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1. Executive Summary 

On behalf of the California Public Utilities Commission (CPUC), Opinion Dynamics and Dunsky Energy 

Consulting (the evaluation team) performed attribution and cost-effectiveness studies of three 2013-2015 

Regional Finance Programs (RFPs): the emPower Central Coast Program, the Golden State Finance Authority 

(GSFA)1 Residential Energy Retrofit Program, and the Southern California Regional Energy Network (SoCalREN) 

Home Energy Loans Program2. The programs provided loans that support Energy Upgrade California® (EUC) 

Home Upgrade and Advanced Home Upgrade projects (henceforth, “home upgrade projects”).  

The overarching purpose of this study is to gain a foundational understanding of the value of financing 

programs in achieving or increasing energy savings from whole home retrofits. Further, this study tests an 

experimental approach, the Latent Class Discrete Choice (LCDC) method, to estimating Net-to-Gross-Ratios 

(NTGRs) that reflect the incremental impact of the financing and EUC rebates (together and individually) on 

home upgrade project uptake likelihood. This study compared the LCDC results with self-report data to further 

the industry’s knowledge of the pros and cons of LCDC vs. self-report methods to assess attribution from 

financing incentives.  

Importantly, the attribution estimates from this study do not (and are not intended to) provide inputs into or 

alter any deemed savings calculations for the EUC or the RFP efforts. Further, the findings on the relative 

importance of rebates and financing are specific to whole home upgrade projects, and should not be 

extrapolated to other types of rebate programs (i.e., programs that support smaller project on average).   

LCDC Method Summary 

While the primary goal of the study was to assess how much EUC energy savings can be attributed to the RFPs, 

the LCDC study addressed a wider spectrum of questions by incorporating relevant non-participants in the 

survey sample. Specifically, the model included customers who have recently completed or seriously 

considered a home upgrade. Our sample included the following survey groups: 

 RFP participants: These are customers who received loans from the RFPs to complete an EUC project. 

 EUC-only participants: These are customers who completed an EUC project but did not receive 

Regional Finance Program loans. Importantly, these participants may have received financing from 

other sources, which is confirmed in the survey.  

 Finance Concierge Service (FCS) users: The FCS is an online tool that helps customers who are 

considering a home upgrade. FCS users may not have completed home upgrade projects or received 

financing, but they have at least shopped for financing options online.3 

                                                      

1 Originally called the California Homebuyers Fund (CHF) 

2 Also known as the SoCalREN Residential Loan Loss Reserve 

3 This sample was provided by the Center for Sustainable Energy (CSE) as a part of the CPUC Finance Marketing Education and 

Outreach Study being conducted by Opinion Dynamics.  
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 EUC Near-participants: Customers who contacted PG&E or program implementation staff to inquire 

about PG&E’s EUC program in 2014 or 2015 but ultimately did not participate.4  

The LCDC analysis used 417 customers’ stated preferences from survey-based “shopping exercises” to model 

the influence of various financing (e.g., interest rate), rebate, and project (e.g., size and savings) attributes on 

customer decisions to complete home upgrade projects. The results of the shopping exercise were inputs into 

simulated markets that predict customer preferences for a range of financing options to complete home 

upgrade projects (or none at all). Each market simulation represented the various type of financing available 

to customers looking to complete an energy-related home upgrade.  

To collect inputs for the NTGR analysis, the evaluation team started with a market simulation that included an 

RFP option. Table 1 below shows attributes that define the RFPs, which are drawn from data received from 

the RFPs during the evaluation planning process. In subsequent simulations, the RFP was removed to assess 

the incremental effects of the RFP on project uptake, then set the rebate amount to zero to assess the 

combined effects of EUC rebate and the RFP on project uptake. Please see Chapter 3 for more detail on this 

approach.  

Table 1. RFP Attributes 

Attribute emPower GSFA SoCalREN 

Payment Method 
Traditional Loan 

Payment 

Traditional Loan 

Payment 

Traditional Loan 

Payment 

Minimum Cash Down $0 $0 $0 

Interest Rate 5.85% 6.50% 5.87% 

Instant Qualification Possible Through 

Contractor 
No No No 

FICO Score Considered to Qualify Yes Yes Yes 

Loan Offered by Local Organization Yes Yes Yes 
Note: Project cost, rebate amount, monthly payment, and energy bill savings varied depending on the simulation.   

LCDC NTGR Results 

The RFPs entered into an existing market for energy-related home upgrades5 that included utility rebates from 

EUC and a plethora of other financing options such as credit card and loans. This means that any attribution 

analysis of the RFPs would have to account for the possibility that customers could have gone to other options 

if the RFP were not available. In addition, the customer could have been attracted to the EUC program by the 

rebates offered alone. Overall, this means that estimating RFP influence means estimating the incremental 

increase in EUC program uptake caused by adding the RFPs.  

Table 2 presents the NTGR estimates by project size for each RFP. The key findings from this analysis were: 

 The RFPs and EUC rebates combined resulted in low overall NTGRs.  

                                                      

4 This sample was initially identified in the 2014-2015 EUC process evaluation: EMI Consulting. September 2016. Energy Upgrade 

California – Home Upgrade Program Process Evaluation 2014-2015.  

5 A 2012 study completed for PG&E that measured the market for such upgrades showed that 17% of the general home-owner 

population at that time was planning to do a full upgrade, covering about six measures, and 66% were considering at least a limited 

upgrade of two or more measures (Opinion Dynamics. 2014. PG&E Whole House Program: Marketing and Targeting Analysis. CALMAC 

Study ID: PGE0302.05. 
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 While the NTGRs remain low, the completion of larger, more expensive projects is clearly more 

influenced by both inducements than smaller, less expensive ones.  

 The availability of the RFPs was much more important relative to EUC rebates.  

Table 2. NTGRs by RFP and Project Size (n=417) 

Project Size 
RFP  

NTGR 

EUC Rebate  

NTGR 

Combined  

NTGR 

Small ($10,000) 
   

emPower 20% 9% 28% 

GSFA 20% 9% 29% 

SoCalREN 20% 9% 29% 

Medium ($25,000) 
   

emPower 30% 11% 41% 

GSFA 30% 11% 41% 

SoCalREN 29% 9% 38% 

Large ($40,000) 
   

emPower 37% 13% 50% 

GSFA 37% 13% 50% 

SoCalREN 37% 13% 50% 

 

Importantly, these NTGRs reflect the influence of the RFPs and EUC rebates on RFP participants. The LCDC 

also provides insight into how these incentives move the entire market of “market-ready” homeowners 

(homeowners who have decided to do an upgrade, or are seriously considering it). From this perspective, the 

RFPs and EUC rebates have similar and small impacts on overall home upgrade project uptake. Figure 1 

illustrates this concept visually for average-sized RFP project (approximately $20,000). This reflects two 

factors. First, as mentioned above, there are a plethora of residential financing products available in the 

market, so many participants would have other options in absence of the RFP financing. Second, the EUC 

rebate covers only a small portion of project cost (on average, about $2,700 dollars, with little variation by 

project size). 
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Figure 1. Incremental Percent Upgrade Uptake  

Amongst Market-Ready Customers with EUC Rebates and RFP Financing Availability 

 

Additional LCDC Insights-- Segments 

The LCDC approach involves characterizing target markets by categorizing them into latent classes or 

segments. The four segments revealed by the LCDC include:  

 Segment 1: Financially Savvy (37% of market ready customers): These customers are not concerned 

about the cost of the upgrade project, and are sophisticated in thinking about financing. They are 

oriented to traditional loans or HELOCs, and sensitive to interest rates. Anything above 4% is 

unacceptable. They are not looking for convenience, and are middle-of-the-road on their level of 

motivation to do an upgrade. 

 Segment 2: Motivated Savers (25%): These homeowners are very motivated to do an upgrade, they 

care a lot about energy savings, and they only want to do smaller projects. They are not concerned 

about monthly payments or convenience. 

 Segment 3: Unmotivated Convenience Seekers (25%): These customers have to be convinced to do 

an upgrade. They want convenience, low monthly payments, and no cash down. They care about 

rebates, and are oriented to traditional loans. They likely have good credit because they prefer to have 

FICO scores considered in loan qualification. 

 Segment 4: Financially Solid, Locally Oriented (13%): This group is expecting to pay cash for an upgrade 

project, maybe with some credit card help. If they do go for a loan, they are fine with their FICO scores 

being considered. They care about the connection of the program to local sources. They want good 

rebates, but don’t care about energy savings. They are not concerned with interest rates, or about the 

convenience of getting loans, possibly because they will be paying with cash. 

This study also explored which of these four segments were most influenced by the RFPs. For all three RFPs, 

the impact is more than twice as strong in the Unmotivated Convenience Seekers. In some cases, the 

difference is almost three times that in other segments. 

50%

55%

60%

65%

70%

75%

80%

No Inducement Only EUC Rebates EUC Rebates + RFP

Average emPower Project Average GSFA Project Average SoCalREN Project
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Adding EUC Rebates
Increase After 
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Additional LCDC Insights—Influential Financing Factors 

One of the advantages of the LCDC method is that it helps to identify what specific features or attributes 

customers prefer when faced with many trade-offs and options. When faced with a full marketplace of options 

and features, the LCDC analysis revealed that payment method, the monthly payment amount, project cost 

and interest rate were the most important factors in a homeowner’s decision to do a home upgrade project 

(Table 3).  

Table 3. Relative Importance of Features in Homeowner’s Decision to do a Home Upgrade 

Attribute Possible Values 

Weighted %; Relative important 

of feature in decision to do a 

home upgrade (n=417) 

Payment Method 

Traditional Loan Payment, Mortgage 

Payment Add-On,  

Utility Bill Add-On, Property Tax Add-On, Cash, 

or Credit 

18% 

Your Monthly Payment $50, $200, $350, or $500 15% 

Total Project Cost $10,000, $20,000, $38,000, or $60,000 14% 

Interest Rate 0%, 4%, 10%, or 15% 13% 

Monthly Energy Bill 

Savings 
$0, $20, or $40 8% 

None n/a 7% 

Rebate Amount $0, $1,500, $3,000, or $6,000 6% 

Instant Qualification 

Possible Through 

Contractor 

No or Yes 5% 

FICO Score Considered 

to Qualify 
No or Yes 5% 

Loan Offered by Local 

Organization 
No or Yes 5% 

Minimum Cash Down $0, $2,500, or $5,000 5% 

Regarding what payment method enticed homeowners to do a home upgrade project, most preferred a direct 

loan payment over other financing options (see Figure 2). Most respondents (78%) preferred to use financing 

versus paying cash or credit card. These findings suggest that the RFPs, which offer term loans, are a desirable 

program design for market-ready customers.  
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Figure 2. Payment Method Preferences for Doing a Home Upgrade (n=417) 

 

Insights from the Self-Report 

Below are the key findings from the self-report. 

 The RFPs were extremely influential on many participants’ decisions to complete the home upgrade 

project. The majority (62%) indicated that they would NOT have completed the home upgrade without 

the financing (see Figure 3).    

Figure 3. Likelihood to Complete Same Project without the RFPs (n=76) 

 

 The RFP influenced 57% to do a larger project than they otherwise would have (notably, another 26% 

responded to this question by saying that they would not have done anything without the loan). Further, 

the RFP enabled almost all (92%) of them to complete a home upgrade project sooner than they would 

have otherwise. Amongst them, 79% would have waited at least one year to do the project. Below are 

several verbatim responses that emphasis these points: 

Being able to finance our project into very manageable monthly payments was a no-

brainer. We certainly did not have the up-front capital to install solar, new electric water 

heater, and insulation, but wanted to green and improve the efficiency of our new home. 

62% 18% 20%

Survey Question: How likely would you have been to complete the 

exact same project if you had not been able to get a loan from 

the RFP? (0 to 10 Scale)

0 - 3 Unlikely 4 - 6 7 - 10 Likely

Average

3.2 
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I did not have the $14,000 plus in savings to pay for the project. Without the loan, I would 

have been forced to do a band-aid fix of my A/C and keep the older, less efficient unit. 

Without the loan I would not have done the project to its entirety. It would have been 

broken into two different projects and different times. The loan helped me complete 

everything and more in one shot. 

 The most important RFP features to participants were the interest rate, the connection of the loan 

program to a rebate program (which includes association with emPower Central Coast, GSFA and 

SoCalREN energy retrofit programs), and the minimum cash amount required to close the loan. 

Notably, the convenience aspect of the RFPs and the loan terms offered were also important features. 

 The majority of respondents said the RFP loan was more (48%) or equally (40%) important compare 

to the EUC rebate 

Figure 4. Relative Importance of RFPs versus EUC Rebates (Amongst RFP Participants, n=75) 

 

Note: Excludes one respondent who “did not know” 

 

25%
23%

40%

9%

3%

Loan was

SIGNIFICANTLY

MORE important

than rebate

Loan was

SOMEWHAT MORE

important than

rebate

Loan and rebate

were equally

important

Rebate was

SOMEWHAT MORE

important than

loan

Rebate was

SIGNIFICANTLY

MORE important

than loan

Survey Question: Which of the following statements best describes the 

influence of the rebate and the loan on your decision to complete a 

home upgrade project? 
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Comparison of LCDC and Self-Report Results 

While the findings are similar on many levels, it is important to note that these two methods explore attribution from different 

perspectives. The LCDC explores rebate and financing influence amongst market-ready homeowners; which includes a mix of 

homeowners who were interested in doing a home upgrade project and either did not do the project, did the project without incentives, 

did the project with EUC rebate alone, or did the project with both EUC rebate and RFP. The LCDC gathers data from this larger pool of 

market-ready homeowners and explores the hypothetical decisions they would make under different scenarios. Meanwhile, the self-

report analysis focuses solely on homeowners who recently received both RFP financing and EUC rebates to do a home upgrade and 

the questions asked of them regarding the influence of these incentives on their decision-making process. Table 4 compares the key 

conclusions drawn from the LCDC and self-report analyses. 

Table 4. Summary of Findings from LCDC and Self-Report Analyses 

Research 

Topic LCDC Self-Report 

RFP and EUC 

Rebate 

Influence on 

Home 

Upgrade 

Projects 

 The base project uptake rate (without EUC rebates or the RFPs) 

is about 55% to 65% for the average RFP project (~$20K), 

depending on region (Figure 6). This base rate reflects a market 

where a plethora of financing options are already available to 

market-ready homeowners.  

 The combined influence of RFPs and EUC rebates can induce 

28% of the market-ready homeowners to do a deep energy 

retrofit costing around $10K when they otherwise would not; and 

up to 50% of that market when the cost increases to the $40K 

range. (Table 20) 

 Payment method (term loan), monthly payment amount, total 

project cost and interest rate are the primary influencing factors 

in homeowners' decisions to do home upgrades and use 

financing (Figure 7).  

 The study identified four segments that have different sets of 

preferences compared to each other. One of these segments, 

Unmotivated Convenience Seekers, is much more influenced by 

the RFP compared to other segments.  (Section 4.3). 

 Self-report data suggests that the RFP 

financing was very important to RFP 

participants; 62% of RFP participants say they 

were unlikely to have done the EUC project at 

all without the RFP; 20% indicated they would 

have done it without the RFP; 12% were 

somewhere in-between (Figure 8).  

 Over half (57%) say the RFP allowed them to 

do a larger project and 92% say the RFP 

allowed them to do the project sooner; most 

would have taken 2 years or more to the 

project (Table 24, Figure 9). 

 Participants rated several features of the 

RFPs as almost equally important. The results 

were similar to the LCDC findings (e.g. 

attributes that determine monthly payment), 

but also capture the importance of 

convenience, local endorsement, cash down, 

and the relationship between contractor and 

loan program (Table 25).  
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Research 

Topic LCDC Self-Report 

What is the 

relative 

impact of the 

RFPs versus 

rebates on 

EUC project 

energy 

savings? 

 The influence of financing relative to rebates has a direct 

relationship to project cost (and, thus, savings), with financing 

having increasing influence over rebates as the project cost 

increases. The EUC rebate incentive is half as important as the 

financing incentive for projects in the $10K level and the rebate 

influence is even smaller, one-third, when project costs are in the 

$40K range (Table 20). 

 Over half (57%) say the RFP allowed them to 

do a larger project than they otherwise would 

have (if only EUC rebates were available) 

(Table 24). This suggests that the RFPs were 

highly influential on project savings, though 

rebates still influenced the overall decision to 

do a project 

What is the 

relative 

impact of the 

RFPs versus 

rebates on 

EUC 

customer 

participation? 

 Both inducements result in small incremental increases to 

overall market uptake of EUC projects, suggesting that EUC 

rebates and the RFPs have a limited influence on overall project 

uptake. However, the RFPs have a slightly higher influence 

relative to rebates. This relationship is consistent across project 

sizes (Table 21).  

 However, our planning NTGR analysis shows that the RFP loans 

were much more influential than EUC rebates amongst RFP 

participants specifically (Table 20).  

 The loan was equally or more important than 

the rebate in the decision to do an upgrade. 

Almost half (48%) of participants say the loan 

was more important than the rebate; but 40% 

say they were equally important (Figure 10) 

 Only one responded said they would have 

needed EITHER the rebate or the loan to do 

an upgrade, but not both, suggesting that 

dual-causality is rare (Table 26). 
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Cost-Effectiveness Methods Summary 

Mandated by the legislature (Public Utility Code Section 454.5), the CPUC must ensure all available energy 

efficiency and demand reduction resources be cost-effective. Cost effectiveness tests are applied to compare 

the relative lifetime costs and benefits accrued through a program intervention.  

The objectives of the cost-effectiveness analysis in this study, included: 

 Assess the cost effectiveness of energy efficiency financing when treated as a “resource” program;  

 Assess the combined cost-effectiveness of the RFP with the EUC program rebates; 

 Assess the impact the Financing Program Model (FPM) to interpret the cost-effectiveness tests 

described in the California Standard Practice Manual’s (SPM) Cost-Effectiveness Framework. The 

proposed FPM captures a range of benefits and costs that are unique to financing programs such as 

loan loss reserve (LLR) costs, reduced participant borrowing costs, non-energy benefits, and market 

transformation benefits. 

 Test how sensitive the RFP cost effectiveness results are to key program metrics using a sensitivity 

analysis. Metrics for the sensitivity include: discount rate, reduced borrowing costs, loan duration, 

savings attribution, non-energy benefits, and market effects.  

Based on the cost-effectiveness model outputs, we analyzed and report on findings related to the following: 

 Compare the cost effectiveness results of energy efficiency financing when treated as a “resource” 

program under the existing framework to results under a cost-effectiveness framework designed to 

capture the full range of financing-related costs and benefits; 

 Compare the cost-effectiveness results of Financing plus the EUC Incentives and EUC Incentives only6; 

 Identify the key program metrics that the RFP cost effectiveness results are sensitive to; and 

 Provide recommendations on cost-effectiveness testing of the Statewide Financing Pilots and future 

efficiency financing programs 

As discussed further in Section 4.6, the study could not match a sufficient number of emPower files with the 

EUC database to conduct a cost-effectiveness analysis for emPower. Thus, the cost-effectiveness analysis is 

limited to the GSFA and SoCalREN programs.  

Cost-Effectiveness Results 

We applied the SPM and the FPM adaptions to assess the cost-effectiveness of the combined Financing + 

EUC Incentives programs cost-effectiveness, compared to the EUC Rebate program alone.  The tables below 

list the cost-effectiveness results of two of the three RFPs.   

                                                      

6 Notably, the cost-effectiveness analysis did not include an examination of the RFP-only scenario. Thus, the cost-effectiveness results 

apply only to programs with incentives plus financing, not a standalone financing program.   



Executive Summary 

opiniondynamics.com                  Page 11 

Table 5 lists the mid-range results split by inducement, and cost test following the FPM adaptation.  Table 6 

lists the same results following the SPM Framework. Cost-effective perspectives are highlighted in green. 

Table 5. Cost-Effectiveness Test Results (FPM Model) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  

Program 

Administrator 

Cost (PAC) 

Total 

Resource 

Cost (TRC) 

Societal 

Cost Test 

(SCT) 

PAC TRC SCT 

Incentives7 0.13 0.17 0.20 0.12 0.21 0.24 

Financing + Incentives 0.34 1.43 1.51 0.27 1.02 1.08 

 

Table 6. Cost-Effectiveness Test Results (SPM Framework) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  PAC TRC SCT PAC TRC SCT 

Incentives 0.13 0.12 0.13 0.12 0.14 0.16 

Financing + Incentives 0.42 0.38 0.43 0.25 0.27 0.31 

Based on these results the following conclusions are drawn:   

 Using the FPM model, for both the SoCalREN and GFSA RFPs, the Financing + Incentives inducements 

under the TRC and SCT proved to be cost-effective.  

 The Financing + Incentives inducements are more cost-effective than Incentives alone in all cases and 

under each framework.   

 The influence of financing on participant decision-making helped to further increase the cost-

effectiveness of the Financing + Incentive combinations, as compared to incentives alone.  

 The impact of financing on the PAC is much less pronounced than for the TRC and SCT. 

In addition, we conducted a key components analysis on five key variables of the model.  For the PAC test, 1st 

year covered losses, the discount rate, and the eligible energy efficiency measures (EEEM) market effects had 

a significant impact on the cost-effectiveness results.  For the TRC/SCT test, the annual percentage rate (APR) 

% benefit, EEEM Non-energy benefits, 1st year covered losses, and the discount rate had the most pronounced 

impact on the results.   

To complement the analysis, we also calculated the NTG threshold that would be necessary for the non-cost-

effective programs to be cost-effective.  For many of the scenarios to be cost-effective, the NTGR value would 

need to be approaching one or greater than one.  Also, under the PAC test, the utility benefits from the 

increased NTGR ratio due to increased benefits and static costs. 

                                                      

7 The cost-effectiveness of the EUC Incentives program was calculated using the program evaluated program costs and impacts for 

years 2013-2015 and the EUC NTGR obtained through the LCDC analysis. 
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The takeaways from the cost-effectiveness results are as follows:   

 Financing is a complementary tool when delivered alongside incentive programs: Incentives alone 

have a very low NTG, which leads to low cost-effectiveness results.  

 Under the FPM adaptation, the financing programs (in combination with the incentive programs) pass 

the SCT and TRC cost-effectiveness tests.   

These results also have the following implications for statewide future financing programs: 

 The FPM adaptation provides a robust interpretation of the SPM framework, which could be 

appropriate to accurately capture financing program cost-effectiveness in the future:  

 Data irregularities should be addressed to improve the accuracy of the cost-effectiveness results  

 The financing programs offer non-energy benefits that greatly outweigh the energy benefits.  The 

financial benefits accrued by the participants, mostly as a result of an APR reduction, are the primary 

factor supporting the program cost-effectiveness under the TRC and SCT.  This calls into question the 

appropriateness of the TRC and SCT as cost-effectiveness tests for financing programs from a resource 

program perspective. 

Conclusions on Self -Report vs. LCDC Attribution Methods 

In summary, the self-report approach is more appropriate for creating holistic NTGRs that can be applied to 

program ex-post gross savings. Compared to LCDC, self-report is less expensive to implement and analyze and 

requires fewer respondents. Further, the self-report questions are direct and simple for customers to answer. 

They can account for a wide range of financial and non-financial aspects of the programs. On the other hand, 

the LCDC is a powerful tool for financing program design, policy making, and marketers before a program is 

implemented, or where program design changes are being planned. Compared to self-report, it does a better 

job of showing what is most important about financing, who the key customer segments are, and what other 

financing options customers would seek (if any) absent the program. In this sense, it allows program planners 

to build a financing product tailored to attract the lowest number of free riders. However, the LCDC NTGR 

represents a “floor” for the NTGR in that it does not include spillover, partial free ridership (e.g., effects of on 

project timing), or non-financial factors such as the program marketing or salesmanship of the contractor. For 

these reasons, the LCDC NTGR in isolation is not appropriate to estimate ex-ante or ex-post NTGRs. Rather, it 

requires enhancements through self-report.  

This study also produced several key lessons about LCDC specific to assessing financing program attribution: 

 It is essential to represent the convenience factor and other non-financial attributes of the loan 

program exercise in a way that is understandable and visible to everyone. In this survey, the 

convenience factor (and other factors such as local representation) were placed at the bottom of an 

extensive list of attributes. There have been LCDC surveys in the past with larger numbers of attributes, 

but the complexity of financing decision-making can make it difficult to consider a large number of 

attributes at once, especially when taking surveys on small screens (e.g., mobile devices) has become 

more common. It may also be the case that the attribute by smaller screen sizes when a customer 

completes the survey on their smart phone.  

 The method is not well-suited to account for differences in the timing of upgrade projects. The self-

report and verbatim responses detected a big influence of RFP on project timing that the LCDC method 
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did not. If a stated-preference DC method is used in the future, provision should be made to generate 

an adjustment factor to the NTGR to account for timing issues.  

 The LCDC cannot account for the persuasive ability of the contractor or the effectiveness of other 

marketing efforts. It is both a pro and a con that the results will reflect “perfect” awareness of all the 

alternative products. This will not reflect reality in the case of large home upgrade projects and their 

financing options, but it has its own benefit in generating “pure” trade-offs instead of choices made 

under low awareness conditions. 

 LCDC cannot account for spillover if administered only once. Multiple administrations or just a follow-

up, non-LCDC survey could.  

Finally, the LCDC produces a great deal of information beyond NTGRs that can be very useful to program 

planners and marketers. Please refer to Section  5.3. for recommendations on future research that can be 

done with the existing LCDC dataset.
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2. Introduction 

On behalf of the California Public Utilities Commission (CPUC), Opinion Dynamics and Dunsky Energy 

Consulting (the evaluation team) performed attribution and cost-effectiveness studies of three 2013-2015 

Regional Finance Programs (RFPs): the emPower Central Coast Program, the Golden State Finance Authority 

(GSFA)8 Residential Energy Retrofit Program, and the Southern California Regional Energy Network (SoCalREN) 

Home Energy Loans Program9. 

All three of the Finance Programs are Loan Loss Reserves (LLRs) that offer credit-enhanced financing to 

support energy efficiency whole-home retrofits through the Energy Upgrade California® Home Upgrade and 

Advanced Home Upgrade Programs (henceforth referred to as the “EUC Programs”). Each Finance Program 

partners with one or more financial institutions that issue and administer the loans while the LLR guarantees 

the loan amount in cases of default. 

The overarching purpose of this study is to gain a foundational understanding of the value of financing 

programs in achieving or increasing energy savings from whole home retrofits. Further, this study tests an 

experimental approach to estimating the influence of financing relative EUC rebates, namely the Latent Class 

Discrete Choice (LCDC) analysis approach. Importantly, the attribution estimates developed through this study 

do not (and are not intended to) provide inputs into or alter any deemed savings calculations for EUC projects.   

2.1 Study Objectives 

This research addresses the objectives and research questions listed in Table 7. The table also indicates what 

report sections address them. Notably, the original evaluation plan included one additional objective— “Explore 

trends in EUC participation with and without the RFPs”. As Section 4.6 details, it was not possible to answer 

this research question with the data available. 

Table 7. Study Research Objectives 

Study Objective Research Question(s) Report Section(s) 

Objective 1: Assess data availability 

of the RFPs 

How much information is available on 

customers, contractors, programs, 

measures installed, measure incentives, 

and costs? 

4.6 

Objective 2: Determine how much of 

EUC project energy savings is 

attributable to the RFPs 

What energy efficient measures do the 

RFPs fund? 
2.2, 4.1 

What is the relative impact of the RFPs 

versus rebates on EUC project energy 

savings and customer participation? 

4.2, 4.4 

Which customer segments do the RFPs 

impact? 
4.3, 4.4 

Objective 3: Assess the cost-

effectiveness of the RFPs 
Are the RFPs cost-effective? 4.5 

                                                      

8 Originally called the California Homebuyers Fund (CHF) 

9 Also known as the SoCalREN Residential Loan Loss Reserve 
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Notably, the term Net-to-Gross Ratio (NTGR) in this study refers to a “Planning NTGR” that was calculated from 

the LCDC approach. As this report discusses later in Chapter 5, the NTGRs that come from this LCDC study 

can be thought of as forming the floor of the possible influence of financing and rebates given that it does not 

account for partial free ridership (e.g., effects on project timing and project size), non-financial influencing 

factors on customer decision-making such as the salesmanship of contractors, or spillover. Thus, the LCDC 

NTGRs described in this study should not be used in isolation to estimate ex-ante or ex-post NTGRs. Rather, 

these estimates should be compared or enhanced with self-report NTGR analysis to get a sense of the true 

possible range of the NTGRs.  

The NTGRs and other findings from the LCDC provide useful information for planning and designing future 

financing programs. These include insights into what financing attributes are most important to market-ready 

customers, which types of market-ready customers are most impacted by financing programs, and how 

adjustments to rebate amounts and financing characteristics may affect home upgrade project adoption.  

2.2 Comparison of Key Program Characteristics  

Table 8 below summarizes each Finance Program’s key characteristics, and Table 9 summarizes each 

program’s 2013-2015 budget, LLR allocations, expenditures, and loans issued.  

Table 8. RFP Summary 

Program Design Details 
 emPower Central Coast 

Program 

GSFA Energy Retrofit 

Program 

SoCalREN Home Energy 

Loans 

Program Administrator  emPower GSFA SoCalREN, BKi 

Financial Institution 

Partnership(s) 

 Coast Hills Federal 

Credit Union and 

Ventura County Credit 

Union 

Five Star Bank 
Matadors Community Credit 

Union 

IOU(s) Involved  PG&E, SCE, SCG PG&E SCE, SCG 

Target Geography 

 

Santa Barbara, San Luis 

Obispo, Ventura 

Counties 

44 California counties in 

PG&E territory 

SCE/SCG joint territories; 

property owners in the 

counties of Santa Barbara, 

Ventura and San Luis 

Obispo are not eligible. 

Programs Supported by 

Loans 

 Energy Upgrade 

California® Home 

Upgrade/Advanced 

Home Upgrade, Flex 

Path, and California 

Solar Initiative 

Energy Upgrade 

California® Home 

Upgrade/Advanced 

Home Upgrade 

Energy Upgrade California® 

Home Upgrade/Advanced 

Home Upgrade and 

California Solar Initiative 

Program Start Date  Nov-11 Sep-12 Dec-13 

Loan Details 

Interest Rate 
 3.90-12.5% (Average: 

5.85%)  
6.50% fixed 

4.99-6.99% (Average: 

5.87%) 

Term 
 5-15 years (Average: 

14.5 years) 
15 years 

5-15 years (Average: 9.5 

years/114 months)  

Average Loan Amount  $20,809 (EUC only) $25,612  $18,087  

Minimum Loan Amount 

Allowed 

 
$1,000  None $2,500  

Maximum Loan Amount 

Allowed 

 
$30,000  $50,000  $50,000  

Qualification Requirements 
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Program Design Details 
 emPower Central Coast 

Program 

GSFA Energy Retrofit 

Program 

SoCalREN Home Energy 

Loans 

EUC Program 

Participation Required 

 
No Yes Yes 

Debt-to-Income Ratio  60% or lower 45% or lower 50% or lower 

Minimum FICO  590 640 660 
Source: Interviews with program staff in August 2016; data received from program staff in August and September 2016 

 

Table 9. 2013-2015 Achievements by Finance Program 

Metric 

emPower 

Central Coast 

Program 

GSFA Residential 

Energy Retrofit 

Program 

SoCalREN 

Home Energy 

Loans 

Total Budget (millions) $5.05 $1.00 $5.21 

Funds available to support LLR $1.00 $0.92  $3.83 

Non-Financing Program Budget (i.e., 

Administrative, Marketing) 
4.05 $0.08 $1.38 

Total Expenditures/Allocations (millions) $3.20   $0.48 $1.19 

Total Allocated to the LLR Escrow 

Account 
$0.60 $0.40 $0.50 

Non-Financing Expenditures $2.60  $0.08 $0.69  

Number of Completed Loans 52 201 100 

Loan Supporting Advanced Home 

Upgrade 42 a 
176 13 

Loans Supporting Home Upgrade 25 87 

Loans Supporting Non-EUC Projects 10 N/A N/A 

Number of Loans in Default 0 5 0 

Total Loans Amount Issued b $1,019,083  $5,148,031  $1,808,728  

EUC Loans Amount $873,997  $5,148,031  $1,808,728  

Other Program Loans Amount $145,086  N/A N/A 
Source: Data received from emPower, GSFA, and SoCalREN in August and September 2016 
a The data provided by emPower does not indicate which EUC Program each loan supports. 

b This does not reflect the value of outstanding loans, which would account for repayment. This reflects the sum of original 

loan amounts issued. 
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3. Methods  

Table 10 below summarizes the methods we used to answer each of the study objectives. Following the table, 

we provide a description of each research task.  

Table 10. Research Task Summary 

Research Task 

Research 

Objective(s) 

Addressed 

Summary 

Data inventory 1, 2 

Reviewed data availability on RFP loans and associated EUC 

projects; assessed evaluability and implications for research 

tasks 

Participant and Contractor Interviews 2 

Interviewed seven RFP participants and five contractors who 

completed RFP-financed projects to understand the decision-

making process for selecting financing and the most 

important financing attributes 

Internet Survey 2 

Surveys with 82 RFP participants and 335 relevant non-

participants who completed or considered a home upgrade 

(417 total respondents); survey included a shopping exercise 

(inputs to LCDC) and self-report attribution questions  

Attribution Analysis  2 

LCDC analysis to estimate the relative influence of EUC 

rebates and RFP financing; calculated “Planning NTGRs" for 

use in the cost-effectiveness analysis.  

Cost-effectiveness Analysis 3 Estimated cost-effectiveness of each of the RFP programs 

 Data Inventory 

We reviewed secondary data available from the RFPs and EUC program. Data sources included the RFP 

tracking databases, the EUC program tracking databases, and supplemental information provided by the IOUs 

via a data request. We reviewed these data to determine if sufficient data was available to support the study 

objectives, including:  

 Participant information, such as name, address, and contact information 

 RFP loan information, such as loan amount, interest rate, and term 

 EUC project information, such as measures, total cost, total rebate, and estimated savings 

We provide inventory of data available and the implication on research tasks and study objectives in Section 

4.6. 

 Participant and Contractor In-Depth Interviews 

We interviewed five contractors and seven customers who completed EUC projects through the RFPs. The 

objectives of the interviews were to understand (a) what financing options were available to RFP participants, 

(b) the process participants went through to select financing, and (c) the most important factors that 

customers consider when choosing financing. We used the results of these interviews to aid in survey design, 

specifically, the process for identifying the financing attributes to include in the shopping exercise (see 

Appendix A for a full discussion). Table 6 below summarizes interview completes by RFP.  
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Table 11. In-Depth Interview Responses 

RFP 

Population 

with Contact 

Information A 

Completed 

Interviews 

Contractor Interviews 

GSFA Residential Energy Retrofit Program 15 3 

SoCalREN Home Energy Loan Program 14 2 

emPower Central Coast Program 3 0 B 

Customer Interviews 

GSFA Residential Energy Retrofit Program 32 3 

SoCalREN Home Energy Loan Program 39 3 

emPower Central Coast Program 4 1 

A. Represents available contact information at the time of data collection. Since then, we have 

collected additional contacts for customers.  

B. We attempted to reach all three contractors that assisted with emPower projects. However, 

none responded to our requests.  

 Internet Survey 

We fielded an internet survey to RFP participants, EUC program participants who did not get RFP financing, 

and consumers who have considered an energy efficient home upgrade and/or financing for such a project. 

The primary goal of the survey was to provide planning net-to-gross ratios (NTGRs) for the Regional Finance 

Programs as well add additional qualitative depth to our findings. Table 12 summarizes the topics and purpose 

of each survey section.  

Table 12. Survey Structure 

Section 
Survey 

Groups 
Purpose 

Screener All 
 Confirm program participation and whether respondent did an energy-

related upgrade 

Project Financing All 

 Determine the total cost of the project 

 Understand how the project was paid for (i.e., if financing was used) 

 If applicable, determine financing type and financed portion of the 

project 

Shopping Exercise All 
 Present an array of hypothetical project & financing options 

 Collect data on upgrade & financing preferences for LCDC analysis 

RFP Attribution  

Regional 

Finance 

Program 

participants 

only 

 Gauge likelihood of RFP participants to complete a home energy 

upgrade in the RFP program’s absence 

 Determine whether program loan influenced the timing, size, or 

energy efficiency of the home upgrade project 

 Understand the relative influence of RFP financing and EUC rebates 

on customers’ ability to afford home upgrade projects 

Energy Efficiency 

Attitudes 
All 

 Determine awareness of Regional Finance Programs 

 Understand motivations for and attitudes toward saving energy and 

participating in energy efficiency programs 

Demographics All 
 Provide data for potential covariates in the LCDC analysis. For 

example, preferences may vary by income level or house size 
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While the primary goal of the survey was to assess how much EUC energy savings can be attributed to the 

RFPs, the LCDC study addressed a wider spectrum of questions by incorporating relevant non-participants in 

the survey sample. This approach also improved the robustness of the LCDC model coefficients, since the 

models were built on a wider range of response values that represent a wider range of customer goals and 

experiences. Specifically, the model included customers who have made a variety of upgrade and financing 

decisions, whether they researched financing, received financing, completed energy upgrades using rebates 

only, or seriously considered an upgrade but did not complete it. Our sample included the following survey 

groups: 

 RFP participants: These are customers who received loans from the RFPs to complete an EUC project. 

 EUC-only participants: These are customers who completed an EUC project but did not receive 

Regional Finance Program loans. Importantly, these participants may have received financing from 

other sources, which is confirmed in the survey.  

 Finance Concierge Service (FCS) users: The FCS is an online tool that helps customers who are 

considering a home upgrade. FCS users may not have completed home upgrade projects or received 

financing, but they have at least shopped for financing options online.10 

 EUC Near-participants: Customers who contacted PG&E or program implementation staff to inquire 

about PG&E’s EUC program in 2014 or 2015 but ultimately did not participate.11  

Table 8 presents the size of each survey sample group and total survey completions. We used a census 

approach, attempting to contact every sample point to maximize the number of survey completions. Outreach 

was primarily by e-mail. However, as shown in Table 8, the data we received lacked enough e-mails to achieve 

sufficient completions from RFP participants. Thus, we used a mail-push-to-web outreach approach for most 

of this sub-group, while using e-mail addresses wherever possible. We offered a $50 incentive to all RFP and 

FCS subgroup respondents. To control costs, we offered a $50 incentive to the first 50 respondents amongst 

the EUC-only and EUC Near-participant subgroups.  

As shown in Table 13, we completed surveys with over 400 respondents. Notably, 17 respondents did not 

recall the offering our records indicated they participated in (e.g., EUC or the RFP). However, all but one verified 

that they recently completed a home upgrade. Regardless of their verified sample group, we included them in 

the shopping exercise. However, only those who verified participating in the RFP (n=76) received self-report 

attribution questions regarding the RFP.  

Table 13. Participant Survey Sample 

Survey Group Population 

Number 

of Unique 

E-mails 

Number of 

Unique 

Mailing 

Addresses 

Total 

Completes 

(Sample 

Categories) 

Total 

Completes 

(Verified 

Categories) 

EUC-only  10,645 4,161 N/A A 152 144 

EUC Near-participants 8,439 3,714 N/A A 117 116 

FCS Participants 211 211 N/A A 66 64 

GSFA RFP Participants 201 32 201 42 38 

                                                      

10 This sample was provided by the Center for Sustainable Energy (CSE) as a part of the CPUC Finance Marketing Education and 

Outreach Study being conducted by Opinion Dynamics.  

11 This sample was initially identified in the 2014-2015 EUC process evaluation: EMI Consulting. September 2016. Energy Upgrade 

California – Home Upgrade Program Process Evaluation 2014-2015.  
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Survey Group Population 

Number 

of Unique 

E-mails 

Number of 

Unique 

Mailing 

Addresses 

Total 

Completes 

(Sample 

Categories) 

Total 

Completes 

(Verified 

Categories) 

SoCalREN RFP Participants 100 39 100 21 21 

emPower RFP Participants 42 4 40 19 17 

Other, completed home upgrade N/A N/A N/A N/A 16 

Other, did not complete home upgrade N/A N/A N/A N/A 1 

Total 19,638 8,161 341 417 417 

A. Not included because we had sufficient e-mails to execute the preferred e-mail outreach approach.  

Shopping Exercise 

The LCDC approach (described further in Section 3.1.4) relies on inputs from stated-preference discrete choice 

survey questions, which consisted of a series of twelve “shopping exercises.” In each exercise, we asked 

respondents to choose between different hypothetical project options, characterized by both home upgrade 

and financing characteristics. During each of the twelve exercises, we presented six project options on the 

screen. Each option was characterized by values or levels for each of ten key attributes, including project size, 

payment method, interest rate, monthly energy savings, and other potentially influential aspects of home 

energy upgrade projects. The survey design assigned different sets of attribute levels to each option such that 

the attribute levels appear in a balanced and uncorrelated manner within each set of choices and over the 

course of the full exercise.12 We conducted significant upfront research to select the attributes to include and 

to ensure that the range of attribute values were realistic, and we provide additional detail on the design 

process in Appendix A. Table 14 provides the possible values shown for each of the ten attributes included in 

the shopping exercise. 

Table 14. LCDC Shopping Exercise Design Summary 

Attribute Possible Values 

Payment Method 
Traditional Loan Payment, Mortgage Payment Add-On,  

Utility Bill Add-On, Property Tax Add-On, Cash, or Credit 

Rebate Amount $0, $1,500, $3,000, or $6,000 

Interest Rate 0%, 4%, 10%, or 15% 

Your Monthly Payment $50, $200, $350, or $500 

Instant Qualification Possible 

Through Contractor 
No or Yes 

FICO Score Considered to 

Qualify 
No or Yes 

Loan Offered by Local 

Organization 
No or Yes 

Total Project Cost $10,000, $20,000, $38,000, or $60,000 

Minimum Cash Down $0, $2,500, or $5,000 

Monthly Energy Bill Savings $0, $20, or $40 

                                                      

12 However, in some logical cases, certain attributes were set to appear or not appear together. For instance, a cash option will never 

include interest rates or loan terms.  
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Along with the six options presented on each screen, respondents also had the ability to select “I would not 

do any of these projects”. Including this choice helps ground the research and supports development of 

NTGRs, which depend on understanding the share of customers who would not complete a home energy 

project under varying market conditions. Table 15 below provides an example of one of the twelve sets of 

options in the overall shopping exercise included in the survey. 

Table 15. Shopping Exercise Example 

Attribute Option #1 Option #2 Option #3 Option #4 Option #5 Option #6 
Option 

#7 

The Project 

Total Project 

Cost 

$20,000 

 

$20,000 

 

$38,000 

 

$38,000 

 

$10,000 

 

$38,000 

 

I would 

not do 

any of 

these 

projects 

Rebate 

Amount 

$1,500 

Rebate 

$1,500 

Rebate 

$3,000 

Rebate 

$3,000 

Rebate 

$3,000 

Rebate 

No 

Rebate 

Monthly Energy 

Bill Savings 

$20 

Savings 

$40 

Savings 

$0 

Savings 

$0 

Savings 

$0 

Savings 

$0 

Savings 

How You Pay for the Project 

Payment 

Method 

Traditional 

Loan 

Payment 

Mortgage 

Payment 

Add-On 

Utility Bill 

Add-On 

Property Tax 

Add-On 
Cash 

Personal 

credit card 

Minimum Cash 

Down 

$0 

Down 

Payment 

$5,000 

Down 

Payment 

$5,000 

Down 

Payment 

$2,500 

Down 

Payment 

N/A N/A 

Interest Rate 
10% 

Interest 

15% 

Interest 

0% 

Interest 

4% 

Interest 
N/A 

Your 

personal 

credit 

card’s 

interest rate 

Your Monthly 

Payment 
$200 $350 $200 $350 N/A N/A 

Additional Details 

Instant 

Qualification 

Possible 

Through 

Contractor 

Yes Yes No No N/A N/A 

FICO Score 

Considered to 

Qualify 

Yes No Yes No N/A N/A 

Loan Offered 

by Local 

Organization 

No Yes No Yes N/A N/A 

Which would 

you choose? 
       

Pre-Testing 

Given the experimental nature of this method for the current purpose, we considered it wise to conduct a pre-

test of the shopping exercise. There was little in the budget to allow for this, so we first did an internal pre-test 

with the evaluation team’s personnel and relatives to get an idea of how successful the design would be. The 

research team was concerned that the exercise was too demanding, and created another, simpler, design. We 
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procured a panel sample of homeowners with no connection to the program and divided it in half, with one 

half receiving the simple design and the other half, the complex design. We wanted to be able to use the 

complex design because the results that flowed from it would be very rich and useful to program planners and 

regulators alike. However, this would not be beneficial if the task couldn’t be meaningfully completed by 

respondents. 

The results of the pre-test showed that either design provided sensible coefficients. Specifically, the cost, 

interest rate, and other quantitative variables were within expected ranges and showed an appropriate pattern 

of values. For example, respondents were less attracted to higher cost options and tended to focus on monthly 

payment or attributes that affected it (e.g., interest rate). The same pattern was true of all the quantitative 

variables. In addition, both designs showed customer segments that had different preference patterns and 

had adequate predictive ability. The complex design did have a slightly higher drop-out rate than the simple 

design, but we chose the complex design because it offered more analytical flexibility to answer the research 

questions. 

 Attribution Analysis 

Below we provide a summary of our attribution analysis approach. A detailed technical discussion of the 

method, including specifics on the modeling, can be found in Appendix B. For this evaluation, our primary 

interest is in the relative influence of the EUC rebate and RFP financing offerings and the implications for net 

savings and cost-effectiveness. As part of our LCDC analysis, we developed Planning NTGR estimates for each 

program offering by comparing outcomes across several market simulations. 

As noted earlier, the term “Planning NTGR” accounts for the fact that the data and analysis methods do not 

incorporate partial free ridership (e.g., effects on project timing), the effects of non-financial factors such as 

the salesmanship of contractors, or spillover.  

LCDC analysis serves as the basis of our attribution approach. LCDC analysis uses customers’ stated 

preferences from the shopping exercise (outlined above) to model the influence of each factor in the survey 

on their decisions regarding whether to complete and how to finance home energy upgrade projects. The 

method distinguishes between the influence of each attribute, such as product size, rebates offered, and 

financing availability, on those decisions. The results of the shopping exercise allow us to simulate markets 

under varying conditions and predict customer preferences for a range of financing options (e.g., options with 

varying loan terms and interest rates).  Each market simulation provides estimated market shares (which can 

be interpreted as the probability of completing a home upgrade using each financing option) under specific 

market conditions. 

Table 16 presents a conceptual example of a single market simulation. Each simulation is meant to represent 

a whole market of available “products” (in our case, home energy upgrades and financing options) and 

includes an opt-out “None” option. The columns reflect available products, and the rows represent attributes 

that define each product. Each cell therefore indicates the level or value of a given attribute for each product. 

The bottom row shows the predicted market share for each product represented (or the probability that a given 

customer would choose the product) given the available alternatives. Because each simulation is meant to 

represent a market in its entirety, the market shares always sum to one hundred percent. 
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Table 16. Conceptual Illustration of a Market Simulation 

Attribute Option #1  Option #2 Option #3 Option #4 Option #5 Option #6 None 

Total Project Cost $20,000  $20,000  $20,000  $38,000  $10,000  $38,000  

N/A 

Rebate Amount 
$1,500 

Rebate 

$1,500 

Rebate 

$3,000 

Rebate 

$3,000 

Rebate 

$3,000 

Rebate 
No Rebate 

Monthly Energy Bill 

Savings 
$20 $40 None None None None 

Payment Method 

Traditional 

Loan 

Payment 

Mortgage 

Payment 

Add-On 

Utility Bill 

Add-On 

Property Tax 

Add-On 
Cash 

Personal 

Credit Card 

Minimum Cash Down $0.00 $5,000.00 $5,000.00 $2,500.00 N/A N/A 

Interest Rate 10% 15% 0% 4% 0% 26% 

Your Monthly 

Payment 
$200 $350 $200 $350 N/A N/A 

Instant Qualification 

Possible Through 

Contractor 

Yes Yes No No N/A N/A 

FICO Score 

Considered to Qualify 
Yes No Yes No N/A N/A 

Loan Offered by Local 

Organization 
No Yes No Yes N/A N/A 

Market Share 20% 10% 15% 20% 15% 5% 15% 

We set up each market simulation so that the products included represent each basic type of financing option 

available to customers looking to complete an energy-related home upgrade. These options include paying 

cash, a traditional home-equity loan (HELOC), a credit card, an on-bill financing option, a PACE-type loan that 

adds the payment to the property tax bill, and a “None” option, which represents the decision not to complete 

a home upgrade at all. We set the attribute levels for each product to reflect the average of actual values for 

that type of financing. We based these values on the research the team completed on the financing options 

available on the market at the time of the survey.  

To collect inputs for the NTGR analysis, we started with a market simulation that included an RFP option. Table 

17 below shows attributes we used to define the RFPs, which are drawn from data received from the RFPs 

during the evaluation planning process. In subsequent simulations, we removed the RFP to assess the 

incremental effects of the RFP on project uptake, then set the rebate amount to zero to assess the combined 

effects of EUC rebate and the RFP on project uptake.  

Table 17. RFP Attributes 

Attribute emPower GSFA SoCalREN 

Payment Method 
Traditional Loan 

Payment 

Traditional Loan 

Payment 

Traditional Loan 

Payment 

Minimum Cash Down $0 $0 $0 

Interest Rate 5.85% 6.50% 5.87% 

Instant Qualification Possible Through 

Contractor 
No No No 

FICO Score Considered to Qualify Yes Yes Yes 

Loan Offered by Local Organization Yes Yes Yes 
Note: Project cost, rebate amount, monthly payment, and energy bill savings varied depending on the simulation.   
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With the simulator set up this way, we can first observe the RFP gross market share (percentage of market-

ready customers that choose this option). To calculate the net market share, the RFP column/product is 

removed from the market. The resulting change in the percentage selecting the “None” option (the last column 

in Table 16) represents the net market share of the RFP program. In other words, these are the RFP 

participants who would only have done the project if the RFP was present. The remaining participants would 

have done the project with another financing option (i.e., free riders). Thus, the NTGR is the ratio of that change 

in “None” to the gross market share (i.e., the share of the market originally shown for the RFP option). The 

process for teasing out the rebate effects from the RFP effects adds complexity to the process, but follows the 

same principles of using the simulator to calculate the gross and net impacts. The logic of the approach is 

represented later in this section with equations. An example of these simulator inputs can be found in 

Appendix B. 

For each of the three RFPs, we used the simulations to predict market outcomes for four different project sizes 

under four different market conditions. For each RFP and project size, we simulated markets under four 

relevant conditions:  

 Condition 1: Both RFP financing and EUC rebates offered; 

 Condition 2: Only RFP financing offered; 

 Condition 3: Only EUC rebates offered; and 

 Condition 4: Neither inducement offered. 

Although simulations under all four conditions are used to explore the implications of each inducement, only 

conditions 1, 3, and 4 are needed for our NTGR analysis. Conditions 1 and 3 provided the relevant inputs for 

the RFP NTGR, and conditions 3 and 4 provide the inputs for EUC NTGR. Because the current program 

environment treats RFP financing as an added inducement for EUC-rebated projects, the RFP NTGR reflects 

the incremental benefit of RFP financing relative to the market with only EUC rebates. Conversely, the NTGR 

for EUC rebates represents the added benefit of the rebates relative to a market with neither RFP financing 

nor EUC rebates. The respective NTGR estimates for each offering can therefore be summed to reflect the 

combined influence of both inducements. Figure 1 illustrates the incremental influence of EUC rebates and 

RFP financing that this analysis estimates. 
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Figure 5. Regional Finance Program Attribution Concept 

 

The formulas provided in Equation 1 and Equation 2 outline the development of each NTGR: 

Equation 1. LCDC-based RFP Financing NTGR Formula 

 

𝑅𝐹𝑃 𝑁𝑇𝐺𝑅 =
𝑁𝑜𝑛𝑒𝑐3 − 𝑁𝑜𝑛𝑒𝑐1

𝑅𝐹𝑃𝑐1
 

Equation 2. LCDC-based EUC Rebate NTGR Formula 

 

𝐸𝑈𝐶 𝑁𝑇𝐺𝑅 =
𝑁𝑜𝑛𝑒𝑐4 − 𝑁𝑜𝑛𝑒𝑐3

𝐸𝑈𝐶𝑐3
 

Where:  

𝑐1 = market conditions including both RFP Financing and EUC Rebate 

𝑐3 = market conditions including only EUC rebate 

𝑐4 = market conditions including neither RFP financing nor EUC rebate 

𝑁𝑜𝑛𝑒 = market share opting not to complete a home energy upgrade project 

𝑅𝐹𝑃 =  market share completing home energy upgrade project with RFP financing 

𝐸𝑈𝐶 =  market share completing home energy upgrade project with EUC rebate 

Note that this approach allows for the movement of customers to regular market financing alternatives in the 

absence of the RFP program. Thus, the incremental impact of the RFP program is net of those possibilities. 

Based on these equations, the RFP NTGR represents the proportion of customers who would not have 

completed the target home upgrade project in the absence of the RFP program (i.e., if only EUC rebates were 

available). Conversely, free riders are defined as those who would have completed the target home upgrade 

using the other financing or payment options in the simulated market. The EUC Rebate NTGR represents a 
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similar concept, but with the inducement in question being the EUC rebates. Importantly, both NTGR estimates 

are meant to capture the influence of the financial inducement only and do not reflect the influence of any 

other program efforts such as marketing or contractor training. Thus, these NTGRs should not (and are not 

intended to be) interpreted as the full impact of the RFPs or EUC programs.  

Finally, in addition to LCDC analysis, we included self-report survey question analysis to add qualitative depth 

to our findings and as a comparison point to the LCDC-based NTGR estimates. For instance, the self-report 

questions explore the effects of the RFPs on the timing, size, and rough statements of energy savings of 

projects (e.g. doing a project with standard equipment and no energy savings). Further, there is the possibility 

of “dual causality” such that, for some participants, only one inducement would be required and either would 

be equally sufficient. In other words, either financing or rebates would have resulted in participation in EUC. 

 Cost-Effectiveness Analysis 

Mandated by the legislature (Public Utility Code Section 454.5), the CPUC must ensure all available energy 

efficiency and demand reduction resources be cost-effective. Cost effectiveness is simply a comparison of the 

relative costs and benefits (assigned a monetary value) of a program intervention – in this case the RFPs. The 

objectives of the cost-effectiveness analysis, in the context of this study, include: 

 Assess the cost effectiveness of energy efficiency financing when treated as a “resource” program by 

determining the cost-effectiveness of the RFPs in conjunction with the EUC incentive program.13    

 Assess the combined cost-effectiveness of the RFPs with the EUC program rebates by comparing the 

cost-effectiveness of the Financing plus the EUC Incentives and EUC Incentives only; 

 Compare the cost-effectiveness results under the California Standard Practice Manual (SPM)’s current 

Cost-Effectiveness Framework to results under a cost-effectiveness Financing Program Model (FPM) 

adaptation designed to capture the full range of financing-related costs and benefits; 

 Test how sensitive the RFP cost effectiveness results are to key program metrics. We present High and 

Low Scenarios to illustrate the extremes, or the sums of all sensitivities going one way or another.; and 

 Provide recommendations on cost-effectiveness testing of the Statewide Financing Pilots14 and future 

efficiency financing programs. 

Benefit/Cost Ratio 

In its simplest form, a benefit cost ratio is used to define the value of a program intervention versus the cost 

of that intervention, considered from a variety of perspectives. This ratio provides a value of benefits and 

costs that are represented by actual dollars spent and gained. The basic algorithm is shown Equation 3.  

Equation 3. Benefit Cost Ratio (BCR) 

𝐵𝐶𝑅 =  𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠 /𝐶𝑜𝑠𝑡𝑠  

                                                      

13 Notably, the cost-effectiveness analysis did not include an examination of the RFP-only scenario. Thus, the cost-effectiveness results 

apply only to programs with incentives plus financing, not a standalone financing program.   

14 It is our understanding that the intent of the RFPs was to serve customers until the Statewide Financing Pilots was actively serving 

the same - and additional - customers 
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The benefit cost ratio is derived by converting the entire stream of current and future costs and benefits into 

present values. Detailed descriptions of inputs, assumptions and algorithms for each cost-effectiveness test 

and model is provided in Appendix C. Below we provide an overview of the cost-effectiveness methodologies, 

key inputs and assumptions, and sensitivity analysis performed by Dunsky. 

California Standard Practice Manual vs Financing Program Model 

We assessed cost effectiveness of the RFPs using two methods: 

1. SPM: The cost effectiveness policies of the CPUC are outlined in the 2001 California Standard 

Practice Manual15. The SPM provides official cost-effectiveness guidelines and procedures, 

developed in California for California utility-sponsored programs. The SPM provides the required 

method of evaluating energy saving investments using four tests from different stakeholder 

perspectives. These include, the Total Resource Cost (TRC), Program Administrator Cost (PAC), 

Ratepayer Impact Measure (RIM), and Participant Cost Test (PCT).  The TRC and the PAC test are 

the most commonly used tests applied to evaluate cost effectiveness of “resource” programs in 

California. The SCT is a variation of the TRC that uses a modified discount rate.  

2. FPM: Following the launch of the statewide Residential Energy Efficiency Loan (REEL) pilot, Dunsky 

prepared a white paper, Cost-Effectiveness of Energy Efficiency Financing Programs – 

Methodology & Strategic Issues, for the CPUC to address the implications for assessing the pilot’s 

cost-effectiveness. Dunsky recommended ways to interpret the financing-specific costs and 

benefits within the SPM to ensure that they are appropriately treated by the cost-effectiveness 

tests.  The white paper used REEL as a test case for the model, however the model can apply to 

other LLR-based financing programs, such as the RFPs. We applied the FPM in this analysis, 

adapting it to reflect inputs and assumptions that are appropriate for the RFPs. 

Table 18 provides a list of key inputs used for the TRC and PAC and compares them between the SPM and 

FPM.  

Table 18. Comparison of Standard Practice Manual (SPM) and FPM Key Inputs 

Input Description 
TRC PAC 

SPM FPM SPM FPM 

Costs 

Administration Non-financing expenditures including, overhead and program 

management, program support, evaluation, enabling strategies 

(communications, marketing and outreach, done by IOUs) and 

costs and fees for service (for the LLR contracted trustee and 

master service contractor, data management and others). These 

costs exclude set up costs.16 

    

Loan Loss 

Reserve (LLR) 

Costs associated with the LLR primarily incurred after loans are 

made. Cost include direct losses, lost opportunity cost of capital 

(the spread between the LLR fund’s anticipated rate of return – 

and that capital’s assumed value (or cost) if not used for an LLR 

(which we assume to be equal to the IOU weighted average cost 

of capital) 

    

                                                      

15 http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-

_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf.  Accessed on November 8th, 2017  

16 Prior to launching the RFPs, the IOUs will have incurred material setup costs, including costs relating to administration, overhead, 

and marketing and outreach to lenders and others. We have treated these as sunk costs for the purposes of this analysis. 

http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf
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Input Description 
TRC PAC 

SPM FPM SPM FPM 

Participant Cost The incremental cost of RFP driven measures, which are the 

total loan book times the attribution factor that reflects the share 

of savings attributed to the loan.  The attribution factor was 

determined through the LCDC modelling. 

    

Benefits 

Avoided Costs  Utility avoided costs related to generation and distribution of 

energy from conventional power plants and natural gas lines. 

Values are based on the 2017 Avoided Cost Model produced by 

Energy + Environmental Economics, Inc. (E3) for use in demand-

side cost effectiveness proceedings at the CPUC. 

    

Leveraging 

Effect of LLR 

For an LLR that is maintained at 10% of the overall loan pool for 

the RFPs, thus a 10:1 leveraging ratio is applied for private loan 

capital to program capital.  Similar leverage ratios can be 

calculated for other LLR coverage rates. 

    

Attribution The relative influence of the financing program versus of 

incentive programs that are also available. 
    

Non-Energy 

Benefits 

The environmental, economic and health related externalities. 
    

Reduced 

Borrowing Cost 

Consumers benefit from lower interest rates and/or longer loan 

terms.     

Market 

Transformation 

Assumes that the program/pilots will generate some degree of 

market effects (approximately 10% of EEEM benefits), leading to 

continued incremental activity after its initial 2-year life. 
    

As shown in the table above, the FPM includes the following considerations: 

The LLR. A fundamental difference between innovative financing programs/pilots and conventional rebate 

programs relates to time. Specifically, while rebate costs are incurred as measures are adopted, costs 

associated with the loan loss reserve are primarily incurred after loans are made, typically over a period of 

many years, and at unknown amounts at the outset. For example, a rebate is issued following the purchase 

and installation of an eligible measure, whereas the LLR may have to cover a portion of a participating lender’s 

losses if, when, and to the extent such losses occur over the life of the loan. 

Furthermore, the LLR is expected to be used as leverage to increase the total loan book volume for both low-

moderate income borrows and all other borrowers.  Holding the funds in a LLR creates leveraging opportunity 

across the project lifetime (Benefit), but also results in lost opportunity cost of capital - the spread between 

the LLR fund’s anticipated rate of return – and that capital’s assumed value if not used for an LLR (Cost).  

Reduced Borrowing Costs. Mitigating eligible loans for lenders (through an LLR that backstops 90%), of the 

total book value of loans. These consumers gain benefits from lower interest rates and/or longer loan terms. 

Non-Energy Benefits. The CPUC does not historically account for non-energy benefits (NEBs). Since 2011, the 

avoided cost model includes an avoided GHG cost, so while not “strictly financial”, other than this one non-

energy impact, the energy efficiency cost effectiveness tests do not contain any non-energy impacts.17 

Neglecting NEBs would effectively allow the TRC18 test to make an arguably weak assumption: that consumers 

would voluntarily assume debt for zero benefit. Studies elsewhere, commonly find weatherization-specific 

NEBs to exceed the value of energy avoided costs, including a 2014 Opinion Dynamics assessment of 

participating PG&E customers which showed NEBs were valued far more than bill savings. Even the RFP 

                                                      

17 Societal Cost Test Workshop, Societal Cost Test Introduction (SCT): Background and Staff Research. September 22, 2016 

18 Non-energy benefits only apply to the TRC, since they provide no value to the program administrator. 
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participant survey conducted for this analysis showed that while the primary interest in energy efficiency 

programs is for the bill savings, participants also see value in the environmental and socio-economic benefits 

of energy efficiency programs. See section 4.5. 

Market Transformation benefits. We note that while the RFPs are formally categorized as “resource” programs, 

they are partly driven by a desire to transform markets (specifically, energy efficiency lending practices). There 

is value in considering that the program/pilots will generate at least some degree of market effects, leading 

to continued incremental activity after the initial program/pilot period. 

Sensitivity Analysis 

The appropriate choice of inputs and input components vary by program, project, and policy rules, particularly 

around externality values, such as NEBs. Without firm directional guidance on certain inputs, we conducted 

sensitivities to address assumptions and understand how sensitive results are to any one variable, including: 

 Discount rate: The applicable discount rate for PAC, TRC and SCT  

 Reduced Borrowing Costs: The difference between expected market lending rates, and the program 

APR  

 Loan Duration: Average duration of loans 

 Savings Attribution: Share of net savings driven by financing 

 NEBs: Value of NEBs (% avoided costs)   

 Market Effects: Continued activity beyond programs/pilots 

Reporting 

Based on the cost-effectiveness model outputs, we analyzed and report on findings related to the following: 

 Compare the cost effectiveness results of energy efficiency financing when treated as a “resource” 

program under the existing framework to results under a cost-effectiveness framework designed to 

capture the full range of financing-related costs and benefits; 

 Compare the cost-effectiveness results of Financing only, Financing plus the EUC Incentives and EUC 

Incentives only; 

 Identify the key program metrics that the RFP cost effectiveness results are sensitive to; and 

 Provide recommendations on cost-effectiveness testing of the Statewide Financing Pilots and future 

efficiency financing programs 

3.2 Study Limitations 

The study’s limitations fall into four categories, described below. 

 LCDC Findings: All method choices require trade-offs. The LCDC method provides clean estimates of 

the relative influence of rebates and the RFP, and builds in the possibility of customers moving to other 

financing methods if the RFP is not available when the customer has all the information about all of 
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the options. As is true of any stated-preference discrete choice method, what it does not do is account 

for the limited knowledge that customers have, as well as the persuasive influence that a contractor 

can have in selling the project with rebates, energy savings, and financing as one convenient package. 

Where consumers don’t have all of the information available on all alternatives, the persuasion of a 

contractor can be enhanced further. Spillover effects also can’t be assessed with a one-time 

measurement of program influence using stated-preference discrete choice techniques. As a result, 

the NTGRs that come from these methods, such as LCDC, can be thought of as forming the floor of 

the possible program impacts. They are probably most useful for planning and re-designing programs. 

The relative influence of many potential program features (EUC and RFP attributes) are valuable for 

determining which are most and least important to customers, and how they trade them off against 

each other when making decisions about home upgrades. This can help the program planners design 

marketing and advertising plans, and can help contractors think about what is likely to be persuasive 

overall and for what customer groups. It can also provide an understanding of where free riders are 

likely to be found, and what NTGRs they can anticipate in the absence of salesmanship and market 

targeting. 

 Self-Report Findings: The self-report battery of NTGR questions also had limitations in terms of 

providing an NTGR that could be applied to program savings. Specifically, the self-report questions 

focused on the influence of RFPs alone and the relative influence of EUC rebates and the RFPs. The 

purpose was to provide additional qualitative depth to the LCDC findings and not to develop a NTGR 

that could be applied to EUC savings associated with RFP projects. Considering this goal, and due to 

concerns with survey length, we did not include the full battery of self-report questions that would be 

needed to create a self-report NTGR comparable to the estimate for EUC from previous studies.     

 Data Availability and Quality: Finally, this study also faced significant limitations related to data 

availability, which we describe further in Section 4.6. 

 The Standard Practice Manual Does Not Adequately Address Unique Challenges of Finance Programs: 

While the RFPs are considered “resource” programs and subject to the cost effectiveness framework 

outlined in the Standard Practice Manual (SPM), the SPM was originally designed to assess the 

impacts of incentive programs (rebates) - not financing. Financing must be viewed from a different 

lens considering the various components of financing and to the extent they differ from standard 

program components, how to apply these inputs and adjust the algorithms accordingly. The goals of 

financing also differ from that of rebate programs, which are traditionally short-term resource 

acquisition programs, whereas financing is a longer-term market transformation program, specifically 

designed to increase energy efficiency lending practices with limited rate-payer dollars. We conduct 

the cost effectiveness analysis following the SPM guidelines, and compare the results with the results 

of FPM to evaluate the value of financing. 
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4. Key Findings 

Below we present the key findings, organized by study objective.  

4.1 Overview of the RFPs 

Our primary19 study population includes residential customers that participated in one of the EUC programs 

and used loans from one of the three RFPs to pay for their project. As shown in Table 19 below, our population 

includes 343 customers who participated in EUC programs offered by Pacific Gas & Electric (PG&E), Southern 

California Edison (SCE), Southern California Gas Company (SCG), and SoCalREN. For more information on how 

we selected these three Finance Programs, please see Appendix A. 

Table 19. RFP Participants 

RFP 
Number of RFP 

Participants 

Number of EUC 

Participants 
EUC Programs 

emPower Central Coast 52* 42 

 PG&E/SCG Home Upgrade 

 PG&E/SCG Advanced Home Upgrade 

 SCE/SCG Home Upgrade 

 SCE/SCG Advanced Home Upgrade 

GSFA Residential Energy 

Retrofit Program 
201 201 

 PG&E Home Upgrade 

 PG&E Advanced Home Upgrade 

SoCalREN Home Energy 

Loans 
100 100 

 SCE/SCG Advanced Home Upgrade 

 SCE/SCG Home Upgrade 

 SoCalREN Home Upgrade 

Total 353* 343 N/A 

*10 emPower participants did not participate in the EUC programs. See Section 2.2.1 for more detail.  

Next, we provide a description of each RFP, including key program design elements and program performance 

metrics for 2013-2015. 

 emPower Central Coast Program 

The goal of the emPower Central Coast Program is to help property owners overcome obstacles to making 

residential energy efficiency improvements and solar upgrades, through financing and a variety of other 

programming and services. The Coast Hills Federal Credit Union and Ventura County Credit Union issue and 

administer the loans. The LLR guarantees 90% the loans’ value and maintains an LLR escrow20 account equal 

to 5% of the loan portfolio’s value. This program has received funding from several sources, including ratepayer 

(through SCG), American Recover and Reinvestment Act (ARRA), and the California Energy Commission (cost-

effectivenessC) funds.    

The majority of the loans support EUC projects but a few loans (10) supported other programs including 

California Solar Initiative projects and “Flex Path”. We excluded these 10 customers from our study to allow 

                                                      

19 We say “primary” because we leveraged survey data from relevant non-participants. Please see Chapter 3 for more.  

20 “Escrow” refers to funds deposited into the bank’s LLR account. LLRs typically do not actually maintain 90% of the entire loan 

portfolio in the LLR account. Rather, they agree with the partner bank on a smaller percentage to keep in escrow based on risk 

calculations.  
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for a clean analysis of financing associated with the EUC program.  Loans are available to homeowners in 

Santa Barbara, San Luis Obispo, and Ventura Counties. Customers must have FICO score of 590 or higher and 

a debt-to-income (DTI) ratio of 60% or lower to qualify. 

During the study period, the program issued 52 loans, 42 of which supported EUC projects. The EUC loans 

totaled $873,997 and there have been no loan defaults. EUC loan amounts ranged from $10,843 to $30,000, 

with an average of $20,809. Interest rates varied, averaging 5.85%. A special rate of 3.90% was available only 

in Santa Barbara County, although not all loans in that county received that rate. Loan terms also varied, 

averaging about 15 years.  

 GSFA Residential Energy Retrofit Program  

The goal of the GSFA Residential Energy Retrofit Program is to help PG&E residential homeowners cover the 

upfront cost of making energy efficiency improvements in their homes. Five Star Bank issues and administers 

the loans. The LLR guarantees 100% the loans’ value and maintains an LLR escrow account equal to 10% of 

the loan portfolio value. Funding for this program is primarily through ratepayer dollars. However, the program 

is still using some remaining ARRA funding from 2012. 

All of the loans support EUC projects. Loans are available to homeowners in PG&E territory who have a FICO 

score of 640 or higher and a DTI ratio of 45% or lower. 

 

During the study period, the program issued 201 loans. The loans totaled $5,148,031 and five loans have 

defaulted. Loan amounts ranged from $4,620 to $50,000, with an average of $25,612 in project years 2013-

2015. All loans had an interest rate of 6.50% and a term of 15 years.  

 SoCalREN Home Energy Loans 

The goal of the SoCalREN Home Energy Loans program is to help single-family residential customers obtain 

home energy loans that support energy efficiency and solar upgrades21. Matadors Community Credit Union 

issues and administers the loans, and Bevilacqua-Knight, Inc. (BKi) administers the LLR. The LLR guarantees 

90% the loans’ value and maintains an LLR reserve account equal to 15% of the loan portfolio’s value.22 

Funding for this program has been from ratepayer dollars since December 2013. Prior to this, ARRA funds 

supported the program.  

All of the loans support EUC projects. Loans are available to homeowners in joint SCG/SCE territory, excluding 

Santa Barbara, San Luis Obispo, and Ventura Counties. Customers must have a FICO score of 660 or higher 

and a DTI ratio of 50% or lower to qualify.   

 

During the study period, the program issued 100 loans. The loans totaled $1,808,728, and there have been 

no defaults. Loan amounts ranged from $3,318 to $50,000, with an average of $18,087. Interest rates 

ranged from 3.00% to 6.99% with an average of 5.87%. Loan terms varied, averaging about 10 years. 

                                                      

21 Solar projects must be enrolled in the California Solar Initiative. 

22 According to SoCalREN, they placed 90% of the first five loans into the escrow account from the reserve account and then 10% of 

all subsequent loans. They regularly manage the reserve account to maintain a balance equal to 15% of outstanding loan value. 
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4.2 LCDC: Planning NTGR Analysis 

In this section, we present the results of our LCDC analysis. We begin with our Planning NTGR findings, which 

represent the incremental influence of RFP financing as an addition to the EUC rebate (“RFP NTGR”) and of 

EUC rebates as a standalone offering (“EUC Rebate NTGR”). This section also includes a discussion of trends 

by project cost. We then present additional findings regarding the relative influence of EUC rebates and RFP 

financing and potential dual-causality.  

 Planning NTGR Analysis 

The RFP enters an existing market for energy-related home upgrades23 that included utility rebates from EUC 

and a plethora of loan products, such traditional term loans, home equity lines of credit (HELOC), and Property 

Assessed Clean Energy (PACE) loans. This means that any evaluation of the RFP would have to take account 

of the possibility that customers considering an upgrade could have gone to other options if the RFP were not 

available. In addition, the customer could have been attracted to the EUC program by the rebates offered. 

Overall, this means that estimating RFP influence means estimating the incremental increase in EUC program 

uptake caused by adding the RFPs. This level of market complexity, together with the number of project and 

loan attributes available, is a major reason that we opted to use an LCDC method for disentangling these 

influences.  

One final important element of context is the nature of the sample we used for the LCDC study. For several 

reasons, described in the method section, we did not restrict the shopping exercise to RFP or even EUC 

participants. We included near-participants, and customers who went so far as to sign into a program web site 

(Finance Concierge Service [FCS]) to investigate financing possibilities. We did not represent the general 

population of homeowners. We know from the Opinion Dynamics 2012 study that quite a large portion of 

northern CA residential customers, at least, have been seriously considering a home upgrade over recent 

years. Still, we are not tapping into the full breadth of the potential market. The percentages of respondents 

who, therefore, said they would choose to do an energy-related home upgrade with or without the program, 

should be thought to apply to “market-ready” customers24. The percentages could be different if looking at the 

larger pool of homeowners, including those not at all considering a home upgrade. However, we think there is 

no particular reason to think that the relative importance of rebates versus loans would be substantially 

different in this wider population. 

Table 20 presents the NTGR estimates by project size for each RFP. Taken together, RFP financing and EUC 

rebates resulted in NTGRs between 28% and 50%, depending on project size.  The RFP NTGR is much higher 

than the EUC rebate NTGR, which indicates that the average RFP participant is much more dependent on RFP 

financing than on the EUC rebate. However, the NTGRs are low overall. This reflects two factors. First, as 

mentioned above, there are a plethora of residential financing products available in the market, so many 

participants would have other options in absence of the RFP financing. Second, the EUC rebate covers only a 

small portion of project cost (on average, about $2,700 dollars, with little variation by project size). While the 

NTGRs remain low, the completion of larger, more expensive projects is clearly more influenced by both 

inducements than smaller, less expensive ones.  

                                                      

23 A 2012 study completed for PG&E that measured the market for such upgrades showed that 17% of the general home-owner 

population at that time was planning to do a full upgrade, covering about six measures, and 66% were considering at least a limited 

upgrade of two or more measures (Opinion Dynamics. 2014. PG&E Whole House Program: Marketing and Targeting Analysis. CALMAC 

Study ID: PGE0302.05. 

24 Customers who were considering a home upgrade or already decided to do a home upgrade.  
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Table 20. NTGRs by RFP and Project Size (n=417) 

Project Size 
RFP  

NTGR 

EUC Rebate  

NTGR 

Combined  

NTGR 

Small ($10,000) 
   

emPower 20% 9% 28% 

GSFA 20% 9% 29% 

SoCalREN 20% 9% 29% 

Medium ($25,000) 
   

emPower 30% 11% 41% 

GSFA 30% 11% 41% 

SoCalREN 29% 9% 38% 

Large ($40,000) 
   

emPower 37% 13% 50% 

GSFA 37% 13% 50% 

SoCalREN 37% 13% 50% 

These NTGRs give us several valuable insights about the influence of financing and rebates on upgrade project 

decisions:  

 The combined incentive of financing and rebates have a direct relationship to project cost, the larger 

the project cost, the more influential financing and rebates are to the decision. The combined 

incentives of RFPs and EUC rebates can induce 28% of the market-ready customer to do a deep energy 

retrofit costing around $10K that they would not otherwise; and up to 50% of the market when the 

cost increases to the $40K range.  

 The influence of financing relative to rebates also has a direct relationship to project cost, with 

financing having more of an influence than rebates as the project cost increases. The EUC rebate 

incentive is approximately half as important as the financing incentive for projects in the $10K level 

and the rebate influence is even smaller, about one-third, when project costs are in the $40K range.  

Importantly, it bears repeating that both NTGR estimates are meant to capture the influence of the financial 

inducement only and do not reflect the influence of any other program efforts such as marketing or contractor 

salesmanship.  

Calculation Steps 

Table 21 shows the inputs for the NTGR estimates from market simulation outputs, as detailed in the methods 

section of this report.  

 RFP NTGR: To calculate the RFP NTGR, we first calculate the market share for the RFP plus EUC 

rebates, given all other options; this is the gross effect of the programs. Then, we compare the 

percentage of respondents who would not do the project (“none” market share) when (1) the EUC 

Rebate and RFP financing are available to (2) when only the EUC rebate is available. The increase in 

“none market share” represents customers who would do nothing in absence of the RFP financing. 

This is the net effect of the RFP on the decision to do an upgrade. The rest would likely have used 

other financing options. We compare that percentage change to the gross RFP market share when 

both RFP and EUC inducements are available to calculate the NTGR. As an example, for a small project 

where emPower financing and EUC rebates are available, 27% of market-ready customers would 



Key Findings 

opiniondynamics.com                  Page 35 

choose to do the project using the emPower financing (item D), the gross impact of the program on 

project uptake. At the same time, we find that 13% of respondents would not have done the project, 

even with the emPower financing and EUC rebates present (Item A). Then, if the emPower program 

was removed and only EUC rebates were available, 19% would not have done the project (Item B), 

which is an increase of 6%. Using these values, 6% of the 27% emPower market share needed the 

emPower loan to complete the project (20%25).  

 EUC Rebate NTGR: The calculation follows similar steps as the RFP NTGR, but compares percentages 

who completed the project, regardless of how they paid for it, with and without the EUC rebate. 

Importantly, the RFP is removed in this comparison in order to isolate the influence of the EUC rebate.  

Table 21. Summary of Planning NTGR Development by RFP and Project Size (n=417) 

  

Regional Finance 

Program 

Percentage of Market-Ready 

Customers Who Would Not Complete 

the Project (“None” Market Shares) 

Base Project Uptake 

Rates Amongst Market-

Ready Customers 

NTGR 

RFP & EUC 

Rebate  

Available 

(A) 

Only EUC 

Rebate  

Available 

(B) 

Neither 

Inducement 

Available 

(C) 

Using RFP 

with  

RFP & EUC 

Rebate 

Available 

(D) 

Using Any 

Financing 

Option with 

EUC Rebate 

Available 

(E) 

RFP NTGR 

((B-A)/D) 

EUC Rebate 

NTGR 

((C-B)/E) 

emPower               

Small ($10,000) 13% 19% 26% 27% 81% 20% 9% 

Medium ($25,000) 29% 35% 42% 22% 65% 30% 11% 

Large ($40,000) 44% 50% 57% 16% 50% 37% 13% 

GSFA               

Small ($10,000) 13% 19% 26% 26% 81% 20% 9% 

Medium ($25,000) 29% 35% 42% 21% 65% 30% 11% 

Large ($40,000) 45% 50% 57% 15% 50% 37% 13% 

SoCalREN               

Small ($10,000) 14% 19% 26% 26% 81% 20% 9% 

Medium ($25,000) 31% 36% 42% 19% 64% 29% 9% 

Large ($40,000) 47% 51% 57% 13% 49% 37% 13% 

 

Figure 6 illustrates this concept visually for average-sized RFP project (approximately $20,000). It shows 

incremental, positive influence on upgrade decisions amongst market-ready customers. In all three regional 

programs, the same pattern shows itself. The decision to do an upgrade increases as we add EUC Rebates, 

and again, when we add the RFP to that. 

                                                      

25 Note, exact value cannot be calculated by hand due to rounding. 
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Figure 6. Incremental Percent Upgrade Uptake  

Amongst Market-Ready Customers with EUC Rebates and RFP Financing Availability 

 

 Influential Financing Factors 

One of the advantages of the LCDC method is that it helps to identify what specific features or attributes 

customers prefer when faced with many trade-offs and options. In other words, it can help to determine the 

most important factors in a customer’s decision to upgrade their home. As presented in Table 22, when faced 

with a full marketplace of options and features, the LCDC analysis revealed that payment method, the monthly 

payment amount, project cost and interest rate were the most important factors in a homeowner’s decision 

to do a home upgrade project or not.  

Table 22. Relative Importance of Features in Homeowner’s Decision to do a Home Upgrade 

Attribute Possible Values 

Weighted %; Relative important 

of feature in decision to do a 

home upgrade (n=417) 

Payment Method 

Traditional Loan Payment, Mortgage 

Payment Add-On,  

Utility Bill Add-On, Property Tax Add-On, Cash, 

or Credit 

18% 

Your Monthly Payment $50, $200, $350, or $500 15% 

Total Project Cost $10,000, $20,000, $38,000, or $60,000 14% 

Interest Rate 0%, 4%, 10%, or 15% 13% 

Monthly Energy Bill 

Savings 
$0, $20, or $40 8% 

None n/a 7% 

Rebate Amount $0, $1,500, $3,000, or $6,000 6% 

50%

55%

60%

65%

70%

75%

80%

No Inducement Only EUC Rebates EUC Rebates + RFP

Average emPower Project Average GSFA Project Average SoCalREN Project

Base Rate of Home 

Upgrades
Increase After Adding 

EUC Rebates
Increase After Adding 

RFP
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Attribute Possible Values 

Weighted %; Relative important 

of feature in decision to do a 

home upgrade (n=417) 

Instant Qualification 

Possible Through 

Contractor 

No or Yes 5% 

FICO Score Considered 

to Qualify 
No or Yes 5% 

Loan Offered by Local 

Organization 
No or Yes 5% 

Minimum Cash Down $0, $2,500, or $5,000 5% 

Regarding what payment method enticed homeowners to do a home upgrade project, most preferred a direct 

loan payment over other financing options (see Figure 7). Most respondents (78%) preferred to use financing 

versus paying cash or credit card, likely because they did not have the necessary cash on-hand (or didn’t want 

to use their savings), and loan interest rates are typically favorable compared to credit cards. These findings 

suggest that the RFPs, which offer term loans through an LLR, are a desirable program design for market-

ready customers. However, these preference patterns differ by customer groups. This is explored in the next 

section. 

Figure 7. Payment Method Preferences for Doing a Home Upgrade (n=417) 

 

4.3 What customer segments do the RFPs impact?  

The LCDC approach goes beyond the familiar discrete choice experiment in that it simultaneously creates 

segments based solely on choice patterns of respondents. i.e., different groups of customers can and often 

do reveal different choice priorities across the available product attributes. This feature has several 

advantages over standard discrete choice approaches. The most obvious one is that is allows us to see and 

study the different customer choice patterns. Another advantage is that a method that is able to model 

systematic variation beyond the overall patterns does a better job of explaining the variance in the sample. 

This section explores the former; we have, of course, benefitted from the latter, but that is less obvious.  
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The LCDC software provides multiple models to choose from, each with a different number of segments 

identified. We chose the model that identifies four segments as it was the one that was both fit the data well 

and had the most useful segments. Below, we describe the segments, along with short, descriptive names 

and the percent of the sample that they represent. 

Segment 1: Financially Savvy (37% of market ready customers): These customers are not concerned about 

the cost of the upgrade project, and are sophisticated in thinking about financing. They are oriented to 

traditional loans or HELOCs, and sensitive to interest rates. Anything above 4% is unacceptable. They are not 

looking for convenience, and are middle-of-the-road on their level of motivation to do an upgrade. 

Segment 2: Motivated Savers (25%): These homeowners are very motivated to do an upgrade, they care a lot 

about energy savings, and they only want to do smaller projects. They are not concerned about monthly 

payments or convenience. 

Segment 3: Unmotivated Convenience Seekers (25%): These customers have to be convinced to do an 

upgrade. They want convenience, low monthly payments, and no cash down. They care about rebates, and are 

oriented to traditional loans. They likely have good credit because they prefer to have FICO scores considered 

in loan qualification. 

Segment 4: Financially Solid, Locally Oriented (13%): This group is expecting to pay cash for an upgrade 

project, maybe with some credit card help. If they do go for a loan, they are fine with their FICO scores being 

considered. They care about the connection of the program to local sources. They want good rebates, but don’t 

care about energy savings. They are not concerned with interest rates, or about the convenience of getting 

loans, possibly because they will be paying with cash. 

We also explored which of these four segments were most influenced by the RFPs. Table 23 shows the change 

in the rate of deciding to do a home upgrade if the RFP is removed from the market, holding constant the rest 

of the market. In other words, if the rate of positive upgrade decisions is 42% with the RFP in the market, and 

is 27% without the RFP, the change in uptake rate, due to the RFP, would be 14 percentage points (pts.). There 

is one segment that is clearly most impacted by the program. For all three RFPs, the impact is more than twice 

as strong in the Unmotivated Convenience Seekers. In some cases, the difference is almost three times that 

in other segments. Other segments have higher home upgrade project uptake rates overall (not shown), but 

are less affected by the addition of the RFP to the market, which indicates that other segments are likely to 

contain more free riders. 

Table 23. Change in Home Upgrade Decision When RFP Added to Market, by Segment 

Segment emPower GSFA SoCalREN 

Unmotivated Convenience Seekers -14 pts. -12 pts. -13 pts. 

Financially Solid, Locally Oriented -5 pts. -4 pts. -4 pts. 

Financially Savvy -4 pts. -5 pts. -3 pts. 

Motivated Savers -4 pts. -5 pts. -3 pts. 
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4.4 Self-Reported Influence Amongst RFP Participants 

This section describes the self-reported influence of both the regional financing and the EUC rebate on the 

customer’s decision to do a home upgrade project. This data reflects the experience, motivations and decision-

making process amongst direct participants in the RFPs. These participants received both a loan from one of 

the RFPs and a rebate incentive through the EUC Program. 

What customer segments are participating in RFPs?  

The participant survey included demographic and attitudinal questions that help characterize the RFP 

participants (n=76). We provide a summary of our findings below.  

RFP participants tended to be higher-income households with good credit and substantial home equity. Most 

respondents (82%) had household income of 75,000 or more in 2016 (n=65, excluding 11 refusals), 92% 

reported having “good” or “excellent” credit (n=75), and the average home equity was about $211K (n=46). 

The participants were most often middle-aged (64% were between 40 to 69 years of age, n=70) and lived in 

households of four of fewer members (89%, n=72), suggesting that most participants were working families 

or early retirees. Their homes were most often moderately-sized (60% between 1,000 and 1,999 square feet) 

but tended to be older (80% of homes were at least 50 years old and 65% were 50 to 70 years old; n=75). 

This suggests that many participant’s homes needed upgrades.  

RFP participants appear to be highly interested in energy efficiency programs and products. The vast majority 

(92%) typically seek out the Energy Star label when shopping for appliances. They are primarily interested in 

energy efficiency programs for the bill savings (average score of 9.5 out of 10, where 10 is “very valuable”), 

but also see value in the environmental (i.e., climate change) and economic (i.e., reduced energy prices) 

benefits of energy efficiency programs, giving average value scores of 7.9 and 7.8 out of 10, respectively. 

Overall, respondents reported that they feel a personal responsibility to conserve energy, giving an average 

score of 8.6 out of 10, where 10 is “strongly agree” (n=73, three “did not know”).  

Participants also tended to be comparison shoppers. Respondents gave an average score of 9.6 out of 10 

(where 10 is “strongly agree”) when asked if they compare the prices of several brands before selecting a 

product (n=72, four “did not know”). This finding suggests that RFP participants likely inquired about or 

researched alternative financing options and ultimately chose the RFP. Considering that RFP participants 

tended to be higher-income households with good credit scores, it’s likely that they would have qualified for 

other financing options. This suggests that they valued RFP above other options, which we discuss further in 

the sections below.  

Insights from Self-Report Data on RFP Influence  

The self-report data indicates that the RFPs were extremely influential on many participants’ decisions to 

complete the home upgrade project. We asked the 76 respondents to the survey who did receive regional 

financing for an EUC project a battery of questions to understand the influence of the financing on their 

decision to do an EUC project. Amongst the 76 respondents that did receive financing through one of the RFPs, 

the majority (62%) indicated that they would NOT have completed the home upgrade without the financing; 

20% indicated that they would have done the project without the financing; and the remaining 18% were 

somewhere in the middle.   
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Figure 8. Likelihood to Complete Same Project without the RFPs (n=76) 

 

Exploring the influence of financing on the size of the project, we asked RFP participants more directly whether 

they would have completed the exact same project or some variation without the RFP loan. Only one in ten 

respondents (12%) indicated no influence of the loan and would have done the exact same project. One-

quarter of participants (26%) would not have done the project at all and slightly more than half of participants 

(57%) indicated that they would have done a smaller project. This indicates that the RFP influenced one-

quarter of participants to do a project and another 57% to do a larger project; suggesting that the RFP program 

had a significant influence on the both the incidence of homeowners doing a home upgrade project and on 

the depth of the projects.  

Table 24. Influence of RFP on Project Size (Amongst RFP Participants) 

Survey question: If you had not received a loan from the RFP, 

would you have done a smaller project (for example, doing 

less construction or fewer upgrades) or the same project? 

Percentage 

(n=76) 

Would not have done a project 26% 

Would have done a much smaller home upgrade project 45% 

Would have done a slightly smaller home upgrade project 12% 

Would have done the exact same project 12% 

Don't know 5% 

Total 100% 

 

Exploring the influence of financing on project timing, self-report data from RFP participants revealed that the 

RFP enabled almost all (92%) of them to complete a home upgrade project sooner than they would have 

otherwise. Amongst them, 79% would have waited at least one year to do the project. 

62% 18% 20%

Survey Question: How likely would you have been to complete the 

exact same project if you had not been able to get a loan from 

the RFP? (0 to 10 Scale)

0 - 3 Unlikely 4 - 6 7 - 10 Likely

Average

3.2 
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Figure 9. Influence of Loan on Project Timing (n=76) 

 

Important Features of Regional Financing Programs 

As discussed above, the RFP appeared to have a significant influence on the decision-making process of most 

homeowners to do a home upgrade project. The RFPs had multiple features that could have influenced the 

homeowner’s decision to choose RFP financing over other options in the marketplace. Therefore, the survey 

was designed to help identify what RFP features were important to customers given that homeowners have 

multiple financing options available to them beyond the RFPs. There are several features of the RFPs that 

were more important than others. Notably, the top RFP features that were very important to customers were 

the interest rate, the connection of the loan program to a rebate program (which includes association with 

emPower Central Coast, GSFA and SoCalREN energy retrofit programs that all offered loans in conjunction 

with EUC Rebate Program Administrators), and the minimum cash amount required to close the loan. These 

features stood out to participants as the top reasons for why they chose to finance through the RFPs. Notably, 

the convenience aspect of the RFPs and the loan terms offered were also important features. The interest and 

loan terms produced affordable monthly payments for these homeowners and propelled their decision to 

upgrade their homes. Interestingly the connection of the RFPs to local banks and credit unions was not of 

great importance to participants.  

Table 25. Importance Ranking of Key Features Offered through RFPs (amongst RFP participants) 

Please rate the importance of each of these features in your decision to 

finance the project through the RFP: Where “0” is “not important at all” and 

“10” is “very important”) 

Average 

Score 

The interest rate 8.6 

The connection of the loan program to a rebate program 8.5 

Minimum cash down required to close the loan 8.5 

The convenience of the loan qualification process 8.4 

The convenience of the loan application process 8.3 

The loan term, in years 8.2 

The relationship between your contractor and the loan program 7.8 

What qualified you for the loan (e.g., credit score, financial history) 7.4 

Yes, 92%

No, 8%

Survey Question: Did getting a loan from the RFP enable you to complete 

your home upgrade project sooner than you otherwise would have? 

How much later? 

(n=55)

22% - within a year

24% - 1-2 years

55% - More than 2 years
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Please rate the importance of each of these features in your decision to 

finance the project through the RFP: Where “0” is “not important at all” and 

“10” is “very important”) 

Average 

Score 

The requirement to install energy-related measures to qualify for the loan 7.4 

The connection of the loan program to [BANK] 5.0 

The relationship between the contractor and the loan program received a fairly high rating of 7.8, and 44% of 

respondents rated this feature as 9 or 10 out of 10. That factor could represent at least two aspects of the 

financing. One is the convenience factor that is also endorsed specifically in other items. An additional 

possibility for the contractor connection to the loan program is that some participants valued the implicit 

endorsement of the contractor by trusted organizations like the RFP, the local utility, or lending institutions. A 

contractor associated with these organizations is highly unlikely to be an unreliable or fly-by-night operation. 

This could be part of the fairly high overall rating. This participant feeling is illustrated by some of the verbatim 

responses as well. An example of a level of trust based on the program connection is this customer comment: 

 Without the loan being tied into the emPower program I don't think we would have 

pursued the project. We would have likely done a much smaller portion of the project at a 

later time with cash. 

When asked to describe the influence of the loan in their decision to complete the project, in their own words, 

almost all participants described how important the RFP loan was to their ability to a project at all, to their 

ability to do as many upgrades as they did at one time, and/or to their ability to do the project at the time that 

they did. Speaking to the role of the RFPs in their ability to do a project at all, some respondents mentioned 

that they did not have the means to pay cash for the project and the regional financing had some attractive 

features over other financing options, such as the interest rate, manageable/affordable monthly payments, 

and the convenience associated with the regional financing products:  

The loan was the most influential part of the decision process. Because the interest and 

other considerations made it possible. 

Being able to finance our project into very manageable monthly payments was a no-

brainer. We certainly did not have the up-front capital to install solar, new electric water 

heater, and insulation, but wanted to green and improve the efficiency of our new home. 

This was during a time of payouts/furloughs and finances were tight, my credit had 

suffered due to high credit usage and I was beginning to emerge from those times. 

Absent this loan It would have been highly unlikely I would have been able to do the 

project. 

Speaking to the role of the RFPs on the timing and scope of the projects, many respondents mentioned that 

the RFPs allowed them to do more measures or a more efficient project.  
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I did not have the $14,000 plus in savings to pay for the project. Without the loan, I would 

have been forced to do a band-aid fix of my A/C and keep the older, less efficient unit. 

I was able to afford dual paned windows for my entire home plus added new insulation 

and ducting throughout the house and new HVAC and in-line water heater. Without the 

loan I would have likely only replaced the windows. 

Speaking to the role of the RFPs on the timing and scope of the projects, many respondents mentioned that 

the RFPs allowed them to do a larger project all at one time instead of piecemeal over a longer time period.  

Without the loan, we wouldn't have been able to do the whole project at once. Spreading 

out a project like new windows, sliders and heating would have taken years and been way 

more inconvenient and slowed down other home improvement projects that needed to be 

completed afterwards. All of our windows and heating system was about 40 years old and 

was one of the most "leaky" homes the contractor had ever seen. 

With out the loan I would not have done the project to its entirety. It would have been 

broken into two different projects and different times. The loan helped me complete 

everything and more in one shot. 

While there are other financing options available, verbatim responses revealed that participants felt the RFPs 

had several advantages over other options including the lower interest rate, convenience and the ability to not 

tap into existing assets such as home equity or retirement accounts.  

The interest rate was lower than market, the loan did not utilize the equity in our home 

and increased the equity at the same time, and the contractor was able to complete the 

loan for the project. All these reasons convinced us to use the energy loan from the 

county. Thank you! 

Having just recently purchased the house, we didn't have any significant equity built up 

yet. So home equity loans were not a possibility. Most unsecured home improvement 

loans have terrible interest rates. If it hadn't been for the emPower loan we probably 

would have had to wait a few years to build enough equity to borrow against the house. 

The emPower loan allowed us to move forward with the project immediately. 

It allowed me to not have to pull my retirement assets, use credit cards at higher interest 

or have to refinance the home in order to replace my roof and air conditioner. 
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Relative Influence 

While the LCDC results estimate the relative influence of EUC rebates and RFP financing on overall EUC project 

uptake amongst market-ready respondents, our self-report survey questions also provide insight into the 

relative influence of rebate and financing specifically for the RFP participants. Amongst survey respondents 

who completed home upgrades with RFP financing, almost half (48%) reported that the loan was more 

important than the rebate in their decision to complete a home upgrade, compared with only 12% who said 

the rebate was more important. Four in ten respondents rated the loan and rebate equally in their decision to 

do the project. 

Figure 10. Relative Importance of RFPs versus EUC Rebates (Amongst RFP Participants, n=75) 

 

Note: Excludes one respondent who “did not know” 

In verbatim responses describing the influence of the loan on the project decision, some respondents 

described the loan as a highly critical factor but acknowledged that the incentive was still a factor. One 

respondent described the loan as the catalyst for the project while acknowledging that the rebate played a 

role but to a lesser degree. 

The loan was the catalyst that made the project happen, it was the most critical element, 

followed closely by the incentive of the rebate. 

Analysis by size shows no statistically significant differences by project size in how important the loan is relative 

to rebates. However, this is likely because there is little variance in project size amongst our RFP participants, 

as most completed larger projects. We would expect that financing becomes increasingly more important as 

project cost increases. 

25%
23%

40%

9%

3%

Loan was

SIGNIFICANTLY

MORE important

than rebate

Loan was

SOMEWHAT MORE

important than

rebate

Loan and rebate

were equally

important

Rebate was

SOMEWHAT MORE

important than

loan

Rebate was

SIGNIFICANTLY

MORE important

than loan

Survey Question: Which of the following statements best describes the 

influence of the rebate and the loan on your decision to complete a 

home upgrade project? 
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Dual-Causality 

While this study has focused on measuring the incremental impacts of adding each inducement, it is important 

to acknowledge that some participants may just need one inducement and are agnostic about which one they 

receive. We explored this concept of “dual-causality” using self-report survey results. In the same vein, 15% 

said they only needed the loan for their home upgrade, whereas only 4% said they only needed the rebate. 

Still, more than two thirds of respondents (69%) claimed they would not have been able to complete their 

project without both the rebate and loan. The option in this survey question that most directly addresses the 

issue of dual-causality is the “I needed either rebate or loan, but not both” response. This option was selected 

by only one person, implying very few customers who would classify themselves as agnostic as to which benefit 

they receive.  

Table 26. Dual-Causality of Financing and Rebates (amongst RFP participants) 

Survey Question: Which of the following statements best 

describes the influence of the rebate and the loan on your 

decision to complete a home upgrade project? 

Percentage 

(n=72) 

Needed both rebate and loan 69% 

Needed loan, but not rebate 15% 

Needed neither rebate or loan 10% 

Needed rebate, but not loan 4% 

Needed either rebate or loan, but not both 1% 

Total 100% 
Note: Excludes four respondents who “did not know” 

4.5 Financing Program Cost-Effectiveness 

Cost-effectiveness analyses give program planners and policymakers a metric with which to evaluate the 

economic feasibility of a program. We assessed the RFP cost-effectiveness under three cost tests (PAC, TRC, 

and SCT), applying two frameworks (FPM and SPM).  We then analyzed the sensitivity of the results under 

three input levels (low, mid and high) to determine the relative impact of the cost-effectiveness test results to 

key program factors.  

As discussed further in Section 4.6, the study could not match a sufficient number of emPower files with the 

EUC database to conduct a cost-effectiveness analysis for emPower. Thus, the cost-effectiveness analysis is 

limited to the GSFA and SoCalREN programs.  

 Cost-Effectiveness Results 

We applied the SPM and the FPM model adaption to assess the cost-effectiveness of the combined Financing 

+ Incentive programs cost-effectiveness, to the EUC incentive program alone.  While it was an objective to 

assess the cost-effectiveness of the Financing programs alone, as is the practice for resource programs, the 

RFP did not include any participants who received financing but did not also access the EUC program 

incentives.  Therefore, it was not feasible to assess the cost-effectiveness of the financing programs alone. 

Using GFSA as an example, Figure 11 presents the principle cost-effectiveness components using the FPM 

and SPM frameworks where financing + incentives are considered.  
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Figure 11. GFSA Financing + Incentives Principle Components 

 

   SPM Framework    FPM Framework 

 

The results show distinct differences between the two, notably:  

 Using the FPM model, the principle benefits are the non-energy benefits, specifically the Reduced APR 

(reduced borrowing costs). Energy makes up a much smaller proportion of the benefits. Overall, the 

benefits are heavily weighted towards the participant as the utility gains no benefit from non-energy 

benefits. The principle costs were the incentives and their administration fees for the PAC test and the 

participant costs for the TRC and SCT tests. Recognizing that the non-energy (financial) benefits far 

outweigh the energy benefits under the TRC and SCT calls into question the appropriateness of using 

these tests to assess the program cost-effective within an energy efficiency program framework. 

 Using the SPM framework, the principle benefits under all cost-effectiveness tests was energy. Under 

the PAC test the principle costs were the incentives whereas the principle costs under the TRC and 

SCT was the participant cost. Note, these results apply to SoCalREN as well.  

The tables below list the cost-effectiveness results of the two RFPs. Table 27 lists the mid-range results split 

by inducement, and cost test following the FPM Framework.  The low and high scenario results are shown in 

parentheses underneath the mid-range result. Table 28 lists the same results following the SPM Framework. 

Cost effective perspectives are highlighted in green. 

Non-Energy 

Benefits 
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Table 27. Cost-Effectiveness Test Results (FPM Model) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  PAC TRC SCT PAC TRC SCT 

Incentives26 0.13 0.17 0.20 0.12 0.21 0.24 

Financing + Incentives 0.34 1.43 1.51 0.27 1.02 1.08 

Table 28. Cost-Effectiveness Test Results (SPM Framework) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  PAC TRC SCT PAC TRC SCT 

Incentives 0.13 0.12 0.13 0.12 0.14 0.16 

Financing + Incentives 0.42 0.38 0.43 0.25 0.27 0.31 

Based on these results the following conclusions are drawn:   

 Using the FPM model, for both SoCalREN and GFSA the Financing + Incentives inducements under the 

TRC and SCT proved to be cost-effective. The FPM model considers a complete view of the financing 

programs by capturing additional costs and benefits associated with the LLR including direct losses, 

lost-opportunity cost of capital, leveraging affects, the relative influence of financing vs incentives, APR 

reduction, market transformation effects and other non-energy benefits.   

 Under the TRC and SCT, Financing + Incentives inducements are more cost-effective than Incentives 

alone in all cases and under each framework.  This is largely due to the relative costs and benefits of 

the LLR feature, which reduces borrowing costs in a far greater amount than the lost opportunity costs 

associated with maintaining the reserve funds. 

 The influence of financing on participant decision-making helped to further increase the cost-

effectiveness of the Financing + Incentive combinations, as compared to incentives alone:  cost-

effectiveness results align with the attribution results from the LCDC analysis, which showed the 

average RFP participant is much more dependent on the RFP financing than the average EUC 

participant is on the rebate. Moreover, the incremental project uptake identified earlier shows that 

RFP + EUC combined had a much greater effect on uptake than the stand-alone programs.  

 The impact of financing on the PAC is much less pronounced than for the TRC and SCT:  The PAC does 

not account for the APR reduction, which is a benefit to the participant only, and therefore the increase 

in PAC test results when financing is added to the incentive program is much less than for the other 

tests that do capture the APR reduction benefits.  In all cases the programs were not considered cost-

effective under the PAC test. 

 Key Components Analysis 

The cost-effectiveness of a program is composed of individual cost and benefits components. This analysis 

identified the key components under the various scenarios and frameworks. Table 29 below gives a 

                                                      

26 The CE of the EUC Incentives program was calculated using the program evaluated program costs and impacts for years 2013-2015 

and the EUC NTGR obtained through the LCDC analysis. 
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description of the components of the financing and financing + incentives scenarios by cost or benefit.  The 

components with an asterisk are those that are considered in both the FPM model and SPM Frameworks. 

Table 29. Model Variable Reference 

Benefits Costs 

Component Description Component Description 

Energy* Net Energy Benefits from EEEMs Incentives* Incentive Costs27 

Mkt Trans Net Benefits from market Transformation Incent. Admin* 
Incentive Program Administrative and 

Marketing Costs28 

Reduced APR Reduced APR Benefits Adm+Mkt* 
Financing Program Administrative and 

Marketing Costs 

Leveraging 

Effects 
Leveraging effect of LLR Part. Cost* Net Participant Cost  

Non-Energy 

Other Net Non-Energy benefits (including 

comfort, utility, and environmental 

externalities) 

LLR Losses LLR Default Losses 

LLR OppCost 
LLR Opportunity Costs (Cost for 

encumbered capital)  

 

As a case study, we analyzed the NPV of the principle components for the GFSA RFP under the FPM Framework.  

The results also apply to SoCalREN RFP as its cost and benefit structure is similar.  Sensitivity Analysis 

We engaged in a sensitivity analysis for the inputs that contained uncertainty.  The High and Low Scenarios 

are the extremes, or the sums of all sensitivities going one way or another.  

For the tests, we ran sensitivities on the following variables detailed in Table 30 below:   

Table 30. Variables for Sensitivity Analysis 

Variable Name Description 

Discount Rate Applicable DR rate for PAC, TRC & SCT tests 

Covered Losses Year-1 LLR-Covered Losses. 

EEEM NEBs Value of NEBs for EEEMs as a % avoided costs. 

EEEMs: Market Effects Benefits of program on market. 

APR % Benefit Reduced consumer APR due to program. 

Figure 12 below summarizes the sensitivity analysis under the FPM Financing + Incentive scenario for each 

program. It reflects impacts of each sensitivity test as a % impact on overall B/C ratios. Each green bar reflects 

the impact of the “High” scenario of each variable alone, with all other things being equal, on total cost-

effectiveness, while each red bar reflects the impact of the “Low” scenario for each such variable.  

                                                      

27 Source: http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx   

28 Ibid. 

http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx
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Figure 12. Impacts of Key Variables 

 

The results show various sensitivities of interest.   

1. The PAC test results are affected by three key variables: 

a. 1st Year Covered Losses: The first-year covered losses scenario had a significant effect on the 

model, as the initial set rate determines the baseline for the following years losses.  For the 

High scenario, the expected losses were halved compared to the mid scenario, which led to a 

cost-effectiveness increase of 10 percentage points; for the low scenario, the expected losses 

were doubled, which led to a decrease of 16 percentage points.   

b. Discount Rate: The choice of discount rate has a significant impact on the model.  (See 

Appendix D for the rationale on the rates chosen.)  The High scenario, a decrease of 2.25 

percentage points from the “Mid” scenario, increased cost-effectiveness by 28% while the low 

scenario, an increase of 2.25 percentage points lowered cost-effectiveness only by 19%.  

c. EEEMs: Market Effects:  The extent to which the program generates market effects beyond its 

three-year timeframe has a significant impact as well under our sensitivity ranges. Increasing 

or decreasing annual REEL-generated impacts that recur and persist over the project period 

by 5%, augments or reduces PAC results by 11% in each direction. 

2. For the TRC and SCT tests, four variables affected results.  

a. APR % Benefit:  The program’s ability to deliver lower interest rates has a significant effect on 

the TRC/SCT results. The difference between lenders passing all savings to consumers, the 

high scenario, increases the cost-effectiveness of the model by 31 percentage points.  Passing 

on zero savings in the low scenario, an unlikely scenario given the lower than average APRs 
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through REEL (~6%) versus the average APR’s for both secured and unsecured loans available 

in the market at the time29, lowers cost effectiveness by more than 65 percentage points.   

b. EEEM NEBs: This variable, tests the extent to which participants will benefit from the non-EEEM 

portion of their investment. Specifically, the low scenario assumes they receive zero value for 

their money and the high scenario assumes they value their investment (not including energy 

savings benefits) at 100% the level of debt they incur.  These variables swing the TRC/SCT 

results by 9%/10%. Further research could help refine this sensitivity. 

c. 1st Year Covered Losses: Similar to the PAC test, the magnitude of first year covered losses 

effects were similar.  

d. Discount Rate: Here again, the choice of discount rate has an impact on the model.  (See 

Appendix D for the rationale on the rates chosen.)  The High scenario, a decrease of 2.25 

percentage points from the “Mid” scenario, increased cost-effectiveness by 11% and 15% for 

the TRC and SCT respectively, while the low scenario, an increase of 2.25 percentage points 

lowered cost-effectiveness only by 8% (TRC) and 4% (SCT). 

 Net-to-Gross Ratio Discussion 

The NTG ratios affect energy benefits, non-energy benefits, market transformation benefits and net attributed 

investment costs (to the participant).  As is shown in Table 20 earlier, the maximum combined Financing + 

Incentives NTG ratio for the programs was 50%.  The EUC rebate program had quite low NTGRs, ranging from 

9-13%.   This was a primary factor for the EUC only program not being cost-effective under the PAC test. 

To highlight the effect that NTGRs had on the model, for each non-cost-effective mid-range scenario, we 

calculated the NTG value that would be necessary to make the scenario cost-effective.  This is presented in  

Table 31 and Table 32 below. In some cases, the current NTGR are sufficient to render the programs cost-

effective under certain tests and frameworks. 

Table 31. NTGR required for Cost-Effectiveness (FPM Model) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  PAC TRC SCT PAC TRC SCT 

Incentives .87 .65 .57 .82 .48 .42 

Financing + Incentives 1.19 
< Current 

NTGR 

< Current 

NTGR  
1.47 

< Current 

NTGR 

< Current 

NTGR 

Table 32. NTGR Value Required for Cost-Effectiveness (SPM Framework) 

Cost Effectiveness GFSA SoCalREN 

Program Evaluated  PAC TRC SCT PAC TRC SCT 

Incentives .87 .98 .85 .82 .71 .63 

Financing + Incentives .99 1.08 .95 1.55 1.44 1.27 

                                                      

29 A 2016 residential market baseline study by Opinion Dynamics Corporation and Dunsky Energy Consulting found that in general, 

the APR offered by credit unions ranges from 3.75% to 23% for small loans and 3.25% to 24.99% for large loan depending on the 

project size and FICO score. PY2014 Finance Residential Market Baseline Study (Volume II). March 2016. Calmac ID: CPU0131. 

Accessed at: https://pda.energydataweb.com/#/  

https://pda.energydataweb.com/#/
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There are a few important takeaways from this analysis: 

 For ~30% of the non-cost-effective scenarios to be cost-effective, the NTGR value would need to be 

approaching one or greater than one.  For the SCT and TRC tests that are currently not cost-effective, 

the NTG values needs to be almost exclusively over 1.  While having a NTGR over one is unlikely, it 

does bring to light an important point.  For the SCT and TRC tests, as the NTG values goes up, the 

attributed energy savings go up.  However, in lockstep, the attributed costs to the consumer due to 

the program also goes up under the TRC and SCT test.  Therefore, the NTGR value has less effect on 

the cost-effectiveness in these tests than in the PAC test.   

 Under the PAC test, the utility benefits from the increased NTGR ratio.  For a marginal (0.01% in the 

case of GFSA Financing using the FPM Model) to significant (almost double for Financing + Incentives 

using the SPM framework) increase in NTGR, the energy benefits attributed to the program rise, while 

the costs remain static. 

 Results Discussion 

From our cost-effectiveness analysis, the RFPs were cost effective under certain frameworks and tests.  Under 

the FPM Framework the TRC and SCT for Financing and Financing + Incentives inducements were cost-

effective.  (This is true in every case minus the Financing only TRC test for SoCALREN.) Under the SPM 

framework, GFSA was only cost-effective under the PAC test for Financing only.  This is due to the reported low 

program administration costs.  

The following take-aways should be considered from these results. 

 Financing is a complementary tool alongside incentive programs: Financing and incentives are most 

effective when combined in influencing homeowner’s decisions to do a home upgrade. Coupling 

financing with incentives raises the overall NTGR results, because financing helps to overcome a 

significant barrier to undertaking whole home upgrades.  Moreover, financing programs offer 

participants broader benefits, through the APR reduction in particular. Together these factors greatly 

enhance the cost-effective of the financing + incentive combinations.  

 Under the FPM model adaptation, the financing programs (in combination with the incentive programs) 

pass the SCT and TRC cost-effectiveness tests.  This is a result of the FPM capturing a range of costs 

and benefits that are not typically accounted for using the SPM.  These results illustrate how 

conventional application of the SPM, that may fail to account for the LLR benefits and costs, may 

underestimate the cost-effectiveness of the programs. 

Implications for Statewide Financing and Future Financing Programs 

 The FPM Model provides a robust interpretation of the SPM framework, which could be appropriate to 

accurately capture financing program cost-effectiveness in the future: Failing to apply the FPM model 

to the SPM framework interpretation of financing costs and benefits leads to an underestimated cost-

effectiveness result, under the tests applied here.  Our results suggest that interpreting the SPM 

Framework to include the FPM Model, would allow for a more comprehensive view of the program 

costs and benefits. 

 Data irregularities should be addressed to improve the accuracy of the cost-effectiveness results: 

Solutions are needed to establish systems that can tie financing program participants to EUC upgrade 
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incentive recipients, through an anonymized ID marker.  This should be standard in all financing 

programs to facilitate evaluations in the future. 

 The financing programs offer non-energy benefits that greatly outweigh the energy benefits, which 

calls into question the appropriateness of applying the TRC and SCT cost-effectiveness tests for these 

programs.  The financial benefits accrued by the participants, mostly as a result in an APR reduction, 

are the primary factor supporting the program cost-effectiveness under the TRC and SCT.  This calls 

into question the appropriateness of the TRC and SCT as cost-effectiveness tests for financing 

programs from a resource program perspective. 

4.6 Data Availability from Regional Finance Programs 

One objective of this study was to assess data availability from the RFPs. Given that loan and personal finance 

information is often classified, we expected limited access to RFP participant information. Overall, we were 

able to obtain loan information (i.e. loan amounts, terms, and interest rates) for all participants, but we could 

not connect the loan data to personal and/or project information in some cases. Thus, where possible, we 

utilized the EUC tracking database to retrieve additional participant and project information, such as projected 

energy savings and contact information. Table 33 presents a summary of pertinent variables and the level of 

data availability for each. This inventory includes data from both the RFP loan database and 2013-2015 EUC 

tracking databases.  

Table 33. Data Inventory for Regional Finance Program Participants 

  emPower (n=42) GSFA (n=201) SoCalREN (n=100) 

Data Type Availability  Availability Availability 

Loan Information 

Date loan funds released Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Loan status Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Loan amount Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Interest rate Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Loan term Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Participant Information 

FICO score Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Income Most or all (>90%) Most or all (>90%) Data unavailable 

Debt to income ratio Most or all (>90%) Data unavailable Data unavailable 

Name Some (> 50%) Some (> 50%) Most or all (>90%) 

Full Mailing Address Most or all (>90%) Most or all (>90%) Most or all (>90%) 

Contact e-mail Few (< 50%) Few (< 50%) Few (< 50%) 

Contact phone Some (> 50%) Some (> 50%) Some (> 50%) 

EUC Project Information 

Flag for Advanced vs. Home 

Upgrade project 
Some (> 50%) Most or all (>90%) Most or all (>90%) 

Predicted energy savings Most or all (>90%) Some (> 50%) Most or all (>90%) 

Installed measures Most or all (>90%) Data unavailable Data unavailable 

Rebate amount Most or all (>90%) Some (> 50%) Most or all (>90%) 

Housing characteristics Some (> 50%) Data unavailable Data unavailable 

Project Cost Some (> 50%) Some (> 50%) Most or all (>90%) 
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 Data Limitations and Quality 

As noted above, we did not have access to personal information such as email addresses and home 

addresses. However, this information is critical to fielding a program attribution survey. To resolve this issue, 

we attempted to match RFP participants to the EUC tracking database using project ID numbers to retrieve 

contact information through the more comprehensive dataset. We matched approximately half of the RFP 

participants to the broader EUC tracking database and obtained contact information for projects that had 

complete records. However, the inability to match all participants along with missing data in the EUC database 

resulted in missing contact information for a considerable number of participants. Table 34 presents the final 

number of emails and mailing addresses that we obtained for each program.  

Table 34. Participant Contact Information Counts by Program 

Program 

Number of 

Program 

Participants  

Number of 

E-mails 

Number of 

Mailing 

Addresses 

GSFA Residential Energy Retrofit Program 201 32 201 

SoCalREN Home Energy Loan Program 100 39 100 

emPower Central Coast 42 4 40 

We reviewed the 2013-2015 EUC database and could not verify the data quality, which limited our use of the 

dataset to procuring participant contact information. For example, we did not utilize project cost and rebate 

data to inform our survey design because ranges included unrealistically high values (i.e., project costs 

reaching nearly seven million and rebates reaching $300k, Table 35). As explained in detail in Appendix A, 

attributes presented in the survey shopping exercise were informed by in-depth interviews, the RFP database, 

EUC and financing program websites, and data from the U.S. Energy Information Administration (EIA) on 

average residential energy consumption.  

Table 35. Variable Ranges in the 2013-2015 EUC Tracking Database 

   EUC Project Savings 

  

First Year 

Gross 

Measure 

Cost 

Gross 

Incentive 

First Year 

Gross kWh  

First Year 

Ex-Post 

Net kWh 

First Year 

Gross kW  

First Year 

Ex-Post 

Net kW  

First Year 

Gross 

Therms  

First Year 

Ex-Post Net 

Therms  

Minimum 0 0 -9,976.81 -8,041.60 -12.84 -3.96 -273.27 -232.28 

Maximum 6,965,723 300,350 223,164.90 26,978.15 269.20 97.58 16,188.20 6,123.18 

Average 14,014 2,174 836.00 369.26 0.96 0.42 155.87 78.00 

 

A final attempt was made to retrieve RFP participant data and EUC claims data directly from the utilities, and 

SCG and PG&E met the data requests. However, only a fraction of RFP participants was matched to the utility 

claims databases, resulting in only small updates to our data. Of note, we retrieved more email addresses and 

participant names, and the final counts are reported in Table 34 above. Upgrade measure information was 

lacking across all utilities. PG&E was able to match some RFP participants to their claims database and did 

return measure information for those matched, however, the measures reported seem incomplete. For 

example, some costly projects only have one or two measures listed, which do not match the price point of the 

project.  
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 Implications for Study Tasks 

Attribution Analysis 

Our attribution analysis was dependent on receiving ample responses to our survey. Based on the contact 

information available (Table 34), we expected a limited number of survey respondents from the RFP. The 

surveyed repsonse rate was higher than expected and we ultimately completed surveys with 82 RFP 

participants, 76 of whom recalled participating in the RFP. This represented 38 of 201 GSFA participants 

(18%), 21 of 100 SoCalREN population (21%), and 17 of 42 emPower participants (40%). This is a small 

number of participants to reliably determine attribution for each RFP. We anticipated these small sample sizes 

and, instead of counting on sufficient participants for attribution analysis, attempted a different method to 

determine attribution via an LCDC analysis. We ultimately used the self-report questions to RFP participants 

to compare and contrast the learnings from the LCDC analysis.  

Ex-Ante Analysis of EUC-only versus RFP Projects  

The study originally sought to compare several aspects of EUC-only versus RFP-funded projects, such as 

project size and scope, energy savings, and customer segments. However, to make useful comparisons, 

relevant, independent data from both the RFP and EUC tracking databases must be available. As described 

above, data in the EUC tracking database was not reliable given unrealistic variable ranges, missing data, and 

inclusion of small businesses. Further, because we could not flag all RFP participants in the EUC tracking 

database, we could not effectively remove RFP participants from the EUC database before making 

comparisons. Any comparative analysis between the two datasets would therefore include RFP participants 

on both sides, leading to fundamentally flawed results. We therefore conclude that, due to a lack of accurate 

data, we cannot complete a comparative analysis between the databases.  

Another consequence of inadequate data is that we could not calculate NTGRs weighted by savings. This will 

be a continuing problem for studies going forward, unless the programs begin recording at least ex ante 

savings. 

Cost-Effectiveness 

There were various data limitations encountered in the cost-effective analysis.  These were generally due to 

missing data, mostly stemming from participant privacy protection.  To circumvent these limitations, Dunsky 

used two tracking databases, one from the RFP itself and the other from the EUC, to stitch together a complete 

picture of the program participant.  To do so, Dunsky had to match the participants from the two databases.  

This matching provided challenges and ultimately forced Dunsky to make certain assumptions and to use a 

smaller data set for its analyses 

Matching challenges 

The cost-effectiveness analysis was intended to be conducted at the program level, not for each individual 

participant. However, the pool of participants in the RFP tracking database did not match the pool of RFP 

participants flagged in the EUC tracking database. For example, there were 201 unique GFSA RFP files, but 

there were only 115 unique GFSA files flagged as RFP loans in the EUC tracking database.  

Dunsky therefore worked to match RFP files with EUC files (flagged as RFP participants) based on address 

and/or zip code information available. Assuming some RFP files were not properly flagged in the EUC tracking 

database, Dunsky conducted an extended search of all EUC files in the tracking database based on address 

and/or zip code only. For GSFA, two EUC files could not be found in the tracking database. For SoCalREN, one 
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EUC file could not be found in the tracking database. In addition, the customer information received in the 

emPower tracking database was limited compared to the information received from the other two programs. 

As a result, only five RFP files could be matched with EUC files. The five files are not considered a 

representative sample; therefore, Dunsky could not conduct a cost effectiveness analysis on the emPower 

program. 

Table 36 identifies the number of files in the RFP tracking database, files flagged as RFP participants in the 

EUC tracking databases and the proportion of files that could be matched. As shown below, the study could 

not match a sufficient number of emPower files with the EUC database to conduct a cost-effectiveness analysis 

for emPower.  

Table 36. RFP and EUC Matched Files 

Program Tracking Database emPower  GSFA  SoCalREN 

Number of RFP files 42 201 100 

Number of EUC files flagged as loans 23 115 74 

% RFP files in the EUC tracking database 55% 57% 74% 

RFP files matched with EUC files 5 117 73 

% Matched 12% 58% 73% 

 

From the files that were matched for GFSA and SoCalREN, Dunsky calculated the average first year gross 

measure costs, incentive costs, quantity of measures, and first-year gross ex-ante savings.  The results are in 

Table 40 below.   

Table 37. Average RFP Program Metrics for Matched Files 

Files GSFA SoCalREN 

Files Matched 117 73 

Average First Year Gross Measure Cost  $25,223 $14,997 

Average Gross Incentive $2,732 $2,513 

Average Quantity of Measures 3.26 1.48 

Average Gross kWh Savings 973 935 

Average First Year Gross kW Savings 1.26 1.11 

Average First Year Gross Therms Savings 230 226 

Average Ex-Ante MMBtu 26.3 25.8 

 

Dunsky extended the average metrics calculated for the matched files to the remaining participants in the RFP 

tracking database (files that could not be matched) to estimate the total program metrics. The total estimated 

program metrics are provided in Table 38. 

Table 38. RFP Estimated Population Metrics 

Results GFSA SoCalREN 

Total Files 201 100 

Estimated First Year Gross Measure Cost $5,069,742 $1,499,722 

Estimated Gross Incentive Cost $549,181 $251,272 

Estimated Total Quantity of Measures 656 148 
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Results GFSA SoCalREN 

Estimated Total First Year Gross kWh Savings 195,611 93,488 

Estimated Total First Year Gross kW Savings 253 111 

Estimated Total First Year Gross Therms Savings 46,150 22,621 

Estimated Total First Year Ex-Ante MMBtu Savings 5,282 2,581 

Average Loan APR 6.50% 5.93% 

Average Loan Term 15.00 9.86 

Full Program Loan Amount (Tracking Sheets) $5,148,031 $1,808,728 

Average Loan Amount (Tracking Sheets) $25,612 $18,087 

EUC Incentive Program Cost-Effectiveness Analysis 

Dunsky calculated the cost-effectiveness of the EUC Incentive only program using the EUC evaluated results 

for program years 2013-2015 found on the California Energy Efficiency Statistics website.30to compare the 

cost-effectiveness results of the Financing only inducement, Financing plus EUC Incentives and EUC Incentives 

only.  

Summary of Data Limitations 

There are various conclusions to highlight from these limitations. 

 emPower was not included in the analysis due to the limited number of files that could be matched.  

Due to the multitude of inputs specific to emPower, it would be a stretch to infer anything of its cost-

effectiveness by using the results from the other two RFPs. 

 The EUC tracking database captured all the ex-ante savings, however most files were missing ex-post 

savings. Ex-post savings is preferred because it captures the evaluated savings of a measure. Because 

the ex-post savings could not be confirmed, Dunsky performed the cost effectiveness analysis using 

ex-ante savings.  This is a limitation to the accuracy of the results that can be rectified if and when a 

full set of ex-poste savings is made available. 

 In the case of both programs, the total loan amount in the tracking database is somewhat higher than 

the estimated first year measure costs. SoCalREN, is particularly high, where the total loan amount in 

the tracking database is approximately 20% higher than the estimated first year measure cost.  While 

we do not believe that this biases the results, it could reflect the non-EEEMs that were required to 

support the installation of EEEMs (for example, patching drywall after insulation was installed).     

 To help inform and benchmark the model, we used average default rates across the two programs.  

While we were provided with the total number of defaulted loans to date, the loan values associated 

with charge-offs to date was not provided.  Moreover, defaults were reported only for the GFSA 

program.  To determine annual average charge-off rates for both programs, we applied the average 

loan amount to the number of defaults, and took the ratio of this to the combined total loan pool from 

both programs.  This assumes that the programs carry equivalent credit risk rates over the long term. 

                                                      

30 http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx  

http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx
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Recommendations 

There are various recommendations to be made to reduce the limitations encountered in the study.   

 For each participant, creating a unique identifier.  This would guarantee privacy and facilitate any 

matching process between the different data sets.  With the unique ID, other potentially sensitive 

information can be removed, like participant name, address and zip code.  

 Identify and address the discrepancy between the files in the RFP tracking database and the EUC 

tracking database. It is not clear the source of this discrepancy, although it could be human error or a 

lag time issue. However, this evaluation is for the period 2013-2015, in which case we would expect 

all data on RFP files to be in the EUC tracking database.  Adding in other metadata such as such as 

data entry timestamps or unique IDs across programs can minimize such issues. Establishing internal 

control processes, including a requirement for regular data checks may also help to identify and 

address data discrepancies early on. 

 Merge data so that the participant level is the basic data point.  A single file in the EUC tracking 

database is presented multiple times if there are electric and gas savings. While this is important to 

track separately, a single file on each participant would facilitate evaluation while still allowing 

information for electric and gas savings to be tracked separately. 

 Re-assess the cost-effectiveness of the RFPs using ex-post data.  Once the impact evaluation is 

completed for the 2013-2015 period, and the programs have evaluated ex-post savings, there may be 

value in re-assessing the cost-effectiveness of the RFPs.  This may provide more accuracy than using 

ex-ante data. 
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5. Conclusions and Recommendations for Future Research 

In this chapter, we first summarize and compare the LCDC and self-report attribution findings. Following that, we discuss lessons 

learned about the pros and cons of LCDC versus self-report. Last, we provide recommendations for future finance program attribution 

research.  

5.1 Conclusions on RFP and EUC Rebate Influence 

Table 39 compares the key conclusions drawn from the LCDC and self-report analyses. While the findings are similar on many levels, 

it is important to note that these two methods explore attribution from different perspectives. The LCDC explores rebate and financing 

influence amongst market-ready homeowners; which includes a mix of homeowners who were interested in doing a home upgrade 

project and either did not do the project, did the project without incentives, did the project with EUC incentives alone, or did the project 

with both EUC incentives and Regional Financing. The LCDC gathers data from this larger pool of market-ready homeowners and 

explores the hypothetical decisions they would make under different scenarios. Meanwhile, the self-report analysis focuses solely on 

homeowners who recently received both Regional Financing and EUC incentives to do a home upgrade and the questions asked of 

them regarding the influence of these incentives on their decision-making process. As such, the LCDC results indicate that RFP loans 

and rebates have low to moderate influence on market-ready homeowners’ decision to do a home upgrade; the influence is greater on 

larger projects; and the two incentive types have small influence on home upgrade adoption in the market overall, though the RFP loans 

have a slightly higher influence relative to rebates. The self-report analysis shows that RFP participants were highly influenced by both 

incentives, though financing was much more influential in many cases. The LCDC results support this finding in that the NTGR for RFP 

financing combined with EUC rebates was much higher than the NTGR for the EUC rebates alone.  

Table 39. Summary of Findings from LCDC and Self-Report Analyses 

Topic LCDC Self-Report 

RFP and EUC Rebate 

Influence on Home 

Upgrade Projects 

 The base project uptake rate (without EUC 

rebates or the RFPs) is about 55% to 65% for the 

average RFP project (~$20K), depending on 

region (Figure 6). This base rate decreases as 

project size increases (Table 21) but generally 

reflects a market where a plethora of financing 

options are already available to market-ready 

homeowners.  

 Self-report data suggests that the RFP financing was 

very important to RFP participants; 62% of RFP 

participants say they were unlikely to have done the EUC 

project at all without the RFP; 20% indicated they would 

have done it without the RFP; 12% were somewhere in-

between (Figure 8).  

 Over half (57%) say the RFP allowed them to do a larger 

project and 92% say the RFP allowed them to do the 

project sooner; most would have taken 2 years or more 
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Topic LCDC Self-Report 

 The combined influence of RFPs and EUC 

rebates can induce 28% of the market-ready 

homeowners to do a deep energy retrofit costing 

around $10K when they otherwise wouldn’t; and 

up to 50% of that market when the cost 

increases to the $40K range. (Table 20) 

 The combined influence of financing and rebate 

incentives have a direct relationship to project 

cost; the larger the project cost, the more 

influential financing and rebates are (Table 20, 

Table 21).  

 Payment method (term loan), monthly payment 

amount, total project cost and interest rate are 

the primary influencing factors in homeowners' 

decisions to do home upgrades and use 

financing (Figure 7). These factors combined 

translate into a monthly payment and if that 

monthly payment is considered affordable to the 

market-ready homeowner, then they are likely to 

upgrade their home. 

 We identified four segments that have different 

sets of preferences compared to each other. 

Some are more motivated than others; some are 

more oriented to overall cost, and others to 

monthly payments; some to interest rates, and 

some to convenience; some care about saving 

the environment, and some not. One of these 

segments, Unmotivated Convenience Seekers, is 

much more influenced by the RFP compared to 

other segments.  (Section 4.3). 

to the project (Table 24, Figure 9). Verbatim responses 

also give the impression that the loans were critical to 

the size and timing of the projects. 

 Participants rated several features of the RFPs as 

almost equally important. The results were similar to the 

LCDC findings (e.g. attributes that determine monthly 

payment), but also capture the importance of 

convenience, local endorsement, cash down, and the 

relationship between contractor and loan program 

(Table 25).  

 RFP participants tended to be financially sound (higher 

income, good credit, high home equity). They tended to 

be middle-aged or in early retirement and have positive 

attitudes towards energy efficiency (Section 4.4).  
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Topic LCDC Self-Report 

What is the relative 

impact of the RFPs 

versus rebates on 

EUC project energy 

savings? 

 The influence of financing relative to rebates has 

a direct relationship to project cost (and, thus, 

savings), with financing having increasing 

influence over rebates as the project cost 

increases. The EUC rebate incentive is half as 

important as the financing incentive for projects 

in the $10K level and the rebate influence is 

even smaller, one-third, when project costs are 

in the $40K range (Table 20). 

 Over half (57%) say the RFP allowed them to do a larger 

project than they otherwise would have (if only EUC 

rebates were available) (Table 24). This suggests that 

the RFP were highly influential on project savings, 

though rebates still influenced the overall decision to do 

a project 

What is the relative 

impact of the RFPs 

versus rebates on 

EUC customer 

participation? 

 Both inducements result in small incremental 

increases to overall market uptake of EUC 

projects, suggesting that EUC rebates and the 

RFPs have a limited influence on overall project 

uptake. However, the RFPs have a slightly higher 

influence relative to rebates.  This relationship is 

consistent across project sizes (Table 21).  

 However, our planning NTGR analysis shows that 

the RFP loans were much more influential than 

EUC rebates amongst RFP participants 

specifically (Table 20).  

 The loan was equally or more important than the rebate 

in the decision to do an upgrade. Almost half (48%) of 

participants say the loan was more important than the 

rebate; but 40% say they were equally important (Figure 

10) 

 Only one responded said they would have needed 

EITHER the rebate or the loan to do an upgrade, but not 

both, suggesting that dual-causality is rare (Table 26). 
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5.2 Conclusions on Financing Attribution Methods 

Table 40 lists the pros and cons of the self-report and LCDC attribution methods, many of which were known 

before this study began. In summary, the self-report approach is more appropriate for creating holistic NTGRs 

that can be applied to program ex-post gross savings. Compared to LCDC, self-report is less expensive to 

implement and analyze and requires fewer respondents. Further, the self-report questions are direct and 

simple for customers to answer. They can account for a wide range of financial and non-financial aspects of 

the programs. On the other hand, the LCDC is a powerful tool for financing program design, policy making, and 

marketers before a program is implemented, or where program design changes are being planned. Compared 

to self-report, it does a better job of showing what is most important about financing, who the key customer 

segments are, and what other financing options customers would seek (if any) absent the program. In this 

sense, it allows program planners to build a financing product tailored to attract the lowest number of free 

riders. However, the LCDC NTGR represents a “floor” for the NTGR in that it does not include spillover, partial 

free ridership (e.g., effects of on project timing), or non-financial factors such as the program marketing or 

salesmanship of the contractor. For these reasons, the LCDC NTGR in isolation is not appropriate to estimate 

ex-ante or ex-post NTGRs. Rather, it requires enhancements through self-report.  

Table 40. Comparison of Attribution Methods 

Advantages Disadvantages 

Self-Report 

1. Direct & simple 

2. Established & understood 

3. NTGRs can be weighted by project size 

4. Accounts for program influence beyond financial 

incentives 

5. Cost 

6. Requires fewer respondents 

1. Biases from social desirability & to favor program 

2. Hypothetical bias (i.e., what would have happened 

without the program) 

3. Does not show what was important or what would 

happen if the program changed 

4. Does not show what features customers trade off 

against others. Several attributes have virtually the 

same mean rating, and the effect of one cannot be 

separated out from the others. 

LCDC or Other Stated-Preference Discrete Choice Approaches 

1. Cleanly separates influence of two or more 

programs or features 

2. Can be used prior to program rollout or before 

design changes 

3. Great flexibility in study of program features 

4. Shows what features & bundles of features most 

appealing 

5. Reveals segments w/different preference 

patterns (LCDC only) 

6. Shows elasticities & importance of each program 

feature 

7. Shows where free riders are likely to be (i.e., 

which revealed segments, LCDC only) 

8. Shows what customers will choose when all 

options are made clear at the time of decision, 

without the influence of the sales 

person/contractor. 

1. Excludes influence of marketing/contractor sales pitch 

2. Does not capture partial free ridership factors, such as 

project timing influence.  

3. Requires about 300 respondents 

4. Hypothetical bias and the potential for model 

misspecification (can be identified or minimized by 

various standard statistical methods) 

5. Weighting a NTGR by savings associated with individual 

upgrades is less straightforward than with self-report.  

6. Shows what customers will choose when all options are 

made clear at the time of decision, without the 

influence of the sales person/contractor; this likely does 

not reflect the actual situation customers face 
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Through the course of this study, we also learned several key lessons about LCDC specific to assessing 

financing program attribution: 

 It is essential to represent the convenience factor and other non-financial attributes of the loan 

program exercise in a way that is understandable and visible to everyone. In our survey, the 

convenience factor (and other factors such as local representation) were placed at the bottom of an 

extensive list of attributes. There have been LCDC surveys in the past with larger numbers of attributes, 

but the complexity of financing decision-making can make it difficult to consider a large number of 

attributes at once, especially when taking surveys on small screens (e.g., mobile devices) has become 

more common. The purpose of LCDC is to understand which attributes the respondents focus on, but 

attributes at the bottom of the list might be overlooked. Randomization is often used to avoid this type 

of issue, but this study did not randomize in favor of a consistent attribute order to reduce respondent 

confusion and survey time.   

 The method is not well-suited to account for differences in the timing of upgrade projects. The self-

report and verbatim responses detected a big influence of RFP on project timing that the LCDC method 

did not. If a stated-preference DC method is used in the future, provision should be made to generate 

an adjustment factor to the NTGR to account for timing issues.  

 The LCDC cannot account for the persuasive ability of the contractor or the effectiveness of other 

marketing efforts, or that customers may only consider the financing options that contractors present 

to them. Thus, the LCDC shopping exercise approach, which assumes a customer knows all their 

options, may not reflect reality in the case of large home upgrade projects and their financing options.  

 LCDC cannot account for spillover if administered only once. Multiple administrations or a follow-up, 

non-LCDC method, could account for spillover in the future.  

5.3 Recommendations for Future Research 

LCDC produces a great deal of information beyond NTGRs that can be very useful to program planners and 

marketers. We strongly recommend taking advantage of the rich dataset already available and pursuing these 

areas, especially the segmentation analysis. 

 Segmentation analysis: One area that could not be pursued within the scope of this study is the full 

definition and description of customers segments that pertain specifically to home upgrade decisions. 

This study focused on the impact of the RFPs combined with EUC, but the data collected already could 

support additional analysis. For instance, what are the characteristics of homeowners and their homes 

that accompany their reasons to do an energy-related home upgrade or not? What segments are the 

most promising for the RFP or the EUC or both? Which subgroups focus on what aspects of the upgrade 

and the program(s) in their decisions? Which segments are most likely to help the program optimize 

net program impacts rather than gross? Further analyses of the existing dataset can provide rich 

answers to those questions and more. Thus, we would recommend further segmentation analyses. 

 Diffusion Curves: Another area of further data analysis is the production of innovation diffusion curves. 

The simulator that is based on the current dataset and the predictive model, which identifies four 

segments that are related to the upgrade decision, can produce a Bass Diffusion Curve overall, or by 

segment. Also, for varying program design and conditions, additional curves can be produced. 

 Simulations: Another useful analysis would be to explore the impact of possible changes in program 

design on home upgrade uptake. For instance, what would be the effect of decreasing or increasing 
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interest rates by 1 point? Or, what would be the effect of requiring larger projects? Answering these 

types of questions could be useful for future program planning. 
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Appendix A. Detailed Shopping Exercise Design Methods 

To develop the shopping exercise, we sought out information on three key aspects of home upgrade projects: 

how the projects are paid for, the size and scope of completed projects, and participant preferences for 

financing options. These data inputs to the shopping exercise were collected through in-depth interviews with 

RFP participants and contractors, database reviews, and reviews of various EUC home upgrade programs. 

Primary Data Collection 

In keeping with Task 2a of our evaluation plan, we interviewed five contractors and seven customers who 

completed EUC projects through the RFPs. The objectives of the interviews were to understand (a) what 

financing options were available to RFP participants, (b) the process participants went through to select 

financing, and (c) the most important factors that customers consider when choosing financing. Table 41 

below summarizes interview completes by Regional Finance Program.  

Table 41. In-Depth Interview Responses 

RFP 

Population 

with Contact 

Information* 

Completed 

Interviews 

Contractor Interviews 

Golden State Financing Authority 15 3 

Southern California Regional Energy Network 14 2 

emPower Central Coast Program 3 0 

Customer Interviews 

Golden State Financing Authority 32 3 

Southern California Regional Energy Network 39 3 

emPower Central Coast Program 4 1 

*Represents available contact information at the time of data collection. Since then, we have 

collected additional contacts for customers.  

Secondary Data Collection 

In addition to conducting interviews, we reviewed several secondary data sources to collect additional 

information on EUC project characteristics and financing options available for completing home upgrade 

projects. Secondary data sources included the following: 

1. Regional Finance Program tracking data, which we used to determine the range of home upgrade 

project costs;  

2. Evaluation results from the 2010-2011 EUC program31, which we used to determine the range of 

energy savings achieved by EUC programs; 

3. Data from the U.S. Energy Information Administration (EIA) on average residential energy consumption 

and billing rates in PG&E territory32; and  

                                                      

31 Specifically, we reviewed results of the “Saver Analysis” in the 2010-11 PG&E Whole House Program Evaluation (Opinion Dynamics, 

2014).  

32 https://www.eia.gov/electricity/sales_revenue_price/. Table 6. 

https://www.eia.gov/electricity/sales_revenue_price/
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4. EUC program and financing program websites, which we used to verify and research program 

attributes and rebate amounts 

Notably, while we also reviewed the 2013-2015 EUC tracking databases, noted several data limitations. For 

instance, portions of the data were missing, we could not link many RFP participants to their respective EUC 

projects, and other concerns about the quality and reliability of the data (for example, extraordinarily high 

measure costs and rebate amounts and some potential multifamily properties included in the data).  

Inputs to the Shopping Exercise 

Finance Product Characteristics 

Through our research, we identified nine applicable financing products/programs that are available to 

Californians who are considering financing a home upgrade project (Table 42). Based on these findings, we 

determined the types of financing to include and the lower and upper bounds of the interest rates in the 

shopping exercise. Loans varied in terms of whether they require a minimum FICO score, thus we added a 

“FICO score considered to qualify” binary (Yes/No) attribute to the design. Further, some loans also have 

significant upfront costs (such as origination and application fees), thus we included a “minimum cash down” 

attribute to the design.  

Table 42. Financing Products Available for Completing Home Upgrade Projects in California 

Product Type Program Interest Rate  
Financing 

Term 

Origination 

Fee/Program 

Administration 

Fee 

Qualification Requirements 

(i.e., FICO, credit history, 

delinquency) 

HELOCs* 
Varies by mortgage 

institution 
4.00 - 5.10% 10 years 

1% of credit 

allowance 

plus variable 

fees and 

closing costs 

Must have home equity 

On-Bill 

Financing 

PG&E On-Bill 

Financing 
Zero interest 5 years None 

Must be current with utility 

bill for past year 

PACE 

YGreneWorks 5.99 - 7.75% 
5 - 20 

years 
$700 

Based on property value, 

must have 10% equity in 

home 

Home Energy 

Renovation 

Opportunity (HERO) 

6.75 - 8.35% 
5 - 20 

years 

4.99% of 

principle 

Based on property value, 

must have 10% equity in 

home 

CaliforniaFIRST 6.75 - 8.39% 
5 - 25 

years 

< 6.4% of 

principle 

Based on property value, 

must have 10% equity in 

home 

Term Loans 

emPower 3.90 - 12.50% 
5 - 15 

years 
None 590 FICO minimum 

SoCalRen 4.99 - 6.99% 
5 - 15 

years 
None 660 FICO minimum 

GSFA 6.50% 15 years None 640 FICO minimum 

SMUD Residential 

Loan Program 
6.99 - 10.75% 

10 - 15 

years 
$100 Credit check 

*The features of HELOC loans were determined from three banks that operate in California: Matadors Community Credit Union, Bank 

of the West, and California Bank & Trust. 

https://matadors.org/loans/heloc-disclosures.html
https://www.bankofthewest.com/personal-banking/loans/home-equity/line-of-credit.html
https://www.bankofthewest.com/personal-banking/loans/home-equity/line-of-credit.html
https://www.calbanktrust.com/personal-banking/loans-lines-of-credit/home-equity-lines-of-credit.html


Detailed Shopping Exercise Design Methods 

opiniondynamics.com  Page 66 

Participant Processes and Preferences 

We asked contractors and participants about the decision processes for choosing to complete a home upgrade 

project with financing. Six out of seven participants reported that they needed to make home upgrades 

because of the condition of their home, a lack of home comfort, or high energy bills. For example, several 

participants noted that they had older homes that lacked proper insulation, while one participant noted that 

her household electric utility bill ranged from $500 to $600 per month during the summer. Based on this 

finding, we designed the shopping exercise to assume that the respondent needs to complete a home 

upgrade. 

Further, we asked contractors and customers what attributes of financing products were most important to 

customers (Table 43). Based on this data, we included several additional attributes of financing options in the 

design. Specifically, we determined that, while interest rate is important, monthly payment amount may 

ultimately be what drives some customers’ choices. Loan term was relatively unimportant to respondents and 

was, thus, excluded from the shopping exercise. Further, “ease of program participation” was also important 

to several customers, suggesting that the contractor’s ability to rapidly approve financing is important to 

include in the design. Finally, association with a trusted utility or local lender was important to some 

respondents and we included a binary “loan offered by local organization” attribute in the design.  

Table 43. Financing Attributes Most Important to Participants 

Mentioned by Contractors (n=5) Mentioned by Participants (n=7) 

 Interest rate (n=5) 

 Credit qualifications (n=2) 

 Program fees (n=1) 

 Grace period before payments (n=1) 

 Monthly payment (n=1) 

 Ease of program participation (n=1) 

 Interest rate (n=4) 

 Monthly payment (n=3) 

 Ease of program participation (n=3) 

 Giving business to a small, local bank (n=2) 

 Association with a trusted utility (n=2) 

 Loan term (n=1) 
Note: Respondents were allowed multiple responses 

Notably, at the request of the CPUC, we added one additional attribute that represents the finance non-energy 

upgrades up to a certain proportion of the project cost. This attribute is of particular interest since it is a key 

component of Residential Energy Efficiency Loan (REEL) pilot.   

EUC Project Characteristics 

We also collected data from several relevant databases to inform the whole home retrofit project attributes 

and levels presented in the shopping exercise. Specifically, we used the data in Table 44 to inform the upper 

and lower bounds of project costs and rebates. Further, while there were some data quality concerns, we 

reviewed cost and rebate distributions in the EUC tracking data to verify the reasonableness of the ranges. 

Further, we used 2010-11 PG&E Whole Building Program evaluation results to get a sense of potential savings 

from whole building retrofits. We compared savings percentages with data on the average PG&E residential 

electric bills to determine the appropriate monthly energy bill savings levels. Notably, while the data we 

reviewed showed that it is certainly possible that home upgrades can result in negative savings (i.e., from 

adding additional load), it is unlikely that contractors would propose projects with negative savings. For 

instance, we know that Advanced Home Upgrade projects require at least 10% modeled savings for approval. 

Thus, because our design should accurately reflect the information available when the customer chooses the 

project, we do not include negative savings in our design. 
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Table 44. EUC Project Characteristics Summary 

Metric 

Data Source 

Range Average Median 

Number of 

Records 

Reviewed (n) 
RFP 

Data 

2010-11 PG&E 

Evaluation 

Results 

EUC 

Program 

Websites 

Cost of EUC Projects ($)    $11K - $55K $25K $33K 42 

Rebates for EUC Projects ($)    $1K -   $5.5K N/A $3K N/A 

Electric Savings (%)    -94% - +62% 1.8% 33% 912 
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Final Design 

Based the findings above, our final shopping exercise design includes the attributes and levels shown in Table 45. Each attribute has 

between two and six levels that will be randomized across options. Following the table, we describe the key methodological 

considerations for the design and present an example of the shopping exercise that would be presented in the survey.  

Table 45. List of Shopping Exercise Attributes and Levels 

Attribute 
Payment 

Method 

Rebate 

Amount 

Interest 

Rate 

Your 

Monthly 

Payment 

Min. 

Cash 

Down 

Total 

Project 

Cost 

Monthly 

Energy 

Bill 

Savings 

Instant 

Qualification 

Possible 

Through 

Contractor 

FICO Score 

Considered 

to Qualify 

Loan Offered 

by Local 

Organization 

Level One 
Trad. Monthly 

Payment 
$0 0% $50 $0 $10,000 $0 Yes Yes Yes 

Level Two 
Mortgage 

Add-on 
$1,500 4% $200 $2,500 $20,000 $20 No No No 

Level 

Three 

Utility Bill 

Add-on 
$3,000 10% $350 $5,000 $38,000 $40 

   

Level Four 
Property Tax 

Add-on 
$6,000 15% $500  $60,000 

    

Level Five Cash          

Level Six 
Personal 

Credit Card 

         

Note: This table does not show the attribute combinations that will be presented in the “contractor offers.” 
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Below are the key methodological considerations that inform the design. 

Attribute Ranges: A key concern of LCDC design and analysis is ensuring that the results are applicable to the 

population of interest. In addition, the range of attribute levels should be wide enough to produce strong 

coefficients33. As such, it is preferable for the range of attribute values to go beyond the bounds of what 

respondents would likely encounter in the real world. For this study, we selected attributes values that were 

just beyond the border of the minimum and maximum values we found through our research to balance the 

need to generate robust estimates of customer preferences with the realism of the exercise.  

Randomization of Attributes: One of the necessary elements of the LCDC is that values must be allowed to 

vary in a balanced and orthogonal manner, even if the resulting combinations do not exist in reality. Introducing 

limitations to ensure more realistic combos unfortunately jeopardizes the efficiency of the design. Thus, some 

combinations (e.g. a property tax add-on with 0% interest in Table 46 below) will seem unrealistic. This 

compromise between realism and efficiency (see “Efficiency” below) makes it especially important to ask the 

respondent to treat each offer like it comes from a real contractor (see more in “Setting the Stage” below). 

Exclusion of Loan Duration: While it is critical that the attribute levels be allowed to randomize, this potentially 

creates situations where, if the respondent were to calculate it, the monthly payment would not align with the 

loan amount, loan duration, and interest rate. To avoid confusion, it was necessary to eliminate one of these 

attributes. As discussed earlier, we chose to exclude loan duration from the exercise because we found that it 

was relatively unimportant to customers decisions about financing.  

Efficiency: Another consideration is the efficiency of the LCDC design. In the context of LCDC, efficiency is an 

indicator of the balance and orthogonality34 of the attributes that ranges from 0 to 100. Having values that 

are correlated with each other reduces the effectiveness of the design because it reduces our ability to 

distinguish the influence of different characteristics on customer preferences. The efficiency of our final design 

was 100 (maximum efficiency).  

Number of “Contractor Offers”: Given the number of attributes and levels of interest to this study, if we were 

to use a full factorial design (i.e., one that includes every possible combination of attributes and levels) it would 

require hundreds of “contractor offers”. However, because we want to reduce respondent burden and 

decrease the likelihood of survey drop-off, we chose to use a partial-factorial design that produced 12 unique 

“contractor offers”. Based on previous research conducted by Opinion Dynamics and discussions with LCDC 

experts, this number is ideal: (a) because it will allow respondents to become sufficiently familiar with the 

shopping exercise (research shows that a “warm-up” period is often helpful with these types of designs before 

respondents’ underlying preferences will become apparent); and (b) It is low enough that respondent burden 

should not be excessive, which should minimize survey drop-off rates during this section of the survey. If, 

during pilot testing of the survey, we notice a pattern wherein there are high levels of drop off during this 

section, we will consider dropping the number of “contractor offers” to ten.  

Realistic Opt-Outs: Including realistic alternatives to the whole home retrofit is critical to understanding 

whether a customer would actually pick a whole home retrofit at all, regardless of rebates or financing. Thus, 

we will provide respondents with the option to select “I would do none of these projects”.  

                                                      

33The incremental change in the dependent variable based on a change in an independent variable.   

34Balance refers to the extent to which the design equally represents all attributes in the various “contractor offers”; orthogonality 

refers to the correlation amongst attributes.  
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Setting the Stage: Before respondents begin the exercise, it is important to set the stage appropriately to 

encourage thoughtful decision-making and increase the accuracy of results. We will begin the shopping 

exercise by describing the hypothetical context of the decision and providing detailed instructions:  

Next, we will ask you to complete a virtual “shopping exercise.” Imagine that your home needs upgrading 

to improve its comfort and energy efficiency. A contractor offers you several project options with different 

benefits, costs, and ways to pay for them. We will ask you to choose between six home upgrade options 

on each screen. You will also have the option of choosing “none of these,” if you would not select any of 

the options shown. Please consider all the information we show you to make your decision.  Although this 

exercise does not involve any actual purchases, please try to imagine you are using real money.  

If you hover the cursor over each option, it will give you an idea of the kinds of upgrades that could be 

accomplished at that price point. The options are just examples, so please don’t reject an option based 

on one item that you don’t need. 

When making your selections, please follow these instructions: 

 Some options may not seem realistic. Please assume that the upgrades proposed by the 

contractor are appropriate to your home. 

 Do not “comparison shop” between screens. Try to “start over” on each screen and make 

selections only based on the project options presented on that screen. 

 If you don’t see an attractive option, simply select the “I would not do any of these projects” 

option. 

Finally, remember, there are no right or wrong answers.  

An example of one of the shopping exercises is provided in Table 46 

Table 46. Shopping Exercise Example 

Attribute Option #1 Option #2 Option #3 Option #4 Option #5 Option #6 
Option 

#7 

The Project 

Total Project 

Cost 
$60,000 $10,000 $20,000 $38,000 $10,000 $60,000 

I would 

not do 

any of 

these 

projects 

Rebate Amount 
$0 

Rebate 

$6,000 

Rebate 

$0 

Rebate 

$3,000 

Rebate 

$3,000 

Rebate 

$6,000 

Rebate 

Monthly Energy 

Bill Savings 

$40 

Savings 

$40 

Savings 

$20 

Savings 

$0 

Savings 

$20 

Savings 

$0 

Savings 

How You Pay for the Project 

Payment 

Method 

Mortgage 

Payment 

Add-on 

Utility Bill 

Add-on 

Property 

Tax Add-on 

Traditional 

Loan 

Payment 

Cash 
Personal 

Credit Card  

Minimum Cash 

Down 

$5,000 

Down 

Payment 

$0 

Down 

Payment 

$2,500 

Down 

Payment 

$5,000 

Down 

Payment 

n/a n/a 

Interest Rate 
10% 

Interest 

4% 

Interest 

0% 

Interest 

15% 

Interest 
n/a 

Your 

personal 

credit 

card’s 

interest rate 

Your Monthly 

Payment 
$50 $500 $350 $200 n/a n/a 
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Attribute Option #1 Option #2 Option #3 Option #4 Option #5 Option #6 
Option 

#7 

Additional Details 

Instant 

Qualification 

Possible 

Through 

Contractor 

No Yes Yes No n/a n/a 

FICO Score 

Considered to 

Qualify 

Yes No Yes No n/a n/a 

Loan Offered by 

Local 

Organization 

Yes No No Yes n/a n/a 

Which would you 

choose? 
       

Notably, respondents may not have been familiar with some of the terms used in the exercise. Further, 

respondents may have been unsure what they would be purchasing at each price point. To address this 

potential issue, we created “hover-over” definitions of the terms and prices (i.e., the definitions appear when 

the respondent touches the term with their mouse). The definitions we used are included in Table 47 below.  

Table 47. Shopping Exercise Definitions 

Project Price Points Example Measures 

$10,000  

Replace or add: 

-Central AC 

-Central heat 

-Whole house fans 

$20,000  

Replace or add: 

-Central AC 

-Central heat 

-Whole house fans 

-Air sealing 

-Duct sealing 

-Duct insulation 

-Water heater 

$38,000  

Replace or add: 

-Central AC  

-Central heat 

-Whole house fans 

-Air sealing 

-Duct sealing 

-Duct insulation 

-Water heater  

-Efficient lighting and  

 electrical upgrades 

-Insulation-wall, floor,  

 or ceiling 
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Project Price Points Example Measures 

$60,000  

Replace or add: 

-Central AC 

-Central heat 

-Whole house fans 

-Air sealing 

-Duct sealing 

-Duct insulation 

-Water heater 

-Efficient lighting and  

 electrical upgrades 

-Insulation-wall, floor,  

 or ceiling 

-New roof 

-New double-pane  

 windows 

The Project 

Total Project Cost The total cost of the project you will finance 

Rebate Amount 
A rebate is a partial refund you would receive after the 

project is complete.  

Monthly Energy Bill Savings 
The savings on your energy bill that your contractor 

estimates you will gain after the project is complete 

Percentage of Project Cost That Must Be Related 

to Energy Use 

Some loans require that a certain amount of the project 

cost be related to saving energy. For example, some loans 

may have limits on how much of the cost they cover for 

installing a deck or improving a driveway. 

How You Pay for the Project 

Payment Method The method used to pay for the project. 

Minimum Cash Down 
The amount of money that must be paid at the start of the 

project, before any construction is done. 

Interest Rate 
Annual percentage of the outstanding loan that will be 

charged as interest. 

Your Monthly Payment 
The total monthly payment for the project, including the 

principal and interest on the loan.  

Additional Details  

Instant Qualification Possible Through Contractor 
Rather than contacting the lender yourself, your contractor 

can instantly determine whether you qualify for the loan.  

FICO Score Considered to Qualify 
A FICO score is a credit score. Some lenders use credit 

scores to help determine if a borrower is eligible for a loan.  

Loan Offered by Local Organization 
The loan is offered by a local organization like a credit 

union, your city or county, or your energy utility. 
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Appendix B. LCDC Analysis Technical Discussion 

Understanding the following technical discussion is not necessary to understanding the ultimate results of this 

analysis and its value. However, the technical discussion may be of interest to some.  

A major task of the project was to generate LCDC models of the probabilities that market-ready homeowners 

will choose to upgrade their homes with and without the RFPs. This methodology combines the strengths of 

latent-class analysis and discrete-choice estimation in a single analytical framework. The discrete-choice 

component helps inform the relationship between independent variables such as project cost, loan types, 

interest rates, and respondent characteristics such as gender and credit worthiness. The latent-class 

component tested for the existence of separate customer groups who respond to these variables in distinct 

ways.   

Statistical Theory 

Classification is based on a probability model. For each respondent, the technique calculates a probability for 

membership in each class, the probabilities summing to one for a given respondent. In so doing, the approach 

creates a profile of class membership across the sampled population.  

To estimate customer uptake groups, we employed an LCDC methodology developed by Jay Magidson and 

Jeroen Vermunt (2003). For notation, i represents one respondent amongst the total number of respondents 

I. We presented each subject i with S choice sets consisting of K alternatives, where k is a particular alternative 

in choice set s. Each alternative k is described by a set of attributes A, where a is a single attribute.  Let yis 

represent the choice respondent i makes amongst the K alternatives in choice set s. More generally, let vectors 

yi, ziatt and zicov refer respectively to all responses, attributes and  

covariates for individual i. In this sense, attributes are characteristics of alternatives presented to 

respondents, and covariates are characteristics of the subjects themselves.35  Within this context, ziasatt 

represents the attributes of a single alternative k evaluated by subject i in choice set s, and zicov represents the 

set of R covariates describing subject i.  We also estimate the probability that each respondent falls into a 

latent class x, where x is an integer value 1 ≤ x ≤ C, where C is the total number of latent classes.  

For each latent class, a conditional logit model is estimated, using the form:  

𝑃(𝑦𝑖𝑠 = 𝑘 |𝑧𝑖𝑠
𝑎𝑡𝑡) =

𝑒𝑉𝑘|𝑧𝑖𝑠

∑ 𝑒𝑉𝑘′|𝑧𝑖𝑠𝐾
𝑘′=1

 

Where 𝑉𝑘|𝑧𝑖𝑠
 is the systematic component in the utility of alternative k for subject i in choice set s, and k’ is an 

index for each alternative in K.  V, sometimes called representative value, is a linear combination of part-

worths and attributes, plus an error term ε that is assumed to have a Gumbel distribution. 

𝑉𝑘|𝑧𝑖𝑠
= ∑ 𝛽𝑎

𝑎𝑡𝑡

𝐴

𝑎=1

𝑧𝑖𝑎𝑠𝑘
𝑎𝑡𝑡 + 𝜀 

                                                      

35 In this analysis we did not incorporate covariates into the model. We leave covariates in the description of the modeling process for 

the reader to understand their place in the process. Further work could be done to incorporate them, but they were left out of this first 

analysis of the data since full descriptions of how covariates are related to the identified segments was not the focus of this effort. 
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For simplicity, we omit the error term below and focus on the systematic component of utility. Also, note that 

this particular specification omits alternative-specific constants, though other specifications sometimes 

include them.  

In a latent class (sometimes called finite mixture) model, individuals are assumed to belong to latent classes 

that differ with respect to one or more of the β parameters. The choice probabilities therefore depend on latent 

class membership x, and the logit model takes the form: 

𝑃(𝑦𝑖𝑠 = 𝑘|𝑥, 𝑧𝑖𝑠
𝑎𝑡𝑡) =

𝑒𝑉𝑘|𝑥,𝑧𝑖𝑠

∑ 𝑒
𝑉𝑘′|𝑥,𝑧𝑖𝑠𝐾

𝑘′=1

 

The term 𝑉𝑘|𝑥,𝑧𝑖𝑠
 represents the systematic component of the utility of alternative k within choice set s for 

respondent i, who is a member of latent class x. The representative value equation therefore becomes: 

𝑉𝑘|𝑧𝑖𝑠
= ∑ 𝛽𝑎

𝑎𝑡𝑡𝑧𝑖𝑎𝑠𝑘
𝑎𝑡𝑡𝐴

𝑎=1 + 𝜀   

Therefore, the only difference between this version and the aggregate model is that the β parameters are 

class-specific. 

The probability density associated with the LCDC model is: 

𝑃(𝑦𝑖|𝑧𝑖) = ∑ 𝑃(𝑥) ∏ 𝑃(𝑦𝑖𝑠|𝑥, 𝑧𝑖𝑠
𝑎𝑡𝑡)

𝐾

𝑘=1

𝐶

𝑥=1

 

Here, 𝑃(x) is the unconditional probability of belonging to class x.  It is also the size of class x. We can modify 

this probability so that it depends on an individual’s covariates 𝑧𝑖
𝑐𝑜𝑣, so 𝑃(x) is replaced by 𝑃 (x | 𝑧𝑖

𝑐𝑜𝑣).  

As the above equation implies, the yis choices from each set of alternatives are assumed to be independent 

of each other given class membership. This is equivalent to the assumption of local independence common 

in latent class models. Responses are also assumed to be independent conditional on the value of the random 

coefficients.  

Estimation 

Latent-class models assume that a sample or population consists of discrete segments, each of which is 

characterized by a separate logit model relating upgrade uptake to a set of independent variables, and within 

each of which the IID assumption36 holds. Not only are these models less restrictive than aggregate logit, they 

also can reveal insights into marketing strategy that aggregate models miss. In essence, they assume that 

individual tastes are homogeneous within classes but heterogeneous between classes. 

Latent-class choice models describe relationships between a number of elements such as program attributes, 

covariates that describe individual respondents, and segment membership. For each segment, a logit model 

relating upgrade and financing attributes to uptake decision is estimated, while simultaneously calculating at 

the individual level probabilities of membership in each segment. When using covariate values (they were not 

in our selected model) separate logit models are estimated concurrently to predict membership in each 

segment. This entire process is repeated for different segment counts, assuming that the total number of 

                                                      

36 Independent variables are assumed to be Independently and Identically Distributed (IID), such that the off-diagonal elements of the 

variance/covariance matrix are zero.  
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segments is 1, 2, 3 … n, and the “best” model is chosen based on the calculated Bayesian Information 

Criterion (BIC) for each iteration. Significance tests are applied to each parameter, as are Wald tests for 

equality of parameters across all segments. 

Model Statistics and Selection 

The LCDC output shows model characteristics and customer preferences overall and by segment 

simultaneously. Thus, we present the necessary statistics for choosing the best model and the segment 

statistics together in this section. We start with model selection, then go on to a description how we defined 

and described the segments. 

Table 48 shows the diagnostics we used to select the best model for our purposes. Figure 13 reflects the BIC 

values in Table 48 for each model. The most general rule of thumb that modelers use to select a final model 

is the one with the smallest BIC. But other factors can be used as well, and we found that to be necessary in 

this case.  The lowest BIC is associated with the 6-class model, and the next lowest is for the 5-class model. 

We ultimately settled on the 4-class model for several reasons. First, it is very close to the 5- and 6-class 

models in all diagnostics, and better than them in the classification errors observed. But most important is the 

fact that the models with more classes were less usable than the selected model. It is often true that when 

segments (classes) are added, they are different from other classes by very small amounts on one variable, 

and these differences are not important for understanding the segments, and they just increase the complexity 

of the picture unnecessarily. Such was the case here, so we settled on the 4-class model. 

Table 48. Key Diagnostics for the LCDC Model 

 LL BIC(LL) Npar L² df p-value Class.Err. R²(0) R² 

1-Class Choice -8389 17159 63 12106 354 2.8e-2284 0.0689 0.1385 0.1463 

2-Class Choice -8254 17010 83 11836 334 8.2e-2243 0.0845 0.166 0.1753 

3-Class Choice -8180 17006 107 11688 310 2.9e-2230 0.0793 0.1855 0.1956 

4-Class Choice -8114 16977 124 11556 293 9.6e-2216 0.0851 0.1959 0.2072 

5-Class Choice -8063 17000 145 11453 272 7.0e-2211 0.096 0.2114 0.2233 

6-Class Choice -8010 16992 161 11348 256 8.9e-2202 0.095 0.2173 0.2296 
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Figure 13. Relationship of BIC to Models with Different Numbers of Classes 

 

Simulation Inputs 

As reported in Section 3.1.4, after model selection, we created a simulator based on the 4-class model to 

represent the model’s prediction of uptake rates under various conditions. The logic and process of running 

simulations on the 4-class model are described in the body of this report. Here, in Table 49, we show the 

values we assigned to each attribute for each option, using the emPower program as an example. Note that 

the project cost is the same for all options, though of course the shopping exercise portrayed multiple, realistic 

options. The $20,809 value is the mean cost over all actual emPower participants’ projects. We kept this 

value, and other program values (rebate amount, and monthly energy bill savings, consistent across all options 

in order to isolate the impact of the presence or absence of the rebates and the regional program. Other values 

were allowed to vary appropriately for each option. The values shown in this table represent realistic attribute 

levels for each option type. 

  

16850

16900

16950

17000

17050

17100

17150

17200

3-Class

Choice

4-Class

Choice

5-Class

Choice

6-Class

Choice

7-Class

Choice

8-Class

Choice

BIC(LL)



LCDC Analysis Technical Discussion 

opiniondynamics.com  Page 77 

Table 49. Example of Market Simulator Inputs (Average Cost Includes emPower RFP & EUC Rebate 

Participants) 

Attribute Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 

Payment Method emPower 
Traditional 

Loan 

Mortgage 

Payment  

Add-On 

Utility Bill  

Add-On 

Property 

Tax  

Add-On 

Cash Credit 

Total Project Cost $20,809 $20,809 $20,809 $20,809 $20,809 $20,809 $20,809 

Rebate Amount $2,669 $2,669 $2,669 $2,669 $2,669 $2,669 $2,669 

Monthly Energy Bill 

Savings 
$13 $13 $13 $13 $13 $13 $13 

Payment Method 

Traditional 

Loan 

Payment 

Traditional 

Loan 

Payment 

Mortgage 

Payment 

Add-On 

Utility Bill  

Add-On 

Property 

Tax  

Add-On 

Cash Credit 

Minimum Cash Down $0 $100 $150 $0 $869 $18,140 $0 

Interest Rate 5.85% 8.87% 4.55% 0.00% 7.33% 0.00% 15.00% 

Your Monthly 

Payment 
$157 $188 $190 $302 $173 $0 $261 

Instant Qualification 

Possible Through 

Contractor 

No No No No No No No 

FICO Score 

Considered to Qualify 
Yes Yes Yes Yes No No Yes 

Loan Offered by Local 

Organization 
Yes No No No No No No 

 

Analyzing the Segments 

Segment descriptions come from a careful analysis of the unique characteristics of each segment, and that 

information can come from several sources of the LCDC output. Because we have not incorporated covariates 

into the model, our description is limited to one of the three major tables of data available to judge and 

describe segments. The Profile table is the basis for our segment descriptions, and is depicted in Table 50. 

Table 50 displays a special kind of choice probability that varies only with respect to the attribute concerned.  

These values are calculated as follows. If a is a level of attribute p, where Ap is the total number of levels, and 

U is the utility associated with level a for latent class x, then the isolated choice probabilities for attribute p 

are  

𝑃̂𝑝(𝑎|𝑥) =
exp(𝑈𝑎|𝑥𝑝)

∑ exp(𝑈𝑎|𝑥𝑝)𝐴
𝑎=1

  

For every attribute, taking “Expected Monthly Savings” in Table 50 as an example, the vertical probabilities 

associated with the levels a of attribute p within class x sum to 1. In those cases where the attribute takes on 

numeric values rather than discrete categories, the mean of the probabilities for that attribute is also 

displayed.  

Color-coding helps interpret this table. For each p attribute within a class, the largest probability is colored red; 

the smallest, yellow. Above average probabilities are colored orange. What represents high, above average, 

and low values varies from parameter to parameter.  
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We see, for example, that the conditional probability for a respondent in class 2 to do an upgrade is 68%, and 

the conditional probability of doing an upgrade if the savings is $40 per month is about 61%. These are major 

factors in why this was branded the “Motivated Savers” segment. Conversely, respondents in Class 3 

(“Unmotivated Convenience Seekers”) show an 11% conditional probability of doing an upgrade, and 19% of 

doing so if the savings were $40 per month. 

The Profile table is also easily represented by charts, which allow a more visual experience of the numbers. 

We reproduce them as Figure 14. 
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Table 50. Segment Profile Table 

 

Financially Savvy
Motivated 

Savers

Unmotivated 

Convenience 

Seekers

Financially 

Solid, Locally 

Oriented

High

Class1 Class2 Class3 Class4 Low

Class Size 37.3% 25.3% 24.8% 12.6% Above avg.

Attributes

FinType Type of  Financing

Traditional Loan 0.3245 0.3188 0.3538 0.1259

Mortgage Add-On 0.277 0.1482 0.0964 0.0265

Utility Bill Add-On 0.1893 0.114 0.1931 0.0685

Property Tax Add-On 0.1556 0.1107 0.2211 0.0293

Cash 0.025 0.1164 0.0825 0.3932

Credit Card 0.0285 0.1919 0.0532 0.3567

Rebate Rebate Level

0 0.2421 0.1208 0.1393 0.1588

1500 0.2465 0.1697 0.1848 0.1991

3000 0.251 0.2385 0.245 0.2496

6000 0.2604 0.471 0.4309 0.3925

Mean 2685.0343 3796.2768 3597.7044 3402.7605

Interest Interest Rate

NA 0.3769 0.4124 0.2689 0.3093

0.04 0.2719 0.2789 0.2355 0.2519

0.1 0.1667 0.1551 0.1931 0.185

0.15 0.1108 0.0952 0.1637 0.1431

0.2 0.0737 0.0584 0.1387 0.1107

Mean 0.0589 0.0526 0.081 0.0722

Monthly Monthly Payment

NA 0.3499 0.2413 0.4626 0.4046

50 0.2961 0.2305 0.3371 0.32

200 0.1794 0.2008 0.1304 0.1583

350 0.1087 0.1749 0.0504 0.0783

500 0.0659 0.1524 0.0195 0.0388

Mean 121.6876 189.1291 70.3381 94.4681

Contrctr Convenience of  Loan Thru Contractor

NA 0.2375 0.2985 0.1481 0.2

Yes 0.3782 0.3257 0.3525 0.4108

No 0.3843 0.3758 0.4994 0.3892

FICO FICO Score Used

NA 0.251 0.2725 0.312 0.3062

Yes 0.4092 0.323 0.4868 0.4308

No 0.3398 0.4045 0.2012 0.2631

Utility Local Sponsorship

NA 0.2432 0.431 0.2858 0.363

Yes 0.4101 0.308 0.4474 0.4304

No 0.3467 0.261 0.2669 0.2066

Cost Cost of  Upgrade

10000 0.3109 0.5925 0.4958 0.4039

20000 0.279 0.2998 0.3146 0.3068

38000 0.2294 0.088 0.1387 0.1871

60000 0.1807 0.0197 0.051 0.1022

Mean 28247.0794 16445.9232 19578.6107 23417.8981

CashDown Required Cash Down

0 0.4486 0.3333 0.4763 0.468

2500 0.3213 0.3333 0.3152 0.3171

5000 0.2301 0.3333 0.2086 0.2149

Mean 1953.779 2500 1830.6816 1867.0741

Esavings Expected Monthly Bill Savings

0 0.2248 0.1202 0.1926 0.2588

20 0.3199 0.2706 0.3096 0.3273

40 0.4553 0.6092 0.4978 0.4139

Mean 24.6112 29.7806 26.1038 23.101

None Upgrade Inclination

Upgrade 0.6048 0.6823 0.1146 0.4392

Don't Upgrade 0.3952 0.3177 0.8854 0.5608

Mean 0.3952 0.3177 0.8854 0.5608

Prof ile
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Figure 14. Relationships Between Attributes and Segments 
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Attribute importance is another basis for characterizing segments. Importance as used here represents the 

maximum effect for attribute variables within each latent class. It is formally defined as  

𝑟𝑒𝑙𝑒𝑓𝑓𝑥𝑝 =
𝑚𝑎𝑥𝑒𝑓𝑓𝑥𝑝

∑ 𝑚𝑎𝑥𝑒𝑓𝑓𝑥𝑝𝑝
 

For each latent class x and attribute p.  The maximum effect for attribute p is the difference in  

utility Umax - Umin, where Umax is the utility for the level that generates the maximum value for  
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attribute A, and Umin is the utility for the level that generates the minimum value for attribute A. Figure 15 

shows the results of these calculations in the form of a 3-D chart. A simple example illustrates how to read 

this chart. Notice that segment 1, “Financially Savvy” attaches the most importance (within the segment) on 

type of financing, interest rate, and monthly payment. This combination contributes to the choice of the segment 

name.  

Figure 15. Importance by Segment 
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Finally, the proportion of the sample of market-ready customers that fall into each class are shown in Table 

51.  

Table 51. Market Shares of Classes  

Class # Segment Characterization 
Percentage of Market-

Ready Customers 

Class 1 Financially Savvy 37% 

Class 2 Motivated Savers 25% 

Class 3 Unmotivated Convenience Seekers 25% 

Class 4 Financially Solid, Locally Oriented 13% 

References 

Magidson, J. and J. Vermunt (2003). Latent GOLD Choice User’s Guide. Statistical Innovations Inc. 

https://pure.uvt.nl/portal/en/publications/latent-gold-choice-users-guide(e024e155-98b4-4128-8c02-

5d8c30c7af57).html. 
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Appendix C. Detailed Cost-Effectiveness Analysis Methods 

Cost-effectiveness was conducted in two different ways: first, Dunsky followed the method outlined in the 

California Standard Practice Manual (SPM) . Secondly, Dunsky used a unique method that included a modified 

version of the California SPM to address the nuances associated with financing programs. 

California Standard Practice Manual 

The cost-effectiveness analysis was performed for RFP participants that participated in the EUC program, using 

the TRC and PAC tests, as well as the SCT – a variant of the TRC. 

Dunsky Method of Evaluating Financing Program’s Cost-Effectiveness 

While the Standards Practice Manual provides a standard framework for evaluating cost-effectiveness, it was 

designed specifically to evaluate rebate programs, and does not consider the unique distinctions of financing 

programs.  The FPM has adapted the SPM model for the TRC and PAC by reconsidering existing inputs and 

including new inputs.  

Below, we provide the high-level algorithms for each model and details of the adapted benefits and costs by 

component for the FPM. 

Table 52. TRC High-Level Algorithm 

SPM FPM 

𝐵𝑇𝑅𝐶 =  ∑
𝑈𝐴𝐶𝑡 + 𝑇𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

+ ∑
𝑈𝐴𝐶𝑎𝑡 + 𝑃𝐴𝐶𝑎𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

𝐶𝑇𝑅𝐶 =  ∑
𝑃𝑅𝐶𝑡 + 𝑃𝐶𝑁𝑡 + 𝑈𝐼𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

𝐵𝑇𝑅𝐶 = 𝐸𝐵𝐸𝐸𝐸𝑀 + 𝑁𝐸𝐵𝐸𝐸𝐸𝑀 + 𝐶𝐶𝑆 + 𝑀𝑇𝐵 

𝐶𝑇𝑅𝐶 = 𝑃𝑅𝐶 + 𝐿𝐿𝑅𝐶 + 𝑃𝐶𝑁 + 𝑈𝐼𝐶 

Where: 

BTRC = Benefits of the program 

CTRC = Costs of the program 

UACt = Utility avoided supply costs in year t 

TCt = Tax Credits in year t 

UACat = Utility avoided supply costs for the alternate fuel in 

year t 

PACat = Program Administrator program costs for alternate 

fuel in year t 

PRCt = Program Administrator program costs in year t 

Where: 

BTRC = Benefits of the program 

EBEEEM = Energy benefits from eligible energy efficiency 

measures 

NEBEEEM = Non-energy benefits from eligible energy 

efficiency measures 

CCS = Capital Cost Savings 

MTB = Benefits from Market Transformation 

CPAC = Program Administrator program costs 

LLRC = Loan Loss Reserve Costs 
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SPM FPM 

PCNt = Net Participant Costs in year t 

UICt = Utility increased supply costs in year t 

d = discount rate 

PCN = Net Participant Costs 

UIC = Utility increased supply costs 

Adapted TRC Benefits (by component) 

EBEEEM: Energy Benefits from Eligible Energy Efficiency Measures  

𝐸𝐵𝐸𝐸𝐸𝑀 =  ∑
𝐶𝐴𝐸𝑆𝑡 × 𝐴𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

Where: 

CAESt Cumulative Annual Attributable Energy savings in year t 

ACt Avoided costs in year t 

D Discount rate 

 

NEBEEEM: Non-Energy Benefits from Eligible Energy Efficiency Measures 

𝑁𝐸𝐵𝐸𝐸𝐸𝑀 = 𝑉𝑁𝐸𝐵𝐸𝐸𝐸𝑀 ×  𝐸𝐵𝐸𝐸𝐸𝑀 

Where: 

VNEBEEEM Value of NEBs for EEEMs as a percent of avoided costs 

 

CCS: Capital Cost Savings 

𝐶𝐶𝑆 = 𝐴𝑃𝑅𝐵𝐸𝑁𝐸𝐹𝐼𝑇 ×  [
𝑟

1 − (1 + 𝑟)−𝑛
−

𝑟′  

1 − (1 + 𝑟′)−𝑛
] × ∑ ∑

𝐼𝑡

(1 + 𝑑)𝑡+𝑖−2

𝐿𝐷

𝑖=1

𝑁

𝑡=1

 

Where: 

𝑟 = 𝐴𝑃𝑅𝐵𝐴𝑆𝐸𝐿𝐼𝑁𝐸 

𝑟′ = 𝐴𝑃𝑅𝐵𝐴𝑆𝐿𝐼𝑁𝐸 − 𝐴𝑃𝑅𝑇𝑅𝐼𝐶𝐾𝐿𝐸 
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APRBASELINE APR Baseline: Assumed weighted average APR for benefitting participants 

APRTRICKE 

APR Trickle Down is the reduction in participant APR attributable to LLR 

security 

n Number of periods 

It Investment in year t 

APRBENEFIT Percent of participants who benefit from reduced APR 

 

MTB: Market Transformation Benefits 

𝑀𝑇𝐵 =  𝑀𝐸 × 𝐼𝐴𝐸𝑆𝐿𝑌 × ∑
𝑀𝑇𝐵𝐶𝑡 × 𝐴𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

Where: 

IAESLY Incremental Annual Energy Savings form the last year of the program 

ME 

Market Effects is the continued activity beyond programs/pilots as a percent 

of IAESLY 

MTBCt Market Transformation Benefits Curve value in year t 

Adapted TRC/SCT Costs (By Component) 

 

LLRC: Loan Loss Reserve Costs 

𝐿𝐿𝑅𝐶 =  𝐿𝐿𝑅𝐿 + 𝐿𝑂𝐶𝐶 + 𝐿𝐿𝑅𝑀𝐶 

Where: 

LLRL Loan Loss Reserve Losses 

LOCC Lost Opportunity Cost of Capital 
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LLRMC Lost Opportunity Reserve Management Costs 

 

Loan Loss Reserve Losses 

𝐿𝐿𝑅𝐿 =  ∑ ∑ 𝐶𝐿𝑖 ×
𝐿𝐿𝑅𝑡

(1 + 𝑑)𝑡+𝑖−2

𝐿𝐷

𝑖=1

𝑃𝐷

𝑡=1

 

Where: 

LLRt Loan Loss Reserve fund in year t 

CLi  Covered Losses expressed as a percentage of LLR in year i of the loan 

LD Loan duration 

 

Lost Opportunity Cost of Capital 

𝐿𝑂𝐶𝐶 = (𝑑 − 𝑟𝐿𝐿𝑅) × ∑ ∑
𝐿𝐿𝑅𝑡

(1 + 𝑑)𝑡+𝑖−2

𝐿𝐷

𝑖=1

𝑃𝐷

𝑡=1

 

Where: 

rLLR Annual interest rate on LLR funds 

LD Average duration of loans 

 

Loan Loss Reserve Management Costs 

𝐿𝐿𝑅𝑀𝐶 =  ∑
𝐿𝐿𝑅𝐹𝑡 + 𝐿𝐿𝑅𝑂𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

Where: 

LLRFt Loan Loss Reserve Fund Fees in year t 
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LLROt Loan Loss Reserve Fund Other Costs in year t 

 

PCN: Net Participant Costs 

𝑃𝐶𝑁 = ∑
(𝐿𝐿𝑅𝑡 × 𝐿𝐴𝐿𝐿) + 𝑃𝐶𝑁𝐵,𝑡

(1 + 𝑑)𝑡−1
× 𝑆𝐴 × 𝑃𝐶𝐸𝐸𝐸𝑀

𝑁

𝑡=1

 

Where: 

PCNB,t Amount of non-borrowed participant contributions in year t 

PCEEEM Incremental cost as a percent of total EEEM cost 

PAC High-Level Algorithm* 

SPM FPM 

𝐵𝑃𝐴𝐶 =  ∑
𝑈𝐴𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

+ ∑
𝑈𝐴𝐶𝑎𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

𝐶𝑃𝐴𝐶 =  ∑
𝑃𝑅𝐶𝑡 + 𝐼𝑁𝐶𝑡 + 𝑈𝐼𝐶𝑡

(1 + 𝑑)𝑡−1

𝑁

𝑡=1

 

𝐵𝑃𝐴𝐶 = 𝐸𝐵𝐸𝐸𝐸𝑀 + 𝑀𝑇𝐵  

𝐶𝑃𝐴𝐶 = 𝑃𝑅𝐶 + 𝐿𝐿𝑅𝐶 + 𝑈𝐼𝐶 

Where: 

BPAC = Benefits of the program 

CPAC = Costs of the program 

UACt = Utility avoided supply costs in year t 

UACat = Utility avoided supply costs for the alternate 

fuel in year t 

PRCt = Program Administrator program costs in year t 

INCt = Incentives paid to the participant by the 

sponsoring utility in year t 

UICt = Utility increased supply costs in year t 

Where: 

BPAC = Benefits of the program 

CPAC = Costs of the program 

 

* All individual cost and benefit components described previously under TRC algorithm. 
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Discount Rates 

The following table details the discount rates used in the model for each test and scenario with a brief 

description of the reasoning behind the input. 

 Low Medium High 

PAC / TRC 

7.5% - Weighted Average 

Cost of Capital After Taxes 

for Utilities37 

5.3% - Average of Low and 

High Scenarios. 

3.0% - Suggested rate at 

recent CPUC hearing38 

SCT 

5.0% - 2017 California 

Bond Issuance Upper 

Interest Rate Limit39 

4.0% - 2017 California 

Bond Issuance Lower 

Interest Rate Limit 

1.4% - Stern Review on the 

Economics of Climate 

Change40  

                                                      

37 “The Basics of Cost-Effectiveness Analysis” Presentation.  http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=5189 

38 http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M184/K627/184627134.PDF 

39https://neighborly-issuance-documents.s3.amazonaws.com/production/4d0c3ff3-a570-4ee3-a3b1-

f22e313a249c_os_1507132635.pdf  

40 http://mudancasclimaticas.cptec.inpe.br/~rmclima/pdfs/destaques/sternreview_report_complete.pdf  

http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M184/K627/184627134.PDF
https://neighborly-issuance-documents.s3.amazonaws.com/production/4d0c3ff3-a570-4ee3-a3b1-f22e313a249c_os_1507132635.pdf
https://neighborly-issuance-documents.s3.amazonaws.com/production/4d0c3ff3-a570-4ee3-a3b1-f22e313a249c_os_1507132635.pdf
http://mudancasclimaticas.cptec.inpe.br/~rmclima/pdfs/destaques/sternreview_report_complete.pdf
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Appendix D. Early Evaluation Planning Tasks 

This evaluation plan is the result of a number of background research efforts over the last few years. These 

steps were critical for understanding the RFPs in California, determining our study population, and developing 

our evaluation approach.  

We undertook the following tasks: 

 In 2014, as a part of Work Order ED_O_FIN_2, we interviewed program staff from 11 residential and 

non-residential RFPs. Topics included program design, progress-to-date, and data availability. Using 

this information, we prioritized five programs for potential impact evaluations. Please refer to the Local 

Finance Programs Prioritization Memo below. Please note that, at the time of this memo, GSFA was 

known as the California Homebuyers Fund (CHF). 

 We conducted follow-up interviews in late 2015 with each of the five prioritized programs to collect 

any updates on program design, participation, and data tracking. We ultimately recommended three 

programs for inclusion in this study. Please refer to the Summary of Findings Memo below. 

 We conducted a final round of interviews in mid-2016 with emPower, GSFA, and SoCalREN to collect 

final performance numbers for 2013-2015 and confirm any remaining details on the programs. The 

results of these interviews are included in the Regional Finance Program Attribution and Cost-

effectiveness Study Evaluation Plan below.  
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Local Finance Programs Prioritization Memo 
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Summary of Findings Memo 
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Regional Finance Program Attribution and Cost-effectiveness Study Evaluation Plan 
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Appendix E. Additional Documents 

The Local Programs Attribution Memo below provides more detail on a variety of attribution analysis methods 

we explored for the Statewide Finance Pilots.  
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Local Programs Attribution Memo 
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Appendix F. Study Recommendations 

Table 53. Study Recommendations in IESR Format 

Study ID Study Type Study Title 
Study 

Manager 

  
 ED_O_FIN_10 

Attribution 
and Cost 
Effectiveness 

Regional Finance 
Program 
Attribution and 
Cost-Effectiveness 
Study 

 CPUC 

Recommendation 
Program or 
Database 

Summary of 
Findings 

Additional 
Supporting 
Information 

Best Practice/Recommendations 
Recommendation 

Recipient 

Affected 
Workpaper or 

DEER 

1 

Statewide 

Financing 

Pilots 

The self-report 

and LCDC 

approaches both 

have pros and 

cons. LCDC tends 

to provide better 

market insights, 

but is costly to 

implement and 

requires more 

sample. Self-

report is simpler 

and cheaper to 

implements, and 

provides a more 

holistic view of 

program 

influence, but 

lacks the market 

simulation 

capabilities of 

LCDC. 

  

While a mixed method approach is ideal, 

it is likely infeasible in terms of cost and 

timeline to execute an LCDC approach 

for evaluation of the Statewide Financing 

Pilots. It may be better to adopt an 

enhanced self-report approach that 

incorporates some discrete choice 

portions.   

CPUC   

2 

Statewide 

Financing 

Pilots 

Using a 

financing-specific 

alternative to the 

standard cost-

effectiveness, 

 

The financing-specific adaptation 

provides a robust interpretation of the 

standard framework, and could be 

appropriate to accurately capture 

financing program cost-effectiveness in 

CPUC  
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Study ID Study Type Study Title 
Study 

Manager 

  
 ED_O_FIN_10 

Attribution 
and Cost 
Effectiveness 

Regional Finance 
Program 
Attribution and 
Cost-Effectiveness 
Study 

 CPUC 

Recommendation 
Program or 
Database 

Summary of 
Findings 

Additional 
Supporting 
Information 

Best Practice/Recommendations 
Recommendation 

Recipient 

Affected 
Workpaper or 

DEER 
the study found 

that the 

Financing + 

Incentives 

inducements 

under the TRC 

and SCT proved 

to be cost-

effective. 

 

The financing 

programs offer 

non-energy 

benefits that 

greatly outweigh 

the energy 

benefits.  The 

financial benefits 

accrued by the 

participants, 

mostly as a result 

of an APR 

reduction, are 

the primary 

factor supporting 

the program cost-

effectiveness 

under the TRC 

and SCT.   

the future. However, data irregularities 

should be addressed to improve the 

accuracy of the cost-effectiveness 

results. 
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