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Executive Summary 
Residential solar photovoltaic (PV) adopters can save money by using PV output to reduce utility 
electric bills. Most PV adopters are also eligible for various financial incentives such as up-front 
rebates that reduce the cost of adoption. Prospective customers with higher potential bill savings and 
rebates should be willing to pay more for PV than customers with lower potential bill savings and 
rebates, all else equal. PV installation companies may use this knowledge to “capture” some of these 
values by offering higher prices to customers with higher potential bill savings and rebates, allowing 
installers to increase their margins. Alternatively, installers may “pass through” these values to 
customers in order to acquire more customers and increase market share. The extent to which these 
values are captured or passed through could have important implications for PV markets, the PV 
installation industry, and PV deployment. 

We study value pass-through in the context of third-party ownership (TPO): a model where a PV 
installation company installs a system owned by a third party with system output benefits accruing to 
the system host. To conduct our analysis, we use a unique data set with over 16,000 records of 
residential PV TPO sales transactions spanning 2012-2015 made on a customer finance platform. The 
data set includes systems with different contract structures: specifically, monthly payments over the 
course of a (typically) 20-year contract (i.e., power purchase agreements (PPAs) or leases) versus fully 
prepaid. While prior PV pricing studies have employed system-level data, studies of the TPO market 
have been limited to separate analyses of system price (the price paid by the system owner to the 
installer) and customer payments (the payments made by the customer to the system owner). In 
contrast, our access to sales records allows us to observe a broader set of transactions and prices. 
Notably, these include the cost financiers paid to the system installer, the contract price offered to the 
consumer, the consumer’s expected avoided utility electricity costs at the time of adoption, and the 
monetary value of any state and local rebates. These data allow us to estimate the extent to which the 
values of these incentives are shared between financier, system installer, and consumer.  

We find evidence that PV financiers and installers capture much of the value of electricity bill savings 
while passing rebates through to adopters. We find that the level of pass-through varies by contract 
type: installation companies capture more value through PPAs than for prepaid contracts. We find 
some evidence that pass-through rates to customer payments for PPAs change with degree to which 
market shares are skewed toward high-volume installers, known as market concentration. Though we 
generally don’t observe particularly strong associations, we find installers are able to capture more of 
the value of bill savings in more concentrated markets, suggesting that increased levels of competition 
(i.e., customers receiving more quotes from more installers) may curb the ability of installers to 
capture this value stream.  

The results of our analysis yield two implications. First, the financial benefits of bill savings and up-
front rebates accrue to installers and customers in different ways in TPO markets. Our results indicate 
that the value of bill savings mostly accrue to installers in the form of higher margins, while the value 
of rebates largely accrue to customers in the form of lower prices. Second, we find evidence that more 
competitive markets—meaning markets where customers receive more quotes from more installers—
curb the ability of installers to capture the value of bill savings and possibly force installers to pass the 
value of rebates through to customers. This result suggests that competitive PV markets result in 
higher levels of value accrual to end-use customers and possibly in higher PV deployment.
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1 Introduction 
The rapid growth of the U.S. residential solar photovoltaic (PV) market has been enabled in large 
part by the ability of customers to capture the value of financial incentives associated with PV 
systems, including electricity bill savings and rebates provided by federal, state, and local 
governments. The extent to which customers benefit from these values depends on the 
relationship between PV value and PV prices. PV installers can “capture” value by offering 
higher prices to prospective customers who have more to gain from PV adoption. Alternatively, 
PV installers can “pass through” value by offering prices that are independent of value, or 
possibly by offering lower prices for systems with higher value. Similarly, PV financiers can 
capture or pass-through value (Figure 1). 

 
Figure 1. Value pass-through and capture in PV markets 

Value pass-through has been studied primarily in the context of customer-owned PV systems 
(Dong, Wiser, and Rai 2014; Gillingham et al. 2016; Nemet et al. 2016), though some recent 
attention has been paid to third-party owned (TPO) systems (Pless and van Benthem 2017). In 
the TPO model, an installer sells a customer-sited PV system to a third-party financier, who then 
sells the power produced by the system to the customer. Given the importance of TPO systems in 
spurring market growth, understanding how bill savings and rebates are passed through to system 
prices and contracted power prices is helpful in understanding the structure of the market and 
determining what, if any, policy interventions may be required to promote an efficient and 
equitable market. 

In this report, we use a unique data set of more than 16,000 TPO transactions (prepaid contracts, 
power purchase agreements, and leases) from 2012 to 2015 to study value pass-through. The data 
set, provided by a customer finance firm, allows us to analyze transactions between the installer 
and the customer, between the customer and the financier, and—for the first time—between the 
installer and the financier (Figure 2). By analyzing all three transactions, we can provide insights 
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into how bill savings and rebates are captured by or passed between the financier, installer, and 
customer. 

 
Figure 2. Schematic depiction of interactions in TPO PV procurement 

Our report contributes to a small literature on empirical studies of price discrimination.1 Because 
installers and financiers typically know how much money customers will save on their utility 
bills, they have a signal for how much customers might value a PV installation. In general, 
service industries such as PV installation meet the basic criteria that allow for price 
discrimination (Lambrecht et al. 2012). In some service industries, including PV, customers 
procure services through competitive bids. Strategic bidding (auction) theory suggests that 
pricing according to the customer’s valuation is the theoretically optimal pricing practice in 
competitive bidding processes. According to strategic bidding theory, competitive bidders view 
the bids of their rivals as draws from a probability distribution (Riley and Samuelson 1981; 
McAfee and McMillan 1987; Milgrom 1989; Rothkopf and Harstad 1994; Lorentziadis 2016). 
Under monopoly conditions, bidders can theoretically exercise perfect price discrimination and 
completely extract consumer surplus. As the number of bidders increases, bid prices decrease 
toward the service’s cost. 

This type of price discrimination is referred to in the management literature as value-based 
pricing. According to this literature, firms may use cost-, competition-, or value-based strategies 
to set prices within a price-discretion range (Kortge and Okonkwo 1993; Ingenbleek et al. 2003; 
Hinterhuber 2008b), with value-based pricing broadly recognized as the optimal profit-
maximization strategy (Cannon and Morgan 1990; Monroe 2002; Ingenbleek et al. 2003; 
Hinterhuber 2008b). Value-based pricing is particularly effective for differentiated products in 
less competitive markets and for new products (Ingenbleek et al. 2003). Nonetheless, firms tend 
to use competition- and cost-based pricing in practice (Abratt and Pitt 1985; Kortge and 
Okonkwo 1993; Indounas 2006; Hinterhuber 2008a). Hinterhuber (2008a) finds that about 44% 
of companies use competition-based pricing and about 37% use cost-based pricing, compared 

                                                 
1 Much of the recent work in this literature focuses on big data applications and internet purchases. For example, 
Shiller (2016) examines personalized pricing schemes for Netflix, finding that using all customer web-browsing data 
to set prices increases profits by far more than using demographics alone. For an overview of recent contributions in 
this area, see Merler (2017). 
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with 17% that use value-based pricing. The author posits that firms avoid value-based pricing 
owing to challenges associated with assessing value, communicating value, segmenting markets, 
and training sales staff to use value-based pricing. 

Our report also contributes to the literature on the empirical estimation of tax and subsidy pass-
through, particularly for the PV market.2 Because most U.S. residential PV has received at least 
some financial incentives, pass-through of incentives to the consumer in the form of reduced 
prices is important for understanding the efficacy of public expenditures and the strategies of PV 
installers and financiers. Dong, Wiser, and Rai (2014) find that installers passed through nearly 
all the value of rebates offered by the State of California to consumers in the form of lower 
prices, though only host-owned systems were considered. In the study most similar to ours, Pless 
and van Benthem (2017) find similar results for host-owned systems, but they find that TPO 
systems passed through greater than 100% of the financial value of rebates. The authors 
conclude that such high pass-through rates are an outcome of imperfectly competitive PV 
markets and a convex demand curve. Our study’s unique contributions to this literature include 
estimating TPO PV value pass-through for both installers and financiers and distinguishing pass-
through rates by TPO financing type (monthly payment vs. fully prepaid arrangements).  

It is important to note that both pass-through and capture can be rational installer strategies. 
Installers that pass values through to their customers may do so in order to acquire more 
customers and increase market share. Installers that capture these values may do so in order to 
increase profit margins. From a policy perspective, the desirability of pass-through or capture 
depends on a variety of factors such as local market context. Increased pass-through may be 
desirable if high rates of capture are stymying adoption rates and reducing PV deployment. 
Alternatively, increased capture may be desirable if low margins are preventing the formation of 
a local PV installation industry. 

The remainder of the report is structured as follows. Section 2 describes our data sources and the 
TPO procurement process. Section 3 presents descriptive statistics for our data set. Section 4 
describes our pass-through estimation approach. Section 5 presents and discusses the results, and 
Section 6 offers conclusions. 

  

                                                 
2 See Pless and van Benthem (2017) for a discussion of the broader empirical literature on pass-through outside of 
the PV industry. 
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2 Data 
The data underlying this analysis represent transactions on a customer finance platform, 
henceforward referred to as simply the platform. Over the period of our study, the platform 
essentially functioned as a market-maker between PV installers and financiers, allowing 
installers without the necessary means or desire to offer TPO systems and financing to 
prospective customers to obtain financing.3 Figure 2 (Section 1) illustrates how TPO PV 
procurement occurs in the absence of vertical integration. Installers identify customers who are 
interested in hosting a PV system. After a consultation with a customer, an installer designs a 
system and quotes a system price to a financier. Based on the system price quote and other 
information (e.g., local market conditions, the customer’s credit score), the financier offers a 
financial package to the customer that specifies the payments the customer must make to access 
the system’s power output. With the platform, this quote is relayed to the customer by the 
installer, meaning that the financier-customer interaction is strictly virtual.  

Customers in the data set received financing quotes for up to three TPO contract types: power 
purchase agreements (PPAs), leases, and prepaid contracts. Under PPAs, customers make 
monthly payments for the power that the system produces on a per-kilowatt-hour (kWh) basis. 
Leases also involve monthly payments, but customers pay a flat rate regardless of system 
production.4 Under both arrangements, customers assume either no upfront cost, or an amount 
that is typically small relative to the total expected payments over the life of the contract. Lease 
agreements make up a small fraction of our final data set; thus, we group PPA and lease 
arrangements together and refer to them jointly as PPAs. For a discussion of how contract 
pricing might differ between PPAs and leases, see Davidson and Steinberg (2013). In contrast, 
under prepaid contracts, customers make a lump sum payment up front for all system production 
over the life of the contract. Like host ownership, prepaid contracts require a large initial capital 
outlay, but they allow the value of tax incentives—most notably the federal investment tax credit 
(ITC) and accelerated depreciation—to be capitalized directly into the price the customer pays.5 

Including both PPAs and prepaid contracts, the raw data set consists of 20,041 accepted quotes 
for TPO systems from early 2012 to the end of 2015.6 Consistent with previous studies 
(Gillingham et al. 2016; Nemet et al. 2016), we clean the data by dropping observations for 
which the installer’s price quote was below $1/W or above $20/W as probable data-entry errors, 
because these values bound market prices over our sample period (Barbose and Darghouth 
2017). We also drop any observations for which system price and value streams resulted in gross 
customer savings below $0.05/kWh or above $0.50/kWh as probable data-entry errors, because it 
is unlikely a customer’s marginal cost of electricity would be outside these bounds for retail rates 
in the states examined (NREL 2017). To focus our study on residential customers, we drop 
observations with system sizes larger than 10 kW, reducing our sample to 17,413 observations. 
                                                 
3 Since the period of our study, the platform has shifted its role in the residential PV market toward providing 
financing directly. 
4 Lease contracts often include clauses that compensate customers if system production does not meet a certain 
level. However, our data set does not specify whether such clauses were used. 
5 The capitalization of the ITC and depreciation into customer prices applies to any TPO arrangement. 
6 Data for non-accepted quotes were also available; however, this analysis focuses on accepted quotes to avoid data-
quality issues that might be more prevalent in the subsample of non-accepted quotes. Data-quality assurance and 
analysis of the full set of quotes will be a focus of future work. Additionally, 34 accepted quotes using solar loans 
were dropped to focus the study on TPO products. 
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Finally, we exclude observations from installers that focus on low-income clients, from installers 
that accounted for fewer than 10 installations, from financiers that accounted for fewer than 20 
installations, and in counties for which installer concentration measures could not be calculated. 
After cleaning the data, our final data set consists of 16,078 observations. 

Breakdowns of our observations over time and across states are illustrated in Figure 3 and 
Figure 4. PPAs compose about 80% of the data set and are the most prevalent financing model in 
each quarter over the entire period. Prepaid contracts become less prevalent over time, falling 
from a peak of 45% of quotes in the first quarter (Q1) of 2013 to just 3% of quotes in Q4 2015. 
The distribution of PV system sales over time in our data set is not representative of overall 
market activity. For example, while sales in our data set declined in 2015, market-wide sales 
increased in the same period. Though conclusions reached using our data may not represent all 
market participants, the volume of sales over the period studied is substantial enough to suggest 
broader trends in this market. Still, as a robustness check, we applied our empirical model 
(described in Section 4) to the subset of the data that excludes 2015, and our results did not differ 
materially. 

 
Figure 3. Number of sales by financing model by quarter 

The data include quotes from seven states. California accounts for 91% of the quotes and thus 
disproportionately contributes to analytical results. The prevalence of different financing models 
varies by state according to market conditions. Though all states except Arizona have prepaid 
contracts, they only make up a significant portion of the total in California, Massachusetts, and 
New Jersey. 
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Figure 4. Number of sales by financing model by state 

The platform data include price information, estimated customer bill savings, rebate value (if 
applicable), system variables, customer geographic information, temporal variables, and installer 
and financier identifiers. The price information includes system prices paid by financiers to 
installers and contract terms between customers and financiers. System variables include 
characteristics such as system size, module brand and model, and inverter brand and model. 
Temporal variables include, for example, quote dates, quote acceptance dates, and installation 
dates. We use the quote acceptance date to reflect the timing of pricing decisions, because this 
variable is more reliable than the quote date.7 

The level of detail in the platform data set enables us to merge it with several variables from 
other data sets. Using customer geographic information, we map observations to county-level 
measures of installer concentration calculated using Lawrence Berkeley National Laboratory’s 
Tracking the Sun (TTS) data set (Barbose and Darghouth 2017). The TTS data set captures 85% 
of U.S. residential PV installations, includes information on installation dates and locations as 
well as installer identities, and indicates whether installations are TPO. The platform geographic 
data also allow us to match observations to tract-level demographic characteristics extracted 
from S&P Global’s Market Intelligence Platform. Finally, the temporal variables and system 
characteristics enable us to include information on module and inverter price levels, obtained 
from Bloomberg New Energy Finance (BNEF) and the Solar Energy Industries Association 
(SEIA)/GTM Research, respectively (BNEF 2016; SEIA/GTM Research 2013, 2014, 2015, 
2016). 

                                                 

7 For some observations in our data set, the quote date appears to reflect when the installer entered the quote into the 
platform software, rather than when the quote was presented to the customer. This leads to counterintuitive 
observations in which the system installation date precedes the quote date. The quote acceptance date, in contrast, 
follows a more logical timeline vis-à-vis the other temporal variables. 
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3 Descriptive Statistics 
In this section, we introduce the variables used in our empirical analysis (described in Section 4) 
and present descriptive statistics associated with our final data set, drawing attention to key 
differences between PPAs and prepaid contracts. We also present distributions for financier rates 
of return for expected utility bill savings and state and local rebates.8  

Table 1 (next page) describes the variables used in our analysis. All variables reflecting 
monetary values have been normalized to year 2015 dollars. Those same variables have also 
been converted to per-watt values ($/W) by dividing by system size. 

The first set of variables in the table reflects prices. System prices reflect the amount that 
financiers pay to installers including component prices, labor costs, markups, and so forth. 
Across PPAs and prepaid contracts, the mean system prices in the data set are similar. Customer 
payments reflect the amount that customers pay to financiers to host PV systems and use (or 
receive utility bill credit for) their production. For prepaid contracts, these values are a lump sum 
payment due at the time of system installation. For PPAs, these values are the discounted sum of 
expected future payments over the term of the contract, assuming a 7% discount rate.9  The mean 
customer payment for PPAs is higher than for prepaid contracts, possibly reflecting that 
financiers expected an IRR higher than 7% for their investment.10 

The second set of variables reflects bill savings and rebates. Expected gross savings is defined as 
the expected savings for customers on their utility bills in the first year after installation, before 
accounting for the payments they make for PV system production.11 There is no substantial 
difference in means between prepaid contracts and PPAs for this variable. State and local rebates 
accrue to the financiers who own the systems.12 Almost half of prepaid contracts in the data set 
are associated with a rebate compared with just a quarter of PPAs (as denoted by “rebate 
indicator” in the table). Descriptive statistics for the rebate levels in the table are calculated for 
the subset of systems that qualified for a rebate. 

The next set of variables reflects contract terms associated primarily with PPAs. Escalator rates 
specify the percentage by which the PPA price increases annually, with 19% of PPAs associated 
with no escalator. The most common escalator value by far is 2.9% (72% of PPAs). Down 
payments range from $250 to $5,000 (nominal). About 87% of PPA customers made an upfront 

                                                 

8 Note that these rebates do not include the Federal ITC. 
9 To calculate the discounted sum of expected payments, we apply price, quantity, and contract variables found in 
the data set. Specifically, we multiply the per-kWh price of electricity by the quantity of expected year-one 
production for each year of the contract, accounting for any price escalators and decrementing system production by 
0.5% annually (Gillingham et al. 2016). Down payments are applied as an initial outlay. The discount rate is also 
used by Gillingham et al. (2016). 
10 While the minimum value for customer payments for prepaid contracts seems implausibly low, it represents an 
outlier and omitting that observation from the analysis does not change the results in any significant way. In total, 
only 16 prepaid observations have customer payments below $1/W, and most of those are above $0.66/W. 
11 When discussing our regression results in Section 5.1, we translate expected gross bill savings into a value for the 
life of the contract under plausible assumptions about the rate of retail electricity price growth. 
12 We observe the level of state and local rebates for each observation directly in the platform data set, but we do not 
have any information about the program through which the rebate was provided. 
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payment. Finally, the data set only includes two contract lengths: 20 and 25 years, with the 
former much more common (71% of all PPAs, and all prepaid contracts). 

Table 1. Summary Statistics by Contract Type 
 PPA Prepaid Contract 
  Mean Std Dev Min Max Mean Std Dev Min Max 

System and power prices         
System price (2015$/W) 4.42 1.03 1 15.07 4.51 0.8 1.1 7.47 
Customer payments 
(2015$/W) 3.73 0.93 0.93 7.03 2.9 0.62 0.05 5.05 

Financial incentives         
Expected gross savings 
(2015$/W) 0.36 0.09 0.06 0.75 0.37 0.09 0.09 0.75 

Rebate indicator (%) 0.24 0.43 0 1 0.45 0.5 0 1 
Rebate level (2015$/W) 0.31 0.28 0 1.71 0.2 0.07 0.12 1.45 

Financing terms         
Escalator (%) 2.3 1.2 0 3.9 - - - - 
Down payment (2015$/W) 0.09 0.26 0 1.89 - - - - 
Term (years) 21.44 2.26 20 25 20 0 20 20 

Market concentration         
HHI (all systems) 0.1 0.06 0.03 0.48 0.08 0.04 0.03 0.49 
HHI (TPO only) 0.26 0.13 0.06 1 0.18 0.12 0.07 0.83 

System characteristics         
System size (kW) 5.94 1.74 2 10 6.15 1.83 2 10 
Ground mounting (%) 0.01 0.09 0 1 0.01 0.11 0 1 
Module PTC (watts) 228 9 162 314 231 16 172 314 
DC optimized inverter (%) 0.04 0.19 0 1 0.01 0.09 0 1 
Premium module (%) 0.08 0.27 0 1 0.2 0.4 0 1 

Component price indices         
Module price index 
(2015$/W) 0.78 0.08 0.69 1.11 0.84 0.07 0.69 1.04 

Inverter price index 
(2015$/W) 0.43 0.16 0.18 0.70 0.49 0.15 0.18 0.70 

Demographic 
characteristics         

Pop. density (per 100-mi2) 4,331 3,650 0.5 38,059 3,779 3,381.2 0.5 47,238 
Owner-occupied housing 
density (per 100-mi2) 934 685 0.1 5,762 859 690 0.1 6,167 

No high school diploma 
(%) 14.7 10.8 0.1 72.1 12.3 9.0 0.0 57.3 

High school graduate (%) 55.7 10.2 12.4 78.7 54.0 12.7 13.5 77.8 
Bachelor’s degree and 
above (%) 29.6 15.6 1.3 87.5 33.7 18.1 2.3 85.3 

Median household income 
(2015$) 73,056 26,159 14,999 226,889 80,889 28,830 21,013 199,705 

Median age (years) 52 5 25 80 52 6 36 76 
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Notes: Data consist of 3,777 prepaid systems and 12,801 PPA systems (16,078 total). Customer payments for 
PPA systems assume a 7% discount rate. Statistics for rebate levels are conditional on the system qualifying for a 
rebate. HHI refers to the Herfindahl-Hirschman Index. 

The next set of variables reflects the market concentrations—that is, the distributions of market 
shares among competing firms—calculated from the TTS data set. Specifically, we calculate two 
versions of the Herfindahl-Hirschman Index (HHI) at the county level: one for all installed PV 
systems, and one for TPO systems only.13 Calculating the HHI for all systems relies only on 
knowledge of times, locations, and installer identifications, which are well-covered variables in 
the TTS data set. The calculation for TPO systems only also requires knowledge of the 
ownership arrangement of the system, which is included in the data set but has an unknown 
status for many observations. We use only the observations for which the status is known in 
constructing the measure, which raises some concerns about its accuracy. We assume our 
measure will at least capture the major trends among the large vertically integrated firms that 
dominated the TPO market over this period. The mean HHI for all systems does not differ 
significantly between PPAs and prepaid contracts, whereas the mean HHI for TPO systems only 
is higher for PPAs. 

The next set of variables reflects system characteristics, including system size, whether the 
system was ground- or rooftop-mounted, the module efficiency, whether the installation included 
a direct current (DC) optimized inverter setup, and whether the modules were considered 
“premium.”14 For the most part, the mean values for these variables are similar across PPAs and 
prepaid contracts. The most notable difference is the use of premium modules (20% for prepaid 
versus 8% for PPAs). 

The next set of variables includes price indices for the two major components of system 
hardware: modules and inverters. Each system is matched to the corresponding quarterly BNEF 
module spot price based on the date and whether the system uses mono- or poly-crystalline 
panels. Systems are matched with the quarterly SEIA/GTM inverter prices based on whether the 
system includes a string or micro inverter. Overall, the mean prices of both components are 
higher for prepaid contracts than for PPAs, largely because component prices dropped 
substantially over the period, and prepaid contracts were more prevalent earlier in the data set. 

The final set of variables contains Census tract-level demographic variables obtained from S&P 
Global. They include population and owner-occupied housing density measures, population 
percentages for three levels of educational attainment (no high school diploma, high school 
diploma but no bachelor’s degree, and bachelor’s degree), median household income, and 
median householder age. Mean demographic variables are similar across PPAs and prepaid 
contracts, with the former tending to occur in slightly denser tracts and the latter tending to occur 
in tracts with slightly higher average incomes. 

Beyond the variables in the table, another metric for comparing across PPAs and prepaid 
contracts is the returns generated for financiers. Specifically, we can use the system prices, 
                                                 
13 The HHI is a unitless metric used to quantify market concentration. The formula for HHI in a market with 𝑛𝑛 firms 
is 𝐻𝐻𝐻𝐻𝐻𝐻 = ∑ 𝑠𝑠𝑖𝑖2𝑛𝑛

𝑖𝑖=1 , where 𝑠𝑠𝑖𝑖 denotes firm 𝑖𝑖’s market share. The HHI approaches zero in highly unconcentrated 
markets (i.e., markets with many low-volume firms) and takes on a maximum value of one in markets with a single 
installer.  
14 Premium-brand panel brands include LG Electronics, Panasonic, SunPower, and SolarWorld (Mond 2017). 
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financial contract terms, and rebate values to calculate the internal rates of return (IRRs) for the 
financiers for all the systems in the data set. The IRR, which is one metric to characterize the 
return on investment, represents the discount rate at which the net present value (NPV) of the 
project is equal to zero, so investments with higher IRRs are profitable over a larger range of 
discount rates. The details of the IRR calculation are provided in Appendix A. 

The IRR distributions for each contract type are illustrated in Figure 5. In general, prepaid 
contracts provide financiers with much greater IRRs (mean of 59%) than do PPAs (14%). 
Moreover, the dispersion of the prepaid distribution is much greater (standard deviation of 41%) 
than it is for PPAs (4%). Finally, the prepaid distribution is right-skewed, with significant weight 
at very high IRR levels, while the PPA distribution is slightly left-skewed, with a significant 
proportion of projects associated with IRRs below 10%. The high IRRs associated with prepaid 
contracts are primarily a function of discounting: because financiers receive payment up-front, 
those revenues are not discounted over the (usually) 20-year contract term. In turn, this allows 
financiers to offer lower per-watt prices to customers of prepaid systems compared to PPA 
customers. 

 
Figure 5. IRR distributions for all PPAs (left) and prepaid contracts (right) 

Finally, to provide additional context for the financial values for which we estimate pass-through 
levels, the state-level distributions of expected gross utility bill savings (top panel) and rebates 
(bottom) are summarized in Figure 6. As the figure shows, bill savings per watt in California 
tend to be higher than in the other states in our data set, which is a result of the relatively higher 
electricity prices and greater solar resource (i.e., more production per watt) found in the state. 
Other states—such as New York, Massachusetts, and Connecticut—have relatively high 
electricity prices, but a lesser solar resource. The situation is reversed in Arizona and Nevada. 
Comparing across PPAs and prepaid contracts, for the states that have a significant proportion of 
prepaid contracts (California, Massachusetts, and New Jersey), the distributions are similar, 
particularly in California, which provides the bulk of our observations. For both contract types in 
California, there is substantial dispersion in expected bill savings. 
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The bottom panel of the figure summarizes the rebate distributions for the systems that received 
one. Rebate levels per watt vary substantially across states. Rebates were exceptionally high in 
Connecticut but only applied to two systems. Systems installed in New York also received large 
rebates, around $1/W. On the opposite end, none of the systems installed in New Jersey reported 
receiving rebates. For most observations in the remaining states, rebates were less than $0.5/W. 
This includes California, which had a median rebate of $0.17/W and an interquartile range of 
$0.17/W–$0.21/W. 

 
Figure 6. Distributions of expected gross utility bill savings (top) and state and local rebates 

(bottom) by state and contract type 
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4 Pass-Through Estimation Approach 
Our empirical estimates of value pass-through are based on a two-equation linear regression model. 
Equation 1 represents the system price paid by a financier to an installer, and Equation 2 represents 
payment from a customer to a financier. The key righthand-side variables in each equation are 
expected gross utility bill savings and state and local rebates, for which our goal is to estimate pass-
through. We estimate several versions of our model to gain insight into how pass-through rates 
change with market concentration levels, and how endogeneity of the relationship between system 
prices and customer payments might affect pass-through. 

We specify each equation in its most general form and then discuss the constraints we impose for 
different iterations of the analysis. Formally, Equation 1 is cast as: 

 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝛼𝛼1𝐼𝐼 + 𝛼𝛼2𝐼𝐼𝐻𝐻𝐻𝐻𝐻𝐻,𝑃𝑃𝑃𝑃𝑃𝑃 + 𝛼𝛼3𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛼𝛼𝛼𝛼 + 𝜃𝜃 + 𝜑𝜑 + 𝜂𝜂 + 𝜇𝜇 + 𝜀𝜀 (1) 

Where 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the system price paid by a financier to an installer, 𝐼𝐼 is a vector of the expected gross 
utility bill savings for the first year after the system is installed and the amount of the state and local 
rebate the financier receives for the system, the term 𝐼𝐼𝐻𝐻𝐻𝐻𝐻𝐻,𝑃𝑃𝑃𝑃𝑃𝑃 represents a vector of interaction 
terms between the bill savings and rebates with HHI and PPA, 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the customer payment, and 
𝑋𝑋 is a vector of control variables. Time-invariant mean differences in prices across installers and 
financiers are captured by 𝜃𝜃 and 𝜑𝜑, respectively. Unobserved locational and time-varying factors 
are captured by county-level (𝜂𝜂) and month-level (𝜇𝜇) fixed effects. All other unobserved factors are 
captured by the error term, 𝜀𝜀. In all our reported results, standard errors are clustered at the county 
level. 

Other controls in 𝑋𝑋 pertain to component prices, system characteristics, and tract-level 
demographics. The controls include system size and its square as well as module and inverter price 
indices, which are assumed to be cost-shifters on the installation side, because modules and 
inverters are globally traded commodities. The model also includes controls for demographic and 
system characteristics. Both sets of variables are listed in Table 1 under the appropriate categories. 
The omitted educational attainment category is percent of the population with a high school 
diploma but not a bachelor’s degree. These control variables are broadly consistent with models 
used in previous studies (Gillingham et al. 2016; Nemet et al. 2016; Pless and van Benthem 2017).  

Similarly, Equation 2 is defined as follows: 

 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝛽𝛽1𝐼𝐼 + 𝛽𝛽2𝐼𝐼𝐻𝐻𝐻𝐻𝐻𝐻,𝑃𝑃𝑃𝑃𝑃𝑃 + 𝛽𝛽3𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽𝛽𝛽 + 𝜃𝜃 + 𝜑𝜑 + 𝜂𝜂 + 𝜇𝜇 + 𝜀𝜀 (2) 

The structure of Equation 2 is very similar to the system price equation, because it includes as 
regressors expected bill savings, rebates, HHI and interactions, system and demographic 
characteristics, and analogous fixed effects. However, there are important differences. First, we 
include system price as a regressor in Equation 2, replacing customer payments as a regressor from 
Equation 1. Second, while controls 𝑋𝑋 include system size and component price indices in Equation 
1, 𝑍𝑍 includes contract term details in Equation 2: escalator rates, down payment amounts, and 
contract lengths. Because these terms only apply to PPAs, we interact each of these variables with 
the PPA indicator variable. Finally, we allow separate fixed effects for prepaid contracts and PPAs. 
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To identify average pass-through levels in both equations in our model, we rely on a wide range of 
controls as well as a rich set of fixed effects to control for any unobserved factors that could be 
correlated with expected bill savings or rebate levels. We estimate three primary specifications of 
the model, each with different parameter restrictions and assumptions. In the base specification, we 
estimate the model using equation-by-equation ordinary least-squares (OLS) without including any 
of the HHI terms. We also impose the assumption that system prices affect customer payments, but 
not vice versa. This is based on our conversations with the platform, which revealed that back-and-
forth negotiations between installers and financiers do not occur for individual systems. Instead, the 
customer financing arrangement is based on the quoted system price from the installer. However, 
there is a caveat to this assumption: though negotiations do not occur between financiers and 
installers for individual systems, financiers might provide incentives to installers for achieving sales 
targets by offering the installers’ customers lower-priced PPAs and prepaid contracts. To address 
this possibility, we include an instrumental variables (IV) specification (the third specification 
described below). 

In the second model specification, we supplement the base specification by including HHI as an 
explanatory variable in both equations. By interacting HHI with gross expected bill savings and 
rebates, we can examine whether pass-through rates are influenced by market concentration. If 
greater market concentration reflects greater potential for the exercise of market power, then we 
might expect greater capture of expected bill savings by financiers and/or installers due to the 
exercise of first-degree price discrimination. In the case of rebates, the effects of greater market 
power are ambiguous, depending also on the elasticities of supply and demand and the shape of the 
demand curve.15 We also estimate this specification with two different HHI measures: one based on 
both home-owned and TPO installed residential systems, and one based on TPO systems only. This 
allows us to account for the possibility that the home-owned and TPO markets function as 
essentially separate markets. 

In the third specification of the model, we attempt to account for the possibility that system prices 
and customer payments are determined simultaneously, i.e., that system prices are influenced by 
customer payments, as would be the case if installers set system prices in anticipation of the 
resulting customer payments. This model specification is the same as the base specification, except 
the system price equation includes customer payment as a regressor, and the model is estimated 
using IV to achieve identification. Identification of Equation 1 requires at least one variable that 
only influences the system price through its impact on customer payments; we use the contract 
terms of the financial arrangement between financiers and customers for this purpose. 
Unfortunately, this requires us to omit prepaid contracts from the analysis, because they have no 
variation in contract terms beyond price. To identify Equation 2, we use the module and inverter 
price indices as variables that only impact customer payments through their impact on system 
prices.

                                                 
15 As derived in Weyl and Fabinger (2013), the pass-through rate of a tax under conditions of symmetric, imperfect 
competition is 𝜌𝜌 = 1

1+ 𝜃𝜃
𝜀𝜀𝜃𝜃
+𝜀𝜀𝐷𝐷−𝜃𝜃𝜀𝜀𝑆𝑆

+ 𝜃𝜃
𝜀𝜀𝑚𝑚𝑚𝑚

, with 𝜃𝜃 representing a conduct parameter that provides a measure of price markup 

above marginal cost, 𝜀𝜀𝐷𝐷 representing the elasticity of demand, 𝜀𝜀𝑆𝑆 representing the elasticity of supply, 𝜀𝜀𝜃𝜃 representing 
the elasticity of the conduct parameter, and 𝜀𝜀𝑚𝑚𝑚𝑚 measuring the curvature of demand. The conduct parameter resides 
between zero for perfect competition and one for a pure monopoly. Because 𝜀𝜀𝑆𝑆 is greater than zero, and 𝜀𝜀𝑚𝑚𝑚𝑚 can be, 
whether an increase in the value of 𝜃𝜃 increases or decreases the pass-through rate depends on the values of the other 
parameters in the formula. 
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5 Results 
In this section, we present the results from estimating our empirical model. The impacts of bill 
savings and rebates on pre-incentive system price (the system price paid by the financier to the 
installer) and customer payments (the amount paid by the end-use customer to the financier) are 
delineated. The interpretation of the results as pass-through or capture depend on the value and 
the transaction. In terms of system prices, rebates and bill savings are passed through from 
installer to financier if rebates and bill savings have no impact on the pre-incentive system price. 
Mathematically, pass-through is represented by a zero coefficient, while capture is represented 
by a positive and statistically significant coefficient. In terms of customer payments, rebates are 
passed through to customers in the form of lower customer payments, while bill savings are 
passed through if savings have no impact on customer payments. Mathematically, rebate pass-
through to customer payments is represented by a negative coefficient (-1 represents perfect pass 
through), bill savings pass-through to customer payments is represented by a zero coefficient, 
rebate capture from customer payments is represented by a zero or positive coefficient, and bill 
savings capture from customer payments is represented by a positive coefficient. Figure 7 shows 
the symbols used in the results figures to represent capture and pass-through. 

 
Figure 7. Symbols used to represent capture and pass-through 

Our results provide evidence of capture of electricity bill savings and pass-through of rebates. 
We find some evidence that pass-through to customer payments for PPAs changes with market 
concentration. Finally, we find that the magnitude of estimated pass-through changes for PPAs if 
we account for simultaneity between system prices and customer payments using our IV model. 
All models have R2 values above 0.5, meaning that the variables in the models account for more 
than half of the variation in system prices or customer payments. The variables are stronger 
predictors of customer payments than system prices. R2 values are provided in Appendix B. 

5.1 Base Model Specification 
The results from our base model specification are summarized in Figure 8. Appendix B (Table 
B-1) shows detailed results. The numeric values in the all of the results figures can be interpreted 
as the change in system price or customer payment ($/W) resulting from a $1/W change in the 
incentive level. The middle column of the figure shows the results of OLS estimation of 
Equation 1 (incentive impacts on system price), and the last column corresponds with the results 
of estimating Equation 2 (incentive impacts on customer payments). Recall that the expected 
gross savings variable represents expected first-year savings. Below we calculate, given 
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assumptions about the discount rate and how electricity prices will increase, the pass-through 
rate of expected gross savings over the duration of the contract. 

 
Figure 8. Results from base model specification 

From estimation of Equation 1, we find a positive and significant relationship between higher 
expected bill savings and system prices for both prepaid contracts and PPAs, providing evidence 
of capture. However, we find the impacts differ significantly across the contract types. For 
systems that are financed upfront, an extra dollar per watt of expected bill savings in the first 
year of system production is associated with an $0.85/W increase in the system price, while the 
same increase in expected bill savings is associated with a $2.32/W increase in the system price 
for PPAs. 

We also find that higher levels of state and local rebates are associated with higher system prices, 
again consistent with capture. At the high end, we find that an extra $1/W rebate corresponds to 
a $0.49/W increase in system price for prepaid contracts. At the low end, we find an analogous 
effect of $0.31/W for PPAs. The difference between the two, however, is not statistically 
significant. 

Examining the estimated coefficients on the other variables yields a mixture of expected and 
surprising results (see Table B-1 in Appendix B). The coefficient on the inverter price index is 
positive as expected and is estimated very precisely. However, the coefficient on the module 
index is unexpectedly negative, and, while significant, less precisely estimated. One possible 
explanation for this result is our use of monthly fixed effects, which could be capturing most of 
the overall downward trend in module prices. Comparing across contract types, PPA systems are 
associated with $0.69/W lower system prices on average, which could result from a selection 
effect in which PPA customers tend to require lower contract prices (and hence lower system 
prices) to finalize the transaction.  

The last set of coefficients listed in Table B-1 pertain to system characteristics, most of which 
are statistically significant. The coefficients on system size and its square are consistent with 
economies of scale with diminishing marginal returns. Ground-mounted systems, for which there 
are very few in the dataset, are associated with higher system prices, while the effect of module 
test ratings is insignificant. Finally, systems with DC-optimized inverters tend to have higher 
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prices, while systems with premium panels tend to have lower prices. The latter could be due to 
collinearity with our fixed effects, and the relatively small proportion of systems featuring 
premium panels (< 10%). 

From estimation of Equation 2, we find a positive and significant relationship between higher 
expected bill savings and customer payments for both prepaid contracts and PPAs (Figure 8). As 
was the case for system prices, the effect is much stronger for PPAs: an additional $1/W of 
expected bill savings is associated with a $1.68/W increase in customer payments, compared 
with a $0.26/W increase for prepaid contracts. 

For state and local rebates, we find a significant and negative relationship with customer 
payments, which is consistent with rebate pass-through from financiers to customers. The pass-
through rate to customer payments for prepaid contracts is -$0.61/W for an additional $1/W in 
rebate level, compared with -$0.57/W for PPAs. Again, as was the case for system prices, the 
difference between the two is not statistically significant. 

The customer payment equation also includes an estimate of the effect of the installer’s system 
price on customer payments (see Table B-1 in Appendix B). We find that, for prepaid contracts, 
an additional $1/W in the system price is associated with a $0.77/W increase in customer 
payments. This value is much higher than the effect for PPAs, which is only $0.34/W. One 
potential explanation for this difference could be that market demand for PPAs is more elastic 
than the demand for prepaid contracts, forcing financiers to bear more of the system cost in PPA 
transactions. Another possibility is that the 7% discount rate we assumed in calculating the 
customer payment variable does not reflect the true market dynamics. For example, if we assume 
no discounting, there is no statistically significant difference in the effects of system price on 
customer payments between prepaid contracts and PPAs. 

Several contract variables also have a significant association with customer payments. We find 
that customer payments are, on average, $2.41/W higher for PPAs than for prepaid contracts, 
which illustrates the considerable benefit accruing to customers who can make large upfront 
payments. We also find that price escalators are associated with higher customer payments, 
suggesting that, given a 7% discount rate, any lowering of the initial per-kWh PPA price 
resulting from agreeing to a price escalator has a smaller effect on total customer payment than 
the direct impact on price of the escalator. Not surprisingly, we find that longer terms are 
associated with greater payments. We also find that down payments have no significant effect on 
payments. 

Finally, we estimate statistically significant relationships between several of the system 
characteristics variables and customer payments. Because financiers own the systems and 
therefore are responsible for their maintenance, these characteristics could influence expected 
future costs. The relationship between system size and customer payment (decreasing and 
convex) is qualitatively the same as for system prices. Also, as was the case with system prices, 
estimation of the customer payment equation reveals positive and significant coefficients for 
ground-mounted systems and systems with DC-optimized inverters. Finally, module PTC ratings 
have a negative relationship with customer payments, but the effect is small (a one standard 
deviation increase in rating is associated with a $0.06/W increase in customer payment). 
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We can combine the estimation results from our base model specification to calculate the “total” 
pass through rate, meaning the pass-through rate from the initial transaction to the end-use 
customer. The results for both expected bill savings and rebates are summarized in Figure 9 for 
both contract types (Table B-2 in Appendix B shows detailed results). The figure decomposes 
pass-through into a direct system price effect estimated in Equation 1, a system price effect on 
payment that multiplies the direct system price effect by the estimated pass-through of system 
price to customer payments from Equation 2, and a direct customer payment effect estimated in 
Equation 2.16 

 
Figure 9. Value pass-through decomposition by contract type 

Overall, we find that expected bill savings are captured, while rebates are passed through. For 
prepaid contracts, an additional $1/W of expected bill savings in the first year is associated with 
a $0.91/W increase in the discounted customer payment. For PPAs, the result is a $2.48/W 
increase. Another way to interpret these results is from the perspective of an additional $1/W of 
expected bill savings over the duration of the contract, rather than just the first year. If we 
assume the retail rate for utility electricity increases at 5% per year and the contract lasts 20 
years, then an additional $1/W of expected bill savings over the life of the contract is associated 
with a $0.06/W increase in customer payment for prepaid contracts and $0.16/W increase in the 
discounted customer payment for PPAs. 

Another key difference in the expected bill savings results across contract types is the relative 
contributions of system prices and customer payments to total capture. In the case of prepaid 
contracts, most of the increase in customer payments associated with additional expected bill 
savings comes from capture of system prices. This is largely due to the roughly 80% capture rate 
of system price to customer payment for this type of contract. In the case of PPAs, most of the 
total increase in customer payment comes through the direct customer payment effect. This is the 
case even though the system price effect is large because of the relatively low capture rate of 
system price to customer payment. 

                                                 
16 Mathematically, the direct system price effect corresponds to estimates of 𝛼𝛼1,0 for prepaid contracts and 𝛼𝛼1,0 +
𝛼𝛼2,0 for PPAs, the system price pass-through effect corresponds to estimates of 𝛼𝛼1,0 ⋅ 𝛽𝛽3,0 for prepaid contracts and 
(𝛼𝛼1,0 + 𝛼𝛼2,0) ⋅ 𝛽𝛽3,0 for PPAs, and the direct customer payment effect corresponds to estimates of 𝛽𝛽1,0 for prepaid 
contracts and 𝛽𝛽1,0 + 𝛽𝛽2,0 for PPAs. 
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The estimated total pass-through rate for state and local rebates is greater for PPAs than for 
prepaid contracts (right column, bottom row in Figure 9). In total, a portion of state and local 
rebates is passed through, on average, to customers in the form of lower payments, though only 
the estimate for PPAs (-$0.47/W for an additional $1/W rebate) is statistically significant. 
Interestingly, the lower and non-significant result for prepaid contracts arises despite greater (in 
magnitude) direct customer payment effects (row 3) for prepaid contracts. The capture of rebates 
in the form of higher system prices, as well as the high pass-through rate of system prices to 
customer payments, reduce the total pass-through of rebates for prepaid systems. 

We can compare our results for rebate pass-through to the findings from Pless and van Benthem 
(2017). In contrast to our multi-equation model, the authors of that study directly estimate the 
total impact of rebates on customer payments, which corresponds to the right column, bottom 
row in Figure 9. They find pass-through over-shifting, suggesting customer payments declined 
by more than the rebate amount and more than observed in our results. One potential reason for 
the differences is that our data set is restricted to installations funded through the platform, while 
their data set is sampled from the entire universe of systems eligible for the California Solar 
Initiative. This excludes from our analysis large, vertically integrated installers that provide both 
installation services and financing. To the extent that those firms pursue different pricing 
strategies or operate under different market conditions (including the possibility of operating in 
different markets) than the firms in our data set, differences in results are to be expected. Another 
factor that might contribute to differences in results is the period under study, because their data 
set is based on installations from an earlier period (2010–2012) than ours (2012–2015). The 
residential PV market has been rapidly changing over the past decade, so differences could 
reflect changes in supply and demand conditions over time as firms exit and enter the market and 
the profiles of new customers change. 

5.2 Concentration Interactions 
Here we estimate the relationships between pass-through/capture rates and market concentration; 
the results are summarized in Table 2. The left panel contains the results using HHI based on all 
systems, while the right panel contains the results from using HHI based on only TPO systems. 
For the estimation, we standardize the HHI variable so that the estimated coefficient represents 
the effect of a one standard deviation change in HHI. 

For the all-systems HHI concentration measure, we find a limited impact of HHI on the 
estimated pass-through/capture rates—particularly for the customer payment equation, for which 
none of the HHI interaction terms have significant coefficients. For the system price equation, 
the expected bill savings and HHI interaction terms have insignificant coefficients. Pass-through 
of rebates to system prices decreases with HHI for prepaid contracts, but not for PPAs.  

Using the TPO-only HHI measure, we find similar results for the system price equation, but the 
customer payment equation yields key differences. First, the interaction between expected bill 
savings and HHI for PPA is positive and significant at the 10% level. Second, the effect of 
system price on customer payments declines with HHI for PPAs. Finally, the interaction term 
between HHI and the PPA indication suggests a positive relationship between customer 
payments and market concentration. Taken together, the results presented in Table 2 suggest it is 
important to consider concentration measures based on the TPO market specifically when 
assessing pricing and pass-through. 
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Table 2. Results from Model Specification with Market Concentration 

 All systems concentration TPO-only concentration 

 System price Customer 
payment System price Customer 

payment 
Savings 1.124*** 0.285*** 1.014*** 0.280*** 
 (0.403) (0.080) (0.338) (0.079) 
Savings × HHI -0.270 -0.028 -0.148 -0.024 
 (0.218) (0.066) (0.172) (0.047) 
Savings × PPA 1.354*** 1.429*** 1.414*** 1.047*** 
 (0.391) (0.203) (0.304) (0.239) 
Savings × PPA × HHI 0.173 0.006 0.090 0.184* 
 (0.218) (0.116) (0.161) (0.106) 
Rebate 0.832*** -0.811*** 0.876*** -0.717*** 
 (0.230) (0.203) (0.273) (0.186) 
Rebate × HHI -0.223** 0.188 -0.199* 0.134 
 (0.088) (0.133) (0.114) (0.095) 
Rebate × PPA -0.472** 0.243 -0.507** 0.071 
 (0.220) (0.226) (0.232) (0.252) 
Rebate × PPA × HHI 0.185** -0.158 0.207* -0.079 
 (0.083) (0.136) (0.109) (0.119) 
System price  0.780***  0.782*** 
  (0.038)  (0.034) 
System price × HHI  -0.009  -0.012 
  (0.017)  (0.015) 
System price × PPA  -0.433***  -0.271*** 
  (0.069)  (0.063) 
System price × PPA × HHI  0.006  -0.074*** 
  (0.027)  (0.028) 
PPA -0.719*** 2.398*** -0.673*** 1.620*** 
 (0.135) (0.289) (0.114) (0.284) 
HHI 0.046 0.023 0.005 0.027 
 (0.068) (0.067) (0.064) (0.054) 
PPA × HHI -0.002 -0.050 -0.023 0.250*** 
 (0.067) (0.096) (0.051) (0.097) 
Observations 16,078 16,078 16,078 16,078 
R2 0.595 0.897 0.595 0.899 
Adjusted R2 0.590 0.895 0.590 0.896 
Notes: Standard errors (in parentheses) are clustered at the county level. The symbols *, **, and *** 
denote statistical significance at the 10%, 5%, and 1% levels, respectively. All regressions include 
system characteristics (system size and its square, module PTC rates, and dummies for ground-
mounting, DC-optimized inverters, and premium panels), tract-level demographic controls 
(population density, owner-occupied housing density, median age, median income, percentage of 
population without a high school diploma, and percentage of population with a bachelor’s degree), 
and fixed effects for installers, financiers, counties, and quote months. The customer payment 
regressions also include contract variables (escalation rate, down payment, and term) interacted with 
the PPA indicator variable, and interactions between the fixed effects and the PPA indicator variable. 
 

5.3 Instrumental Variables 
The results presented so far assume that system price and customer payments are not determined 
simultaneously; to test that assumption, we estimate the model using an instrumental variables 
(IV) approach. The variables used to identify the impact of system price on customer payment 
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are the module and inverter indices, which are assumed to shift installer costs but not be 
correlated with the error term in the customer payment equation. The variables used to identify 
the impact of customer payment on system price are the contract variables. Because these 
variables either do not apply or exhibit no variation in the data set for prepaid contracts, we can 
only estimate this model on the PPA subset of the data. 

The results from estimating the IV model are summarized in Figure 10 (see Table B-3 in 
Appendix B for detailed results). The first-stage OLS estimation is presented in the left column, 
while the full IV model estimation is presented in the right column. The IV model is estimated 
using two-stage least squares. The precision of the estimates makes three-stage least squares 
estimation unnecessary. 

The first-stage OLS results reveal most of the estimates of interest to be statistically significant 
in both the system price and customer payment equations. An F-test for joint significance of the 
module and inverter price indices in the system price equation yields a test statistic of 44, 
suggesting that the IV used to identify the customer payment equation are relevant. The same test 
for the contract variables in the customer payment equation yields a test statistic of 955, 
suggesting that the IV used to identify the system price equation are relevant. Under our 
assumption that these variables are also exogenous, we proceed to the results of the full IV 
estimation. 

From the full model estimation, we observe differences between the estimates from our base 
specification. Most notably, we estimate a positive and significant effect of system price on 
customer payments: a $0.50/W increase in system price is associated with a $1/W increase in 
customer payment (Table B-3). This suggests that, at least for PPA systems, system pricing 
depends in part on the contract between customers and financiers. In addition, our estimate of the 
effect of system price on customer payments is much higher (and closer to the prepaid result): 
$0.64/W in the IV model versus $0.34/W in the base specification. 

The direct capture rates for expected bill savings are lower in both equations. For system prices, 
the capture rate is estimated to be $1.14/W (vs. $2.32/W in the base specification). For customer 
payments, the capture rate is estimated to be $0.95/W (vs. $1.68/W in the base specification). As 
illustrated for the base specification in Figure 9, we can combine these estimates to calculate the 
total average capture of expected bill savings. To calculate the total capture, we once again need 
to account for capture in both equations. Unlike in Figure 9, however, there is an additional 
effect to account for: the effects of system prices on customer payments. Therefore, total capture 
is calculated as $0.50 × ($1.14 + $0.64 × $0.95) + $0.95 = $1.98/W, which is about 20% less 
than the $2.48/W estimate from Figure 9 for the base specification. 

In contrast, the direct pass-through/capture estimates for rebates in the IV model are similar in 
magnitude and direction to the estimates from the base specification. For system prices, the 
capture rate is estimated to be $0.49/W (compared to $0.33/W in the base specification). For 
customer payments, the pass-through rate is estimated to be $-0.63/W (vs. $-0.42/W in the base 
specification). By combining the estimates, we calculate a total average pass-through of $0.50 × 
($0.49 - $0.64 × $0.63) - $0.63 = $-0.52/W, which is about 11% greater than the $-0.47/W 
estimate from Figure 9 for the base specification. 
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Figure 10. Results from the IV specification (PPAs only) 

Taken together, the IV model results suggest that the results on value pass-through may be 
biased under the assumptions we made for the base model. However, the IV and base estimates 
are not remarkably different. To the extent that systems sold as prepaid contracts exhibit similar 
behavior (or are more consistent with the base specification assumptions), the estimates from the 
base specification are still useful points of analysis.  
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6 Conclusion 
This report adds three new elements to the existing literature on PV markets. One, it estimates 
value pass-through across two separate links in the supply chain—system installation and 
financing—as opposed to combining them. Two, it separately estimates the degree of pass-
through for customer electricity bill savings and state and local rebates. And three, it estimates 
separate effects for different financing products: PPAs and prepaid contracts. 

Our analysis finds evidence that electricity bill savings are captured by installers and financiers, 
while rebates are passed through to PV adopters. Moreover, we document differences in the 
levels of pass-through for different contract types: total capture and pass-through to customer 
payments for electricity bill savings and rebates, respectively, is greater for PPAs than for 
prepaid contracts. We find some evidence that pass-through rates to customer payments for PPAs 
change with market concentration: installers capture more of the value of bill savings in more 
concentrated markets. 

These results yield two implications. First, the financial benefits of bill savings and up-front 
rebates accrue to installers and customers in different ways in TPO markets. Our results indicate 
that the value of bill savings mostly accrue to installers in the form of higher margins, while the 
value of rebates largely accrue to customers in the form of lower prices. Second, we find 
evidence that more competitive markets—meaning markets where customers have access to 
more quotes from more installers—curb the ability of installers to capture the value of bill 
savings and possibly force installers to pass the value of rebates through to customers. This result 
competitive PV markets result in higher value accrual to end-use PV customers and possibly in 
higher PV deployment. 

We derive these conclusions by analyzing multiple years of transactional data from a major 
customer finance firm in the U.S. residential market. Because the finance platform acts as a 
market intermediary, connecting both system installers and customers, we can understand 
interactions between the cost of system installation, the allocation of financial incentives, and the 
price offered to consumers. Importantly, the specificity of the data set allows us to control for 
mean unobserved temporal, locational, installer, and financier effects.  
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Appendix A. Internal Rate of Return Calculation 
To calculate IRR for each system in the data set, we first must specify the formula for NPV, set it 
equal to zero, and then solve for the discount rate with everything else in the formula treated as a 
parameter. Our NPV formula is the following: 

𝑁𝑁𝑁𝑁𝑁𝑁 = −𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠 + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 + ��
1
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⋅ (1 + 𝐸𝐸𝐸𝐸𝐸𝐸)𝑡𝑡−1 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒1 ⋅ (1 + 𝐷𝐷𝐷𝐷𝐷𝐷)𝑡𝑡−1 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑1
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1
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⋅ 𝑀𝑀𝑀𝑀𝑀𝑀 ⋅ 𝐵𝐵𝐵𝐵 ⋅ (1 − 0.5 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼) ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
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⋅ 𝑀𝑀𝑀𝑀𝑀𝑀 ⋅ 𝐷𝐷𝑅𝑅𝑡𝑡 ⋅ (1 − 𝐵𝐵𝐵𝐵)
7

𝑡𝑡=1

⋅ (1 − 0.5 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼) ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 

 
where 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is the amount that the financier pays the installer for the system; 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 includes 
full payment for system production in the case of a prepaid contract, or a down payment amount 
for PPAs and leases; 𝐸𝐸𝐸𝐸𝐸𝐸 represents the escalation rate of the PPA or lease price; 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒1 
represents the per-kWh power price in the first year of the contract; 𝐷𝐷𝐷𝐷𝐷𝐷 represents the 
degradation rate of system production (assumed to be 0.5% per year); 𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑1 denotes expected 
system production in the first year of the contract; 𝐼𝐼𝐼𝐼𝐼𝐼 reflects the investment tax credit, which 
is 30% of the system cost; 𝑀𝑀𝑀𝑀𝑀𝑀 denotes the marginal corporate tax rate (assumed here to be 
35%); 𝐵𝐵𝐵𝐵 represents the percentage of the depreciable basis eligible for bonus depreciation 
(50%); and 𝐷𝐷𝑅𝑅𝑡𝑡 represents the depreciation rate of the system 𝑡𝑡 years after the system is installed 
based on the Modified Accelerated Cost Recovery System (MACRS) schedule. 

A few notes on customer payments and depreciation are in order. First, for leases, the 
degradation rate does not apply, because customers pay a fixed monthly amount (subject to 
escalation) regardless of production level. Second, depreciation of the system applies to its 
depreciable basis. In this case, the depreciable basis is the cost of the system minus half of the 
ITC value (in other words, 85% of the cost of the system). Half of the depreciable basis can be 
depreciated in the first year through bonus depreciation. Over the next 5 years, the rest of the 
depreciable basis can be depreciated according to the MACRS schedule (20%, 32%, 19.2%, 
11.52%, 11.52%, and 5.76% in years 2 through 7, respectively). 

Finally, the major caveat underlying our IRR calculation is that it does not account for 
maintenance of the system, which, as owner, the financier is responsible for. As such, our IRR 
calculations likely represent an upper bound. 
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Appendix B. Detailed Regression Results 
The tables below provide detailed results in support of the result summaries in Section 5. Table 
B-1 and Table B-2 relate to Section 5.1. Table B-3 relates to Section 5.3. 

Table B-1. Results from Base Model Specification 
Units = 2015$/W 

 System price 
(1) 

Customer payment 
(2) 

Expected gross savings (2015$/W) 0.849*** 0.257*** 
 (0.225) (0.031) 
Expected gross savings × PPA (2015$/W) 1.467*** 1.425*** 
 (0.225) (0.090) 
Rebate (2015$/W) 0.494*** -0.614*** 
 (0.158) (0.097) 
Rebate × PPA (2015$/W) -0.188 0.043 
 (0.155) (0.122) 
System price (2015$/W)  0.768*** 
  (0.022) 
System price × PPA (2015$/W)  -0.425*** 
  (0.043) 
Inverter price index (2015$/W) 0.461***  
 (0.056)  
Module price index (2015$/W) -0.562**  
 (0.270)  
PPA -0.686*** 2.407*** 
 (0.085) (0.219) 
Escalator × PPA (%)  0.140*** 
  (0.005) 
Down payment × PPA (2015$/W)  0.00001 
  (0.00001) 
Term × PPA (years)  0.048*** 
  (0.006) 
System size (kW) -0.123*** -0.052*** 
 (0.034) (0.010) 
System size2 (kW2) 0.005** 0.002** 
 (0.002) (0.001) 
Ground mounted 0.209*** 0.074*** 
 (0.046) (0.025) 
Module PTC 0.003 -0.004*** 
 (0.002) (0.001) 
DC optimized inverter 0.165*** 0.069** 
 (0.052) (0.029) 
Premium module -0.174*** -0.008 
 (0.060) (0.022) 
Observations 16,078 16,078 
R2 0.595 0.899 
Adjusted R2 0.589 0.897 
Notes: Standard errors (in parentheses) are clustered at the county level. The symbols *, **, and *** 
denote statistical significance at the 10%, 5%, and 1% levels, respectively. All regressions include tract-
level demographic controls (population density, owner-occupied housing density, median age, median 
income, percentage of population without a high school diploma, and percentage of population with a 
bachelor’s degree) and fixed effects for installers, financiers, counties, and quote months. The customer 
payment regressions also include interactions between the fixed effects and the PPA indicator variable. 
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Table B-2. Value Pass-Through Decomposition by Contract Type 
Units = 2015$/W 

 Expected bill savings Rebates 

 Prepaid PPA Prepaid PPA 

System price effect 
0.849*** 2.316*** 0.494** 0.306*** 
(0.22) (0.12) (0.16) (0.09) 

System price pass-through effect 
0.652*** 0.794*** 0.379** 0.105*** 
(0.17) (0.08) (0.12) (0.03) 

Customer payment effect 
0.257*** 1.682*** -0.614*** -0.571*** 
(0.03) (0.07) (0.10) (0.08) 

Total 
0.908*** 2.476*** -0.235 -0.467*** 
(0.19) (0.10) (0.16) (0.09) 

Notes: Results are derived from the base model specification summarized in Table B-1. Standard 
errors (in parentheses) are clustered at the county level. The symbols *, **, and *** denote statistical 
significance at the 10%, 5%, and 1% levels, respectively. All regressions include tract-level 
demographic controls (population density, owner-occupied housing density, median age, median 
income, percentage of population without a high school diploma, and percentage of population with 
a bachelor’s degree) and fixed effects for installers, financiers, counties, and quote months. The 
customer payment regressions also include interactions between the fixed effects and the PPA 
indicator variable. 
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Table B-3. Results from the IV Specification (PPAs only) 
Units = 2015$/W 

 
First-stage OLS IV model 

 
System price Customer payment System price Customer payment 

     
Customer payment   0.504***  
   (0.0271)  
System price    0.640*** 
    (0.0619) 
Expected gross savings 2.466*** 2.520*** 1.137*** 0.948*** 
 (0.092) (0.100) (0.0953) (0.161) 
Rebate 0.328*** -0.419*** 0.491*** -0.631*** 
 (0.092) (0.075) (0.0923) (0.0638) 
Inverter price index 0.429*** 0.334*** 0.272***  
 (0.075) (0.032) (0.0465)  
Module price index -1.226*** -0.233 -1.074***  
 (0.446) (0.348) (0.237)  
Escalator 0.094*** 0.171***  0.111*** 
 (0.004) (0.004)  (0.00669) 
Down payment 0.0001*** 0.00004***  -0.00003*** 
 (0.00001) (0.00001)  (0.00001) 
Term 0.012 0.057***  0.0489*** 
 (0.010) (0.006)  (0.00312) 
     
Observations 12,801 12,801 12,801 12,801 
R2 0.615 0.830 0.707 0.841 
Adjusted R2 0.609 0.827   
Notes: Standard errors (in parentheses) are clustered at the county level. The symbols *, **, and *** 
denote statistical significance at the 10%, 5%, and 1% levels, respectively. All regressions include 
system characteristics (system size and its square, module PTC rates, and dummies for ground-
mounting, DC-optimized inverters, and premium panels), tract-level demographic controls (population 
density, owner-occupied housing density, median age, median income, percentage of population 
without a high school diploma, and percentage of population with a bachelor’s degree), and fixed effects 
for installers, financiers, counties, and quote months. The customer payment regressions also include 
contract variables (escalation rate, down payment, and term) interacted with the PPA indicator variable, 
and interactions between the fixed effects and the PPA indicator variable. 
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