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Introduction
This document accompanies the Excel-based workbook provided to the California Public Utilities Commission (CPUC) in February 2024 for the Fuel Substitution Infrastructure Market Study. Opinion Dynamics developed the data tool to help review the fuel substitution scenario outputs and pricing analyses completed in this study. The study included a residential participant survey, a commercial business survey, and an electrician survey covering residential and commercial elements. Below, we provide a brief overview of the various tabs included in the workbook and the critical analyses used to generate fuel substitution scenario results and associated infrastructure costs. The overall draft report will provide additional details about the analyses and results. 
Overview of Workbook
Below is a description for each of the tabs included in the workbook. The workbook contains a data dictionary tab describing the variable definitions associated with each scenario tab. 
Scenario_Results_Summary: This tab summarizes the key findings from each sector and each scenario considered in our analyses. 
Residential_CR-BldgType: This tab presents the residential scenario and pricing results by fuel substitution scenario, climate region, and building type. 
Residential_BV-BldgType: This tab presents the residential scenario and pricing results by fuel substitution scenario, building vintage, and building type. 
Nonres_CR: This tab presents the nonresidential scenario and pricing results by fuel substitution scenario and climate region.
Nonres_BldgType: This tab presents the nonresidential scenario and pricing results by fuel substitution scenario and building type. 
Statewide Weighted Results: This tab presents the overall statewide weighted results associated with residential and nonresidential fuel substitution scenarios and building types. 
Res_CostSummary: This tab summarizes the electrician pricing for various fuel substitution scenarios from the residential electrician survey. 
Nonres_CostSummary: This tab summarizes the electrician pricing for various fuel substitution scenarios from the commercial electrician survey. 
Summary-Multivariate-Res: This tab provides the results of a multivariate analysis for the residential fuel substitution scenarios. The team provides an overview of the regression analyses at the end of this document. 
Summary-Multivariate-NonRes: This tab provides the results of a multivariate analysis for the nonresidential fuel substitution scenarios. The team provides an overview of the regression analyses at the end of this document.  
ResRawDictionary: This tab presents a data dictionary for the ResRawOutputs dataset. 
ResRawOutputs: This tab presents the raw output data associated with the residential scenario analysis. 
NonResRawDictionary: This tab presents a data dictionary for the NonResRawOutputs dataset. 
NonResRawOutputs: This tab presents the raw output data associated with the nonresidential scenario analysis. 
ElectricianRawOutputs: This tab presents the raw output data from the electrician survey for residential and commercial electricians. Please see the electrician survey at the end of this document for the variable labels associated with specific question outputs. 

Key Analyses and Assumptions
The team used the residential occupant and commercial customer surveys to understand the infrastructure upgrades needed to support fuel substitution measures in these markets. The surveys gathered information on the existing electrical panel size and the number, type, and fuel for key equipment types. The team used this information to assess which projects are likely to need infrastructure upgrades due to electrical panel capacity constraints or space constraints. The overall report will discuss the analyses and the scenario results in detail. 
Below, we detail the critical analyses and assumptions the team used to develop some of the main inputs for the workbook. 
Panel Optimization vs. Panel Upgrade Frequency
The electrician survey asked residential and commercial electricians how often it is possible to optimize space in an electric panel (i.e., create space in a panel with no open breaker slots but excess capacity) instead of upgrading the panel to a higher amperage. For each sector, the survey presented respondents with the following response options: Always, Often, Sometimes, Rarely, Never, and Don't Know. The team assigned the following weights to these responses to develop a weighted average representing the frequency with which optimization strategies are used.
Always – 100%
Often – 75%
Sometimes – 50%
Rarely – 25%
Never – 0%
The team multiplied these survey response weights by the percentage of respondents within each category to calculate the overall rate of projects likely to utilize an optimization approach in a space-constrained panel with available remaining capacity. Interestingly, the results for residential and commercial electricians were very similar. Residential electricians reported using optimization approaches 52% of the time, while commercial electricians indicated they use optimization approaches 53% of the time. The team used these values to adjust the fuel substitution scenario outputs to reflect a more realistic proportion of projects that are likely to have panel optimization work completed compared to a panel upgrade. These adjustment factors are under the workbook's 'Panel Optimization Adjustment Factor' header. 
Typical Panel Optimization Cost
The survey asked residential and commercial electricians a) how frequently they use different panel optimization strategies and b) what the typical cost is associated with the different optimization strategies they have used. Specifically, the survey asked about the following optimization strategies:
Smart circuit breakers
Smart panel
Circuit pausers
Load-sharing
Sub-panel
Meter collars
Other
While it is mechanically possible to develop a weighted average price across the different optimization approaches, the team ultimately decided to apply the average cost associated with a sub-panel in the data tool. Respondents indicated that sub-panels are the optimization approach used most frequently.[footnoteRef:1] The report will include additional optimization costs that stakeholders can use to update the tool later. The team believes the sub-panel cost is the most appropriate and representative value for overall panel optimization costs at this time.  [1:  For the residential electrician survey, 31% said they use sub-panels ‘most often’, 40% said they use them ‘often’, and 29% said they use them ‘sometimes’. For the commercial electrician survey the results were 21% for ‘most often’, 45% for ‘often’, and 33% for ‘sometimes’. The other optimization approaches were commonly cites as being used ‘sometimes’, ‘rarely’, or ‘never’. ] 

The panel optimization pricing in the workbook also accounts for the simple connection costs associated with fuel substitution measures. In other words, the pricing for panel optimization in the workbook includes a) the average price of a sub-panel and b) the cost to connect the fuel substitution measure to the sub-panel. 
Multifamily Adjustment Factor
For multifamily infrastructure upgrade costs, we used a simplified approach that asked electricians to estimate the relative cost for a multifamily installation versus a single-family installation. We took this approach to avoid having the electricians run through the extensive pricing scenarios again. The team used the survey responses to develop a multifamily adjustment factor. The team applied this adjustment factor to the single-family costs to develop an estimated cost for each multifamily building scenario. The electrician survey asked whether multifamily projects were more expensive, less expensive, or the same compared to the single-family scenarios. Respondents who indicated multifamily projects were typically more or less expensive were asked to provide a percentage estimate of the typical cost change. 
The team calculated a 113% adjustment factor for multifamily fuel substitution infrastructure costs based on the survey responses. In other words, multifamily projects are typically 13% more expensive than a comparably scoped single-family project. Electricians cited a lack of access to attic and crawl spaces and additional logistics dealing with landlords or property managers as reasons multifamily projects are slightly more expensive than single-family projects. Please note that the respondents were split on this question – 40% said multifamily projects would be less costly by 16%, 34% said they would be more expensive by 56%, and 26% said the price would be about the same. The 113% adjustment factor represents a weighted average of these results. 
Electrician Cost Estimates
The team applied the cost estimates from both the residential and commercial electrician surveys. The next section of this document (i.e., Electrician Cost Mapping) details the specific scenario and cost mapping. Before finalizing cost estimates for the data tool, the team removed outliers from each electrician scenario analysis using the interquartile range (IQR).[footnoteRef:2] First, the team calculated the quartiles associated with the response distributions for each fuel substitution scenario. Next, the team calculated the IQR, which is the difference between the first and third quartiles. The team then set upper and lower thresholds for inclusion in the analysis by applying 1.5 times the IQR to the first and third quartiles. Specifically, the lower threshold is the first quartile minus 1.5 times the IQR, while the upper threshold is the third quartile plus 1.5 times the IQR. The team removed any electrician responses falling outside the lower or upper thresholds for that fuel substitution scenario. All of the outliers removed from the analysis fell outside the upper threshold.  [2:  The IQR is a common way to identify outliers in a dataset. Specifically, the IQR represents the middle 50% of the dataset and is defined as the difference between the 75th and 25th percentiles of the data. ] 

Accounting for Multiple Applicable Measures
The residential and commercial electrician surveys focused on scenarios where customers converted one or two pieces of equipment from natural gas to electricity. The survey asked electricians to provide pricing for a single piece of heating or water heating equipment in the ‘Heating Only’ and ‘Water Heating Only’ scenarios. A few scenarios, for example, the ‘Heating and Water Heating’ scenario, asked electricians to estimate the costs of connecting both heating and water heating systems. The electrician survey scenarios did not consider that a home or business may have multiple measures eligible for fuel substitution, even within the same end use (e.g., multiple natural gas furnaces in the same house or business). As a result, the electrician scenario cost estimates do not account for the full suite of eligible fuel substitution measures. 
To account for this, the team asked electricians how costs would change if an additional heat pump technology were connected during the same visit. In other words, if they were already onsite and had the relevant tools and materials, how much more would it cost to install two heat pumps instead of one in the same job? The residential and commercial electrician surveys included these questions, and the team used the responses to adjust the scenario pricing provided by electricians. Specifically, the team identified the average number of eligible fuel substitution measures in each scenario (and strata) based on the residential occupant and commercial customer surveys. The team then multiplied the electrician costs associated with connecting an additional heat pump by the number of eligible fuel substitution measures to account for these extra pieces of equipment. The team added this value to the electrician scenario price estimates to develop an estimated price for fuel substitution infrastructure upgrades for all eligible measures. An example calculation is shown below for the 'Heating Only' scenario in the Marine climate region for single-family homes. 


Electrician Cost Mapping
Below, we summarize the price mapping that the team used in the data tool. Table 1 presents the residential fuel substitution scenario and cost mapping. Note that all multifamily pricing includes the adjustment factor described in the previous section. 
[bookmark: _Ref155864603]Table 1. Residential Fuel Substitution Scenario and Cost Mapping
	Fuel Substitution Measure Scenario and Cost Components
	Column

	Space Heating Only
	

	Simple Connection Infrastructure Costs
	Applied the mean cost from the' Gas Fired Furnace w/Central Air Conditioning (CAC) to Air Source Heat Pump (ASHP)' scenario, including connecting the heat pump to the panel.

	Panel Upgrade Infrastructure Costs
	Applied the mean cost from the "Gas Fired Furnace w/no CAC to ASHP' scenario that included installing a 200-amp panel, a 240 volt (v) circuit, a disconnect, and connecting the heat pump to the panel. 

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the heating-only fuel substitution scenario. The previous costs only account for a single heating fuel substitution measure. This calculation accounts for the fact that some homes have multiple heating systems eligible for fuel substitution.  

	DHW Only
	

	Simple Connection Infrastructure Costs
	Applied the mean cost from the' 50-gallon gas Domestic Hot Water (DHW) to Heat Pump Water Heater (HPWH)' scenario that included installing a 240v circuit and a disconnect and connecting the HPWH to the panel. 

	Panel Upgrade Infrastructure Costs
	Applied the mean cost from the '50-gallon gas DHW to HPWH' scenario that included installing a 200-amp panel, a 240v circuit, and a disconnect and connecting the HPWH to the panel. 

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the DHW-only fuel substitution scenario. The previous costs only account for a single water heating fuel substitution measure. This calculation accounts for the fact that some homes have multiple water heating systems eligible for fuel substitution.  

	Space Heating and DHW
	

	Simple Connection Infrastructure Costs
	Applied the mean cost from the 'Gas Furnace w/CAC AND Gas DHW to ASHP and HPWH' scenario that included installing a 240v circuit and a disconnect and connecting the ASHP and HPWH to the panel. 

	Panel Upgrade Infrastructure Costs
	Applied the mean cost from the 'Gas Furnace w/CAC AND Gas DHW to ASHP and HPWH' scenario that included installing a 200-amp panel, a 240v circuit, and a disconnect, as well as connecting the ASHP and HPWH to the panel. 

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the Heating and DHW fuel substitution scenario. The previous costs only account for a single HPWH and ASHP, respectively. This calculation accounts for the fact that some homes have multiple heating or water heating systems eligible for fuel substitution.  

	All Electric (Convert all FS eligible measures to electric)
	

	Simple Connection Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
 'Gas Fired Furnace w/CAC to ASHP' – connect ASHP to panel
' 50-gallon gas DHW to HPWH' – install 240v circuit and disconnect, connect HPWH to panel
'Gas-Powered Range to Induction Range' – connect induction range to panel 

	Panel Upgrade Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
 'Gas Fired Furnace w/no CAC to ASHP' – install 200-amp panel, install 240v circuit and disconnect, connect ASHP to panel
' 50-gallon gas DHW to HPWH' – install 200-amp panel, install 240v circuit and disconnect, connect HPWH to panel
'Gas-Powered Range to Induction Range' – install 200-amp panel and connect induction range to panel

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the All-Electric fuel substitution scenario. The previous costs only account for a single technology. This calculation accounts for the fact that some homes have multiple gas measures eligible for fuel substitution.  



Table 2 presents the nonresidential fuel substitution scenario and cost mapping.
[bookmark: _Ref156370425]Table 2. Nonresidential Fuel Substitution Scenario and Cost Mapping
	Fuel Substitution Measure Scenario and Cost Components
	Column

	Space Heating Only
	

	Simple Connection Infrastructure Costs
	The mean cost from the 'Packaged AC/Gas Furnace to Packed Heat Pump (HP) with Electric Resistance Back-up' scenario was applied, which included connecting the heat pump to the panel. 

	Panel Upgrade Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
 'Packaged AC/Gas Furnace to Packed HP with Electric Resistance Back-up' – install a 600-amp panel, connect ASHP to panel
'60-gallon gas DHW to 80-gallon HPWH' – install 400-amp panel, 240v circuit and disconnect, connect HPWH to panel
The water heater scenario was added to account for a 400-amp panel upgrade, not just a 600-amp panel upgrade. 

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the heating-only fuel substitution scenario. The previous costs only account for a single heating fuel substitution measure. This calculation accounts for the fact that some buildings have multiple heating systems that are eligible for fuel substitution.  

	DHW Only
	

	Simple Connection Infrastructure Costs
	Applied the mean cost from the '60-gallon gas DHW to 80-gallon HPWH' scenario that included installing a 240v circuit and disconnect and connecting the HPWH to the panel.

	Panel Upgrade Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
'60-gallon gas DHW to 80-gallon HPWH' – install 400-amp panel, 240v circuit and disconnect, connect HPWH to panel
 'Packaged AC/Gas Furnace to Packed HP with Electric Resistance Back-up' – install a 600-amp panel, connect ASHP to panel
The heating scenario was added to account for a 600-amp panel upgrade, not just a 400-amp panel upgrade.

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the DHW-only fuel substitution scenario. The previous costs only account for a single water heating fuel substitution measure. This calculation accounts for the fact that some buildings have multiple water heating systems that are eligible for fuel substitution.  

	Space Heating and DHW
	

	Simple Connection Infrastructure Costs
	Applied the mean cost from the 'Forced Air Gas Fired Furnace AND 60-gallon DHW to ASHP and 80-gallon HPWH' scenario that included installing a circuit and disconnect and connecting the HPWH and ASHP to the panel.

	Panel Upgrade Infrastructure Costs
	Applied the mean cost from the 'Forced Air Gas Fired Furnace AND 60-gallon DHW to ASHP and 80-gallon HPWH' scenario that included installing a 400-amp panel, a circuit and disconnect, as well as connecting the HPWH and ASHP to the panel.

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the Heating and DHW fuel substitution scenario. The previous costs only account for a single HPWH and ASHP, respectively. This calculation accounts for the fact that some buildings have multiple heating or water heating systems that are eligible for fuel substitution.  

	Cooking
	

	Simple Connection Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
'Gas Fryer to Electric Fryer' – Add circuit, disconnect, connect fryer to panel
'Gas Oven to Electric Oven' – Add circuit, disconnect, connect fryer to panel

	Panel Upgrade Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
'Gas Fryer to Electric Fryer' – Install 400-amp panel, add circuit, disconnect, connect fryer to panel
'Gas Oven to Electric Oven' – Install 600-amp panel, add circuit, disconnect, connect fryer to panel

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the Cooking fuel substitution scenario. The previous costs only account for a single piece of cooking equipment. This calculation accounts for the fact that some buildings have multiple pieces of cooking equipment eligible for fuel substitution.  

	All Electric (Convert all FS eligible measures to electric)
	

	Simple Connection Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
 'Packaged AC/Gas Furnace to Packed HP with Electric Resistance Back-up' – connect packaged heat pump to panel
60-gallon gas DHW to 80-gallon HPWH' – install 240v circuit and disconnect, connect HPWH to panel
'Gas Fryer to Electric Fryer' – Add circuit, disconnect, connect fryer to panel
'Gas Oven to Electric Oven' – Add circuit, disconnect, connect fryer to panel

	Panel Upgrade Infrastructure Costs
	Averaged the following mean costs from the electrician scenario results:
'Packaged AC/Gas Furnace to Packed HP with Electric Resistance Back-up' – install a 600-amp panel, connect ASHP to panel
'60-gallon gas DHW to 80-gallon HPWH' – install 400-amp panel, 240v circuit and disconnect, connect HPWH to panel
'Gas Fryer to Electric Fryer' – Install 400-amp panel, add circuit, disconnect, connect fryer to panel
'Gas Oven to Electric Oven' – Install 600-amp panel, add circuit, disconnect, connect fryer to panel

	Panel Optimization Infrastructure Costs
	Added the 'Simple Connection Infrastructure Costs' to the average price of a sub-panel installation. Sub-panels were the predominant approach for panel optimization, according to electricians. 

	Average Cost Across Scenarios
	The results of the scenarios listed above were weighted based on their frequency from the scenario analysis.

	Total Costs – All Applicable Units
	Multiplied the 'Average Cost Across Scenarios' by the average number of systems that were replaced in the All-Electric fuel substitution scenario. The previous costs only account for a single technology. This calculation accounts for the fact that some buildings have multiple gas measures that are eligible for fuel substitution.  




Statewide Weighted Results
The data tool has a tab dedicated to overall weighted statewide results. For the residential sector, the team used counts from the 2022 Title 24 housing stock provided by the California Energy Commission to calculate the statewide proportions of single-family and multifamily buildings by climate region. In comparison to the sample sizes within each scenario and building strata, the team used these proportions to develop weighted statewide estimates for each fuel substitution scenario for single-family buildings, multifamily buildings, and all residential buildings. The counts and proportional weights used in our analyses are presented in Table 3 and Table 4. The first table shows the counts and proportions by California climate zone, while the second table presents the data by climate region. 
[bookmark: _Ref158125507]Table 3. 2022 Housing Counts by Title 24 Climate Zones
	Climate Zone
	Single Family Count
	Single Family Proportion
	Multifamily Count
	Multifamily Proportion

	1
	66,706
	1%
	16,524
	0%

	2
	314,980
	3%
	82,327
	2%

	3
	975,049
	10%
	563,325
	12%

	4
	486,183
	5%
	304,527
	7%

	5
	112,644
	1%
	33,494
	1%

	6
	653,776
	7%
	393,615
	9%

	7
	509,587
	5%
	298,199
	7%

	8
	984,134
	10%
	638,398
	14%

	9
	1,235,365
	13%
	964,907
	21%

	10
	1,120,416
	12%
	362,504
	8%

	11
	347,458
	4%
	78,943
	2%

	12
	1,394,955
	15%
	488,090
	11%

	13
	635,273
	7%
	168,618
	4%

	14
	259,501
	3%
	92,410
	2%

	15
	178,926
	2%
	46,467
	1%

	16
	160,587
	2%
	38,423
	1%

	Total
	9,435,541
	100%
	4,570,770
	100%


Notes: The CEC used 2022 housing stock data from Moody's and aligned it with the Title 24 Building Climate Zones
Source: California Energy Commission
[bookmark: _Ref158125515]Table 4. 2022 Housing Counts by Title 24 Climate Zones
	Climate Region
	Single Family Count
	Single Family Proportion
	Multifamily Count
	Multifamily Proportion

	Marine
	2,609,338
	28%
	1,393,811
	30%

	Hot-Dry
	6,665,616
	71%
	3,138,536
	69%

	Cold
	160,587
	2%
	38,423
	1%

	Total
	9,435,541
	100%
	4,570,770
	100%


Notes: The CEC used 2022 housing stock data from Moody's and aligned it with the Title 24 Building Climate Zones
Source: California Energy Commission

For the nonresidential sector, the team used statewide floor space estimates from the 2021 Commercial End-Use Survey (CEUS) to calculate the proportion of floor space represented by various building types statewide (Table 5). Compared to the square footages within each scenario and building type in our sample, the team used these proportions to develop weighted statewide estimates for each fuel substitution scenario. 
[bookmark: _Ref158126552]Table 5. 2021 CEUS Floor Space Stock by Building Type
	2021 CEUS Building Type
	Square Feet (10^6)
	Proportion

	Restaurant
	186.7
	3%

	Retail
	1,145.4
	15%

	Food Stores
	302.3
	4%

	School
	579.0
	8%

	College
	305.7
	4%

	Health Care
	381.8
	5%

	Lodging
	358.8
	5%

	Refrigerated Warehouse
	59.3
	1%

	Warehouse
	1,091.8
	15%

	Miscellaneous
	1,380.3
	19%

	Office, Large
	1,288.9
	17%

	Office, Small
	372.7
	5%

	Total
	7,452.7
	100%


Source: California Energy Commission

The team aggregated the building type categories presented in Table 5 so that they applied to the building type categorizations captured in the nonresidential survey effort. The aggregated building type distributions are shown in Table 6. 
[bookmark: _Ref158127026]Table 6. Adjusted 2021 CEUS Floor Space Stock by Building Type
	2021 CEUS Building Type
	Square Feet (10^6)
	Proportion

	Restaurant
	186.7
	3%

	Retail
	1,145.4
	15%

	Food Stores
	302.3
	4%

	Education
	884.7
	12%

	Health Care
	381.8
	5%

	Lodging
	358.8
	5%

	Warehouse
	1,151.1
	15%

	Miscellaneous
	1,380.3
	19%

	Offices
	1,661.6
	22%

	Total
	7,452.7
	100%


Source: California Energy Commission
Regression Analysis
[bookmark: _Hlk158806561]The team conducted a regression analysis on the residential occupant and commercial customer survey data in two stages. The first stage was a correlation analysis in which we leveraged univariate methods to assess the extent and direction of the individual relationships between each variable of interest and the panel upgrade outcome. We completed the correlation analysis first because it allowed us to provide timely preliminary findings, formulate preliminary hypotheses, and identify if any relationships warranted a regression analysis. Based on the results of the correlation analysis, the second stage was a multivariate regression analysis conducted to assess the combined relationship between the variables of interest and the panel upgrade outcome. Compared to correlation analysis,  multivariate regression analysis is more appropriate for trying to explain or predict a given customer’s need for a panel upgrade because it accounts for how a variety of unique customer characteristics interact to affect that outcome. 
The team produced adjusted odds ratios to aid in interpreting the results. In a multivariate regression, an adjusted odds ratio represents the relative likelihood of the outcome happening when a given factor is true while holding all the other independent variables in the analysis constant. We needed to choose one category for categorical variables as the "reference." The results represent whether being in another category makes you more or less likely to need the upgrade than being in the reference category (e.g., if having a home built between 1976 and 1999 makes you more or less likely to need a panel upgrade than having a house built in 2000 or later). It is possible to obtain a different result with a different reference category; however, we tried to choose logical reference categories where they existed (e.g., being in the coldest region or having the newest home). 
The results of this analysis can be used to identify customers that are particularly likely or unlikely to require a panel upgrade. That said, the observed variables only partially explain the need for a panel upgrade, and there are likely other factors that affect the need for a panel upgrade but are not available for analysis currently given data limitations.
Electrician Survey Instrument
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CPUC Fuel Substitution Study: Electrician Survey

October 2, 2023

Instrument Information

Table 1 includes key characteristics about the instrument.

Table 1. Overview of Data Collection Activity

Descriptor ‘ This Instrument
Instrument Type Web survey
Estimated Time to Complete 15 minutes for one section (30 minutes for both)
Population Description Licgnsed electricians in California who work in residential and/or commercial
projects
Sampling Strata Definitions CR(;er?qigleer;’éig)l electricians (35 completes) and commercial electricians (35
Completion Goal(s) 70 completes
Contact List Source and Date Hoovers D&B database
Type of Sampling Random
Incentive Types and Amounts $250 e-gift card, or $400 for completing both sections
Outreach Methods Up to three email; postcard potentially as well
Fielding Firm Opinion Dynamics

Research Objectives Information

Table 2 maps the research objectives and questions to specific questions in the instrument.

Table 2. Research Objectives and Associated Questions

Associated Instrument

Research Objective/Question

Questions

Project costs for residential fuel substitution scenarios Q1 -Q15
See how residential project costs differ in multifamily buildings Q 16 -Q20
Understand commercial panel and wiring configurations Q21 - Q26
Project costs for commercial fuel substitution scenarios Q27 - Q49
Firmographic questions Q50 - Q53

Programmer Information

The variables listed in Table 3 are to be generated/calculated within the instrument.
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Table 3. Variables Generated in the Instrument

Variable Name Variable Description and Values

RETRO Respondent does work in existing buildings

NC Respondent does work in hew construction buildings
RES Respondent does work in residential buildings
COMM Respondent does work in commercial buildings

Programming note style conventions in this document:

[PROGRAMMING] Programming instructions are in bracketed CAPS.
[Interviewer notes] Onscreen interviewer instructions are in italics.
<Piped value> Database inputs are inside <greater and less than symbols>.

For each multiple response question, create separate binary variables for each response option.

Outreach Materials

Subject line: Invitation to Participate in Electrification Feasibility Study
Dear Licensed Electrician,

We need your help! The California Public Utilities Commission seeks to better understand the costs of installing
electric equipment in residential and commercial buildings. Specifically, they want to understand the electric
panel, wiring, and other infrastructure costs that may be needed to accommodate the installation of heat
pump technologies and electric cooking equipment.

Given your expertise, we are inviting you to complete a survey to estimate the cost you would charge a
customer for connecting a variety of heat pump technologies and electric cooking equipment. There are a
number of different scenarios we will present. It should take you no more than 20 minutes. In exchange for
your time and answers, we will provide you a $250 e-gift card.

<LINK>

The CPUC has asked Opinion Dynamics to conduct this research on their behalf. Opinion Dynamics will keep
your information confidential. Neither your name nor your company name will be published in any results or
shared with the CPUC. To verify the legitimacy of this request, please visit www.cpuc.ca.gov/validsurvey. If you
have any technical difficulties with the survey, please email Taylor.Williams@opiniondynamics.com .

We thank you in advance for contributing to this important research.
Sincerely,

Taylor Williams
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Instrument

Landing Page Text

Welcome to our survey on estimating electrical project costs for heat pump and electric cooking installations.
We have just a few questions to make sure you're eligible for the survey. Please click the arrow below to get
started.

Screening [ASK ALL]

[SINGLE RESPONSE]

S1. Does your company do work in existing buildings, new construction, or both?
1. Existing buildings only
2. New construction only [THANK AND TERMINATE]
3. Existing buildings and new construction
4, Unsure [THANK AND TERMINATE]

[TERMINATION SCRIPT: Thank you for your interest, but based on the survey topic, you are not eligible.]
[GENERATE RETRO=1 IF S1=1 OR 3]
[GENERATE NC=1 IF S1= 3]

[MULTIPLE RESPONSE]
S2. What market(s) does your company serve? Please select all that apply.

Single-family homes

Small multifamily (2-4 units)

Large multifamily (5 or more units)

Small commercial properties

Large commercial properties

Other, please specify: [OPEN-ENDED RESPONSE]

ook wN R

[GENERATE RES=1 IF S2=1,2, or 3]
[GENERATE COMM=1 IF S2=4 or 5]

[ASK ALL]

S3. Do you have experience installing new electric panels, upgrading existing electric panels, or
implementing panel optimization strategies (installing smart circuit breakers, load-sharing devices,
sub-panels, etc.) ?

1. Yes
2. No [THANK AND TERMINATE]
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[ASK ALL]
S4. Do you have experience working on projects that involved a heat pump water heater or an HVAC heat
pump (ducted or ductless)?

1. Yes
2. No [THANK AND TERMINATE]

[ASK IF COMM = 1, MULTIPLE RESPONSE UP TO THREE]
S5. Which types of commercial properties do you have the most experience working in? Please select up
to three.

Small Office
Large Office
Retail
Restaurant
Supermarket
Education
Religious
Lodging
Healthcare

©CRON>OT WD

[ASK IF S5 = 4]
S6. Do you have experience working on projects that involved an electric fryer or convection oven?

1. Yes
2. No

Introduction
[ASK IF RES OR COMM = 1]

You are eligible! After you complete this exercise, we will send you a $250 e-gift card as a thank you for your
time.

We will present different scenarios where a [if COMM = 1, display commercial if RES = 1, display residential]
property owner has purchased a heat pump or electrification technology, a contractor has installed it, and you
need to connect it to the electrical panel. We will provide details on the size of the building and the current
state of the electrical panel and wiring for each scenario. We will then ask you to estimate what you would
charge the customer to complete the project. We will present different scenarios and then ask you a few
questions. Once you familiarize yourself with the question layout of the first scenario, the other scenarios
should go quicker.

We understand there are other factors that influence your pricing, such as the heat pump manufacturer. We
have tried to simplify these questions so they are easy for you to answer. Please do your best to estimate the
project costs given the information provided and using your expertise.

Click the arrow below to go to the first questions.
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[ASK IF RES AND COMM = 1]
You are eligible!

We will present different scenarios where a property owner has purchased a heat pump or electrification
technology, a contractor has installed it, and you need to connect it to the electrical panel. We will provide
details on the size of the building and the current state of the electrical panel and wiring for each scenario.
We will then ask you to estimate what you would charge the customer to complete the project. We will present
different scenarios and then ask you a few questions. Once you familiarize yourself with the question layout
of the first scenario, the other scenarios should go quicker.

We understand there are other factors that influence your pricing, such as the heat pump manufacturer. We
have tried to simplify these questions so they are easy for you to answer. Please do your best to estimate the
project costs given the information provided using your expertise.

Since you work in both residential and commercial buildings, we want to offer you a choice of which questions
you answer. Please select which questions you would like to answer:

1. Residential questions for a $250 e-gift card = go to Q1
2. Commercial questions for a $250 e-gift card 2 Go to Q21
3. Both residential and commercial questions for a $400 e-gift card (it will probably take you 45

minutes to answer all of these questions) 2 Go to Q1

Click the arrow below to go to the first questions.

Residential Upgrade Scenarios

Q1. In this first scenario, the homeowner is replacing their gas-fired forced-air furnace and pre-existing
central air conditioning system with a ducted central HVAC air-source heat pump. A licensed
professional has already installed the heat pump and it just needs to be connected to the electrical
panel.

Please review the home conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical home in your area that would meet these conditions. If you charge
an additional fee because of something in your service area, include that cost in the miscellaneous
cost estimate and make a note in the optional comments box (perhaps this is a fee charged for a
complicated permitting process).

HVAC HP Upgrade Home @ Square | Year Panel E.x!stmg . 24.OV Service
Scenario Type Footage | Built Pl Location BT | SR e Needed
p g HP Circuit | Disconnect

Replace gas-fired 200 A, Connection Connect

. In good .
forced-air furnace empty | Lessthan o and central air-

. . condition, .
and central air Single- slots, 50 feet disconnect | source heat
" . .~ 1 2000 sf | 2015 no .
conditioner with Family no away from remediation in place, no | pump to the
central air-source upgrade | equipment upgrade existing
needed :

heat pump needed needed electric panel

opiniondynamics.com Page 5
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1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[INUMBER BOX]

3. Other miscellaneous costs: [NUMBER BOX]

4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q1A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q2. This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical home in your area that would
meet these conditions.

Existing 240V .
HVAC HP Upgrade Home @ Square | Year Panel Wiring for | Circuit and Service

. . Panel .
Scenario Type Footage | Built Location HP Circuit | Disconnect Needed

Replace gas-fired 100 A, Connection Upgrade wiring
. for heat pump
forced-air furnace empty | Less than In poor and .
. . e . connection,
and central air Single- slots, 50 feet condition, | disconnect .
o . .~ | 2000 sf | 1995 o . connect air-
conditioner with Family no away from | remediation | in place, no
. ; source heat
central air-source upgrade | equipment needed upgrade
pump to
heat pump needed needed S
existing panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q2A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q3. In this second scenario, the homeowner is again replacing their gas-fired forced-air furnace with a
ducted central HVAC air-source heat pump. A licensed professional has already installed the heat
pump and it just needs to be connected to the electrical panel. In this scenario, there is no pre-

existing central air conditioning system.
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HVAC HP Upgrade Home | Square | Year Panel E.X'.Stmg . 24.0V Service
Scenario Type | Footage | Built I Location OLIERE | (G E Needed
yp g HP Circuit | Disconnect
Install a 200 A
electric panel
to replace
Replace gas-fired existing panel,
. 100 A, .
forced-air furnace In good wire new
. . no Less than o Not .
with central air- Sinsle- empty 50 feet condition, resent panel, install
source heat pump g_ 2000 sf | 1995 P no P ’ 240V circuit
o Family slots, | away from . upgrade
(no pre-existing . remediation and
: upgrade | equipment needed .
central air needed disconnect,
o needed .
conditioner) connect air-
source heat
pump to new
panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]
[DISPLAY ON SAME PAGE]
Q3A. Optional notes or comments: [LARGE TEXT BOX]
Q4. In this third scenario, the homeowner is replacing their natural gas-fired, wall furnace with a ductless

mini-split air-source heat pump. There is no air conditioner. Please review the home conditions in the
table and estimate the costs of labor and materials needed. Please think of a typical home in your
area that would meet these conditions.

Existing 240V

HVAC HP Upgrade Home Square | Year Panel L . Service
. . Panel . Wiring for | Circuit and
Scenario Type Footage | Built Location HP Circuit | Disconnect Needed
100 A Install 240V
Replace gas-fired wall ' In good circuit and
) empty 50-100 o Not .
furnace with ductless . condition, disconnect,
LT Single- slots, | feet away present, e
mini-split heat pump .~ | 1500 sf | 1985 no connect mini-
- Family no from - upgrade )
(no central air . remediation split heat
o upgrade | equipment needed
conditioner) needed pump to
needed S
existing panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
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4.

Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q4A.

Q5.

Optional notes or comments: [LARGE TEXT BOX]

This is the same scenario, but we have changed the home conditions. Please review the conditions
in the table and estimate the costs needed. Please think of a typical home in your area that would
meet these conditions.

HVAC HP Upgrade Home | Square | Year Panel E.x!stmg . 24.0V Service
Scenario Type | Footage | Built Panel Location W) (eLETISCIT Needed
yp g HP Circuit | Disconnect
Install 200 A
panel to
replace
. 100 A, existing panel,
Replace g?‘s fired wall no 50-100 In ggpd Not rewire panel,
furnace with ductless Single- empty | feetawa condition, resent install 240V
mini-split heat pump g_ 1500 sf | 1985 P y no P ’ S
. Family slots, from - upgrade circuit and
(no central air . remediation .
. upgrade | equipment needed disconnect,
conditioner) needed S
needed connect mini-
split heat
pump to new
panel

1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]

3. Other miscellaneous costs: [NUMBER BOX]

4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q5A.

Q6.

opiniondynamics.com

Optional notes or comments: [LARGE TEXT BOX]
This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical home in your area that would
meet these conditions.
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HVAC HP Upgrade Home | Square | Year Panel Panel V\IIE.X'.St”}g Ci 24.0V d Service
Scenario Type | Footage | Built a Location Iring for ircuit an Needed
HP Circuit | Disconnect
Install 200 A
panel to
replace
existing panel,
) 100 A, rewire panel,
Replace gfas fired wall no 50-100 In poor Not upgrade wiring
furnace with ductless | .. o ;
mini-split heat pump Smgl_e- 1500 sf | 1985 empty | feet away condljuo_n, present, fpr HP install,
- Family slots, from remediation | upgrade install 240V
(no central air . S
o upgrade | equipment needed needed circuit and
conditioner) !
needed disconnect,
connect mini-
split heat
pump to new
panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]
[DISPLAY ON SAME PAGE]
Q6A. Optional notes or comments: [LARGE TEXT BOX]
Q7. In this fourth scenario, the homeowner is upgrading their 50-gallon gas storage water heater to a

240V unitary heat pump water heater (HPWH). Please review the home conditions in the table and
estimate the costs of labor and materials needed. Use the optional notes comment box for any
additional considerations or fees.

Existing 240V .
Scenario - 'Type Footage| Butt | P2 Location Wringfor | Gircuitand | \CECC0
p g HP Circuit | Disconnect
200 A, In g00d Install 240V
Replace 50-gallon empty | More than g_ . Not circuit and
. condition, .
natural gas storage Single- slots, 100 feet present, disconnect,
. .~ 12000 sf | 2015 no
water heater with Family no away from remediation upgrade | connect HPWH
240V unitary HPWH upgrade | equipment needed to existing
needed :
needed electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
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Q7A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q8.

This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional notes comment box for any additional

considerations or fees.

Existing

240V

HPWH Upgrade Home | Square | Year Panel L. L Service
. . Panel . Wiring for | Circuit and
Scenario Type | Footage | Built Location HP Circuit | Disconnect Needed
Install 200 A
panel to
100 A, In g00d replace
Replace 50-gallon no More than g_ ) Not existing panel,
. condition, .
natural gas storage Single- empty | 100 feet present, rewire panel,
. .~ 12000 sf | 1970 no .
water heater with Family slots, | away from remediation upgrade install 240V
240V unitary HPWH upgrade | equipment needed circuit and
needed .
needed disconnect,
connect HPWH
to new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:

[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q8A. Optional notes or comments: [LARGE TEXT BOX]

Q9.

This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional notes comment box for any additional

considerations or fees.

Existing

240V

scenatio - Type | Footage Buit P2 | Locaion  Wiringfor Circuitand | (ORCE0
p g HP Circuit | Disconnect
Install 200 A
panel to
replace
100 e !
Replace 50-gallon no More than In poor Not u radepwirin'
natural gas storage Single- empty | 100 feet | condition, present, Pg g
. .~ 12000 sf | 1970 o for HPWH
water heater with Family slots, | away from | remediation | upgrade circuit. install
240V unitary HPWH upgrade | equipment | needed needed o
240V circuit
needed
and
disconnect,
connect HPWH
to new panel
Page 10
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1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]

3. Other miscellaneous costs: [NUMBER BOX]

4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q9A.

Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
In this fifth scenario, the homeowner is upgrading both their natural gas furnace to a central air

source heat pump (ASHP) and their conventional storage gas water heater to a 240V heat pump
water heater (HPWH). The pre-existing central air conditioning system is being replaced by the air
source heat pump. Please review the home conditions in the table and estimate the costs of labor
and materials needed. Use the optional notes comment box for any additional considerations or

Q10.

fees.
HVAC HP and HPWH Home Square | Year Panel E.x!stmg . 24.0V Service
Upgrade Scenario Type | Footage | Built Flid Location P e Needed
Pg yp g HP Circuit | Disconnect
Replace central gas
furnace and central 200 A, In g0od Present for Ir(lisr)i:au”it2azt1(()jv
air conditioner with empty | More than g. . ASHP; Not .
central ASHP and Single- slots 100 feet condition, resent disconnect for
and 81 2000 sf | 2015 ' no P ' HPWH,
replace natural gas Family no away from . upgrade
. remediation connect ASHP
storage water heater upgrade | equipment needed needed for and HPWH to
with 240V unitary needed HPWH existing panel
HPWH gp
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q10A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q11.

opiniondynamics.com

This is the same scenario, but we have changed the home conditions. Please review the conditions
in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional notes comment box for any additional

considerations or fees.
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HVAC HP and HPWH  Home | Square | Year Panel 2 2Oy Service
Upgrade Scenario Type | Footage | Built I Location OLIERE | (G E Needed
HP Circuit | Disconnect
Install 200 A
panel to
Replace central gas replace
furnace and central 100 A, In good Present for | existing panel,
air conditioner with no More than o ASHP; Not | rewire panel,
central ASHP and Single- empty | 100 feet condition, present, install 240V
.~ | 2000 sf | 1920 no S
replace natural gas Family slots, | away from . upgrade circuit and
. remediation .
storage water heater upgrade | equipment needed needed for | disconnect for
with 240V unitary needed HPWH HPWH,
HPWH connect ASHP
and HPWH to
existing panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q11A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q12. Thisis the same scenario, but we have changed the home conditions. Please review the conditions
in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional notes comment box for any additional

considerations or fees.
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HVAC HP and HPWH  Home | Square | Year Panel Existing | 240V Service
Upgrade Scenario Type | Footage | Built I Location OLIERE | (G E Needed
HP Circuit | Disconnect
Install 200 A
panel to
replace
Replace central gas eX|st.|ng panell,
furnace and central 100 A, Present for urpfgvggep\?vri]r?ny s
air conditioner with no More than In poor ASHP; Not for HPWH
central ASHP.and Single- 2000 sf | 1970 empty | 100 feet | condition, present, circuit. install
replace natural gas Family slots, | away from | remediation | upgrade 240V’circuit
storage water heater upgrade | equipment needed needed for and
with 240V unitary needed HPWH .
HPWH disconnect for
HPWH,
connect ASHP
and HPWH to
existing panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q12A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

In this last scenario, the homeowner is replacing their gas-powered cooking range (oven plus
cooktop) with an induction range (electric oven plus induction cooktop). Please review the conditions
in the table and estimate the costs of labor and materials needed.

Q13.

Panel
Location

Home
Type

Cooking Upgrade
Scenatio

Square | Year
Footage | Built

Panel

Existing
Wiring for

240V

Circuit and

Service
Needed

HP Circuit

Disconnect

Replace gas-powered 100 A, In g00d Connection Connect new
range (oven plus empty 50-100 g_ ) and - .
. . condition, . induction
cooktop) with Single- slots, | feet away disconnect
) . .~ | 1500 sf | 1990 no . range to
induction range Family no from - in place, no 2
) . . remediation existing
(electric oven with upgrade | equipment needed upgrade electric panel
induction cooktop) needed needed P
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
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Q13A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q14.

This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional notes comment box for any additional

considerations or fees.

Existing

240V

Cooking Upgrade Home | Square | Year Panel - . Service
; . Panel . Wiring for | Circuit and
Scenario Type | Footage | Built Location HP Circuit | Disconnect Needed
Install 200 A
panel to
Replace gas-powered 100 A, Connection replace
In good -
range (oven plus no 50-100 o and existing panel,
. . condition, . .
cooktop) with Single- empty | feet away disconnect | rewire panel,
) . .~ 1 1500 sf | 1990 no :
induction range Family slots, from L in place, no | connect new
. . . remediation . i
(electric oven with upgrade | equipment needed upgrade induction
induction cooktop) needed needed range to
existing
electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4.

[DISPLAY ON SAME PAGE]

Q14A. Optional notes or comments: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q15.

Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

This is the same scenario, but we have changed the home conditions. Please review the conditions

in the table and estimate the costs of labor and materials needed. Please think of a typical home in
your area that would meet these conditions. Use the optional hotes comment box for any additional

considerations or fees.
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Existing 240V

Cooking Upgrade Home | Square Ye.ar Panel Pangl Wiring for | Circuit and Service
Scenario Type | Footage | Built Location HP Ci§cuit Disconnect Needed
Install 200 A
panel to
replace
existing panel,
rewire panel,
Replace gas-powered 100 A, upgrade
range (oven plus no 50-100 In poor Not wiring, install
cooktop) with Single- 1500 sf | 1920 empty | feetaway | condition, present, 240V circuit
induction range Family slots, from remediation | upgrade and
(electric oven with upgrade | equipment needed needed disconnect for
induction cooktop) needed new induction
range, connect
new induction
range to
existing
electric panel

1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]

3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[ASK ALL, DISPLAY ON NEW PAGE]

Q15A. If you're at a single-family home with good wiring and space in the electrical panel, and you need to
connect two mini-split air-source heat pumps to the electrical panel, by how much would electrical
project costs increase compared to having to connect just one? In other words, how much would
costs increase to connect two HVAC mini-split heat pumps to a new electrical panel instead of one?"
Please enter a dollar amount.

1. [NUMBER BOX]

[ASK ALL, DISPLAY ON NEW PAGE]

Q15B. How much extra time would you need to spend on site to connect two mini-split heat pumps to a new
panel with excess capacity and open slots as opposed to one heat pump? Assume the equipment
and panel are already in place and the only task is to connect the heat pumps. Please answer in
minutes.

1. [NUMBER BOX]

Q15C. How often is it possible to optimize space in an electrical panel (create space in a full panel) rather
than upgrade the panel to a higher amperage?

1. Always

2. Often

3. Sometimes
4, Rarely
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5. Never
0. Don’t know

[ASK IF Q15C <> 5 or 6]
Q15D. How often do you use each of the following panel optimization options when you have constrained
space in a panel?

Don’t
know

Most
often

Often Sometimes | Rarely Never

Smart circuit breakers

Smart panel

Circuit pausers

Load-sharing

Sub-panel

Meter collars

Other

[ASK IF Q15D ‘Other’<> Never OR Don’t know]
Q15E. Please describe the ‘other’ panel optimization options that you have used. [LARGE TEXT BOX]

[ASK IF Q15D <> ‘NEVER’ or ‘Don’t know’]
Q15F. Please indicate the building type that is most often associated with each of the panel optimization
options you have experience with. Please select only one building type per panel optimization option.

?;”rﬁ'iﬁ; Multifamily
ASK IF Q15D = 1 Smart circuit breakers
ASK IF Q15D = 2 Smart panel

ASK IF Q15D = 3 Circuit pausers

ASK IF Q15D = 4 Load-sharing

ASK IF Q15D = 5 Sub-panel

ASK IF Q15D = 6 Meter collars

ASK IF Q15D = 7 Other

[ASK IF Q15D <> ‘NEVER’ or ‘Don’t know’]
Q15G. Please indicate the building vintage that is most often associated with each of the panel optimization
options you have experience with. Please select only one building vintage per panel optimization
option.

Before 1950- 1975- 2000 or
1950 1975 1999 Later

ASK IF Q15D = 1 Smart circuit
breakers

ASK IF Q15D = 2 Smart panel
ASK IF Q15D = 3 Circuit
pausers

ASK IF Q15D = 4 Load-sharing
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ASK IF Q15D = 5 Sub-panel
ASK IF Q15D = 6 Meter collars
ASK IF Q15D = 7 Other

[ASK IF Q15D <> ‘NEVER’ or ‘Don’t know’]
Q15H. What is the typical cost (labor and materials) associated with the panel optimization options you
have experience with?

Smart circuit breakers [NUMBER BOX]
Smart panel [NUMBER BOX]

Circuit pausers [NUMBER BOX]
Load-sharing [NUMBER BOX]
Sub-panel [NUMBER BOX]

Meter collars [NUMBER BOX]

Other [NUMBER BOX]

NooasrWNE

Q15I1. Please describe how the typical costs for panel optimization options might change by building type or
building vintage. [LARGE TEXT BOX]

Multifamily Questions [ASK IF S2 = 2 or 3]

Since you also have experience working in multifamily buildings, we’d like to ask you a few questions about
how cost estimates might differ in that type of building.

[SINGLE RESPONSE]
Q16. Would your cost estimates change if the heat pump was installed in an apartment with its own
electrical panel in the unit?

Yes, they would likely decrease
Yes, they would likely increase
No, they are unlikely to change
Don’t know

HwnN P

[ASK IF Q16 = 2]

Q17. By what percent would you increase your costs for a heat pump installation at an apartment in a
multifamily building compared to the single-family estimates provided earlier? For example, if you
charged double what you do in a single-family home, please enter 100 for 100%. If you would
increase it by 10%, please put in a 10.

1. [NUMBER BOX]
2. Unsure- Please specify why [LARGE TEXT BOX]
[ASK IF Q16 = 2]
Q18. Please briefly describe why electrical project costs increase in multifamily buildings compared to
single-family homes.
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1. [LARGE TEXT BOX]

[ASK IF Q16 = 1]

Q19. By what percent would you decrease your costs for a heat pump installation at an apartmentin a
multifamily building compared to the single-family estimates provided earlier? For example, if you
charged half what you do in a single-family home, please enter 50 for 50%. If you would decrease it
by 10%, please putin a 10.

1. [NUMBER BOX]
2. Unsure - Please specify why [LARGE TEXT BOX]

[ASK IF Q16 = 1]
Q20. Please briefly describe why electrical project costs decrease in multifamily buildings compared to
single-family homes.

3. [LARGE TEXT BOX]

Commercial Upgrade Scenarios

We have some general questions about the commercial sites you visit. The goal behind these questions is to
understand how often the building’s existing electrical service and panel capacity can accommodate
electrification measures such as HVAC heat pumps, heat pump water heaters, and where applicable, electric
fryers and convection ovens.

Q21. What is the typical electrical panel amperage you find at the following commercial property types?
We want to know about the amperage before any upgrades or expansions are performed.

[DISPLAY IF S5 = 1] Small Office: [TEXT BOX]
[DISPLAY IF S5 = 2] Large Office: [TEXT BOX]
[DISPLAY IF S5 = 3] Retail: [TEXT BOX]
[DISPLAY IF S5 = 4] Restaurant: [TEXT BOX]
[DISPLAY IF S5 = 5] Supermarket: [TEXT BOX]
[DISPLAY IF S5 = 6] Education: [TEXT BOX]
[DISPLAY IF S5 = 7] Religious: [TEXT BOX]
[DISPLAY IF S5 = 8] Lodging: [TEXT BOX]
[DISPLAY IF S5 = 9] Healthcare: [TEXT BOX]

©CRONOO AWM

Q22. What is the typical electrical service type at the commercial properties you work at?

Single phase 3phase | Don’t know
[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retail
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
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[DISPLAY IF S5 = 8] Lodging
[DISPLAY IF S5 = 9] Healthcare

Q23. What is the typical voltage at the commercial properties you work at?

120V 240V 480V 600V Don’t know
[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retall
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
[DISPLAY IF S5 = 8] Lodging
[DISPLAY IF S5 = 9] Healthcare

Q24. How often are there open slots on the electrical panel to accommodate new electric equipment at
the following commercial property types?

Always Often Sometimes | Rarely Never Eon E
now
[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retail
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
[DISPLAY IF S5 = 8] Lodging
[DISPLAY IF S5 = 9] Healthcare

Q25. How often do commercial building owners at these property types add an additional electric panel to
increase capacity instead of upgrading the existing panel service capacity? In other words, they add
a second panel instead of upgrading their first panel, for example.

Don’t
know

Always Often Sometimes | Rarely  Never

[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retail
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
[DISPLAY IF S5 = 8] Lodging
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| [DISPLAY IF S5

= 9] Healthcare

Q26. How often does the electrical service to the site have the capacity to handle additional electric load
without needing the utility to upgrade the service?

Always Often Sometimes Rarely  Never i
know
[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retail
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
[DISPLAY IF S5 = 8] Lodging
[DISPLAY IF S5 = 9] Healthcare

Q26A. How often is it possible to optimize space in an electrical panel (create space in a full panel) rather
than upgrade the panel to a higher amperage?

Always Often Sometimes | Rarely Never

Don’t

know
[DISPLAY IF S5 = 1] Small Office
[DISPLAY IF S5 = 2] Large Office
[DISPLAY IF S5 = 3] Retail
[DISPLAY IF S5 = 4] Restaurant
[DISPLAY IF S5 = 5] Supermarket
[DISPLAY IF S5 = 6] Education
[DISPLAY IF S5 = 7] Religious
[DISPLAY IF S5 = 8] Lodging
[DISPLAY IF S5 = 9] Healthcare

Q26B. How often do you use each of the following panel optimization options when you have constrained
space in a panel?

Smart circuit breakers

Most
often

Often Sometimes | Rarely Never

Don’t
know

Smart panel

Circuit pausers

Load-sharing

Sub-panel

Meter collars

Other

opiniondynamics.com
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[ASK IF Q26B ‘Other’<> Never OR Don’t know]
Q26C. Please describe the ‘other’ panel optimization options that you have used. [LARGE TEXT BOX]

[ASK IF Q26B <> ‘NEVER’ or ‘Don’t know’]
Q26D. Please indicate the building type that is most often associated with each of the panel optimization
options you have experience with. Please select only one building type per panel optimization option.

Office Retail Restaur Superm | Educati Religiou Lodging Healthc
ant arket on S are
Smart circuit
breakers
Smart panel

Circuit pausers
Load-sharing
Sub-panel
Meter collars
Other

[ASK IF Q26B <> ‘NEVER’ or don’t know]
Q26E. Please indicate the building vintage that is most often associated with each of the panel optimization
options you have experience with. Please select only one building type per panel optimization option.

Before 1950- 1975- 2000 or
1950 1975 1999 Later

Smart circuit breakers
Smart panel

Circuit pausers
Load-sharing
Sub-panel

Meter collars

Other

[ASK IF Q26B <> ‘NEVER’ or ‘Don’t know’]
Q26F. What is the typical cost (labor and materials) associated with the panel optimization options you
have experience with?

Smart circuit breakers [NUMBER BOX]
Smart panel [NUMBER BOX]

Circuit pausers [NUMBER BOX]
Load-sharing [NUMBER BOX]
Sub-panel [NUMBER BOX]

Meter collars [NUMBER BOX]

Other [NUMBER BOX]

Nooasr®LNE

Q26G. Please describe how the typical costs for panel optimization options might change by building type or
building vintage. [LARGE TEXT BOX]
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[DISPLAY ON NEW PAGE]
Now we will present you with upgrade scenarios and ask you to estimate electrical project costs.

Q27. Inthis first scenario, the building owner is replacing their packaged AC/gas furnace system with a 5-
ton packaged heat pump (HP) with electric resistance backup. A licensed professional has already
installed the heat pump and it just needs to be connected to the electrical panel.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you
charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box (perhaps this is a fee
charged for a complicated permitting process).

Existing

HVAC I-!P Upgrade Building Panel Pangl Wiring for C!rcuit and Service Needed
Scenatrio Type Location . . Disconnect
HP Circuit
Connection
Replace packaged 400 A, In good and
. empty | More than e, . Connect new
AC/gas furnace with 5- condition, | disconnect
Large slots, 100 feet . packaged HP to
ton packaged HP and . no in place, -~ :
. . Commercial no away from L existing electric
electric resistance back- . remediation no
upgrade | equipment panel
up needed upgrade
needed
needed
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4 Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q27A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q28. This is the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would

meet these conditions.

- Existing o
HVAC I-!P Upgrade Building Panel Pangl Wiring for C!I’CUIt and Service Needed
Scenario Type Location .~ . Disconnect
HP Circuit
Connection
400 A, Install 600 A panel
Replace packaged In good and to replace existing

no More than
Large empty | 100 feet
Commercial | slots, | away from

condition, | disconnect
no in place,

AC/gas furnace with 5-

ton packaged HP and panel, re-wire panel,

connect new

electric resistance back upgrade | equipment remediation no packaged HP to
up needed upgrade
needed new panel
needed
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1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]

3. Other miscellaneous costs: [NUMBER BOX]

4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q28A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON SAME PAGE]

Q29. Using the same scenario, what would the total project costs be to add a 200 A panel to the existing
electrical service instead of upgrading the existing panel to 600 A?
1. Total project cost: [NUMBER BOX]
2. Don’t know

[DISPLAY ON NEW PAGE]

Q30. Thisis the same scenario again, but we have changed the building conditions. Please review the
conditions in the table and estimate the costs needed. Please think of a typical building in your area
that would meet these conditions.

Existing

Panel
Location

HVAC HP Upgrade
Scenario

Building

Type Panel

Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit

400 A Connection | Install 600 A panel
Replace packaged ’ In good and to replace existing
. no More than o . .
AC/gas furnace with 5- condition, | disconnect | panel, re-wire panel,
Large empty | 100 feet . -
ton packaged HP and . no in place, upgrade wiring for
. . Commercial | slots, | away from L S
electric resistance back- upsrade | equipment remediation no HP circuit, connect
up Pg quip needed upgrade | new packaged HP to
needed
needed new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[INUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q30A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q31.

In this second scenario, the building owner is replacing their packaged conventional 60-gallon

natural gas water heater with an 80-gallon heat pump water heater (HPWH). A licensed professional
has already installed the HPWH and it just needs to be connected to the electrical panel.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you

opiniondynamics.com
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charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box. (Perhaps this is a fee

charged for a complicated permitting process.)

Existing

HPWH Upgrade Scenario ELITEN Panel Pan(.el Wiring for C!rcmt e Service Needed
Type Location . . Disconnect
HP Circuit
200 A, In 500d Add a 240V
Replace 60-gallon open 50-100 g. ) Not connection and
. condition, .
conventional natural gas Small slots, feet away no present, disconnect for
water heater with 80- Commercial no from remediation upgrade HPWH, connect
gallon HPWH upgrade | equipment needed HPWH to existing
needed .
needed electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q31A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
This is the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would
meet these conditions.

Q32.

- Existing N
HPWH Upgrade Scenario Bl.:."dmg Panel Pancl-:‘l Wiring for C!rcu|t clite Service Needed
ype Location .~ . Disconnect
HP Circuit
200, In good Itr:)S::”Iggg eAxiZ?irr:el
Replace 60-gallon no 50-100 g. . Not P . g
. condition, panel, re-wire panel,
conventional natural gas Small empty | feetaway no present, add 240V circuit
water heater with 80- Commercial | slots, from diati upgrade d di
allon HPWH upgrade | equipment remediation needed and disconnect,
g needed connect new HPWH
needed
to new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]
[DISPLAY ON SAME PAGE]
Q32A. Optional comments box: [LARGE TEXT BOX]
[DISPLAY ON SAME PAGE]
Page 24
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Q32B. Using the same scenario, what would the total project costs be to add a 200 A panel to the existing

electrical service instead of upgrading the existing panel to 400 A?

1. Total project cost: [NUMBER BOX]
2. Don’t know

[DISPLAY ON NEW PAGE]
Q33.

This is the same scenario again, but we have changed the building conditions. Please review the

conditions in the table and estimate the costs needed. Please think of a typical building in your area

that would meet these conditions.

Panel
Location

Building

Type Panel

HPWH Upgrade Scenario

Existing
Wiring for
HP Circuit

Circuit and
Disconnect

Service Needed

Install 400 A panel
200 A, to replace existing
Replace 60-gallon no 50-100 In poor Not panel, re-wire panel,
conventional natural gas Small empty | feetaway | condition, present, upgrade wiring for
water heater with 80- Commercial | slots, from remediation | upgrade HP circuit, install
gallon HPWH upgrade | equipment | needed needed 240V circuit,
needed connect new HPWH
to new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q33A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q34.

opiniondynamics.com

In this third scenario, the building owner is replacing their commercial gas fryer with a 12 kW electric
fryer. A licensed professional has already installed the fryer and it just needs to be connected to the
electrical panel.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you
charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box. (Perhaps this is a fee
charged for a complicated permitting process.)
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Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
200 A, Add a circuit and
In good .
. open Less than s Not disconnect for
Replace commercial gas condition, .
. - slots, 50 feet present, electric fryer,
fryer with 12 kW electric | Restaurant no
no away from . upgrade connect fryer to
fryer ; remediation . .
upgrade | equipment needed existing electric
needed
needed panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q34A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q35. Thisis the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would
meet these conditions.

Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
Add a 400 A panel
200 A, In good to replace.exstmg
. Less than o Not panel, re-wire panel,
Replace commercial gas no open condition, L
. - 50 feet present, add circuit and
fryer with 12 kW electric | Restaurant | slots, no -
away from - upgrade disconnect for
fryer upgrade . remediation :
equipment needed electric fryer,
needed needed
connect fryer to new
panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q35A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON SAME PAGE]
Q36. Using the same scenario, what would the total project costs be to add a 200 A panel to the existing

electrical service instead of upgrading the existing panel to 400 A?
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1.
2.

Total project cost: [NUMBER BOX]
Don’t know

[DISPLAY ON NEW PAGE]

Q37.

This is the same scenario again, but we have changed the building conditions. Please review the
conditions in the table and estimate the costs needed. Please think of a typical building in your area
that would meet these conditions.

Cooking Upgrade
Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
Add a 400A panel to
replace existing
. 200A, | oos than In poor Not panel, re-wire panel,
Replace commercial gas no open 50 feet condition resent update wiring, add
fryer with 12 kW electric | Restaurant | slots, o) P ’ circuit and
away from | remediation | upgrade .
fryer upgrade . disconnect for
equipment needed needed :
needed electric fryer,
connect fryer to new
panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q37A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q38.

opiniondynamics.com

In this fourth scenario, the building owner is replacing their commercial gas oven with an 11 kW
electric convection oven. A licensed professional has already installed the oven and it just needs to

be connected to the electrical panel.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you
charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box. (Perhaps this is a fee
charged for a complicated permitting process.)
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. - Existing S
Cookmg Upgrade Building Panel Pant_el Wiring for C!rcult and Service Needed
Scenario Type Location .~ . Disconnect
HP Circuit
400 A, Add a circuit and
In good .
. open | More than s Not disconnect for
Replace commercial gas condition, .
. . slots, 100 feet present, electric oven,
oven with 11 kW electric | Restaurant no
. no away from I upgrade connect oven to
convection oven : remediation . :
upgrade | equipment needed existing electric
needed
needed panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4 Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q38A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q39.

meet these conditions.

Cooking Upgrade

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

This is the same scenario, but we have changed the building conditions. Please review the conditions
in the table and estimate the costs needed. Please think of a typical building in your area that would

Service Needed

SEEL HP Circuit
Add a 600 A panel
400 A, In good to replace.exstmg
. More than o Not panel, re-wire panel,
Replace commercial gas no open condition, o
) . 100 feet present, add a circuit and
oven with 11 kW electric | Restaurant | slots, no .
. away from . upgrade disconnect for
convection oven upgrade : remediation .
equipment needed electric oven,
needed needed
connect oven to
new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q39A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON SAME PAGE]
Q40.

electrical service instead of upgrading the existing panel to 600 A?

1. Total project cost: [NUMBER BOX]

2. Don’t know

opiniondynamics.com

Using the same scenario, what would the total project costs be to add a 200 A panel to the existing
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[DISPLAY ON NEW PAGE]
Q41.

This is the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would
meet these conditions.

Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
Add a 600 A panel
to replace existing
. 400 A, More than In poor Not panel, re-wire panel,
Replace commercial gas no open g upgrade wiring, add
. . 100 feet | condition, present, o
oven with 11 kW electric | Restaurant | slots, o a circuit and
. away from | remediation | upgrade -
convection oven upgrade : disconnect for
equipment needed needed .
needed electric oven,
connect oven to
new panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q41A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q42.

In this fifth scenario, the building owner is replacing their commercial gas oven with an 11 kW

electric convection oven and their commercial gas fryer with a 12 kW electric fryer. A licensed
professional has already installed the oven and it just needs to be connected to the electrical panel.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you
charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box. (Perhaps this is a fee
charged for a complicated permitting process.)

Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for
HP Circuit

Circuit and
Disconnect

Service Needed

Replace commercial gas 400A, In good Not Add a circuitand
P ) & . open 50-100 g. ) present, disconnect for
oven with 11 kW electric condition, )
: slots, | feet away upgrade electric oven and
convection oven and Restaurant no
. no from - needed for | fryer, connect oven
commercial gas fryer . remediation g
. : upgrade | equipment both oven | and fryer to existing
with 12 kW electric fryer needed .
needed and fryer electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:

[NUMBER BOX]

opiniondynamics.com
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3. Other miscellaneous costs: [NUMBER BOX]
4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q42A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q43.

This is the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would
meet these conditions.

Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for
HP Circuit

Circuit and
Disconnect

Service Needed

Add a 600 A panel
Not to replace existing
Replace commercial gas 400 A, In good panel, re-wire panel,
) . 50-100 o present, L
oven with 11 kW electric no open condition, add a circuit and
: feet away upgrade .
convection oven and Restaurant | slots, no disconnect for both
) from L needed for .
commercial gas fryer upgrade . remediation electric oven and
X ; equipment both oven
with 12 kW electric fryer needed needed fryer, connect oven
and fryer
and fryer to new
panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]

4. Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]

Q43A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON SAME PAGE]
Q44.

electrical service instead of upgrading the existing panel to 600 A?

5. Total project cost: [NUMBER BOX]

6. Don’t know

[DISPLAY ON NEW PAGE]
Q45.

Using the same scenario, what would the total project costs be to add a 200 A panel to the existing

This is the same scenario again, but we have changed the building conditions. Please review the

conditions in the table and estimate the costs needed. Please think of a typical building in your area
that would meet these conditions.

opiniondynamics.com
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Cooking Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit

. Not panel, re-wire panel,
Replacg commercial gqs 400A, 50-100 In poor present, | upgrade wiring, add
oven with 11 kW electric no open e o
: feet away | condition, upgrade a circuit and
convection oven and Restaurant | slots, o .
. from remediation | needed for | disconnect for both
commercial gas fryer upgrade . -
. : equipment needed both oven electric oven and
with 12 kW electric fryer needed
and fryer | fryer, connect oven

Add a 600 A panel
to replace existing

and fryer to new
panel

3.
4.

Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]

Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]

Other miscellaneous costs: [NUMBER BOX]

Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q45A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]

Q46.

In this final scenario, the building owner is replacing their gas-fired forced-air furnace with a 5-ton
split-system air-source heat pump (ASHP) and their packaged conventional 60-gallon natural gas
water heater with an 80-gallon heat pump water heater (HPWH). A licensed professional has already
installed the air-source heat pump and HPWH and it just needs to be connected to the electrical
panel. The air-source heat pump is also replacing pre-existing central air conditioning.

Please review the building conditions in the table and estimate the costs of labor and materials
needed. Please think of a typical building in your area that would meet these conditions. If you
charge an additional fee because of something in your service area, include that cost in the
miscellaneous cost estimate and make a note in the optional comments box. (Perhaps this is a fee
charged for a complicated permitting process.)

HVAC & HPWH Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for
HP Circuit

Circuit and
Disconnect

Service Needed

Replace forced-air gas- N
fired furnace with 5 - 2004, In good Not Adq a circuitand
. open | More than . disconnect for
ton split system ASHP condition, present,
Small slots, 100 feet HPWH, connect
and 60-gallon . no upgrade
- Commercial no away from - HPWH and ASHP to
conventional natural gas upsrade | equipment remediation | needed for existing electric
water heater with 80- n%geded quip needed HPWH agnel
gallon HPWH P
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
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Other miscellaneous costs: [NUMBER BOX]
Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

3.
4.

[DISPLAY ON SAME PAGE]
Q46A. Optional comments box: [LARGE TEXT BOX]

[DISPLAY ON NEW PAGE]
Q47. Thisis the same scenario, but we have changed the building conditions. Please review the conditions

in the table and estimate the costs needed. Please think of a typical building in your area that would
meet these conditions.

HVAC & HPWH Upgrade
Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
) Install 400 A panel
Replace forced-air gas- 200 A, to replace existing
fired furnace with 5 - In good Not .
ton split system ASHP no More than condition present, panel, re-wire panel,
Small empty | 100 feet ’ ’ add circuit and
and 60-gallon : no upgrade :
- Commercial | slots, | away from . disconnect for
conventional natural gas . remediation | needed for
. upgrade | equipment HPWH, connect new
water heater with 80- needed HPWH
needed HPWH and ASHP to
gallon HPWH .
new electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:

[NUMBER BOX]
Other miscellaneous costs: [NUMBER BOX]
Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

3.
4.

[DISPLAY ON SAME PAGE]
Q47A. Optional comments box: [LARGE TEXT BOX]
[DISPLAY ON SAME PAGE]

Q48. Using the same scenario, what would the total project costs be to add a 200 A panel to the existing
electrical service instead of upgrading the existing panel to 400 A?
1. Total project cost: [NUMBER BOX]
2. Don’t know

[DISPLAY ON NEW PAGE]
Q49. This is the same scenario again, but we have changed the building conditions. Please review the

conditions in the table and estimate the costs needed. Please think of a typical building in your area
that would meet these conditions.
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HVAC & HPWH Upgrade

Scenario

Building
Type

Panel

Panel
Location

Existing
Wiring for

Circuit and
Disconnect

Service Needed

HP Circuit
Install 400 A panel
Replace forced-air gas- 200 A to replace existing
fired fu.rnace with 5 - no ! More than In poor Not panel, re-wirej |_oanel,
ton split system ASHP Small empty 100 feet | condition, present, _upgradg w!rlng,
and 60-gallon . o upgrade install circuit and
- Commercial | slots, | away from | remediation .
conventional natural gas upgrade | equipment needed needed for disconnect for
water heater with 80- needed HPWH HPWH, connect new
gallon HPWH HPWH and ASHP to
new electric panel
1. Labor cost for you to assess, plan, and perform the work on site: [NUMBER BOX]
2. Electrical materials costs, such as electrical panels, wiring, circuit breakers, outlets, conduit, etc.:
[NUMBER BOX]
3. Other miscellaneous costs: [NUMBER BOX]
4, Total project cost: [BOX AUTOMATICALLY SUMS ALL NUMBERS ABOVE]

[DISPLAY ON SAME PAGE]
Q49A. Optional comments box: [LARGE TEXT BOX]

[ASK ALL, DISPLAY ON NEW PAGE]
You are nearly at the end of the survey! Just five more questions.

Q49B. If you're at a commercial property with good wiring and space in the electrical panel, and you need to
connect two packaged heat pumps to the electrical panel, by how much would electrical project
costs increase compared to having to connect just one? In other words, how much would costs
increase to connect two packaged heat pumps to a new electrical panel instead of one? Please enter
a dollar amount.

2. [INUMBER BOX]

[ASK ALL, DISPLAY ON NEW PAGE]

Q49C. How much extra time would you need to spend onsite to connect two heat pumps to a new panel
with excess capacity and open slots as opposed to one heat pump? Assume the equipment and
panel are already in place and the only task is to connect the heat pumps. Please answer in minutes.

1. [NUMBER BOX]

Firmographics [ASK ALL]

These last few questions ask about your company. They will be only used for statistical purposes to ensure we
have good representation across the state and across company sizes.

[MULTIPLE RESPONSE]

Q50. Which utility service territories do you work in/sell to? Please select all that apply.
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PG&E

SDG&E

SCE

SoCalGas

SMUD

LADWP

Other, please specify: [OPEN ENDED RESPONSE]

Noor®DE

[SINGLE RESPONSE]
Q51. How many employees, including yourself, work at your company? Please include both part-time and
full-time employees.

1

2-4

59

10-24
25-49
50-99

100 or more
Don’t know

OCNOOR®WNE

o0

Q52. What is your company’s annual revenue?

Less than $100,000
$100,000 to $249,000
$250,000 to $499,999
$500,000 to $999,999
$1 million to $2,999,999
$3 million to $7,999,999
$8 million or more

Don’t know

Prefer not to answer

QONOIOT WD =

©®

Gift card

Q53. Thank you so much for taking the time to complete our exercise. Please enter the email address you
would like your e-gift card sent to.

1. Email:
This e-gift card will come from a company called Tango. Please allow up to two weeks for delivery.
Once you receive it, you will be able to select what type of gift card you want. You can select from one
of many retailers such as Amazon, Target, or Nike, or many restaurants.

Click the arrow below to submit your answers.
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Closing

pinion Dynamics

Thank you for taking the time to complete our survey. We really appreciate your feedback.
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