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Introduction

Whether they are technologies, 
products, or processes, improving 
sustainability often means the 
adoption of new ideas. And within 
the energy and electricity sector, 
adoption choices such as residential 
photovoltaics, energy efficiency 
upgrades, or electric/hybrid vehicles 
are increasingly being made by 
consumers themselves. This inevitably 
prompts questions such as: how 
exactly do consumers make the 
choice to adopt a new technology? 
What attributes make one choice 
more preferential than another?  
In what ways do consumers make 
these choices differently than their 
neighbors? Of course, nobody can 
answer these questions perfectly. But 
making a dent in them would go a long 
way — and potentially save a great 
deal of wasted effort —  in spreading 
the kind of products, processes, or 
technologies that could substantially 
improve our environmental impact.

To better understand the forces and 
behaviors that govern a consumer’s 
adoption decisions, we conducted 
a two-level study on adoption of 
residential photovoltaics (PV) in 
northern and central Texas. At 
the first level, we surveyed 211 
consumers that adopted residential 
PV in 2010 and 2011. Our survey 
sought to understand the financial, 
behavioral, and contextual factors that 
governed the consumers’ decision 
process before they made their 
investment and the same factors 
afterwards. At the second level, we 
received permission from our survey 
respondents to analyze their recent 
electricity bills as well as how much 
their PV system cost and how much 
energy it produced. In combination, 
this gives us an extraordinary picture 
of both the financial dimensions of 
the decision, e.g. ‘How profitable was 
the investment?’ and the behaviors 
associated with the investment, e.g.  
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‘Are people willing to bear a loss 
on the system in exchange for the 
environmental benefits it conveys?’ 
and ‘What kind of social factors 
encourage solar investment?’

Theory

Our research draws on two fields of 
thought: (i) consumer decision-making 
behavior as it relates to consumption 
of energy durables, and (ii) innovation 
and diffusion theory as typified by 
Rogers’ (1962)1  attribute-driven 
model. Economic theory has long 
assumed that consumers rationally 
use a valuation of future costs and 
benefits when framing investment 
decisions. Yet numerous studies have 
indicated that consumers actually use 
an unusually high discount rate when 
assessing the life-cycle electricity 
savings of an energy-saving product. 
In a seminal paper, Hausman (1979)2 
examined the tradeoffs consumers 
were willing to make when purchasing 
a new air conditioner. He found that 
an individual’s purchasing behavior 
revealed an unusually high annual 
discount rate-- with a maximum of 
89percent and median of 20percent.

This result has been replicated 
through multiple studies of other 
energy durable investments (Gately, 
19803; Meier & Whittier, 19834; 
Ruderman et al, 19875). These findings 
define the Energy Efficiency Gap, 
namely, that consumers irrationally 
behave in a manner which implies a 
much higher discount rate than can 
otherwise be explained in terms of 
alternative investments available to 
them (Hausman 1979, 51). In other 
words, consumers require the promise 
of an extraordinarily high return on 
their energy investments before taking 
the plunge.

However, consumer investment 
decisions do not exist solely in an 
economic vacuum. So it is also 
instructive to consider solar adoption 
through the lens of innovation and 
diffusion theory, which emphasizes 
the importance of the consumer’s 
perception of the attributes of a 
novel technology (such as its relative 
advantage and complexity) and 
social factors such as interpersonal 
networks and information-gathering 
in framing the investment/adoption 
decision. Under Roger’s framework 
(1962) technologies are sequentially 
adopted by adopter classes 
(innovators, early adopters, early 
majority, late majority, and laggards) 
that vary in their socioeconomic 
status, risk aversion, and opinion 
leadership. A key prediction of this 
theory is that perceived non-monetary 

costs and uncertainty detract from 
the consumer’s valuation of the 
innovation’s benefits. Understanding 
the innovation cycle and the 
characters of adopters gives us insight 
regarding the energy-efficiency gap, 
namely, that financial attributes 
of energy durables are but one of 
the factors influencing a potential 
adopter’s decision.

One key to understanding the 
consumer’s adoption decision is 
whether they decide to either buy the 
system outright or lease it from a 
third-party. In the ‘buy’ decision, the 
consumer pays the cost of the system 
upfront, and in return exclusively 
enjoys its benefits over its lifetime 
(20+ years). When leasing, just as 
when one leases an automobile, 
the consumer pays less over the 
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contract’s lifetime than if buying 
the system, but ultimately does not 
retain ownership of the product. Two 
additional distinctions distinguish the 
two ownership models: first, lease 
payments are typically drawn out over 
the length of the contract, and so they 
appeal to people who have less cash 
to make a down payment. Secondly, 
buying a PV system is riskier, since 
the owner is liable for damages or 
degradation-- whereas these risks are 
passed on to the 3rd party for leasers. 

In an analysis of the emergence of 
leasing in the Californian residential 
solar market, Drury et al found 
that leasing is more likely to attract 
younger, less-affluent, and less-
educated populations than those 
purchasing PV systems (Drury et al, 
2012)6. 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. 
Several studies have demonstrated 
there are general factors likely to 
facilitate the consumer’s PV adoption 
(Faiers & Neame, 20067; Faiers et al., 
20078; Wilson &Dowlatabadi, 20079; 

Bollinger & Gillingham, 201010). These 
include demographic factors such as 
income and age, as well as behavioral/
contextual variables such as access 
to information, social influences, 
investment priorities, and perception 
of risk. Broadly, the findings of the 
above studies are in line with Rogers’ 
predictions for innovator and early 
adopter adopters.

Results

Survey:
Using the results of our survey of 
Texan consumers who bought or 
leased a PV system, we conducted 
a binomial logistic regression with 
ownership model (buy or lease) 
as the dependent “y” variable and 
various demographic, contextual, and 
behavioral variables as independent 
“x” variables. Because our study 
is interested in the factors which 
would compel a solar adopter’s 
ownership model decision, it is 
essential that each consumer have 
had the availability of both models 
during their decision. This is not 
self-evident; because the diffusion of 

residential solar in Texas is relatively 
modest, competition and provision of 
service within the Texas solar market 
is not fully developed. Of the 211 
respondents, only 93 had the option to 
buy or lease their system; 43 of these 
are buyers and 50 were leasers.

In our first regression we found no 
demographic variables that were 
significant in predicting a consumer’s 
buy or lease preference using a 90% 
confidence level. These include the 
respondent’s income, education 
level, age, gender, race, and average 
monthly electricity bill. We found this 
result surprising, given Drury et al’s 
previous findings—not to mention the 
predictions of neoclassical economics 
and diffusion theory. Interpreting 
these results, it suggests that 
demographics alone don’t predict 
who buys or leases PV, rather, that 
other factors such as the influence of 
neighbors, ease of process (complexity) 
or their implicit discount rate may all 
work to distinguish potential leasers 
from buyers.

In our second regression, using 
only financial, contextual, and 
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behavioral variables, we found five 
variables which were significant to 
a 90% confidence in predicting the 
consumer’s preference for buying or 
leasing. To summarize:

•	 Leasers were 97% less likely to 
agree or strongly agree that the 
influence of neighbors influenced 
their adoption decision as 
compared to buyers (p = 0.057).

•	 Leasers were 93% less likely 
to agree or strongly agree that 
the influence of others (non-
neighbors) influenced their 
adoption decision as compared to 
buyers (p = 0.078).

•	 Leasers were 2.32 times more 
likely to agree or strongly agree 
that leasing was an easier process 
than the alternative (buying) (p = 
0.078).

•	 Leasers were 8.2 times more 
likely to agree or strongly agree 
that their estimates showed that 
leasing was more financially 
attractive than buying. (p=0.009).

These give us several insights into 
the consumer’s mindset, namely, that 
buyers require more social contact 
than leasers in order to make their 
investment decision, that leasers 
likely were attracted to leasing 
because of the ease of the process, 
and that leasers strongly believe their 
ownership model was more profitable.

Financial Model:
To clarify the above issues, we created 
a financial model that calculates the 
lifecycle expected costs and revenues 
associated with buying or leasing a 
residential solar system. Two factors 
make our model unique. First, 
because of access to the utility rebates 
and survey responses, we can make 
precise cost and revenue calculations 
for each respondent. Second, we 

control for time-of-day and monthly 
variations in consumption, bill pricing, 
and generation calculations. Both of 
these factors give us confidence that 
we possess sufficient accuracy in 
predicting the payback period of the 
investment, the monthly bill savings, 
and the investment’s net present 
value (NPV). Then we compare these 
calculations to those self-reported by 
the respondent.

Our first comparison is that of the 
payback period, that is, the number of 
years of revenue required to pay off all 
costs associated with the PV system 
(top chart). We find that buyers tend 
to grossly underestimate the number 
of years that will be required to pay 
off their system:  the mean difference 
between the model’s and consumer’s 
prediction is 7.1 years. In drastic 
comparison, leasers not only have 
much shorter paybacks, but are more 
accurate in their assessment—a mean 
prediction difference of 1.1 years.

All of our model’s calculations 
necessarily use a number of 
assumptions about the future, such 
as the productivity of the system, 
increases in electricity costs, and so 
on. What would happen if we tweak 
these assumptions? In fact, we find 
that the mean difference between 
the model and consumer predicted 
payback is minimized somewhere 
between our ‘Optimistic’ (2.6 years 
difference) and ‘Very Optimistic’ (3.1 
years difference) scenarios (see 
table). This implies that, at the time 
of purchase, buyers possessed a 
much more optimistic sense of either 
their system’s future performance 
or the other factors influencing their 
system’s payback period.

We also expect buy or lease 
consumers to be differentiated by 

their implicit discount rate. That 
is, by their nature, buyers must 
have a longer mindset in order to 
be willing to have paid so much up 
front. To determine the consumer’s 
discount rate, we asked them a series 
of questions that determined the 
additional amount they would have 
been willing to pay at the time of 
investment to be indifferent between 
(a) forgoing the PV investment, or (b) 
having the investment at the increased 
price. Whatever amount more than 
the consumer would be willing to 
pay is their implied Net Present 
Value. Lastly, because of our model, 
we have very precise estimates of 
the future revenues and costs of the 
system, which allows us to solve for 
the discount rate needed to make the 
value of expected cash flows equal to 
the implied NPV.

After these calculations, we find 
that the mean annual discount rate 
for leasers is 18-22 percent and for 
buyers it is 4-9 percent. For most 
income groups, the mean leased rate 
is significantly greater than buyers, 
which corroborates our hypothesis 
that leasers have a much greater time 
preference for money. Lastly, there 
does not seem to be a strong negative 
trend in discount rates along income 
levels as predicted by the literature.

Conclusion

Policymakers commonly seek to 
promote the adoption of photovoltaic 
systems and other consumer energy 
durables because of the economic and 
environmental spillover benefits they 
provide. As a technology with proven 
technical capabilities and increasing 
returns to scale, the challenge for 
residential solar is to establish a 
presence in niche markets while it 
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builds credibility and sufficient market 
size to achieve widespread diffusion. 
Understanding who is adopting solar 
and which ownership models are most 
attractive to specific demographics 
is critical for policymakers to be able 
to assess social benefits of adoption 
subsidies -- and thus provide the 
optimal level of policy support. Our 
findings suggest not that buyers 
and leasers come from different 
demographics, as previously thought, 
but that they represent fundamentally 
different consumer groups. Leasers 
have much more urgent uses for 
their capital, they are cash-poor. In 
contrast, buyers have a more long-
term investment approach. We will 
require both groups if we are to 
transition to a more sustainable world.
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