by a high proportion of renters?
Overall, participants are satisfied with the program. HES respondents were more satisfied with their program experience overall than HES-IE respondents (81% compared to 68%). Satisfaction is similar to the 2016 HES and HES-IE evaluation, which found that 80% of HES participants and 72% of HES-IE participants were satisfied with the program overall. 
HES-IE participants reported higher levels of dissatisfaction with the professionalism and service provided by technicians (13%, compared to 4% of HES participants). One in five HES-IE participants expressed dissatisfaction with the energy savings from their assessment (20%), compared to 11% of HES participants. See satisfaction scores for HES and HES-IE participants for more details. 
Some participants had issues scheduling an assessment. While satisfaction was high overall, five percent of survey respondents had issues with their assessments being canceled or rescheduled, waiting to schedule an appointment, or contacting customer service.
Satisfaction about the energy savings that resulted from the assessment was the lowest-rated program element for both HES and HES-IE respondents (61% and 65% of respondents satisfied, respectively). When asked what their utility could do to address barriers to installing insulation, HVAC equipment, water heaters, and/or air sealing, HES-IE respondents most often requested to be provided with more information about energy savings from these measures.
[bookmark: _Toc129521327]Vendor Performance and Program Experience
Vendors expressed overall satisfaction with the program and their role promoting energy-efficiency and weatherization services to customers, while seeking improvements to certain program requirements and the inspection process. On a scale from 0 to 10, where 0 was “not at all satisfied” and 10 was “very satisfied,” vendors rated their satisfaction with the program an 8.2, on average. Vendors attributed satisfaction, in part, to customer satisfaction with the program, positive relationships with program staff, clear program guidelines, and the program’s response to challenges posed by the COVID-19 pandemic.
The HES/HES-IE program is a critical revenue source for program vendors. Several vendors noted that the CL&M funds diversion in 2017 and 2018 led to cutbacks, which resulted in staffing shortages when the funding was restored. 
Vendors suggested improvements to several program elements:
· Communication with program staff. While some vendors were satisfied, other vendors cited issues with payment of invoices, difficulty of obtaining program materials (e.g., customer handouts), and a lack of coordination in handling customer complaints. 
· Mobile data entry tool. Approximately half of the vendors had issues or suggested improvements, cited issues with syncing, losing data, manual data entry, and no ability to input custom recommendations. 
· Inspection and quality control. Vendors cited issues with the inspector trailing too close to them while they worked, lengthening the time spent at a customer’s home, or confusing the customer. Some vendors felt that the inspection reports were useful training tools for their technicians but found the reports difficult to access. 
While participants reported some issues with program vendors, they were generally satisfied; 84% of HES respondents and 75% of HES-IE respondents expressed satisfaction with the professionalism and service provided by the technicians. There was no statistically significant difference in participant satisfaction ratings across vendors.
Qualified technicians are in demand but scheduling on-the-job training can be difficult. Program stakeholders acknowledged challenges in managing a diverse group of program vendors, many of which were trying to grow their workforce while maintaining quality control. Vendors expressed concern about maintaining a fully staffed workforce while balancing program training requirements with keeping up with home energy assessments. Vendors requested additional assistance from the program in training new technicians; however, program stakeholders noted that there are barriers to spending federal funding on workers not employed by a participating agency. 

Vendors generally expressed negative reactions about the DOE Home Energy Score. Fewer than one-fifth of HES participants opted to receive the DOE Home Energy Score. Several vendors felt that it had limited usefulness to customers, many of whom were wary about making the score part of the Multiple Listing Service (MLS). Moreover, vendors expressed concern that the requirement was an additional burden on technician’s time at the customer’s home. 
[bookmark: _Toc129521328]Participant and Vendor Experience with Virtual Pre-Assessments
Few participants opted to receive virtual audits, offered in 2020 following the onset of the COVID-19 pandemic. Among HES and HES-IE respondents who had an energy assessment after March 2020, one-tenth or fewer said they completed a virtual audit (see Virtual Preassessment).
Participants who reported receiving a virtual audit had lower average savings, 7.7 MMBtu, compared to 10.3 MMBtu for participants who received an assessment after March 2020 but did not report having part of their assessment conducted virtually. The lower savings rate for recipients of a virtual audit could be due to differences in quality of services delivered in the virtual audit format, lower engagement with the program, or participant unwillingness to permit additional contractors in their home to install add-on measures during the pandemic.	Comment by Williams, Kiersten M: Any difference in RR for virtual audits? 
Vendors also did not favor this approach. Of the nine vendors who discussed their experience with virtual audits, eight expressed a negative view. Several vendors mentioned there was still an in-person component to the virtual audits and that they would always need to go to the home to gather data properly, and others expressed frustration that several customers who had received a virtual audit had not called back to schedule the in-person visit to complete the assessment, spotty internet service had complicated the delivery of the virtual audit, or the program did not adequately compensate vendors for the effort involved with completing a virtual audit.
[bookmark: _Toc129521329]Barriers to Additional Savings
Health and safety barriers prevent technicians from performing services, including air sealing, at the participant’s home. Financial barriers can prevent customers from remediating health and safety barriers as well as affording rebated measures recommended by the technician. 
Health and Safety Barriers
At least 7% of HES and 19% of HES-IE participants from 2017 to 2020 had a health and safety barrier that affected their assessment. Survey respondents self-reported barriers at a higher rate than recorded in the program tracking data. 
Moderate income HES participants had higher rates of health and safety barriers than other HES participants. Ten percent of households with incomes falling within 60% to 80% AMI had asbestos or vermiculite insulation, compared with 6% of households with incomes greater than 80% AMI.  
Health and safety barriers continue to limit participation and threaten the statewide goal of weatherizing 80% of all residential units by 2030. Asbestos and/or vermiculite insulation was the top barrier to air sealing cited by respondents who did not receive blower door-guided air sealing. 
Ten of the 13 vendors interviewed do not believe the state is on track to meet its goal of weatherizing 80% of all residential units in 2030 without significant changes in funding and incentives. Vendors and community stakeholders noted a myriad of challenges, including the age of housing stock, weatherization barriers, workforce shortages, and competing concerns for the customer’s limited resources.
Participants experience financial barriers to remediating health and safety concerns. Four in 10 HES-IE respondents with asbestos (41%) and one in four HES respondents with asbestos or vermiculite insulation (22%) cite cost as the reason they did not remediate after being notified about the issue by the technician (see Health and Safety). 
Vendors note the cost of remediation was a high barrier for their customers, who often left health and safety issues unaddressed. Community stakeholders describe remediation options for health and safety barriers being scarce, unaffordable, and/or opaque to people in the communities they serve, leading to negative experiences with HES and HES-IE. According to the community stakeholders, some participants were unsure as to why technicians made no upgrades during the assessment or what options they had for remediation.
Health and safety issues prevent technicians from providing services but can be difficult to identify prior to the assessment. Leaving a participant’s home without conducting an assessment strains vendor resources and can be disappointing for customers. However, only two of the 10 vendors who discussed their experience with the pre-screening process thought it was helpful in identifying health and safety barriers before arriving at a customer’s home for the assessment. One vendor reported that despite routinely sending customers an email with examples of health and safety barriers, they still encountered barriers that prevented them from completing an assessment at approximately one in ten homes.
Two vendors suggested pre-screening through guided video calls with a technician could help identify health and safety barriers before a home visit, but that customer willingness and vendor staff availability might limit that approach.
Installation of Additional Measures
Insulation and HVAC are the most common rebated measures, but most participants that receive a recommendation do not follow through with the installation. According to program data on the Statewide Energy Efficiency Dashboard, insulation was the most commonly installed add-on measure (13%), followed by HVAC (8%).[footnoteRef:31]  [31:  https://www.ctenergydashboard.com/Public/PublicHESActivity.aspx] 


Figure 18: Recommendation and Installation Rates of Rebated Measures, HES (2017-2020)
(Source: Statewide Energy Efficiency Dashboard)
[image: ]
In the survey, an additional 22% of HES respondents self-reported installing insulation, presumably outside the program because the study was unable to match their household to an insulation rebate. This suggests that some participants may be taking steps to weatherize their home outside of the program. However, as the study was not provided with data on what measures were recommended for each household, it is not possible to say whether the self-reported insulation installs were completed at the recommendation of a HES technician.
Cost is a significant barrier to installing additional measures following the assessment. Cost was a common reason cited by participants for not installing insulation, HVAC equipment, or a water heater following their assessment (see Barriers and Solutions to Additional Measure Installation). These participants suggested that the program offer additional rebates or financing options in order to overcome this barrier.
Participants utilize available financing options to afford installations of more expensive equipment installs, such as heat pumps. A higher percentage of respondents who installed geothermal or ground source heat pumps or ductless mini splits reported applying for financing compared to other measures eligible for financing (see Application for Financing). However, awareness of financing options was somewhat limited; only one-half of HES respondents and one-quarter of HES-IE respondents indicated they were aware of the financing options through the program. HES respondents were more likely than HES-IE respondents to recall the technician discussing financing options (Figure 19).
[bookmark: _Ref121233283]Figure 19: Awareness of Financing Options
(Source: Participant survey)
[image: Chart
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*Significantly different from HES-IE at the 90% confidence level.
Vendors suggest that the program improve processing times, increase marketing efforts, and increase the number of measures eligible for 0% financing to help customers take advantage of financing options.
Some vendors are expanding their services to offer heat pump installations. HES respondents reported installing heat pumps at lower rates than other HVAC equipment following their assessment (see Additional Measure Installation). However, several vendors indicate that they install heat pumps as well as conduct assessments, or plan to in the future, and express optimism over the growing interest in heat pumps.

Participants that accessed rebates through the program requested improvements to customer service and application processes. HES respondents who applied for rebates were asked to rate their satisfaction with the application process (74% satisfied), the amount of the rebate (70% satisfied), and the time it took to receive the rebate (77% satisfied). Dissatisfied respondents cite a complicated, lengthy application process, customer service issues, long waits for the rebate, and rebate amounts that were too low to be worth the hassle. 
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[bookmark: _Ref129119640][bookmark: _Toc129521330]Key Findings: Impact Evaluation
This section highlights key findings related to the study’s assessment of the impact of HES & HES-IE. As noted in the “Report Organization” section, readers can find additional details regarding the impact evaluation methodologies in Appendix B, as well as more impact related findings in Appendix E and in the separate Impact Evaluation Supporting Documentation workbook. 
[bookmark: _Toc129521331]Program Impact Metrics
In Connecticut, the energy savings of a given measure are determined using the following savings metrics and evaluation impact factors: 
· Gross Savings. The savings attributable to a program, participant, or measure, estimated using billing analysis, engineering algorithms, building simulation or some combination of impact evaluation methodologies.
· Realization Rates (RR). The ratio of evaluated savings determined through an independent evaluation, such as R1983, to gross savings claimed by the Company/program.
· Free-ridership (FR)[footnoteRef:32]. The fraction of gross program savings that would have occurred in the absence of a Conservation and Load Management (C&LM) program.  [32:  In Connecticut, as is true in many states, free-ridership is assumed to be 1.0 (or 100%) for income-eligible programs such as HES-IE.] 

· Spillover (SO). The savings attributable to a C&LM program in addition to gross savings. Spillover savings may result from participants who install additional energy-efficient measures due to their previous involvement with the program, and non-participants that the program nonetheless influences to install energy-efficient measures.
· Installation Rate (ISR). The fraction of recorded measures (i.e., in program tracking data) that were verified as installed.
· Net Savings. The final savings value attributable to a program or measure after accounting for all relevant impact factors. 
As shown below in the basic net savings calculation below, the difference between gross and net savings is entirely due to applying the four listed impact factors. While this example focuses on electric savings, the same net savings calculation is relevant for natural gas, heating oil, or propane savings. 

Given the central role of this calculation in assessing the impact of programs in Connecticut, this study has organized the program impact section of this report accordingly.[footnoteRef:33] [33:  Please see Appendix F for a summary table of all impact evaluation metrics and factors.] 

[bookmark: _Toc129521332]Gross Savings & Realization Rates
As noted previously, this study used one (or a combination) of three complementary impact methodologies (billing analysis, engineering algorithms, and building simulation) to evaluate the gross savings – and consequently the gross savings realization rate – associated with every HES & HES-IE measure across all four fuel types. Table 13 summarizes the study’s gross savings and gross savings realization rate for every program measure on both programs. The table also indicates the methodology the study used to estimate gross savings for that measure and fuel combination, as well as each measure’s relative savings contribution toward total HES and HES-IE program savings.[footnoteRef:34]  [34:  Across all relevant fuel types in MMBTUs using ex post gross savings for program year 2019. ] 

ARE BILLING ANALYSIS RESULTS GROSS OR NET?
Billing analysis produce a result that lies on a spectrum between net and gross savings. The exact location on that spectrum depends on the customers in the control group and the measure in question. Since this study used future participants as the control group, the billing analysis-based weatherization savings—per the guidance of the Uniform Methods Project—should be considered gross. This is because these future participants installed insulation through the program later, implying they had not previously done so outside of the program. Conversely, the billing analysis results for lighting measures, should be interpreted as net as participants are known to install widely available, lower-cost measures such as LEDs prior to participation.

As evident in the table, the study used engineering algorithms to evaluate most measures. This is common given the large number of low savings or infrequently installed measures that are best estimated using the algorithms from the Connecticut PSD. 
However, the study relied on the billing analysis to evaluate the four measures responsible for the most savings in both programs (air sealing, insulation, duct sealing and lighting). This was possible as these four measures yielded billing analysis results at better than 20% precision at the required 90% confidence all level. 	Comment by Emerick, Ma Romilee: interval
These realization rates reflect the ratio of ex post savings determined through this study and the ex ante savings calculated by the study using program tracking data and the current PSD savings algorithm, and after applying the relevant PSD gross savings realization rate. This realization rate calculation answers the important question: What percentage of the savings that the Companies expected (i.e., ex ante) were realized following the outcomes of this study (ex post)? 	Comment by Williams, Kiersten M: Please update with new terminology per the latest memos. 
The answer to this question is approximately 50% for HES and 67% for HES-IE (across all measures and fuel types). These program-level gross realization rates are primarily driven by the lower-than-anticipated air sealing and insulation measures, which, as noted above, constitute roughly two-thirds of both program’s total savings across fuel types and therefore have significant influence over program averages.
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[bookmark: _Ref45216892]Table 13: Ex Post Gross Savings and Gross Savings Realization Rate 
by Measure and Fuel (HES & HES-IE)
	Measure Group
	Measure
	% Total Savings
HES/
HES-IE
	Electric
	Natural Gas
	Oil
	Propane

	
	
	
	HES & HES-IE
	HES & HES-IE
	HES & HES-IE
	HES & HES-IE

	
	
	
	kWh
	RR
	CCF
	RR
	gal
	RR
	gal
	RR

	Appliances & Plug Load
	Refrigerator 
	<0.1 / < 0.1
	404
	97%
	
	
	
	
	
	

	
	Freezer
	<0.1 / < 0.1
	145
	105%
	
	
	
	
	
	

	
	Dehumidifier
	<0.1 / < 0.1
	316
	73%
	
	
	
	
	
	

	
	Clothes Washer
	0.1 / < 0.1
	189
	100%
	3.9
	140%
	4.9
	152%
	7.4
	120%

	
	Advanced Power Strips
	<0.1 / < 0.1
	117
	100%
	
	
	
	
	
	

	Heating Equipment
	Heat Pump – Ducted (heating)
	0.1 / < 0.1
	1,723
	100%
	
	
	
	
	
	

	
	Heat Pump – Ducted (cooling)
	<0.1 / < 0.1
	279
	100%
	
	
	
	
	
	

	
	Heat Pump – Ductless (heating)
	0.6 / <0.1
	918
	100%
	
	
	
	
	
	

	
	Heat Pump – Ductless (cooling)
	0.2 / <0.1
	260
	100%
	
	
	
	
	
	

	
	Furnace Replacement
	<0.1 / < 0.1
	
	
	109
	96%
	81
	96%
	123
	96%

	
	Boiler Replacement
	<0.1 / < 0.1
	
	
	87
	98%
	64
	98%
	98
	98%

	
	ECM Circulator Pump
	<0.1 / < 0.1
	68
	100%
	
	
	
	
	
	

	Measure Group
	Measure
	% Total Savings
	HES
	HES-IE
	HES
	HES-IE
	HES
	HES-IE
	HES
	HES-IE

	
	
	
	kWh
	RR
	kWh
	RR
	CCF
	RR
	CCF
	RR
	gal
	RR
	gal
	RR
	gal
	RR
	gal
	RR

	Domestic 
Hot Water
	Faucet Aerators
	1.6 / 1.2
	38
	100%
	35
	100%
	1.6
	100%
	1.5
	100%
	1.2
	100%
	1.1
	100%
	1.8
	100%
	1.7
	100%

	
	Showerhead
	5.0 / 4.5
	126
	100%
	149
	100%
	5.3
	100%
	6.2
	100%
	3.9
	100%
	4.6
	100%
	5.9
	100%
	7.0
	100%

	
	Pipe Insulation
	3.3 / 1.0
	16
	100%
	15
	100%
	0.7
	100%
	0.7
	100%
	0.5
	100%
	0.5
	100%
	0.8
	100%
	0.7
	100%

	Lighting
	Lighting*
	12.8 / 7.2
	18
	69%
	17
	66%
	
	
	
	
	
	

	Controls
	Wi-Fi Thermostat (Heating)
	2.2 / < 0.1
	397
	124%
	407
	116%
	30
	99%
	38
	127%
	22
	99%
	28
	127%
	34
	99%
	43
	126%

	
	Wi-Fi Thermostat (Cooling)
	<0.1 / < 0.1
	37
	58%
	37
	57%
	
	
	
	
	
	

	Weatherization
	Air Sealing & Insulation
	61.7 / 74.5
	708
	12%
	874
	16%
	77
	19%
	108
	36%
	71
	32%
	89
	44%
	106
	31%
	134
	43%

	
	Air Sealing Infiltration Reduction (Blower Door Test)
	29.8 / 7.4
	128
	8%
	81
	5%
	17
	25%
	11
	15%
	13
	23%
	8.3
	14%
	19
	23%
	12
	14%

	
	Air Sealing Infiltration Reduction (Prescriptive)
	N/A
	85
	13%
	53
	6%
	14
	35%
	7.7
	17%
	16
	35%
	8.6
	18%
	10
	35%
	5.5
	17%

	
	Insulation – All
	32.0 / 66.9
	580
	14%
	794
	23%
	60
	15%
	97
	39%
	58
	37%
	81
	60%
	87
	37%
	122
	60%

	Distribution
	Duct Sealing
	3.7 / 3.7
	66
	3%
	66
	3%
	8.8
	8%
	8.6
	9%
	6.6
	8%
	6.5
	9%
	9.9
	8%
	9.7
	9%

	Windows
	Windows
	0.7 / 4.3
	56
	100%
	71
	100%
	2.9
	100%
	5.5
	100%
	2.1
	100%
	4.0
	100%
	3.2
	100%
	6.0
	100%


* Window savings calculated using 2021 Program Data
** Unlike other savings in this table, the lighting savings are net as the results of billing analyses for residential lighting should be interpreted as net, not gross, savings.

	Key
	Billing Analysis
	Engineering Algorithm
	Building Simulation
	Engineering Adjusted Billing Analysis
	Billing Analysis Informed Engineering Algorithm
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Notable Gross Savings Findings
Below are notable gross findings for several of the key HES and HES-IE measures. For additional gross savings findings, please see Appendix E and/or the Impact Evaluation Supporting Documentation workbook.
Low Air Sealing & Insulation Savings
Air sealing and insulation are the two most important measures delivered through HES and HES-IE, Connecticut’s flagship residential energy efficiency program offerings. In 2019, the two measures constituted 67% and 62% of HES and HES-IE total ex ante savings, respectively, across all measures and fuel types. As such, these two critical measures were a focus of this study’s impact evaluation.
This study reports all billing analysis results at the statewide level (i.e., without segmenting by company). This is because the study found statewide results to be more robust and stable estimates of savings across multiple model variation and specifications. Although company-specific estimates for some model variations were statistically significant, the company-specific results varied too greatly across small changes in specifications whereas the statewide estimates were stable and robust across model variations.	Comment by Williams, Kiersten M: We understand the company specific results may not be robust enough, but given the differences between the utilities we are interested in seeing some level of company specific results. Would it be possible to show the program level RR’s by company? 
The study’s billing analysis of naturally gas-heated customers that air sealed and/or insulated their homes through HES & HES-IE revealed low average savings relative to program’s ex ante estimates. As shown in Table 14, the realization rate – the ratio of ex post savings (determined through this evaluation) and ex ante savings (determined as part of the previous evaluation and documented in the Program Savings Document [PSD]) – ranged from 15% to 36% depending on the installed measure(s) and program. The results below exceed the study’s 90% confidence and 20% precision for billing analysis and were corroborated using multiple statistical models, as well as engineering-based approaches.	Comment by Williams, Kiersten M: Please specify how ex ante savings are calculated when updating this section per the most recent memo. 
[bookmark: _Ref129116677]Table 14: Evaluated Air Sealing and Insulation Savings (CCF/Year) for 2019 Participants (Statewide, Natural Gas-Heated Customers)
	Program
	Air Sealing Only
	Air Sealing & Insulation

	
	Ex Ante*
	Ex Post
	Realization Rate
	Ex Ante*
	Ex Post
	Realization Rate

	HES
	69
	17
	25%
	415
	77
	19%

	HES-IE
	71
	11
	15%
	303
	108
	36%


*Average participant savings, as calculated by the evaluation team using program tracking data and the current PSD savings algorithm, and after applying the relevant PSD gross savings realization rate.

Benchmarking
To provide context for these gross savings results, the study compared them to the results of the most recent evaluations of similar programs offered in neighboring Massachusetts[footnoteRef:35] and Rhode Island[footnoteRef:36], as well as the previous impact evaluation of HES & HES-IE[footnoteRef:37]. [35:  https://ma-eeac.org/wp-content/uploads/MA-RES-35-HES-Process-Evaluation-Comprehensive-Report_FINAL_31MAR2018.pdf]  [36:  http://rieermc.ri.gov/wp-content/uploads/2020/10/ng-ri-ewsf-impact-and-process-comprehensive-report_final_04sept2020.pdf ]  [37:  https://acrobat.adobe.com/link/review?uri=urn%3Aaaid%3Ascds%3AUS%3A6ad1a31e-b53f-43aa-81bc-d5646e8c7d45#pageNum=1
] 

Figure 20: Summary of Relevant Regional Impact Benchmarks
[image: A picture containing text, businesscard
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The ex-post air sealing and insulation savings determined for HES and HES-IE were also lower than the evaluated savings for the same measures in similar programs offered in Massachusetts and Rhode Island. However, a comparison against these regional benchmarks – provided in Table 15 – also reveals that the results of this study are much closer to results of evaluations in neighboring states than the previous HES & HES-IE impact evaluation in Connecticut.
[bookmark: _Ref129116694]Table 15: Benchmarking: Air Sealing and Insulation Savings (CCF/Year)
	Program Type
	Program 
(State, Cohort)
	Reference Point
	Air Sealing Only
	Air Sealing & Insulation

	Market Rate
	HES (CT, 2015-16)
	Previous CT evaluation
	64
	218

	
	HES (CT, 2019)
	Current CT evaluation
	17
	77

	
	EWSF (RI, 2017-18)
	Benchmark
	33
	93

	
	HES/RCD (MA, 2015-16)
	Benchmark
	31
	125

	Income Eligible
	HES (CT, 2015-16)
	Previous CT evaluation
	59
	217

	
	HES (CT, 2019)
	Current CT evaluation
	11
	108

	
	IESF (RI, 2015-16)
	Benchmark
	N/A
	120


The results of this evaluation were consistent with a long-term trend of declining average air sealing and insulation savings over time. As shown in Figure 21, every subsequent impact evaluation in Connecticut (HES), Massachusetts (HES/RCD), and Rhode Island (EWSF) resulted in lower evaluated savings for participants that received air sealing and/or insulation. 
[bookmark: _Ref129116716]Figure 21: Evaluated Savings Over Time by State – Average Air Sealing & Insulation Savings (CCF/Year) for Market Rate Natural Gas-Heated Customers
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Key Drivers 	Comment by Emerick, Ma Romilee: I was hoping for a more indepth discussion in this section but majority of the text are identical to the ES. which makes the report a bit too repetitive.

	Comment by Williams, Kiersten M: Do we have data available for a comparison of home size/ pre program usage with the MA/ RI programs? Are their savings declining as a result of the same macro factors. 
The global drivers of this consistent decline in air sealing and insulation savings are numerous and include: 	Comment by Williams, Kiersten M: Please see comment in executive summary. It is worth noting there is a significant difference between the program r-value thresholds. 
· Less “Low-Hanging Fruit.” Customers with least efficient homes (and highest energy bills) are most motivated to air seal and/or insulated their homes through programs like HES and HES-IE. As a result, there tends to be less savings opportunity per home over time as programs mature, achieve greater cumulative participation, and serve those customers in most need of program services.
· Increasing Heating System Efficiencies. The savings opportunity for air sealing and insulation measure is also correlated with the efficiency of participants’ heating system. Increases in the prevalence of higher efficiency condensing gas furnaces across the country due to code requirements and declining costs improves overall efficiency, but also means less savings potential for weatherization measures.
For HES & HES-IE specifically, the study also found the following drivers of lower air sealing and/or insulation savings: 
· Lower pre-program consumption. On average, the 2019 HES participants analyzed as part of this evaluation used 20% less energy than 2018 HES cohort and nearly 30% less than the 2017 HES cohort (after weather normalization). The study observed similar declining total consumption trend for HES-IE. The decline in average pre-program natural gas energy consumption for both programs has a direct impact on program savings: lower pre-program consumption means less opportunity for energy savings.	Comment by Williams, Kiersten M: How does this compare to the general populations usage from 2017-2019?
· Smaller participating homes. Relatedly, the study’s analysis of 2017 – 2019 program data showed the size of the average participating home (i.e., square footage of conditioned space) declined over time for both HES & HES-IE and across all heating fuel types. Specifically, the team observed a modest decline in home size over this three-year period. This contributed to the lower average pre-program energy consumption and, in turn, meant reduced opportunity for program savings. 	Comment by Williams, Kiersten M: Could you provide details/ graphs of this decline?About Delivered Fuels
These findings for natural gas heated homes are also relevant to HES & HES-IE participants that heat with oil or propane. Since billing analysis is not possible for delivered fuels, the study team leveraged the natural gas billing analysis results – by applying engineering adjustments to account for differences in heating system efficiencies and home size – to evaluate air sealing and insulation savings for delivered fuel participants.

· Less time air sealing. Unlike the programs in Massachusetts and Rhode Island where air sealing occurs during a separate, post-assessment visit, HES & HES-IE conduct air sealing during participant’s initial energy assessment. The HES & HES-IE vendors interviewed indicated they typically spent two to four hours assessing each home. The average includes the myriad of non-air sealing responsibilities HES and HES-IE vendors have at each assessment: engaging with the participant, doing a complete energy audit of the home, installing direct install measures, the “kitchen table” wrap-up to share results and, for some customers, estimating the DOE Energy Score. As a result, the amount of time dedicated to air sealing is only a portion of the self-reported average of two to four hours per assessment and meaningfully less than the average number of hours (six) spent just air sealing as part of the HES/RCD program.[footnoteRef:38] [38:  Based on HES/RCD tracking data] 

Results Validation
The study undertook several steps to ensure the validity of these lower-than-anticipated gross savings results for air sealing and insulation. These included:
· Multiple Estimation Methods. The study estimated air sealing and insulation savings using three different methodologies: the billing analysis model used to report the ex post savings in Table 14 (PPR with matched control), a billing data comparison (an unmodeled weather-normalized comparison of annualized consumption in the pre- and post-period for treatment and control groups), and building Simulation (using pre- and post-participation tracking data and billing data calibrated). All three approaches produced results lower than the program’s ex ante savings.
· Alternative Control Groups. The study observed a decrease in consumption from “pre” to “post” (as defined by their match) in our control group, which was made up of customers that participated in HES and HES-IE in 2020. Since decreases in control group consumption effectively serves to reduce the savings associated with the treatment group (because that change in consumption is associated with non-programmatic factors), it was important to look closely at the reduction. The study specifically wanted to confirm the trend was not specific to the “future” HES and HES-IE participants and was not, potentially, associated with these future participants taking early efficiency actions which would bias the evaluation’s ex post results. To test for this, the study repeated the billing analysis using a sample of general population customer with matched on their similarity to treatment group participant’s pre-program consumption. The alternative group also showed a decline in savings over time (shown in Figure 22) and did not produce a statistically significant difference in the billing analysis results. 
[bookmark: _Ref129122318][bookmark: _Ref129122313]Figure 22: Average Normalized Annual Consumption of “Future” Participant and General Population Control Groups Customers 
(Rolling average of the previous 12 months, HES) 	Comment by scottd (apexanalyticsllc.com): I thought consumption went up for most homes during the pandemic, seems surprising to me that this shows a drop. And was the pandemic time period addressed at all? Or only that it appears that all homes had a drop during that period, so ultimately that led to less savings for the program compared to a pre vs. post only model?	Comment by Williams, Kiersten M: Please provide the actual monthly data in addition to the rolling averages. Also, please provide average actual monthly data for the 2019 participant/treatment group 	Comment by Williams, Kiersten M: How did the study handle estimated and delayed meter reads vs actual meter reads during the beginning of the lock down period of covid? Also, was this accounted for during a calendarization step (if used)?
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· Consistency with Building Science Principles. The study confirmed the air sealing and insulation savings for HES and HES were consistent with key building science principles and positively correlated with participant exhibiting certain characteristics. For example, the study confirmed a that participant with higher total savings were associated with higher pre-program consumption and that those with greater air sealing savings were associated with greater post-air sealing CFM reductions. While expected, these intuitive outcomes confirm the validity of our billing analysis model results and show greater pre-participant savings when greater savings opportunities exist.

Low Rates of HES Insulation Installation 
A key goal of assessment-based programs, like HES, is to identify efficiency opportunities and, through incentives and education, to get customers to act on those opportunities. Consequently, a key performance metric is an assessment program’s ability to convert recommendations into installation. Since HES completes air sealing during the initial assessment, the program’s primary recommendation is installing attic, wall, and/or floor insulation. 
To assess HES’ effectiveness of turning assessments into insulation jobs, the study benchmarked HES’s performance against the same comparable market rate programs in Massachusetts[footnoteRef:39] and Rhode Island[footnoteRef:40] using three metrics: [39:  2018 participants in Massachusetts’ Home Energy Services program (now the Residential Coordinated Delivery program); specifically Portfolio J, KPI #7.
https://ma-eeac.org/wp-content/uploads/MA-RES-35-HES-Process-Evaluation-Comprehensive-Report_FINAL_31MAR2018.pdf]  [40:  2018 participants in Rhode Island EnergyWise Single Family program (Table 3). http://rieermc.ri.gov/wp-content/uploads/2020/10/ng-ri-ewsf-impact-and-process-comprehensive-report_final_04sept2020.pdf ] 

· Recommendation rate. Insulation Recommendations/ Total Assessments
· Conversion rate. Insulation Installations/ Assessments with Insulation Recommendations
· Installation rate. Insulation Installations/ Total Assessments
As shown in Figure 23, HES had lower rates for all three metrics relative to the regional benchmarks. The gap is narrowest for conversion rates.
[bookmark: _Ref129123734]Figure 23: Benchmarking: Insulation Recommendation, Conversion, and Installation Rates (Market Rate Customers, All Fuel Types)
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The study’s independent assessment of the insulation installation rate (14%) for 2019 HES participants (using the provided program tracking data) matched the Companies reporting on the state’s dashboard.[footnoteRef:41] The longer-term perspective of insulation installation rates in Figure 24Figure 4 shows that the 2019 rate of 14% is not a historical outlier. [41:  https://www.ctenergydashboard.com/Public/PublicHESActivity.aspx] 

[bookmark: _Ref129123751]Figure 24: Insulation Installation Rates Over Time 
(2014 – 2022, Statewide Dashboard)
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Additionally, the study also found that moderate-income HES participants installed insulation at a lower rate than other participants. HES participants with an income less than 80% of the area median income (AMI) were significantly less likely to have installed insulation (9%) than other HES participants (19%). 
The drivers of the low insulation rates for HES include: 
· Lower Incentives. In 2020, HES increased the insulation incentives to encourage participation in the wake of the pandemic. However, prior to these elevated incentives, HES aimed to cover approximately 50% of participant’s average upfront insulation costs, which is less than Massachusetts’ historical 75% coverage. As shown above, higher incentives in 2021 and 2022 have encouraged greater installation (and recommendation) rates. With additional time for these more recently assessed participants to act on their insulation recommendation, it’s possible the insulation installation gap with Massachusetts will narrow or even close.
· Different Program Designs. As noted previously, HES (and HES-IE) conduct blower-door assisted air sealing during customer’s initial assessment, while the programs in Massachusetts and Rhode Island air seal during a subsequent visit to the home. It’s important to note that the program design in Connecticut results in a larger percentage of overall customers receiving air sealing (i.e., all participants without a pre-weatherization barrier) than in the benchmarked states. This positive program design attribute could possibly have an unintended consequence: it’s possible the more comprehensive initial assessment leads HES participants to think they are “done” after the assessment and that installing insulation is less important.
· [image: Chart, bar chart, histogram

Description automatically generated]Contractor Variance. It is unsurprising that some vendors, in relative terms, were more successful encouraging HES participants to install the insulation they recommended than other vendors. Given these vendors are all delivering the same program, the wide variation in installation rates suggests certain vendors are better at targeting customers likely to act and/ or convincing customers of the value of insulating their home. The fact that some vendors are more successful at targeting or as salespeople indicates that training could increase performance for the vendors with lower rates.
Lighting savings remain steady.
After air sealing and insulation, lighting – specifically screw-in LEDs – are the next largest contributor to program savings. Similar to the weatherization measures, the study generated statistically significant and stable billing analysis results for lighting (i.e., whole-home lighting) at the statewide level. The per-bulb results—calculated by dividing the average household lighting savings by the average number of LEDs installed—are summarized in Table 16. 
The savings determined from this study (R1983) are nearly identical to the previous evaluation (R1603), which was completed four years prior. This consistency indicates that the program’s lighting savings are stable over time. The results are also consistent with a recent market rate (EnergyWise) and income eligible (Income Eligible Single Family) program evaluations in Rhode Island, which ranged from 15-18 kWh/year.	Comment by Emerick, Ma Romilee: Did the study look at number of LEDs installed per home? Please report if available.
[bookmark: _Ref122264059]Table 16: Evaluated Lighting Savings (kWh/bulb) Over Time (by Program) 
	Program 
(Statewide)
	Savings (kWh/bulb)

	
	R1603
	R1983 

	HES
	18
	18

	HES-IE
	19
	17


Other notable non-weatherization or lighting results
While air sealing and insulation in homes heated with natural gas, heating oil, and propane, as well as lighting, represent the majority of HES and HES-IE’s claimed savings, both programs directly install and recommend a variety of other efficiency measures. Regarding non-weatherization measures, this study found:
Duct sealing. Natural gas billing analysis found 9 CCF/participant (i.e., for those participants that received the measure, which was 38% of HES participants)
Wi-Fi Thermostats. This study identified a better source for heating-related thermostat savings (a 2021 Guidehouse report versus the current source from 2012) for prospective use in the next PSD. The study also evaluated savings for HES homes separately from HES-IE homes, as the savings varied meaningfully by program.	Comment by Emerick, Ma Romilee: Please include the findings.
Heat Pumps. The study team suggests changing the efficiency metric used in the PSD from EER to SEER as the latter metric is a more complete representation of efficiency and thus energy savings over a range of operating conditions. This suggestion is consistent with 2014 Central Air Conditioning Impact and Process Evaluation recommendations, which was to switch to SEER but continue using EER for demand savings estimates.	Comment by Williams, Kiersten M: Not SEER 2?
Other. Many other measures had gross realization rate of 100% or close (see next section), indicating no identified change to the PSD algorithm or input parameters.	Comment by Emerick, Ma Romilee: Which one?
For a complete set of study recommended updates to PSD algorithm and/or input parameters, please see in Appendix G.
[bookmark: _Toc129521333][bookmark: FRSOInstall]Free-ridership, Spillover, and Installation Rates
The study estimated an overall weighted NTG ratio of 83% for HES, which is comprised of a 24% free-ridership estimate and 7% spillover estimate. (The study did not assess NTG for HES-IE, which is assumed to be 100%.) 
Table 17: Overall Net-to-Gross (NTG) Rates and Ratios
(source: Participant survey; n=925)
	Ratios and Ratio
	HES

	Weighted free-ridership rate
	24%

	Weighted spillover rate
	7%

	Net-to-gross ratio
	83%


The study estimated weighted NTG ratios for core measures between 72% (LED light bulbs) and 97% (blower-door air sealing). The highest NTG ratios, 97% and 94%, were for two core building envelope measures (blower-door air sealing and duct sealing, respectively). These two measures were the only two with 100% installation rates as well.	Comment by scottd (apexanalyticsllc.com): I thought lighting was already net savings from the billing analysis?
Table 18 shows the savings-weighted free-ridership, net-to-gross, and installation rates of core measures. Three core measures – LED light bulbs, door/ window weatherization, and pipe wrap/ tank insulation – had lower NTG ratios (72%, 80%, and 80%, respectively) and higher installation rates (98%, 92%, and 97%, respectively). Water-saving measures (aerators and showerheads) had higher NTG ratios (88%) and the lowest installation rates (85% and 82%, respectively) of all core measures.	Comment by Emerick, Ma Romilee: They do not match the values in the table.	Comment by Emerick, Ma Romilee: 87% below
[bookmark: _Ref122442591]Table 18: Core Measures Net-to-Gross and Installation Rates
(source: Participant survey)	Comment by scottd (apexanalyticsllc.com): I assume that ISR is already accounted for in the billing analysis (for those measures with a billing analysis) so should not lead to an additional reduction in the savings. 
	Measure
	n
	FR
	SO
	NTG
(1 + SO – FR)
	Installation Rate

	Door and Window Weatherization
	224
	28%
	7%
	79%
	92%

	Duct Sealing
	204
	14%
	7%
	93%
	100%

	Water-Saving Faucet Aerators
	39
	20%
	7%
	87%
	85%

	Water-Saving Showerheads
	31
	20%
	7%
	87%
	82%

	Blower-Door-Guided Air Sealing
	107
	11%
	7%
	96%
	100%

	Water Heater Pipe Wrap or Tank Insulation
	82
	28%
	7%
	79%
	97%

	Energy-Efficient LED Light Bulbs	Comment by Emerick, Ma Romilee: Please clarify that the billing analysis results for lighting should be interpreted as net and that these NTG and ISR should not apply for lighting measures.
	80
	36%
	7%
	71%
	98%


The study estimated weighted NTG ratios for add-on measures (Table 19). Limiting the analysis to measures with sample sizes greater than five, insulation had the highest NTG ratio (85%), and refrigerators and freezers had the lowest NTG ratio (62%). Ductless heat pumps had a NTG ratio of 71%. The remaining add-on measures with sample sizes greater than five all had NTG ratios between 65% (dehumidifier) and 76% (energy-efficient windows).	Comment by Emerick, Ma Romilee: Below says 84%. Please cross-check the %s reported in the text. The values are slightly off when compared to the table.
Only two study respondents installed air-source heat pumps and one a ground source heat pump. Combined, the FR value for heat pumps is 38%. Given the small sample sizes for individual heat pump types, the study recommends using an overall heat pump NTG ratio of value of 70%.
Five of the ten add-on measures had 100% installation rates, albeit with sample sizes ranging from one to 201. Excluding windows, the remaining installation rates were 96% or higher. As the installation rate for windows in the 2022 PSD was 100%, and the study estimate (93%) is skewed by a small sample size, we recommend averaging the two installation rates (100% and 93%) for a window installation rate of 97.5% (98%).
[bookmark: _Ref122332201]Table 19: Rebated Measures Net-to-Gross and Installation Rates
(source: Participant survey)
	Measure
	N
	FR
	SO
	NTG
(1 + SO – FR)
	Installation Rate

	Insulation
	201
	23%
	7%
	84%
	100%

	Smart Thermostat
	153
	34%
	7%
	73%
	96%

	Refrigerator / Freezer
	39
	47%
	7%
	60%
	97%

	Ductless Heat Pump
	31
	37%
	7%
	69%
	98%

	Clothes Washer
	27
	42%
	7%
	65%
	96%

	Energy-Efficient Windows1
	25
	33%
	7%
	74%
	93%

	Dehumidifier
	13
	43%
	7%
	64%
	100%

	Central Air Conditioning System
	8
	38%
	7%
	69%
	100%

	Geothermal Heat Pump
	2
	40%
	7%
	69%
	100%

	Air-Source Heat Pump
	1
	47%
	7%
	69%
	100%

	1 One respondent reported that the windows associated with their address in the program tracking data were “never installed;” this was a high-savings project and as such the weighted installation rate for windows is reduced accordingly. The study recommends averaging this installation rate with the installation rate in the 2022 PSD for an installation rate of 98%.


See NTG Benchmarking for a comparison of free-ridership findings from this study to other studies. For the purposes of comparison to past Connecticut HES studies, we note that the R4 study had a different NTG approach than the R1983 study, which used the Massachusetts NTG algorithm with a LAM-adjusted scale. Due to the similarities in NTG methodology and program design, the Massachusetts values are likely the closest benchmark for the measure-level free-ridership reported in R1983. Measure-specific free-ridership values estimated for the HES program are similar to values from the most recent NTG study in Massachusetts.	Comment by Emerick, Ma Romilee: define	Comment by Williams, Kiersten M: would the different R value thresholds affect comparability? How?
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[bookmark: _Toc117025301][bookmark: _Toc129521334][bookmark: _Toc112334905][bookmark: _Toc115298168][bookmark: _Toc116989250][bookmark: CustomerProf]Key Findings: Customer Profile
This section describes the key findings from the analyses used to examine the types of customers that participated and the extent of their participation in all of Connecticut’s residential energy efficiency programs (downstream programs only) from 2017 through 2020. The evaluation first analyzed the portfolio as a whole to assess the extent to which all programs are reaching disadvantaged areas. More specific analyses of the IE and non-IE programs independently explored additional nuances in program delivery. 
The profiling process consisted of four major steps:
1. Data preparation (described in Appendix B)
2. Calculation of participation metrics (described in Appendix B)
3. Examining distribution of savings relative to distribution of the population
4. Single characteristic analyses using correlational analysis
5. Multiple characteristic analyses using multiple regression methods
6. Outlier sensitivity analysis that repeated the single characteristic analyses to assess how certain types of participants influenced overall findings

The key outcome variable used in this section is savings rate. Savings rate represents depth of savings achieved by the programs. It is the percentage of total annual consumption represented by first year gross savings for the measures installed. It is calculated at the block group level by summing first-year savings for all participating locations within that block group and dividing by the sum of the consumption of all locations (including nonparticipants) in the block group for a single year.
Equation 1: Savings Rate

Electrical and gas savings are concentrated in urban areas of the state. Figure 25 shows the concentration of electricity savings. Figure 26 shows the concentration of gas savings.
[bookmark: _Ref121933092]Figure 25: Electrical Savings Rate 2017-2020
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[bookmark: _Ref121933107]Figure 26: Gas Savings Rate 2017-2020
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At the broadest level of analysis, savings from the income-eligible (IE) and non-Income Eligible (Non-IE) programs are commensurate with the proportion of low-income households. About one-fourth (27%) of households with electric service are classified as low-income, and about 30% of households with gas service are classified as low-income (Table 20). The proportion of total savings from the income-eligible programs (Table 21) is approximately the same as the proportion of low-income households in both cases (33% for electric and 32% for gas). This pattern indicates that at the broadest level of analysis, savings from the energy efficiency programs are distributed commensurately with population distributions.
[bookmark: _Ref128749298]Table 20: Household Distributions by Income Level
	Programs
	Block Groups with Electric Service
	Block Groups with Gas Service

	Moderate or higher income
	73%
	70%

	Low income
	27%
	30%


[bookmark: _Ref128749283]Table 21: Savings Distributions by Program Type
	Programs
	Electric Savings (kWh)
	Gas Savings (CCF)
	Electric Savings (%)
	Gas Savings (%)

	Non-Income-Eligible
	125,814,158
	7,106,794
	67%
	68%

	Income-Eligible
	61,294,181
	3,413,870
	33%
	32%

	Total
	187,108,339
	10,520,664
	100%
	100%


Income-eligible programs are reaching customers in areas with high concentrations of equity-related demographics. 
IE program electric and gas savings rates are positively correlated with all the examined variables. This means that areas with higher concentrations of English isolation, low incomes, moderate incomes, multifamily housing[footnoteRef:42], renter-occupied housing, pre-1950 construction, or that were on the state distressed list sometime over the past three years tend to have higher levels of savings (relative to consumption) than areas with lower concentrations of those variables.  [42:  Although statistically greater than zero, the correlation between moderate income and electric savings rate is low.] 

In contrast, areas with greater concentrations of high incomes or single-family housing tend to have lower savings from the IE programs than areas with lower concentrations of those variables. 
Table 22: Pairwise Correlations – IE Programs and Census Variables
	 
	Electric Saving Rate
	Gas Savings Rate

	Limited English
	0.268
	0.169

	Low income
	0.363
	0.236

	Moderate income
	0.056
	0.077

	Multifamily housing
	0.384
	0.242

	Renter-occupied housing
	0.355
	0.224

	Pre-1950 construction
	0.072
	0.029

	Distressed last three years
	0.242
	0.155

	High income
	-0.317
	-0.231

	Single-family
	-0.343
	-0.223

	All correlations are statistically different from 0 (p<0.01), except gas savings with pre-1950 construction, which is not statistically significantly different from zero.


The IE electric programs are somewhat underserving areas with high concentrations of low income and single-family housing.
Table 23 shows the distributions of households and IE program electric savings across Census block groups that are above and below the median proportions of low-income and single-family households. These results show that IE program electric savings are disproportionately concentrated in low-income, multifamily areas. Approximately 41% of households are in these areas, while 72% of IE program electric savings occur in these areas. The other three combinations have lesser proportions of savings than households. The high-income, single-family areas are especially disproportionately low on savings, but this is not a major issue for an income-eligible program. It does appear that low-income, single-family areas are somewhat underserved: 9% of households are in these areas while only 6% of the electric savings occur there.
Gas savings show a similar pattern as electric savings. IE program gas savings are also disproportionately concentrated in low-income, multifamily areas. Approximately 41% of households are in these areas, while 70% of IE program gas savings occur in these areas. For gas savings, low-income, single-family areas appear to be receiving savings commensurate with their proportion of the household population: 9% of households are in these areas and 10% of the gas savings occur there.
[bookmark: _Ref128750124]Table 23: IE Electric Savings Distributions
	Label
	Concentration of Low-income homes
	Concentration of Single-family homes
	% of Households
	% of IE electric savings
	% of IE gas savings

	High-income, multifamily
	Low
	Low
	11%
	7%
	7%

	High-income, single-family
	Low
	High
	39%
	14%
	13%

	Low-income, multifamily
	High
	Low
	41%
	72%
	70%

	Low-income, single-family
	High
	High
	9%
	6%
	10%


The non-IE programs tend to achieve savings in areas with high concentrations of high-income or single-family homes and not in areas with high concentrations of equity-related demographics.
Non-IE program savings are negatively correlated with most of the examined equity-related variables. Negative correlations indicate that areas with high concentrations of these variables tend to have lower savings rates in the non-IE programs. 
It should be noted that the non-IE programs are not designed to serve the equity-related populations. That is what the IE programs are designed to do and appear to be doing. While most of the correlations for the non-IE programs are negative, they are weak and do not indicate particularly strong relationships. Thus, the non-IE programs are only slightly underserving these areas, despite program goals and design that does not focus on serving these areas. 
[bookmark: _Ref128750918]Table 24: Pairwise Correlations – Non-IE Programs, Electricity
	 
	Electric Saving Rate
	Gas Savings Rate

	Limited English
	-0.063
	-0.116

	Low income
	-0.076
	-0.166

	Moderate income
	-0.044
	-0.049

	Multifamily housing
	0.103
	-0.013

	Renter-occupied housing
	-0.005
	-0.132

	Pre-1950 construction
	-0.085
	-0.159

	Distressed last three years
	-0.094
	-0.182

	High income
	0.054
	0.149

	Single-family
	0.002
	0.128

	All correlations are statistically different from 0 (p<0.01), except the cells with grey font, which are not statistically significantly different from zero.


To the extent that the non-IE programs are achieving savings in areas with high concentrations of equity-related demographics, it appears to be occurring through the participation of large, multifamily locations.
Savings outliers were defined as any record above the 99th percentile of site-level savings. These sites accounted for approximately 30% of all program savings. An analysis using Google satellite images revealed that most of these outliers were large, multifamily locations with hundreds of units. The amount of savings for these records were commensurate with the overall number of units in the buildings, and the tracking data condensed all those savings onto one or two specific units. 
These outliers have a substantial effect on the patterns of savings for the Non-IE programs. Table 25 shows the correlations for electric and gas savings rates and the demographics variables, when the outliers are removed from the analysis. The savings are all in the same direction as when the outliers are included (Table 24) but are much stronger. Negative correlations are more negative, and the positive correlations are more positive. This indicates that to the extent the Non-IE programs are reaching areas with high concentrations of equity-related demographics, they are doing so via the outliers. The outliers are predominantly large multifamily properties, so when the Non-IE programs tended to reach the equity-related areas via multifamily installations. 
[bookmark: _Ref128750887]Table 25: Non-IE Program Correlations – Outliers Removed
	 
	Non-IE Electric 
	Non-IE Gas 

	Limited English
	-0.315
	-0.229

	Low income
	-0.403
	-0.303

	Moderate income
	-0.122
	-0.087

	Multifamily housing
	-0.284
	-0.209

	Renter-occupied housing
	-0.407
	-0.325

	Pre-1950 construction
	-0.256
	-0.202

	Distressed last three years
	-0.296
	-0.21

	High income
	0.704
	0.503

	Single-family
	0.757
	0.575

	All correlations are statistically different from 0 (p<0.01)
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[bookmark: _Ref121233821][bookmark: _Ref121732607][bookmark: _Toc129521335][bookmark: AppendixA]Detailed Methodologies
This section provides more detail into the methods used to carry out each evaluation task.
[bookmark: _Toc112334906][bookmark: _Toc115298169][bookmark: _Toc116989251][bookmark: _Toc129521336]Stakeholder Interviews	Comment by Williams, Kiersten M: Please include interview/survey guides as appendices 
[bookmark: _Toc112334907][bookmark: _Toc115298170][bookmark: _Toc116989252]Program Staff and DEEP Interviews
The evaluation included interviews with HES and HES-IE program staff from both Companies and the Weatherization Assistance Program (WAP) coordinators at the Connecticut Department of Energy and Environmental Protection (DEEP) (Table 26).[footnoteRef:43] Interview questions sought to confirm that program delivery is consistent with its description in the C&LM plan: [43:  Two DEEP staff members attended a single interview.] 

· To learn program staff’s perspectives on program delivery and future goals
· To discuss any recent or planned program changes, including revised eligibility criteria
· To understand any lessons learned from remote home energy assessments, plus their views on how remote assessments may figure into the program’s future. 
In addition, DEEP stakeholders spoke about coordination between WAP and HES/HES-IE, areas for improvement, and strategies for improving services to underserved populations.
[bookmark: _Ref116882714]Table 26: Stakeholder Interviews
	[bookmark: _Toc112334963][bookmark: _Toc115298227][bookmark: _Toc116989307]Stakeholder 
	Number of Interviews

	Program staff
	2

	DEEP staff
	1


[bookmark: _Toc116989149][bookmark: _Toc116989253][bookmark: _Toc112334908][bookmark: _Ref112666215][bookmark: _Toc115298171][bookmark: _Toc116989254]Vendor Interviews
The evaluation included interviews with seventeen qualified HES and/or HES-IE vendors in total, including one Community Action Agency (CAA), an agency responsible for administering certain state programs, including energy assistance (Table 27).[footnoteRef:44] Interview questions sought to learn vendors’ perspectives on program delivery and customer experience, program tracking data collection, drivers and barriers (health and safety, physical and non-physical), financing and incentives, rebated or add-on measure penetration and quality assurance, DOE Home Energy Scores, and remote home energy assessments. Vendor interviews included questions to assess non-participant spillover (NPSO). Interviews were conducted via telephone or web conferencing software from June 2021 to January 2022.[footnoteRef:45] [44:  Only two CAAs currently provide weatherization services, but the HES-IE program began providing compensation to non-weatherization CAAs for their referral of energy assistance-approved customers to the HES-IE program in 2017.]  [45:  Several vendors contacted in the summer of 2021 requested to delay the interview until later in the year due to an exceptionally busy schedule caused by high customer demand for assessments and insulation installs.] 

[bookmark: _Ref116882986]Table 27: Vendor Interviews
	Role
	Number of Interviews

	Program vendors
	16

	Community Action Agency (CAA)
	1

	Total
	17


[bookmark: _Toc112334909][bookmark: _Toc115298172][bookmark: _Toc116989255]Community Stakeholder Interviews
The evaluation included in-depth interviews with 10 community stakeholders to understand how the program could better serve communities across Connecticut more equitably and effectively. Interviews were conducted with a variety of community representatives (Table 28), including two housing and energy non-profits, an academic researching public health in Connecticut communities, a community activist helping neighbors sign up for HES audits, a city official overseeing a local weatherization initiative, and five Neighborhood Revitalization Zone (NRZ) representatives (three from Hartford and two from Bridgeport). According to a Connecticut law enacted in 1995, NRZ neighborhood committees provide a mechanism for local stakeholders and municipal officials to develop a strategic plan to revitalize their neighborhood.[footnoteRef:46]  [46:  https://portal.ct.gov/OPM/NRZ/NRZ-Program] 

Interview topics included awareness of the HES and HES-IE programs, challenges affecting the community, gaps in coverage by the program and other assistance services, effective marketing and outreach strategies, health and safety issues, and the impacts of a high energy burden. Interviews were conducted via telephone or web conferencing software from December 2021 to May 2022. 
[bookmark: _Ref116887586]Table 28: Community Stakeholder Interviews
	Stakeholder Role
	Number of Interviews

	NRZ representative (Hartford)
	3

	NRZ representative (Bridgeport)
	2

	Housing/energy non-profit
	2

	Public health researcher
	1

	Community organizer
	1

	Municipal official
	1

	Total
	10


[bookmark: _Toc129521337][bookmark: _Toc112334910][bookmark: _Toc115298173][bookmark: _Toc116989256]Participant Survey
The study included a participant survey with HES and HES-IE participants. Blackstone Group, a CATI firm, printed and mailed the outreach materials, programmed and implemented the survey, and issued $10 gift cards to participants who completed the survey. 
[bookmark: _Ref122434894]Sample Plan and Survey Completes
The study targeted 1,200 completes for the participant survey and achieved 1,208 (Table 29). Given the more-stringent statistical needs of NTG calculations by individual measure, the sample allocation prioritized HES respondents. Among HES respondents, it prioritized those who installed add-on measures, which were less prevalent than core measures in the Program population.
[bookmark: _Ref122434599]Table 29: Participant Survey Completes
	Program
	Target Completes
	Completes Achieved

	HES
	900
	932

	HES-IE
	300
	276

	Total
	1,200
	1,208


The study weighted process findings by measure and service territory (B.2.5.1) so they better represent the program population, rather than the sample allocation and survey completes, which disproportionately had installed add-on measures.
Outreach
The study was fielded from November 2021 through February 2022. Advance letters, as well as subsequent postcard and email reminders, invited participants to take the survey in either English or Spanish. Subsequent waves of outreach were tailored to meet target survey completes by program and/or individual measures.
Table 30: Participant Survey Outreach 
	Survey Wave (Date)
	Outreach Method
	Contacted

	Soft Launch (11/5/2021)
	Email
	500

	First Wave (11/18/2021)
	Letters
	11,059

	1st Reminder -- Soft Launch Sample (11/22/2021)
	Email
	475

	2nd Reminder – Soft Launch Sample (12/10/2021)
	Email
	469

	First Wave (12/14/2021)a
	Letter
	2,777

	Reminder (1/4/2022)
	Postcard
	3,214b

	HES-IE Only Wave (1/28/2022)
	Letter
	950

	Reminders to HES-IE wave (2/14/2022)
	Email
	100

	a Some letters in the first wave sample were held back due to miscommunication from the CATI firm.
B After screen-outs removed; also sent to 102 soft launch participants who had previously only received an email invitation.


Response Rate
Outreach to 13,009 HES and HES-IE participants resulted in 1,208 total completes, comprised of 932 HES respondents and 276 HES-IE respondents. The response rate for the outreach was 9.3%, as determined using a calculator developed by the American Association of Public Opinion Research (AAPOR).[footnoteRef:47] According to the calculator, the response rate would be 17% under the conservative estimating that half of the cases of unknown respondent eligibility would be eligible to complete the survey.  [47:  American Association for Public Opinion Research (2020). “Response Rate Calculator, Version 4.1” spreadsheet available at https://www.aapor.org/AAPOR_Main/media/MainSiteFiles/Response-Rate-Calculator-4-1-Clean.xlsx. Accessed March 2022.] 

Both rates are based on the number of unopened, returned outreach letters recorded from November 2021 to early January 2022. Returned outreach letters were not recorded from early January 2022 through February 2022 due to an oversight by the CATI firm. The calculation, therefore, assumes the rate observed during the first half of the survey fielding period remained consistent throughout the remainder of the study. 
Area Median Income (AMI)
One of the eligibility criteria for HES-IE respondents is having a household income less than 60% of the state median income by household size. To investigate whether respondents with moderate income of 80% or less of area median income (AMI), the study asked respondents to identify whether their household income was more or less than 80% AMI for their area and household size (Table 31).[footnoteRef:48],[footnoteRef:49] [48:  UniteCT, “HUD Area Median Income Levels,” Connecticut Department of Housing, last modified July 2022, https://portal.ct.gov/DOH/DOH/Programs/UniteCT.]  [49:  Office of Policy Development & Research, “Income Limits,”, U.S. Department of Housing and Urban Development, last modified April 2022, https://www.huduser.gov/portal/datasets/il.html.] 

[bookmark: _Ref122434755]Table 31: 2021 Area Median Income by HMFA
	HUD Metro FMR Area (HMFA)
	Household Occupancy

	
	1
	2
	3
	4
	5
	6
	7
	8

	Bridgeport
	$56,336 
	$64,384 
	$72,432 
	$80,480 
	$86,918 
	$93,357 
	$99,795 
	$106,234 

	Colchester-Lebanon
	$64,512 
	$73,728 
	$82,944 
	$92,160 
	$99,533 
	$106,906 
	$114,278 
	$121,651 

	Danbury
	$64,848 
	$74,112 
	$83,376 
	$92,640 
	$100,051 
	$107,462 
	$114,874 
	$122,285 

	Hartford-West Hartford-East Hartford
	$58,408 
	$66,752 
	$75,096 
	$83,440 
	$90,115 
	$96,790 
	$103,466 
	$110,141 

	Milford-Ansonia-Seymour
	$55,552 
	$63,488 
	$71,424 
	$79,360 
	$85,709 
	$92,058 
	$98,406 
	$104,755 

	New Haven-Meriden
	$52,080
	$59,520
	$66,960
	$74,400
	$80,352
	$86,304
	$92,256
	$98,208

	Norwich-New London
	$49,616 
	$56,704 
	$63,792 
	$70,880 
	$76,550 
	$82,221 
	$87,891 
	$93,562 

	Southern Middlesex County
	$64,176 
	$73,344 
	$82,512 
	$91,680 
	$99,014 
	$106,349 
	$113,683 
	$121,018 

	Stamford-Norwalk
	$80,304 
	$91,776 
	$103,248 
	$114,720 
	$123,898 
	$133,075 
	$142,253 
	$151,430 

	Waterbury
	$45,248 
	$51,712 
	$58,176 
	$64,640 
	$69,811 
	$74,982 
	$80,154 
	$85,325 

	Litchfield County
	$57,624 
	$65,856 
	$74,088 
	$82,320 
	$88,906 
	$95,491 
	$102,077 
	$108,662 

	Windham County
	$46,592 
	$53,248 
	$59,904 
	$66,560 
	$71,885 
	$77,210 
	$82,534 
	$87,859 


Weighting
[bookmark: _Ref122444579][bookmark: SurveyWeights]Survey Weights
The study weighted respondents’ answers to process questions on the participant survey based on Company territory and their installed measures. Specifically, the latter accounted for whether a respondent installed only core measures, one add-on measure, or multiple add-on measures. Weighting the process results in this way mitigated the oversampling for add-on measures that the study required to statistically significant net-to-gross (NTG) results by measure, as well as differences in response rate by Company territory among completed survey responses.
Table 32: Process Evaluation Survey Weights
	Weight
	Measure Mix
	HES
	HES-IE

	Eversource
	Core only
	1.14
	1.71

	
	One add-on
	0.16
	0.25

	
	Multiple add-ons
	0.83
	0.68

	United Illuminating
	Core only
	1.64
	4.80

	
	One add-on
	0.96
	4.40

	
	Multiple add-ons
	0.88
	4.40


[bookmark: SavingsWeights]Savings Weight (NTG and ISR)
In estimating the net savings associated with HES, the study weighted survey respondents’ net-to-gross (NTG) responses by their program savings, derived from the program tracking database and converted into MMBtu (for electric measures only). The study weighted NTG responses for each individual measure by the savings recorded in the tracking database for that measure.
In estimating installation rates for each measure, the study weighted responses by respondents’ measure-specific savings. For example, the weighted installation rate for pipe wrap represents. the percentage of all respondents’ pipe wrap savings associated with those who reported installing it. Savings associated with respondents who never installed the pipe wrap count against the installation rate, but not those who answered, “I’m not sure.”
Calculating Net-to-Gross Ratios and Installation Rates
To calculate NTG ratios, the study relied on free-ridership (FR) and spillover (SO) algorithms that reflect industry best practices and specific knowledge of Connecticut’s Energy Efficiency Fund programs. It built upon the Massachusetts Residential Self Report Net-to-Gross Method (MA NTG) algorithm[footnoteRef:50] by developing scoring schemes that incorporated the Labeled Affective Magnitude (LAM) scale in place of linearly scored elements.[footnoteRef:51] The algorithms use findings from the participant survey.	 [50:  NMR Group, Inc. and Tetra Tech, Inc. May 28, 2020. “Consistent Methodology for Self-Reported Residential Net-to-Gross Measurement (MA19X03-B-RSRNTG). https://ma-eeac.org/wp-content/uploads/MA19X03-B-RSRNTG_Residential-SR-NTG-Report_FINAL_2020.5.28.pdf.]  [51:  The methodology for converting the linearly scored elements of the Massachusetts Residential Self-Report NTG Method to a Labeled Affective Magnitude scale was outlined in a memo to the EA team on April 28, 2021 and was based off the D’Souza and Skumatz (SERA) draft paper for ECEEE.] 

Free-ridership consists of two elements:
· Influence. The survey asked respondents to consider how influential various program elements were on their decision to install the program measure: the program rebate available from the utility; financing options available to help pay for the upgrade; information provided by the technician during the home energy assessment; information provided by the respondent’s utility or Energize ConnecticutSM; and marketing materials provided by the contractor.[footnoteRef:52] The free-ridership algorithm used the maximum influence score from all program elements rated by each respondent.  [52:  The survey only asked respondents to rate the influence of program rebates or financing if they previously indicated they were aware of or applied for them. Likewise, the survey only asked respondents who installed an add-on measure about the influence of the contractor that installed it. ] 

· Intent, which itself contains three scores:
Timing. The survey asked respondents about the likelihood of installing the measure when they did if the rebate, financing, and/or program support had not been available. If the measure was mechanical equipment or an appliance, respondents also indicated whether it was new or installed to replace an existing piece of equipment. 
Quantity. The survey asked respondents to indicate the likelihood of their installing the same number of units (in the case of mechanical equipment, appliances, lighting, thermostats, or windows) or amount/percentage of the measure (in the case of air sealing, duct sealing, weatherization, and insulation).
Efficiency. The survey asked respondents to indicate the likelihood that they would have installed a measure with the same level of efficiency as the program-supported measure. This question was asked about all add-on measures. For core measures, the survey only asked about lighting because efficiency levels for services such as air sealing, duct sealing, door and window weatherization, and water-saving measures do not have meaningful variations in efficiency. 
After determining influence and intent scores for each relevant respondent, the FR algorithm takes the average of these two scores to determine their overall FR score.
Figure 27: Free-Ridership Algorithm Flowchart
[image: ]
Participant spillover (PSO) contains the following elements:
· Non-rebated measures. HES participants were asked in the survey whether they had made any energy-efficiency purchases or changes for which they had not received a rebate or financing from their utility since participating in the program. The survey also asked whether their participation in the HES program influenced their decision to take these actions. Respondents then indicated which non-rebated measure(s) or upgrade(s) they installed. For each measure identified, respondents indicated how they knew the measure was energy-efficient, the energy-efficiency rating, if applicable (e.g., ENERGY STAR status, SEER, HPSF, AFUE, and/or EF values), and how many of each measure they installed. 
· Program influence level. After describing the energy-efficiency and quantity of the non-rebated measure(s) installed after participating in the HES program, respondents rated the importance of their experience of the HES program on each measure and their likelihood of installing the measure if they had not participated in the HES program. Scores from these two influence questions were combined to calculate the participant spillover score for each measure.
· Weighting by savings. The analysis weighted for savings by dividing the total spillover savings by the total savings for each respondent (including those who did not claim any spillover.) Spillover savings for each measure were calculated from the average savings in the program database or the 2021 Connecticut Program Savings Document (PSD).[footnoteRef:53] [53:  Connecticut’s 2022 Program Savings Document. Filed on March 1, 2022. . Accessed June 14, 2022. ] 

To assess non-participant spillover (NPSO), the study included interview questions for HES and HES-IE program vendors about the number of assessments and types of equipment they install outside of the program, compared to the amount of work that does go through the program. The Massachusetts Residential NTG Measurement algorithm specifies that trade ally surveys should assess the following elements to quantify NPSO: the number of program-qualified measures sold or installed, the percentage of measures that received rebates, and the influence of the program on the sales of program-qualified but not rebated measures. However, the R1983 interview guide was unable to collect this granular information on NPSO for the reasons outlined below (see Non-Participant Spillover). Therefore, the study offers a qualitative assessment of non-participant spillover which supports the findings from the participant spillover calculation.
To calculate installation rates, the study included survey questions where respondents could confirm, for each of the measures associated with their household in the program tracking data, how many were still installed in their homes, installed then removed, or never installed.[footnoteRef:54] [54:  The study did not ask whether blower-door guided air sealing and/or duct sealing measures were still installed in the household, as these measures would be nearly impossible to uninstall and may have created unnecessary confusion for the survey respondent. ] 

[bookmark: _Toc129521338]Program Material and Data Review
The study included a review of various program materials, assessing them for quality, clarity, comprehensiveness, consistency, and accuracy. The types of materials included:
· Field implementation manuals from 2017 and 2019.
· Print on Demand (POD) booklets provided to the customer after the kitchen table sales effort.
· Vendor training materials and QA/QC reports.
· DOE Home Energy Score reports.
The study sampled inspection reports from 2017 through 2019 for closer review of scoring and inspector notes. The inspection scoring process is used to track performance of services by vendor technicians and was created to maintain a high level of quality in program delivery. An independent quality control inspector rates the technician on metrics across three areas: safety, customer service, and measures.
Inspection reports for individual vendors were considered alongside customer satisfaction scores for vendor performance throughout the course of the analysis. However, the inspection reports and vendor scorecards were not significantly correlated with other findings from the study. They are useful as tools for the program staff to track vendor performance and provide short-term feedback and suggestions for improvement. 
[bookmark: _Toc115298178][bookmark: _Toc116989262][bookmark: _Ref129115682][bookmark: _Ref129115690][bookmark: _Toc129521339]Billing and Realization Rate Analysis
This subsection provides additional detail regarding the study’s billing analysis methodology and is organized around the following topics: 
· Applicable Measures
· Treatment Group and Control Group Selection
· Data Screening and Attrition
· Model Specification
· Controlling for Cross Participation
· COVID-19 Pandemic Considerations
· Model Performance Metrics
Applicable Measures
The study used billing analysis to estimate savings for following electric and natural gas measures, which were installed in sufficient quantities and/or impact total energy consumption to identify statistically significant changes in household energy consumption. 
· Electric. Lighting (at the household-level).	Comment by scottd (apexanalyticsllc.com): Why not a billing analysis for the electric weatherization?
· Natural Gas. Weatherization (air sealing, wall insulation, floor insulation, attic insulation), and duct sealing.
Treatment Group and Control Group Selection 	Comment by Emerick, Ma Romilee: Please show a comparison of pre-program consumption of the treatment vs control group and other analysis/equivalency checks employed to ensure validity of control group.
The treatment group are HES and HES-IE participants who installed at least one applicable billing analysis measure in 2019.
The study used a control group of “future” participants from HES and HES-IE 2020 program year. Using a control group accounts for the impact of various macroeconomic factors and other influences on pre- and post-program energy consumption that are unrelated to the programs and avoid conflating the impact of those factors with program-generated energy savings. Such factors and influences include weather, economic effects, the movement of people in and out of dwelling units, and fluctuations in per-unit energy costs. 	Comment by scottd (apexanalyticsllc.com): Impacts of COVID.
To identify the most relevant future participants for the control group, the study used the quasi-experimental matched control group (MCG) method. The MCG method goes beyond random sampling of treatment and comparison groups and instead uses a nearest-neighbor algorithm to match each participant (treatment group) customer with a specific customer from a pool of future participants (control group) based on pre-program energy consumption. This approach identifies the future participant whose energy consumption pattern over the most recent 12 pre-participation months was most like that of the participant. 
Creation of Pre- and Post-Periods
For each participant, the day before the earliest program installation date (usually the date of their home energy assessment when they had measures such as lighting and aerators directly installed) is the last day of pre-period. Conversely, the day after each participant’s last installation date marks the first day of the post-period. 
However, billing cycles do not perfectly align with these specific pre- and post-period demarcations, so the study created a “blackout” period that ensures clearly defined pre and post periods. The blackout period includes the billing cycle that includes the last day of the pre-period, the first day of the post-period, and every billing cycle in-between. The study used the blackout period to ensure the analysis did not consider a participant’s energy consumption during those billing cycles when estimating programmatic impacts.
Data Screening & Attrition	Comment by Emerick, Ma Romilee: Please include validations showing sample used represent the treated population
[bookmark: _Hlk520211760]The team used billing analysis to separately evaluate HES & HES-IE weatherization savings in natural gas-heated Eversource and UI homes. As noted previously, weatherization refers to one or more of the following measures: air sealing, attic insulation, wall insulation, and floor/basement insulation. 
To begin, the study identified the relevant HES & HES-IE treatment (2019) and control (2020) participants for both Companies. A screening process when narrowed the treatment and controls groups to only those participants who met the necessary criteria for inclusion in the billing analysis. As shown in Table 33 and Table 34, the screening process removed natural gas participants that we could not confidently map to billing data, that lacked sufficient billing records, or whose exhibited extreme usage. In total, the screening process removed 53% of HES and more than two-thirds (67%) of HES-IE participants. The largest loss of data resulted from the process of matching program tracking data to billing data. The HES-IE had a greater loss of data at this stage due to account numbers provided by Eversource were partially masked (i.e., obscured to protect private information). The study team worked closely with Eversource to access unmasked account numbers, but unmasked values were no longer available for many of these HES-IE participants. Subsequently, the study was able to match 65% of the masked account numbers to the full account number.
Despite the high-level of attrition, there were enough accounts available to generate statistically significant estimates at the statewide level for both programs. However, there were not sufficient accounts to generate results at the company level. This is because the company-specific savings estimates failed the study’s model stability test, which entailed iteratively estimating savings using subtly different specifications and variable coding schemes. All statewide estimates fell within the 90% confidence level of the standard model, an indication of stable and reliable results. However, more than a third of the company-specific model savings fell outside the confidence level of the standard estimate, an indication of instability and unreliable results at that more granular level.	Comment by scottd (apexanalyticsllc.com): Have there typically been observed differences between utilities in prior evaluations. If there were, then would why a state level model be appropriate? Did they conduct any validations to show that the customers at each utility were similar enough to one another than it was appropriate to represent them with a single model?
[bookmark: _Ref121246137][bookmark: _Ref121246131]Table 33: Billing Analysis Sample Attrition – Natural Gas Weatherization 
(HES – Eversource and UI)
	HES
	Statewide

	 
	# of Effected Accounts
	% of Effected Accounts
	Remaining Accounts

	Total weatherized accounts
	-
	-
	3,293

	Non-gas heat
	34
	1%
	3,259

	Multi-family dwelling
	21
	1%
	3,238

	Unable to map to billing data
	1,139
	35%
	2,099

	Insufficient pre or post data (<12 months)
	448
	14%
	1,651

	Extreme monthly consumption 
(>35 therms in single month)
	1
	0%
	1,650

	Extreme annual consumption (<1st and >99th Percentile)
	33
	1%
	1,617

	Extreme savings change (±40%)
	96	Comment by Williams, Kiersten M: How were homes with solar treated?
	3%
	1,521

	Attic Hatch only	Comment by Williams, Kiersten M: Q from implementation- Is this referring to insulation of only the attic hatch
	404
	12%
	1,117

	Overall
	2,176
	66%
	1,117


[bookmark: _Ref121246154][bookmark: _Hlk46246177]Table 34: Billing Analysis Sample Attrition – Natural Gas Weatherization 
(HES-IE – Eversource and UI)
	HES-IE
	Statewide

	 
	# of Effected Accounts
	% of Effected Accounts
	Remaining Accounts

	Total weatherized accounts
	-
	-
	1,564

	Non-gas heat
	10
	1%
	1,554

	Multi-family Dwelling
	21
	
	1,533

	Unable to map to billing data
	771
	49%
	762

	Insufficient pre or post data (<12 months)
	159
	10%
	603

	Extreme monthly consumption (>35 therms in single month)
	1
	0%
	602

	Extreme annual consumption (<1st and >99th Percentile)
	12
	1%
	590

	Extreme savings change (±40%)
	64
	4%
	526

	Attic Hatch Only
	149
	10%
	377

	Overall
	1,187
	76%
	377


Model Specification 	Comment by Emerick, Ma Romilee: Please include the regression results as an Appendix or add to the impact worksheet.
The study uses a monthly Post Program Regression (PPR) billing analysis model to estimate energy savings attributed to the HES and HES-IE programs. The model uses the “post-program” period – that is, the period after the start of the program – energy usage only as the dependent variable in the model, as shown in Equation 2:
[bookmark: _Ref50451682]Equation 2: Post Program Regression

Where
ADCct = average, weather-normalized daily energy consumption for customer c at calendar month t 
Treatmentmc = 1 if customer c is in treatment for measure group m, 0 if customer c is in control group 
LagADCct = average weather-normalized daily consumption from customer c during calendar month t of the pre-program period
Monthit = 1 when index i = calendar month t, 0 otherwise. We include this series of 12 terms to capture month-specific effects in our analysis
CrossProgc = 1 if customer c received an energy-efficiency or health and safety-related improvement from outside of the HES or HES-IE programs
ect is a cluster-robust error term from the regression model
For this model, the study used billed, pre-program period weather-normalized energy consumption as an explanatory variable which helps to condition expected, billed energy consumption in the post-program period. The model also includes monthly fixed effects and uses the model to interact these monthly fixed effects with the pre-program energy use variable, which allows pre-program usage to have a different effect on post-program usage in each calendar month. The coefficients of the treatment groups (b1m) are estimates of average daily energy savings during the post-program period.
Controlling for Cross-Participation 
The study team recognizes the necessity of identifying, and controlling for, measures installed outside of the HES and HES-IE programs; not doing so would conflate the programs and overstate the billing analysis results. For example, some HES participants may also receive measures through other utility programs. To avoid conflating savings across programs in instances such as this, the model requested and leveraged data for other residential programs, which was collected as part of the Customer Profiling task. The study used these data to control for cross-program participation, specifically by including a program or measure-specific dummy variable reflecting cross-participation in our model specification. 
COVID-19 Pandemic Considerations 
The post-program period for 2019 HES & HES-IE participants in the treatment group includes the start of the COVID-19 pandemic, including months when stay-at-home orders were in place and/or many customers began working from home. 
From a modeling perspective, the study’s use of a control group, which also experienced the COVID-19-related impacts and lifestyle changes, accounts for the potential impact of COVID-19 on the study’s modeled savings. In fact, accounting for these types of non-programmatic factors is exactly the reason that control groups are considered industry best practice for billing analysis-based evaluation efforts.
To further test for the potential impact of COVID-19 on evaluation, the study team also investigated for 1) changes in energy consumption and 2) differences in participant characteristics before and after the start of COVID-19. 
· Changes in Energy Consumption. The study did not identify any drastic deviations in average consumption in 2020 across the relevant participants that may have been the result of COVID-19-related lockdowns. 	Comment by scottd (apexanalyticsllc.com): Is this graph for participants? I would have expected increases in energy consumption during the pandemic. Per above, did a randomly selected group of residential customers really show decreases in 2020? (i.e, I would have expected the use of a control group to actually bump up the program savings).
Figure 28: Average Daily Usage (Therms) Over Time	Comment by Emerick, Ma Romilee: Can’t read the labels on the figure.
[image: Chart, line chart
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· Difference in Participant Characteristics. It is also possible that the pandemic changed the composition of participants that enrolled in HES and HES-IE in 2020 (relative to previous years). Since the study used 2020 participants as the control group, the study proactively looked for any significant differences between the 2019 and 2020 participants that would violate the assumption the groups are similar (in ways beyond their pre-program consumption, which was the basis for the matching algorithm). The team did not find any differences in the available program data. However, it’s important to note that the study could only assess characteristics in the available data, which does not contain every customer characteristic, so it is not possible to completely rule out a violation of model assumptions.	Comment by Emerick, Ma Romilee: Can you describe the different characteristics explored? 
Model Performance Metrics 
Billing analysis estimates for measures are provided for at the 90% confidence all level. Estimates for savings attributed to HES-IE lighting program were the only program/measure savings with greater than the desired 20% precision. Although it has less precision, the estimate agreed with the HES estimate and serves as a reasonable estimate of savings.
Table 35. Billing Analysis Model Details 
(Sample Size and Confidence & Precision Values)	Comment by Emerick, Ma Romilee: Can you include the regression coefficients/estimates?
	Program
	
	HES
	HES-IE

	
	N
	Precision
	P value
	N
	Precision
	P value

	Air Sealing Only 
(Core Participants)
	969
	±6%
	<0.01
	259
	±20%
	0.03

	Air Sealing & Insulation
(Rebated/Add-on Participants)
	148
	±11%
	<0.01
	118
	±19%
	<0.01

	Duct Sealing
	194
	±7%
	0.06
	18
	±7%
	<0.01

	Lighting*
	795
	±19%
	<0.01
	963
	±31%
	<0.01


*Separate electric billing analysis model
[bookmark: _Toc129521340]Engineering Analysis and Building Simulation
As noted previously, the study created an Impact Evaluation Supporting Documentation workbook to supplement this report as a stand-alone, comprehensive repository of all engineering related details. The workbook includes a tab for each HES & HES-IE measure that was evaluated using an engineering approach (i.e., algorithms or building simulation). Therefore, any readers interested in methodologies, assumptions, and calculations associated with the engineering analysis should request access from the EA Team and refer to it for more information.	Comment by Emerick, Ma Romilee: It would be helpful to include the supporting workbook as an attachment to this document or be uploaded to the CT EEB website once final. 
[bookmark: _Ref121841027][bookmark: _Toc129521341]Customer Profiling
This section describes the steps taken to prepare the data for the customer profiling, metrics, and the analyses used by the evaluation team. Detailed findings are described in Appendix F.
Data Preparation
As a first step, the study requested program tracking and customer billing data from the Companies, then consolidated those data into a single dataset for the analysis. Table 36 provides a summary of the annual electric and gas consumption and claimed gross savings in the final evaluation dataset. The values are aggregates of annual energy consumption and gross energy savings from 2017 to 2020. The table provides the values by Company and the total across the two Companies. The bulk of the electricity consumption and gross savings are from Eversource, while the bulk of the gas consumption and gross savings are from UI.
[bookmark: _Ref122018021]Table 36: Total Consumption and Savings Used in the Evaluation
	Fuel
	Company
	Consumption
(all customers)
	Savings
(downstream only)

	Electricity (MWh)
 
 
	Eversource
	32,532,779
	389,966

	
	UI
	8,237,636
	123,897

	
	Total
	40,770,415
	513,864

	Gas (CCF)
 
 
	Eversource
	548,246,207
	4,433,566

	
	UI
	1,305,122,495
	8,015,395

	
	Total
	1,853,368,702
	12,448,961


All entries were then geocoded in the evaluation datasets. Addresses representing 90% of electric savings and 88% of gas savings were geocoded to census block groups. The study excluded data from census block groups[footnoteRef:55] with less than 25 accounts or where reported savings were greater than total energy consumption for the block.[footnoteRef:56] The excluded values represented 1% of electric savings and 3% of gas savings. The final evaluation datasets thus contained 88% of the electric savings and 85% of the gas savings of the original evaluation datasets. [55:  Census block groups typically include 600 to 3,000 people.]  [56:  Site-level savings will rarely exceed 10% of consumption. However, the evaluation used this more lenient threshold to include as much of the tracked savings as possible. ] 

Savings by Program
Table 37 lists the savings by program in the analysis data set. It is subdivided by company and program name and lists whether the program is considered an income-eligible program. Approximately one-third of total analyzed savings were in income-eligible programs.
[bookmark: _Ref122018137]Table 37: Savings by Program
	Company
	Program Name
	Income Eligible
	Electric savings (MWh)
	Gas savings (CCF)

	Eversource
	Appliance Retirement
	
	45,528
	0

	
	Estar Homes (Res. New Construction)
	
	2,316,589
	238,576

	
	HES HVAC
	
	2,304,356
	0

	
	HES MF
	
	4,114,317
	148,083

	
	HES Rebates
	
	2,840,764
	197,714

	
	HES SF
	
	0
	572,393

	
	HES Wi-Fi Thermostat
	
	70,773
	0

	
	Home Energy Solution - HVAC, Water Heater
	
	33,362,770
	1,311,395

	
	Home Energy Solutions - Core Services
	
	3,212,450
	5,324

	
	Home Energy Solutions Home Performance
	
	18,923,181
	0

	
	Home Energy Solutions - HVAC, Water Heaters
	
	0
	632

	
	Home Energy Solutions Tier 1
	
	37,984,124
	0

	
	Insulation Rebate
	
	2,461,228
	0

	
	Natural Gas Boiler Water Reset Rebate
	
	0
	45

	
	Natural Gas Water Heater
	
	0
	91,724

	
	Residential New Construction
	
	954,462
	225

	
	RNC HERS Rating
	
	16,800
	0

	
	Smart Living Catalog
	
	13,662
	0

	
	Top Ten USA Appliance Rebate
	
	870,254
	125

	
	Window Rebate
	
	57,202
	0

	
	Appliance Replacement HES-IE
	Yes
	64,521
	0

	
	HES Income Eligible
	Yes
	4,813,284
	119,225

	
	HESIE 1
	Yes
	258,487
	0

	
	HESIE 2
	Yes
	12,657,464
	0

	
	HESIE 3
	Yes
	21,243,691
	0

	
	HES-IE Mobile Sub 1
	Yes
	92,444
	0

	
	HES-IE Mobile Sub 2
	Yes
	6,812,234
	0

	
	Income Eligible (HES-IE)
	Yes
	4,111,164
	1,042,259

	UI
	CWH
	
	0
	128,817

	
	ENERGY STAR HOMES
	
	1,291,706
	162,235

	
	HOME ENERGY SOLUTIONS
	
	11,285,959
	1,613,515

	
	HVC
	
	3,688,034
	2,635,990

	
	LOW INCOME (RES.)
	Yes
	11,240,893
	2,252,385

	Overall
	Non-Income-Eligible
	
	125,814,158
	7,106,794

	
	Income-Eligible
	Yes
	61,294,181
	3,413,870


Large Multifamily Locations
During the data preparation step, the study observed a substantial number of records that were associated with a single address but had savings in the 99th percentile of all site-level savings. Electric savings for these sites ranged from 13,200 to 3.7 million kWh. Gas savings for these sites ranged from 916 CCF to 78,908 CCF.
Examination of these sites revealed that many of them are large multifamily properties with dozens of units, and often multiple buildings. The examination determined that the amount of site-level savings for these records was reasonable for large multifamily properties with high numbers of individual units, so the core analyses included these records. 
Combination With American Community Survey Data
The next step in preparing the data was to aggregate the utility tracking and billing data to the Census block group level. The data preparation appended a block group identifier to all records, so this step simply consisted of summing savings and consumption by block group.
The study then appended several American Community Survey (ACS) variables to the block group-level data. These variables included:
· Household limited English proficiency (ACS Table ID: C16002) – The number of households where no one over the age of 14 in the home speaks English "very well" relative to total households in the block group.
· Household income[footnoteRef:57] – The number of low-income households whose income is up to 50% of the Area Median Income (AMI), the number of moderate-income households whose income is between 50% to 80% of the AMI, and the number of high-income households whose income is above 150% of the AMI, each relative to total households in the block group. [57:  Source: Low Moderate Income Summary Data - Based on 2011-2015 ACS (LMISD - All Block Groups, Based on 2011-2015 ACS - HUD Exchange)] 

· Building type (ACS Table ID: B25024) – The number of attached and detached single family housing units and the number of multifamily housing units (buildings with 5+ units), each relative to total housing units in the block group.
· Tenure (ACS Table ID: B25003) – The number of renter- and owner-occupied housing units, each relative to total housing units in the block group.
· Construction year (ACS Table ID: B25034) – The number of housing units built before 1950 and the number of housing units built from 1950 onwards, each relative to total housing units in the block group.
· Maximum educational attainment in household (ACS Table ID: B15003) - The number of households with less than high school, high school, less than bachelors, bachelors, and advanced degrees, each relative to total households in the block group.
· Age of household occupants (ACS Table ID: B25007) – The number of households where the median age of occupants is above 65 years relative to total households in the block group.
· Internet access (ACS Table ID: B28011) – The number of households with internet (Broadband, Dial-up, Satellite) subscription relative to total households in the block group.
· Heating fuel (ACS Table ID: B25040) – The number of households with electric, utility gas, fuel oil and kerosene, and solar heating, each relative to total households in the block group.
· Location (urban/rural) – Block groups geocoded as rural or urban.
Connecticut maintains and annually updates a distressed communities list based on income and environmental justice metrics. The evaluation identified all communities that were on the distressed communities list in any of the three years analyzed (2018 to 2020) and flagged all block groups in those communities as “distressed in 2018, 2019, or 2020.”[footnoteRef:58] [58:  There were 29 distressed communities identified using this approach, 23 of which were on the distressed list for all three years, 4 were on the list for two of the years, and 2 were on the list for one year (2020).] 

Participation Metrics
The study considered two metrics for participation: location participation rate and savings rate. Both metrics are calculated at the census block group level (200 to 1000 households) rather than individual household level.
Location participation rate is the percentage of households receiving service that participate in energy-efficiency programs, calculated by dividing the number of participating households by the number of billed households.
Equation 3: Location Participation Rate

Location participation rate is useful for assessing the breadth of participation within an area. All participating households are considered equally, regardless of the size or number of energy efficiency measures they install. The large, multifamily participant records described in the previous section distort the location participation rate calculations. These records contribute only a single count to the numerator, but many counts to the denominator. Thus, in block groups where these participants are located, location participation rates look lower than they really are. 
Savings rate represents depth of savings achieved by the programs. It is the percentage of total annual consumption represented by first year gross savings for the measures installed. It is calculated at the block group level by summing first-year savings for all participating locations within that block group and dividing by the sum of the consumption of all locations (including nonparticipants) in the block group for a single year.
Equation 4: Savings Rate

Location participation rate and savings rate often correlate positively with each other – as the number of participating households in a block group increases, the savings rate numerator increases. However, large, multifamily participant records created a negative relationship between location participation rate and savings rate because of their distortion on location participation rate. In other words, these large multifamily records make it appear as though the percentage of consumption represented by program savings decreased as the number of participating locations increased. 
The study decided to use only the savings rate metric for the profile analyses. The anomaly with large, multifamily participants suggests that location participation rates are less valid in this dataset than savings rates. While theoretically possible, an inverse relationship between participation metrics results in confusing and contradictory conclusions depending on which metric one uses in analyses.
A. Analysis
The evaluation analyzed the IE and non-IE programs independently because they are administered separately and have different demographic targets and objectives.
The study used a combination of correlation analysis and regression modeling to understand participations patterns relative to geographic-level demographic variables. The correlation analysis was the primary analysis, which answers the question of what are the dominant demographic variables in areas with high (or low) levels of participation? Because many demographic variables occur simultaneously (e.g. low-income households also tend to rent), the regression analyses answered the question of which demographic variables have a stronger relationship to participation, when the demographics occur together?
A. Correlation analysis
In the geospatial context of this study, correlation analyses identify variables that occur at similar levels within the geospatial units of interest (Census block groups). A high correlation between variables A and B indicates that areas with a high concentration of A also tend to have a high concentration of B (and vice versa). A negative correlation between variables C and D indicates that areas that tend to have a high concentration of C tend to have a low concentration of D (and vice versa). Thus, the correlational analyses allowed the evaluation team to identify what demographic characteristics were common in areas that had higher or lower levels of participation (as measured by savings rate).
Correlation coefficients (Pearson’s r) can range from -1 to +1. Correlation coefficients around 0.3 (or -0.3) are common in social science research and represent moderately strong relationships between variables. Correlations closer to 0 indicate weaker relationships, and correlations closer to 1 (or -1) indicate stronger relationships. A variable always has a correlation of 1.0 with itself.
B. Regression analysis
When two demographic variables correlate with participation and with each other, multiple interpretations are possible. For example, in Connecticut, concentration of multifamily housing is positively correlated with participation. Concentration of renters is also positively correlated with participation. And concentration of multifamily housing is positively correlated with the concentration of renters. This pattern raises the question of which is the more directly relevant characteristic when it comes to predicting participation: concentration of multifamily or concentration of renters? Or are both independent predictors of participation?
The study used a method called statistical mediation analysis to assess which variables were more directly associated with participation rates.[1] This analysis uses a series of regression models to illuminate the effects of each demographic variable on participation rates while controlling for the effects of the other demographic variable. 
An example of where mediation happens in other research is the relationship between a child’s age, weight, and height. As children get older, they also tend to get taller and heavier. And as children get taller, they also tend to get heavier. Age, per se, does not result in higher weight. Age tends to result in greater height, and greater height results in greater weight. As children age, they get taller, and as children get taller, they tend to gain weight. Thus, we would say that height mediates the relationship between age and weight. 
Generalizing, when there are three variables, X, Y, and M, correlated with each other, this method uses five criteria to determine statistical mediation as listed in Table 54. When all five criteria are met, it indicates that the effect of variable X on Y is mediated by variable M. 
Table 54: Statistical Mediation Analysis Criteria
	Criterion
	Analytic evidence

	1. Variable X predicts variable Y
	X-Y correlation significant 

	2. Variable X predicts variable M
	X-M correlation significant 

	3. Variable M predicts variable Y
	M-Y correlation significant 

	4. Variable X no longer predicts Y when controlling for M
	Model predicting Y with X and M;
 coefficient for X is not significant

	5. Variable M predicts Y when controlling for X
	Model predicting Y with X and M;
 coefficient for M is significant 


Applied to energy efficiency program participation, the pattern this analysis attempts to identify is that one variable (e.g., renter concentration) is significantly correlated with participation rates because it is related to another variable (e.g., multifamily concentration) that is also correlated with participation rates. In this example, the analysis attempts to identify a pattern that indicates that renter concentration is associated with participation rates because renters tend to live in multifamily housing, or the effect of renting is mediated through the effect of multifamily housing.
C. Sensitivity Analysis
To assess the effects of the large savings outlier records on the analyses, the evaluation repeated the correlation and regression analyses on a data set that excluded the outliers.



[1] Baron & Kenny, 1986. http://davidakenny.net/cm/mediate.htm	Comment by Emerick, Ma Romilee: Something seems to be missing here

Additional Services Provided
Insulation and window insulation were the two most common energy-efficiency measures provided by program vendors in addition to performing home energy assessments through the program (Table 38). 
[bookmark: _Ref121771082]Table 38: Additional Services Provided by Program Vendor’s Companies
(Source: Vendor interviews)
	Additional Service
	Number of Vendors

	Insulation
	6

	Windows
	4

	Renovations and Additions
	3

	HVAC
	2

	Fuel Delivery
	2

	Plumbing
	2

	Roofing
	2

	Solar
	1
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[bookmark: _Toc129521342][bookmark: AppendixB]Process Evaluation - Detailed Results
This section presents detailed results from the process evaluation, which included a survey of HES and HES-IE participants and in-depth interviews with vendors, program stakeholders, and community stakeholders.
Detailed findings are organized into the following sections:
· Participant engagement, including participant satisfaction, sources of program awareness, program marketing and outreach, and underserved customer segments. 
· Program delivery and processes, including participant and vendor satisfaction, program processes and communication, and quality control. 
· Drivers and barriers to participation, including the kitchen table wrap-up, participant uptake of rebated or add-on measures, and solutions to barriers identified as preventing the installation of additional measures.  
· Health and safety barriers, which describes the prevalence of issues that prevent weatherization and/or pose a health risk to customers, program implications, and barriers to remediation.
· Rebates and financing, including awareness of rebate and financing options, participant satisfaction with rebate amounts and processing time, and experience with the application process. 
· DOE Home Energy Scores, including awareness and perceived usefulness of the score and vendors’ experience providing the score as part of the assessment. 
· Training and workforce development, including vendor experiences with training and retaining qualified technicians, program training requirements, and progress toward the statewide goal of weatherizing 80% of residential units by 2030. 
· Demographics and firmographics, including number and age of occupants, income, race, ethnicity, and educational attainment of participants and tenure of program vendor interviewees. 
[bookmark: _Toc116989264][bookmark: _Toc129521343][bookmark: _Toc112334916][bookmark: _Toc115298180][bookmark: PartEngage]Participant Engagement 
The participant survey asked participants about their satisfaction and engagement with the program, both overall and regarding particular elements of the program, such as energy savings, rebate amount, and the professionalism of program contractors. Vendors and community stakeholders answered questions about program marketing, effective program outreach, and customer segments that could be underrepresented among program participants. 
[bookmark: _Toc112334917][bookmark: _Toc115298181][bookmark: _Toc116989265]Key Findings
· HES and HES-IE respondents shared the same top three motivations for deciding to have the home energy assessment done: to identify opportunities to save the most money, to learn about energy-saving opportunities, and to make their homes more comfortable.
· HES respondents with moderate incomes (below 80% area median income (AMI), but above the threshold for HES-IE eligibility) were more likely than HES respondents with incomes above 80% AMI to say they decided to have the home assessment to find ways to make their home more comfortable. 
· Over one-half of respondents (59% of HES respondents and 54% of HES-IE respondents) learned about the program through program marketing, including the Energize Connecticut website, bill inserts, utility company websites, and/or utility advertisements. 
· Approximately one-quarter of participants (25% of HES respondents and 23% of HES-IE respondents) learned about the programs from family or friends. 
· Vendors and stakeholders identified customer types that they believe are underserved by the program and suggested solutions to serve these groups more effectively:
· Low-income customers may be underserved due to difficulty in verifying income or inability to take off work for the assessment.
· Moderate-income customers do not qualify for HES-IE but have difficulty affording the recommended upgrades and the remediation costs of health and safety barriers. The study operationalized these households as having incomes that fell between 60% and 80% of the area median income (AMI). 
· Renters require approval to participate from their landlords. Vendors and stakeholders suggested directly engaging with landlords to educate them on the benefits of the program. 
· Rural customers may be located outside vendors’ service areas and have fewer options for service.
· Non-English-speaking customers may not have access to program materials or advertisements printed in their language or be able to communicate effectively with program vendors; one vendor suggested providing technicians access to a language line. 
· Elderly customers have fixed incomes and may have difficulty accessing program materials online. 
· Immigrant customers may be wary of engaging with programs that involve house visits and personal data collection. 
[bookmark: _Toc112334918][bookmark: _Toc115298182][bookmark: _Toc116989266][bookmark: MotivatePart]Motivations for Participation
When asked why they decided to have the home energy assessment, respondents most frequently said they wanted to identify improvements to save money, learn about energy-saving opportunities, and to find ways to make their home more comfortable (Figure 30). 
[bookmark: _Ref119957657]Figure 29: Reasons for Participating in HES or HES-IE
(Source: Participant survey; multiple responses allowed)
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Figure 30 compares survey responses to this question across HES participants with self-reported incomes over and under 80% AMI, highlighting items with a statistically significant difference at the 90% confidence level. NMR categorized HES respondents below the 80% income threshold as moderate income. These households are not eligible for HES-IE. Moderate income respondents were statistically significantly more likely to have the assessment to find ways to make their home more comfortable (65% of respondents) compared to respondents with a self-reported income over 80% of AMI (50%). Respondents over that income threshold were significantly more likely to have the assessment to check their eligibility for an incentive or rebate (48%) and to learn about where energy is used in their homes (34%) compared to moderate income respondents (33% and 25%, respectively).
[bookmark: _Ref117066674]Figure 30: HES Participants' Motivations for Having the Home Energy Assessment Done by Income Level
(Source: Participant survey; n=932; multiple responses allowed)
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Measures of Interest
Respondents were most likely to say they were interested in air sealing, insulation, and light bulbs or lighting equipment when they first signed up for the assessment (Figure 31). 
[bookmark: _Ref119941363]Figure 31: Measures of Interest When Signing Up for Assessment
(Source: Participant survey)
[image: ]
Solar Eligibility
Nearly one-quarter of HES respondents (22%) said they completed the assessment to be eligible for solar panel installation (Figure 29). Those respondents who reported receiving an assessment in order to become eligible for solar were statistically significantly more likely to say they did not have a specific energy-efficiency upgrade in mind when signing up for the assessment (Figure 32). They were also significantly more likely to express interest in water heaters and heat pumps, typical measures that would complement a PV solar installation. However, this same group of respondents was significantly less likely than other respondents to say they were interested in air sealing, insulation, and duct sealing. The program requires solar customers to have a home energy assessment. These results suggest that solar customers may be simply “checking a box” to fulfill the requirement and not interested in achieving deeper savings.	Comment by Emerick, Ma Romilee: How did the billing analysis treat customers who installed solar?
[bookmark: _Ref117067715]Figure 32: Measures of Interest when Signing up for Assessment by Solar Eligibility, HES
(Source: Participant survey; n=932; multiple responses allowed)
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[bookmark: _Toc112334919][bookmark: _Toc115298183][bookmark: _Toc116989267]Program Awareness and Marketing
Survey questions then asked participants how they had first learned about the home energy assessments on offer by utility companies. Community stakeholder interviewees also described their awareness of the HES program and the income-eligible offering (HES-IE). 
Sources of Program Awareness
[bookmark: _Ref116310718]As shown in Figure 33, program marketing (the Energize Connecticut website, a bill insert, their utility company’s website, or a utility advertisement).[footnoteRef:59]  [59:  Multiple responses allowed; some respondents listed more than one program marketing initiative as a source of awareness.] 

One-quarter of HES respondents (25%) and HES-IE respondents (23%) learned about the program from family or friends. Three vendors interviewed for the study noted that they give customers additional incentives for referring other households to them.[footnoteRef:60] [60:  The 2017 field implementation manual specifies ] 

Participants also learned about the program through a program vendor (5% of HES respondents and 4% of HES-IE respondents) or a community action agency (3% of HES respondents and 28% of HES-IE respondents):
· Seven vendors reported conducting direct marketing through community events, online marketing, and mailings. 
· Four vendors mentioned they promote the program when doing other work, such as roofing, in customers’ homes and two worked with local sustainability or “green” groups to generate leads. 
· One vendor noted that they worked with a local real estate agent in order to market to people who had just purchased a home. 

[bookmark: _Ref119845842]Figure 33: Sources of Program Awareness
(Source: Participant survey; multiple responses allowed)
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Comparing HES respondents over and under 80% AMI, those under that income threshold (n=35) were statistically significantly more likely to have first learned about the program from a solar company (Figure 34). While only 6% of respondents overall first heard about the program from a solar company, these findings suggest solar installers may be effectively targeting moderate-income customers (i.e., for leased systems).
[bookmark: _Ref117020711][bookmark: _Ref117067956]Figure 34:Sources of HES Program Awareness by Income
(Source: Participant survey; multiple responses allowed)
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Community Awareness of Programs
Nine of the ten community stakeholder interviewees had heard of the HES program. Of these, six were themselves HES participants, one of whom had had two HES audits since living in their home. Another interviewee had experience helping six different homes go through HES or HES-IE before they began working with a non-profit. Five of these nine interviewees were aware the program had an income eligible offering. 
Four of seven community stakeholder interviewees who commented on the awareness of the HES program in their community said knowledge of the program was not widespread. 
One interviewee who worked for an organization that develops affordable housing and conducted homeowner education described widespread awareness in the communities they serve, though impressions of the program were not all positive:
“[Awareness of the program is] surprisingly more widespread than I would have thought. I used to think that if people only knew about this, especially income-eligible customers would really embrace it, because it’s no cost. But I got quite a bit of pushback from residents who had tried to use the program years ago. I’ve come to understand they probably had a health and safety barrier but didn’t really understand it.”
Two interviewees who served as presidents and/or members of their neighborhood revitalization zones (NRZ) described relatively little awareness of the program in their communities:
“In my neighborhood, the majority [of households] are renters. I don’t think that landlords are participating in the program. [Among] the homeowners, I don’t hear a lot of people talking about it.”
“Most people don’t know about these programs. We need to do a better job of advertising that it’s available. People assume our residents know about things, but they don’t. Bill inserts might work, [as long as they are not too long].”
[bookmark: ProgMarketing]Program Marketing
Several community stakeholders made suggestions on how to improve program marketing and outreach to better reach customers in their neighborhoods. Of the nine interviewees who discussed the effectiveness of program marketing, six said Company marketing was particularly ineffective, compared to two who said they would trust Company mailers and/or other marketing materials that have Company logos.
An interviewee who had served on their town’s energy task force commented on Company ads as particularly ineffective when the programs were understaffed (C.7.4) and unable to serve customers. Another who had served on their town’s energy commission elaborated on the impersonal feel of Company marketing:
“First-person accounts are more helpful than actors speaking in videos on the EnergizeCT website, which are not convincing. [The outreach] needs to be more personal, less packaged and slick. [The program] needs to deputize [local community groups] in better ways to do the work and compensate them.”
Interviewees also offered solutions to improving program marketing. Many were variations on the theme of empowering local community leaders and organizations to engage community members in word-of-mouth recommendations. One NRZ chair saw their organization as a useful vehicle for program marketing: 
“Community events are a good [solution, and] NRZs making it an agenda item, posting [about the program] on social media, or have workshop sessions available.”
Two other NRZ members, as well as a private contractor and town energy commission member, agreed that local organizations and institutions (e.g., social services, schools, and non-profits) were the most effective messengers for HES and HES-IE. One felt that recommendations from friends and family were effective because they are seen as trusted messengers:
“[These measures] tend to be best received by friends and family, someone you know saying, ‘I’ve done this. It worked. Here’s someone who can help.’ There are lots of things people don’t trust, like people knocking on their door selling solar. They don’t trust that the [Companies] are looking out for the best interest of the customer, or that the contractor who is most incentivized to sell a new piece of equipment is going to give them trusted and independent advice.”
Others added:
“If we want the right kind of people getting the message, it would be best to have really high-quality process control so that people do not wait 6, 9, 12 months to get insulation installed. If people are not willing to tell their friends about [their experience], something has already failed about the program.”
“[Outreach from] a local Energy Committee or Town Hall works better than if one of the Companies is the messenger.”
[bookmark: _Toc116989268][bookmark: _Ref117509976]Opportunities for Expanding Customer Engagement
Vendor and community stakeholder interviewees spoke about the challenges of participating in the program and how the program could better serve the diverse needs of customers in different communities.
[bookmark: Underserved]Underserved Customers
Several vendors and community stakeholders noted customer segments they believed were underserved by the program, including HES-IE or low-income customers, renters, moderate-income customers, Hispanic customers, Asian customers, the elderly, rural customers, and multifamily households.[footnoteRef:61]  [61:  Three vendors agreed that some customers could be underserved by the program but were unable to point to specific examples. One vendor did not believe that any customer segments were being underserved by the program. ] 

Renters
When describing specific reasons renters were underserved by the program, vendors and community stakeholders mentioned the following issues: 
The landlord needs to sign off before they visit the property or do any work in a rental property.
Tenants must also agree before they can go into a unit.
· Tenants and landlord may be unclear about the program requirements. 
The survey asked renters whether they had any issues getting permission from landlords to participate in the program; none of the HES (n=9) or HES-IE (n=36) respondents reported any such issues. The survey results do not necessarily support the conclusion that renters do not have issues with their landlords, given the selection bias in surveying those who successfully participated in the program.
Multifamily Households 
When describing specific reasons multifamily households were underserved by the program, vendors noted the following issues:
Program budget caps for each apartment in larger multifamily buildings.
The process for multifamily buildings often involves visiting a percentage of the units, conducting blower door tests, and submitting a plan to the utilities for approval.
One vendor noted:
“Single family [assessments are] straightforward. We just get their utility accounts and make sure they haven’t participated in the last three years. For multifamily assessments, we have to put in an application and get that approved, then sample some units and do testing. [We] also look into larger measures for the overall building. Then get quotes for the owner of the building and get those approved by the utilities to make sure the savings merit the incentive. Then go back to the customer and see if they want to move forward. It’s a long and tenuous process, with lots of different parties involved.”
Another vendor, who installs a variety of energy efficiency measures as well as audits, thought the program should return to the previous policy of allowing the vendors to determine which apartments should be air sealed and to provide a budget for the building based on averaging the amount to be spent on each apartment, rather than having budget caps on individual apartments:
“When you go into a multifamily building, the problem now is [the program specifies] how much air sealing you can do in each apartment. So, the apartment that has an opening to the outside of the house very rarely gets fixed. So, we go in there, we put in new windows, we put in mini splits, and the people will save energy. But in some apartments, it's still going right outside, because we weren't allowed to do the work we should have been doing.”
Low- and Moderate-Income Customers
Vendors mentioned the following issues with customers with low- or moderate incomes:
Difficulty in verifying income levels for HES-IE participation.
· Moderate-income customers do not qualify for HES-IE but still cannot afford most of the rebated measures recommended; as noted in Section 1.1.2, these customers also cannot afford health and safety barrier remediation. 
Due to strict income thresholds for qualifying for HES-IE, moderate-income customers on the margins may have difficulty accessing the HES program. A program stakeholder identified the importance of assisting these customers with weatherization and energy efficiency before their high energy costs propel them into a lower income bracket. 
Three community stakeholders said people who live paycheck-to-paycheck or work multiple jobs may have difficulty in finding time to schedule weatherization upgrades:
[Many people] can’t take time off from their job to stay home and wait for an audit. What is the program’s flexibility [for meeting the needs of these customers]? Could you have a night shift? [A] two-part visit if needed?”
One NRZ member suggested flexibility to schedule services during the weekend and/or on weeknights could help improve program uptake:
“Weekend or weeknight service would be great; that's when people are home. That’s when I do door-knocking [to reach neighbors about other community initiatives]. If [the Companies] take the time to do door-knocking and hear what people are feeling, that would be a great justice, for the [HES program] to figure out 'What do the people need?'”
A similar proportion of HES and HES-IE respondents (3% each) indicated they had difficulty finding the time in their schedule for the assessment. However, as customers who had difficulty scheduling the assessment would likely have been unable to participate, this finding could be artificially low due to selection bias.
Other Underserved Customer Segments
When describing specific reasons other customer segments were underserved by the program, vendors mentioned:
· Elderly customers were less likely to find out about the program and apply on-line.
Immigrants may be wary of programs such as HES and HES-IE, possibly due to house visits and data collection.
Fewer vendors willing to travel the necessary distance to rural customers’ homes.
Language barriers for customers with limited English proficiency.
According to a program document review, there were no Company marketing or application materials for non-English speakers looking to participate in HES. Where Spanish-language materials were available, they were limited to HES-IE customers. One vendor requested access to a language line to better serve their customers that do not speak English.
[bookmark: _Toc116989269][bookmark: _Toc129521344][bookmark: ProgDelivery]Program Delivery and Processes
Survey questions asked participants to rate their satisfaction of program elements. Vendors and program stakeholders discussed program processes and procedures, communication with program staff, assessment scheduling, and the inspection quality control process. 
[bookmark: _Toc112334923][bookmark: _Toc115298187][bookmark: _Toc116989270]Key Findings
· [bookmark: _Toc112334920][bookmark: _Toc115298184][bookmark: _Toc116989271][bookmark: _Toc112334924][bookmark: _Toc115298188]Overall, HES respondents were more satisfied with their program experience overall than HES-IE respondents (81% of respondents satisfied compared to 68% satisfied). For both HES and HES-IE participants, satisfaction about the energy savings that resulted from the assessment was the lowest-rated program element (61% and 65%, respectively). 
· On a scale from 0 to 10, where 0 was “not at all satisfied” and 10 was “very satisfied,” vendors rated their satisfaction with the program an 8.2, on average. Vendors attributed their own satisfaction to customer satisfaction with the program, positive relationships with program staff, clear program guidelines, and the program’s response to challenges posed by the COVID-19 pandemic.
· Only four of the seventeen vendors interviewed considered leads generated through the WISE USE hotline their primary source of customer leads. Vendors reported receiving customer referrals through partnerships with solar contractors, referrals from previous customers, and their company’s marketing efforts. 
· Customer uptake of virtual audits were limited; among HES and HES-IE respondents who had an energy assessment after March 2020, one-tenth or fewer said they completed a virtual audit. 
· Of the nine vendors who discussed their experience with virtual audits, eight expressed a negative view. 
· HES respondents who reported receiving a virtual audit had lower average program savings than other participants. 
· Program stakeholders acknowledged challenges in managing a diverse group of program vendors, many of which were trying to grow their workforce while maintaining quality control. While participants reported some issues with program vendors, they were generally satisfied; 84% of HES respondents and 75% of HES-IE respondents expressed satisfaction with the professionalism and service provided by the technicians. There was no statistically significant difference in participant satisfaction ratings across vendors. 
[bookmark: _Ref121386321]Satisfaction
Survey questions asked respondents how satisfied they were with various elements of their HES participation, using a 1 to 5 scale where 1 indicated “not at all satisfied” and 5 indicated “very satisfied.” Some elements only appeared to respondents for whom they were applicable. For example, the survey only asked about satisfaction with the “time it took to schedule the installation of recommended equipment or upgrades” if a respondent had verified (in a previous survey question) that they installed a rebated measure.
[bookmark: HESsatisfaction]HES Participants
HES respondents’ overall satisfaction with their program experience was 4.3 out of 5 (Figure 35). Contractors’ and technicians’ professionalism and service scored 4.4, as did the process of scheduling a home assessment. The lowest-scoring elements were related to assistance with health and safety barriers (4.0), the application process to receive rebates or incentives (4.0), the rebate or incentive amount (3.9), and energy savings from the home energy assessment (3.8).
[bookmark: _Ref118310115]Figure 35: Customer Satisfaction, HES
(Source: Participant survey; n=932 unless otherwise shown)
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Table 39 shows the percentage of HES respondents who gave satisfaction ratings for each program feature. 
[bookmark: _Ref119353115][bookmark: _Ref119353112]Table 39: Customer Satisfaction, HES
(Source: Participant survey)
	Features
	n1
	1
Not at all satisfied2
	2
	3
	4
	5
Very satisfied
	Average Rating

	Your overall experience with the HES program 
	928
	2%
	4%
	13%
	30%
	51%
	4.3

	Professionalism & service of the contractor that installed your additional upgrade/equipment
	659
	2%
	2%
	9%
	22%
	65%
	4.5

	Professionalism & service provided by HES technicians
	925
	2%
	2%
	12%
	20%
	64%
	4.4

	Process of scheduling a home assessment
	923
	2%
	3%
	11%
	26%
	58%
	4.4

	Time it took to schedule installation of additional upgrade/equipment
	655
	2%
	5%
	13%
	28%
	52%
	4.3

	Experience with the virtual audit
	21
	0%
	11%
	8%
	28%
	54%
	4.2

	Amount of the co-pay
	789
	4%
	5%
	16%
	25%
	50%
	4.1

	Application for financing
	97
	3%
	4%
	8%
	49%
	36%
	4.1

	Time it took to receive rebates
	468
	5%
	3%
	16%
	31%
	46%
	4.1

	Information provided about energy-saving opportunities 
	919
	2%
	6%
	18%
	30%
	44%
	4.1

	Assistance from technician after identifying hazardous material
	92
	5%
	4%
	23%
	22%
	46%
	4.0

	Application process for rebates
	477
	7%
	4%
	15%
	30%
	44%
	4.0

	Amount of rebate
	486
	6%
	7%
	18%
	31%
	39%
	3.9

	Energy savings from the assessment
	907
	3%
	8%
	27%
	28%
	33%
	3.8

	1 Sample sizes exclude those who said, “Not applicable.” 
2 Some percentages do not sum to 100% due to rounding.


HES participants rated their satisfaction of the energy savings from their home energy assessment an average of 3.8. Respondents who rated their satisfaction a 1 or 2 (11%) were asked to explain.[footnoteRef:62] One-half of respondents reported seeing no savings (31%) or no significant change (19%) in their utility bills; 3% of respondents reported that their bills increased after the assessment. Fewer than one in ten respondents (9%) did not see as much savings as they had hoped. Some respondents measured energy savings in terms of comfort; 7% of respondents experienced no change in comfort and 9% complained of poor quality weatherstripping or faulty air sealing. 	Comment by Williams, Kiersten M: Does this overlap with a rate increase? [62:  n=94; Excludes five participants who said, “I’m not sure.” Percentages sum to greater than 100%; multiple responses are allowed. ] 

[bookmark: HESIEsatisfaction]HES-IE Participants
HES-IE respondents’ overall satisfaction with their program experience was 3.9 out of 5 (Figure 36). The rebate and/or incentive amount scored highest (4.4), followed by the application process and the time it took to schedule add-on measure installation (4.3 each). Contractors’ and technicians’ professionalism and service scored between 4.1 and 4.3 depending on whether the survey asked about core or add-on measures. The three lowest-scoring elements all scored below the average. In decreasing order, they were the information technicians provided about energy savings (3.8), the assistance they provided after identifying hazardous material or unsafe conditions in respondents’ homes (3.7), and the energy savings from the home energy assessment (3.7).
[bookmark: _Ref118740388]Figure 36: Customer Satisfaction, HES-IE
(Source: Participant survey; n=276 unless otherwise shown)
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Table 40 shows the percentage of HES respondents who gave satisfaction ratings for each program feature.
[bookmark: _Ref119354315]Table 40: Customer Satisfaction, HES-IE
(Source: Participant survey)
	Features
	n1
	1
Not at all satisfied2
	2
	3
	4
	5
Very satisfied
	Average Rating

	Your overall experience with the HES program 
	267
	11%
	5%
	15%
	21%
	47%
	3.9

	Amount of rebate
	45
	0%
	1%
	9%
	36%
	54%
	4.4

	Application for financing
	16
	0
	1
	2
	3
	10
	4.3

	Time it took to schedule installation of additional upgrade/equipment
	183
	1%
	2%
	17%
	23%
	56%
	4.3

	Application process for add-ons
	48
	0%
	<1%
	18%
	32%
	49%
	4.3

	Process of scheduling a home assessment
	264
	3%
	2%
	13%
	27%
	54%
	4.3

	Professionalism & service of the contractor that installed your additional upgrade/equipment
	179
	6%
	5%
	7%
	22%
	61%
	4.3

	Time it took to receive rebates
	45
	0%
	4%
	15%
	34%
	47%
	4.2

	Professionalism & service provided by HES technicians
	266
	8%
	5%
	12%
	19%
	56%
	4.1

	Experience with the virtual audit
	2
	0
	0
	0
	2
	0
	4.0

	Information provided about energy-saving opportunities 
	262
	11%
	7%
	18%
	26%
	39%
	3.8

	Assistance from technician after identifying hazardous material
	64
	15%
	10%
	13%
	16%
	47%
	3.7

	Energy savings from the assessment
	255
	15%
	5%
	14%
	24%
	41%
	3.7

	1 Sample sizes exclude those who said, “Not applicable.” 
2 Some percentages do not sum to 100% due to rounding; counts shown where n <20.


HES-IE respondents rated their satisfaction with the energy savings from their home energy assessment an average of 3.7. Respondents who rated their satisfaction a 1 or 2 (20%) were asked why.[footnoteRef:63] Nearly one-half of respondents saw no bill savings (38%) or no significant change in their utility bills (9%), and six percent of respondents reported an increase in their bills. Fifteen percent of respondents did not experience any improvement in their home’s comfort. 	Comment by Emerick, Ma Romilee: Is it possible that respondents also experienced an increase in rates? [63:  n=33; Excludes seven respondents who said, “I’m not sure.” ] 

Vendor Satisfaction
On average, vendors rated their satisfaction working with the HES/HES-IE program an 8.2 out of 10, where 0 was “not at all satisfied” and 10 was “very satisfied.”[footnoteRef:64] Vendors who gave a rating above 8 most often cited program staff responding promptly to any requests, program information being clearly laid out, program staff being open to feedback from the vendors, and the program pivoting quickly to deal with the COVID-19 pandemic as reasons that led to their high satisfaction rating. One respondent experienced a high level of job satisfaction from using the program to help their customers: [64:  Some respondents provided a range of numbers for the rating; in these cases, the overall average uses the midpoint of the range.] 

“Pretty much everything is laid out in the field implementation manual - and you can usually just type up something and search in the implementation manual. The people who are in charge are all very nice and easy to work with. And then I think it’s a good program because customers really like it; you're helping them to save money and pointing out anything in their home that needs to be upgraded. So usually, 90% of the time you get really good feedback from people.”
Another vendor said:
[bookmark: _Hlk115950490][bookmark: _Int_khCaFFv9]“[From my company’s experience working in other states], I think the HES programs are probably some of the best programs in the country. They have the right staff there. They are receptive. So, if we have an issue, if something isn't working, it's generally fixed pretty quickly. They are open to feedback.” 
One of the respondents who gave a rating below eight cited long wait times for program staff to respond to phone calls or emails.
[bookmark: _Toc116989272]Assessment Scheduling
While most HES vendors accept leads on new customers from the program, new participants were primarily referred through word-of-mouth or from solar companies. Program participants can schedule a home energy assessment by calling the WISE USE hotline, contacting their utility, or scheduling with a vendor directly. Twelve of the 17 vendors interviewed mentioned receiving customer leads through the program, though only four vendors considered that a primary source of leads. Other common sources of leads were referrals by previous customers (nine respondents) and partnerships with solar vendors (seven respondents). One respondent offered previous customers an incentive for referring new leads to them. 
Nine vendors said they would occasionally turn down leads due to a lack of staff availability. Two vendors said they turned down leads if the home was too far away from their headquarters, and one vendor said they did so if the customer had participated in other programs and thus would have less energy savings potential.[footnoteRef:65]  [65:  In 2017, program vendor report cards take into consideration energy savings (in MMBtu) of all homes that received core services and the percentage of customers who install rebated measures following the assessment (2017 Field Implementation Manual). According to the 2019 Field Implementation Manual, vendors were only scored on the energy savings of homes receiving blower-door-guided air sealing; the percentage of homes that installed rebated measures were no longer taken into account (2019 Field Implementation Manual).] 

Overall, 84% of HES participants were satisfied with the process of scheduling an assessment.[footnoteRef:66] Respondents who gave a rating of 1 or 2 (5%) were asked why in a follow-up question:[footnoteRef:67] [66:  84% of participants rated their satisfaction with the program feature a 4 or 5 on a scale from 1 to 5, where 1 is not at all satisfied and 5 is very satisfied.]  [67:  n=41] 

· More than one-quarter of these respondents (27%) were dissatisfied that the vendor canceled or rescheduled. 
· One-fifth of respondents (20%) were dissatisfied with lengthy wait times to schedule an appointment.
· 15% of respondents mentioned poor customer service. 
· Two respondents (7%) had issues with getting an appointment through the WISE USE hotline. One of them said they eventually gave up and contacted vendors directly to schedule an appointment – a time-intensive process that most customers likely would not pursue. 
· The time and effort involved in scheduling as well as scheduling difficulties due to participant schedules, vendor availability, and delays caused by the COVID-19 pandemic were mentioned by two respondents each. 
Overall, most HES-IE participants (81%) were satisfied about the process of scheduling an assessment (see Satisfaction).[footnoteRef:68] Respondents who gave a rating of 1 or 2 (5%) were asked why in a follow-up question:[footnoteRef:69]  [68:  81% of participants rated their satisfaction with the program feature a 4 or 5 on a scale from 1 to 5, where 1 is not at all satisfied and 5 is very satisfied.]  [69:  n=6; Four respondents who said “don’t know” are excluded.] 

· Two respondents each were dissatisfied with lengthy wait times to receive an appointment or that the vendor rescheduled or canceled their appointment. 
· One respondent cited poor customer service and said they had to make repeated calls to receive an appointment. 
· Another respondent was disappointed they had to take the day off from work to accommodate the vendor’s schedule. 
[bookmark: _Toc112334925][bookmark: _Toc115298189][bookmark: _Toc116989273][bookmark: VirtualAudit]Virtual Pre-Assessments
After the COVID-19 pandemic paused on-site visits beginning in March 2020, the Companies offered a virtual pre-assessment (virtual audit) option when the program resumed offering home energy assessments in the summer of 2020. While participants were generally satisfied (see Satisfaction), participation was limited; only 12% of the 178 HES respondents and two of the 27 HES-IE respondents who had a home energy assessment after March 2020 reported having a virtual pre-assessment.
HES participants who self-reported receiving a virtual audit appear to have achieved lower savings than other participants, with average savings of 7.7 MMBtu associated with their program participation, compared to 10.3 MMBtu for participants who received an assessment after March 2020 but did not report having part of their assessment conducted virtually.  
Of the nine vendors that indicated they had experience with virtual audits, only one respondent had a positive experience, while the other eight provided negative feedback.[footnoteRef:70] Several vendors mentioned there was still an in-person component to the virtual audits and that they would always need to go to the home to gather data properly. According to one vendor: [70:  In addition, two vendors had heard of virtual audits but had not conducted any, and the remaining six vendors did not respond to this question due to time constraints during the interview.] 

“At the end of the day, you have to go [to the home] anyway to finish the audit. The [customer simply does not have the building science expertise] that my guys are trained for. So even if you're holding a phone or an iPad up, [you will miss a lot of things]. They might not know to look for mold. And the customer cannot check for a gas leak.” 
One vendor expressed frustration that several customers who had received a virtual audit had not called back to schedule the in-person visit to complete the assessment. One vendor experienced spotty internet service that complicated the delivery of the virtual audit and another thought that the program did not adequately compensate vendors for the effort involved with completing a virtual audit. 
However, one vendor was in favor of virtual pre-assessments:
“Maybe 15% of people going through the program opt for the virtual pre-assessment. It's great. Especially when there's a relatively long wait for the in-person services, they can [still] learn more about their home. It's educational. We send them a few energy saving measures, right then and there. And again, probably the most beneficial [part] is that you know what [health and safety issues] are in that house that maybe they can get a head start on before we get out there. But like I said, we're probably talking about 15% of houses.”
Ten percent of HES respondents and less than 1% of HES-IE respondents who received an assessment after March 2020 said they were concerned about exposure to COVID-19. 
[bookmark: _Toc116989274]HES Co-Pay
Throughout the study period, the co-pay increased from $124 in 2017, to $149 in 2018 ($174 for oil and propane-heated homes), and eventually decreased to $75 for all fuels in 2020.[footnoteRef:71]  [71:  Conservation, Load, and Management (CL&M) Plans, 2016-2018 and 2019-2021. ] 

Three-quarters of HES participants (75%) were satisfied with the amount of the co-pay (see Satisfaction).[footnoteRef:72] Respondents who rated their satisfaction a 1 or 2 (9%) were asked why:[footnoteRef:73]  [72:  75% of participants rated their satisfaction a 4 or 5 on a scale from 1 to 5, where 1 is not at all satisfied and 5 is very satisfied.]  [73:  n=49; Excludes 11 respondents who said, “I don’t know.” ] 

· More than one-third of respondents (36%) reported they were so dissatisfied by their experience with the assessment that the co-pay felt like a waste of money. 
· A similar number of respondents (37%) said the co-pay was too high; two of these respondents indicated they had previously received an assessment through the program when the co-pay was lower.[footnoteRef:74]  [74:  Customers can qualify to receive an HES assessment every two years. Customers with records of multiple assessments in our sample were asked about their experience with the more recent assessment. ] 

· Nearly one-fifth of respondents (18%) thought the assessment should be free; one of these respondents specified that the co-pay should be waived for senior citizens. One of these respondents mentioned a similar program in Massachusetts that has no co-pay.[footnoteRef:75]  [75:  Mass Save advertises a “no-cost home energy assessment.” Unlike the Energize Connecticut HES/HES-IE program, the Mass Save assessment does not include air sealing or the installation of light bulbs. Mass Save, “What is a Home Energy Assessment?” https://www.masssave.com/residential/programs-and-services/energy-assessments/what-is-a-home-energy-assessment. Accessed December 2022. ] 

· One respondent felt it was unfair to have to pay more for the assessment because they had oil heating (an additional $25 surcharge). 
· Another respondent indicated that they had received a co-pay waiver due to financial difficulties, but miscommunication with the vendor caused confusion at the assessment and they were asked to pay.[footnoteRef:76]  [76:  One respondent attributed the low rating to not giving out perfect scores and another realized the co-pay amount, while high, likely could have been higher. ] 

Although the amount of the co-pay changed over the study period (2017 to 2020), satisfaction with the amount of the co-pay did not vary significantly across Conservation, Load, and Management (CL&M) plan years. HES customers who were unable or unwilling to pay the co-pay face a barrier to participation and are not reflected in the findings of the participant survey.
Assessment Length
Vendor estimates for how long it took them to do an on-site assessment ranged from one to six hours,[footnoteRef:77] with an overall average of 3.6 hours. Three vendors noted that the audit time had increased due to safety precautions necessitated by the COVID-19 pandemic, with one estimating the new protocols added one to 1.5 hours to their audits. While one vendor wanted to increase the time spent on-site by having a more detailed discussion of the findings with the customers, most vendors offered suggestions on shortening audit times: [77:  It is likely that the respondents with the shorter times excluded any “kitchen table wrap-up" sessions from their estimates.] 

· Vendors cited the initial visit orientation, combustion appliance testing, separating sales pitches from the audits, and the DOE Home Energy Score as areas that could be modified to shorten the audit times. Regarding appliance combustion testing, one vendor said:
“[Some houses in New England have up to 15 appliances eligible for] the combustion and safety test. And if you have to do a combustion and safety test on all 15 of them, the day is over by the time you’re done.”
· Similarly, three vendors suggested audits could be improved by simplifying duct blaster tests. One respondent elaborated on the need to test duct leakage to the outdoors:
“One of the things that we would like to see changed is when we do the duct blaster test on any ductwork, we are not checking for leakage to the outside, just the total duct leakage in the house. Even if the system has ductwork that is in conditioned space, it's not operating efficiently if the air is not flowing where it needs to go.”
· Another vendor shared that they spend time at the start of their visit explaining the program, what they would be doing in the home, and getting the customer to sign off. They suggested the utilities send customers a video with this information in advance to reduce the length of the audit. 
While participants were not directly asked to rate their satisfaction with the length of the assessment, three HES respondents volunteered their opinions in another open-ended question. Three HES respondents said that the assessment was not thorough enough, while two thought the assessment took too long.[footnoteRef:78]  [78:  Survey questions asked participants to rate their satisfaction with elements of the program. Respondents who expressed dissatisfaction (a rating of 1 or 2 on a scale from 1 to 5, where 1 is “not at all satisfied” and 5 is “very satisfied”) were asked to explain why. Some respondents used this opportunity to identify specific issues outside of the prompt.] 

[bookmark: _Toc112334926][bookmark: _Toc115298190][bookmark: _Toc116989275]Program Communication and Data Sharing
Program stakeholders and vendors described how program staff support vendors and communicate program updates. Program stakeholders described twice-annual meetings with program vendors, where the gathered group can give feedback and program staff can provide information about incentives, assessment procedures, supported measures, and other program updates. Vendors also provided feedback on program staff responsiveness to questions or concerns and their experience with the mobile data tool used during the assessment.
[bookmark: VendorProgComm]Program Communication
When asked about their interactions with the Companies, some vendors noted that they were generally satisfied and that communications with the program had improved recently.[footnoteRef:79] The general feedback from respondents was positive, with one vendor noting: [79:  For context around the timing of improvements, consider that vendor interviews were conducted June 2021 to January 2022.] 

“Everybody is willing to assist. So, it's not a problem. You know, if [my program contact] can't help me, they refer me to somebody else, but it’s never like you’re on your own.”
[bookmark: _Int_Fy9dFNhl][bookmark: _Int_q1PAjvf1]However, other vendors believed the Companies were understaffed, and one noted that there had been a considerable amount of staff turnover resulting in the need to communicate with many different people. Vendors also reported the following specific program communications issues:
· Invoices not paid promptly
· Inadequate communication when the program is running out of funds 
· Difficulty obtaining customer materials such as handouts
· Lack of coordination in handling customer complaints
Vendors suggested communication could be improved by providing more training for program staff or by holding regular meetings to discuss program changes and other issues. They expressed concern that program changes communicated via email may not be read promptly during busy periods. 
[bookmark: VendorMobileTool]Mobile Tool
Vendor interviewees had mixed reactions to the mobile tool used for on-site data entry. Five respondents believed it generally worked well; in particular, one respondent noted that the mobile tool made it easy to review data and keep track of what their technicians did in the field.  
Six vendors had more negative feedback about the mobile tool:
Five respondents found the manual data entry process burdensome.
One respondent noted that they had lost the data they entered.
One respondent thought they had to wait too long for the tool to sync.
In suggesting improvements for the mobile tool, one respondent recommended the tool provide an option to enter custom recommendations, such as properly venting the bathroom fan and installing a new condensate pump for the air conditioning system.
[bookmark: _Toc116989276][bookmark: VendorInspect]Inspection and Quality Control
Program stakeholders received varied feedback from program vendors about the quality control and inspection process in which a third-party program inspector evaluates vendor performance during an on-site inspection. Vendors are evaluated using a Quality Inspections form which covers safety, customer service, and measures. After each inspection, they receive the Program Inspection Report and the score is updated on the Vendor Scorecard.
Two vendors reported they were generally happy with the field inspection process and the feedback it provided for technicians. However, most vendors offered suggestions for improvement:
The most common issue, mentioned by eight vendors, was concern with the inspector trailing the technician too close for comfort in the home and trying to find mistakes. One noted: 
“I think it would be better [if the vendors and inspectors] communicate better... it would definitely help the program if the inspector and the contractor work as a team as opposed to against each other.”
· Three vendors brought up the issue of inspections disrupting their schedules by lengthening the assessment time and, in some cases, delaying audits due to conflicts with the inspector’s schedule. 
· Two vendors believed inspectors knew less about the program than the technicians.
· One vendor wanted to keep inspectors from talking while customers were present.
· Another vendor noted the inspection could cause confusion for some customers: 
“Sometimes the customers don’t get [that] there's two guys coming into their house. I just tell my guys to make it clear that [the inspector] is a separate company because we don’t want them to think that they're with us and get blamed [when] there’s something the customer doesn’t like. It’s difficult for our guys; one of my customers was confused because the inspector was making suggestions that totally conflicted with what my crew chief was saying.”
· One vendor noted that the inspections would be most useful to them if they were done on a sample of homes for each crew in the field, rather than a sample of homes for each vendor.
Five vendors felt that inspection reports were a useful training tool for technicians. However, four vendors felt it was inconvenient to obtain the inspection reports, which required logging into the tracking system to see the reports. These vendors would prefer to either receive the reports by email or be notified when the reports are available to view. 
Nine of thirteen vendors who commented on the program’s process for resolving any issues identified by an inspection were satisfied. Three vendors believed dispute resolution took too long; one noted that it was challenging to reach program staff by email. Another vendor believed the inspection company was getting back at them for filing a dispute by increasing the number of inspections on their projects. 
[bookmark: TechPerform]Technician Performance
HES respondents rated their satisfaction with the professionalism and service provided by the technicians an average of 4.4 on a scale from 1 to 5, where 1 is “not at all satisfied” and 5 is “very satisfied;” this was one of the highest-rated program features (see Satisfaction.). Respondents who gave a rating of 1 or 2 (4%) were asked to elaborate.[footnoteRef:80] They most commonly cited a lack of professionalism (26% of respondents), sloppy work and/or poor-quality workmanship (24%), and damage to their home (24%).[footnoteRef:81] Another 17% of respondents were disappointed with the amount or quality of information they received from the technician, with some reporting that the technician rushed through the kitchen table wrap-up or did not provide any documentation about the assessment. Other issues included poor customer service (three respondents), technicians arriving late or unprepared (two respondents), and poor communication (one respondent).  [80:  n=38; Excludes four respondents that gave non-applicable answers or said, “I’m not sure.”]  [81:  Multiple responses permitted. ] 

HES-IE respondents rated their satisfaction with the professionalism and service provided by the technicians an average of 4.1 (see Satisfaction). Respondents who gave a rating of 1 or 2 (13%) were asked to elaborate.[footnoteRef:82] These respondents reported technicians who behaved unprofessionally (16%), arrived late or unprepared (16%), did not provide adequate information about the assessment (12%), performed poor quality work (12%), and/or caused damage to their home (12%).  [82:  n=25; Excludes four respondents that gave non-applicable answers.] 

Customer satisfaction did not vary meaningfully by vendor. 
[bookmark: _Toc129521345][bookmark: _Toc112334930][bookmark: _Toc115298194][bookmark: _Toc116989277][bookmark: DriverBarrier]Health and Safety Barriers
Survey questions asked respondents whether technicians had notified them of any hazardous material or unsafe conditions during their home energy assessments. Based on program tracking data and their responses to these questions, some survey respondents saw follow-up questions about specific health and safety barriers and asking whether they had remediated any hazardous material or unsafe conditions or had made plans to do so. Respondents who reported no remediation saw additional questions about what may have prevented them from doing so.
Vendor and community stakeholder interviewees also weighed in about health and safety barriers. Vendors described how often they encountered barriers that prevented them from conducting energy efficiency services, whether that varied between HES and HES-IE participants, and whether they provided customers with resources about next steps and/or remediation. They also described whether they thought the program did an adequate job of supporting customers and vendors when they identified these barriers. Community stakeholders described people’s concerns about remedying health and safety barriers in their homes, and what options they knew of for customers to do so. Program stakeholders also weighed in on the extent to which health and safety barriers prevent measure installations.
Following public planning workshops and input sessions in 2020 and 2021, DEEP announced an upcoming Statewide Weatherization Barrier Remediation Program to be operated by the International Center for Appropriate and Sustainable Technology (ICAST). The program is meant to address mold, asbestos, and other health and safety barriers—issues which participant survey respondents, vendors, and community stakeholder interviewees all touched upon. Due to the timing of this study, interview questions did not address vendor and stakeholder opinions on the new program.
Key Findings
· Thirteen of the seventeen vendors interviewed provided estimates of how often health and safety barriers prevent them from providing services, ranging widely from 2% to 40% of all jobs. According to the program tracking data, 7% of HES and 19% of HES-IE participants had a health and safety barrier. Vendor experience with barriers could vary depending on customer segment served or their pre-screening process for identifying barriers.
· Moderate income HES participants had higher rates of health and safety barriers than other HES participants. Ten percent of households with incomes falling within 60% to 80% AMI had asbestos or vermiculite insulation, compared with 6% of households with incomes greater than 80% AMI.  
· Only two of the ten vendors who discussed their experience with the pre-screening process thought it was helpful in identifying health and safety barriers before arriving at a customer’s home for the assessment. 
· Four in ten HES-IE respondents with asbestos (41%) and three of ten HES-IE respondents with mold who did not pursue remediation said they could not afford to do so. One in four HES respondents with asbestos or vermiculite insulation (22%) or mold (one of four respondents) cited cost as the reason they did not remediate after being notified about the issue by the technician. Vendors noted the cost of remediation was a high barrier for their customers, who often left health and safety issues unaddressed. 
· Community stakeholders echoed program participants and vendors in describing remediation options for health and safety barriers being scarce, unaffordable, and/or opaque to people in the communities they serve, leading to negative experiences with HES and HES-IE. They described speaking to program participants left confused as to why technicians made no upgrades, or what options they had for remediation. 
Prevalence of Health and Safety Barriers
According to the program tracking data, asbestos and mold were the most frequently cited health and safety barriers among the population of program participants in 2017-2020 (Figure 37). Income-eligible households had a higher incidence of health and safety barriers than HES households.
[bookmark: _Ref122189998]Figure 37: Prevalence of Health and Safety Factors, Population (2017-2020)
(Source: Program tracking data)
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Figure 38 shows the incidence of health and safety barriers in program tracking data among participants sampled for participant survey outreach. Among sampled HES participants, asbestos was more prevalent (9%) than mold (1%). The prevalence of asbestos among sampled HES-IE participants (16%) was higher than the population (11%), as was mold prevalence (7% compared to 5%). See B.2.1 for additional details about the sample plan, which primarily oversampled for low-incidence measures to reach a sample size adequate for 10% relative precision at the 90% confidence level. The sampling plan secondarily oversampled for customers with health and safety barrier flags; however, this sampling was conducted without a strict statistical precision target.
[bookmark: _Ref122190092]Figure 38: Reported Prevalence of Health and Safety Factors, 
Sampled Participants
(Source: Program tracking data)
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Overall, 12% of HES survey respondents and 31% of HES-IE respondents reported having a health and safety barrier in their household. Figure 39 shows the health and safety barriers reported by survey respondents. Percentages differ from those in Figure 38 due to the nature of self-reported data collected up to several years after a respondent may have received the assessment. Some respondents could not recall hearing about the issue recorded in the tracking data, while some respondents reported an additional or unrecorded health and safety barrier. Health and safety barriers disproportionately affect low-income customers; nearly one-quarter of HES-IE respondents (23%) reported having asbestos and/or vermiculite insulation in their homes, compared to 7% of HES respondents. 
[bookmark: _Ref122190138]Figure 39: Reported Prevalence of Health and Safety Barriers
(Source: Participant survey)
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Moderate income HES participants had higher rates of health and safety barriers than other HES participants. Ten percent of households with incomes falling within 60% to 80% AMI had asbestos or vermiculite insulation, compared with 6% of households with incomes greater than 80% AMI.  
Thirteen of the seventeen vendors interviewed provided estimates of how often health and safety barriers prevented them from providing services. The estimates ranged from 2% to 40% of all assessments[footnoteRef:83]. Four respondents noted that health and safety barriers were more common among HES-IE than HES customers and one respondent thought the incidence was about the same for both groups. Program tracking data bears out vendors’ experiences with higher health and safety barrier prevalence among HES-IE customers. [83:  Two vendors estimated health and safety barriers prevented services 40% of the time; one worked only with HES and the other worked with both HES and HES-IE customers. This estimate is much higher than the health and safety barrier incidence rate recorded in program data. ] 

Interviewees anecdotally mentioned some of the barriers they tended to encounter: mold and asbestos most often, followed by gas leaks, and failed combustion zone appliance testing. Interviewees also mentioned open wall construction, knob and tube wiring, hoarding, and high levels of CO2.
Figure 40: Hazardous Material and/or Unsafe Conditions Vendors Reported
(Source: Vendor interviews; n=10; multiple responses allowed)
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Asbestos or Vermiculite Insulation
HES respondents were more likely than HES-IE respondents to recall the technician telling them about asbestos or vermiculite insulation found during the assessment. Fewer than half of the HES-IE respondents with asbestos or vermiculite insulation recorded in the program tracking data recalled hearing about it from the technician (Tracked NOT self-reported, Figure 41). One percent of HES respondents and two percent of HES-IE respondents self-reported the presence of asbestos or vermiculite insulation. 
[bookmark: _Ref122190205]Figure 41: Participant Recollection of Asbestos or Vermiculite Insulation Found During Assessment
(Source: Participant survey and program tracking data)
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Among respondents who recalled the technician discussing the asbestos or vermiculite insulation found during the assessment (Tracked AND self-reported and self-reported, Figure 41), nearly one-third of HES and HES-IE respondents (31%, respectively) pursued remediation. Of the remaining respondents who did not remediate, more than one-half of HES respondents (56%) chose not to do so because the asbestos or vermiculite insulation was contained in an area of the house that was not harmful to the occupants (Figure 42). Nearly one-quarter of HES respondents (22%) and 41% of HES-IE respondents did not pursue remediation because they could not afford it, while nearly one-third of HES-IE respondents (27%) said their landlord had not approved the remediation. 
[bookmark: _Ref122190263]Figure 42: Reasons for Not Remediating Asbestos/Vermiculite Insulation
(Source: Participant Survey)
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Mold
Overall, 1% of HES respondents and 4% of HES-IE respondents reported that mold was found in their homes during the assessment. However, recall of the issue varied; nearly half of HES-IE respondents (45%) with mold in the program data did not recall the technician informing them about it during the assessment (Figure 43). 
[bookmark: _Ref122190294]Figure 43: Recall of Mold Found During Assessment
(Source: Participant survey and program tracking data)
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Twelve of nineteen HES respondents and 30% of 25 HES-IE respondents either removed or removed and remediated the source of the mold. Among respondents who did not remediate, the most common barrier was affordability (Figure 44).
[bookmark: _Ref122190329]Figure 44: Reasons for Not Remediating Mold 
(Source: Participant survey)
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Pre-Screening Process
Ten vendors weighed in on the pre-screening process for identifying health and safety barriers. Two respondents thought it was quite helpful, identifying issues such as mold which customers could easily see in their homes. One respondent noted that they would explain in detail what was allowable to the customer, getting as technical as possible during the pre-screening to reduce cancellations.
However, five respondents thought the pre-screening process was only helpful some of the time and three thought it was never helpful. One respondent noted that they routinely send customers an email with examples of mold, asbestos, open-wall construction, and other health and safety barriers as part of the pre-screening and scheduling process, yet they still encountered barriers that prevented an assessment from moving forward at an estimated 10 to 15% of appointments. 
Two respondents noted that expanding virtual pre-screening (guided video calls with a technician) could help identify health and safety barriers before a home visit, but that customer willingness and vendor staff availability might limit that approach.
Remediation
Nearly half of HES respondents (40%) and half of HES-IE respondents (50%) with a health and safety barrier recalled technicians providing them with remediation options and/or a list of qualified third-party remediation contractors.
Figure 45: Respondents that Recall Receiving Remediation Information
(Source: Participant survey)
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After identifying a health and safety barrier, twelve vendors noted that they refer customers to other vendors or programs that can help them with remediation, while one vendor offered remediation services themselves. However, vendors said that many customers could not afford to deal with health and safety barriers, and they were often not addressed.[footnoteRef:84] One vendor noted: [84:  Fourteen of the vendors addressed health and safety barrier remediation; one vendor did not specify how they informed customers of remediation options.] 

“[The] only thing we can do is educate the customer on the problem and do the limited amount of work we’re allowed to do. We refer them to companies that can do it, but it’s very expensive and the program doesn’t offer anything to support that. Not just IE, but HES customers can’t afford that either most of the time.”
Similarly, another vendor noted that asbestos removal could cost as much as $15,000 and most of their customers could not afford that. A few vendors suggested looking to state or federal agencies for funds that could be used to address these barriers, or at least offer customers a rebate for remediation.
Five of the ten community stakeholder interviewees commented on their communities’ concerns about their ability to remedy health and safety issues in their homes. One community stakeholder who served on their town’s energy commission tied these concerns back to their community members’ already-high energy burdens:
“Vendors that I know run across this all the time. One vendor said with 30% of the leads they get, when they get to the house, they find a health and safety barrier and that’s the end of the story. The options people have to get that remediated are extremely low. You can take out a loan [that has interest rates comparable to credit cards] and have your asbestos removed. But who can afford that if you’re struggling already?”
Another community stakeholder interviewee who served on their town’s energy commission noted that the issue is widespread:
“It’s not just our community. The barriers we’ve identified are statewide. That’s why we’ve lobbied as much as we have. Progress towards the goals of energy efficiency in that sector is not being met. And this is one of the key issues: health and safety. These people drop off a cliff [after their barrier is identified by the program]. They don’t get help.”
Satisfaction with Information about Remediation
HES respondents with a health and safety barrier rated their satisfaction with the assistance provided by the technician after identifying the unsafe material or hazardous condition in their home a 4, on average (see Satisfaction). Nine percent of respondents who had a health and safety barrier respondents rated their satisfaction a 1 or 2: [footnoteRef:85] [85:  n=9; Two of the respondents said, “I’m not sure.”] 

· Three respondents cited a lack of clear information or follow-up about the issue. 
· Two respondents reported misunderstandings between the technician and respondent about why the health and safety issue affected the services offered by the HES program. 
· One respondent did not recall receiving a list of qualified remediation contractors.
· Another respondent said they would have liked the technician to provide information about financial assistance for remediation. 
HES-IE respondents with a health and safety barrier rated their satisfaction a with the assistance provided by the technician a 3.7, on average (see Satisfaction). One-quarter of respondents (25%) who had a barrier respondents rated their satisfaction a 1 or 2: [footnoteRef:86] [86:  n=12; One respondent expressed general disappointment with their technician and the other two respondents said, “I’m not sure.”] 

· Five respondents said that they did not receive information about remediation options or qualified contractors from the technician. 
· Two of the respondents were disappointed to learn their barrier could not be easily remediated.
· One respondent with a leaky roof said they pointed out the issue to the technician during the assessment.
· One respondent said the technician found carbon dioxide in an unused fireplace, but the fire department could not find the source of the leak. 
Remediation for HES-IE Customers
One program stakeholder noted that Connecticut was unique in its lack of flexibility to combine Low-Income Energy Assistance Program (LIHEAP) funds with WAP funds to expand energy efficiency measures and services on offer to eligible customers. They described a process similar to vendors’ and community stakeholders’ experiences when vendors identify a health and safety barrier in customers’ homes. Vendors can refer customers to state or local programs that may help with remediation, along with a notice of deferral that the energy efficiency work can continue pending prompt remediation (60 days); however, remediation options are scarce.
One interviewee who worked for an organization that develops affordable housing and conducts homeowner education explained how they had seen health and safety barriers lead to overall negative experiences with the program:
“People made it clear they didn’t value what happened [during their site visit] and thought it wasn’t enough. I’ve come to understand they probably had a health and safety barrier but didn’t really understand it. I think a lot of the residents that were denigrating the program didn’t understand why so little happened. The problem was that there weren’t a lot of options for getting the barriers remediated. I can’t really speak for the vendors, but I don’t know how thorough they were in explaining the barriers. People may have misinterpreted this as ‘These guys just don’t want to do anything’. Or it is possible the vendors did not want to frighten the customer. I don’t know what happened, but [to the community I serve], the program was often undervalued, and still is.”
Where health and safety barriers were not top of mind, one interviewee who serves as a NRZ chair mentioned it was because other concerns superseded them, including access to basic needs such as affording rent, utilities, and food for their families.
The Statewide Weatherization Barrier Remediation Services Program launched by DEEP in 2022 is designed to serve 1,000 low-income customers in its first year.[footnoteRef:87] Nearly 70% of HES-IE survey respondents with asbestos or vermiculite insulation found during their assessments (2017 to 2020) indicated they had not yet pursued remediation. This finding indicates there are nearly 4,500 single-family HES-IE households that may be waiting for remediation services for a single weatherization barrier (asbestos or vermiculite insulation), not counting any multifamily households or households with barriers who received assessments in 2021 or 2022.  [87:  Department of Energy and Environmental Protection (DEEP). June 23, 2022. “DEEP Launches ICAST Partnership to Deliver Weatherization Barrier Remediation Services to Connecticut Families.” https://portal.ct.gov/DEEP/News-Releases/News-Releases---2022/DEEP-Launches-ICAST-Partnership-to-Deliver-Weatherization-Barrier-Remediation-Services. ] 

[bookmark: _Toc129521346]Drivers and Barriers to Additional Savings 
Beyond the core measures conducted during the assessment, participants can opt to install rebated (HES) or add-on (HES-IE) measures to achieve additional savings. Technicians introduce these opportunities to customers during the kitchen table wrap-up at the end of the assessment. The survey asked participants who did not receive air sealing during the assessment or install HVAC, insulation, or water heaters following the assessment to elaborate on their decision and suggest solutions to overcome these barriers. 
[bookmark: _Toc116989278][bookmark: _Toc112334931][bookmark: _Toc115298195]Key Findings
· HES respondents reported installing heat pumps at lower rates than other HVAC equipment following their assessment. Self-reported rates of heat pump installation ranged from 1% to 5%, compared to 8% to 15% for boilers, furnaces, and central air conditioners.[footnoteRef:88] However, several vendors indicated that they install heat pumps as well as conduct assessments, or plan to in the future, and expressed optimism over the growing interest in heat pumps.  [88:  Program tracking data was not available for these measures, so the efficiency of these self-reported measures is unknown.] 

· Nearly two-thirds of HES-IE renters (62%, n=47) and one of nine HES renters cited lack of permission from their landlord as barriers to air sealing and/or installation of insulation, HVAC equipment or water heaters following the assessment.
· Four out of six community stakeholders who commented on program barriers brought up issues between landlords and tenants as an important barrier to program participation. The perspectives of these customers are not likely to be reflected in the participant survey.  
· Asbestos and/or vermiculite insulation was the top barrier to air sealing cited by respondents who did not receive blower door-guided air sealing. 
· When asked what their utility could do to address barriers to installing insulation, HVAC equipment, water heaters, and/or air sealing, HES-IE respondents most often requested to be provided with more information about energy savings from these measures.
· Insulation is the most commonly installed rebated or add-on measure, according to program tracking data and as reported by survey respondents (25% of HES respondents and 26% of HES-IE respondents). More than one-quarter of HES respondents (28%) who did not install insulation said it was too expensive; respondents suggested increasing the rebate amount (23%) and offering additional financing options (17%).  
Kitchen Table Wrap-Up
The field implementation manual instructs technicians that the kitchen table wrap-up is an important tool for customer education about energy efficiency, a critical component of both programs. The lead technician summarizes the work completed during the assessment, provides a customer report, and reviews the Print on Demand (“POD”) booklet that describes rebates, financing options, and recommendations to install deeper energy-savings measure.[footnoteRef:89]  [89:  The 2019 HES/HES-IE Field Implementation Manual indicates that a comprehensive HES Customer Report was coming soon for HES-IE customers; in the meantime, HES-IE respondents received a hard copy report. If HES-IE customers are eligible for rebates, the program mails them rebate forms within two weeks of their assessment.] 

HES respondents were significantly more likely than HES-IE respondents to recall receiving the POD booklet from their technician during the kitchen table wrap-up (Figure 46).
[bookmark: _Ref119870135]Figure 46: Participants Receiving Booklet Outlining Services
(Source: Participant Survey)1
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*Significantly different HES-IE at the 90% confidence level.
1 Percentages do not sum to 100% due to rounding.
HES respondents rated their satisfaction with the information provided to them about the energy savings opportunities associated with the program a 4.1 (see Satisfaction). The 8% of respondents who rated their satisfaction a 1 or 2 were asked why:[footnoteRef:90]  [90:  n=57; Excludes ten respondents who said “I’m not sure” or gave non-applicable responses.] 

· Respondents expressed concerns that the technician was not informative (23%), did not provide any information (18%) or recommend any energy-saving opportunities (7%), or did not address their concerns (5%). 
· One respondent received an outdated booklet with rebate forms that had expired the year prior. 
· Nearly one-fifth said the assessment in general was not very informative (18%).
HES-IE respondents rated their satisfaction with the information provided to them about the energy savings opportunities associated with the program a 3.8 (see Satisfaction). The 18% of respondents who rated their satisfaction a 1 or 2 were asked why:[footnoteRef:91]  [91:  n=34; Excludes two respondents who said “I’m not sure” or gave non-applicable responses.] 

· Most of these respondents said they did not receive any information about additional energy savings (50%) or were not provided with any recommendations by the technician (12%). 
· One-fifth of respondents (21%) said the assessment was not very informative. 
· Two respondents said they could not afford to make any additional upgrades. 
· One respondent said they received incorrect information. 
· Some respondents explained that they did not receive any follow-up from the vendor or from their utility after contacting program staff for assistance.
One HES-IE vendor expressed concern that that HES-IE customers were less engaged in the kitchen table wrap-up because they did not have a co-pay associated with program participation. While the Community Action Agency (CAA) is responsible for signing up HES-IE participants, they subcontract to vendors who complete the assessments. This can lead to some confusion on the part of HES-IE customers about which contractor is responsible for providing information or follow-up services.  
[bookmark: _Toc116989279][bookmark: AddMeasInstall]Additional Measure Installation
Survey questions asked respondents whether technicians had discussed any recommended rebated or add-on energy upgrades after completing the home energy assessment and checked whether respondents had installed any rebated or add-on measures they might have been eligible for which were not present in program tracking data.[footnoteRef:92] For any such installed measures, follow-up questions asked respondents why they had made the upgrades. [92:  The number of respondents who saw each measure option varies because the survey only showed measures not present in each respondent’s program tracking data.] 

HES Participants
Nearly two-thirds of HES respondents (65%) said technicians discussed recommended rebated energy upgrades after completing the home energy assessment (Figure 47).
[bookmark: _Ref116391497]Figure 47: Technicians Discussed Additional Recommended Upgrades, HES
(Source: Participant survey; n=932)
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According to the Connecticut Statewide Energy Efficiency Dashboard,[footnoteRef:93] technicians most commonly recommended appliances (61%) to HES participants, followed by HVAC (58%), insulation (40%), water heaters (31%), and windows (4%) from 2017 to 2020 (Figure 48). HES participants most commonly installed installation (13%), followed by HVAC equipment (8%). Recommendation rates for HES participants who responded to the survey were not available in the program tracking database; however, they are likely higher than the program average because the study oversampled participants with rebated measures (see section Satisfaction). The data in Figure 48 is reproduced from the Statewide Energy Efficiency Dashboard; the study did not receive data on recommendations made to individual participants. [93:  Energize CT. “Statewide Energy Efficiency Dashboard.” https://energizect.com/eeb-statewide-energy-efficiency-dashboard. Accessed November 2022. ] 

[bookmark: _Ref119324875]Figure 48: Recommendation and Installation Rates of Rebated Measures, HES (2017-2020)
(Source: Statewide Energy Efficiency Dashboard) 
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Figure 49 shows which measures HES respondents most commonly installed as rebated measures. Tracked AND self-reported indicates that the measure was reflected in the tracking data and the respondent confirmed it had been installed, while tracked NOT self-reported indicates the measure was in the tracking data, but the respondent did not recall the installation. As some measures in the tracking data were not associated with customer addresses,[footnoteRef:94] the survey asked respondents to self-report whether they had installed any of the rebated measures following the assessment.  [94:  In some cases, the installation contractor’s contact information was associated with the measure, or the customer received an instant discount for the measure (e.g., water heaters). ] 

Similar to the figures in the Statewide Dashboard (Figure 48), insulation was the most commonly installed measure, with 15% of respondents verifying that they had received the insulation installation recorded in the program tracking data and an additional 22% self-reporting that they had installed insulation following the assessment. Wi-Fi-enabled thermostats were the second most common rebated measure installed, followed by refrigerators and clothes washers. 
It is unlikely that all of the self-reported measures are energy-efficient or would have qualified for rebates. While the study oversampled respondents with rebated measures to estimate NTG, it is unlikely respondents exceeded the installation rates in Figure 48 to the extent seen in Figure 49. 
[bookmark: _Ref121938649]Figure 49: Upgrades Completed After Home Energy Assessment, HES
(Source: Participant survey; n’s exclude respondents who said the measure was not applicable)
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Table 41 shows detailed percentages for all measures in Figure 49. 


[bookmark: _Ref119438168]Table 41: Rebated Upgrades Completed After Home Energy Assessment, HES
(Source: Participant survey)
	Features
	n1
	Tracked AND self-reported
	Tracked NOT self-reported
	Self-reported complete
	Plan to install (self-reported)
	No
	Not sure

	Insulation 
	896
	15%
	2%
	22%
	12%
	46%
	2%

	Wi-Fi thermostat
	864
	11% 
	1%
	19%
	8%
	58%
	3%

	Refrigerator
	853
	3%
	1%
	21%
	8%
	63%
	3%

	Clothes washer
	853
	3%
	1%
	22%
	5%
	66%
	3%

	Water heater
	848
	0%
	0%
	20%
	9%
	66%
	5%

	Windows
	865
	2%
	0%
	16%
	12%
	67%
	4%

	Central AC
	825
	1%
	1%
	15%
	5%
	74%
	5%

	Dehumidifier
	818
	1%
	0%
	15%
	5%
	75%
	4%

	Furnace
	819
	0%
	0%
	14%
	5%
	76%
	5%

	Freezer
	796
	0%
	0%
	13%
	5%
	78%
	4%

	Boiler
	791
	2%
	0%
	8%
	1%
	75%
	13%

	Ductless heat pump
	796
	2%
	0%
	5%
	4%
	83%
	6%

	Air source heat pump
	802
	<0%
	<0%
	4%
	3%
	87%
	7%

	Geothermal heat pump
	796
	0%
	0%
	1%
	3%
	95%
	5%

	1 n’s differ as some respondents answered “not applicable” or did not recall the technician discussing rebated measures after the assessment.


Moderate-Income Participants
Moderate-income households install fewer rebated measures following their assessment than other HES participants. As shown in Figure 50, Households with incomes less than 80% of the area median income (AMI) were significantly less likely to have installed a rebated measure (15%) than other HES participants (29%). Significantly fewer moderate-income HES participants installed insulation (9%) and Wi-Fi thermostats (5%) than other HES participants (19% and 14%, respectively). 
[bookmark: _Ref121944737]Figure 50: Rebated Measure Installation by Income, HES
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*Significantly different than participants with incomes less than 80% AMI at the 90% confidence level.
Table 42 shows detailed percentages for each measure. For each measure, the top row shows participants with incomes over 80% of the area median income (AMI) and the bottom row shows participants with less than 80% AMI.
Tracked AND self-reported indicates that the measure was reflected in the tracking data and the respondent confirmed it had been installed, while tracked NOT self-reported indicates the measure was in the tracking data, but the respondent did not recall the installation. As some measures in the tracking data were not associated with customer addresses,[footnoteRef:95] the survey asked respondents to self-report whether they had installed any of the rebated measures following the assessment.  [95:  In some cases, the installation contractor’s contact information was associated with the measure, or the customer received an instant discount for the measure (e.g., water heaters). ] 

[bookmark: _Ref121945258]Table 42: Rebated Measures Completed After Assessment, by Income Level
(Source: Program data and participant survey)
	Features
	80% AMI
	n1
	Tracked AND self-reported
	Tracked NOT self-reported
	Self-reported complete
	Plan to install (self-reported)
	No
	Not sure

	Insulation 
	>
	539
	17%*
	1%
	21%
	14%
	44%
	2%

	
	<
	98
	7%
	2%
	30%
	9%
	50%
	1%

	Wi-Fi thermostat
	>
	532
	13%*
	1%
	22%
	9%
	53%
	2%

	
	<
	90
	4%
	1%
	12%
	9%
	69%
	4%

	Refrigerator
	>
	515
	3%
	1%
	22%
	9%
	63%
	3%

	
	<
	94
	1%
	2%
	21%
	7%
	65%
	4%

	Clothes washer
	>
	512
	3%
	2%
	22%
	6%
	65%
	3%

	
	<
	96
	1%
	0%
	24%
	4%
	68%
	3%

	Water heater
	>
	516
	0%
	0%
	22%
	11%
	64%
	3%

	
	<
	92
	0%
	0%
	18%
	5%
	69%
	8%

	Windows
	>
	526
	2%
	0%
	16%
	14%
	64%
	3%

	
	<
	96
	<1%
	0%
	23%
	7%
	68%
	2%

	Central AC
	>
	511
	1%
	1%
	17%
	6%
	70%
	5%

	
	<
	85
	0%
	0%
	6%
	4%
	84%
	6%

	Dehumidifier
	>
	499
	1%
	0%
	17%
	5%
	74%
	3%

	
	<
	85
	0%
	<1%
	13%
	2%
	79%
	6%

	Furnace
	>
	497
	0%
	0%
	16%
	5%
	74%
	4%

	
	<
	88
	0%
	0%
	16%
	3%
	76%
	5%

	Freezer
	>
	482
	1%
	<1%
	13%
	6%
	77%
	3%

	
	<
	83
	0%
	0%
	15%
	1%
	79%
	5%

	Boiler
	>
	472
	0%
	0%
	11%
	5%
	80%
	4%

	
	<
	89
	0%
	0%
	10%
	3%
	80%
	7%

	Ductless heat pump
	>
	492
	2%
	<1%
	6%
	5%
	81%
	6%

	
	<
	82
	4%
	0%
	4%
	3%
	82%
	6%

	Air source heat pump
	>
	495
	<1%
	<1%
	5%
	4%
	84%
	7%

	
	<
	82
	0%
	0%
	<1%
	2%
	91%
	7%

	Geothermal heat pump
	>
	491
	<1%
	0%
	1%
	3%
	90%
	5%

	
	<
	81
	0%
	0%
	2%
	2%
	92%
	5%

	1 n’s differ as some respondents answered “not applicable” or did not recall the technician discussing rebated measures after the assessment.



HES-IE Participants
One-fourth of HES-IE respondents (27%) said technicians discussed recommended add-on energy upgrades after completing the home energy assessment (Figure 51). However, it is possible that some HES-IE participants are unclear which add-on measures were recommended because technicians send the recommendations for some measures to the program directly in order to determine the participant’s eligibility for no-cost or discounted installations through the program. HES-IE participants are responsible for acting on the recommendations themselves by contacting program contractors and applying for rebates. 
[bookmark: _Ref120650878]Figure 51: Technicians Discussed Additional Recommended Upgrades, HES-IE
(Source: participant survey; n=276)
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Figure 52 shows which measures HES-IE respondents most commonly installed as add-on measures. Tracked AND self-reported indicates that the measure was reflected in the tracking data and the respondent confirmed it had been installed, while tracked NOT self-reported indicates the measure was in the tracking data, but the respondent did not recall the installation. As some measures in the tracking data were not associated with customer addresses,[footnoteRef:96] the survey asked respondents to self-report whether they had installed any of the add-on measures following the assessment.  [96:  In some cases, the installation contractor’s contact information was associated with the measure, or the customer received an instant discount for the measure (e.g., water heaters). ] 

Similar to HES, insulation was the most commonly installed measure, with 25% of respondents verifying that they had received the insulation installation recorded in the program tracking data and an additional 19% self-reporting that they had installed insulation following the assessment. Wi-Fi-enabled thermostats were the second most common rebated measure installed, followed by windows; eligible HES-IE participants could receive no-cost window replacements through the program.
[bookmark: _Ref119443805]Figure 52: Add-on Upgrades Completed After the Home Energy Assessment, HES-IE
(Source: Participant survey; n excludes respondents who said the measure was not applicable)
[image: ]
Table 43 shows detailed percentages for add-on measures in Figure 52.
[bookmark: _Ref121342482][bookmark: _Ref122346881]Table 43: Rebated Upgrades Completed After Home Energy Assessment, HES-IE
(Source: Participant survey)
	Features
	n1
	Tracked AND self-reported
	Tracked NOT self-reported
	Self-reported complete
	Plan to install (self-reported)
	No
	Not sure

	Insulation 
	266
	25%
	6%
	19%
	3%
	36%
	11%

	Wi-Fi-enabled thermostat
	263
	4%
	16%
	4%
	6%
	63%
	7%

	Windows
	262
	1%
	0%
	20%
	9%
	59%
	11%

	Refrigerator
	262
	1%
	0%
	16%
	4%
	69%
	10%

	Clothes Washer
	260
	0%
	0%
	17%
	4%
	69%
	10%

	Water Heater
	263
	0%
	0%
	16%
	5%
	66%
	13%

	Freezer
	255
	0%
	     0%
	11%
	5%
	72%
	12%

	Dehumidifier
	253
	0%
	0%
	6%
	        6%
	77%
	10%

	Boiler
	246
	2%
	0%
	8%
	1%
	75%
	13%

	Central AC
	237
	1%
	1%
	15%
	5%
	74%
	5%

	Air Source heat pump
	242
	0%
	0%
	4%
	3%
	87%
	7%

	Ductless heat pump
	244
	2%
	0%
	5%
	4%
	83%
	6%

	Geothermal heat pump
	237
	0%
	0%
	1%
	3%
	91%
	5%

	1 n’s differ as some respondents answered “not applicable” or did not recall the technician discussing rebated measures after the assessment.


[bookmark: _Toc112334932][bookmark: _Toc115298196][bookmark: _Toc116989280]Experience with Installation Contractors
Scheduling the Installation
HES respondents who received at least one rebated measure rated their satisfaction with the time it took to schedule the installation a 4.3 (see section Satisfaction). Respondents who rated their satisfaction a 1 or 2 (7%) were asked why.[footnoteRef:97] The most common issues were delays and/or a long wait time for installation (seven respondents) and poor customer service (four respondents). Other participants noted they had difficulty scheduling the installation (two respondents), taking time off work to accommodate the installation (two respondents), or finding a contractor (one respondent). One respondent indicated that their rebates expired while waiting for a contractor and another said the delays caused them to miss out on a season’s worth of savings on their utility bill. [97:  n=15; Excludes respondents who said, “not applicable,” “I’m not sure,” or spoke about the services provided by the contractor during the installation and not about the process of scheduling the installation. Count sum to greater than 15 due to multiple responses.] 

HES-IE respondents rated their satisfaction with the time it took to schedule the installation of recommended equipment or upgrades a 4.3 (see section Satisfaction). Respondents who rated their satisfaction a 1 or 2 (3%) were asked why.[footnoteRef:98] Two respondents each had issues with poor customer service while scheduling or long wait times to receive an appointment for installation. The other respondents cited issues with the performance of the contractor. [98:  n=8; Excludes one respondent who responded, “not applicable.”] 

Satisfaction with the Contractor
HES respondents who received at least one rebated measure rated their satisfaction with the professionalism and service of the contractor that installed it a 4.4, one of the highest-rated program elements (see section Satisfaction). Respondents who rated their satisfaction a 1 or 2 (n=11) were asked why:[footnoteRef:99]  [99:  Count excludes respondents who said, “not applicable,” “I’m not sure,” or made reference to the technicians who performed the assessment. Count also includes three respondents whose explanations regarding their dissatisfaction with the process of scheduling the contractor included relevant information about the service provided by the installation contractor. Counts sum to greater than 11 due to multiple responses. ] 

· Six respondents had improperly installed HVAC systems that required frequent repairs. Two of these respondents failed to receive their rebate because of incorrect information provided by the contractor. 
· One respondent said their contractor was unprofessional and another reported having communication issues. 
· One respondent who received insulation said their contractor did not install it to the proper R value. 
· One respondent who received mold remediation said the contractor damaged their house and then did a poor job repairing and painting the damaged walls; another respondent who received insulation said the installer damaged their heating system in the process.
HES-IE respondents who received at least one add-on measure rated their satisfaction with the professionalism and service of the contractor that installed it a 4.3, on average (see section Satisfaction). Respondents who rated their satisfaction a 1 or 2 (11%) were asked why:[footnoteRef:100]  [100:  n=11; Excludes respondents who said, “not applicable,” “I’m not sure,” or referenced their dissatisfaction with the assessment technician, not the contractor who installed the additional measure. ] 

· Five respondents reported sloppy work.
· Three respondents experienced a lengthy installation and/or unprofessional contractors. 
· Two respondents experienced damage to their home; in particular, one respondent who received new windows said the contractor did not follow lead protocols. 
· Another respondent who had their windows replaced said the contractor left without explaining how to use the new windows.
[bookmark: BarSolAddMeas]Barriers and Solutions to Additional Measure Installation
Survey questions asked respondents what barriers prevented them from installing additional measures available through the program. The survey asked about four measures: insulation, HVAC systems, water heaters, and air sealing. Community stakeholder interviewees also weighed in on barriers that they see people face in installing measures through the program, such as split incentives. This section expands on the participation barriers identified in Health and Safety Barriers.
Respondents who did not install at least one of the following add-on measures (insulation, HVAC, water heating) or receive blower-door-guided air sealing during the assessment were randomly selected to elaborate on their decision regarding up to two of those measures. In the absence of household-level recommendation data from the Companies, the participant survey was unable to target these questions to participants who received a recommendation for, but did not ultimately install, these measures. According to the Statewide Dashboard, technicians recommended upgrading HVAC to 58% of HES participants, insulation to 40% of HES participants, and new water heaters to 31% of participants. Technicians perform blower-door-guided air sealing unless there is a health and safety barrier or the participant refuses. 
Insulation
Cost was the most frequently cited barrier by respondents who did not install rebated or add-on insulation following the assessment (Figure 53). According to the Statewide Dashboard, technicians recommended insulation to 40% of HES customers (Figure 48); some respondents who said “not sure” may not have received a recommendation. 
[bookmark: _Ref120029691]Figure 53: Barriers to Installation of Insulation
(Source: Participant survey, multiple responses allowed)
[image: ]
Among HES respondents who identified a barrier to installing insulation, the most frequently suggested solution was to increase the rebate amount (23%) and offer additional financing options (17%). More than one-quarter of HES-IE respondents would like to receive more information about the energy savings from insulation (Figure 54). 
[bookmark: _Ref120045825]Figure 54: Solutions to Insulation Barriers
(Source: Participant survey)
[image: ]
HVAC
More than one-fifth of respondents (23% of HES and 21% of HES-IE respondents) did not install HVAC measures following the assessment because it was too expensive (Figure 55). More than half of HES respondents (53%) and one-third of HES-IE respondents (32%) did not upgrade their HVAC system because their current system was working. According to the Statewide Dashboard, technicians recommended HVAC to 58% of HES participants (Figure 48); up to 42% of the respondents may not have received a recommendation. 
[bookmark: _Ref122190514]Figure 55: Barriers to Installation of HVAC
(Source: Participant survey; multiple responses allowed)
[image: ]
Among respondents who identified a barrier to installing HVAC following their assessment, the most frequently suggested solutions were to provide more information about energy savings for replacing the HVAC system and offer additional financing options (Figure 56).
[bookmark: _Ref120101533]Figure 56: Solutions to HVAC Barriers
(Source: Participant survey)
[image: ]
“Other” responses were either not applicable or were issues that could not be directly addressed by the program, including concerns about installations due to COVID-19 or unwillingness to take on an additional home improvement project.
Vendor interviewees answered questions about whether their companies sold heat pumps, and whether they were a substantial part of the business or a potential area of expansion. Two vendors said they install heat pumps, two plan to install heat pumps in the future, and two said they refer customers to HVAC contractors for heat pumps. One vendor noted:
[bookmark: _Int_U0ljCgeU][bookmark: _Int_gP5194rK]“The heat pump is a big seller right now. And there's a lot of customers that are interested in heat pumps. There are other customers who don't understand [how they work]. So, you have to explain that to them, and then it's just a personal choice. They’ll say my oil furnace is only 15 years old and if I were to try to move to [a heat pump], it's going to cost me X amount of dollars, or whatever the case may be. But it's in their minds. The seed gets planted. They're totally receptive to heat pumps.”
Water Heaters
Nearly one-fifth of respondents (16% of HES and 17% of HES-IE) said they did not replace their water heater following the assessment because it was too expensive (Figure 57). According to the Statewide Dashboard, technicians recommended a new water heater to 31% of HES participants; more than two-thirds of these respondents may not have received a recommendation. According to the Statewide Dashboard (see Figure 48 above), technicians recommended a new water heater to 31% of HES participants; more than two-thirds of these respondents may not have received a recommendation. More than half of HES respondents (54%) and 40% of HES-IE respondents said their current water heater is working and does not need to be replaced. 
[bookmark: _Ref120106540]Figure 57: Barriers to Water Heater Installation
(Source: Participant survey; multiple responses allowed)
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As shown in Figure 58, respondents who identified a barrier to installing water heaters most frequently requested that the program provide more information about energy savings (15% of HES respondents and 24% of HES-IE respondents) and expand financing options (13% of HES respondents and 17% of HES-IE respondents). 
[bookmark: _Ref120105997]Figure 58: Solutions to Water Heater Barriers
(Source: Participant survey)
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Air Sealing
Nearly half of HES respondents (47%) and 42% of HES-IE respondents were not sure why they did not receive blower-door-guided air sealing (Figure 59). Poor recall on this question is not surprising given that participants may not realize what they missed, particularly if they received complementary air sealing without the blower door test. Nearly one-quarter of HES respondents (22%) and 10% of HES-IE respondents said they did not receive air sealing due to the presence of asbestos or vermiculite insulation.
[bookmark: _Ref120111953]Figure 59: Barriers to Air Sealing
(Source: Participant survey; Base: Respondents that did not receive blower door-guided air sealing)
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Among respondents who identified a barrier to air sealing, the most frequently suggested solutions were to provide more information about energy savings (21% of HES and 31% of HES-IE respondents) and provide financial assistance for the remediation of asbestos or mold (16% of HES and 12% of HES-IE respondents). Respondents who suggested improving the quality of the assessment/technicians (9%) were concerned that they received poor quality service or did not receive information about the benefits of air sealing during the assessment (Figure 60).
[bookmark: _Ref120116806]Figure 60: Solutions to Air Sealing Barriers
(Source: Participant survey)
[image: ]
[bookmark: BarriersRenters]Energy Affordability
Cost was a primary barrier mentioned by respondents who did not install HVAC, insulation, or a water heater following their assessment. Four of the community member stakeholder interviewees commented on the challenges their communities faced in affording energy bills. The most common challenge cited was affording energy costs while on a fixed income. Other challenges mentioned included elderly community members struggling to meet their energy costs and the rising cost of housing, energy, and health and safety remediation.
One interviewee who served as president of their NRZ described the energy burdens they see in their community:
“Most places don’t include the utilities as a part of the rent, so people are making choices all the time on what they can afford, how much of what bill to pay. Someone like my mom, who is low-income and believes in having a warm house, will turn on the heat and figure out how to pay later. Low-income renters think about that, not wanting to live in discomfort.”
Barriers for Renters
Nearly two-thirds of HES-IE renters (62%, n=47) and one of nine HES renters cited lack of permission from their landlord as barriers to installation of at least one of the measures mentioned above (insulation, HVAC, water heater, or air sealing). 
Community stakeholders described issues between landlords and tenants as a barrier to additional measure installations. Some attributed landlords’ fears of unearthing code violations as an obstacle to home maintenance and repairs. Other community stakeholders described scheduling issues that might prevent customers in their community from being available to receive an assessment.
One member of a municipal organization that helps underserved communities complete energy efficiency upgrades described landlord-tenant issues as a primary challenge:
“We quickly learned we needed to be mediators of trust for issues between landlords and tenants.”
One community stakeholder interviewee who served on their town’s energy commission elaborated on split incentives:
“In some municipalities, organizations like ours have worked really hard to develop relationships between landlords and tenants. It takes a long time to get [both of] them to say “yes” and see why [energy efficiency] is a good thing. So many people who have never had HES are tenants who pay the electric bill, so the landlord has no incentive in his view to allow the work to be done.”
Another community stakeholder interviewee who worked as a private contractor on home energy audits described similar experiences: 
“Most of the cases we get [are] very motivated tenant[s], and [we get] no response from landlords. There’s very little incentive to respond, even though the upgrades will come at no cost to the landlord. In all these cases, these were HES-IE customers, and we could have solved meaningful problems: full insulation, new hot water heater, new windows in some cases.”
[bookmark: _Toc112334942][bookmark: _Toc115298207][bookmark: _Toc116989290][bookmark: _Toc129521347][bookmark: RebatesFinance]Rebates and Financing
HES and HES-IE participants are eligible for rebates and financing to incentivize deeper energy savings and ease the financial burden of installing additional measures following their assessment. Technicians discuss the options with the participant during the kitchen table wrap-up at the end of the assessment.
[bookmark: _Toc112334943][bookmark: _Toc115298208][bookmark: _Toc116989291]Key Findings
· [bookmark: _Toc112334944][bookmark: _Toc115298209][bookmark: _Toc116989292]HES respondents who applied for rebates were asked to rate their satisfaction with the application process (4.2), the amount of the rebate (3.9), and the time it took to receive the rebate (4.1) on a scale from 1 to 5, where 1 is “not at all satisfied” and 5 is “very satisfied” (see Satisfaction for additional information). Dissatisfied respondents cited a complicated, lengthy application process, customer service issues, long waits for the rebate, and rebate amounts that were too low to be worth the hassle. 
· HES respondents (34%) were over twice as likely as HES-IE respondents (14%) to say they recalled technicians discussing financing options with them. 
· Vendors suggested that the program improve processing times, scale up marketing efforts, and increase the number of measures eligible for 0% financing to help customers take advantage of financing options.
[bookmark: RebatesAddMeas]Rebates for Additional Measures
Two-thirds of HES respondents (65%) recalled technicians discussing rebated measures with them during the kitchen table wrap-up, compared to fewer than one-quarter (22%) of HES-IE respondents (Figure 61). HES participants are responsible for applying for rebates, while technicians submit eligibility paperwork for add-on measures on behalf of HES-IE participants. Despite the difference in program requirements, HES-IE participants may benefit from more thorough explanations about eligible measures and next steps following the assessment. 
[bookmark: _Ref120632770]Figure 61: Recall of Technicians Discussing Rebated or Add-on Measures
(Source: Participant survey)
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Figure 62 shows the percentage of eligible measures installed after the assessment for which the respondent applied for a rebate. Complete program data was not available for all measures. If a rebated measure was matched with a respondent, the survey asked the respondent to verify they had received the measure and applied for a rebate (Verified rebate).[footnoteRef:101] All respondents were given the opportunity to self-report the installation of additional measures and whether they had applied for a rebate (Self-reported rebate) or not (Self-reported install, no rebate). As the study is unable to verify the efficiency of these self-reported measures, the study could be capturing routine replacement of equipment that failed. [101:  All Verified rebate respondents received a rebate, according to the program tracking data; respondents recalled applying for the rebates 83% to 100% of the time, depending on the measure. ] 

More than half of HES respondents applied for rebates for insulation and Wi-Fi thermostats. Most respondents who reported installing heat pumps applied for rebates; the initial purchase price of heat pumps is higher compared to other HVAC equipment (furnaces, boilers, and central AC) with a lower rate of rebate applications. Appliances had the lowest proportion of rebates per installed measure; appliance rebates are $25 to $50 per unit. These rebates are similar to those offered for appliances in MA ($30 to $50)[footnoteRef:102] and Rhode Island ($40 to $50).[footnoteRef:103]  [102:  https://www.masssave.com/residential/rebates-and-incentives]  [103:  https://www.rienergy.com/RI-Home/Energy-Saving-Programs/rebate-programs] 

[bookmark: _Ref120648319]Figure 62: Rebate Applications for Eligible Rebated Measures, HES
(Source: Participant survey and program tracking data)
[image: ]
Survey questions asked respondents who self-reported installing a rebated measure that did not receive a rebate why they had not applied for one. However, the data available could not support classifying these self-reported measures as eligible, so the study excluded these results from the findings to preserve reliability.
HES-IE Participants
Survey questions asked HES-IE participants the same questions about awareness and application for the rebates and incentives available for add-on measures. However, responses may be artificially depressed due to differences in program design. According to the field implementation manual, the vendor is responsible for submitting a proposal to the Companies on the customer’s behalf for certain qualifying measures, such as windows. Many HES-IE customers may not have been as involved in the rebate application process as HES customers.  
As shown in Figure 63, nearly one-fourth of HES-IE respondents (22%) recalled technicians discussing rebates with them, compared to one-half who could not recall that discussion (53%), and one-fourth who were not sure (25%).
[bookmark: _Ref118921012]Figure 63: Discussion with Technician about Rebates, HES-IE
(Source: participant survey; n=276)
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Rebate Application Process
HES respondents rated their satisfaction with the rebate application process a 4.2, on average (see Satisfaction section). Respondents who rated the application process a 1 or 2 (n=40) were asked why:[footnoteRef:104]  [104:  Excludes respondents who said, “not applicable,” “I’m not sure,” or that they were not aware of the rebates.] 

· One-third of respondents (33%) said the application process was confusing or too complicated. 
· Nearly one-quarter of respondents (23%) said the process took too long. 
· One-fifth of respondents (20%) said their application for the rebate was rejected and 13% of respondents never received the rebate. 
· Two respondents who self-installed their measures had difficulty satisfying the documentation requirements. 
· Three respondents (8%) had to make multiple follow-up calls regarding their application.
· Another 8% of respondents experienced difficulty reaching customer service to resolve their issue. 
· Three respondents requested an online application.
· One respondent requested additional information about which measures qualified for the rebate. 
· One respondent said that the process was so difficult that they would not do it again.
HES-IE respondents rated their satisfaction with the rebate application process a 4.3, on average (see Satisfaction section). One respondent who rated their satisfaction a 2 explained that it required lots of follow-up calls to complete their application. 
Rebate Amount 
HES participants who applied for rebates rated their satisfaction with the amount of the rebate a 3.9, on average (see Satisfaction section). Respondents who rated their satisfaction a 1 or 2 (n=35) were asked why:[footnoteRef:105]  [105:  Excludes 20 respondents who said, “not applicable”, “I’m not sure,” or indicated that they did not receive the rebate due to an ineligible measure, rejected application, or an expired application.] 

· Over one-half of the respondents (57%) said the rebate amount was too low. In particular, one respondent noted that the rebate was not high enough to encourage replacing their equipment while it was still working. 
· One-fifth of the respondents said the rebates were too complicated (9%) or not worth the hassle (11%). 
· Other respondents felt that the actual rebates received did not match their expectations (6%) or requested that additional models be considered for eligibility (3%). 
· One respondent was disappointed that they installed their insulation prior to 2020 and did not receive their insulation for free.[footnoteRef:106] [106:  The bonus rebate offered for insulation was $2.20 per square foot, meaning that many people received rebates for the entire project. ] 

HES-IE participants who applied for rebates rated their satisfaction with the amount of the rebate a 4.4, on average (see Satisfaction section). This was the most highly rated program element among HES-IE respondents; one plausible explanation might be that rebates are more generous for HES-IE participants than HES participants. The one respondent who rated their satisfaction with the amount of the rebate a 2 indicated that the rebate process was too complicated. 
The 13 vendors who weighed in on rebate effectiveness believed they had an effect on customer decisions for most add-on measures. For insulation, five respondents said rebates were very or somewhat effective, noting that the decrease from $2.20 to $1.70 per square foot in 2021 made them less effective. Three respondents commented on the demand and cost for insulation increasing just as the rebates decreased. One respondent noted:
[bookmark: _Int_eev1nVT0]“Insulation rebates during the past year [2020-2021] were great [and] generated a lot of business for us. When the rebates are good, everyone is happy. We are making a lot of money, the customers are getting a lot [of benefits], and the utilities are getting their savings. They just dropped the insulation rebate, which is unfortunate. All materials have gone up in price. The customers don’t have the same buying power right now, and neither do the businesses, so the insulation rebate should go back up, or at least not have dropped quite as much.”
Two respondents considered the HVAC rebates to be effective and one respondent thought the appliance rebates were effective. Three respondents did not believe the window rebates were high enough to have an effect on customer decisions. One respondent stressed the importance of tying rebates to audits:
“Insulation is the only one that has a big enough incentive to make a difference. They have all these instant rebates for light bulbs, instant rebates for heating systems, just straight rebates. You don't have to even get an audit. But your potential energy savings by putting in a high efficiency furnace is not going to be there if you don't test the system and find and fix the leaky ductwork. You should never have an incentive on energy efficiency that isn't driven [by] the audit.”
Three vendors commented on the HES Bonus Rebate, which customers may qualify for when installing insulation.[footnoteRef:107] All three vendors thought it was very effective in getting customers to install additional measures. One respondent said they offered copay refunds for customers who adopted certain measures, and one respondent believed the program did not allow this. [107:  “2019 - 2021 Conservation & Load Management Plan”, Connecticut Department of Energy &  Environmental Protection, last modified November 19, 2018; accessed October 2022,
 https://portal.ct.gov/-/media/DEEP/energy/ConserLoadMgmt/Final20192021CLMPlan111918pdf.pdf.] 

Rebate Delivery Time
HES participants who applied for rebates rated their satisfaction with the time it took to receive their incentive a 4.1, on average (see Satisfaction section). Respondents who rated their satisfaction a 1 or 2 (n=29) were asked why:[footnoteRef:108]  [108:  Excludes respondents who said, “not applicable” or “I’m not sure.” Counts sum to greater than 29 because multiple responses were allowed. ] 

· More than half of respondents (55%) said it took too long to receive their rebate; several respondents indicated it took more than six months. 
· Nearly one-third of respondents said it took multiple follow-up calls (24%) or an appeal of a denied application (7%) to ultimately receive the rebate. 
· Nearly four in ten respondents said they had not received their rebate (28%) or their application was rejected (10%). 
HES-IE participants who applied for rebates rated their satisfaction with the time it took to receive their incentive a 4.2, on average (see Satisfaction section). The two respondents who rated their satisfaction a 1 said it took a long time to receive the rebates, with one respondent reporting that it was time intensive to follow up on their application. 
[bookmark: _Toc112334945][bookmark: _Toc115298210][bookmark: _Toc116989293]Financing
The survey asked participants whether they recalled technicians discussing financing options, including zero-interest loans, on-bill repayments, or Connecticut Green Bank resources. Follow-up questions asked whether respondents had found the information on financing options helpful and if they had applied for any of them when installing their rebated measure, if applicable. 
Awareness of Financing Options
About one-half of HES respondents (51%) and one-quarter of HES-IE respondents (28%) said they were aware of financing options, such as zero-interest loans, on-bill repayments, or Connecticut Green Bank resources (Figure 64). HES respondents were more than twice as likely (34%) as HES-IE respondents (15%) to have heard about the financing options from their technician.
[bookmark: _Ref119832985]Figure 64: Awareness of Financing Options
(Source: Participant survey)
[image: ]
*Significantly different at the 90% confidence level. 
Among respondents who recalled discussing financing options with the technician, most HES and HES-IE respondents found the discussion either “very helpful” or “somewhat helpful” (Figure 65).
[bookmark: _Ref119834043]Figure 65: Helpfulness of Discussion of Financing Options
(Source: Participant survey)
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When discussing financing options, nearly all of the vendors said they always informed customers about financing options, while one vendor one said they did “sometimes.”[footnoteRef:109] Vendors suggested increasing the number of measures eligible for 0% financing and encouraged the Companies to improve advertising of the financing options to help customers take advantage of financing options. [109:  Twelve vendors responded to questions about financing options. ] 

[bookmark: AppFinancing]Application for Financing
HES respondents reported applying for financing most often for heat pumps (Figure 66). Fewer than one-third of respondents reported applying for financing for furnaces and boilers.[footnoteRef:110] [110:  As these measures rely primarily on self-reported data, it is likely some of the furnaces and boilers would not meet energy-efficiency requirements to be eligible for financing. ] 

[bookmark: _Ref120698479]Figure 66: Application for Financing, HES
(Source: Participant survey; Base: Respondents who installed an eligible measure and are aware of financing options)
[image: ]
As shown in Figure 67, fewer HES-IE respondents reported applying for financing for their add-on measures. As incentives for HES-IE add-on measures are more generous than those for HES rebated measures, some respondents may not have required financing in order to receive the measure.
[bookmark: _Ref120717784]Figure 67: Application for Financing, HES-IE
(Source: Participant survey; Base: Respondents who installed an eligible measure and are aware of financing options)
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The most common reason HES respondents gave for not applying for financing for their eligible rebated measures was a desire to avoid debt (Figure 68). 
[bookmark: _Ref120734315]Figure 68: Reasons for Not Applying for Financing, HES
(Source: Participant survey, Base: Respondents that installed rebated measures aware of financing who did not apply)
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Financing Application and Approval
HES respondents rated their satisfaction with the application process to receive financing a 4.1, on average (see Satisfaction). Respondents who rated their satisfaction a 1 or 2 (n=3) elaborated on their rating.[footnoteRef:111] One respondent said the process was difficult and the loan ultimately did not cover the entire cost of their upgrade. Another respondent said their application was denied, while a third respondent said it took months to hear back about their application, which caused a significant delay in their heat pump application.  [111:  Excludes three participants who gave non-applicable responses or said, “I’m not sure.” ] 

HES-IE participants who received financing rated their satisfaction with the application process a 4.3, on average (see Satisfaction). One respondent who rated their satisfaction a 2 explained that the application process took months and frequent communication to receive the financing. 
While one-third of vendors thought the current financing options were adequate for encouraging participants to take advantage of financing options. Other respondents noted issues, including customer loan applications being rejected. One of the vendors observed that these issues are one of the reasons they believe moderate-income customers are underserved by the program (see Underserved Customers). Vendors also expressed concern about changes to the approval times for program loans, with one reporting approval times going from 48 to 72 hours to one to two months.
[bookmark: _Toc112334946][bookmark: _Ref114758714][bookmark: _Toc115298211][bookmark: _Toc116989294][bookmark: _Toc129521348][bookmark: DOEScore]DOE Home Energy Scores
The Home Energy Score is a rating system of 1 to 10 that the Department of Energy uses to estimate a home’s energy use.[footnoteRef:112] Technicians are instructed to offer a home energy score for single-family homes or townhouses/rowhomes where they were able to conduct a blower-door test. Customers are required to opt-in and authorize the score to be posted on the Multiple Listing Services (MLS), which provides energy efficiency information about a home on real estate listings.    [112:  A rating system of 1 to 10 that the Department of Energy (DOE) uses to estimate a home’s energy use; 1 is “higher energy use” and 10 is “lower energy use.” www.homeenergyscore.gov. Accessed August 2022.] 

Survey questions asked respondents if they recalled hearing about the Department of Energy’s (DOE) Home Energy Score from the technician visiting their home. The survey then asked whether they had decided to receive the DOE Home Energy Score and how useful it was. Vendors also provided their opinions on the DOE Home Energy Score and described their experiences implementing it in the field and describing the results to their customers. 
[bookmark: _Toc112334947][bookmark: _Toc115298212][bookmark: _Toc116989295]Key Findings
· Fewer than one-fifth of HES respondents chose to receive the DOE Home Energy Score.
· Vendors generally expressed negative reactions about the Home Energy Score. Several felt that it had limited usefulness to customers, many of whom were wary about making the score part of the Multiple Listing Service (MLS). Moreover, vendors expressed concern that the requirement was an additional burden on technician’s time at the customer’s home. 
Fewer than one-third of HES respondents (29%) recalled hearing about the DOE Home Energy Score from their technician.[footnoteRef:113] Of the 18% of respondents (n=902) that said they had chosen to receive the score and the accompanying report, nearly all of them reported that they found the score either “very useful” or “somewhat useful” in understanding their home’s energy use (Figure 69). [113:  Only participants in single-family detached and attached homes are eligible to receive the DOE Home Energy Score.] 

[bookmark: _Ref119785165]Figure 69: Usefulness of the DOE Home Energy Score, HES
(Source: participant survey; n=164)
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Only one vendor provided positive feedback on the DOE Home Energy Score, noting that it was a useful tool for communicating additional savings opportunities to customers. 
Of the 29 respondents (11%) who had refused the score, all but one said it was because they had not wanted the score shared with the Multiple Listing Services (MLS). Vendors noted this was the primary reason their customers were hesitant to receive the Home Energy Score. 
Vendors also mentioned the following reasons for being dissatisfied with the Home Energy Score requirement:
· Three vendors were also not comfortable with the program requiring vendors to calculate Home Energy Scores for at least 40% of their projects. One vendor mentioned that the requirement meant that vendors could simply pick the homes that were the easiest to score, such as those that had fewer windows. 
· Two vendors did not think the score was accurate since it is based on a national scale rather than buildings in Connecticut. 
· One vendor noted that calculating a DOE Home Energy Score adds enough time to an assessment that it sometimes meant a technician could only assess one home per day rather than two.
Survey questions also asked HES-IE respondents about their awareness of the DOE Home Energy Score. However, for most of the period covered by this evaluation, the score was not offered to HES-IE participants; only 7% of HES-IE respondents recalled hearing about the score from their technician.[footnoteRef:114] [114:  The 2019 Field Implementation Manual (Version 7.0, April 5, 2019) specifies that the DOE Home Energy Score is available to HES participants (p.80). ] 

[bookmark: _Toc112334952][bookmark: _Toc115298217][bookmark: _Toc116989299][bookmark: _Toc129521349][bookmark: TrainWork]Training and Workforce Development
Vendors provided feedback on the trainings the program offered, technician requirements, as well as the program’s impact on their companies’ workforces. Vendors also commented on the effect of the 2017 – 2018 Conservation and Load Management (C&LM) funds diversion on their businesses, referring to the period when the state legislature diverted funds from the state energy efficiency fund, which affected the HES program by increasing the amount of co-pay for certain customers).
Program stakeholder interviewees also weighed in on training and workforce development.
[bookmark: _Toc112334953][bookmark: _Toc115298218][bookmark: _Toc116989300]Key Findings
· Vendors expressed concern about maintaining a fully staffed workforce while balancing program training requirements with keeping up with home energy assessments. Vendors requested additional assistance from the program in training new technicians; however, program stakeholders noted that there are barriers to spending federal funding on workers not employed by a participating agency. 
· The HES/HES-IE program is a critical revenue source for program vendors. Several vendors noted that the CL&M funds diversion in 2017 and 2018 led to cutbacks, which resulted in staffing shortages when the funding was restored. 
· Ten of the 13 vendors interviewed did not believe the state is on track to meet its goal of weatherizing 80% of all residential units by 2030 without significant changes in funding and incentives. Vendors and community stakeholders noted a myriad of challenges, including the age of housing stock, weatherization barriers, workforce shortages, and competing concerns for the customer’s limited resources. 
Training
Vendors reported facing several challenges regarding training. Four respondents noted it was difficult and expensive to pull people from the field for trainings held during working hours. As one vendor explained:
“[Program] trainings are useful, but the problem is pulling people out of the field to do trainings. We don’t have enough workers as it is; from a financial standpoint, I can’t afford to pull my crews off the road to send them to training. If the program could compensate us, maybe. But the average billing for these jobs is $1,000 or more. I’d rather do the job than do training. The crews get their hourly pay. There are incentives offered to them based off productivity on each house. They are [already] working 40-50 hours a week; they want to go home to their families afterward.”
Three vendors felt that the need for technicians to be certified by the Building Performance Institute (BPI) repeatedly placed a burden on their companies. One vendor noted: 
“With COVID right now, I’ve got some guys coming on-board and they all had to get recertified because during the lockdown they lost their certification. We should have the ability to do in-house training for that instead of requiring everybody to recertify every [year or two]. If [the program] assisted with the funding, that would help.”
According to program staff, federal funds can only be spent on employees of participating agencies, making it difficult to pay for training before technicians are hired by program vendors.
Three vendors also felt the number of hours staff needed to put in to be certified as lead technicians placed an undue burden on them. One noted: 
“The qualifications to become a lead tech include required hours for the utilities, which are a little strict. The need for certification is fine; it’s just that the hours can be a barrier.”
The program requirements for lead technician, as of 2019, include maintenance of four credentials (BPI—Building Analyst, BPI—Envelope Professional, US DOE Home Energy Score Assessor, and EPA Lead certifications) and up to 4,000 hours of industry-specific experience.[footnoteRef:115]  [115:  Energize CT, Eversource Energy, and Avangrid. April 5, 2019. “Home Energy Solutions Program and HES-Income Eligible Program 2019 Field Implementation Manual, Version 7.0.” ] 

Another vendor noted that auditors could use more sales training:
“[A technician’s] job is to be able to show the people what they need to do to become more energy-efficient, more durable and have a safer home. [A successful technician has] got to be able to sell [the customer on installing additional measures], not just know the technical aspect.”
[bookmark: _Toc112334954][bookmark: _Toc115298219][bookmark: _Toc116989301]Workforce Development
Twelve vendors who weighed in on the subject believed a workforce development program would increase the pool of qualified lead technicians. Several vendors explicitly brought up their challenges with shortages of qualified personnel. According to a program stakeholder, vendors face competing incentives to grow their workforce to meet customer demand while maintaining adequate quality control. 
When discussing the program’s impact on their own companies’ staffing, six vendors noted that all or most of their company’s staff were involved with the program and they would likely lose their jobs if the HES program ceased to exist. Two vendors said they would have trouble finding additional staff if the program scaled up, though two believed they could handle increased demand.
One program stakeholder described workforce development as a major barrier to the HES/HES-IE program achieving its goals due to a lack of qualified auditors. 
[bookmark: _Toc112334955][bookmark: _Toc115298220][bookmark: _Ref115950922][bookmark: _Toc116989302]Conservation and Load Management (C&LM) Funds Diversion
Two program stakeholders described the C&LM funds diversion in 2017 and 2018 funds diversion as having a large impact, with vendors going out of business or laying off technicians in substantial numbers due to the resulting lack of projects. One stakeholder noted spillover effects with the state’s WAP program too, where fewer cost-sharing opportunities with HES-IE caused some WAP projects to scale back in scope.
Six vendors reported that the funds diversion had led to significant cuts to their operations and one vendor reported moderate cuts. Five vendors noted that they had had to lay off some staff; three of these vendors said that it had been hard to hire staff back after the program returned to full funding levels. One noted:
“[The C&LM funds diversion] had a large effect. We had to really scramble to find other things to do and had to lay people off. This is part of the reason that we’re having a workforce problem now, people never came back from that.”
[bookmark: _Toc112334956][bookmark: _Toc115298221][bookmark: _Ref116901663]Progress Toward Statewide Weatherization Goal
Most vendors (10 of 13) did not believe the state would meet its goal of weatherizing 80% of all residential units by 2030 without significant funding and market changes. 
Three of the vendors considered the goal an underfunded mandate and called for higher incentives for weatherization and easier customer access to the necessary services. One respondent said: 
“They must first define weatherization. Then, delegate a specific budget for this - the CL&M funds alone can’t pay for this work. No one has ever quantified the costs of weatherization. A ‘goal’ is not a mandate, so the 80% by 2030 weatherization goal exists with no arsenal, nothing to back it up. There are no laws, statutes, or DEEP mandates with a strategy/plan to bring this goal to fruition.”
Three vendors stressed the need for more qualified personnel to meet the goal:
“Definitely [the program needs] more training, more qualified lead technicians, and the payment structure [wages] should keep up with the times. I think that's where the utility should put their money and not in just one specific region. Let's say you want to hire people in Bridgeport—have a training there because people from Hartford are not going to drive to Bridgeport to get a job.” 
Two vendors also felt the weatherization goal would be hard to reach because the housing stock in Connecticut was old and had a lower energy savings potential.
Two community stakeholders pointed to a lack of clarity in the definition of what qualifies as weatherized. A third community stakeholder indicated that the funding for weatherization was insufficient relative to the magnitude of the state’s goal.
One member of a town energy commission described the difficulty in determining whether a home was weatherized based on its participation in HES:
“Just having a HES visit doesn’t mean that a house is weatherized. So, if the powers that be are looking at the number of homes that have had HES visits, that’s not a gauge of whether that house has been weatherized.”
Another interviewee who worked for an organization that develops affordable housing and conducts homeowner education weighed in on the statewide weatherization goal:
“I know DEEP has gotten pushback on the 80% weatherization goal due to lack of clarity around defining it. They help as a starting point, but for example, the option to install five of ten equipment types listed doesn’t mean you have a good thermal envelope. We need tiers (e.g., a baseline and something beyond it). What is air sealing without insulation?”
[bookmark: _Toc112334959][bookmark: _Toc115298223][bookmark: _Toc116989303][bookmark: _Toc129521350][bookmark: Demographics]Demographics and Firmographics
Survey questions asked respondents a variety of questions about demographic and economic factors, including number of household occupants, education, income level, ethnicity, and race.
[bookmark: _Toc112334960][bookmark: _Toc115298224][bookmark: _Toc116989304]Key Findings
· Respondents used open-end responses in the survey to explain that they could not recall certain questions due to the length of time that had passed since their assessment. For the over one-third (37%) of survey respondents who received an assessment in 2018 or earlier, at least three years passed between the date of their assessment and the survey.   
· Survey respondents had higher educational attainment than households in the general population, suggesting that the program may be underserving customers who are low- or moderate-income. 
· Compared to the census (30%), fewer survey respondents lived in a household with someone aged 65 years or older (23%), suggesting that elderly customers are underserved by the program.
· The racial and ethnic composition of survey respondents is similar to census estimates, suggesting that the program is equitable by that metric. 
Participant Demographics
Participation Year
The survey was sent to a higher percentage of participants who participated more recently (2019 to 2020) than earlier in the study period (2017 to 2018) to increase likelihood of program recall (Table 44).
[bookmark: _Ref121345336][bookmark: _Ref122105078]Table 44: Program Participation by C&LM Plan
	Program
	C&LM Plan Years
	 Respondents (Unweighted %)

	HES
	2016-2018
	31%

	HES
	2019-2020
	69%

	HES-IE
	2016-2018
	49%

	HES-IE
	2019-2020
	51%

	Total
	2016-2018
	37%

	Total
	2019-2020
	63%


Age and Occupancy
As shown in Table 45, average household size of respondents was 2.4 (HES-IE) to 2.6 (HES). 
[bookmark: _Ref121345682][bookmark: _Ref121945612][bookmark: _Ref121345677]Table 45: Size of Household 
	Program
	n
	Number of Occupants (Median)
	Number of Occupants (Mean)

	HES
	932
	2
	2.6

	HES-IE
	276
	2
	2.4


Over one-half of HES households surveyed (Figure 70) had occupants aged between 18 and 64 (58%), compared to one-fourth each with children (28%) and/or seniors (24%).
[bookmark: _Ref121489860]Figure 70: Household Occupants, HES
(source: participant survey; n=932; 
multiple responses allowed)
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Over one-half of HES-IE households surveyed (Figure 71) had occupants aged between 18 and 64 (51%), compared to one-fourth each with seniors (24%) and/or children (25%).
[bookmark: _Ref121489878]Figure 71: Household Occupants, HES-IE
(source: participant survey; n=276; 
multiple responses allowed)
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Less than one-quarter of HES and HES-IE survey respondents (23%) who owned their home lived in a household with someone aged 65 or older, statistically significantly fewer than the number of households in the census (30%) (Figure 72).
[bookmark: _Ref121265046]Figure 72: Households with Occupants Aged 65+ Compared to the Census
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*Significantly different from the census at the 90% confidence level.

Race and Ethnicity
Survey respondents reflect the racial composition of single-family households in Connecticut (Figure 73).
[bookmark: _Ref121263340]Figure 73: Race of Survey Respondents Compared to Census
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Table 46 shows the race of participants by program type.
[bookmark: _Ref121946335]Table 46: Race of Participants
(Source: Participant survey)
	Race
	HES (n=932)
	HES-IE (n=276)

	White
	77%
	43%

	Black or African American
	3%
	22%

	Asian
	5%
	4%

	Native Hawaiian or Pacific Islander
	0%
	1%

	American Indian or Alaskan Native
	0%
	<1%

	Two or more races
	2%
	3%

	Other
	<1%
	6%

	I’d rather not say
	13%
	21%


Overall, 12% of HES and HES-IE survey respondents reported that they identified as Hispanic or Latino, the same proportion as in the census (12%). Five percent of HES respondents and 22% of HES-IE respondents identified as Hispanic or Latino.
Education
Figure 74 shows the educational attainment of survey respondents by program type. Nearly three-quarters of HES participants have a bachelor’s degree (30%) or graduate or professional degree (43%). 
[bookmark: _Ref121945927]Figure 74: Educational Attainment of Participants
(Source: Participant survey)
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Among owner-occupied households, participants with bachelor’s degrees or higher are likely overrepresented compared to the general population in Connecticut (Figure 75). The renter-occupied households are shown for illustrative purposes only, as the study only surveyed single-family participants, and many renters likely live in multifamily buildings.
[bookmark: _Ref121264682]Figure 75: Educational Attainment of Survey Respondents Compared to Census
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*Significantly different from the census at the 90% confidence level.
Income
Two-thirds of HES respondents (67%) reported incomes above 80% of Connecticut’s AMI, compared to over one-tenth (13%) who reported income below this level (Figure 76).[footnoteRef:116]  [116:  Six percent of HES-IE respondents reported an income of above 80% AMI (not shown). While this income level would disqualify them for HES-IE eligibility (60% of state median income), their income may have increased between the assessment and taking the survey.] 

[bookmark: _Ref119608167]Figure 76: Income Levels, HES
(source: participant survey; n=831)
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[bookmark: _Toc112334962][bookmark: _Toc115298226][bookmark: _Toc116989306]Vendor Firmographics
[bookmark: _Int_mKBeS49c]The vendor in-depth interviews gathered some information about the 17 respondents’ companies, the services provided, and their perception of the program’s goals.
Background
Fourteen of the 17 vendors interviewed had conducted more assessments on HES homes than HES-IE homes in the previous three years; six of these interviewees indicated their companies had only completed HES projects. One vendor’s work was split in half; two vendors had had more HES-IE work, with one doing only HES-IE projects. 
Among the vendors interviewed, multifamily projects made up a small portion of program work. For HES, one vendor estimated multifamily projects had made up one-half of their HES work, but thirteen vendors estimated multifamily projects had made up less than one-third of their HES work. Similarly, for HES-IE, one vendor estimated multifamily projects had made up one-half of their HES-IE work, but nine estimated they had made up one-third or less of their HES-IE work.
Three vendors reported that all their company’s residential work comes through the program, and six said most of their company’s residential work comes through the program. When asked how long they had personally been involved with the HES/HES-IE program, most of the interviewees indicated they had considerable experience with the program. Nine interviewees had worked with the program for more than 10 years, with two interviewees having been involved in some capacity since the program’s inception. Five interviewees had been involved with the program for more than three but less than 10 years, while one had started a few months before the interview. 
All 17 interviewees clarified their various responsibilities with respect to the program. Nine were owners of the company, six had administrative responsibilities, three were in the field for at least part of their job, and one had recently transitioned from a role in the field to an office role.
Seven noted that they managed all aspects of their company’s participation. More specific activities interviewees noted they were responsible for included quality control and supervision of field crews, customer recruitment, communications with the utilities, use of the tracking system, fieldwork, invoicing, scheduling, ordering materials, and keeping up with program changes.
B


[bookmark: _Toc129521351][bookmark: AppendixC]Additional Net-to-Gross and Installation Rate Findings
This section presents further in-depth NTG findings from the HES and HES-IE participant survey.
[bookmark: _Toc115298231][bookmark: _Toc116989311][bookmark: _Toc129521352]Free-ridership
This section details additional findings for the first major input into the NTG ratio, free-ridership (FR). The participant survey asked 932 HES participants about measures they had installed through the program. The NMR team obtained usable responses from 925 HES participants, representing 9,721 MMBTU/year in gross savings across 17 different measure types.[footnoteRef:117] Each respondent answered free-ridership questions about up to two measures.[footnoteRef:118] [117:  The seven removed respondents either displayed inconsistency across survey verification questions or did not pass quality control checks after the survey’s completion.]  [118:  The sampling defaulted to asking respondents about add-on measures wherever possible to maximize response rates for high savings, low-incidence measures. A respondent only received free-ridership questions about measures in the tracking database that respondents verified receiving and that were installed. The savings come from the program database; electric, gas, oil, and propane savings have been converted into MMBtu/year. ] 

[bookmark: _Toc115298232][bookmark: _Toc116989312]Influence and Intent Scores
To estimate the HES FR rate, the study used the average of the influence and intent scores. Intent scores comprise timing, quantity, and efficiency scores.
Influence
For each measure, the FR algorithm used the maximum influence score from all program elements each respondent rated. Where applicable, the survey instrument omitted program elements not relevant to the respondent’s self-reported experience with the program. For example, the instrument only asked about the influence of a rebate and/or financing if a respondent self-reported applying for them. The algorithm then inverted the 0 to 10 scale and converted it to a 0 to 1 scale.
· Building Envelope. Information provided by the technician and the availability of a rebate were the most influential program elements for respondents who installed building envelope measures. Marketing materials and financing options were the least influential.
Figure 77: Average Free-Ridership Influence Rating by Element,
Building Envelope Measures
(source: participant survey)
[image: ]
· Appliances. The availability of a rebate and information provided by the technician were the most influential program elements for respondents who installed appliances. Marketing materials and financing options were the least influential.
Figure 78: Average Free-Ridership Influence Rating by Element, Appliances
(source: participant survey)
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· Domestic Hot Water. Information provided by the technician was the most influential program element, followed closely by the availability of a rebate. Marketing material was the least influential program element.
Figure 79: Average Free-Ridership Influence Rating by Element,
Domestic Hot Water
(source: participant survey)
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· HVAC. Ductless heat pumps were the only HVAC measure with over 10 respondents who answered the question. The availability of the rebate, financing options, and marketing materials were the most influential program elements.
Figure 80: Average Free-Ridership Influence Rating by Element, HVAC
(source: participant survey)
[image: ]
Timing
Timing is one of the three components that comprise a free-ridership intent score. The survey instrument asked respondents about the likelihood that they would have installed the measure when they did if the rebate, financing, and/or program support had not been available. If the measure was mechanical equipment or an appliance, respondents also indicated whether it was new or installed to replace an existing piece of equipment.
· Building Envelope. Respondents who had installed door/ window weatherization, insulation, and/or windows through the Program were most likely to have installed the measure at the same time they did, even without program support. Unsurprisingly, respondents who had conducted blower-door air sealing with program support were least likely to say the same.
Figure 81: Free-Ridership Timing Likelihood, Building Envelope Measures
(source: participant survey)
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Respondents who said they were somewhat or slightly likely saw a follow-up question that asked when they would have installed the measure. Here again, respondents who installed door/ window weatherization were most likely to say they would have installed it within six months.
Figure 82: Free-Ridership Timing Follow-Up,
Building Envelope Measures
(source: participant survey)
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· Appliances. Respondents who had installed any appliance were more likely than not to say they would have installed the measure at the same time they did, even without program support. Those who purchased refrigerators and freezers were most likely to say this.
Figure 83: Free-Ridership Timing Likelihood, Appliances
(source: participant survey)
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Respondents who said they were somewhat or slightly likely saw a follow-up question that asked when they would have installed the measure. Between two- and three-fifths (41% through 58%) of these respondents said they would have installed the appliance within six to 12 months without program support.
Figure 84: Free-Ridership Timing Follow-Up, Appliances
(source: participant survey)
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· Domestic Hot Water. Respondents who had installed pipe wrap were more likely than those who had installed water-saving measures (aerators, showerheads) to say they would have installed the measure when they did without program support.
Figure 85: Free-Ridership Timing Likelihood, DHW
(source: participant survey)
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Respondents who said they were somewhat or slightly likely saw a follow-up question that asked when they would have installed the measure. Roughly one-third each of respondents who installed water-saving measures and/or pipe wrap said they would have installed them within 12 months without program support.
Figure 86: Free-Ridership Timing Follow-Up, DHW
(source: participant survey)
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· HVAC. Ductless heat pumps were the only HVAC measure with over 10 respondents who answered the question. Over four-fifths (86%) of these respondents said they were somewhat or very likely to have installed the ductless heat pump when they did without program support.
Figure 87: Free-Ridership Timing Likelihood, HVAC
(source: participant survey)
[image: Chart, bar chart

Description automatically generated]
Of the 12 customers who installed ductless heat pumps and said they were somewhat or very likely to have installed them when they did without program support, five said they would have done so within 12 months.
Quantity
Quantity is the second of three components comprising a free-ridership intent score. The survey instrument asked respondents to indicate the likelihood of their installing the same number of units (in the case of mechanical equipment, appliances, lighting, thermostats, or windows) or amount/percentage of the measure (in the case of air sealing, duct sealing, weatherization, and insulation).
· Building Envelope. Respondents who had installed windows were most likely to say they would have installed the same amount without program support, followed by those who had installed insulation, then door/ window weatherization.
Figure 88: Free-Ridership Quantity Likelihood, Building Envelope Measures
(source: participant survey)
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Respondents who said they were somewhat or slightly likely to have installed the same number or performed the same amount of each measure then quantified the percentage they would have installed. For windows, the survey instrument asked for a number of installed windows with and without program support, rather than directly asking for a percent. 
Table 47: Free-Ridership Quantity Percent, Building Envelope Measures
(source: participant survey)
	Measure
	n
	Average % Measure Installed Without Program Support

	Insulation
	80
	71%

	Door / window weatherization
	77
	56%

	Duct sealing
	57
	52%

	Windows
	25
	12%

	Blower-door guided air sealing
	17
	34%


· Appliances. Among measures with sample sizes above 30, thermostats and light bulbs, two-thirds of respondents (66% and 67%, respectively) said they would have very or somewhat likely installed the same number of each measure without program support.
Figure 89: Free-Ridership Quantity Likelihood, Appliances
(source: participant survey)
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Respondents who said they were somewhat or slightly likely to have installed the same number or performed the same amount of each measure then quantified the percentage they would have installed. For windows, the survey instrument asked for a number of installed windows with and without program support, rather than directly asking for a percent. 
Table 48: Free-Ridership Quantity Percent, Appliances
(Source: Participant survey)
	Measure
	n
	Average % Units Installed Without Program Support

	Wi-Fi enabled smart thermostat
	152
	17%

	Refrigerator/Freezer
	39
	2%

	LED light bulbs
	30
	66%

	Clothes washer
	27
	3%

	Dehumidifier
	13
	0%


· DHW. Respondents who installed pipe wrap were more likely than those who installed water-saving measures to say they would have installed the same quantity of each measure without program support.
Figure 90: Free-Ridership Quantity Likelihood, DHW
(source: participant survey)
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Respondents who said they were somewhat or slightly likely to have installed the same number or performed the same amount of each measure then quantified the percentage they would have installed. For windows, the survey instrument asked for a number of installed windows with and without program support, rather than directly asking for a percentage.
Table 49: Free-Ridership Quantity Percent, DHW
(source: participant survey)
	Measure
	n
	Average % Units Installed Without Program Support

	Water-saving measures
	31
	60%

	Water heater pipe wrap
	24
	80%


HVAC. Respondents who installed multiple ductless heat pumps (n=17) were more likely than those who installed any other measure to say that they would have installed the same quantity without program support. 
Figure 91: Free-Ridership Quantity Likelihood, HVAC
(source: participant survey)
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Respondents who said they were somewhat or slightly likely to have installed the same number or performed the same amount of each measure then quantified the percentage they would have installed.
Table 50: Free-Ridership Quantity Percent, HVAC
(Source: Participant survey)
	Measure
	n
	Average % Units Installed Without Program Support

	Ductless heat pump
	30
	7%

	Geothermal heat pump
	2
	0%

	Air source heat pump
	1
	0%


Efficiency
Efficiency is the third and final component comprising a free-ridership intent score. The survey instrument asked respondents to indicate the likelihood of their installing a measure with the same level of efficiency as the program-supported measure. This question was asked about all add-on measures. For core measures, the survey only asked about lighting because efficiency levels for services such as air sealing, duct sealing, door and window weatherization, and water-saving measures do not have meaningful variations in efficiency
· Building Envelope. Respondents who installed windows were more likely than those who installed insulation to say they would have installed the same efficiency level of each measure without program support. The survey did not ask this question about the three core HES weatherization measures: blower-door guided air sealing, door/ window weatherization, and duct sealing.
Figure 92: Free-Ridership Efficiency, Building Envelope Measures
(source: participant survey)
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· Appliances. Respondents who installed refrigerators/ freezers were most likely to say they would have installed the same efficiency level for each measure without program support, followed by those who installed clothes washers and/or LED light bulbs.
Figure 93: Free-Ridership Efficiency Likelihood, Appliances
(source: participant survey)
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· DHW. The survey did not ask questions about water-saving measures (aerator, showerhead) or pipe wrap efficiency.
· HVAC. Respondents who installed ductless heat pumps were the only ones with a sample size above 30. Among these, over three-fourths (80%) said they were somewhat or very likely to have installed the same efficiency level without program support.
Figure 94: Free-Ridership Efficiency, HVAC
(source: participant survey)
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[bookmark: _Toc115298233][bookmark: _Toc116989313]Early Replacement
The survey asked questions that did not directly figure into the FR algorithm but did provide context for respondents’ decisions around installing rebated measures. First, respondents specified whether the measures they installed replaced existing equipment or were new equipment.
For those who replaced existing equipment, survey questions asked what condition that equipment was in before it was removed, and if it needed at worst minor repair, whether the replaced equipment might have lasted another two years.
· Windows. Respondents who installed windows (n=25) were almost entirely (96%) replacing existing ones. Among those who replaced existing equipment, over half (54%) said their windows needed major repair (Figure 95).
[bookmark: _Ref122190737]Figure 95: Free-Ridership Condition of Replaced Equipment, Windows
(source: Participant survey)
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All nine respondents who said their replaced windows needed minor or no repair said the windows would have lasted another two years.
· Appliances. Among groups with sample sizes over 30—Wi-Fi enabled smart thermostats and refrigerators/freezers--nearly all respondents (93% or greater) were replacing existing measures (Figure 96). 
[bookmark: _Ref122190805]Figure 96: Free-Ridership New or Replacing Existing Equipment, 
Appliances
(source: participant survey)
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Among respondents who replaced existing appliances, four-fifths of those who installed smart thermostats (81%) said their existing thermostats were in no need of repair (Figure 97). Over one-half of those who installed refrigerators/freezers (57%) said their equipment was in no need of repair. The results for respondents who installed clothes washers and/or dehumidifiers were similar, albeit with smaller sample sizes.
[bookmark: _Ref122190906]Figure 97: Free-Ridership Condition of Replaced Equipment Condition, Appliances
(source: participant survey)
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For each appliance, over two-thirds of respondents who said their appliance needed minor or no repair said their replaced equipment would have lasted another two years (Figure 98).
[bookmark: _Ref122190982]Figure 98: Free-Ridership Early Replacement, Appliances
(source: participant survey)
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· HVAC. Three-fifths of respondents who installed ductless heat pumps (60%) were installing new systems (Figure 99).
[bookmark: _Ref122191084]Figure 99: Free-Ridership New or Replacing Existing Equipment,
HVAC
(source: Participant survey)
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Figure 100 shows the condition of equipment replaced by ductless heat pumps, central air conditioners, and geothermal heat pumps. 
[bookmark: _Ref122191130]Figure 100: Free-Ridership Condition of Replaced Equipment,
 HVAC
(source: Participant survey)
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Among respondents whose previous HVAC equipment needed minor or no repair, six of eight respondents who installed ductless heat pumps and one respondent who installed a geothermal heat pump thought their equipment would have continued working for another two years. 
[bookmark: _Toc115298234][bookmark: _Toc116989314][bookmark: FRBenchmark]FR Benchmarking
Table 51 shows free-ridership values from other NTG studies in the mid-Atlantic and Northeast that estimated NTG by measure. For the purposes of comparison to past Connecticut HES studies, we note that the R4 study had a different NTG approach than the R1983 study, which used the Massachusetts NTG algorithm with a LAM-adjusted scale. Due to the similarities in NTG methodology and program design, the Massachusetts values are likely the closest benchmark for the measure-level free-ridership reported in R1983.
[bookmark: _Ref112669717]Table 51: Free-Ridership Benchmark Values
	Measure
	R1983 FR
	Benchmark FR
	Benchmark Year
	State

	Door and/or window weatherization
	28%1
	--
	--
	--

	Duct sealing
	14%
	18%
	2014
	CT3

	Water-saving measures2
	20%
	20%
	2014
	CT3

	Blower-door-guided air sealing
	11%
	25%
12%
	2014
2019
	CT3
MA4

	Pipe/tank insulation
	28%
	28%
21%8
	2014
2018-19
	CT3
PA (PECO)6

	Energy-Efficient LED Light Bulbs2
	36%
	55%
53-58%
	2014
2018-2019
	CT3
PA (PECO)6

	Insulation
	23%
	6%
20%
	2014
2019
	CT3
MA4

	Smart Thermostat
	34%
	26%
40%
	2019
2019-2020
	MA4
PA (DLC)7

	Energy-Efficient Windows
	33%
	5%
	2014
	CT3

	Central Air Conditioning System
	38%
	17%
35%
56%
	2014
2019
2019-2020
	CT3
MA4
PA (DLC)7

	Heat Pumps (any)
	38%
	31-34%
25%9
40-42%
63%
	2019
2014
2018-2019
2019-2020
	MA4
CT3
PA (PECO)6
PA (DLC)7

	Refrigerator / Freezer
	47%
	31-48%
52%
68%
	2014
2018-2019
2019-2020
	CT3
PA (PECO)6
PA (DLC)7

	Clothes Washer
	42%
	65%
	2018-2019
	PA (PECO)6

	Dehumidifier
	43%
	42%
48%
	2019
2019-2020
	MA5
PA (DLC)7

	1 Unweighted due to lack of savings for this measure in program data; savings for door and/or window weatherization measures were presumed to be included with air sealing savings.
2 LED free-ridership values and benchmarks are shown for informational purposes only; the workplan specifies that the study will interpret the result of the billing analysis for lighting as net savings.
3 NMR Group, Inc. April 13, 2016. “Project R4 HES/HES-IE Process Evaluation and R31 Real-time Research.” Microsoft Word - R4HES-HESIE_Process_Eval2016_0413_Final (energizect.com).
4 Guidehouse Inc. October 8, 2021. “Massachusetts Residential Programs Net-to-Gross Research of RCD and Select Products Measures.” MA20R28-B-NTGRCDP Report (ma-eeac.org).
5 NMR Group, Inc. and DNV, Inc. June 8, 2021. “Residential Products Net-to-Gross Study (MA20X04-E-PRODNTG). MA20X04-E-PRODNTG_Res-Products-NTG-Report_FINAL_2021.06.08.pdf (ma-eeac.org).
6 Guidehouse, Inc. November 15, 2019. “Final Annual Report to the Pennsylvania Public Utility Commission Phase III of Act 129. Program Year 10 (June 1, 2018 – May 31, 2019). Prepared for PECO.”
7 Guidehouse, Inc. February 15, 2021. “Final Annual Report to the Pennsylvania Public Utility Commission Phase III of Act 129. Program Year 11 (June 1, 2019—May 31, 2020). Prepared for Duquesne Light Company.”
8 This FR value was for the entire Whole Home Solution, which included pipe wrap as a direct-install measure.
9 The free-ridership value of 25% was for ductless mini-split heat pumps only.


[bookmark: _Toc115298235][bookmark: _Toc117025296][bookmark: _Toc129521353]Spillover
This section details findings for the second major input into the NTG ratio: spillover.
[bookmark: _Toc115298236][bookmark: _Toc117025297]Participant Spillover
Participant spillover (PSO) estimates the impact of participants installing additional energy-efficient measures due to their previous involvement with the program, without program incentives to do so.
Of the 925 HES participants surveyed, 13% reported that they were influenced by the HES program to install an energy-saving measure that met these conditions. As Table 52 shows, these respondents reported 303 eligible SO measures in total, the most common being thermostats (4% of respondents) and dehumidifiers (3%).
[bookmark: _Ref121329818]Table 52: HES Participation Spillover Measures
	Program-Influenced Measure Installed Outside of Program
	% of Respondents, Unweighted (n=925)
	Average Gross Savings (MMBtu/yr)1

	Thermostat
	4%
	5.9

	Dehumidifier
	3%
	0.8

	Window replacement
	2%
	21.3

	Insulation
	2%
	12.2

	Air sealing
	2%
	4.2

	LED Light bulbs/light fixtures2
	2%
	2.1

	Clothes washer
	2%
	1.0

	Refrigerator
	2%
	0.9

	Central air conditioning system
	2%
	0.7

	Furnace
	1%
	21.9

	Ductless heat pump
	1%
	12.7

	Heating or cooling system tune-up/maintenance
	1%
	0.8

	Water heater
	1%
	2.1

	Air purifier
	1%
	0.8

	Water pipe wrap
	1%
	0.5

	Freezer
	1%
	0.4

	Clothes dryer
	1%
	0.3

	Dishwasher
	1%
	<0.05

	Boiler
	<0.5%
	21.9

	Air source heat pump
	<0.5%
	21.9

	Geothermal heat pump
	<0.5%
	21.9

	Heat pump water heater
	<0.5%
	3.3

	Duct sealing
	<0.5%
	2.3

	Water-saving measures
	<0.5%
	0.4

	Total3
	13%
	1,549 

	1 Average savings in the program database associated with each measure. Electric, gas, oil, and propane savings have been converted into MMBtu/year. The source of average savings for eligible spillover equipment not present in the program database is the 2021 PSD. 
2 After discounting by 70% to account for upstream lighting rebates, average LED savings is 0.7 MMBtu/yr.
3 Multiple spillover measures for some respondents; “total” represents the number of respondents with at least one spillover measure and total MMBtu for all spillover measures. 


Weighted PSO for the HES program is 7% with a 90% confidence interval (5.7%, 10.8%). This score represents a weighted average of the percentage of respondents who reported eligible SO measures, where the weights for each spillover measure are the annual average gross savings shown in Table 52.
The study included several sensitivity analyses on the overall PSO estimate:
Lighting. In Connecticut, LEDs were discounted at retailers through an upstream lighting program until 2021, when the program supported only reflector lighting incentives in hard-to-reach markets.[footnoteRef:119] The likelihood is high that HES participants who purchased LEDs before 2021 obtained an upstream program-incented bulb even if they did not realize it. Furthermore, the free-ridership rate for non-HTR (hard-to-reach) upstream LEDs in the 2022 Connecticut PSD is 70%. As such, the study discounted lighting savings by 70% and counted 30% of the savings from lighting towards spillover (reducing the average savings from 2.11 to 0.63 MMBtu). This adjustment did not have a substantial effect on overall SO value; it increased by tenths of a percentage point. We recommend using a spillover value of 7%, particularly because we are not recommending adjusting to exclude people who reported similar spillover measures to those they received through the program, as described below. [119:  “2021 Plan Update to the 2019-2021 Conservation & Load Management Plan.” Filed March 1, 2021. https://www.energizect.com/sites/default/files/2021-04/Final%202021%20Plan%20Update%20%28Refiled%203-15-21%29.pdf. Accessed June 14, 2021. ] 

Tracking data cross-check. Fewer than one in 10 respondents (7%) identified spillover measures that they had also verified as receiving through their participation in the HES program. The most conservative approach would be to assume these respondents misunderstood the spillover battery and exclude these measures from the spillover analysis. Total spillover with these measures excluded is 6%, compared to 7% with these measures included (and the discount rate for LED lighting SO as described above). Therefore, the effect of potential double-counting of SO measures is limited and the evaluation recommends using the 7% value.
Benchmarking. The Massachusetts residential coordinated delivery (RCD) reports a participant spillover value of 12% at the program level.[footnoteRef:120] Similar to the Connecticut HES program, residential customers receive an energy assessment and have an opportunity to adopt deeper savings measures. Program-level participant spillover for the MA study also includes multifamily households and other program tracks, so while it is not a direct comparison, this evaluation can reasonably recommend a 7% participant spillover value for the R1983 HES study.  [120:  Guidehouse Inc. October 8, 2021. “Massachusetts Residential Programs Net-to-Gross Research of RCD and Select Products Measures.” MA20R28-B-NTGRCDP Report (ma-eeac.org). Accessed June 30, 2022. ] 

[bookmark: _Ref112666999][bookmark: _Toc115298237][bookmark: _Toc117025298][bookmark: NPSO]Non-Participant Spillover (NPSO)
Most of the vendor interviewees indicated that most or all of their residential work came through the HES program or related services (e.g., insulation or HVAC installation). The few respondents whose companies had residential work outside the program had difficulty estimating the program impact on their non-program practices. In addition, sometimes the non-program installations occurred in other departments of the company, and the vendors could not speak confidently about work done in other departments. For these reasons, the study could not quantify non-participant spillover, but gleaned the following qualitative findings from vendor interviews:
· Energy assessments conducted outside the program. Due to their familiarity with the program, respondents referred non-participant customers through the program so that the customers could gain program benefits and receive an assessment for the cost of the program co-pay. One vendor said that some of their solar customers were not eligible to participate in HES again due to recent program participation; in these cases, the company performed a “clipboard audit”[footnoteRef:121] to move them through the solar installation process.  [121:  The vendor did not provide clarification on this term, but it can be interpreted to mean a less-intensive energy assessment that would fulfill the requirements for installing solar, as the customer had previously received an assessment through the HES program. ] 

· High-efficiency equipment recommended to non-participant customers. Like questions about non-program energy assessments, respondents indicated that they encouraged customers to participate in the program to access program incentives. Vendors with non-participant customers elaborated on their business practices:
1. One vendor who estimated that only 30% of their company’s residential work came through the HES program said that they recommended high-efficiency equipment to their customers, depending on their fuel systems and budget. Generally, the vendor noted that customers were willing to go along with their recommendations.
2. One vendor said that they made the same recommendations on equipment to non-participating customers that they would to HES participants, even if the non-participants are not eligible for any incentives. The majority of the respondent’s customers were program participants. This vendor expressed that the program has been very influential on their business practices and the program affiliation affords the company credibility to all its customers.  
Another vendor with non-participant residential new construction customers said that it was the responsibility of the new construction project’s architect or general contractor to recommend equipment, rather than an energy auditor at the respondent’s company. 
[bookmark: _Toc115298238][bookmark: _Toc117025299][bookmark: _Toc129521354]Installation Rates
The installation rate represents the percentage of incented measures that program participants ultimately installed. For each measure associated with their household in the program tracking data, HES participant survey respondents were asked to confirm which of the measures were still installed in their homes, installed then removed, or never installed.
Table 53 lists two installation rates for each measure; the first is unweighted (i.e., a tally of responses), whereas the second is weighted by respondents’ measure-specific savings. For example, the weighted installation rate for pipe wrap represents the percentage of all respondents’ pipe wrap savings associated with those who reported installing it. Savings associated with respondents who never installed the pipe wrap count against the installation rate, but not those who answered, “I’m not sure”.
As the installation rate for windows in the 2022 PSD was 100%, and this estimate (93%) could be skewed by a small sample size, we recommend averaging the two installation rates (100% and 93%) for a window installation rate of 97.5% (98%).
[bookmark: _Ref120093647]Table 53: Installation Rate by Measure
	Measure
	n
	Installation rate, unweighted (%)
	Installation rate, weighted (%)

	Energy-efficient LED light bulbs
	755
	98%
	98%

	Door and window weatherization
	455
	92%
	92%

	Water-saving showerhead
	274
	81%
	82%

	Insulation
	203
	100%
	100%

	Wi-Fi-enabled smart thermostat
	166
	96%
	96%

	Water-saving faucet aerators
	150
	86%
	85%

	Water heater pipe wrap or insulation
	150
	97%
	97%

	Refrigerator
	37
	97%
	97%

	Ductless heat pump(s)
	31
	97%
	98%

	Clothes washer
	28
	96%
	96%

	Energy-efficient windows1
	26
	96%
	93%

	Dehumidifier
	13
	100%
	100%

	Central air conditioning system
	7
	100%
	100%

	Freezer
	3
	100%
	100%

	Geothermal or ground-source heat pump
	2
	100%
	100%

	Air-source heat pump
	1
	100%
	100%

	1 One respondent reported that the windows associated with their address in the program tracking data were “never installed;” this was a high-savings project and as such the weighted installation rate for windows is reduced accordingly. The NMR team recommends averaging this installation rate with the installation rate in the 2022 PSD for an installation rate of 98%. 


The first set of figures below shows how respondents answered the survey questions that determined each measure’s installation rate, prior to incorporating a savings-based weighting scheme. Among HES respondents with measures where the number of respondents was less than 25, all respondents said the measures were currently installed.
Figure 101: Installation Status of Program Measures, HES
(Source: Participant survey)
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Depending on their answers, survey questions asked some respondents additional questions about why they might have removed measures and whether they have plans to install them in the future. Among the two measures with over 20 respondents—door/ window weatherization and water-saving showerheads—the most common responses were that they removed them because they broke, they did not like it, and/or it did not work properly.
Among the respondents in Figure 102 who self-reported that their water-saving measures (aerators and/or showerheads) were no longer installed (n=86), nearly one-half said they removed it because they did not like it (46%).
[bookmark: _Ref120802613]Figure 102: Reasons Why Respondents Removed Water-Saving Measures, HES
(Source: Participant survey; multiple responses allowed)
[image: ]
Among the respondents in Figure 103 who self-reported that their door / window weatherization was no longer installed (n=48), over one-fourth each said they removed it because it broke (28%) and/or because it did not work properly (27%).
[bookmark: _Ref120802435]Figure 103: Reasons Why Respondents Removed Door and Window Weatherization, HES
(Source: Participant survey; multiple responses allowed)
C
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[bookmark: _Ref121732939][bookmark: _Toc129521355][bookmark: AppendixD]Additional Impact Findings
This appendix provides some additional details regarding the impact tasks completed as part of R1983. However, most of the study’s additional impact findings are documented in the supplementary Impact Evaluation Supporting Documentation workbook. Readers are encouraged to use that workbook to find additional impact findings for all HES and HES-IE measures.
[bookmark: _Toc129521356][bookmark: _Toc115298239][bookmark: _Toc117025300]Air Sealing & Insulation: Results Using Multiple Estimation Approaches
As noted in Section 5, the study estimated air sealing and insulation savings using three different methodologies that all produced results lower than the program’s ex ante savings. These methods included:
· Billing Analysis Model. PPR with matched control, used to report official ex post savings from this study.
· Billing Data Comparison. Difference of differences approach comparing unmodeled but weather-normalized annualized consumption for treatment and control groups.
· Building Simulation. Based on pre- and post-participation tracking data and billing data calibrated. 
Table 54 compares the results of the three estimation approaches.
[bookmark: _Ref129120062]Table 54: Air Sealing & Insulation Savings: Comparison of Multiple Methods (CCF/Year for Natural Gas Heated Participants)
	
	HES
	HES-IE

	 
	Air Sealing Only
	Air Sealing & Insulation
	Air Sealing Only
	Air Sealing & Insulation

	Billing Analysis Model
	17 
	77 
	11 
	108 

	Billing Data Comparison 
	10 
	68                                     
	0 
	96 

	Building Simulation 
	66 
	154 
	31 
	144 


As evident above, the two billing data-centric approaches (one modeled, one unmodeled) produced generally similar savings, whereas the building simulation resulted in higher savings estimates. However, notably higher savings observed savings from the building simulation (relative to any billing data-based approach) is typical and consistent with several other recent evaluations that utilized both approaches.
Numerous other studies have shown that overprediction of energy use and savings by residential energy modeling methods is a common problem. Our team’s literature review found the issue is particularly acute for older, poorly insulated homes containing aging mechanical systems.[footnoteRef:122],[footnoteRef:123],[footnoteRef:124] These are, of course, the very homes where the most opportunities exist and, accordingly, are targeted by weatherization programs like HES & HES-IE. Specifically, an NREL study found that simulation software overpredicted natural gas space heating by an average of 41% for homes built before 1960 compared to a 13% overprediction for homes built after 1989. This finding is largely consistent with the disparity between billing data-based approaches and the building simulation approach observed by this study.  [122:  Field Assessment of Energy Audit Tools for Retrofit Programs Edwards, D. Bohac, C. Nelson, and I. Smith NorthernSTAR Building America Partnership. https://bbe.umn.edu/sites/bbe.umn.edu/files/Field%20Assessment%20of%20Energy%20Audit%20Tools%20for%20Retrofit%20Programs.pdf]  [123:  Assessing and Improving the Accuracy of Energy Analysis for Residential Buildings B. Polly, N. Kruis, and D. Roberts. https://www.nrel.gov/docs/fy11osti/50865.pdf]  [124:  Ternes, M.P. (2007). Validation of the Manufactured Home Energy Audit (MHEA). ORNL/CON-501 and the second part of the study referenced in Ternes, M.P; Gettings, M.B. (2008). Analyses to Verify and Improve the Accuracy of the Manufactured Home Energy Audit. ORNL/CON-506.] 

In fact, evaluations of the benchmarked market rate programs found a similar disparity between the two methodologies. The ratio of billing analysis-to-building simulation results, shown in Table 55 for HES participants that air sealed and installed insulation, is in line with benchmarked studies. This alignment in relative methodological results across studies reinforces the reasonableness of this study’s billing analysis result.
[bookmark: _Ref129120504]Table 55: Air Sealing & Insulation Savings: Comparison Billing Analysis and Building Simulation Results Across Evaluations of Market Rate Programs
 (CCF/Year for Natural Gas Heated Participants)
	Program 
(Cohort Analyzed)
	Billing Analysis 
	Building Simulation
	Difference
(Ratio of Billing Analysis to 
Building Simulation Savings)

	HES (CT: 2019)
	77
	154
	50%

	EWSF (RI: 2017–2018)
	93
	245
	38%

	HES (MA: 2015–2016)
	125
	194
	65%


[bookmark: _Toc129521357]Air Sealing & Insulation: Control Group Experimentation
As also noted in Section 5, the study estimated air sealing and insulation savings using both future participants in each program, which is considered industry best practice, as well as with a pool of general population customers as the control group. In both instances, the study matched customers in the control group to a participant in the treatment group based on the similarity of the two customer’s pre-program energy consumption. 
As shown below, the results using both control groups were similar and not statistically different. This confirmed that the decrease in consumption over time exhibited by the “future” participants was consistent with broader usage trends amongst residential customers in Connecticut and that it was prudent to continue to use the future participants as the control group when reporting ex post savings – which is, again, industry best practice.
Table 56: Air Sealing & Insulation Savings: Using Different Control Groups (CCF/Year for Natural Gas Heated Participants, HES)
	Matched Control Group 
	Air Sealing Only 
	Air Sealing & Insulation

	Future Participants
	17 ± 5 
	 77 ± 9

	General Population
	19 ± 6 
	84 ± 10


[bookmark: _Toc129521358]Air Sealing & Insulation: By Vendor
Vendor-specific results did not differ at a statistically significant level. Sample sizes did not allow the study to model statistically significant vendor-specific savings via billing analysis. To assess for potential differences across vendors, the study instead compared unmodeled differences in average pre- and post-program consumption for each vendor. To be clear, this approach is different from and more simplistic than modeled savings shown in Table 14. As a result, the figures below labeled as “Changes in Natural Gas Consumption”, not “savings”.
As evident in figures, the average change in consumption varied meaningfully vendors. However, largely due to sample sizes, none of these differences are statistically different from each other or the modeled ex post savings. (The green bands represent the confidence interval for each vendor.) Also, because this approach is unmodeled and does not include a control group, the changes in pre- and post-consumption may be attributable to factors beyond vendor’s influence (e.g., changes in occupancy, behavioral changes, economic factors, weatherization as part of a remodel). The study team has removed vendor names to ensure anonymity.
[bookmark: _Ref121991739]Figure 104: Changes in Natural Gas Consumption (in CCF) by Vendor 
(HES 2019 – Participants that Installed Rebated Insulation)
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[bookmark: _Ref121991789]Figure 105: Changes in Natural Gas Consumption (in CCF) by Vendor
(HES-IE 2019 - Participants that Installed Add-on Insulation)
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[bookmark: _Toc129521359]Changes in HES Customers Over Time	Comment by Williams, Kiersten M: Please bring into the report, rather than the appendix. 
In Section 5, the study notes some changes in the composition of HES participants over time based on the provided program data. The following figures show:
· Less Conditioned Space. HES tracking data shows the program has serviced smaller homes (i.e., less above grade conditioned space) over the time from 2017 to 2019. Less average conditioned space/participant is consistent with lower consumption over this time, as well as lower savings.	Comment by Williams, Kiersten M: Is this specific to gas heated homes, or does it also include Delivered fuels?
Figure 106: Conditioned Space (Average Square Feet/Participant)
(HES 2017-2019)
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· Older Homes. HES tracking data also indicates the program is servicing older homes. As shown in Figure 107, the percentage of homes in HES that were built more than 30 years before participating increased from 68% to 74% between 2017 to 2020. Although older homes can represent an opportunity, they also more frequently present challenges (i.e., pre-weatherization barriers such as knob and tube wiring, mold, or asbestos) to fully weatherize.	Comment by Emerick, Ma Romilee: Is the program attracting older homes which may be a reason for low savings (difficult to fully weatherize) or are the homes being served by the program are getting more and more efficient as noted in the ES (low hanging fruit, more efficient furnace, low pre-consumption)? Please reconcile
[bookmark: _Ref122261145]Figure 107: Home Age (Average Age/Participant)
(HES 2017-2020)
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· More Solar Homes. Another theoretical driver behind declining trend in consumption relates to the current requirement that homes seeking to install rooftop solar must first receive a home energy assessment. The theory that follows is this: that the requirement is leading to more efficient homes – with lower total consumption and less opportunity for weatherization savings – taking part in the program. Unfortunately, the program data provided to the study did not include an indicator for the installation and/or presence of rooftop solar. Consequently, the study attempted to identify “solar” participants using the provided consumption data. Specifically, the study flagged any HES participants with negative electricity consumption during the summer months as “solar” customers since the consumption data strongly suggests residential solar power generation.[footnoteRef:125] Figure 108 and Figure 109 show that, in general, participants with solar live in newer homes and consume less energy (natural gas in this context).	Comment by Emerick, Ma Romilee: This seems to have implication in the billing analysis since the bills would not represent the home’s consumption if there’s solar. Is the billing analysis conducted for electric as well or just gas? [125:  It is possible some solar customers never generated sufficient solar power to exceed their household usage; such customers would not have been flagged by the study.] 

[bookmark: _Ref122262595]Figure 108: Home Age Accounting for the Likely Presence of Solar 
(Average Age/Participant - HES 2017-2019)
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[bookmark: _Ref122262597]Figure 109: Pre-Program Natural Gas Consumption
 Accounting for the Likely Presence of Solar (HES 2017-2019)	Comment by Emerick, Ma Romilee: Earlier in the report, it states that the 2019 HES participants analyzed as part of this evaluation used 20% less energy than 2018 HES cohort and nearly 30% less than the 2017 HES cohort. This figure shows similar gas consumption for 2018 and 2019 cohorts and I don’t see a 30% between 2017 and 2019 cohort. It would be helpful to clarifiy the findings?
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[bookmark: _Toc129521360]About Using Multiple Impact Evaluation Methodologies
As noted in the Methodology section, the study team prefers billing analysis to report savings whenever possible. This is because billing analysis results – at appropriate level of specification – offer the most accurate assessment of program savings. This is largely due to billing analysis’ inherent ability to account for the myriad of factors (installation quality, uninstallation rates, behavior changes, interactive effects, etc.) that influence realized savings. 
Though it is the preferred approach, billing analysis does have limitations – it does not reliably estimate energy savings for measures that have small energy savings (i.e., less than 5% of consumption) or for measures with limited installation counts. The study team aggregated these smaller savings and less frequently installed measures to increase our chances of estimating savings via billing analysis, but none of the billing analysis specifications yielded statistically significant energy savings for these measures in the presence of weatherization (natural gas) and lighting (electric). 
Therefore, the study team used two approaches to estimate per-unit savings estimates for these measures. First, the study calculated per-unit savings using the 19th-edition PSD-prescribed algorithms. Second, for measures where the study identified either an input parameter or algorithm that could be updated to better align with industry best practice and best available data, the team also evaluated per-unit savings using updated parameters/algorithms. 
As shown in Figure 110 and Figure 111, 82% of HES and 81% of HES-IE 2019 total savings (across all fuel types) were estimated through billing analysis, either directly or indirectly. Conversely, measures where the study used an engineering approach, collectively constitute 18% for HES and 19% for HES-IE of total savings.
As documented throughout this report, the study used billing analysis to directly report savings for a given measure and fuel type – most notably for lighting for electricity (86% for HES, 84% for HES-IE) and weatherization (76% for HES, 73% for HES-IE) for natural gas heated homes. For similar measure powered by a delivered fuel, the study team leveraged the results of the billing analysis to estimate savings for delivered fuels (e.g., using the natural gas weatherization billing analysis-based savings to report savings for weatherized oil and propane heated homes). In these cross-fuel uses of billing analysis results, the study team accounted for differences in space heating equipment efficiencies across fuel types. This cross-fuel, billing analysis-informed approach, referred to as Billing Analysis Informed savings, allowed the study to realize the benefits of billing analysis results for more measures, most notably for delivered fuel measure as they reflect a large portion of total program savings and where the team did not have access to participant’s consumption history. 
[bookmark: _Ref47371811][bookmark: _Hlk114660531]Figure 110: Total HES Savings by Evaluation Approach and Fuel (2019)
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[bookmark: _Ref122434960]Figure 111: Total HES-IE Savings by Evaluation Approach and Fuel (2019)
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Before finalizing the per-unit savings for natural gas and electric measures, the study team compared the sum of our initial per-unit evaluated savings for all measures—assessed using a combination of billing and engineering approaches —to the average total observed decrease in R1983 participant’s annual natural gas consumption between the pre- and post-period.[footnoteRef:126] This comparison offers a “reality check” on how well the “top-down” (i.e., billing analysis) and “bottom-up’ (i.e., engineering algorithms and building simulation) approaches, in concert, combine to reflect the overall impact of program on participants consumption (based on their whole-home billing data).  [126:  Accounted for changes in the control group, focused on the subset of R1983 HES and HES-IE participants in our billing analyses, and reflected the mix of measure installed by these participants.] 

For natural gas, the total of the team’s per-unit evaluated savings (after accounting for a variety of necessary adjustments) summed to just slightly more (+3%, or 0.8 CCF for HES and +5%, or 3 CCF for HES-IE) than the total observed difference in pre-to-post participation energy consumption for those same R1983 participants. 
The close alignment confirmed the appropriateness of combining evaluated savings from multiple approaches and ruled out the potential need to adjust evaluated savings for natural gas measures. 
For more detail on this important quality assurance check, readers should see the Gas Savings Reconciliation tab in the supplementary Impact Evaluation Supporting Documentation workbook.

[bookmark: _Toc129521361]About The Impact Evaluation Supporting Documentation Workbook
The Impact Evaluation Supporting Documentation workbook contains a full set of impact evaluation results as well as the body of information required to arrive at the results. 
The workbook contains four sections: 
1. The Per Unit Savings section summarizes the per-unit energy savings and realization rates for electric, natural gas, propane, and heating oil measures, which are linked to the Measure-Specific tabs where the detailed calculations occur. An example of this section is shown below:
[image: A picture containing application
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2. The Background Material section contains relevant results from other sections of the R1983 report, including ISR and NTG values and billing analysis results. 
[image: ]
3. The Measure-Specific Calculations section, which comprises the bulk of the workbook, documents the ex ante and ex post savings for each measure, as well as the detailed calculations behind the savings estimates. The study team used the algorithms documented in the current PSD as the basis for these calculations and integrated the billing analysis and building simulation results where relevant. Each measure is documented on its own tab and accessible via the Table of Contents shown below.
[image: Application
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Below is an example of a measure-specific calculation tab, in this case faucet aerators. Each measure-specific calculation tab is structured the same: the text box at the top summarizes the realization rate details along with any recommendations for future evaluations (if identified), followed by a summary of the per unit savings results. Below that summary, the team included a synopsis of the savings approach, the PSD algorithm, and the PSD-supplied sources. 
[image: Graphical user interface, application
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Each table also includes a detailed savings calculations section, which is show below, again, for faucet aerators. Data inputs are linked to the relevant tab within the Supporting Material section, and color coded for ease of reference. 
[image: Table
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Each table also includes notes section, which adds clarity and transparency to the calculation process. 
[image: Graphical user interface, text, application
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4. The last section, the Supporting Material section, contains all relevant program data, secondary assumptions, and constants that the study used and are linked within the individual measure tabs for consistent calculations and ease of reference. These tabs also include the measure mapping that the study completed to categorize the Companies' raw data. 
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[bookmark: _Ref122017990][bookmark: _Toc129521362][bookmark: AppendixE]Additional Customer Profile Findings
This appendix describes the analyses completed to examine the types of customers that participated and the extent of their participation in all of Connecticut’s residential energy efficiency programs (downstream programs only) from 2017 through 2020. The profiling process consisted of four major steps:
7. Data preparation (described in Appendix B)
8. Calculation of participation metrics (described in Appendix B)
9. Single characteristic analyses
10. Multiple characteristic analyses
11. Outlier sensitivity analysis
The evaluation analyzed the IE and non-IE programs independently because they are administered separately and have different demographic targets and objectives.
[bookmark: _Toc129521363]Distribution of Savings
An initial assessment of the distribution of savings compared the proportion of households in areas with electric service and areas with gas service that are classified as low-income. For this study, low-income was defined as incomes less than or equal to 50% of the area median income. Table 57 shows these distributions. About one-fourth (27%) of households with electric service are classified as low-income, and about 30% of households with gas service are classified as low-income. The proportion of total savings from the income-eligible programs (Table 58) is approximately the same as the proportion of low-income households in both cases (33% for electric and 32% for gas). This pattern indicates that at the broadest level of analysis, savings from the energy efficiency programs are distributed commensurately with population distributions.
[bookmark: _Ref128748141][bookmark: _Ref112337381]Table 57: Household Distributions by Income Level
	Programs
	Block Groups with Electric Service
	Block Groups with Gas Service

	Moderate or higher income
	73%
	70%

	Low income
	27%
	30%


[bookmark: _Ref128748226]Table 58: Savings Distributions by Program Type
	Programs
	Electric Savings (kWh)
	Gas Savings (CCF)
	Electric Savings (%)
	Gas Savings (%)

	Non-Income-Eligible
	125,814,158
	7,106,794
	67%
	68%

	Income-Eligible
	61,294,181
	3,413,870
	33%
	32%

	Total
	187,108,339
	10,520,664
	100%
	100%


[bookmark: _Toc129521364]Income Eligible Programs Analysis
Single Characteristic Analyses
This section examines participation rates in the IE programs based on single characteristics at a time.
[bookmark: _Toc117025307]Electric Savings Rate
Table 59 shows the pairwise correlation coefficients (Pearson’s r) for the major demographic variables and electric savings rate for the IE programs. A full correlation matrix for all variables considered during the study is included in Section F.5. 
The correlations indicate that IE program savings is positively correlated with all the examined variables. This means that areas with higher concentrations of English isolation, low incomes, moderate incomes, multifamily housing[footnoteRef:127], renter-occupied housing, pre-1950 construction, or that were on the state distressed list sometime over the past three years tend to have higher levels of electric savings (relative to consumption) than areas with lower concentrations of those variables. Thus, overall, despite commonly acknowledged participation barriers, the electric IE energy efficiency programs have not been underdelivered to areas with high concentrations of equity-related demographics.  [127:  Although statistically greater than zero, the correlation between moderate income and electric savings rate is low.] 

In contrast, areas with greater concentrations of high incomes or single-family housing tend to have lower electric savings from the IE programs than areas with lower concentrations of those variables. 
[bookmark: _Ref126928570]Table 59: Pairwise Correlations – IE Programs, Electricity
	 
	Electric Saving Rate

	Limited English
	0.268

	Low income
	0.363

	Moderate income
	0.056

	Multifamily housing
	0.384

	Renter-occupied housing
	0.355

	Pre-1950 construction
	0.072

	Distressed last three years
	0.242

	High income
	-0.317

	Single-family
	-0.343

	All correlations are statistically different from 0 (p<0.01)


[bookmark: _Toc117025308]Gas Savings Rate
Table 60 shows the pairwise correlation coefficients (Pearson’s r) for the major demographic variables and gas savings rate. A full correlation matrix for all variables considered during the study is included in Section F.5. 
[bookmark: _Ref115617925][bookmark: _Ref121908994]The correlations indicate that IE program savings is positively correlated with all the examined variables. This means that areas with higher concentrations of English isolation, low incomes, moderate incomes, multifamily housing[footnoteRef:128], renter-occupied housing, or that were on the state distressed list sometime over the past three years tend to have higher levels of gas savings (relative to consumption) than areas with lower concentrations of those variables. Thus, overall, despite commonly acknowledged participation barriers, the electric IE energy efficiency programs have not been underdelivered to areas with high concentrations of equity-related demographics.  [128:  Although statistically greater than zero, the correlation between moderate income and electric savings rate is low.] 

In contrast, areas with greater concentrations of high incomes or single-family housing tend to have lower gas savings from the IE programs than areas with lower concentrations of those variables. 
[bookmark: _Ref129035576]Table 60: Pairwise Correlations – IE Programs, Gas
	 
	Gas Saving Rate

	Limited English
	0.169

	Low income
	0.236

	Moderate income
	0.077

	Multifamily housing
	0.242

	Renter-occupied housing
	0.224

	Pre-1950 construction
	0.029

	Distressed last three years
	0.155

	High income
	-0.231

	Single-family
	-0.223

	All correlations are statistically different from 0 (p<0.01), except pre-1950 construction which is not statistically different from 0.


[bookmark: _Toc117025309]Correlations Between Demographic Variables
Table 61 shows the correlations between the demographics variables. It demonstrates that the listed demographic variables tend to occur together in the same areas. In other words, areas with high concentrations of multifamily units also tend to have high concentrations of renter-occupied households, low-income households, and households with limited English proficiency, and to have been on the distressed community list in the previous three years. 
E

High income and single-family are correlated with each other, which means they tend to occur in the same areas. However, they are each negatively correlated with the other variables, which means they tend to be mutually exclusive of those characteristics. In other words, areas that tend to have high incomes or high concentrations of single-family housing, tend to have low concentrations of low-income households, multifamily housing, or renters.
[bookmark: _Ref126928607]Table 61: Pairwise Correlations – Demographics
	
	Limited English
	Low income
	Moderate income
	Multifamily housing
	Renter-occupied housing
	Pre-1950 construction
	Distressed last three years
	High income
	Single-family

	Limited English
	1.000
	0.582
	0.106
	0.371
	0.569
	0.308
	0.363
	-0.512
	-0.562

	Low income
	0.582
	1.000
	0.099
	0.526
	0.788
	0.464
	0.504
	-0.822
	-0.779

	Moderate income
	0.106
	0.099
	1.000
	0.152
	0.252
	0.186
	0.328
	-0.468
	-0.261

	Multifamily housing
	0.371
	0.526
	0.152
	1.000
	0.724
	0.103
	0.256
	-0.494
	-0.763

	Renter-occupied housing
	0.569
	0.788
	0.252
	0.724
	1.000
	0.480
	0.451
	-0.742
	-0.931

	Construction year pre-1950
	0.308
	0.464
	0.186
	0.103
	0.480
	1.000
	0.387
	-0.451
	-0.468

	Distressed last three years
	0.363
	0.504
	0.328
	0.256
	0.451
	0.387
	1.000
	-0.575
	-0.471

	High income
	-0.512
	-0.822
	-0.468
	-0.494
	-0.742
	-0.451
	-0.575
	1.000
	0.752

	Single family
	-0.562
	-0.779
	-0.261
	-0.763
	-0.931
	-0.468
	-0.471
	0.752
	1.000


All correlations are statistically different from 0 (p<0.01)
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Multiple Characteristic Analyses
This section presents several approaches to analyzing IE program participation while taking multiple characteristics into account.
Regression Modeling
The evaluation ran a series of regression models to identify whether any of the simultaneously occurring demographics variables was more strongly related to electric or gas savings rates than the others.
None of the demographics variables appears to be more important than the others when it comes to IE program electric savings. For the IE program electric savings, each demographic variable retained a statistically significant relationship with savings rate, even after controlling for the effects of the other variables. Table 62 shows the results of four different regression models used to test the mediation of the demographics variables through multifamily concentration. 
[bookmark: _Ref129034575][bookmark: _Ref115617990][bookmark: _Ref121909483]Table 62: IE Electric Savings Rates Regression Models
	Model
	Descriptive Variable
	Coefficients
	p-value

	1
	Intercept
	-0.001
	0.076

	
	Renter-occupied housing
	0.013
	0.000

	
	Multifamily housing
	0.030
	0.000

	
	
	
	

	2
	Intercept
	-0.003
	0.000

	
	Low income
	0.025
	0.000

	
	Multifamily housing
	0.030
	0.000

	
	
	
	

	3
	Intercept
	0.000
	0.388

	
	Distressed 2018, 2019, or 2020
	0.008
	0.000

	
	Multifamily housing
	0.038
	0.000

	
	
	
	

	4
	Intercept
	0.000
	0.651

	
	Limited English Proficiency
	0.041
	0.000

	
	Multifamily housing
	0.037
	0.000


None of the demographics variables appears to be more important than the others when it comes to IE program gas savings. For the IE program gas savings, each demographic variable retained a statistically significant relationship with savings rate, even after controlling for the effects of the other variables. Table 63 shows the results of four different regression models used to test the mediation of the demographics variables through multifamily concentration. 
[bookmark: _Ref129034561]Table 63: IE Gas Savings Rates Regression Models
	Model
	Descriptive Variable
	Coefficients
	p-value

	5
	Intercept
	0.001
	0.582

	
	Renter-occupied housing
	0.015
	0.000

	
	Multifamily housing
	0.031
	0.007

	
	
	
	

	6
	Intercept
	-0.003
	0.074

	
	Low income
	0.029
	0.000

	
	Multifamily housing
	0.032
	0.003

	
	
	
	

	7
	Intercept
	0.001
	0.582

	
	Distressed 2018, 2019, or 2020
	0.009
	0.000

	
	Multifamily housing
	0.041
	0.000

	
	
	
	

	8
	Intercept
	0.002
	0.106

	
	Limited English Proficiency
	0.047
	0.000

	
	Multifamily housing
	0.039
	0.000


Savings Distribution
Because IE program electric and gas savings were negatively correlated with single-family housing, it is possible that the programs could be under-reaching low-income families in single-family housing. However, the demographic correlations (Table 61) demonstrate that low-income families tend to live in multifamily rather than single-family housing. Thus, the negative correlation between IE program savings and single-family could be due to other variables. To assess how well the programs are serving low-income customers living in single-family homes, the evaluation compared the distribution of households and the distribution of IE program savings in block groups that had high and low concentrations of low-income and high and low concentrations of single-family housing. The determination of high and low concentrations was based on a median-split of the percentage of households in the block group with that either low income or in single-family housing. Thus, block groups that are in the low-low category have median or less percentage low-income homes and median or less percentage of single-family homes.[footnoteRef:129] [129:  It should be noted that this is a geographic analysis rather than a household-level analysis. These analyses reveal information about groups of homes that might not be true for any specific home. For example, 6% of IE program electric savings occurred in block groups that have relative high concentrations of low income and single family homes. However, we cannot say with certainty that the participation in those areas occurred in homes that are low-income or single-family.] 

Table 64 shows the distributions of households and IE program electric savings across the low-income and single-family dimensions. These results show that IE program electric savings are disproportionately concentrated in low-income, multifamily areas. Approximately 41% of households are in these areas, while 72% of IE program electric savings occur in these areas. The other three combinations have lesser proportions of savings than households. The high-income, single-family areas are especially disproportionately low on savings, but this is not a major issue for an income-eligible program. It does appear that low-income, single-family areas are somewhat underserved: 9% of households are in these areas while only 6% of the electric savings occur there.
[bookmark: _Ref128745956]Table 64: IE Electric Savings Distributions
	Label
	Concentration of Low-income homes
	Concentration of Single-family homes
	% of Households
	% of IE electric savings

	High-income, multifamily
	Low
	Low
	11%
	7%

	High-income, single-family
	Low
	High
	39%
	14%

	Low-income, multifamily
	High
	Low
	41%
	72%

	Low-income, single-family
	High
	High
	9%
	6%


Table 65 shows the distributions of households and IE program gas savings across the low-income and single-family dimensions. These results show that IE program gas savings are also disproportionately concentrated in low-income, multifamily areas. Approximately 41% of households are in these areas, while 70% of IE program gas savings occur in these areas. High-income areas have lesser proportions of savings than households, particularly the high-income, single-family areas, but this is not a major issue for an income-eligible program. For gas savings, low-income, single-family areas appear to be receiving savings commensurate with their proportion of the household population: 9% of households are in these areas and 10% of the gas savings occur there.
[bookmark: _Ref128746814]Table 65: IE Gas Savings Distributions
	Label
	Concentration of Low-income homes
	Concentration of Single-family homes
	% of Households
	% of IE gas savings

	High-income, multifamily
	Low
	Low
	11%
	7%

	High-income, single-family
	Low
	High
	39%
	13%

	Low-income, multifamily
	High
	Low
	41%
	70%

	Low-income, single-family
	High
	High
	9%
	10%


IE Programs Outlier Sensitivity Analysis 
The large savings outliers do not have a substantial effect on the relationship between IE program savings rates and the demographics variables. Table 66 shows the correlations for electric and gas savings rates and the demographics variables, when the outliers are removed from the analysis. All correlations are in the same direction and of similar magnitude as the correlations when the outliers are included in the analysis.
[bookmark: _Ref126930858]Table 66: IE Program Correlations – Outliers Removed
	 
	IE Electric
	IE Gas

	Limited English
	0.316
	0.247

	Low income
	0.456
	0.39

	Moderate income
	0.172
	0.19

	Multifamily housing
	0.299
	0.084

	Renter-occupied housing
	0.412
	0.264

	Pre-1950 construction
	0.239
	0.299

	Distressed last three years
	0.382
	0.438

	High income
	-0.457
	-0.391

	Single-family
	-0.408
	-0.214

	All correlations are statistically different from 0 (p<0.01)


[bookmark: _Toc129521365]Non-Income Eligible Programs Analysis
Single Characteristic Analyses
This section examines participation rates in the Non-IE programs based on single characteristics at a time.
Electric Savings Rate
Table 67 shows the pairwise correlation coefficients (Pearson’s r) for the major demographic variables and electric savings rate for the Non-IE programs. A full correlation matrix for all variables considered during the study is included in Section F.5. 
Non-IE electric program savings are negatively correlated with all the examined variables except for multifamily housing and renter-occupied housing. Negative correlations indicate that areas with high concentrations of these variables tend to have lower electric savings rates in the non-IE programs. This pattern suggests that for the most part, the commonly acknowledged participation barriers among areas with equity-related demographics are affecting the non-IE programs. 
One exception is multifamily housing, where the positive correlation indicates that areas with high concentrations of multifamily housing tend to have higher savings rates. The other exception is renter-occupied housing, where there is no detectable relationship between the concentration of renters and electric savings rates. 
Two caveats should be noted. First, not all variables represent an underlying driver. Later analyses will attempt to identify if any of these variables is more strongly related to savings rates than the others. Second, the non-IE programs are not designed to serve the equity-related populations. That is what the IE programs are designed to do. While most of the correlations for the non-IE programs are negative, they are weak correlations that do not indicate particularly strong relationships. Thus, the non-IE programs are only slightly underserving these areas, despite program goals and design that does not focus on serving these areas. 
[bookmark: _Ref126936548]Table 67: Pairwise Correlations – Non-IE Programs, Electricity
	
	Electric Saving Rate

	Limited English
	-0.063

	Low income
	-0.076

	Moderate income
	-0.044

	Multifamily housing
	0.103

	Renter-occupied housing
	-0.005

	Pre-1950 construction
	-0.085

	Distressed last three years
	-0.094

	High income
	0.054

	Single-family
	0.002

	All correlations are statistically different from 0 (p<0.01), except renter-occupied housing and single-family which are not statistically different from 0.


Gas Savings Rate
Table 68 shows the pairwise correlation coefficients (Pearson’s r) for the major demographic variables and electric savings rate for the Non-IE programs. A full correlation matrix for all variables considered during the study is included in Section F.5.
Non-IE gas program savings are negatively correlated with all the examined variables except for multifamily housing. Negative correlations indicate that areas with high concentrations of these variables tend to have lower electric savings rates in the non-IE programs. This pattern suggests that for the most part, the commonly acknowledged participation barriers among areas with equity-related demographics are affecting the non-IE programs. The exception is multifamily housing, where there is no detectable relationship between the concentration of renters and electric savings rates. 
In contrast, areas with high incomes and high concentrations of single-family housing tend to have higher gas savings rates through the non-IE programs. 
Two caveats should be noted. First, not all variables represent an underlying driver. Later analyses will attempt to identify if any of these variables is more strongly related to savings rates than the others. Second, the non-IE programs are not designed to serve the equity-related populations. That is what the IE programs are designed to do. While the majority of the correlations for the non-IE programs are negative, they are weak correlations that do not indicate particularly strong relationships. Thus, the non-IE programs are only slightly underserving these areas, despite program goals and design that does not focus on serving these areas.
[bookmark: _Ref126937695]Table 68: Pairwise Correlations – Non-IE Programs, Gas
	 
	Gas Saving Rate

	Limited English
	-0.116

	Low income
	-0.166

	Moderate income
	-0.049

	Multifamily housing
	-0.013

	Renter-occupied housing
	-0.132

	Pre-1950 construction
	-0.159

	Distressed last three years
	-0.182

	High income
	0.149

	Single-family
	0.128

	All correlations are statistically different from 0 (p<0.01), except Multifamily housing which is not statistically different from 0.


Correlations Between Demographic Variables
Table 61 (see previous section) shows the correlations between the demographics variables. It demonstrates that the listed demographic variables tend to occur together in the same areas. In other words, areas with high concentrations of multifamily units also tend to have high concentrations of renter-occupied households, low-income households, and households with limited English proficiency, and to have been on the distressed community list in the previous three years. 
Multiple Characteristic Analysis
This section presents several approaches to analyzing IE program participation while taking multiple characteristics into account. The evaluation only ran the multiple regression analyses on the non-IE program savings rates.
The evaluation ran a series of regression models to identify whether any of the simultaneously occurring demographics variables was more strongly related to electric or gas savings rates than the others.
None of the demographics variables appears to be more important than the others when it comes to Non-IE program electric savings. For the Non-IE program electric savings, each demographic variable retained a statistically significant relationship with savings rate, even after controlling for the effects of the other variables. Table 69 shows the results of four different regression models used to test the mediation of the demographics variables through multifamily concentration. 
[bookmark: _Ref126938005]Table 69: Non-IE Electric Savings Rates Regression Models
	Model
	Descriptive Variable
	Coefficients
	p-value

	9
	Intercept
	0.012
	0.000

	
	Renter-occupied housing
	-0.014
	0.000

	
	Multifamily housing
	0.025
	0.001

	
	
	
	

	10
	Intercept
	0.014
	0.000

	
	Low income
	-0.020
	0.000

	
	Multifamily housing
	0.022
	0.002

	
	
	
	

	11
	Intercept
	0.011
	0.000

	
	Distressed 2018, 2019, or 2020
	-0.006
	0.000

	
	Multifamily housing
	0.015
	0.008

	
	
	
	

	12
	Intercept
	0.011
	0.000

	
	Limited English Proficiency
	-0.033
	0.000

	
	Multifamily housing
	0.016
	0.008


None of the demographics variables appears to be more important than the others when it comes to Non-IE program gas savings. For the Non-IE program gas savings, each demographic variable retained a statistically significant relationship with savings rate, even after controlling for the effects of the other variables. Table 70 shows the results of four different regression models used to test the mediation of the demographics variables through multifamily concentration. 
[bookmark: _Ref126938027]Table 70: Non-IE Gas Savings Rates Regression Models
	Model
	Descriptive Variable
	Coefficients
	p-value

	13
	Intercept
	0.030
	0.000

	
	Renter-occupied housing
	-0.023
	0.000

	
	Multifamily housing
	0.020
	0.003

	
	
	
	

	14
	Intercept
	0.031
	0.000

	
	Low income
	-0.028
	0.000

	
	Multifamily housing
	0.012
	0.076

	
	
	
	

	15
	Intercept
	0.029
	0.000

	
	Distressed 2018, 2019, or 2020
	-0.011
	0.000

	
	Multifamily housing
	0.003
	0.617

	
	
	
	

	16
	Intercept
	0.027
	0.000

	
	Limited English Proficiency
	-0.041
	0.000

	
	Multifamily housing
	0.004
	0.519


Non-IE Programs Outlier Sensitivity Analysis 
The large savings outliers have a substantial effect on electric and gas savings in the Non-IE programs. Table 71 shows the correlations for electric and gas savings rates and the demographics variables when the outliers are removed from the analysis. The savings are all in the same direction as when the outliers are included but are much stronger. Negative correlations are more negative, and the positive correlations are more positive. This indicates that to the extent the Non-IE programs are reaching areas with high concentrations of equity-related demographics, they are doing so via the outliers. The outliers are predominantly large multifamily properties, so when the Non-IE programs tended to reach the equity-related areas via multifamily installations. 
[bookmark: _Ref129035729]Table 71: Non-IE Program Correlations – Outliers Removed
	 
	Non-IE Electric
	Non-IE Gas

	Limited English
	-0.315
	-0.229

	Low income
	-0.403
	-0.303

	Moderate income
	-0.122
	-0.087

	Multifamily housing
	-0.284
	-0.209

	Renter-occupied housing
	-0.407
	-0.325

	Pre-1950 construction
	-0.256
	-0.202

	Distressed last three years
	-0.296
	-0.21

	High income
	0.704
	0.503

	Single-family
	0.757
	0.575

	All correlations are statistically different from 0 (p<0.01)



[bookmark: _Ref129034421][bookmark: _Ref129034460][bookmark: _Ref129034627][bookmark: _Ref129034641][bookmark: _Toc129521366]Full Correlation Matrices
This appendix shows the correlation of all variables with electric and gas participation rates. The large, multifamily outliers are included in these correlations. Shaded cells are statistically significantly different from zero at a 99% confidence level (p<0.01).
Table 72: Full Electric Correlation Matrix – IE Programs
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Table 73: Full Gas Correlation Matrix – IE Programs
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Table 74: Full Electric Correlation Matrix – Non-IE Programs
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Table 75: Full Gas Correlation Matrix – Non-IE Programs
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[bookmark: _Toc129521367]Maps
The study generated a series of supporting maps as a visual connection between the tabular data in the summary and correlation analyses and the geographic space where customers are located. The series of maps focuses on presenting a statewide picture and aggregating the underlying customer consumption and savings data up to the block group where the customers are contained. This was done to both protect individual customer data and to enable the analysis to bring the account-level Company data up to the same geographic grain as the socioeconomic data from the American Community Survey.  
Connecticut is a mixture of varying degrees of urbanized areas – defined by impervious surfaces like roads and roofs – where people are likely to live and non-urbanized areas like fields, forests, and lakes where people and structures are unlikely to be found. Geographic presentation of data – particularly data that is tied directly to people and structures like energy consumption and savings data – can be visually misleading if this is not taken into account. As seen in Figure 112, the non-urbanized areas will make up a larger portion of the geographic space and provide the appearance of large areas of a specific trend – such as participation in an energy efficiency program – when in reality the physical infrastructure might be highly concentrated into a small urbanized part of the geographic space.  
To account for this, the study team applied a masking layer based on the National Land Cover Dataset. Non-urbanized areas, as well as towns with no utility service, are whited out on the maps. This results in a visual display that connects the summary data (participation, usage, and savings) with the urbanized areas – depicted in shades of red in the NLCS map – where the customers are likely to be found and provides a more accurate representation of the physical landscape. 
[bookmark: _Ref129034685]Figure 112: National Land Cover Classification for Connecticut 
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The geographic analysis used quintile break points to classify each block group relative to the statewide population of block groups served by the utilities. This classification system was selected as it provides an intuitive way to compare a large population of thousands of block groups without readers having to individually assess each block group’s specific numbers. Readers can see that a block group is in the bottom 20% of the statewide population for participation yet is in the top 20% of the statewide population for overall savings.
Areas with the largest annual consumption tend to be in the urban outskirts and commuter radius of large cities (Figure 113). Within the urban cores of cities, overall usage per block group is highly variable, and likely reflective of how much of the urban core was residential – often densely developed multifamily housing – versus commercial and industrial buildings. Cities including Danbury, Darian, Stamford, and Bristol had proportionally more block groups that were in the upper quintiles for total annual usage than did New Haven, Bridgeport, and the Hartford region. This is likely due to the interaction of multiple factors including higher shares of multifamily housing, availability of natural gas for heating (rather than delivered fuels or electric heating), and the potential that some of the multifamily buildings might be on residential electric rates but a commercial heating tariff in the event they used a centralized heating system.

[bookmark: _Ref129034712]Figure 113: Aggregate Block Group Electrical Consumption for Calendar Year 2020
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The electric savings rate was calculated using the 2020 electrical consumption as the denominator. Savings as a percentage of consumption tended to be in the upper quintiles in the more rural areas of the state, and to the northeast of Hartford. Waterford is noteworthy in that it had multiple block groups that were in the high quintiles for both consumption and savings, and a deeper review into site-level data may be helpful for understanding if there are successful implementation pathways at work in Waterford that could be translated to elsewhere in the state. Along the coastline, there were fragmented areas where block groups with higher savings rates existed in close proximity with block groups of lower savings rates, and additional time series data or insight into if this pattern reflects a persistent trend would be insightful. It is possible that the fragmented pattern reflects a focused outreach on specific neighborhoods during the study period; it may also be indicative that there are neighborhoods along the coastal corridor – particularly in the southwestern portion of the state – where targeted outreach could return additional engagement and savings.
Figure 114: Electrical Savings Rate 2017-2020
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The electrical participation rate illustrates that while participation and savings do share spatial patterns, it is not a strict coupling. There are areas where participation was in the higher quintiles but savings rates were lower; however, on the whole, the study observed a similar pattern of urban outskirts and commuter areas tending to have higher participation than core urban areas. Some divergence between participation rates (lower quintiles) and savings rates (higher quintiles) was observed in the particularly rural areas of the state to the northwest and northeast. Coupled with the consumption patterns this may be indicative of fewer customers with higher energy usage enacting larger savings measures and seeing a commensurate decrease in overall consumption that exceeds what would otherwise be anticipated based on participation. Participation rates were comparatively higher than savings rates in the southwestern portion of the state and additional insight into drivers of this may yield actionable program insights. These areas did have some higher shares of renters and multifamily and so it is feasible that a larger amount of the instant savings measures, plug load, and upstream measures are being leveraged by customers in these blocks to drive high participation rates but that the larger savings measures that impact building systems are harder to acquire.

Figure 115: Aggregated Block Group Electric Participation Rate 2017 - 2020 program years
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Gas consumption is constrained by where service is available; even within individual block groups not all geographic areas will have access to gas service. In this regard, Figure 116 can be thought of as a rough approximation of where gas service may be an option, with a greater degree of uncertainty for more rural block groups that tend to be larger in area. Block groups in denser developed urban areas tended to have higher gas consumption, which is likely correlated to the denser housing and better access to pipeline infrastructure. Visually, some of the block groups in core urban areas that were in the lower quintiles for electrical consumption are in the higher quintiles for gas consumption further supporting that for these areas, utility gas is likely a prime heating source.
[bookmark: _Ref129034756]Figure 116: Aggregate Block Group Gas Consumption for Calendar Year 2020
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Block groups with higher gas savings rates displayed more spatial clustering than the corresponding map for electrical savings. Bridgeport is notable for block groups in the upper quintiles for both overall consumption and overall savings rates. The towns south of Hartford had savings rates in the lower quintiles despite comparatively higher usage; greater time series data would likely elaborate if this were due to measures previously undertaken outside the analysis window or if it represents a specific geographic region where gas energy efficiency measures may represent a priority focus for outreach.

Figure 117: Gas Savings Rate 2017-2020
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Gas participation rates were lower in core urban areas; Bridgeport was again noteworthy as despite being in the upper quintiles for savings ratio and consumption it was in the lower quintiles for participation rates. This may be indicative of larger measures being installed in fewer locations, resulting in deeper overall savings for the block group despite comparatively lower participation rates. South of Hartford the participation rates also tended to be in the lower quintiles, which correlated with the lower savings ratios for these counties. Additional sub-block group insights into property ownership and characteristics could help better illuminate if split incentives between multifamily and/or rental homes and third-party owners is a particular factor impacting the lower participation rates in these areas. The study did look into leveraging tax assessor data, but at the time of this study Connecticut’s data, while available online, is highly unstandardized from town to town and so conducting any substantive deeper dives into parcel level drivers was unfortunately not feasible.




[bookmark: _Ref121916498][bookmark: _Toc129521368][bookmark: AppendixF]Summary of PSD Updates	Comment by Williams, Kiersten M: Please put the summary of PSD updates, assuming the recommended updates are applied, in the executive summary.
A primary goal of R1983 was to provide updated savings and impact factors for prospective application to future HES and HES-IE programs via the CT PSD. The tables in this appendix summarize those updated savings and impact factors. To update the PSD conveniently and accurately, the tables below follow the same format as the existing HES and HES-IE summary table (A3-4) in the current PSD.
As part of this evaluation, the study identified several opportunities to revise an existing PSD measure algorithm and/or the specific input parameter associated with a HES and/or HES-IE measure. Most often, the opportunity identified was updating the PSD to rely on a more recent, robust, and/or relevant source. These opportunities are summarized below in Table 76.

[bookmark: _Ref122438778]

[bookmark: _Ref128780497]Table 76: PSD Parameter Update Recommendations
	Measure
	Flagged Parameter
	Current Approach/Value	Comment by Emerick, Ma Romilee: Some may not be the current values if based on 2022 PSD. See 2023 PSD for current assumptions
	Current Source
	Proposed Approach/Value
	New Source
	Rationale for Change

	Wi-Fi Thermostat
	Savings per unit
	Varies according to fuel type/savings type (heating or cooling).
	2012 Cadmus Study
	Study shows that savings differ significantly if replacing manual or programmable thermostat. Provide two deemed savings options depending on baseline replacement.
	2021 Guidehouse Study
	More recent, robust study than the 2012 Pilot Program Cadmus study referenced in the PSD.

	Refrigerator
	Retirement & Lost Opportunity Savings per unit
	Table 4-FFF provides deemed savings per unit values for Lost Opportunity Savings but are not specified for Retrofit/Retirement savings.
	2018 VT TRM
	Varies
	Calculated using IL TRM version 10.0.
	Unclear source references (for Retirement savings); more recent references.

	Freezer
	Retirement & Lost Opportunity Savings per unit
	Table 4-FFF provides deemed savings per unit values for Lost Opportunity Savings but are not specified for Retrofit/Retirement savings.
	2018 VT TRM
	Varies
	Calculated using IL TRM version 10.0.
	Unclear source references (for Retirement savings); more recent references.

	Dehumidifier
	Retirement & Lost Opportunity Savings per unit
	Table 4-FFF provides deemed savings per unit values for Lost Opportunity Savings but are not specified for Retrofit/Retirement savings.
	R 1973 Evaluation Studies (deemed)
	82 kWh
	Calculated using MA Res 1 Baseline dehumidification baseload assumptions, federal standards, and Energy Star requirements.
	Unclear source reference. No link to evaluation studies or study title/dates provided. 

	Clothes Washer
	Retirement & Lost Opportunity Savings per unit
	Table 4-FFF provides deemed savings per unit values for Lost Opportunity Savings but are not specified for Retrofit/Retirement savings.
	R1706 Residential Appliance Saturation Survey and R1616/R1708 Residential Lighting Impact Saturation Studies
	Varies
	Updated DOE 2018 and ENERGY STAR version 8.0 Standards.
	Current approach and source reference is unclear. Updated sources align with most recent standards, and other state TRMs (MA). Note that DOE is currently in the process of updating standards that could significantly increase efficiency requirements for certain units (according to 2021 TSD), so it may be useful to wait to update the savings approach until the updated standards are finalized and published. 

	Furnaces
	Existing AFUE
	78%
	2015 MA HVAC Impact Evaluation
	Existing AFUE = 80%	Comment by Emerick, Ma Romilee: We are currently using higher than 80%. Is the recommendation to use a lower baseline?
	MA Res 1 Baseline (used in 2022-2024 MA TRM)
	More recent data.

	
	EUL
	20 years
	2014 CA Public Utilities Database
	17 years
	MA Res 1 Baseline (used in 2022-2024 MA TRM)
	More recent, region-specific data.

	Boilers
	EUL
	20 years
	2014 CA Public Utilities Database
	23 years
	MA Res 1 Baseline (used in 2022-2024 MA TRM)
	More recent, region-specific data.


Because the decision to act on these potential updates lies outside the study team’s role, the team included two versions of table A3-4 from the current PSD. The first version, Table 77 below, is relevant if the Companies opt not to implement the study’s updates. The second version, Table 78, is relevant if the Companies do implement the updated algorithms and input parameters for the measures identified. In the latter case, the measure-specific evaluated savings determined through this evaluation will match the updated PSD savings value, leading to a prospective gross realization rate of 100%.
For example, the study team identified an updated evaluation with more appropriate inputs for calculating Wi-Fi thermostat savings (relative to the algorithm in the 2022 PSD). Calculating savings using this source and comparing those savings to the output of the current algorithmic approach in the PSD resulted in gross realization rates shown in Table 77, which range from 57% to 127% (varied by program and fuel type). However, if the Companies update the subsequent PSD to use the updated source leveraged for this evaluation, then the relevant prospective realization rates for the measure is 100%.
It is important to note that the gross realization rates in Table 77 and Table 78 are different than the gross realization rates in Table 13 and Table 14. The gross realization rates in the table below will replace the gross realization rates currently in the PSD, whereas the gross realization rates compare the savings realized through this study to the expected savings (i.e., the savings calculated by the study using program tracking data and the current PSD savings algorithm, and after applying the relevant gross savings realization rate from the current PSD).
[bookmark: _Ref122422298]Table 77: Residential Electric & Natural Gas Realization Rates 
Applicable if the Companies do not adopt PSD parameter recommendations above
	
	Gross Realization %
	FR & SO
	
	Net Realization %

	Measure
	kWh or (ccf)
	Winter Seasonal Peak kW or (Peak Day ccf)
	Summer Seasonal Peak kW
	Delivered Fuels, MMBtu
	Free-ridership
	Spillover
	Installation Rate
	kWh or (ccf)
	Winter Seasonal Peak kW or (Peak Day ccf)
	Summer Seasonal Peak kW
	Delivered Fuels, MMBtu

	Home Energy Solutions (HES) and HES-Income Eligible, Core Services 

	Other measuresa
	100%
	100%
	100%
	100%
	0%
	0%
	100%
	100%
	100%
	100%
	100%

	Lighting LEDs HES
	32%
	32%
	32%
	N/A
	36%**
	7%**
	98%*
	22%
	22%
	22%
	N/A

	Lighting LEDs HES-IE
	31%
	31%
	31%
	N/A
	0%**
	0%**
	98%*
	30%
	30%
	30%
	N/A

	Prescriptive air sealing HES, electric/delivered fuels
	5%
	5%
	5%
	15%
	28%
	7%
	92%
	4%
	4%
	4%
	11%

	Prescriptive air sealing HES-IE, electric/delivered fuels
	4%
	4%
	4%
	11%
	0%
	0%
	92%
	4%
	4%
	4%
	10%

	Prescriptive air sealing HES, gas
	15%
	15%
	N/A
	N/A
	28%
	7%
	92%
	2%
	2%
	N/A
	N/A

	Prescriptive air sealing HES-IE, gas
	11%
	11%
	N/A
	N/A
	0%
	0%
	92%
	10%
	10%
	N/A
	N/A

	Blower door air sealing HES, electric/ delivered fuels 
	6%
	6%
	6%
	18%
	11%
	7%
	100%*
	5%
	5%
	5%
	14%

	Blower door air sealing HES-IE, electric/ delivered fuels 
	4%
	4%
	4%
	11%
	0%
	0%
	100%*
	4%
	4%
	4%
	11%

	Blower door air sealing HES, gas 
	17%
	17%
	N/A
	N/A
	11%
	7%
	100%*
	14%
	14%
	N/A
	N/A

	Blower door air sealing HES-IE, gas 
	11%
	11%
	N/A
	N/A
	0%
	0%
	100%*
	11%
	11%
	N/A
	N/A

	Duct sealing HES, electric/delivered fuels
	3%
	3%
	3%
	8%
	14%
	7%
	100%*
	3%
	3%
	3%
	7%

	Duct sealing HES-IE, electric/delivered fuels
	2%
	2%
	2%
	8%
	0%
	0%
	100%*
	2%
	2%
	2%
	8%

	Duct sealing HES, gas
	7%
	7%
	N/A
	N/A
	14%
	7%
	100%*
	7%
	7%
	N/A
	N/A

	Duct sealing HES-IE, gas
	8%
	8%
	N/A
	N/A
	0%
	0%
	100%*
	8%
	8%
	N/A
	N/A

	Water-saving measures, HES
	100%
	100%
	100%
	100%
	20%
	7%
	85%
	74%
	74%
	74%
	74%

	Water-saving measures, HES-IE
	100%
	100%
	100%
	100%
	0%
	0%
	85%
	85%
	85%
	85%
	85%

	Water pipe wrap, HES
	100%
	100%
	100%
	100%
	28%
	7%
	97%
	77%
	77%
	77%
	77%

	Water pipe wrap, HES-IE
	100%
	100%
	100%
	100%
	0%
	0%
	97%
	97%
	97%
	97%
	97%

	HES and HES-Income Eligible, Add-On Measures

	Insulation HES, electric/delivered fuels 
	9%
	9%
	9%
	23%
	23%
	7%
	100%*
	6%
	6%
	6%
	15%

	Insulation HES-IE, electric/delivered fuels 
	14%
	14%
	14%
	37%
	0%
	0%
	100%*
	17%
	17%
	17%
	44%

	Insulation HES, gas 
	18%
	18%
	N/A
	N/A
	23%
	7%
	100%*
	12%
	12%
	N/A
	N/A

	Insulation HES-IE, gas 
	33%
	33%
	N/A
	N/A
	0%
	0%
	100%*
	39%
	39%
	N/A
	N/A

	Heat Pump, HES
	100%
	100%
	100%
	N/A
	38%
	7%
	100%
	69%
	69%
	69%
	N/A

	Heat Pump, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Ductless Heat Pump, HES
	100%
	100%
	100%
	N/A
	38%
	7%
	98%
	68%
	68%
	68%
	N/A

	Ductless Heat Pump, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	98%
	98%
	98%
	98%
	N/A

	WIFI Thermostat HES, electric, heating
	124%
	124%
	N/A
	N/A
	34%
	7%
	96%
	87%
	87%
	N/A
	N/A

	WIFI Thermostat HES-IE, electric, heating
	116%
	116%
	N/A
	N/A
	0%
	0%
	96%
	111%
	111%
	N/A
	N/A

	WIFI Thermostat HES, electric, cooling
	58%
	N/A
	58%
	N/A
	34%
	7%
	96%
	41%
	N/A
	41%
	N/A

	WIFI Thermostat HES-IE, electric, cooling
	57%
	N/A
	57%
	N/A
	0%
	0%
	96%
	55%
	N/A
	55%
	N/A

	WIFI Thermostat HES, gas/delivered fuels
	99%
	99%
	N/A
	99%
	34%
	7%
	96%
	69%
	69%
	N/A
	69%

	WIFI Thermostat HES-IE, gas/delivered fuels
	127%
	127%
	N/A
	127%
	0%
	0%
	96%
	122%
	122%
	N/A
	122%

	Refrigerator, HES
	97%
	97%
	97%
	N/A
	47%
	7%
	97%
	56%
	56%
	56%
	N/A

	Refrigerator, HES-IE
	97%
	97%
	97%
	N/A
	0%
	0%
	97%
	94%
	94%
	94%
	N/A

	Freezer, HES
	100%
	100%
	100%
	N/A
	47%
	7%
	100%
	60%
	60%
	60%
	N/A

	Freezer, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Dehumidifier, HES
	69%
	69%
	69%
	N/A
	43%
	7%
	100%
	44%
	44%
	44%
	N/A

	Dehumidifier, HES-IE
	69%
	69%
	69%
	N/A
	0%
	0%
	100%
	69%
	69%
	69%
	69%

	Clothes Washer, electric/delivered fuels, HES-IE
	95%
	95%
	95%
	129%
	42%
	7%
	96%
	59%
	59%
	59%
	80%

	Clothes Washer, electric/delivered fuels, HES-IE
	95%
	95%
	95%
	129%
	0%
	0%
	96%
	91%
	91%
	91%
	91%

	Clothes Washer, gas, HES
	132%
	132%
	N/A
	N/A
	42%
	7%
	96%
	82%
	82%
	N/A
	N/A

	Clothes Washer, gas, HES-IE
	132%
	132%
	N/A
	N/A
	0%
	0%
	96%
	127%
	127%
	N/A
	N/A

	Windows, HES
	100%
	100%
	100%
	100%
	33%
	7%
	98%
	73%
	73%
	73%
	73%

	Windows, HES
	100%
	100%
	100%
	100%
	0%
	0%
	98%
	98%
	98%
	98%
	98%

	ECM Circulating Pumpa
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Furnacesa
	96%
	96%
	N/A
	96%
	0%
	0%
	100%
	96%
	96%
	N/A
	96%

	Boilersa
	98%
	98%
	N/A
	98%
	0%
	0%
	100%
	98%
	98%
	N/A
	98%

	a Assigned a 100% pass-through rate for free-ridership, spillover, and installation rate because these measures were not assessed as part of this study.
*The PSD should not apply an installation rate to any measure with savings determined through billing analysis as the results of billing analysis implicitly accounts for installation.
** The PSD should not apply any net-to-gross impact factors to lighting as the results of the billing analysis are already net savings.



[bookmark: _Ref122438605]Table 78: Residential Electric & Natural Gas Realization Rates 
Applicable if the Companies adopt PSD parameter recommendations
	
	Gross Realization %
	FR & SO
	
	Net Realization %

	Measure
	kWh or (ccf)
	Winter Seasonal Peak kW or (Peak Day ccf)
	Summer Seasonal Peak kW
	Delivered Fuels, MMBtu
	Free-ridership
	Spillover
	Installation Rate
	kWh or (ccf)
	Winter Seasonal Peak kW or (Peak Day ccf)
	Summer Seasonal Peak kW
	Delivered Fuels, MMBtu

	Home Energy Solutions (HES) and HES-Income Eligible, Core Services 

	Other measuresa
	100%
	100%
	100%
	100%
	0%
	0%
	100%
	100%
	100%
	100%
	100%

	Lighting LEDs HES
	32%
	32%
	32%
	N/A
	36%**
	7%**
	98%*
	22%
	22%
	22%
	N/A

	Lighting LEDs HES-IE
	31%
	31%
	31%
	N/A
	0%**
	0%**
	98%*
	30%
	30%
	30%
	N/A

	Prescriptive air sealing HES, electric/delivered fuels
	5%
	5%
	5%
	15%
	28%
	7%
	92%
	4%
	4%
	4%
	11%

	Prescriptive air sealing HES-IE, electric/delivered fuels
	4%
	4%
	4%
	11%
	0%
	0%
	92%
	4%
	4%
	4%
	10%

	Prescriptive air sealing HES, gas
	15%
	15%
	N/A
	N/A
	28%
	7%
	92%
	2%
	2%
	N/A
	N/A

	Prescriptive air sealing HES-IE, gas
	11%
	11%
	N/A
	N/A
	0%
	0%
	92%
	10%
	10%
	N/A
	N/A

	Blower door air sealing HES, electric/ delivered fuels 
	6%
	6%
	6%
	18%
	11%
	7%
	100%*
	5%
	5%
	5%
	14%

	Blower door air sealing HES-IE, electric/ delivered fuels 
	4%
	4%
	4%
	11%
	0%
	0%
	100%*
	4%
	4%
	4%
	11%

	Blower door air sealing HES, gas 
	17%
	17%
	N/A
	N/A
	11%
	7%
	100%*
	14%
	14%
	N/A
	N/A

	Blower door air sealing HES-IE, gas 
	11%
	11%
	N/A
	N/A
	0%
	0%
	100%*
	11%
	11%
	N/A
	N/A

	Duct sealing HES, electric/delivered fuels
	3%
	3%
	3%
	8%
	14%
	7%
	100%*
	3%
	3%
	3%
	7%

	Duct sealing HES-IE, electric/delivered fuels
	2%
	2%
	2%
	8%
	0%
	0%
	100%*
	2%
	2%
	2%
	8%

	Duct sealing HES, gas
	7%
	7%
	N/A
	N/A
	14%
	7%
	100%*
	7%
	7%
	N/A
	N/A

	Duct sealing HES-IE, gas
	8%
	8%
	N/A
	N/A
	0%
	0%
	100%*
	8%
	8%
	N/A
	N/A

	Water-saving measures, HES
	100%
	100%
	100%
	100%
	20%
	7%
	85%
	74%
	74%
	74%
	74%

	Water-saving measures, HES-IE
	100%
	100%
	100%
	100%
	0%
	0%
	85%
	85%
	85%
	85%
	85%

	Water pipe wrap, HES
	100%
	100%
	100%
	100%
	28%
	7%
	97%
	77%
	77%
	77%
	77%

	Water pipe wrap, HES-IE
	100%
	100%
	100%
	100%
	0%
	0%
	97%
	97%
	97%
	97%
	97%

	HES and HES-Income Eligible, Add-On Measures

	Insulation HES, electric/delivered fuels 
	9%
	9%
	9%
	23%
	23%
	7%
	100%
	6%
	6%
	6%
	15%

	Insulation HES-IE, electric/delivered fuels 
	14%
	14%
	14%
	37%
	0%
	0%
	100%
	17%
	17%
	17%
	44%

	Insulation HES, gas 
	18%
	18%
	N/A
	N/A
	23%
	7%
	100%
	12%
	12%
	N/A
	N/A

	Insulation HES-IE, gas 
	9%
	9%
	9%
	23%
	0%
	0%
	100%
	39%
	39%
	N/A
	N/A

	Heat Pump, HES
	100%
	100%
	100%
	N/A
	38%
	7%
	100%
	69%
	69%
	69%
	N/A

	Heat Pump, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Ductless Heat Pump, HES
	100%
	100%
	100%
	N/A
	38%
	7%
	98%
	68%
	68%
	68%
	N/A

	Ductless Heat Pump, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	98%
	98%
	98%
	98%
	N/A

	WIFI Thermostat HES, electric, heating
	100%
	100%
	N/A
	N/A
	34%
	7%
	96%
	87%
	87%
	N/A
	N/A

	WIFI Thermostat HES-IE, electric, heating
	100%
	100%
	N/A
	N/A
	0%
	0%
	96%
	111%
	111%
	N/A
	N/A

	WIFI Thermostat HES, electric, cooling
	100%
	N/A
	100%
	N/A
	34%
	7%
	96%
	41%
	N/A
	41%
	N/A

	WIFI Thermostat HES-IE, electric, cooling
	100%
	N/A
	100%
	N/A
	0%
	0%
	96%
	55%
	N/A
	55%
	N/A

	WIFI Thermostat HES, gas/delivered fuels
	100%
	100%
	N/A
	100%
	34%
	7%
	96%
	69%
	69%
	N/A
	69%

	WIFI Thermostat HES-IE, gas/delivered fuels
	100%
	100%
	N/A
	100%
	0%
	0%
	96%
	122%
	122%
	N/A
	122%

	Refrigerator, HES
	100%
	100%
	100%
	N/A
	47%
	7%
	97%
	56%
	56%
	56%
	N/A

	Refrigerator, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	97%
	94%
	94%
	94%
	N/A

	Freezer, HES
	100%
	100%
	100%
	N/A
	47%
	7%
	100%
	60%
	60%
	60%
	N/A

	Freezer, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Dehumidifier, HES
	100%
	100%
	100%
	N/A
	43%
	7%
	100%
	44%
	44%
	44%
	N/A

	Dehumidifier, HES-IE
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	69%
	69%
	69%
	69%

	Clothes Washer, electric/delivered fuels, HES-IE
	100%
	100%
	100%
	100%
	42%
	7%
	96%
	59%
	59%
	59%
	80%

	Clothes Washer, electric/delivered fuels, HES-IE
	100%
	100%
	100%
	100%
	0%
	0%
	96%
	91%
	91%
	91%
	91%

	Clothes Washer, gas, HES
	100%
	100%
	N/A
	N/A
	42%
	7%
	96%
	82%
	82%
	N/A
	N/A

	Clothes Washer, gas, HES-IE
	100%
	100%
	N/A
	N/A
	0%
	0%
	96%
	127%
	127%
	N/A
	N/A

	Windows, HES
	100%
	100%
	100%
	100%
	33%
	7%
	98%
	73%
	73%
	73%
	73%

	Windows, HES
	100%
	100%
	100%
	100%
	0%
	0%
	98%
	98%
	98%
	98%
	98%

	ECM Circulating Pumpa
	100%
	100%
	100%
	N/A
	0%
	0%
	100%
	100%
	100%
	100%
	N/A

	Furnacesa
	100%
	100%
	N/A
	100%
	0%
	0%
	100%
	96%
	96%
	N/A
	96%

	Boilersa
	100%
	100%
	N/A
	1000%	Comment by Williams, Kiersten M: Guessing this should be 100
	0%
	0%
	100%
	98%
	98%
	N/A
	98%

	a Assigned a 100% pass-through rate for free-ridership, spillover, and installation rate because these measures were not assessed as part of this study.
*The PSD should not apply an installation rate to any measure with savings determined through billing analysis as the results of billing analysis implicitly accounts for installation.
** The PSD should not apply any net-to-gross impact factors to lighting as the results of the billing analysis are already net savings.
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[bookmark: _Ref121732394][bookmark: _Ref121732398][bookmark: _Ref121916533][bookmark: _Ref129248231][bookmark: _Toc129521369][bookmark: AppendixG]Summary of Data Issues Encountered
The study identified several data quality issues that adversely impacted evaluation of the HES and HES-IE programs. This appendix summarizes the data quality issues encountered.
During R1983, this study team identified the data issues outlined in Table 79, which form the organization for this appendix.
[bookmark: _Ref122367734]Table 79: Summary of Data Issues
	Type of Issue
	Specific Issues

	Data Management Challenges
	Different Data Tracking Systems

	
	Lack of Data Dictionaries

	
	Iterative Data Deliveries in Different Formats

	
	Inconsistent Program names

	Customer Level Tracking
	Multiple Unique Customer IDs per Customer

	
	Non-Standardized Addresses

	
	Masked Accounts

	Inconsistent or Incomplete Data
	Customer Recommendations

	
	Incomplete Installation Dates 

	
	Inconsistent Measure-Specific Details


[bookmark: _Ref121482910][bookmark: _Toc129521370]Data Management Challenges
The study encountered four specific issues related to data management.
Different Data Tracking Systems. Eversource and UI use different data management systems to track HES & HES-IE program participation and installed measures. The tracking systems differ in both the information tracked, as well as how systems structure the data. 
Aggregating data across multiple sources is not uncommon for evaluations such as R1983. However, the fact that Eversource and UI collect and maintain data on behalf of the other company (i.e., the datasets are overlapping and not mutually exclusive) makes it more difficult to reconcile than disparate datasets in other jurisdictions. For dual utility participants (i.e., when a HES or HES-IE participant receives service from both Eversource and UI), the Companies track data in both systems. However, our study found consistent differences (e.g., different measure installation counts) for the same projects present in both systems, which added ambiguity, uncertainty, and reliance on proper filtering.filtering. 	Comment by Mascoli, Richard J: This issue is largely alleviated with the advent of our new shared Hancock Mint Mobile Assessment Platform.
The difference in the tracking systems is exacerbated by the fact that neither system had a consistent formalization of a customer and how customers relate to things like account numbers. When the team received account numbers for the same customer in both datasets, the numbers often differed. In some cases, optional final digits were included that needed to be stripped to enable successful merges.merges.	Comment by Mascoli, Richard J: See the above comment.
Lack of Data Dictionaries[footnoteRef:130]. Data dictionaries are essential resources that provide third parties, like program evaluators, with critical meta-data necessary to efficiently analyze associated datasets. Neither Eversource nor UI provided data dictionaries for all datasets requested as part of R1983. [130:  On June 1, 2022, DEEP approved the 2022-2024 CL&M plan. The plan included Condition of Approval #7 which requires UI develop a new data management system. UI has worked with the Evaluation Administrator and the EEB Evaluation Committee throughout the fall of 2022 to create an accurate data dictionary and produce a system to standardize data requests. UI and the Evaluation Administrator will update the Evaluation Committee at their January meeting. This information was in an email to UI sent on November 22, 2022, and referenced on the EEB Announcements website: https://energizect.com/eeb/board-announcements] 

In general, the study team found Eversource’s data columns easier to interpret. When the team had questions, Eversource was able to provide clarifications upon request. The data provided by UI produced a larger set of outstanding questions, many of which UI was unable to answer when contacted.
The lack of data dictionaries slowed down and added inefficiency to the analysis process and resulted in otherwise avoidable communication with the Companies that further slowed the evaluation process and stressed the project budget.
Iterative Data Deliveries in Different Formats. Evaluation data requests often require iteration to make sure the final dataset includes the necessary data elements and describes the correct population. However, during this process for R1983, it became clear that UI was unable to modify and re-run previous data queries. As a result, UI was only able to produce entirely new data sets to try to correct issues. Often the new data sets did not contain the same elements and/or structure as the previous iteration, which required the team to completely reprocess the entire new dataset (versus just the new fields). The new data formats required extra work to read into the team’s existing data systems, as well as more time to blend elements from the new and datasets.old datasets.	Comment by Mascoli, Richard J: Eversource did provide a data dictionary for the legacy CLMTRS tracking system used for the date range of this request.
We have a data dictionary available for our new Tracksys tracking system, however we are in the process of refining that structure for more granularity to assist evaluators in ease of use.
Inconsistent Program Names. Often, the program names in the data itself, or used as part of file name, were inconsistent, vague, and/or difficult to match to programs identified in the evaluation plan. Programs names typically result from historic naming conventions or adapted into a new version without a name change. Identifying program types (i.e., low income or upstream) proved difficult in the process. This issue primarily impacted the Customer Profiling element of R1983 as it assessed participation across the entire residential portfolio.
[bookmark: _Toc129521371]Customer-Level Tracking
The study also encountered three specific issues related to customer-level tracking.
Multiple Unique Customer IDs per Customer. The data provided by both Companies did not include a consistent unique identifier for tracking data associated with a single customer across all data sets. This is problematic as evaluations, such as R1983, require analyzing data from multiple perspectives—at customer level, the account level, the building unit level, etc. For example, the data provided by Eversource was organized at the project level with customer identifiers (such as names, addresses and account numbers) shown as properties of each project. However, customer properties were not always consistent for the same customer across multiple projects.projects. 	Comment by Mascoli, Richard J: This issue is remedied in our new Tracksys tracking system with easy access to the customer billing, service account, and site/premise ID.
Non-Standardized Addresses. Neither Company provided verified addresses, nor address information stored in a consistent structure. Consequently, the study found:
· Addresses with typos. 
· The same address recorded in multiple locations using in a different format. 
· Differences in how addresses, particular for multi-unit buildings, were handled (i.e., 123 Maple Street, Unit A and 123B Maple St.)
[bookmark: _Ref47370644]Again, inconsistent address formats are not uncommon in program data as they are often entered manually. However, dealing with them added cost and time to the evaluation process, as well as uncertainty. The inconsistencies are particularly problematic for portfolio-level analysis like the Customer Profile effort, which sought to assess participation across programs and to tie that participation to specific Census areas. It is important to note that simple solutions for this problem exist, like verifying all addresses for consistency using the United States Parcel Service address verification process.process.	Comment by Mascoli, Richard J: See the above comment
Masked Accounts. One data set provided by Eversource for the HES-IE program (tagged HES-IE sub2 in the file name) included masked account numbers to protect data security. The study worked with Eversource to unmask the accounts, but a meaningful portion (35%) could not be unmasked and therefore were dropped from the evaluation’s billing analysis.analysis.	Comment by Mascoli, Richard J: This was a characteristic of our legacy Parallel Logic Mobile Application. This issue is resolved with the introduction of our new Hancock Mobile Application.
[bookmark: _Toc129521372]Inconsistent or Incomplete Data
Customer Recommendations. Despite being included in the study team’s original data request, the provided data by both Companies did not initially include measures that were recommended as part of the assessment but not installed. The team did get this data late in the study, but too late to leverage for the customer survey, which would have increased the value and accuracy of the process evaluation.
Incomplete Installation Dates. When the Companies provided multiple years of program participation within the same file, the files were often missing the relevant installation data or program, which made it difficult to associate each participant’s savings with a specific year. This is problematic as part of the study’s quality assurance process includes comparing summaries of the total savings observed in the program data – by year – to reported annual savings available in other Company program reporting.
Inconsistent Measure-specific Details. The team also observed considerable inconsistency in how measure-specific data is tracked across providers and programs (UI compared to ES, and HES compared to HES-IE). Specifically, the team observed and spend time triaging:
· Inconsistent naming protocol for Ceiling Insulation, Floor Insulation, and Attic Openings which required line-by-line interpretation. 
· Uncertainty whether entries with zeros indicated missing data, or a value of zero.[footnoteRef:131] [131:  The study made informed assumptions that zeros indicated missing data to reduce the impact on program-wide averages, but which required additional analysis adding time and introducing uncertainty into the results.] 

· Missing key information, such as efficiency and capacity for HVAC technologies, which is critical for savings calculations. 
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Low income
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Construction year post-1950
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Heating, Oil and Kerosene

Heating, Solar

Heating, Other Fuel

Total years on Distressed List

Distressed last three years

Location-level participation 1.000 0.259 0.172-0.172 0.273-0.273 0.160 0.295 0.216 0.046-0.372 0.327 0.317 0.327 0.114-0.388-0.381-0.064-0.195 0.275 0.026-0.015 0.190 0.200 -0.200 0.249 0.016-0.211 0.033-0.201 0.377 0.358

Savings participation rate 0.259 1.000 0.119-0.119 0.352-0.352 0.268 0.363 0.056-0.076-0.317 0.393 0.322 0.172-0.025-0.243-0.230-0.042-0.343 0.141 0.384-0.026 0.355 0.072 -0.072 0.121 0.274-0.245 0.001-0.127 0.262 0.242

Urban PA households ratio 0.172 0.119 1.000-1.000 0.156-0.156 0.230 0.248 0.067-0.065-0.223 0.222 0.196 0.080-0.110-0.096-0.086-0.118-0.315 0.253 0.244-0.097 0.279 0.195 -0.195 0.494 0.148-0.422-0.032-0.595 0.232 0.226

Rural PA households ratio -0.172-0.119-1.000 1.000-0.156 0.156-0.230-0.248-0.067 0.065 0.223-0.222-0.196-0.080 0.110 0.096 0.086 0.118 0.315 -0.253-0.244 0.097-0.279-0.195 0.195-0.494-0.148 0.422 0.032 0.595-0.232-0.226

Without internet 0.273 0.352 0.156-0.156 1.000-1.000 0.441 0.569 0.219-0.090-0.562 0.624 0.563 0.429-0.022-0.513-0.488 0.025-0.531 0.409 0.396 0.024 0.538 0.297 -0.297 0.238 0.282-0.358-0.032-0.174 0.432 0.407

With internet -0.273-0.352-0.156 0.156-1.000 1.000-0.441-0.569-0.219 0.090 0.562-0.624-0.563-0.429 0.022 0.513 0.488-0.025 0.531 -0.409-0.396-0.024-0.538-0.297 0.297-0.238-0.282 0.358 0.032 0.174-0.432-0.407

Limited English 0.160 0.268 0.230-0.230 0.441-0.441 1.000 0.582 0.106-0.129-0.512 0.546 0.668 0.261-0.186-0.394-0.366-0.251-0.562 0.494 0.371-0.054 0.569 0.308 -0.308 0.356 0.260-0.446-0.037-0.256 0.392 0.363

Low income 0.295 0.363 0.248-0.248 0.569-0.569 0.582 1.000 0.099-0.278-0.822 0.749 0.664 0.439-0.090-0.547-0.501-0.300-0.779 0.665 0.526-0.023 0.788 0.464 -0.464 0.384 0.405-0.554-0.042-0.269 0.535 0.504

Moderate income 0.216 0.056 0.067-0.067 0.219-0.219 0.106 0.099 1.000-0.046-0.468 0.216 0.207 0.322 0.106-0.320-0.338-0.123-0.261 0.239 0.152 0.036 0.252 0.186 -0.186 0.119 0.153-0.183 0.066-0.101 0.327 0.328

Middle income 0.046-0.076-0.065 0.065-0.090 0.090-0.129-0.278-0.046 1.000-0.163-0.201-0.151 0.142 0.209-0.091-0.113 0.052 0.129 -0.108-0.096 0.048-0.162-0.097 0.097-0.105-0.040 0.112-0.011 0.071-0.031-0.026

High income -0.372-0.317-0.223 0.223-0.562 0.562-0.512-0.822-0.468-0.163 1.000-0.676-0.617-0.586-0.051 0.661 0.636 0.297 0.752 -0.649-0.494-0.015-0.742-0.451 0.451-0.349-0.409 0.525 0.016 0.252-0.600-0.575

Public assistance 0.327 0.393 0.222-0.222 0.624-0.624 0.546 0.749 0.216-0.201-0.676 1.000 0.691 0.462-0.070-0.575-0.540-0.295-0.684 0.593 0.455-0.032 0.721 0.444 -0.444 0.360 0.285-0.465-0.026-0.253 0.586 0.543

Less than high school 0.317 0.322 0.196-0.196 0.563-0.563 0.668 0.664 0.207-0.151-0.617 0.691 1.000 0.329-0.191-0.582-0.551-0.226-0.589 0.548 0.353-0.020 0.599 0.394 -0.394 0.334 0.245-0.422-0.033-0.231 0.522 0.491

High school 0.327 0.172 0.080-0.080 0.429-0.429 0.261 0.439 0.322 0.142-0.586 0.462 0.329 1.000-0.069-0.718-0.729-0.116-0.354 0.397 0.133 0.065 0.342 0.216 -0.216 0.151 0.115-0.201-0.005-0.082 0.480 0.476

Less than bachelors 0.114-0.025-0.110 0.110-0.022 0.022-0.186-0.090 0.106 0.209-0.051-0.070-0.191-0.069 1.000-0.291-0.249 0.045 0.116 -0.080-0.102 0.032-0.114-0.081 0.081-0.141-0.028 0.133 0.032 0.101 0.002 0.014

Bachelors -0.388-0.243-0.096 0.096-0.513 0.513-0.394-0.547-0.320-0.091 0.661-0.575-0.582-0.718-0.291 1.000 0.594 0.134 0.463 -0.471-0.229-0.042-0.459-0.304 0.304-0.213-0.183 0.290 0.011 0.130-0.549-0.535

Advanced degree -0.381-0.230-0.086 0.086-0.488 0.488-0.366-0.501-0.338-0.113 0.636-0.540-0.551-0.729-0.249 0.594 1.000 0.173 0.392 -0.431-0.161-0.044-0.392-0.239 0.239-0.152-0.149 0.218-0.002 0.092-0.494-0.486

Age 65 or older -0.064-0.042-0.118 0.118 0.025-0.025-0.251-0.300-0.123 0.052 0.297-0.295-0.226-0.116 0.045 0.134 0.173 1.000 0.335 -0.367-0.158 0.084-0.377-0.291 0.291-0.210-0.075 0.220 0.011 0.148-0.256-0.237

Single Family housing -0.195-0.343-0.315 0.315-0.531 0.531-0.562-0.779-0.261 0.129 0.752-0.684-0.589-0.354 0.116 0.463 0.392 0.335 1.000 -0.757-0.763-0.016-0.931-0.468 0.468-0.441-0.557 0.684 0.039 0.324-0.513-0.471

Duplex, triplex, fourplex housing 0.275 0.141 0.253-0.253 0.409-0.409 0.494 0.665 0.239-0.108-0.649 0.593 0.548 0.397-0.080-0.471-0.431-0.367-0.757 1.000 0.169-0.071 0.704 0.629 -0.629 0.446 0.207-0.502-0.037-0.286 0.502 0.465

Multifamily housing 0.026 0.384 0.244-0.244 0.396-0.396 0.371 0.526 0.152-0.096-0.494 0.455 0.353 0.133-0.102-0.229-0.161-0.158-0.763 0.169 1.000-0.070 0.724 0.103 -0.103 0.245 0.644-0.549-0.022-0.252 0.284 0.256

Mobile home -0.015-0.026-0.097 0.097 0.024-0.024-0.054-0.023 0.036 0.048-0.015-0.032-0.020 0.065 0.032-0.042-0.044 0.084-0.016 -0.071-0.070 1.000-0.069-0.100 0.100-0.111-0.036 0.055-0.002 0.264-0.021-0.012

Renter-occupied housing 0.190 0.355 0.279-0.279 0.538-0.538 0.569 0.788 0.252-0.162-0.742 0.721 0.599 0.342-0.114-0.459-0.392-0.377-0.931 0.704 0.724-0.069 1.000 0.480 -0.480 0.411 0.540-0.647-0.033-0.310 0.496 0.451

Construction year pre-1950 0.200 0.072 0.195-0.195 0.297-0.297 0.308 0.464 0.186-0.097-0.451 0.444 0.394 0.216-0.081-0.304-0.239-0.291-0.468 0.629 0.103-0.100 0.480 1.000 -1.000 0.407 0.004-0.365-0.002-0.222 0.415 0.387

Construction year post-1950 -0.200-0.072-0.195 0.195-0.297 0.297-0.308-0.464-0.186 0.097 0.451-0.444-0.394-0.216 0.081 0.304 0.239 0.291 0.468 -0.629-0.103 0.100-0.480-1.000 1.000-0.407-0.004 0.365 0.002 0.222-0.415-0.387

Heating, Utility Gas 0.249 0.121 0.494-0.494 0.238-0.238 0.356 0.384 0.119-0.105-0.349 0.360 0.334 0.151-0.141-0.213-0.152-0.210-0.441 0.446 0.245-0.111 0.411 0.407 -0.407 1.000-0.091-0.829-0.026-0.576 0.354 0.363

Heating, Electricity 0.016 0.274 0.148-0.148 0.282-0.282 0.260 0.405 0.153-0.040-0.409 0.285 0.245 0.115-0.028-0.183-0.149-0.075-0.557 0.207 0.644-0.036 0.540 0.004 -0.004-0.091 1.000-0.423-0.019-0.160 0.160 0.133

Heating, Oil and Kerosene -0.211-0.245-0.422 0.422-0.358 0.358-0.446-0.554-0.183 0.112 0.525-0.465-0.422-0.201 0.133 0.290 0.218 0.220 0.684 -0.502-0.549 0.055-0.647-0.365 0.365-0.829-0.423 1.000 0.006 0.390-0.381-0.376

Heating, Solar 0.033 0.001-0.032 0.032-0.032 0.032-0.037-0.042 0.066-0.011 0.016-0.026-0.033-0.005 0.032 0.011-0.002 0.011 0.039 -0.037-0.022-0.002-0.033-0.002 0.002-0.026-0.019 0.006 1.000 0.017-0.004-0.008

Heating, Other Fuel -0.201-0.127-0.595 0.595-0.174 0.174-0.256-0.269-0.101 0.071 0.252-0.253-0.231-0.082 0.101 0.130 0.092 0.148 0.324 -0.286-0.252 0.264-0.310-0.222 0.222-0.576-0.160 0.390 0.017 1.000-0.274-0.271

Total years on Distressed List 0.377 0.262 0.232-0.232 0.432-0.432 0.392 0.535 0.327-0.031-0.600 0.586 0.522 0.480 0.002-0.549-0.494-0.256-0.513 0.502 0.284-0.021 0.496 0.415 -0.415 0.354 0.160-0.381-0.004-0.274 1.000 0.944

Distressed last three years 0.358 0.242 0.226-0.226 0.407-0.407 0.363 0.504 0.328-0.026-0.575 0.543 0.491 0.476 0.014-0.535-0.486-0.237-0.471 0.465 0.256-0.012 0.451 0.387 -0.387 0.363 0.133-0.376-0.008-0.271 0.944 1.000
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Location-level participation 1.000 0.321 0.093-0.093 0.325-0.325 0.187 0.347 0.191 0.009-0.407 0.354 0.349 0.323 0.111-0.411-0.403-0.088-0.237 0.273 0.077-0.024 0.226 0.210-0.210 0.102 0.112-0.152 0.041-0.144 0.405 0.386

Savings rate participation 0.321 1.000 0.045-0.045 0.193-0.193 0.169 0.236 0.077-0.051-0.231 0.221 0.208 0.154-0.029-0.180-0.181-0.077-0.223 0.086 0.242-0.025 0.224 0.029-0.029-0.006 0.197-0.121 0.003-0.049 0.168 0.155

Urban PA households ratio 0.093 0.045 1.000-1.000 0.088-0.088 0.087 0.125 0.075 0.014-0.153 0.109 0.101 0.091-0.006-0.088-0.115-0.073-0.132 0.119 0.086-0.100 0.123 0.133-0.133 0.182 0.057-0.163 0.001-0.283 0.101 0.106

Rural PA households ratio -0.093-0.045-1.000 1.000-0.088 0.088-0.087-0.125-0.075-0.014 0.153-0.109-0.101-0.091 0.006 0.088 0.115 0.073 0.132-0.119-0.086 0.100-0.123-0.133 0.133-0.182-0.057 0.163-0.001 0.283-0.101-0.106

Without internet 0.325 0.193 0.088-0.088 1.000-1.000 0.420 0.552 0.168-0.112-0.538 0.615 0.546 0.414-0.036-0.512-0.483 0.038-0.495 0.373 0.351 0.010 0.506 0.275-0.275 0.124 0.268-0.286-0.036-0.128 0.403 0.377

With internet -0.325-0.193-0.088 0.088-1.000 1.000-0.420-0.552-0.168 0.112 0.538-0.615-0.546-0.414 0.036 0.512 0.483-0.038 0.495-0.373-0.351-0.010-0.506-0.275 0.275-0.124-0.268 0.286 0.036 0.128-0.403-0.377

Limited English 0.187 0.169 0.087-0.087 0.420-0.420 1.000 0.558 0.082-0.134-0.499 0.512 0.657 0.251-0.191-0.399-0.375-0.254-0.532 0.466 0.319-0.048 0.539 0.287-0.287 0.242 0.254-0.390-0.037-0.159 0.346 0.316

Low income 0.347 0.236 0.125-0.125 0.552-0.552 0.558 1.000 0.056-0.317-0.823 0.741 0.659 0.435-0.090-0.564-0.519-0.326-0.764 0.646 0.476-0.033 0.775 0.447-0.447 0.258 0.390-0.500-0.040-0.173 0.507 0.476

Moderate income 0.191 0.077 0.075-0.075 0.168-0.168 0.082 0.056 1.000-0.060-0.435 0.189 0.174 0.299 0.101-0.296-0.317-0.146-0.229 0.216 0.117 0.011 0.224 0.163-0.163 0.039 0.135-0.113 0.063-0.105 0.302 0.301

Middle income 0.009-0.051 0.014-0.014-0.112 0.112-0.134-0.317-0.060 1.000-0.115-0.229-0.175 0.112 0.180-0.043-0.074 0.074 0.142-0.119-0.098 0.072-0.179-0.108 0.108-0.103-0.046 0.127-0.002 0.052-0.050-0.042

High income -0.407-0.231-0.153 0.153-0.538 0.538-0.499-0.823-0.435-0.115 1.000-0.672-0.613-0.580-0.035 0.669 0.649 0.333 0.748-0.642-0.452-0.005-0.741-0.439 0.439-0.213-0.401 0.459 0.013 0.182-0.577-0.551

Public assistance 0.354 0.221 0.109-0.109 0.615-0.615 0.512 0.741 0.189-0.229-0.672 1.000 0.676 0.463-0.069-0.595-0.554-0.301-0.660 0.568 0.403-0.034 0.699 0.432-0.432 0.254 0.269-0.412-0.023-0.170 0.563 0.522

Less than high school 0.349 0.208 0.101-0.101 0.546-0.546 0.657 0.659 0.174-0.175-0.613 0.676 1.000 0.302-0.198-0.593-0.559-0.230-0.567 0.533 0.301-0.033 0.575 0.379-0.379 0.246 0.236-0.378-0.048-0.176 0.491 0.460

High school 0.323 0.154 0.091-0.091 0.414-0.414 0.251 0.435 0.299 0.112-0.580 0.463 0.302 1.000-0.099-0.704-0.730-0.118-0.335 0.399 0.086 0.060 0.328 0.202-0.202 0.071 0.102-0.129 0.000-0.069 0.464 0.466

Less than bachelors 0.111-0.029-0.006 0.006-0.036 0.036-0.191-0.090 0.101 0.180-0.035-0.069-0.198-0.099 1.000-0.264-0.224 0.049 0.119-0.071-0.107 0.038-0.112-0.065 0.065-0.113-0.041 0.133 0.044 0.049 0.029 0.037

Bachelors -0.411-0.180-0.088 0.088-0.512 0.512-0.399-0.564-0.296-0.043 0.669-0.595-0.593-0.704-0.264 1.000 0.617 0.150 0.457-0.485-0.183-0.021-0.461-0.312 0.312-0.135-0.170 0.232 0.007 0.115-0.560-0.545

Advanced degree -0.403-0.181-0.115 0.115-0.483 0.483-0.375-0.519-0.317-0.074 0.649-0.554-0.559-0.730-0.224 0.617 1.000 0.173 0.392-0.450-0.118-0.053-0.392-0.239 0.239-0.092-0.144 0.175 0.003 0.095-0.493-0.488

Age 65 or older -0.088-0.077-0.073 0.073 0.038-0.038-0.254-0.326-0.146 0.074 0.333-0.301-0.230-0.118 0.049 0.150 0.173 1.000 0.361-0.390-0.148 0.073-0.413-0.338 0.338-0.182-0.098 0.234-0.012 0.099-0.261-0.235

Single Family housing -0.237-0.223-0.132 0.132-0.495 0.495-0.532-0.764-0.229 0.142 0.748-0.660-0.567-0.335 0.119 0.457 0.392 0.361 1.000-0.727-0.734-0.010-0.925-0.446 0.446-0.271-0.556 0.626 0.037 0.186-0.459-0.417

Duplex, triplex, fourplex housing 0.273 0.086 0.119-0.119 0.373-0.373 0.466 0.646 0.216-0.119-0.642 0.568 0.533 0.399-0.071-0.485-0.450-0.390-0.727 1.000 0.075-0.057 0.672 0.629-0.629 0.348 0.160-0.428-0.030-0.186 0.462 0.426

Multifamily housing 0.077 0.242 0.086-0.086 0.351-0.351 0.319 0.476 0.117-0.098-0.452 0.403 0.301 0.086-0.107-0.183-0.118-0.148-0.734 0.075 1.000-0.049 0.689 0.037-0.037 0.059 0.653-0.495-0.023-0.107 0.213 0.188

Mobile home -0.024-0.025-0.100 0.100 0.010-0.010-0.048-0.033 0.011 0.072-0.005-0.034-0.033 0.060 0.038-0.021-0.053 0.073-0.010-0.057-0.049 1.000-0.059-0.092 0.092-0.075-0.024 0.056-0.016 0.171-0.017-0.021

Renter-occupied housing 0.226 0.224 0.123-0.123 0.506-0.506 0.539 0.775 0.224-0.179-0.741 0.699 0.575 0.328-0.112-0.461-0.392-0.413-0.925 0.672 0.689-0.059 1.000 0.446-0.446 0.253 0.544-0.600-0.011-0.185 0.448 0.403

Construction year pre-1950 0.210 0.029 0.133-0.133 0.275-0.275 0.287 0.447 0.163-0.108-0.439 0.432 0.379 0.202-0.065-0.312-0.239-0.338-0.446 0.629 0.037-0.092 0.446 1.000-1.000 0.370-0.029-0.318-0.012-0.186 0.402 0.382

Construction year post-1950 -0.210-0.029-0.133 0.133-0.275 0.275-0.287-0.447-0.163 0.108 0.439-0.432-0.379-0.202 0.065 0.312 0.239 0.338 0.446-0.629-0.037 0.092-0.446-1.000 1.000-0.370 0.029 0.318 0.012 0.186-0.402-0.382

Heating, Utility Gas 0.102-0.006 0.182-0.182 0.124-0.124 0.242 0.258 0.039-0.103-0.213 0.254 0.246 0.071-0.113-0.135-0.092-0.182-0.271 0.348 0.059-0.075 0.253 0.370-0.370 1.000-0.263-0.752-0.026-0.411 0.217 0.234

Heating, Electricity 0.112 0.197 0.057-0.057 0.268-0.268 0.254 0.390 0.135-0.046-0.401 0.269 0.236 0.102-0.041-0.170-0.144-0.098-0.556 0.160 0.653-0.024 0.544-0.029 0.029-0.263 1.000-0.406-0.013-0.108 0.133 0.106

Heating, Oil and Kerosene -0.152-0.121-0.163 0.163-0.286 0.286-0.390-0.500-0.113 0.127 0.459-0.412-0.378-0.129 0.133 0.232 0.175 0.234 0.626-0.428-0.495 0.056-0.600-0.318 0.318-0.752-0.406 1.000-0.001 0.268-0.279-0.275

Heating, Solar 0.041 0.003 0.001-0.001-0.036 0.036-0.037-0.040 0.063-0.002 0.013-0.023-0.048 0.000 0.044 0.007 0.003-0.012 0.037-0.030-0.023-0.016-0.011-0.012 0.012-0.026-0.013-0.001 1.000 0.012-0.015-0.021

Heating, Other Fuel -0.144-0.049-0.283 0.283-0.128 0.128-0.159-0.173-0.105 0.052 0.182-0.170-0.176-0.069 0.049 0.115 0.095 0.099 0.186-0.186-0.107 0.171-0.185-0.186 0.186-0.411-0.108 0.268 0.012 1.000-0.166-0.177

Total years on Distressed List 0.405 0.168 0.101-0.101 0.403-0.403 0.346 0.507 0.302-0.050-0.577 0.563 0.491 0.464 0.029-0.560-0.493-0.261-0.459 0.462 0.213-0.017 0.448 0.402-0.402 0.217 0.133-0.279-0.015-0.166 1.000 0.952

Distressed last three years 0.386 0.155 0.106-0.106 0.377-0.377 0.316 0.476 0.301-0.042-0.551 0.522 0.460 0.466 0.037-0.545-0.488-0.235-0.417 0.426 0.188-0.021 0.403 0.382-0.382 0.234 0.106-0.275-0.021-0.177 0.952 1.000
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Rural PA households ratio

Without internet

With internet

Limited English

Low income

Moderate income

Middle income

High income

Public assistance

Less than high school

High school

Less than bachelors

Bachelors

Advanced degree

Age 65 or older

Single Family housing

Duplex, triplex, fourplex housing

Multifamily housing

Mobile home

Renter-occupied housing

Construction year pre-1950

Construction year post-1950

Heating, Utility Gas

Heating, Electricity

Heating, Oil and Kerosene

Heating, Solar

Heating, Other Fuel

Total years on Distressed List

Distressed last three years

Location-level participation 1.000 0.077-0.191 0.191-0.428 0.428-0.444-0.669-0.276 0.036 0.699-0.547-0.497-0.402 0.061 0.452 0.427 0.301 0.753-0.582-0.561-0.020-0.731-0.412 0.412-0.255-0.442 0.455 0.009 0.217-0.484-0.462

Savings participation rate 0.077 1.000-0.017 0.017-0.068 0.068-0.063-0.076-0.044 0.074 0.054-0.074-0.105-0.080 0.037 0.067 0.095 0.032 0.002-0.105 0.103-0.013-0.005-0.085 0.085-0.043 0.072 0.000-0.010 0.016-0.100-0.094

Urban PA households ratio -0.191-0.017 1.000-1.000 0.156-0.156 0.230 0.248 0.067-0.065-0.222 0.222 0.196 0.080-0.111-0.096-0.086-0.118-0.315 0.253 0.243-0.097 0.279 0.195-0.195 0.494 0.148-0.422-0.032-0.596 0.232 0.226

Rural PA households ratio 0.191 0.017-1.000 1.000-0.156 0.156-0.230-0.248-0.067 0.065 0.222-0.222-0.196-0.080 0.111 0.096 0.086 0.118 0.315-0.253-0.243 0.097-0.279-0.195 0.195-0.494-0.148 0.422 0.032 0.596-0.232-0.226

Without internet -0.428-0.068 0.156-0.156 1.000-1.000 0.441 0.567 0.218-0.088-0.561 0.623 0.565 0.428-0.026-0.512-0.487 0.024-0.530 0.409 0.394 0.024 0.537 0.297-0.297 0.237 0.282-0.357-0.032-0.176 0.434 0.408

With internet 0.428 0.068-0.156 0.156-1.000 1.000-0.441-0.567-0.218 0.088 0.561-0.623-0.565-0.428 0.026 0.512 0.487-0.024 0.530-0.409-0.394-0.024-0.537-0.297 0.297-0.237-0.282 0.357 0.032 0.176-0.434-0.408

Limited English -0.444-0.063 0.230-0.230 0.441-0.441 1.000 0.582 0.106-0.129-0.512 0.546 0.669 0.261-0.189-0.394-0.366-0.252-0.561 0.494 0.370-0.054 0.569 0.309-0.309 0.356 0.259-0.445-0.037-0.256 0.393 0.364

Low income -0.669-0.076 0.248-0.248 0.567-0.567 0.582 1.000 0.098-0.277-0.822 0.749 0.665 0.439-0.094-0.546-0.500-0.301-0.779 0.666 0.525-0.022 0.788 0.464-0.464 0.384 0.404-0.553-0.041-0.270 0.536 0.505

Moderate income -0.276-0.044 0.067-0.067 0.218-0.218 0.106 0.098 1.000-0.045-0.468 0.215 0.208 0.321 0.104-0.320-0.338-0.123-0.260 0.239 0.151 0.037 0.251 0.186-0.186 0.118 0.152-0.183 0.066-0.101 0.327 0.328

Middle income 0.036 0.074-0.065 0.065-0.088 0.088-0.129-0.277-0.045 1.000-0.165-0.200-0.152 0.143 0.213-0.093-0.115 0.053 0.128-0.108-0.094 0.048-0.161-0.097 0.097-0.104-0.039 0.111-0.011 0.072-0.031-0.026

High income 0.699 0.054-0.222 0.222-0.561 0.561-0.512-0.822-0.468-0.165 1.000-0.676-0.618-0.586-0.048 0.661 0.636 0.298 0.752-0.649-0.493-0.015-0.742-0.452 0.452-0.349-0.409 0.524 0.016 0.253-0.601-0.576

Public assistance -0.547-0.074 0.222-0.222 0.623-0.623 0.546 0.749 0.215-0.200-0.676 1.000 0.692 0.461-0.072-0.575-0.540-0.296-0.684 0.593 0.454-0.032 0.721 0.445-0.445 0.359 0.284-0.464-0.026-0.253 0.587 0.543

Less than high school -0.497-0.105 0.196-0.196 0.565-0.565 0.669 0.665 0.208-0.152-0.618 0.692 1.000 0.329-0.191-0.583-0.552-0.226-0.590 0.549 0.355-0.021 0.600 0.394-0.394 0.335 0.246-0.423-0.033-0.231 0.522 0.490

High school -0.402-0.080 0.080-0.080 0.428-0.428 0.261 0.439 0.321 0.143-0.586 0.461 0.329 1.000-0.071-0.718-0.729-0.116-0.354 0.397 0.132 0.065 0.342 0.216-0.216 0.151 0.114-0.200-0.005-0.082 0.481 0.476

Less than bachelors 0.061 0.037-0.111 0.111-0.026 0.026-0.189-0.094 0.104 0.213-0.048-0.072-0.191-0.071 1.000-0.290-0.248 0.044 0.120-0.081-0.107 0.032-0.118-0.080 0.080-0.142-0.030 0.136 0.032 0.100 0.003 0.015

Bachelors 0.452 0.067-0.096 0.096-0.512 0.512-0.394-0.546-0.320-0.093 0.661-0.575-0.583-0.718-0.290 1.000 0.593 0.135 0.463-0.471-0.227-0.042-0.458-0.304 0.304-0.213-0.183 0.289 0.011 0.131-0.550-0.536

Advanced degree 0.427 0.095-0.086 0.086-0.487 0.487-0.366-0.500-0.338-0.115 0.636-0.540-0.552-0.729-0.248 0.593 1.000 0.174 0.392-0.431-0.159-0.044-0.392-0.239 0.239-0.152-0.148 0.217-0.002 0.093-0.494-0.486

Age 65 or older 0.301 0.032-0.118 0.118 0.024-0.024-0.252-0.301-0.123 0.053 0.298-0.296-0.226-0.116 0.044 0.135 0.174 1.000 0.336-0.367-0.159 0.085-0.378-0.291 0.291-0.211-0.076 0.221 0.011 0.147-0.256-0.237

Single Family housing 0.753 0.002-0.315 0.315-0.530 0.530-0.561-0.779-0.260 0.128 0.752-0.684-0.590-0.354 0.120 0.463 0.392 0.336 1.000-0.757-0.763-0.016-0.931-0.468 0.468-0.441-0.557 0.684 0.039 0.325-0.514-0.472

Duplex, triplex, fourplex housing -0.582-0.105 0.253-0.253 0.409-0.409 0.494 0.666 0.239-0.108-0.649 0.593 0.549 0.397-0.081-0.471-0.431-0.367-0.757 1.000 0.169-0.071 0.704 0.629-0.629 0.446 0.207-0.502-0.037-0.286 0.503 0.465

Multifamily housing -0.561 0.103 0.243-0.243 0.394-0.394 0.370 0.525 0.151-0.094-0.493 0.454 0.355 0.132-0.107-0.227-0.159-0.159-0.763 0.169 1.000-0.069 0.724 0.104-0.104 0.245 0.644-0.548-0.022-0.253 0.285 0.257

Mobile home -0.020-0.013-0.097 0.097 0.024-0.024-0.054-0.022 0.037 0.048-0.015-0.032-0.021 0.065 0.032-0.042-0.044 0.085-0.016-0.071-0.069 1.000-0.069-0.100 0.100-0.111-0.036 0.055-0.002 0.264-0.021-0.012

Renter-occupied housing -0.731-0.005 0.279-0.279 0.537-0.537 0.569 0.788 0.251-0.161-0.742 0.721 0.600 0.342-0.118-0.458-0.392-0.378-0.931 0.704 0.724-0.069 1.000 0.480-0.480 0.411 0.539-0.646-0.033-0.311 0.497 0.452

Construction year pre-1950 -0.412-0.085 0.195-0.195 0.297-0.297 0.309 0.464 0.186-0.097-0.452 0.445 0.394 0.216-0.080-0.304-0.239-0.291-0.468 0.629 0.104-0.100 0.480 1.000-1.000 0.407 0.004-0.365-0.002-0.222 0.415 0.387

Construction year post-1950 0.412 0.085-0.195 0.195-0.297 0.297-0.309-0.464-0.186 0.097 0.452-0.445-0.394-0.216 0.080 0.304 0.239 0.291 0.468-0.629-0.104 0.100-0.480-1.000 1.000-0.407-0.004 0.365 0.002 0.222-0.415-0.387

Heating, Utility Gas -0.255-0.043 0.494-0.494 0.237-0.237 0.356 0.384 0.118-0.104-0.349 0.359 0.335 0.151-0.142-0.213-0.152-0.211-0.441 0.446 0.245-0.111 0.411 0.407-0.407 1.000-0.091-0.829-0.026-0.576 0.354 0.363

Heating, Electricity -0.442 0.072 0.148-0.148 0.282-0.282 0.259 0.404 0.152-0.039-0.409 0.284 0.246 0.114-0.030-0.183-0.148-0.076-0.557 0.207 0.644-0.036 0.539 0.004-0.004-0.091 1.000-0.423-0.019-0.161 0.161 0.133

Heating, Oil and Kerosene 0.455 0.000-0.422 0.422-0.357 0.357-0.445-0.553-0.183 0.111 0.524-0.464-0.423-0.200 0.136 0.289 0.217 0.221 0.684-0.502-0.548 0.055-0.646-0.365 0.365-0.829-0.423 1.000 0.005 0.391-0.382-0.377

Heating, Solar 0.009-0.010-0.032 0.032-0.032 0.032-0.037-0.041 0.066-0.011 0.016-0.026-0.033-0.005 0.032 0.011-0.002 0.011 0.039-0.037-0.022-0.002-0.033-0.002 0.002-0.026-0.019 0.005 1.000 0.017-0.004-0.008

Heating, Other Fuel 0.217 0.016-0.596 0.596-0.176 0.176-0.256-0.270-0.101 0.072 0.253-0.253-0.231-0.082 0.100 0.131 0.093 0.147 0.325-0.286-0.253 0.264-0.311-0.222 0.222-0.576-0.161 0.391 0.017 1.000-0.274-0.271

Total years on Distressed List -0.484-0.100 0.232-0.232 0.434-0.434 0.393 0.536 0.327-0.031-0.601 0.587 0.522 0.481 0.003-0.550-0.494-0.256-0.514 0.503 0.285-0.021 0.497 0.415-0.415 0.354 0.161-0.382-0.004-0.274 1.000 0.944

Distressed last three years -0.462-0.094 0.226-0.226 0.408-0.408 0.364 0.505 0.328-0.026-0.576 0.543 0.490 0.476 0.015-0.536-0.486-0.237-0.472 0.465 0.257-0.012 0.452 0.387-0.387 0.363 0.133-0.377-0.008-0.271 0.944 1.000
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Location-level participation

Savings rate participation

Urban PA households ratio

Rural PA households ratio

Without internet

With internet

Limited English

Low income

Moderate income

Middle income

High income

Public assistance

Less than high school

High school

Less than bachelors

Bachelors

Advanced degree

Age 65 or older

Single Family housing

Duplex, triplex, fourplex housing

Multifamily housing

Mobile home

Renter-occupied housing

Construction year pre-1950

Construction year post-1950

Heating, Utility Gas

Heating, Electricity

Heating, Oil and Kerosene

Heating, Solar

Heating, Other Fuel

Total years on Distressed List

Distressed last three years

Location-level participation 1.000 0.394-0.197 0.197-0.281 0.281-0.346-0.497-0.191 0.093 0.504-0.415-0.357-0.224 0.068 0.300 0.254 0.247 0.573-0.448-0.396 0.028-0.564-0.347 0.347-0.441-0.245 0.565-0.002 0.271-0.347-0.333

Savings rate participation 0.394 1.000-0.090 0.090-0.085 0.085-0.116-0.166-0.049 0.061 0.149-0.148-0.134-0.062 0.013 0.100 0.092 0.099 0.128-0.187-0.013 0.102-0.132-0.159 0.159-0.213-0.008 0.189-0.024 0.163-0.190-0.182

Urban PA households ratio -0.197-0.090 1.000-1.000 0.088-0.088 0.087 0.125 0.075 0.014-0.153 0.109 0.101 0.092-0.006-0.089-0.115-0.073-0.132 0.119 0.086-0.100 0.123 0.133-0.133 0.182 0.057-0.163 0.001-0.283 0.101 0.106

Rural PA households ratio 0.197 0.090-1.000 1.000-0.088 0.088-0.087-0.125-0.075-0.014 0.153-0.109-0.101-0.092 0.006 0.089 0.115 0.073 0.132-0.119-0.086 0.100-0.123-0.133 0.133-0.182-0.057 0.163-0.001 0.283-0.101-0.106

Without internet -0.281-0.085 0.088-0.088 1.000-1.000 0.420 0.553 0.168-0.113-0.538 0.615 0.546 0.414-0.036-0.511-0.483 0.038-0.497 0.373 0.355 0.010 0.507 0.274-0.274 0.124 0.270-0.287-0.036-0.128 0.403 0.377

With internet 0.281 0.085-0.088 0.088-1.000 1.000-0.420-0.553-0.168 0.113 0.538-0.615-0.546-0.414 0.036 0.511 0.483-0.038 0.497-0.373-0.355-0.010-0.507-0.274 0.274-0.124-0.270 0.287 0.036 0.128-0.403-0.377

Limited English -0.346-0.116 0.087-0.087 0.420-0.420 1.000 0.559 0.082-0.134-0.499 0.512 0.657 0.251-0.191-0.400-0.375-0.254-0.533 0.466 0.321-0.048 0.540 0.287-0.287 0.242 0.255-0.391-0.037-0.159 0.346 0.316

Low income -0.497-0.166 0.125-0.125 0.553-0.553 0.559 1.000 0.057-0.316-0.823 0.742 0.659 0.436-0.089-0.566-0.520-0.327-0.765 0.647 0.477-0.033 0.776 0.449-0.449 0.259 0.391-0.500-0.040-0.172 0.509 0.478

Moderate income -0.191-0.049 0.075-0.075 0.168-0.168 0.082 0.057 1.000-0.060-0.436 0.188 0.174 0.299 0.101-0.296-0.317-0.146-0.230 0.216 0.119 0.011 0.225 0.163-0.163 0.038 0.137-0.113 0.063-0.105 0.302 0.302

Middle income 0.093 0.061 0.014-0.014-0.113 0.113-0.134-0.316-0.060 1.000-0.116-0.229-0.175 0.112 0.179-0.042-0.074 0.074 0.142-0.120-0.097 0.072-0.178-0.109 0.109-0.103-0.045 0.126-0.002 0.052-0.051-0.042

High income 0.504 0.149-0.153 0.153-0.538 0.538-0.499-0.823-0.436-0.116 1.000-0.673-0.613-0.580-0.036 0.670 0.649 0.334 0.749-0.643-0.454-0.005-0.742-0.440 0.440-0.213-0.402 0.460 0.013 0.182-0.578-0.553

Public assistance -0.415-0.148 0.109-0.109 0.615-0.615 0.512 0.742 0.188-0.229-0.673 1.000 0.676 0.463-0.069-0.595-0.554-0.301-0.662 0.567 0.407-0.034 0.701 0.432-0.432 0.254 0.271-0.413-0.023-0.170 0.563 0.522

Less than high school -0.357-0.134 0.101-0.101 0.546-0.546 0.657 0.659 0.174-0.175-0.613 0.676 1.000 0.302-0.199-0.593-0.559-0.231-0.568 0.533 0.304-0.033 0.577 0.380-0.380 0.246 0.238-0.379-0.048-0.175 0.492 0.461

High school -0.224-0.062 0.092-0.092 0.414-0.414 0.251 0.436 0.299 0.112-0.580 0.463 0.302 1.000-0.100-0.703-0.730-0.119-0.339 0.398 0.091 0.059 0.331 0.202-0.202 0.070 0.106-0.131 0.000-0.068 0.466 0.467

Less than bachelors 0.068 0.013-0.006 0.006-0.036 0.036-0.191-0.089 0.101 0.179-0.036-0.069-0.199-0.100 1.000-0.263-0.224 0.048 0.118-0.071-0.106 0.038-0.111-0.066 0.066-0.114-0.040 0.132 0.044 0.049 0.029 0.037

Bachelors 0.300 0.100-0.089 0.089-0.511 0.511-0.400-0.566-0.296-0.042 0.670-0.595-0.593-0.703-0.263 1.000 0.617 0.152 0.461-0.485-0.190-0.021-0.465-0.312 0.312-0.134-0.175 0.234 0.007 0.115-0.562-0.546

Advanced degree 0.254 0.092-0.115 0.115-0.483 0.483-0.375-0.520-0.317-0.074 0.649-0.554-0.559-0.730-0.224 0.617 1.000 0.174 0.394-0.450-0.121-0.053-0.394-0.238 0.238-0.092-0.147 0.176 0.003 0.095-0.494-0.489

Age 65 or older 0.247 0.099-0.073 0.073 0.038-0.038-0.254-0.327-0.146 0.074 0.334-0.301-0.231-0.119 0.048 0.152 0.174 1.000 0.360-0.390-0.147 0.073-0.412-0.339 0.339-0.183-0.097 0.234-0.012 0.100-0.261-0.234

Single Family housing 0.573 0.128-0.132 0.132-0.497 0.497-0.533-0.765-0.230 0.142 0.749-0.662-0.568-0.339 0.118 0.461 0.394 0.360 1.000-0.730-0.734-0.011-0.925-0.448 0.448-0.273-0.554 0.626 0.037 0.186-0.460-0.418

Duplex, triplex, fourplex housing -0.448-0.187 0.119-0.119 0.373-0.373 0.466 0.647 0.216-0.120-0.643 0.567 0.533 0.398-0.071-0.485-0.450-0.390-0.730 1.000 0.078-0.057 0.675 0.630-0.630 0.347 0.163-0.429-0.030-0.186 0.462 0.427

Multifamily housing -0.396-0.013 0.086-0.086 0.355-0.355 0.321 0.477 0.119-0.097-0.454 0.407 0.304 0.091-0.106-0.190-0.121-0.147-0.734 0.078 1.000-0.049 0.688 0.040-0.040 0.062 0.650-0.494-0.023-0.108 0.214 0.189

Mobile home 0.028 0.102-0.100 0.100 0.010-0.010-0.048-0.033 0.011 0.072-0.005-0.034-0.033 0.059 0.038-0.021-0.053 0.073-0.011-0.057-0.049 1.000-0.058-0.092 0.092-0.076-0.024 0.056-0.016 0.171-0.017-0.021

Renter-occupied housing -0.564-0.132 0.123-0.123 0.507-0.507 0.540 0.776 0.225-0.178-0.742 0.701 0.577 0.331-0.111-0.465-0.394-0.412-0.925 0.675 0.688-0.058 1.000 0.448-0.448 0.254 0.542-0.600-0.011-0.185 0.449 0.404

Construction year pre-1950 -0.347-0.159 0.133-0.133 0.274-0.274 0.287 0.449 0.163-0.109-0.440 0.432 0.380 0.202-0.066-0.312-0.238-0.339-0.448 0.630 0.040-0.092 0.448 1.000-1.000 0.370-0.028-0.319-0.012-0.187 0.402 0.382

Construction year post-1950 0.347 0.159-0.133 0.133-0.274 0.274-0.287-0.449-0.163 0.109 0.440-0.432-0.380-0.202 0.066 0.312 0.238 0.339 0.448-0.630-0.040 0.092-0.448-1.000 1.000-0.370 0.028 0.319 0.012 0.187-0.402-0.382

Heating, Utility Gas -0.441-0.213 0.182-0.182 0.124-0.124 0.242 0.259 0.038-0.103-0.213 0.254 0.246 0.070-0.114-0.134-0.092-0.183-0.273 0.347 0.062-0.076 0.254 0.370-0.370 1.000-0.262-0.753-0.026-0.411 0.217 0.235

Heating, Electricity -0.245-0.008 0.057-0.057 0.270-0.270 0.255 0.391 0.137-0.045-0.402 0.271 0.238 0.106-0.040-0.175-0.147-0.097-0.554 0.163 0.650-0.024 0.542-0.028 0.028-0.262 1.000-0.404-0.012-0.109 0.133 0.106

Heating, Oil and Kerosene 0.565 0.189-0.163 0.163-0.287 0.287-0.391-0.500-0.113 0.126 0.460-0.413-0.379-0.131 0.132 0.234 0.176 0.234 0.626-0.429-0.494 0.056-0.600-0.319 0.319-0.753-0.404 1.000-0.001 0.269-0.278-0.275

Heating, Solar -0.002-0.024 0.001-0.001-0.036 0.036-0.037-0.040 0.063-0.002 0.013-0.023-0.048 0.000 0.044 0.007 0.003-0.012 0.037-0.030-0.023-0.016-0.011-0.012 0.012-0.026-0.012-0.001 1.000 0.012-0.015-0.021

Heating, Other Fuel 0.271 0.163-0.283 0.283-0.128 0.128-0.159-0.172-0.105 0.052 0.182-0.170-0.175-0.068 0.049 0.115 0.095 0.100 0.186-0.186-0.108 0.171-0.185-0.187 0.187-0.411-0.109 0.269 0.012 1.000-0.167-0.178

Total years on Distressed List -0.347-0.190 0.101-0.101 0.403-0.403 0.346 0.509 0.302-0.051-0.578 0.563 0.492 0.466 0.029-0.562-0.494-0.261-0.460 0.462 0.214-0.017 0.449 0.402-0.402 0.217 0.133-0.278-0.015-0.167 1.000 0.952

Distressed last three years -0.333-0.182 0.106-0.106 0.377-0.377 0.316 0.478 0.302-0.042-0.553 0.522 0.461 0.467 0.037-0.546-0.489-0.234-0.418 0.427 0.189-0.021 0.404 0.382-0.382 0.235 0.106-0.275-0.021-0.178 0.952 1.000
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