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Abstract 

Financial Modeling of Consumer Discount Rate in Residential Solar 

Photovoltaic Purchasing Decisions 

 

Benjamin O’Gorman Sigrin, M.A., MPAff. 

The University of Texas at Austin, 2013 

 

Supervisor:  Varun Rai 

Co-Supervisor: Jay Zarnikau 

 

Diffusion of microgeneration technologies, particularly rooftop photovoltaic 

(PV), represents a key option in reducing emissions in the residential sector. This thesis 

uses a uniquely rich dataset from the burgeoning residential PV market in Texas to study 

the nature of the consumer’s decision-making process in the adoption of these 

technologies. Focusing on the financial metrics and the information decision makers use 

to base their decisions upon, I study how the leasing and buying models affect individual 

choices and, thereby, the adoption of capital-intensive energy technologies.  

Overall, the leasing model is found to more effectively address consumers’ 

informational requirements. Contrary to previous studies, buyers and lessees of PV are 

not found to substantially differ along socio-demographic variables, though they do differ 

significantly along cash availability, levels of environmental concern, and relative 

importance of financial aspects. Instead, the leasing model has opened up the residential 

PV market to a new, and potentially very large, consumer segment—those with a tight 

cash flow situation. 
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Chapter 1: Introduction 

1.1 INTRODUCTION 

Two questions prompted this work. First, what lessons can technology adoption in 

the residential solar photovoltaics (PV) market shed on the individual decision-making 

process? The scale of capital investment for PV is quite high—it is a relatively large 

investment compared to most other household expenditures. So, presumably, the choice 

to adopt PV would force individuals to consider the outlay (and therefore alternatives) 

more carefully than most other investment decisions (Jager 2006). Unpacking the 

decision process to adopt PV, then, might provide promising insights into the nature of 

the individual decision-making process. Second, what distinguishes those consumers who 

lease their system from a third-party as opposed to those that purchase it outright? As 

third party ownership has grown exponentially in recent years—representing 11% of new 

residential installations in California in 2009, but over 64% by 2012 (CSI 2013)—the 

trend is clearly towards leasing. Therefore, what does the addition of this business model 

portend for future market expansion? 

Understanding the nature of the decision-making process has important practical 

implications for the design of mechanisms that incentivize reduction of harmful 

emissions resulting from energy use. With 22.2% consumption of primary energy and 

21.4% of the total GHG emissions (EIA, 2010) the residential sector is one of the key 

targets for reducing both energy demand and GHG emissions. Among other strategies—

such as adoption of energy-efficient appliances and building design and construction—

diffusion of microgeneration technologies, particularly rooftop solar PV, represents a key 

option in meeting emission reduction targets in the residential sector (U.S. DOE 2012).  
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As different actors (policymakers, electricity utilities, program managers, 

conservation enthusiasts) have tried to design programs and incentives to spread the 

adoption of more efficient and environmentally friendly consumption and generation 

devices (Taylor 2008), the nature of the individual or household decision-making process 

has come to sharper focus (Allcott & Mullainathan 2010; Bollinger & Gillingham 2012; 

Dietz 2010; Jager 2006; Keirstead 2007;). In particular, a new wave of energy 

innovations targeted at residential households has begun to enter the market including 

electric vehicles, home energy management systems, and smart thermostats and meters. 

Therefore, the last few years of experience with residential PV provides an early and 

unique opportunity to refine knowledge of how individual decision-making impacts 

technology diffusion. 

Portions of the research in this thesis have previously been published (Rai and 

Sigrin 2012; Rai and Sigrin 2013). The legal copyright of both publications permits 

republication by a co-author. 

1.2 LITERATURE REVIEW 

Three lines of inquiry in the literature are particularly relevant to the work 

reported here. First, decision-making at the individual level: while the predominant 

neoclassical microeconomic theory is based upon the assumption of rational individual 

decision makers who are information prescient, there is recent and increasing evidence 

that the individual decision-making process and the information that feeds that process 

departs significantly from the neoclassical model (Camerer et al. 2004; Frederick et al. 

2002; Gintis 2000; Tietenberg 2009; Todd & Gigerenzer 2003; Wilson & Dowlatabadi 

2007). Second, empirical evidence of the use of higher discount rates for returns farther 

into the future i.e. the ‘energy efficiency gap’ (Gately 1980; Hausman 1979; Meier & 
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Whittier 1983; Ruderman et al. 1987). This literature suggests that consumers 

"irrationally" over-discount future returns and proposes the use of upfront capital 

subsidies as a way to overcome this barrier (Guidolin & Mortarino 2009; Hart 2010; 

Jager 2006; Johnson et al. 2012; Timilsina et al. 2011). Expectations of rapid 

technological change, information barriers, and other non-monetary costs are some 

factors that give rise to high discount rates (Hassett & Metcalf 1993; Howarth & Sanstad 

1995). Third, business models for accelerating the deployment of technologies by 

addressing market barriers (Margolis & Zuboy 2006; Sidiras & Koukios 2004) facing 

individual decision makers, and in particular the leasing (renting) model. Several 

researchers suggest that the option to lease (rent) a technology may also offer an effective 

means to address the discount rate problem (Coughlin & Cory 2009; Drury et al. 2011)—

as well as some of the information failures associated with new technologies (Faiers & 

Neame, 2006; Shih & Chou, 2011). 

1.2.1 Rational Actors: Net Present Value or Payback Period? 

The relevance of the decision-making process of individuals for energy use has 

been an area of intense discussions, especially over the last few decades (Allcott and 

Greenstone 2012; Dietz 2010; Hassett and Metcalfe 1993; Hausman 1979; Howarth and 

Sanstad 1995; Kempton and Montgomery 1982; Tversky and Kahneman 1974). 

Neoclassical economic theory assumes that consumers rationally use an intertemporal 

valuation of future costs and benefits during potential investment decisions. Accordingly, 

microeconomic theories of consumer behavior assume that, as rational actors, consumers 

seek to maximize their utility given budgetary constraints. Consumers are ‘rational’ in the 

sense that their consumption preferences are ordered, known, invariant, and consistent 

(Frederick et al. 2002). This, in effect, allows them to weigh trade-offs between present 
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and future consumption prospects using a (constant) discount rate (see discussion in 

Frederick et al. 2002 and Wilson & Dowlatabadi 2007). In contrast, the behavioral 

economics framework relaxes the assumption of the consumer as a strictly rational 

economic actor and emphasizes the importance of behavioral characteristics that drive 

human decision-making (Camerer et al. 2004). In marked departure from the neoclassical 

economic approach, tenets of behavioral economics include time inconsistency, loss 

aversion, bounded rationality, framing, and reference dependence (Wilson & 

Dowlatabadi, 2007, 173). In each of these cases, individual choices violate at least one 

axiom of utility-maximization and thus are normatively "irrational". 

Consumers likely exhibit bounded rationality when considering energy durable 

investments in that they lack sufficient ability or motivation to gather, acquire, and 

analyze enough product information to consider all consumption alternatives (Conlisk  

1996). For example it is known that people use a number of simplifying heuristics to 

process and filter the plethora of inputs for a purchase decision (Gigerenzer & Todd, 

1999; Simon 1990; Todd & Gigerenzer, 2003). In this context the cheaper energy-

guzzling appliance may have been “good enough” to preempt further information-

searching. To alleviate the problems arising due to bounded rationality, many studies 

highlight the importance of providing clear and trustworthy information concerning 

energy durable technical characteristics at the point of purchase as this reduces consumer 

information-searching and information-processing expenditures (Dietz et al. 2010, 4848). 

1.2.2 Discount Rates and the Energy Efficiency Gap 

Numerous studies (Gately 1980; Hausman 1979; Meier & Whittier 1983; 

Ruderman et al. 1987; Hassett & Metcalf 1993; Howarth & Sanstad 1995) indicate that 

consumers, in a display of “irrationality” in the neoclassical sense, employ unusually high 
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discount rates in valuing the life-cycle electricity savings of an energy-saving product. In 

his seminal paper Hausman (1979) employed a discrete choice model to examine the 

tradeoffs consumers make between capital costs and expected operating costs when 

purchasing a new air conditioner. He finds the consumer’s implicit discount rate to be 

significantly higher than market returns (as high as 89%), but to converge at higher 

incomes. Similar research corroborates this finding (Gately, 1980; Meier & Whittier, 

1983 Ruderman et al, 1987). Despite the considerable lifetime savings associated with 

adopting an energy-efficient appliance, individuals inevitably behave in a manner which 

implies a much higher discount rate than can otherwise be explained in terms of the 

opportunity cost of funds available through regular credit channels (Hausman, 1979, 

p.51). This phenomenon is commonly referred to as the ‘Energy Efficiency Gap’ 

(Gillingham & Parmer 2013). 

Existence of the energy efficiency gap suggests an important role for the financial 

structuring of energy durable investments, such as front-loading expected appliance 

savings in the form of instant rebates, reducing initial down payment, or offering 

attractive loan rates (Coughlin & Cory 2009; Drury et al. 2011; Hart 2010; Taylor 2008). 

These insights are at the heart of the federal, state, and local incentives for PV, all of 

which in effect try to reduce the upfront capital cost to the adopters of PV. 

Considerable disagreement exists in terms of the cause of the ‘Energy Efficiency 

Gap’ and whether, in fact, considerably high implicit discount rates actually constitute 

irrational behavior. Gillingham and Palmer (2013) in a review of literature suggest that 

previous studies may have overestimated potential savings by failing to recognize all real 

and information-search costs. That is, net benefits from technology adoption may be 

smaller than researchers estimate (Metcalf and Hassett 1999; Smith and Moore 2010). 

Heterogeneity among consumers’ preferences, their uses of the product, and their cost of 



 6 

borrowing could all explain slower than expected diffusion of energy-saving technologies 

(Allcott and Greenstone 2012; Gillingham and Palmer 2013; Golove and Eto 1996). 

Moreover, large discount rates can be justified on the grounds that investments in energy-

saving technologies pose substantial risks since they both require large, irreversible 

expenditures and their value is predicated on uncertain and possibly volatile energy prices  

(Anderson and Newell 2004; Hassett and Metcalf 1993; Metcalf 1994). Some argue 

instead that risk exposure (and thus rationale for high discount rates) is substantially 

reduced with the availability of multiple technology options (Baker 2012; Sanstad et al. 

1995).  

1.2.3 Business Models: Buy or Lease? 

As the discussion above suggests, capital cost and informational requirements of a 

technology profoundly impact technology diffusion. Any effective policy must 

successfully address both these barriers for accelerating technology diffusion. In this 

context, business models can be leveraged to address both cost and informational barriers 

at the same time. In particular, the leasing business model, whereby ownership and use of 

a technology are separated, is potentially such a dual-solution business model (Mont 

2004). Within such a model, lessors offer a mix of products and services whereby the 

services provided (externalizing risk, providing product information, simplifying 

purchase execution) adds value to the consumer’s proposition by simplifying the 

adoption decision process.  

Perceived uncertainty and non-monetary costs (UNMCs) are key to understanding 

why innovative business models are so important for the diffusion of technologies 

(Rogers 2003). In the context of PV, the “value of PV” is a characteristic of the 

individual adopter and includes not only the monetary cost of the technology (equipment 
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and installation costs) but also non-monetary costs such as information search costs, 

uncertainty about the future performance, operations and maintenance requirements, and 

perceptions of quality, sacrifice, and opportunity cost (Faiers & Neame 2006; Zeimthaml, 

1988). What is important is the perceived level of cost, not the actual cost. A lack of 

information or of prior experience with the technology—both perceived non-monetary 

costs, reduce consumer value. By implication, monetary price of the technology is not the 

sole determinant of consumer value—and the effectiveness of capital-rebate policies will 

be moderated by the presence of perceived non-monetary costs.  

Ownership of a PV system is an experience good in that the full value of the 

investment can only be evaluated after the purchase has been made. That is, consumer-

specific information about non-monetary costs such as system performance and actual 

savings are recognized only after the investment has been completed (Nelson 1970). 

Consider that the leasing model transforms the nature of the PV investment from an 

experience good to a search good in that the cost and performance of the system are 

known before the purchase. In the leasing model non-monetary costs are borne by the 

solar company and system performance and maintenance are guaranteed throughout the 

term of the lease (usually 15 to 20 years). In exchange for internalizing these risks (Shih 

and Chou 2011), risks are passed along to the leasing consumers through appropriately-

adjusted prices. 

In an analysis of the emergence of third-party ownership (leasing) in the 

Californian residential solar market, Drury et al. (2011) find that third-party ownership is 

more likely to attract younger, less-affluent, and less-educated populations than those 

purchasing PV systems. However their study does not examine the influence of 

behavioral or contextual variables and, unlike the present study, does not have access to 

individual survey data.  



 8 

1.3 STRUCTURE OF THESIS 

The remainder of this thesis follows the following structure. Chapter 2 presents 

data used within the analysis, with particular attention to the differences between PV 

buyers and leasers. Chapter 3 uses a discounted cash flow model to understand the 

economics of PV decision-making, and, ultimately to determine individual discount rates. 

Last, Chapter 4 gives a conclusion of results. 
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Chapter 2: Data 

 This chapter describes the data sources used throughout this thesis as well as a 

descriptive and basic inferential analysis to give context. Two data sets are used. First, a 

survey of PV adopters in Texas conducted in 2011 – 2012 regarding their motivations for 

adopting solar (SolarPV survey or survey). Second, solar program data for these same PV 

adopters obtained from electric utilities that administer rebate programs for residential 

PV (program data). The solar program data contains several technical and system 

specifications that compliment data obtained in the SolarPV survey. 

2.1 SOLAR PV SURVEY 

A survey of Texas residents who have adopted a solar photovoltaic (PV) system 

for their residence was conducted in 2011 - 2012 by Dr. Varun Rai of the University of 

Texas at Austin (Rai & McAndrews 2012). The survey sought to study the experience in 

selecting and installing a solar PV system by those who have installed PV at their homes. 

Survey questions that are relevant to this study include: (i) description of the system and 

when it began operating; (ii) whether it was bought or leased; (iii) importance of various 

factors in the decision to install PV and whether to buy or lease; (iv) research and 

information-gathering prior to adoption; (v) assessments of the financial attractiveness of 

the investment, metrics used to assess attractiveness, and assessment of the additional 

value the respondent would have paid for their system; (vi) degree of the respondent’s 

environmental concern; and (vii) socio-demographic factors including age, level of 

education, household income, and home value.  

The survey was administered electronically (online) in two tranches during 

August - November 2011 and October – November 2012. All respondents resided in 

Texas (figure 1) in areas of the ERCOT ISO with retail market choice. Respondents are 
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primarily clustered within the Dallas/Fort Worth metro area, particularly leasers, but are 

found throughout the state. The total number of complete responses received was 355; 

242 from the first round and 113 from the second. The second survey round was 

conducted to increase sample size and mostly contains the same set of questions. Unless 

otherwise noted, the following analysis uses both rounds and only with identically-

worded questions. A thorough summary of the overall findings from the first survey 

round can be found in Rai and McAndrews (2012); analysis of the findings from the 

second survey round is forthcoming in Rai (2013). 

 

 

Figure 1: Spatial distribution of Solar PV respondents 
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2.1.1 System Details 

Of the 355 respondents surveyed, 234 (68%) bought their system outright and 108 

(32%) leased their system from a 3
rd

 party. Leasing has only recently emerged in Texas 

as a viable model (figure 2) for PV ownership, though buying is currently the more 

popular method of ownership. Reflecting the leasing model’s recent emergence, only 

42.8% of adopters (n = 152) reported having had the option or awareness of both 

ownership models available to them when making their adoption decision. However 

when adopters did have the option available, they were evenly split in choosing to lease 

(48.7%) or buy (51.3%). For adopters who did not have the option to either buy or lease 

(n = 203) 83.2% bought their system and 16.8% leased.  

 

Figure 2: Installation count along year of installation and ownership type1 

The mean reported system size was 6.59 kW with an interquartile range of 4.6 kW 

to 8.48kW. An independent-samples t-test was conducted to compare reported system 

size between buyers and leasers and there was no significant difference in the reported 

                                                 
1 Note that the second survey was administered in mid-2012, which is why there are fewer installations 

reported for that year 

0

10

20

30

40

50

60

70

80

90

100

C
o
u

n
t 

Bought

Leased



 12 

system size for buyers (M = 6.56, SD = 2.06) and leasers (M = 6.63, SD = 3.65); t(310) = 

0.21, p = 0.83. 

2.1.2 Demographics 

Respondents reported socio-demographic information including their age, gender, 

highest level of education achieved within their household, household income, and home 

value. Socio-demographics have long been known to be correlated with consumer 

innovativeness and adopter status (Rogers 2003). Other research (Drury et al. 2011) has 

noted significance in correlation in socio-demographics between leasing and buying PV 

adopters in California, though only at the zip code level with leasers being younger, 

poorer, and less-educated than buyers. Within this framework, the leasing model is 

presumed to be more attractive to these demographics because of its low upfront costs 

and low risk exposure.  

Independent-sample t-tests were conducted to compare differences in mean 

reported age (AGE), educational achievement (EDU), annual household income 

(INCOME), assessed home value (HV), and the expected number of years of remaining 

residence (EXPYRS) between buyers and leasers (table 1). All variables were 

insignificant except household income, where buyers had a higher mean income of about 

$20,000 per year. The relevance of this significance is diminished in light of the fact that 

both groups have substantially higher income than the average Texas household (Census 

2013).  

EDU, INCOME, and EXPYRS variables were originally coded as ordinal, 

categorical variables2. For INCOME and EXPYRS, which were reported as interval data, 

                                                 
2 Education categories were: ‘High School, Some College, College, and Post-Graduate’; Income categories 

were: ‘Under $40,000; $40,000 – 59,999; $60,000 - $84,999; $85,000 - $114,999; $115,000 - $149,999; 

$150,000 - $249,999; Over $250,000’. Expected Years categories were ‘Less than 5 years’, ‘5 to 9 years’, 

‘10 to 14 years’, ’15 to 20 years’, and ‘More than 20 years’. 
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the midpoint between each interval was coded as a continuous variable. EDU was coded 

as the number of years of instruction post-high school. Home values were reported using 

assessed value and year of appraisal with assessed (nominal) values converted to real 

values using the S&P Case-Shiller Home Price Index (S & P 2013).  

Table 1: Comparison of demographic factors between buyers and leasers. 

Ha: μbuy ≥ μlease 

Unequal Var. Assumed 

Buy 

Mean 

Lease  

Mean 
t df 

p-value 

2-tailed 

95% CI of Difference 

Lower Upper 

AGE (yrs) 54.2 55.4 -0.80 173.0 0.427 -3.9 1.6 

EDU (yrs) 17.4 17.2 0.77 181.2 0.440 -0.4 0.9 

INCOME ($1000) 136.9 117.0 2.65 226.4 0.009** 5.1 34.8 

HV ($100,000) 3.4 2.7 1.29 135.8 0.199 -37.9 180.6 

EXPYRS (yrs) 15.7 15.7 0.03 208.7 0.975 -1.1 1.1 

Therefore, contrasting with Drury et al. (2011), very little association, aside from 

income, can be found in the early Texas PV market between socio-demographics and 

preference for buying or leasing. This topic is explored more thoroughly in Chapter 3, 

however, it is significant to note that both buyer and leaser sub-populations are 

significantly wealthier and more educated than the average Texas household (Census 

2013).  

2.1.3 Factors Influencing PV Adoption Decision 

 Respondents were asked to rank the importance of various factors in their final 

decision to install a PV system. These responses were recorded using a 5-part Likert-type 

question with the following responses: ‘Not important at all; Somewhat important; 

Moderately important; Very important; Extremely important’. Because the perceived 

distance between Likert-type responses is unique to each respondent, it is difficult to 

conclusively state differences in the central tendency for this type of data. Therefore, a 

Chi-squared test of independence is reported, followed by converting each response to a 

numerical response of 1 to 5 respectively (table 2) to complete parametric analysis. 
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 A Chi-Squared test of independence was conducted on the distribution of buyers’ 

and leasers’ responses to the above five factors (table 2). This test determines if buyers 

and leasers responses have the same distribution of responses. A significant difference 

was found in the distribution of responses to ‘general interest in energy and electricity 

issues’ χ
2
 (df = 4, n = 346) = 9.61, p = 0.048), whereby the most common response from 

buyers was ‘extremely important’ and for leasers was ‘very important’. No other 

distributions were significantly different between the two groups on the ‘importance of 

factors’ question.  

Table 2: Importance of factors for PV adoption decision 

 Energy and 

electricity issues 

Good financial 

investment 

Reducing impact 

on environment 

 Buy Lease Buy Lease Buy Lease 

Not Important 4.6% 4.7% 3.8% 1.9% 8.1% 6.5% 

Somewhat Important 7.5% 5.6% 4.6% 4.7% 14.8% 11.2% 

Moderately Important 13.8% 14.0% 16.5% 9.3% 18.2% 16.8% 

Very Important 33.5% 49.5% 34.6% 33.6% 21.6% 25.2% 

Extremely Important 40.6% 26.2% 40.5% 50.5% 37.3% 40.2% 

 

 Influence of  

neighbors 

Influence of non- 

neighbors 

 Buy Lease Buy Lease 

Not Important 78.6% 82.1% 75.5% 83.8% 

Somewhat Important 8.4% 8.5% 5.5% 2.9% 

Moderately Important 6.3% 4.7% 8.4% 7.6% 

Very Important 5.0% 3.8% 6.8% 2.9% 

Extremely Important 1.7% 0.9% 3.8% 2.9% 

 

Next, responses were converted to a numerical response of 1 to 5 corresponding 

to strength of agreement in order to compare the central tendencies of buyers’ and 
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leasers’ responses. Both groups reported PV being a ‘good financial investment’ as the 

most important factor in their decision (Buyers = 4.03, Leasers = 4.26), followed by their 

interest in energy and electricity generation (B = 3.98, L = 3.87) and reducing their 

impact on the environment (B = 3.65, L = 3.81). Influence of neighbors (B = 1.43, L = 

1.33) and non-neighbors (B = 1.58, L = 1.38) was reported to have a small impact on 

adoption decision, which was expected because the diffusion levels of PV in the 

considered areas is very low. 

2.1.4 Factors Influencing Buy or Lease Decision 

Respondents were asked to rate how strongly they agreed with statements that 

reveal motivations for having chosen to either buy or lease (figure 3). The source of this 

analysis is the first round of the SolarPV survey where there are 242 respondents, 164 of 

which are buyers and 73 leasers. 

 

Figure 3: Reported importance of factors when adopting PV for leasers 

0

5

10

15

20

25

30

35

40

45

50

Strongly
agree

Agree Neither
agree nor
disagree

Disagree Strongly
disagree

C
o

u
n

t 

Overall leasing seemed
easier than buying

I did not have the funds on
hand to buy a PV system

It was more financially
attractive to lease than
buy

Contractors/Installers
provided better deals on
leased systems

Most others in my
neighborhood had leased
their PV system



 16 

Leasers agreed very strongly with the statements (figure 3) that “It was more 

financially attractive to lease” (4.41 ± 1.01)3 and “Overall leasing seemed easier than 

buying (4.35 ± 0.91). They also agreed that contractors provided better deals on leased 

systems (4.01 ± 1.12), but weakly agreed that they had enough funds on hand to buy a 

system (3.73 ± 1.46). Lastly, they largely disagreed that there were more leased systems 

in their neighborhood (2.31 ± 0.97). 

Clearly, financial aspects play an important role in the leaser’s decision. However, 

it is particularly striking to consider that reported annual incomes are quite high 

($108k/yr. ± 33) among leasers who agreed that they did not have funds available to buy 

a system. Incomes are similarly high ($98k/yr. ± 49) for those who strongly agreed that 

they did not have funds available to buy. Predictably, there is a difference in income 

between those who agree or strongly agree that they did not have available funds 

($101k/yr. ± 44), and those who disagreed or strongly disagreed with the same statement 

(137 ± 75), but the difference is not drastic. Therefore, while income itself is a factor, 

spare income seems to be a more important factor. 

                                                 
3 Reported statistic is mean  ± standard deviation. Responses are coded as 1 = Strongly Disagree … 5 = 

Strongly Agree 
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Figure 4: Reported importance of factors when adopting PV for buyers 
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2.1.5 Miscellaneous 

Remaining Years of Residence - Presumably, a reason that a PV adopter might 

choose to lease, rather than buy, would be uncertainty in the number of years they intend 

to remain at their residence. However using a Pearson Chi-square test of independence, 

no relationship was found between the number of years expected to remain at the current 

residence and ownership status (table 3),  χ
2
 ( df = 4, N = 345) = 4.74, p = 0.31. 

Table 3: Adopter expected residence length 

 Bought Leased 

Less than 5 years 2.9% 4.7% 

5 to 9 years 13.0% 10.3% 

10 to 14 years 20.2% 18.7% 

15 to 20 years 20.6% 29.9% 

More than 20 years 43.3% 36.4% 

 

Research Time – An innate attraction of leasing is the simplicity of the ownership 

proposition. This premise is tested by asking respondents how much research they 

conducted prior to deciding to install PV, where leasers are expected to have conducted 

less research. Using a Pearson Chi-square test of independence, a significant relationship 

was found the between the reported amount of time spent researching and ownership 

status (table 4), χ
2
 (df = 4, N = 346) = 19.84, p < 0.001. A majority (51%) of buyers 

reported they spent a ‘large’ or ‘very large’ amount of time researching PV, whereas only 

36% of leasers reported the same amount of time researching PV. Conversely, 25.2% of 

leasers reported spending a ‘small’ or ‘negligible’ amount of time researching, whereas 

10.0% of buyers reported the same amount of time researching. 
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Table 4: Adopter research time 

 Bought Leased 

Negligible 0.8% 6.5% 

Small 9.2% 18.7% 

Moderate 38.9% 38.3% 

Large 33.1% 28.0% 

Very large 18.0% 8.4% 

Environmental Concern - Respondents were asked three Likert-type questions 

which assessed their level of environmental concern on a categorical response scale4. 

These questions are used to assess how concern for environmental factors, rather than 

financial factors, might differ between buyers and leasers. Responses were converted to a 

numeric response of 1 to 5, with 1 representing the lowest level of concern, and 5 the 

highest, and then summed to form an environmental concern index score. Respondents 

were excluded if they did not provide a response to all three questions.  An independent-

samples t-test was conducted to compare environmental concern index scores between 

buyers and leasers. There was an insignificant difference in the environmental index 

score (out of 15) for buyers (M = 8.52, SD = 6.43) and leasers (M = 8.93, SD = 5.63); 

t(176) = -1.24, p = 0.21. However, there was strong evidence of a relationship between 

the level of neighborhood environmental concern for buyers and leasers, with buyers 

reporting less environmental concern in their neighborhood. 

2.2 UTILITY REBATE APPLICATIONS 

To supplement data gathered through the SolarPV survey, respondents were 

matched with solar program data for these same PV adopters obtained from electric 

utilities that administer rebate programs for residential PV. Many electric utilities provide 

                                                 
4 Questions were: (i) How concerned were you about environmental issues before the installation of your 

PV system; (ii) How willing are you to pay higher prices to protect the environment; (iii)  How would you 

describe the level of concern for environmental issues in your neighborhood. 
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installation incentives, typically, on a $/W basis to incentivize deployment of renewable 

and/or distributed generation. Within the administration of such programs, basic details 

about the installed system are collected to ensure that the installed system meets a 

baseline cost and performance standard. In total, 282 of the survey respondents were 

matched with program data based on their names and other identifying information. 

Respondents span the Oncor, AEP, Entergy, TNMP, SWEPCO utilities, all of which 

provide coverage within the ERCOT grid and provide retail market choice5.  

The program data provides several detailed data points that can either corroborate 

data collected in the survey or add a new dimension of analysis. These include: (i) 

installed cost of the system, (ii) price and structure of lease payments if the system was 

leased, (iii) capacity of the system, (iv) amount of rebates disbursed, (v) estimated annual 

household electricity consumption from the prior year, (vi) retail electricity provider 

(REP), electric plan, and marginal cost of electric consumption just prior to PV 

installation and (viii) estimated annual electricity generated by the system based on 

orientation, derating factor, and geography.  

2.2.1 Analysis 

An independent-samples Student’s t-test was conducted with a 95% confidence 

level to determine differences in mean responses between buy and lease ownership status 

along the following factors: (i) Installed system capacity (DC-kW); (ii) Installed cost of 

system ($/W); (iii) Estimated annual household electricity consumption (kWh/yr.); (iv) 

Estimated annual system generation (kWh/yr./kW); and (v) Average electricity rate (table 

5). Results from the significance test demonstrate a significant difference between buyers 

                                                 
5 The author erroneously assumes that consumers from the Energy and SWEPCO utilities in the sample 

face market retail choice, when they are actually regulated utilities. However, since consumers in these 

utilities comprise less than 4% of the overall sample, the error will be quite small. 
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and leasers in the expected annual generation (p = 0.011), and the installed cost on an 

absolute scale (p < 0.001) and capacity scale ($/W) (p < 0.001). 

Table 5: Independent-sample Student’s t-test on system details 

Ha: μbuy ≥ μlease 

Unequal Var. Assumed 

Buy 

Mean 

Lease 

Mean 
t df 

p-value 

2-tailed 

95% CI of Difference 

Lower Upper 

        

DC Size (kW) 6.25 6.56 -1.1 247 0.291 -0.9 0.3 

Generation (kWh/yr./kW) 1,300 1,269 2.6 208 0.011*** 7.3 54.7 

Installed Cost ($) 35,814 52,565 -7.7 172 0.000*** -21,036 -12,466 

Installed Cost ($/W) 5.92 8.00 -13.3 227 0.000*** -2.4 -1.8 

Consumption (kWh/yr.) 20,961 20,329 0.5 180 0.651 -2120.8 3383.8 

Electricity Rate ($/kWh) 0.135 0.126 1.5 236 0.139 -0.003 0.022 

Expected generation for bought systems is significantly higher than leased 

systems. This phenomenon is explained through two mechanisms: (i) leasing companies 

must guarantee the performance of the system, which encourages conservative 

projections. Conversely, installers who sell “bought” systems have an incentive to over-

quote potential generation to their customers in order to increase its attractiveness. (ii) 

Leased systems are tightly distributed geographically (figure 1), which could have less 

solar incidence on average than the rest of the state. The significantly higher installed 

costs for leased systems will be explored in further detail in Chapter 3. 

2.2.2 Retail Electricity Provider 

Details of respondents’ costs of electricity and REP selection significantly 

differed from state-wide averages in two ways.  First, respondents' pay slightly higher 

average electricity rates; Second, a difference in the distribution of Retail Electricity 

Providers (REP) from state-wide market share, skewed towards ‘green’ electricity 
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providers. The average retail Texas electricity prices in 2012 was 11.03¢/kWh (EIA 

2012a); in contrast, the average retail price reported in the program was substantially 

higher—13.2¢/kWh. This difference is potentially explained by a greater willingness-to-

pay for renewable-sourced electricity, which is corroborated by the high frequency of 

‘green’ REPs. No significant association was found between the distribution of REP 

selection and ownership status; χ
2
 (22, N = 203) = 22.2, p = 0.44. 

2.3 SUMMARY 

Literature suggests that strong differences should be observed in buyers and 

leasers of a novel technology owing to differences in technology cost and risk. Within the 

data sets analyzed, an insignificant difference was found in terms of age, home value, and 

education achievement, although buyers are found to earn approximately $20,000 more 

per year. It should also be noted that both groups are substantially more educated and 

wealthier than the average Texas household (Census 2013), which is an established 

empirical finding of the diffusion of innovations literature (Rogers 2003).  

In addition, both groups display a strong concern for environmental issues. 

Moreover, both groups pay substantially more for retail electricity (13.2¢/kWh) than the 

average Texas household (11.03¢/kWh), which could indicate greater subscription levels 

to costly renewable-sourced rate plans. 

While few socio-demographic differences were found between buyers and leasers, 

there are key differences in the mechanics of how buyers and leasers approach the PV 

decision. Buyers, for example, spent significantly more time researching PV technology 

before committing to adoption. Buyers were also more likely to agree or strongly agree 

that energy and electricity issues were important to their decision, as well as the impact of 

neighbors and non-neighbor acquaintances. In contrast, leasers were likely to not have 
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available cash on hand to purchase a PV system, despite having similarly high income as 

buyers, which indicates they experience a higher cash shortage. Leasers were also more 

concerned with the financial attractiveness of their investment and more likely to agree 

that reducing their impact on the environment was an important factor in their decision. 
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Chapter 3: Economics of Decision-Making 

3.1 INTRODUCTION 

This chapter explores financial and informational elements of consumer decision-

making relating to the decision to adopt a residential PV system, particularly, whether to 

buy or lease. The analysis uses a novel data set with highly detailed parameters at the 

individual household level to produce a discounted cash flow model of the expected cost 

and revenues associated with that individual’s investment. The financial model is then 

employed to evaluate (i) costs of ownership associated with the investment, (ii) financial 

attractiveness of the investment—which are compared to the consumer’s own assessment 

of the same metric; and (iii) implicit discount rates at the individual level. Finally, a 

sensitivity analysis for the model is conducted. 

3.2 DATA AND METHODOLOGY 

The basic strategy is to compare the financial metrics that PV adopters report as 

having used to evaluate their investment decision (NPV, Payback Period) with an 

"objective" calculation of those same metrics. Actual metrics used by PV adopters in 

their decision and other related financial and behavioral aspects of their decision-making 

process were obtained through the SolarPV survey (Chapter 2). To enable a comparison, 

a discounted cash flow (DCF) model was built to calculate the lifecycle expected costs 

and revenues associated with ownership of a residential PV system for the buying and 

leasing business models (Kollins et al. 2010; NREL 2009;). Two factors make this model 

unique. First, the uniquely comprehensive dataset, created through the combination of the 

SolarPV survey and Program Data which allows detailed cost and revenue calculations 

for each respondent (decision-maker). Second, the model includes highly-resolved 

estimates of household-level electricity consumption, electricity rates, and PV-based 
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electricity generation, including time-of-day and monthly variations. The temporal 

resolution is at the hourly level, aggregated for all days of a month; that is, the modeled 

hour represents that hour for all days in that specific month. 

3.2.1 Calculation of Financial Metrics: DCF Model 

For each PV adopter in the dataset a series of monthly expected costs      and 

revenues      are calculated spanning the lifetime of the PV system, where k is the 

number of months since the PV system was installed. For leasers the system life is the 

length of the lease contract (typically 15 years) and for buyers it is 20 to 25 years, which 

is the standard length of warranty coverage on the PV modules. Therefore, monthly cash 

flows       in month k of the investment are: 

      

                                   (1) 

  

These cash flows are then used to calculate a number of standard financial metrics 

for each household's investment, including NPV (assuming a 10% annual discount rate), 

NPV per DC-kW, and payback period. Finally, a measure of the individual’s implicit 

NPV is used to estimate each individual’s unique implicit discount rate.  

To calculate costs and revenues, let      be the electrical consumption and      be 

the system’s generation in hour   (1 – 24), month   of the year (1 – 12), and   be the 

number of months since the system was installed. Note that since           , j is a 

redundant variable but it is preserved to emphasize inter-monthly variation. System 

generation is adjusted by a monthly system loss factor  : 

                         (2) 
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Furthermore,   is a function that calculates electricity costs such that            is 

the business-as-usual (BAU) electric bill prorated for period     and                 is 

the PV electric bill for the same period. The electricity bill function is numerically 

calculated based on the individual's rate plan and electricity tariffs are escalated by an 

annual growth rate, which is a parameter in the model. 

Therefore, revenue associated with system ownership in month   after system 

installation is: 

   ∑    (    )                

  

   

  

 (3) 

Costs      have three monthly components: (a) system payments (        
 —

either lease payments or loan payments when financed and a down payment as 

appropriate, (b) operations and maintenance costs (     
 , and (c) cost of inverter 

replacement           
  where: 

            
       

             

.          (4) 

3.2.1.1 Buyers’ Costs 

For buyers, system payments comprise of the system down payment in the first 

period and any loan payments if the system is financed. The net system cost is calculated 

as the total installed cost less the utility rebate reported in the program data. Last, 30% of 

the remaining balance is subtracted to account for Federal Tax Credits (FTC). Buyers, but 

not leasers, are required to make periodic operation and maintenance-related (O&M) 

expenses which vary from 0%/year to 0.75%/year of the system’s installed cost, 

depending on the scenario, and are expensed equally each month. Inverters comprise a 

substantial portion of a system’s installed cost and are assumed to require replacement 
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after 15 years of use. Thus, buyers pay 70¢ to 95¢ per DC-Watt in real terms in the 

fifteenth year of ownership to represent this cost. In Section 3.2.3 these parameters are 

systematically varied using a set of scenarios. 

3.2.1.2 Leasers’ Costs 

As defined by their contractual agreement, solar leasers are not obligated to pay 

O&M or inverter replacement costs. Therefore, the only costs of ownership they incur are 

either monthly lease payments that escalate by 2.5% a year, or, as in the case of the 

majority of leases, a single payment incurred in the first period known as a pre-paid 

lease. Within the sample, 66% of leasers paid for their lease entirely through a ‘pre-paid’ 

down payment, 28% through only monthly payments, and 6% through a combination of 

monthly payments and a down payment. For all 108 leased systems in the dataset the 

actual lease payments being made by the leasers are used. 

3.2.2 Data 

This analysis uses the two household-level datasets described in Chapter 2: (i) a 

survey of residents who have already adopted PV (SolarPV survey) and (ii) solar program 

data for these same PV adopters from residential PV rebate programs (Program Data). 

The total number of complete survey responses received was 355. Of these, 

complementary program data was obtained for 281 respondents. Accordingly, unless 

otherwise noted, all the results reported in this chapter use the full data for the 281 

(matched) PV adopters in Texas who installed their systems from 2007-2012.  

3.2.2.1 Electricity Consumption Profiles  

Given the seasonal and hourly variations of both solar generation and electric rate 

structure, household electric consumption is modeled to include both hourly and monthly 

factors. Ideally, this model would include the actual time-series of historic consumption 
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patterns for each respondent to project their future consumption. Ultimately, this proved 

infeasible because of the lack of data at that level of resolution. 

Therefore, the best available indication of each respondent’s electricity use was 

their electricity consumption in kilowatt-hours (kWh) in the year previous to their 

adoption as provided in the program data. The challenge, however, is to disaggregate 

annual consumption into hourly intervals of consumption. Given these constraints,  each 

respondent’s intraday pattern of electrical consumption is modeled to follow profiles 

released by the Electricity Reliability Council of Texas (ERCOT) representing average 

residential household consumption patterns in north-central Texas in 2010 (ERCOT, 

2010). The ERCOT profiles recognize two types of residential households as defined by 

the ratio of their peak summer to peak winter consumption. These profiles Low Winter 

Ratio (LoWR) and High Winter Ratio (HiWR) correspond, respectively, to households 

using either natural gas or electricity as a winter heat fuel source (figure 5). Based on 

information from the consumer’s electricity bill each consumer is assigned either a low or 

high winter ratio consumption profile; where no information was present, a HiWR was 

assumed. 
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Figure 5: ERCOT monthly household consumption profiles (north-central region) 

Furthermore, profiles of electricity consumption are assumed to be invariant over 

the lifetime of the PV system and that each consumer follows the same pattern of 

consumption. However, while all consumers possess the same pattern of consumption, 

each consumer’s profile is scaled by their actual annual electricity consumption over the 

past year. Lastly, whereas the ERCOT data is formatted in 15-minute intervals, the 

profiles are aggregated into an hour-month scale where all consumption within a given 

month is expressed as a 24-value vector corresponding to each hour of the day (figure 6).  
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Figure 6: Stylized monthly consumption (ERCOT), generation (PVWATTS), and net 

consumption profiles 

Obviously, this is not a robust assumption, per se, since household-level patterns 

of consumption that differ from the average consumption patterns or that evolve over 

time are ignored. But, since the goal is to compare the objective and reported financial 

metrics—as opposed to evaluating the impact of the absolute amount of electricity 

consumed, this is a robust enough assumption for the purposes of the analysis. 

3.2.2.2 PV Generation Profiles 

Calculating profiles for the electricity generated by the photovoltaic system 

(figure 6) presents a similar challenge to disaggregating electric consumption because 

hourly generation profiles depend on geography and system orientation characteristics 

unique to each respondent. The orientation of the system, in particular, is an important 

variable in such calculations since it determines the magnitude and shape of the 

generation curve. Complicating these calculations are factors relating to rooftop 

availability, angle, and shading factors unique to each rooftop. Fortunately the expected 
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annual system production reported in the program data already incorporates these 

orientation and geographic factors. 

To model hourly variations in system generation a generic generation profile for 

the Dallas-Ft. Worth area is used from the U.S. National Renewable Energy Laboratory 

PVWATTS model (NREL 2011). Like the consumption profiles, the generation profile is 

also aggregated to an hour-month scale, normalized, and then scaled by the expected 

annual production of each PV system.  

Depending upon the specific scenario, purchased systems are assumed to have 20-

25 years of production and leased systems are assumed to be functional for the length of 

the lease contract. All systems experience a 0.5% annual loss in system production as the 

equipment ages. This is the baseline parameter, and, as discussed in Sections 3.2.3, the 

changes in financial return are explored when assuming more pessimistic or optimistic 

values. 

3.2.2.3 Electricity Rates 

PV systems generate value for their owners by reducing electricity expenses 

during the life of the system. Therefore, the difference between monthly electric bills the 

owner would have incurred without the system and those with the PV system installed 

can be thought of as a monthly stream of revenues. The value of these revenues is 

dependent on the structure and rates of the consumer’s electric bill with the PV system 

(PV electric bill) as well as the bill the consumer would have paid without the system 

(Business-As-Usual (BAU) electric bill). Each respondent’s BAU electricity bill is easily 

forecasted since the program data reports their electricity rates and bill structure at the 

time of PV installation. These rates inform the BAU calculations in that it is assumed the 



 32 

customer would have remained on their current electricity rate plan had they not adopted 

their PV system. 

Calculating the PV bill—projections of the electricity bill with PV system 

installed—is more complicated and requires careful treatment. Within the ERCOT 

deregulated electricity market customers may freely choose retail electricity service 

among a variety of providers with varying rates, bill structures, and other features 

(TECEP 2012). Standard bill structures such as flat-rate and tiered-rate plans are prolific 

as well as plans with a seasonal or a Time-of-Use (TOU) tariff differentiation. More 

important for solar owners is whether their Retail Electricity Provider (REP) offers a plan 

that will offer credit for any moment-to-moment excesses of PV generation over 

consumption that are outflowed to the grid (Darghouth et al. 2011; Mills et al. 2008). 

Unlike many retail choice states, REPs within the ERCOT market are not required to 

provide credits for these ‘outflows’ and may set the outflow rate as they wish-- if they 

even choose to offer it (PUCT 2012). The current practice is for REPs to offer at least one 

‘solar plan’ characterized by outflows that are credited at a rate below the marginal price 

of electricity. As an example, a popular ‘solar plan’ is structured as a time-of-use plan 

with peak (1pm – 7pm), off-peak (7am – 1pm, 7pm - 11pm), and night rates (11pm – 

6am) of 21.9¢/kWh, 9.2¢/kWh, and 6.8¢/kWh respectively, and 7.5¢/kWh credited for all 

outflows. 

While it is tempting to assume that consumers will select retail electricity plans 

which offer the highest value for their PV system, it is not obvious which plan maximizes 

this value, nor the depth of information finding and analysis decision-makers go through 

to make this decision (Conlisk 1996; Fuchs & Arentsen 2002; Gigerenzer & Todd 1999; 

Goett et al. 2000; Roe et al. 2001; Tversky & Kahneman 1974). For example, is the 

highest value achieved through a plan which offers the lowest marginal electricity prices 
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but no outflow reimbursement? Or, is it achieved through a TOU plan that has high 

outflow rates in conjunction with high peak-consumption rates? It is unlikely that 

consumers will possess sufficient technical expertise, interest, and time to make such a 

detailed calculation and, therefore, may elect to remain with their current REP as a 

default option. As discussed below, this dilemma is accounted for through a set of 

scenarios. 

3.2.2.4 Electricity Prices 

A key driver in the projected value of a residential PV system is the expected 

increase in future retail electricity prices. Excluding unexpected maintenance costs, the 

financial costs of solar ownership can be well-predicted at the time of purchase. 

Investment in a PV system, therefore, acts as a hedge against uncertain electricity price 

increases. As a baseline, the model assumes a 2.6% annual increase in the nominal cost of 

electricity, as this was the average increase in residential retail rate inflation in Texas 

since market deregulation (1990 - 2010). Needless to say, the value of future prices is 

uncertain. So, a range of plausible annual price escalations from 0% to 5%, are used 

through a set of scenarios.  

3.2.3 Scenarios 

To account for uncertainty in the values of parameters that drive PV investment 

profitability (Bergmann et al. 2006; Laitner et al. 2003), calculations are structured as a 

series of five scenarios (Very Conservative, Conservative, Baseline, Optimistic, and Very 

Optimistic) with progressively more optimistic assumptions (i.e., increasing value of 

solar to the consumer) for the value of the parameters (Table 6). A sixth scenario, 

‘Adapted Baseline’ is conducted which only differs from the Baseline scenario in that it 

excludes the inverter replacement and O&M costs. 
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Table 6: Description of scenarios 

Scenario 
(1) V. Conservative (2) Conservative (3) Baseline (4) Optimistic (5) V. Optimistic 

Elec. Cost 

Growth 
0.0%/yr. 2.6%/yr. 2.6%/yr. 3.3%/yr. 5.0%/yr. 

System Life 20 yrs 20 yrs 25 yrs 25 yrs 25 yrs 

System Loss 

Rate 
0.75%/yr. 0.5%/yr. 0.5%/yr. 0.5%/yr. 0.25%/yr. 

Maintenance 

Costs 
0.5% /yr. 0.25% 0.25%/yr. 0.15%/yr. 0%/yr. 

Inv. 

Replace. 

Cost 

$0.95/W $0.95/W $0.7/W $0.7/W None 

Electricity 

Plan After 

PV 

Adoption 

Keeps same REP 

and plan post-

installation; no 

outflows 

Adopts solar 

plan if offered 

by current REP 

Adopts solar 

plan if 

offered by 

current REP; 

min. 

7.5¢/kWh 

outflow 

Adopts plan 

with max. value 

among current 

market solar 

plans or BAU 

plan 

Same as 

Scenario 4 

Parameters varied in the scenarios were (i) the annual growth rate in nominal 

retail electricity price (0-5%); (ii) lifetime of the system (20 or 25 years); (iii) system loss 

rate (0.75-0.25%/year); (iii) maintenance costs as a percentage of installed costs incurred 

per year (0.5 – 0%/year); and (iv) inverter replacement cost ($0.95/W - $0/W). Note that 

scenarios are not intended to represent likely or unlikely outcomes, but to explore how a 

consumer’s differing assumptions would affect their evaluation of their investment’s 

future value. 

The final parameter varied is the customer’s retail electricity plan post-

installation, which impacts the availability and value of outflow sales. Scenario 1, the 

most conservative scenario, assumes that the consumer will remain on their current BAU 

plan for the entirety of their system’s lifetime. This means that they will not be credited 

for outflows. Scenario 2 assumes that consumers will adopt a ‘solar’ plan if one is offered 
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by their current REP6, but will not transfer REPs otherwise even if there is a better solar 

plan from a different REP. Scenario 3, the baseline scenario, has the additional 

assumption that consumers will be credited a minimum of 7.5¢/kWh for outflows-- even 

if their current REP does not offer a solar plan. The logic behind this design is a belief 

that nearly all REPs will offer an outflow credit in the future. Scenario 4 and 5 both 

assume that consumers actively consider plans and REPs beyond their current rate plan 

and adopt the plan that minimizes their electricity bill post-installation for the life of the 

PV system. 

Within the first five scenarios, the payback period is defined as the first month in 

which cumulative revenues exceed all lifetime expenses of the system—system 

payments, inverter replacement, and O&M expenses. Strictly speaking, this is not a 

correct definition of payback period, which typically does not include expenses incurred 

after an initial investment. To explore this issue further the sixth scenario ‘Adapted 

Baseline’ assumes the same parameters as the baseline scenario but calculates the 

payback period as being the period in which cumulative revenues exceed system 

payments i.e. excluding all inverter and O&M costs. 

3.3 RESULTS 

Results of the analysis are four-fold: (i) a comparison of the installed costs and 

costs of ownership for leased and bought systems; (ii) a comparison of the modeled and 

reported financial metrics for both groups; (iii) a calculation of each respondent’s implicit 

discount rate and comparisons along ownership group, income, and other socio-

demographic variables; and (iv) a sensitivity analysis of key model parameters. Framing 

this analysis are the differences between buying and leasing customers. As explored in 

                                                 
6 Program data delineates each household’s REP prior to adoption. Therefore, it was possible through 

market research to determine if each respondent had access to a ‘solar’ plan and, if so, its rate and structure. 
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Chapter 2, while buyers and leasers experience some observed difference in their income 

(see Section 2.1.2), no significant differences exist between the two groups on remaining 

factors including age, education, and home value as well as contextual factors such as the 

size of their system, annual electricity consumed, or electricity rates. In fact, the strongest 

differences between the two groups were in how they approach the adoption decision, 

such as reasons for installing PV or the amount of time spent researching PV. Based on 

these results and those that follow, the conclusion is that at this stage in the diffusion of 

residential PV in the Texas market buyers and leasers do not represent different 

demographic groups, but rather different consumer segments within the residential PV 

market. 

3.3.1 Installed Cost and Cost of Ownership 

Installed costs ($/W) of leasers (Mean = 8.0, Std. dev. = 1.2) were more than 

those of buyers (Mean = 5.9, Std. dev. = 2.2) for all years of the study and the mean 

differences were highly significant (t(228) = 13.3, p < 0.001). This corroborates similar 

installed cost differences for bought and leased systems nationally (Barbose et al. 2012). 

The premium charged by leased systems is shrinking, but persistent (figure 7).  
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Figure 7: Mean installed costs ($/W) (no rebates) from program data. 

Recall that, while buyers’ costs of ownership is the installed cost less applicable 

rebates, the installed cost is not necessarily reflective of the leasers’ costs of ownership-- 

which are only their lease payments. That is, for buyers, cost of ownership includes after-

rebate installed costs, inverter replacement, and O&M costs over 25 years. For leasers, 

ownership costs are only lease payments—but only 15 years or the length of the lease. 

Cost of ownership for each group was calculated as the present value of modeled lifetime 

costs per DC-kW using Baseline scenario assumptions and a 10% annual discount rate. 

This method determines the present value of ownership for each ownership model, but 

does not explicitly control for differences in lengths of ownership inherent to each 

ownership model—NPV calculations (below) are better-suited for this type of 

comparison. 

Surprisingly, the mean leasers’ costs of ownership ($/kW) across all years (Mean 

= 0.79, Std. dev. = 0.27) were significantly less than those of buyers (Mean = 2.82, Std. 

dev. = 1.03) and the mean differences were highly significant (t(241) = 25.6, p < 0.001).  
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However, differences in the cost of ownership were highly dependent on the year of 

installation with ownership costs converging in later years (figure 8). 

 

 

Figure 8 Mean present value of modeled cost of ownership ($/kW) assuming 10% 

discount rate 

Reflecting this market peculiarity, leased systems had a statistically significant 

greater NPV per capacity ratio (NPV/DC-kW) using a 10% annual discount rate (figure 

9) than buyers in all but Scenario 5 (table 7). While the NPV for leasers is consistently 

positive, it is only positive for buyers in Scenarios 4-6. One interpretation of this 

phenomenon is not that buying is necessarily less financially attractive to consumers than 

leasing, but rather that buying does look quite attractive if one has optimistic assumptions 

about future costs and revenues.  
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Table 7: Independent-sample Student’s t-test for differences in NPV/kW 

Ha: μbuy ≥ μlease 

Unequal Var. Assumed 

Buy 

Mean 

Lease  

Mean 
t df 

p-value 

2-tailed 

95% CI of Difference 

Lower Upper 

        

Scenario 1: V. Cons (1,970.27) 96.81 -19.14 278 0.000*** -2279.7 -1854.4 

Scenario 2: Cons (407.43) 1,200.63 -8.38 278 0.000*** -1985.9 -1230.3 

Scenario 3: Baseline (32.61) 1,253.66 -6.47 278 0.000*** -1677.6 -895.0 

Scenario 4: Optimistic 1,250.91 1,873.35 -2.93 278 0.004*** -1041.1 -203.8 

Scenario 5: V. Optimistic 2,749.41 2,525.92 0.82 278 0.416 -316.1 763.1 

Scenario 6 Adapted  Base 277.51 1,253.66 -4.93 278 0.000*** -1365.9 -586.4 

 

 

Figure 9: Modeled NPV/kW ($/kW) for baseline scenario. 
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appraised value of the system, there is a clear motivation for lessors to increase the 

appraised value. Indeed the SEC and IRS recently began an investigation of a leading 

leasing firm (SEC 2012) to determine if the true fair market value of installed PV systems 

were materially lower than what the firm had historically claimed. 

Therefore, lower leasers’ costs of ownership may be explained through the 

following mechanisms: (i) Lessors’ maximization of federal benefits through the above 

strategy; (ii) In the current policy environment, lessors are able to access additional 

financial incentives that buyers cannot access, particularly, accelerated depreciation 

(Bolinger 2009; Coughlin & Cory 2009); (iii) Economies of scale  present in the 

operation of a larger fleet of leased systems; and (iv) Ability for lessors to raise capital at 

a low cost, which would increase their leveraged return on capital. All of these 

mechanisms would lower costs faced by lessors, and therefore reduce the size of the lease 

payments required to achieve a given rate of return.  

If leasing is financially more attractive, why don’t more adopters choose to lease? 

For many, the option did not exist—73% of buyers reported not having the option to 

lease when making their decision. There is also evidence in the literature of conspicuous 

consumption for novel ‘green’ technologies (Dastrop et al. 2011; Sexton 2011); under 

this paradigm, consumers could derive additional utility from the status gained by 

owning, rather than leasing, their system. Residence uncertainty was also not a factor as 

each group reported a similar (10-15 years) period that they expected to continue living in 

their home. Therefore, buyers who did have the option to lease, but chose to buy, likely 

had adequate cash-flow such that they preferred the contractually simple buying option, 

even though the leasing option is nominally cheaper. 
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3.3.2 Payback Period Comparison 

Consistent with previous research (Camerer et al. 2004; Kempton & Montgomery 

1982; Kirchler et al. 2008), the majority of respondents reported using payback period as 

one of the methods used for evaluating the financial attractiveness of their investment 

(67%) as opposed to NPV (7%), IRR (23%), or Net monthly savings (25%). 4% of 

respondents indicated they made no estimate of the financial attractiveness of their 

investment. Most respondents determined the value of the metrics themselves (45%) 

although a substantial number also relied on the advice/calculations of their installer 

(34%); the remaining either didn’t make an estimate of the financial attractiveness (7%), 

used a 3
rd

-party online tool (5%), or some other method (8%). Respondents were 

subsequently asked to report the values of the metrics they used to evaluate their 

investment. From these responses the reported metric values (reported) are compared to 

the values generated from the financial model (modeled) for each respondent (figure 10).  
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Figure 10: Comparison of modeled and reported payback period (baseline scenario) 

In order to compare differences between modeled and reported payback values, 

the average absolute difference between reported and modeled payback period values is 

calculated for the entire sample and for buyers and leasers separately (table 8). For 

buyers, Scenario 5 (Mean = 3.6 years, Std Dev = 3.1) minimized the average absolute 

difference, followed by Scenario 4 (Mean = 3.8, Std Dev = 3.3). For leasers, Scenario 3 

(Mean = 1.7, Std Dev = 1.5) was the best fit, followed by Scenario 2 (Mean = 1.9, Std 

Dev = 1.5). Scenario 1 was a very poor fit overall. 
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Table 8: Mean Difference in Reported and Modeled Payback Period 

Variables Mean Difference In Years Between Reported and Modeled 

Payback Period 

 All Consumers Buyers Only  Leasers Only 

N 141 101 40 

Scen 1: V. Cons. 27  ± 24 yrs 37  ± 22 yrs 3.3  ± 2.6 yrs 

Scen 2: Conservative 6.9  ± 6.5 yrs 8.8  ± 6.7 yrs 1.9  ± 1.5 yrs 

Scen 3: Baseline 5.5  ± 4.9 yrs 6.9  ± 5.0 yrs 1.7  ± 1.5 yrs 

Scen 4: Optimistic 3.3  ± 3.1 yrs 3.8  ± 3.3 yrs 2.1  ± 1.6 yrs 

Scen 5: V. Optimistic 3.2  ± 2.8 yrs 3.6  ± 3.1 yrs 2.4  ± 1.6 yrs 

Scen 6: Adap. Baseline 3.6  ± 3.5 yrs 4.3  ± 3.7 yrs 1.7  ± 1.5 yrs 

 

Differences between modeled and reported payback period for buyers are 

minimized in Scenario 5, which suggests that buyers assumed parameters similar to those 

of Scenario 5 when making their investment valuation. That is, buyers were optimistic or 

very optimistic when assessing the likely revenues and costs associated with their 

investment decision. By the same argument, since differences for leasers are minimized 

for Scenario 3, leasers were more realistic to slightly pessimistic (conservative) when 

making their investment decision. The standard deviation of buyers’ mean difference was 

greater than that of leasers, which indicates that leasers were more precise in their 

financial evaluation of the PV system. This is consistent with the fact that leasers receive 

much of this financial information from leasing companies, who use detailed financial 

models to advise their clients. 

While leased systems have a lower mean modeled payback period than that of 

bought systems across all scenarios, it should be noted that the two modes of investments 

operate on different time considerations. For leased system it is 15 years, the length of the 

lease contract, and for bought systems it is the lifetime of the system i.e. 20 – 25 years. A 

far better comparison of the financial profitability of the investment is the NPV DC-kW, 
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which incorporates differences in the duration of investment. But, as discussed above, a 

majority of (individual) decision-makers did not use NPV as their evaluation metric. 

3.3.3 Implied Discount Rate 

For all previous calculations a 10% annual discount rate was used to calculate the 

Net Present Value (NPV). In this section calculations of the discount rate are made at the 

individual level as implied by investment behavior. To do this each respondent’s implied 

NPV is calculated—meaning, the additional amount the respondent would have been 

willing to pay before becoming indifferent to accepting or forgoing the investment. Next, 

the implied NPV is used to back-calculate the discount rate required to equate the each 

individual’s implied NPV and the sum of their modeled cash flows.  

To determine the implied NPV, respondents were asked to rate if they agreed with 

the following eight statements: (i) “I would not have installed the PV system if it had cost 

me $8,000 more”, (ii) “I would not have installed the PV system if it had cost me $7,000 

more” … (viii) “I would not have installed the PV system if it had cost me $1,000 more.” 

One would expect a respondent to reply to this series of questions by increasingly 

agreeing that they would have installed the PV system as the additional price required 

becomes smaller. For example, one might respond that they would willingly have paid 

$1,000 more, been indifferent to paying $2,000 more, but forgone the investment if it had 

cost $3,000 more than they actually paid for their PV system7.  

Indeed, the real purpose of this question is to ascertain the implicit NPV of the 

respondent’s investment. Based on the series of responses, one can extrapolate how much 

more the consumer would have been willing to pay for their system before becoming 

                                                 
7 Note that round 1 of the SolarPV survey uses a smaller range of NPV responses ($1000 - $5000) than 

round 2 and a compatible, but slightly different method of determining indifference. However I combine 

NPV results between both rounds. 
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indifferent to purchasing the system or forgoing the investment—this amount is the 

implied NPV. In the above example, the implied NPV is $2,000.  

Out of the 355 respondents in the full dataset, 74 responses are excluded from 

these calculations because the extrapolated NPV was outside the range tested or 

consumers implied an increasing willingness to have paid more for their system. Of these 

excluded respondents, 55 respondents indicated that they would have been willing to pay 

at least $5000 more for their system—76% were buyers and 24% leasers. That is, a 

significant percent of the population did assign value to their investment, but otherwise 

were not captured within this calculation. In total, after excluding the 74 responses there 

are 139 buyers and 68 leasers remaining for the implied discount rate analysis.  

The difference of mean implied NPV for buyers (M =  3,396 , SD = 2,166) and 

leasers (M = 2,931, SD = 2,031) was statistically insignificant: t(205) = 1.48, p = 0.141 

two-tailed. Differences in implied NPV per installed kW were also insignificantly 

different from zero: t(205) = 1.62, p = 0.107 two-tailed (figure 11). This suggests that, 

overall, buyers and leasers expected similar (normalized) returns on their investment. 

 

Figure 11: Distribution of respondent implied NPV/kW  
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Using the implied NPV, one can determine the consumer’s implied discount rate, 

since the model calculates an expected series of cash flows. Consider that: 

 

            ∑     ∑
[      ]

       
 

 (5) 

Where    is the monthly implied discount rate. A non-linear optimization routine can 

then be employed to solve for    and annualized, where r is the implied annual discount 

rate: 

              

     (6) 

Assuming Scenario 3 (Baseline) parameters, the mean discount rate for all buyers 

was 6.7 ± 6.3% and for leasers was 30 ± 39% (±1σ) (figure 12). These mean results 

exclude outliers, defined as being three or more standard deviations from the sample 

mean. Note that this process does not necessarily remove negative discount rates; 

negative rates are economically nonsensical but computationally feasible when the sum 

of undiscounted cash flows exceeds the implied NPV. For this reason discount rates are 

excluded for Scenario 1 as it leads to inadmissible (negative) rates. Rates are higher for 

the optimistic scenarios and lower for the pessimistic ones because, as scenarios become 

more optimistic, the cash flows also increase. So, a higher implied rate is required to 

discount the cash flows to equal the implied NPV (which is constant across scenarios). A 

robust finding is that the implied discount rate for leasers is significantly greater than 

those of buyers—leasers’ discount rates are higher by 20 - 35% across all scenarios and 

income levels (table 9) 
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Figure 12: Distribution of discount rate using baseline scenario cash flows  

Table 9 Mean implied discount rate with ±1σ. 

Mean Implicit  

Annual Discount Rate 
All Consumers Buyers Only  Leasers Only 

N 203 139 64 

Scen 1: V. Conservative -13%  ± 15% -20%  ± 10% 5.0%  ± 8.9% 

Scen 2: Conservative 9.8%  ± 19% 3.2%  ± 8.9% 27%  ± 37% 

Scen 3: Baseline 13%  ± 20% 6.7%  ± 6.3% 30%  ± 39% 

Scen 4: Optimistic 20%  ± 20% 13%  ± 6.4% 48% ± 65% 

Scen 5: V. Optimistic 25%  ± 24% 17%  ± 6.9% 52%  ± 60% 

Scen 6: Adap. Baseline 14%  ± 19% 8.4%  ± 6.1% 30%  ± 39% 

Given that there are few demographic or implied NPV differences between buyers 

and leasers, it is inferred that buyers and leasers represent different consumer segments 

within the residential PV market. Each group expects to receive a similar (normalized) 

NPV for their investment, but have differing cash urgencies. Supporting these findings, in 

open-ended survey questions 66.2% of leasers agreed or strongly agreed that tight cash-

availability was one of the key factors in their decision to lease, whereas buyers generally 

did not have this problem.  
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Certainly, it is important to acknowledge a similarity in the timing of leased and 

bought payments—the majority (66%) of leasing respondents chose to structure their 

leases as a single ‘prepaid’ down payment—which is similar to the financial structure of 

a bought system. So, it is not that leasers are substantially poorer per se—they have some 

cash availability, just not enough. These results suggest that adopters employ a hierarchy 

of adoption in which education, information (awareness of products, interest in energy) is 

the precursor, which is more likely to be present in higher income, and more educated 

parts of the population. Within those segments, those with tighter cash flows tend to opt 

for leasing. Thus, the leasing model appears to be especially effective in early stages of a 

technology’s diffusion, as it unlocks the cash-strapped but information-aware segments 

of the market. 

3.3.3.1: Discount Rate by Payback Period Minimization 

In the above section discount rate is calculated along different scenarios without 

discrimination for whether the cash flows associated with each scenario appropriately 

matched each respondent’s expectations. Logically, if the implied NPV measures the 

additional value each respondent expects to receive for their investment, then the discount 

rate calculation should also use cash flows that reflect these expectations. For example, in 

Section 3.3.2 it was determined that Scenario 5 minimized the difference between the 

reported and modeled payback period. That is, the assumptions inherent in Scenario 5 

most closely matched those of the buying consumers. Even more precise, however, is to 

determine the discount rate for each individual using cash flows from the scenario that 

minimizes the difference between that individual’s reported and modeled payback period.  
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Discount rates for each individual were calculated using (5) and (6) using cash 

flows from the scenario that minimized the difference between each respondent’s 

reported and modeled payback period (figure 13). 

 

 

Figure 13: Distribution of scenario which minimizes difference between reported and 

modeled payback period 

As in previous results, leasers had a larger discount rate (M = 17.2%, SD = 

14.8%) than buyers (M = 12.6% , SD = 7.3%), but for both groups the mean discount rate 

is smaller than in the previous calculations. Critically, the distribution of implied discount 

rate has a much smaller standard deviation (figure 14), which implies a more accurate 

representation of implicit discount rate. As in previous calculations, the difference of 

means was significant than zero: Ho: μbuy = μlease, Ha: μbuy ≤ μlease: t(128) = -2.34, p = 

0.021.  
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Figure 14: Distribution of discount rate using payback minimization method  

3.3.4 Discount Rate and Socio-demographics 

Previous literature (starting with Hausman, 1979) suggests that an inverse 

relationship exists between a consumer’s discount rate and household income. That is, 

poorer consumers have more urgent needs for their cash than wealthy ones. At higher 

incomes, however, where one presumably has a greater quantity of spare income, the rate 

of return of one’s investments (and hence, their discount rate) should converge to those 

available within the market.  

To test if a relationship exists between implicit discount rate and income two 

methods are used. First, a series of one-tailed t-tests comparing mean discount rate 

between sequentially increasing income groups for all scenarios (Table 10 & 11). Second, 

a multiple linear regression model predicting discount rate using income and other 

socioeconomic variables as explanatory variables. Results are mixed in agreement with 

these earlier findings. 
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Table 10:  Mean implied discount rate for buyers with ±1σ. 

Buyers Implicit Annual Discount Rate 

Annual Income All Incomes $0 – $85k  $85k – $150k $150k+ 

N 132 30 58 44 

Scen 2: Conservative 3%  ± 9% 4%  ± 9% 3%  ± 10% 3%  ± 9% 

Scen 3: Baseline 7%  ± 6% 8%  ± 7% 7%  ± 7% 5%  ± 5% 

Scen 4: Optimistic 13%  ± 7% 12% ± 7% 13%  ± 6% 12%  ± 7% 

Scen 5: V. Optimistic 17%  ± 7% 16%  ± 7% 18%  ± 7% 17%  ± 7% 

Scen6: Adapt Baseline 8% ± 6% 9% ± 7% 9% ± 7% 7% ± 5% 

Discount Rate through 

payback minimization 
13% ± 7% 10% ± 8% 14% ± 7% 14% ± 6% 

 

Table 11:  Mean implied discount rate for leasers with ±1σ. 

Leasers Implicit Annual Discount Rate 

Annual Income All Incomes $0 – $85k  $85k – $150k $150k+ 

N 77 23 37 17 

Scen 2: Conservative 27%  ± 37% 33%  ± 51% 28%  ± 34% 20%  ± 21% 

Scen 3: Baseline 30%  ± 39% 39%  ± 55% 29%  ± 34% 20%  ± 21% 

Scen 4: Optimistic 48%  ± 66% 63% ± 98% 47%  ± 55% 33%  ± 21% 

Scen 5: V. Optimistic 52%  ± 61% 56%  ± 71% 58%  ± 69% 40%  ± 25% 

Scen 6: Adapt Baseline 30% ± 39% 39% ± 55% 29% ± 34% 20% ± 21% 

Discount Rate through 

payback minimization 
17% ± 15% 19% ± 10% 16% ± 14% 18% ± 21% 

3.3.4.1: Significance Test for Discount Rate along Income 

A one-tailed Student’s t-test comparing the difference in mean discount rate 

among sequential income groups for the baseline scenario was performed using the 

hypothesis Ho: DR1 = DR2, Ha: DR1 ≥ DR2, where DR1 is the mean implied discount rate 

for income group 18. This test was performed for both sequential income pairs i.e. DR1 ≥ 

DR2, DR2≥ DR3 since it is expected that the implied discount rate will monotonically 

decrease. The test was not conducted for other scenarios or for discount rates calculated 

through the payback-minimization method. 

                                                 
8 Income 1: $0 – $84,999 / year; Income 2: $85,000 - $149,999/ year; Income 3 : $150,000+ / year 
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Table 12: Significance test for discount rates differences between income groups. 

Scenario 3: Baseline 

Ha: μbuy ≥ μlease 

Unequal Var. Assumed 

t df 
p-value 

1-tailed 

Mean 

Difference 

Std. 

Error 

Diff 

90% CI of the 

Difference 

Lower Upper 

Buy DR(1) > DR(2) 0.341 58 0.37 0.005 0.002 -1.5% Inf 

Buy DR(2) > DR(3) 1.36 97 0.09* 0.017 0.015 0.08% Inf 

Lease DR(1) > DR(2) 0.708 27 0.24 0.101 0.213 -8.63% Inf 

Lease DR(2) > DR(3) 1.04 41 0.15 0.087 0.127 -2.19% Inf 

Using a 90% confidence interval, only the Ho: Buy DR2 = Buy DR3 null 

hypothesis was rejected; the remaining significance tests are insignificant (table 12). This 

discrepancy can be explained with two reasons. First, small sample size, particularly in 

the leasing sample, reduced the test’s statistical power. Second, both groups exhibit 

characteristics typical of early adopters—wealthier, more educated, etc. These 

characteristics could negate the relationship between income and discount rate for 

products in settled markets as early adopters typically derive additional utility from 

adopting new technologies beyond financial benefits (Faiers et al. 2007; Labay & 

Kinnear 1981; Rogers 2003).  In agreement with previous literature, discount rates for 

buyers in the conservative, baseline, and optimistic scenarios (Scenarios 2-4) range 

between 4-12%, which is close to market returns. This also supports the conclusion that 

buyers of PV systems are in a relatively comfortable cash-flow position. 

3.3.4.2: Discount Rate Linear Regression Model 

A multiple linear regression model was used to provide another test of the 

relationship between discount rate and demographic variables, the respondent’s annual 

household income, highest level of education achieved in the household, home value, and 

age. The model also controls for leasing status (1 for lease, 0 otherwise) and follows the 

form: 
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(6) 

Note that the income and education are coded are ordinal variables in the SolarPV 

survey. Both variables were converted to continuous variables—‘Income’ is taken as the 

midpoint of the interval, ‘Edu’ is taken as the equivalent number of years of education 

after high school. The model is run on log values of the income and home value variables 

to account for diminishing effects at higher income and home value levels. 

The model was varied twice using identical explanatory variables and structure 

but different response variables. In model A the response variable is the Baseline scenario 

discount rate; in model B it is the discount rate calculated through the payback period 

minimization method (table 13).  

Table 13: Regression coefficients for implied discount rate linear model 

 
(A) DR = Baseline Scenario 

Discount Rate 

(B) DR = Minimized-Payback 

Difference Discount Rate 

Constant 0.272 

(0.352) 

0.241 

(0.209) 

 

Lease 0.223*** 

(0.037) 

0.047** 

(0.021) 

 

ln(Income) -0.092** 

(0.037) 

0.023 

(0.021) 

 

Edu 0.029 

(0.033) 

0.001 

(0.019) 

 

ln(HV) -0.005 

(0.007) 

-0.009** 

(0.004) 

Age -0.001 

(0.002) 

-0.002* 

(0.001) 

R-squared 0.211 0.199 

Adjusted R-squared 0.189 0.182 

No. observations 207  

 

Standard errors are reported in parentheses 

*,**,** indicates significance at 90%, 95%, and 99% respectively 
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 The two models give different conclusions. In model A, income and leasing status 

are significant variables where respondents who lease have a 22.3% higher discount rate 

in basis points in the baseline scenario. In addition, ln(Income) has a significant and 

negative relationship with discount rate where a ten percent increase in income is 

associated with a 0.9% decrease in discount rate. This result is consistent with previous 

literature (Hausman 1979). None of the remaining variables are significant predictors of 

discount rate. 

In model B, leasing status is still associated with higher discount rates but the 

relationship is weaker than in model A (β1 = 4.7%). No significant relationship is found 

between income and discount rate, although a ten percent increase in home value is 

significantly associated with a 0. 1% decrease in discount rate. 

3.3.5 Sensitivity Analysis 

A sensitivity analysis was conducted to determine the influence of model 

parameters on the model-calculated NPV/kW output for the ‘Optimistic’ (Scenario 4), 

‘Baseline’ (Scenario 3), and ‘Conservative’ scenarios (Scenario 2). Sensitivity results are 

presented in terms of the relative change in NPV/kW based on change in input 

parameters, not the percentage change as is typical in most sensitivity analyses. 

Six variables were tested in the sensitivity analysis: (i) Annual percentage 

escalation in retail electricity costs, (ii) Annual O&M costs as percentage of gross 

installed cost, (iii) Inverter replacement cost, (iv) Annual percentage loss in system 

output, (v) Minimum outflow reimbursement price, and (vi) Lifetime of system (only 

applicable to buyers). Each parameter was flexed over plausible values and was analyzed 

for impact on the Conservative, Baseline, and Optimistic scenarios—though only results 

for the baseline analysis are shown (figure 15).   
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Figure 15: Sensitivity analysis on modeled NPV/kW for bought (top) and leased systems 

Holding all else constant, the NPV/kW is most sensitive to changes in the annual 

percentage increase in electricity costs, followed by annual O&M costs, and the lifetime 

of the system. NPV is therefore relatively insensitive to inverter replacement cost, annual 

production efficiency losses, and the rate credited for outflows. It is interesting that the 

profitability of the PV system is most dependent on the future costs of electricity, as this 
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is precisely the reason many consumers choose to invest in PV—to hedge against 

uncertain increases in electricity costs. 

3.4 SUMMARY 

Four main insights emerge from this chapter. First, a majority of PV adopters 

report using payback period as the key financial metric they employ in judging the 

financial attractiveness of investing in PV. This is consistent with other studies of 

consumer decision-making in a wide range of settings. The use of payback period as a 

decision criterion is noteworthy given that these early adopters are some of the most 

sophisticated decision makers—they are far more educated, wealthier, and information 

savvy than the median household/individual. It also suggests that decision-makers are not 

nearly as sophisticated as the inter-temporal utility optimizer (the rational actor), who at 

the very least would base the decision on a net present value (NPV) calculation, if not 

compare that NPV to alternative investment options.  

Second, when comparing the payback that PV adopters report using to evaluate 

their investment decision with an "objective" modeled assessment of the same metric, 

buyers are found to be more optimistic in their outlook about the costs and benefits of PV 

than leasers. 

Third, across a range of scenarios, the discount rate for buyers varies between 3-

17% and that for the leasers varies between 27-52%, though these means include both 

outliers and negative discount rates. Another method to analyze consumer outlook is by 

matching each respondent’s discount rate to the cash flows that minimize the difference 

between modeled and reported payback period. Under this transformation, buyers still 

implied a lower discount rate (13%) than leasers (17%), though the gap has shrunk. This 

confirms that buyers are in general more optimistic about the value of solar.  
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Finally, for the period of the study (2009-11) cost of leasing is significantly lower 

than that of buying, though the gap is quickly converging since 2012. This observation is 

explained through the additional financial benefits that are accessible only through the 

leasing model, but not the buying model.  

Given the apparent cost and informational advantages of the leasing option, then, 

one would expect decision-makers to opt for the buying option only when their discount 

rate is very low, or equivalently, when they are very optimistic about the benefits of 

adopting PV. It is fair to say that low-discount rate households are vastly outnumbered by 

households with higher discount rates. This would imply that in the broader market and 

policy context of 2009-11, leasing models should be the predominant form of PV 

adoption. Market data, especially from California—the largest PV market in the U.S.—

and elsewhere, confirm this. 
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Chapter 4: Conclusion 

This thesis studies the economics of the decision-process of individual consumers 

with particular focus on their decision to buy or lease a residential PV system. 

Conclusions are divided into two fields—differences between consumers make-up in 

each group and in financial aspects of PV investment.  

4.1 BUYING AND LEASING CONSUMERS 

Literature suggests that different kinds of consumers will be attracted to buying 

and leasing models of a novel technology. In the early Texas PV market studied, these 

differences are mainly expressed in terms of cash availability, though differences in 

decision-making processes play a role. While buyers have greater income levels, they are 

otherwise indistinguishable from leasers on socio-demographics. Both groups display a 

strong concern for environmental issues and are substantially more educated and 

wealthier than the average Texan household.  

Leasing and buying consumers also differ in their motivations for having installed 

PV. Buyers were more likely to cite an interest in energy and electricity issues as well as 

the impact of neighbors and non-neighbor acquaintances. In contrast, leasers were more 

concerned with the financial attractiveness of their investment and in reducing their 

impact on the environment. However, while leasers think it’s important to reduce 

environmental impact, in survey responses they signal they are less willing to pay higher 

prices to protect the environment than buyers.  

4.2 FINANCIAL ASPECTS OF ADOPTION 

Consistent with several other studies, a majority of PV adopters used payback 

period—not net present value (NPV)—as their primary decision-making criterion. Owing 

to the peculiarities of financing and incentive mechanisms, the pre-rebate installed costs 
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of leased PV systems are significantly higher than the bought systems, yet lessees end up 

paying nominally much lower amounts than buyers. Individual-level discount rates are 

calculated across a range of scenarios, finding that buyers employ discount rates 8-21% 

lower than lessees. Those who lease typically have a tighter cash-flow situation, which, in 

addition to less uncertainty about technological performance, are the main reasons for 

them to lease. 

As there is insignificant variation between buyers and lessees on most socio-

demographic dimensions (education, age, etc.) this suggests that the leasing model is 

making PV adoption possible for a new consumer segment—those with a tight cash-flow 

situation. As the diffusion of PV spreads to lower-income households, who generally 

experience tighter cash-flow than wealthier households, this implies that, ceteris paribus, 

moving forward the leasing model will likely be the predominant form of PV adoption. 

From this perspective, the leasing model has opened a new market segment at existing 

prices and supply chain conditions—and represents a business model innovation. 
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