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Abstract

Studying the behavioral aspects of the individual decision-making process is important in identifying
and addressing barriers in the adoption of residential solar photovoltaic (PV). However, there is little
systematic research focusing on these aspects of residential PV in Texas, an important, large, populous
state, with a range of challenges in the electricity sector including increasing demand, shrinking reserve
margins, constrained water supply, and challenging emissions reduction targets under proposed
federal regulations. This paper aims to address this gap through an empirical investigation of a new
survey-based dataset collected in Texas on solar energy perceptions and behavior. The results of this
analysis offer insights into the perceptions and motivations influencing intentions and behavior
toward solar energy in a relatively untapped market and help identify information gaps that could be
targeted to alleviate key barriers to adopting solar, thereby enabling significant emissions reductions in

the residential sector in Texas.

1. Introduction

The Texas electricity sector faces a range of issues
including increasing demand, shrinking reserve mar-
gins, constrained water supply, and challenging emis-
sions reduction targets under proposed regulations.
Rapid population growth in Texas is increasing
demand for both electricity and water resources, while
persistent drought in many parts of the state com-
pound the constraints on water needed to operate
power plants (Malewitz 2015). In 2012 Texas gener-
ated 50% of its electricity from natural gas and 32%
from coal, but only 7.5% from wind (EIA 2014). The
resulting emissions leave Texas with a 38% CO2
emissions reduction goal from the U.S. EPA Clean
Power Plan (CPP) (US EPA 2014b). With Texas
already stretching to meet growing demand,
(ERCOT 2013, 2014) it will have to reach beyond
traditional, carbon-intensive sources to meet its
energy needs under new environmental constraints
and priorities. The EPA CPP suggests that 20—-25% of
Texas’ reduction goal could be met by renewable
energy production (US EPA 2014a, Vaughan 2014).

While there is an increasing expansion in renew-
able energy at the utility scale in Texas, the range of
efforts do not appear to fully tap into the significant
potential in distributed solar generation in the resi-
dential sector that could help meet demand and
reduce peak energy usage while also reducing emis-
sions and contributing to an aggregation market for
distributed energy resources (Burr et al 2014,
SEIA 2014, St. John 2015). Current penetration rates
of residential solar photovoltaic (PV) in Texas are less
than 2% of potential market penetration (Paidipati
et al 2008; Authors’ estimates’). This suggests that
there is significant room for growth in residential PV
in Texas. However, there is little systematic under-
standing of customer perceptions, expectations, and

3 In Austin (TX), where the installed density of residential solar is
among the highest in Texas, the penetration level is about 2% of
technical potential, which accounts for residential rooftops not
suited at all for PV installations due to very poor roof orientation/
structure or excessive tree shading. Average estimates for the
ERCOT system, which covers most of Texas, are around 0.5%
(authors’ estimate using ERCOT data). We thank Steve Wiese and
Chad Blevins for help with these estimates.

©2015IOP Publishing Ltd
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readiness toward adopting solar PV technology across
Texas.

This paper aims to address this gap through an
empirical investigation of data collected through a the-
oretically designed survey instrument. Specifically, we
apply the theory of planned behavior (TPB) frame-
work (Ajzen 1991, 2002) to investigate attitudes,
norms, and perceived behavioral control (PBC) sur-
rounding solar energy adoption in Texas. Identifying
the beliefs that guide intentions and behavior in energy
conservation and solar adoption is necessary for
designing successful interventions to facilitate these
behaviors. Establishing the degree to which attitudes,
norms, PBC, and environmental concern influence
solar adoption intentions is informative as to which
types of information will be most useful and effective
in interventions intended to increase solar penetration
rates in low penetration communities. To the best of
our knowledge this study represents the first systema-
tic application of the TPB framework to study barriers
in the adoption of residential PV.

2. Background and related literature

TPB asserts that the behavior of individuals is deter-
mined by intentions, the antecedents of which are the
attitude toward the behavior, subjective norms, and
PBC (Ajzen 1991, 2002). Attitude toward a behavior is
formed from beliefs about the likely positive or
negative consequences of a behavior. Subjective norms
are the perception of how a particular behavior will be
viewed by others important to the subject. PBC
measures a person’s perception of her/his ability to
perform the behavior. In addition to these three
primary TPB constructs, we also add descriptive and
personal norms to our analysis. Ajzen and Fishbein
(2005) updated TPB to consider descriptive norms, i.e.,
the perception of how others typically behave, in
addition to subjective norms. Thus, we included
descriptive norms as a component of this study.
Personal norms describe self-expectations or obliga-
tions based on internalized values and have the
potential to impact intentions and behavior, particu-
larly when motivation stems from closely held beliefs,
values, and convictions, such as environmental
responsibility (Harland et al 1999). Gardner and
Abraham (2010), in a TPB study of car use, found both
personal norms and descriptive norms to enhance the
TPB model.

TPB has proven an effective tool in understanding
the intentions and behavior surrounding the adoption
of new technologies. A meta-analysis of nearly 200
TPB studies by Armitage and Conner (2001) found
that 39% of variance in intention and 27% of variance
in behavior could be explained through TPB. Bamberg
et al (2003) apply TPB in a study on travel-mode
choice going beyond understanding behavior and
leveraging the theory to evaluate the effectiveness of a

V Raiand A L Beck

behavioral intervention. They also find that past beha-
vior has limited effect on future behavior if the condi-
tions or context of the behavioral decision change.
This is particularly relevant to fast-changing technolo-
gies such as solar, for which prices have dropped
rapidly and the technology has improved significantly
just in the last few years. Communicating this chan-
ging context to potential adopters becomes critical to
the process of reassessing the decision to adopt or
reject a technology as it evolves.

Residential PV adoption faces many challenges, such
as high upfront cost, extensive time and effort associated
with information acquisition, high discount rates, inaccu-
rate estimates of benefits, and perceived uncertainties
about the performance and benefits of the technology
(Faiers and Neame 2006, Jager 2006, Margolis and
Zuboy 2006, Denholm et al 2009, Shih and Chou 2011,
Bollinger and Gillingham 2012, Drury et al 2012, Rai and
McAndrews 2012, Rai and Robinson 2013, Rai and
Sigrin 2013, Davidson et al 2015). The installed price and
upfront costs of solar PV have a particularly strong influ-
ence on adoption, due to influences on both perceived
and actual behavior (Rai and Sigrin 2013). Peer effects
have also proven influential in the adoption of residential
solar, while uncertainties and non-monetary costs, such
as perceived complexity or the time commitment neces-
sary to filter through a glut of information from a variety
of sources, can also act as barriers to adoption (Bollinger
and Gillingham 2012, Rai and Robinson 2013). When
applied in the context of diffusion of innovation studies
(Rogers 2003), the impact of the three TPB constructs—
attitude, norms, and PBC—can uncover barriers to adop-
tion. Uncovering the most important factors related to
adoption of a specific technology can inform the focus of
a targeted intervention and its potential effectiveness.
Likewise, discovering that a highly influential construct
has a low rating within a population of interest can
inform what information might be most useful or bene-
ficial for increasing adoption.

3.Data and methods

Using the TPB framework, this study investigates the
behavioral, normative, and control factors affecting
intentions and behavior related to residential solar PV.
Further, descriptive norms, personal norms, and envir-
onmental concern act as potential moderating factors to
adoption of ‘green’ technologies as discussed above and
are included as well. Specific hypotheses to test the factors
driving intentions toward solar energy are listed below.
The Texas regions studied have a low solar penetration
rate, thus we focus on predictors of intention, measured
by respondents’ consideration to install a solar system
and the likelihood of calling a solar installer for a quote. In
an early stage market, we need to first understand the
factors influencing this initial interest and openness to a
new technology. Thus the intention of considering a solar
installation was selected because it is the first step in the

2
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process of solar adoption and signals attention and
thoughtfulness toward information about a new technol-
ogy. Calling a solar installer for a quote was selected as a
specific, concrete action necessary for solar adoption that
signifies moving beyond initial interest and onto serious
consideration of solar.

3.1. Hypotheses
Following directly from TPB (Ajzen 1991, 2002), we
postulate that:

Hypothesis 1. Solar energy (a) attitude, (b) subjec-
tive norms, and (c) PBC will predict intentions to
consider installing solar.

Hpypothesis 2. Solar energy (a) attitude, (b) subjec-
tive norms, and (c) PBC will predict intentions to
call a solar installer for a price quote.

Since ‘considering’ solar (H1) is an earlier step
compared to requesting installer quotes (H2) on the
path to solar adoption, it is informative to investigate
motivational influences at the consideration stage in a
low penetration market.

Given the novelty, potential complexity of installa-
tion, and cost of solar PV, adoption requires both the
knowledge and financial means to act (Drury
et al 2012, Rai and Sigrin 2013, Liu et al 2014). Thus,
we anticipate that the decision to adopt will be heavily
influenced by PBC, as measured through the percep-
tion of affordability. Accordingly, we hypothesize:

Hypothesis 3. PBC will be the strongest predictor of
(a) considering installing solar and (b) intentions
to call a solar installer.

Trusted information channels, and peer effects in
particular, have proven a significant factor in over-
coming non-financial barriers to solar adoption (Bol-
linger and Gillingham 2012, Rai and Robinson 2013,
Graziano and Gillingham 2015, Noll ez al 2014). Given
the lack of experience with new technologies like solar,
adopting such technologies is characterized by heigh-
tened perceptions of risk. Observing neighbors install
solar can allay uncertainties related to perceptions of
risk (e.g., maintenance and performance of the sys-
tem) and provide motivation and confidence (Rai and
McAndrews 2012). These observations of others’
behavior can form perceptions of which behaviors are
typical behaviors, thus establishing descriptive norms.
Given the known relative importance of peer effects in
the decision to adopt solar, we hypothesize that:

Hypothesis 4. Descriptive norms will be the most
influential norm on the likelihood to (a) consider
installing solar and (b) call a solar installer.

It is also important to explore beliefs that drive atti-
tudes and intentions. Gardner and Abraham (2010)

V Raiand A L Beck

explored the relationship between environmental con-
cern, attitudes, and personal norms in travel mode deci-
sions. They found that personal norms significantly
predict intentions, and, in turn, are significantly impac-
ted by environmental concern. Environmental concern
is a known salient motivating factor underpinning solar
adoption behavior (Kollmuss and Agyeman 2002, Rai
and McAndrews 2012). However, the effect of environ-
mental concern on behavior is indirect, flowing through
its impact on personal norms, which in turn impact
intentions to perform the behavior (Klockner and
Matthies 2004). Accordingly, we hypothesize:

Hypothesis 5. Personal norms will predict intentions to
(a) consider installing solar and (b) call a solar installer.

Hypothesis 6. Environmental concern will predict
personal norms toward solar energy.

Installed cost of solar, particularly the upfront cost, has
been a significant barrier to adoption (Drury et al 2012, Rai
and Sigrin 2013). The value of incentives combined with
declining PV prices significantly reduces that upfront cost
(SEIA 2014), but awareness of these factors is necessary for
lowering those cost barriers to adoption. Thus, incentive
awareness was explored here as a moderating factor on
attitude and PBC, due to its prevalence as a policy tool for
driving residential solar demand (DSIRE Solar 2014).
Accordingly, we hypothesize:

Hpypothesis 7. Awareness of incentives for solar PV
will predict (a) the monetary components of attitude
and (b) PBC toward solar energy.

3.2. Survey
The survey instrument was developed following the
guidelines for a TPB questionnaire (Ajzen 2014) using
a 7-point bipolar Likert scale with ‘agree’ written by 7
and ‘disagree’ written beside 1, unless otherwise noted.
Intermediate rankings were labeled numerically. The
goal of the survey was to collect measures of attitudes,
norms, PBC, intentions, and behavior with respect to
solar energy. Demographic data was also collected.
Environmental concern was included as an additional
factor to investigate potential effects specific to solar
energy intentions (Bamberg 2003, Carley et al 2013).
In some cases, the survey uses multiple questions
to assess the relevant factors. Pearson correlation and
factor analysis were used to eliminate questions that
offered little additional information. In the case where
multiple questions remained to assess a single TPB
construct, an index variable was calculated as the mean
of responses to the questions used. The full list of ques-
tions and discussion of the variables are available in the
supplemental information (SI) available at stacks.iop.
org/ERL/10/07401 1/mmedia®, sections SI-1 and SI-2.
The resulting variables were used to develop logit

4 . . . .
Supplemental information consists of survey questions, summary
and table of demographic data.
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models for dependent variables with binary (yes/no)
responses and ordered logit models for dependent
variables measured using a Likert scale.

3.3. Survey respondents

As mentioned above, our objective is to study percep-
tions, intentions, and behavior regarding solar energy
adoption. Accordingly, in selecting the geographical
focus of the study we considered three criteria: (1) areas
with significant solar incentives, (2) urban areas, and (3)
competitive retail regions of Texas. In the absence of
local incentives, the (weak) economics of solar would
dominate outcomes, making it hard to uncover attitu-
dinal, social, and information-related drivers. Criterion
1 increases the likelihood that the economics of adopting
solar would be more favorable, providing a better setting
to study behavioral and informational aspects. We
wanted to focus on urban areas (criterion 2) because in
the current (low) stage of solar market penetration, we
expect the supply-side factors (primarily access to
installers) to be extremely weak in rural areas due to
poor economies of scale and scope for installers, leading
to little variation in outcomes of interest (e.g., installer
quotes). Finally, our focus on the competitive retail areas
of Texas (criterion 3) was driven by two factors: first,
these areas represent the largest portion of the residential
market in Texas; second, the main non-competitive
areas in Texas (such as the municipally owned utilities in
Austin and San Antonio) have had strong fully sub-
scribed solar programs for many years. As such, in these
areas, the awareness of and interest in solar are generally
already quite high. Based on these criteria we decided to
focus on three cities in Texas: Corpus Christi (2013
population: 316 381), Abilene (2013 population:
120 099), and San Angelo (2013 population: 97 492). To
recruit respondents to the survey we used a direct mail
(postcard) advertisement” for a randomly selected list of
single-family residential addresses in the three cities,
approximately in proportion to population (50% to
Corpus Christi and 25% each to Abilene and San
Angelo). A $10 Amazon gift card for completing the
survey and entry into a prize drawing for one $500 and
two $150 Amazon gift cards were offered.

This process led to a sample of 522 completed
responses that is closely representative of the underlying
population along most observable socio-economic
demographics, with the exception of education (see SI-3
for additional details). On education, the sample—with
nearly 60% of respondents having a bachelor’s degree or
higher—ranks above average compared to the general
population of Texas (26.3% with bachelor’s degree or
higher). Education is typically associated with better
information and higher awareness (Donohue et al 1975,

> The postcard promoted a research project on energy use. The
survey asked a variety of questions about energy use, energy
conservation, and solar energy. This, in addition to monetary
incentives, was done to minimize self-selection bias toward those
already specifically interested in solar.

V Raiand A L Beck

Table 1. Descriptive statistics of TPB constructs, intentions, beha-
vior, and environmental concern (n = 522 except where noted).

Mean SD
Attitude 5.31 1.34
Subjective norms 5.28 1.70
Descriptive norms 3.75 1.59
Personal norm 5.47 1.74
Perceived behavioral control 3.15 1.65
Environmental concern 5.94 1.24
Intention—considering solar (Y/N) 14% (71) 54% (283)
Intention—call installer 3.11 1.61
Behavior—call installer (Y/N) 6% (27) 94% (453)

Rogers 2003). Accordingly, to the extent that we identify
information and awareness gaps below, we believe that
those gaps would be even more significant for the
underlying population from which our sample is drawn.
Additionally, higher educational attainment is asso-
ciated with earlier adoption groups in the diffusion of
innovation model (Rogers 2003). Thus, this sample is
likely in or near the ‘chasm’ group, which is a core group
where a technology either fails or crosses to the main-
stream (Moore 1991).

4. Results

4.1. Descriptive findings

Table 1 shows the descriptive statistics for both index
and single-item variables for the TPB constructs,
intentions, behavior, and environmental concern,
with question-level detail available in the SI (sections
SI-1, SI-2). Solar energy attitudes were measured using
four questions to address financial, aesthetic, and
environmental attitudes toward solar. On finances,
most respondents agreed that solar energy will save
money and increase home value. Regarding aesthetics,
the mean response of 4.27 (sd=2.08) indicated a
relatively neutral attitude. When asked if ‘solar is good
for the environment,’ 80% selected 6 or 7.

Subjective and personal norms both had a mean
greater than 5, indicating positive norms with regard
to solar installations. However, descriptive norms’
were rated lower with a mean of 3.75 (sd = 1.59). The
highest rated descriptive norm with a mean of 4.51
(sd =1.89) was in response to, ‘People who are impor-
tant to me think solar energy is important.” When
asked to rate, ‘Solar energy is a topic of interest in my
neighborhood,” the mean of responses was only 2.81
(sd=1.68). The perceived lack of community interest’
combined with a low penetration rate of residential
solar in this area limits the opportunity to establish

6 L. . .. .

Descriptive norms here include elements of injunctive norms, as
well. There is a nuanced difference between the two, which is
discussed further in the SI (section SI-1.2).

7 The perception that solar is not a topic of interest is the key here,
though that perception could stem either from an actual lack of
community interest or a lack of connection to the community. In
either case, the perception indicates the potential for normative
influences on adoption decisions.
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descriptive norms or peer effects that, through visible
rooftop installations, positively influence solar adop-
tion at this early stage.

PBC was measured from responses to, ‘a solar sys-
tem is affordable for my household®.” The mean
response was 3.15 (sd=1.65). Thus, in the studied
population the perceived affordability of solar was low
and is likely to be a barrier to adoption.

An additional question asked respondents to char-
acterize the expected financial return of solar energy
on a 7-point Likert scale from ‘very low’ to ‘very high’
with an option for ‘do not know.” Of the 520 respon-
dents, nearly 20% (n =98) selected ‘don’t know.” The
mean of the remaining respondents was 4.4 (sd=

1.59). This indicates that while attitudes toward solar

energy were positive and solar energy is expected to
save money, the expected savings are not particu-
larly high.

Intentions regarding solar energy were measured

with two questions: (1) Are you considering installing
a solar system on your house? (2) How likely is it that
you will call a solar installer for a quote? For the first
question, of the five possible responses offered, only
two were used in the models, creating a binary vari-
able: 71 responding, ‘Yes, [ am currently considering,’
and 283 responding, ‘No, I am not considering.” Only
one of the 520 respondents that answered this ques-
tion had already installed solar (the first response
option). The options, ‘Previously considered, but
decided not to install’ and ‘other’ were included to
provide a more complete set of options for respon-
dents, but neither indicates a current intention. Thus,
these two latter response categories were not included
in the models for considering solar’. The second ques-
tion was measured on a 7-point Likert scale from ‘Very
likely’ to “Very unlikely’ with a mean of 3.11 (sd=
1.61). Knowing in advance that the region of focus
had low solar penetration, we measured solar-related
behavior by asking, ‘Have you ever called a solar instal-
ler for a quote?’ rather than relying on solar installa-
tions as a measure of behavior. Only 6% (n=27) of
respondents had called a solar installer. So even this
measure for solar-related behavior does not provide
sufficient variation to build a TPB behavior model for
solar PV adoption, for which we only report TPB
intention models.

8 . . .
See SI-1.3 for more details on the choice of this measurement.

o Those who considered solar, but decided not to install, cannot be
used in the ‘not considering’ group because considering solar
seriously at some point indicates they likely share many of the same
characteristics as the considering group. However, we do not know
the reason or at what point in the adoption process they rejected
solar, e.g. financial, shading from a tree or neighboring building, etc.
On the other hand, someone who is ‘not considering’ solar may not
be interested enough in solar to think about it at all. These are
fundamentally different decisions, thus we include only considering
or not considering in the final model.

V Raiand A L Beck

4.2. Models of intentions toward solar PV adoption
Table 2 provides the results of TPB models for these
two solar intentions: (1) a logit model for considering
asolar installation, SIconsider and (2) an ordered logit
model for likelihood to call a solar installer, SIquote.
These models used the main TPB constructs—
attitude, subjective norms, and PBC—as well as
demographic and house-related variables as controls:
age, gender, income, education, and home area. Home
value and home area had a high correlation (0.74);
thus only home area was used in the models, because
the data set was more complete (n = 486) compared to
home value (1=439). A second set of models,
SIconsider2 and Slquote2, added descriptive norms
and personal norms to the models Slconsider and
SIquote, respectively.

For those considering solar (SIconsider), the TPB
constructs attitude and PBC proved significant at the
0.05 and 0.001 levels, respectively, whereas subjective
norms were not significant (Hypothesis 1b not sup-
ported). With an OR of 1.73, attitude showed most
influence, thus supporting Hypothesis 1a. The OR for
PBC is 1.64, which supports Hypothesis 1¢, but falls
short of supporting Hypothesis 3a, since attitude, not
PBC, had the greater influence on the likelihood of
considering a solar installation. However, the SIconsi-
der model focuses on the likelihood of considering
solar—a relatively early stage in the decision process
leading to a final adoption/rejection decision. In TPB,
PBC impacts both intention, an immediate antecedent
of behavior, and behavior itself directly. Thus, the
importance of PBC is amplified by influencing beha-
vior both directly and indirectly (Ajzen 1991). As such,
the relative prominence of PBC may be greater in later
stages of the decision process (discussed below).
Table 3 presents a summary of all hypotheses and
results.

For the model Slconsider2, the inclusion of
descriptive norms and personal norms improved the
model fit (y* (2 304) = 13.72, p=0.001), but removed
the significance of attitude. This is attributed to the
high correlation of attitude (0.57 and 0.79, respec-
tively) with these two variables. PBC remained
strongly significant as in Slconsider. Descriptive
norms were significant to the 0.001 level, increasing
the odds of considering solar by 75% for each one-
point increase, confirming Hypothesis 4a. Personal
norms were not significant for considering solar, thus
Hypotheses 5a was not supported. These results indi-
cate that at this stage (i.e., low levels) of solar penetra-
tion individuals with a positive attitude toward solar,
with a generally strong perception that they are able to
pursue solar (PBC), and who receive informational
cues or confirmation of their decision through the
behavior of others (descriptive norms) are more likely
to consider adopting solar.

In the model SIquote both attitude and PBC were
significant at the 0.001 level. Each one-point increase
in the solar attitude index increased the odds of
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Table 2. Models for solar energy intentions”.

V Raiand A L Beck

SIconsider SIconsider2 SIquote SIquote2
n 304 304 417 417
AIC 227 217 1335 1326
Pr (>Chisq) <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16
Pseudo R-square” 0.38 0.41 0.24 0.24
OR OR OR OR
Attitude 1.73* 1.34 1.56** 1.28*
(0.23) (0.28) (0.09) (0.11)
Subjective norm 1.25 0.91 1.13 0.98
(0.18) (0.21) (0.07) (0.08)
Perceived behavioral control 1.64%** 1.44** 1.66*** 1.59%**
(0.13) (0.14) (0.07) (0.07)
Descriptive norm 1.75%%* 1.21*
(0.17) (0.08)
Personal norm 1.33 1.27**
(0.24) (0.09)
Age 0.96** 0.96** 1.00 1.00
(0.01) (0.01) (0.01) (0.01)
Gender 0.26%** 0.25%** 0.94 0.92
(0.39) (0.4) (0.16) (0.16)
Income 1.18 1.25 1.12 1.14
(0.13) (0.14) (0.07) (0.07)
Education 0.81 0.83 0.90 0.89
(0.14) (0.14) (0.07) (0.07)
Homearea 1.00* 1.00 1.00 1.00
(0) (0) (0) (0)

* Odds ratios (OR) and standard errors in parentheses. Intercepts are not reported, as there are

many, but are available on request.

® Maximum Likelihood was the lowest of a several metrics for Slconsider models, thus is

reported as the most conservative estimate. McFadden’s R-square is reported as the conservative

estimate for SIquote models.
Significance 0.001***,0.01*%,0.05%,0.1

intending to call a solar installer for a quote by 56%,
supporting Hypothesis 2a. A one-point increase in
PBC had a corresponding increase of 66% on the odds
of intending to request a solar quote, supporting both
Hypotheses 2¢ and 3b, as PBC had the greatest influ-
ence on intentions to request a solar quote. Subjective
norms were significant only at the 0.1 level, weakly
supporting Hypothesis 2b.

The model SIquote2 included both personal and
descriptive norms and improved the model fit (3 (2,
417)=12.99, p=0.0015). The addition of these two
variables diminished the influence of attitude
(p <0.05), which is attributed to the high correlation
of attitude with descriptive and personal norms as in
the Slconsider2 model discussed above. Among the
three norm-related variables in this model, personal
norms showed the most influence on intentions to call
a solar installer. A one-point increase in personal
norms increased the odds of requesting a quote by
27% (p < 0.01), while a one-point increase in descrip-
tive norms increased the odds by 21% (p<0.05).
Thus, while this supports Hypothesis 5b (influence of

personal norms), Hypothesis 4b (descriptive norms
most influential) is not supported.

Furthermore, personal norms were modeled as a
function of environmental concern and the five
demographic control variables included in the above
models. Environmental concern was significant at
the 0.001 level with an OR of 2.13, thus supporting
Hypothesis 6. This indicates a strong relationship
between personal norms (for solar energy) and
environmental concern. However, note that perso-
nal norms were only significant in the SIquote2
model, not the SIconsider2 model. Together, these
findings indicate that the influence of environmental
concern acting through personal norms becomes
significant later in the process of solar adoption,
while the initial step of considering solar is more
influenced by informational cues from others, i.e.,
descriptive norms.

4.3. Financial aspects and information gaps
Since both attitude and PBC include financial compo-
nents and, together, are the most influential constructs




10P Publishing

Environ. Res. Lett. 10 (2015) 074011

Table 3. Summary and confirmation of hypotheses.

# Hypothesis Supported

Hypotheses 1. Solar energy. .. will predict intentions to consider instal-

ling solar.
Hla (a)attitude, Yes
H1b  (b)subjective norms, and No
Hlc (¢)PBC Yes
Hypotheses 2. Solar energy. .. will predict intentions to call a solar
installer.
H2a  (a)attitude, Yes
H2b  (b) subjective norms, and Yes
H2c¢ (c)PBC Yes

Hypothesis 3. Perceived behavioral control will be the strongest pre-
dictor of

H3a  (a) considering installing solar and No

H3b  (b) intentions to call a solar installer. Yes

Hypothesis 4. Descriptive norms will be the most influential norm on
the likelihood to

H4a  (a) consider installing solar and Yes
H4b  (b) call asolar installer. No
Hypothesis 5. Personal norms will predict intentions to

H5a  (a) consider installing solar, and No
H5b  (b) call asolar installer. Yes

Hypothesis 6. Environmental concern will predict

Hé6 personal norms for solar energy. Yes

Hypothesis 7. Awareness of incentives for solar PV will predict. ..
toward solar energy.

H7a  (a) the monetary components of attitudeand ~ No

H7b  (b) PBC No

to both variations of solar intentions considered here
(SIconsider and SIquote), the perceived cost of solar
emerges as the most significant barrier to adoption for
this sample. Furthermore, both attitude and descrip-
tive norms had a weaker influence on calling for a
quote than on considering solar, while the relative
significance of PBC increased for SIquote. Presum-
ably, considering solar is an earlier stage in the
adoption process than calling for a quote. Thus, our
findings indicate that attitudinal components play a
stronger initial motivating role and that the financial
component becomes increasingly dominant through
the progression of the decision-making process.

Given the prevalence of solar incentives (DSIRE
Solar 2014) to address the financial barriers of solar, it
is important to consider the effect of incentives on the
monetary components of attitude and on PBC.
Awareness of solar incentives was assessed with the
question, ‘Are you aware of any incentives (federal,
state, or local) to install solar?” The response options
were Yes” or ‘No’, with only 16% responding in the
affirmative. The effect on attitude was measured by
creating a dependent variable from the two monetary
components of attitude (see SI), and modeling it as a
function of awareness of incentives and the five demo-
graphic control variables used in previous models.
Awareness of incentives as a predictor of attitude was
highly insignificant (p = 0.95), thus Hypothesis 7a was
not supported. Similarly, solar PBC was modeled as a
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function of awareness of incentives and the same five
demographic control variables'’. Awareness of incen-
tives as a predictor of PBC was not significant either
(p=0.49); thus, Hypothesis 7b was also not sup-
ported. This indicates that the overall financial picture
of solar is important for driving solar intentions (as
confirmed by the significant effect of PBC in the TPB
intention models), but knowledge of any particular
rebate or incentive is not. As noted previously, only
16% of the respondents in a group with above average
educational attainment (i.e., typically more informed)
were aware of incentives and nearly 20% were unsure
of the financial returns from solar. Thus, expectations
about financial returns from solar appear to be formed
independently of available incentives. Put another
way, a technology like solar that is perceived to be
expensive may still be perceived as expensive even with
a 30% price reduction (Federal Investment Tax
Credit) and additional available local incentives. As
such, the relative cost may be less important than the
perceived overall financial picture, which is currently a
negative (adverse) perception. Any additional incen-
tives and rebates appear to be a wash, as individuals are
either not aware of that information or do not appear
to be filtering that new information to rightly update
their perception. This finding may be related to the
‘ostrich effect’” that Karlsson et al (2009) identify,
whereby individuals avoid additional information
given adverse prior news. Overall, these findings point
to an inaccurate, and perhaps outdated, under-
standing of solar costs and benefits, suggesting the
existence of an information gap that decreases the
potential effectiveness of incentives for reducing the
cost barrier to solar adoption.

5. Conclusion

Given the importance of solar energy in meeting
emissions reductions targets amid growing electricity
demand in Texas, in this paper we studied individual-
level perceptions and information gaps associated with
the adoption of residential solar PV. Specifically, we
collected and analyzed a new survey dataset of house-
holds in Texas to better understand existing attitudes,
norms, and PBC and their impact on intentions and
behavior regarding the adoption of solar PV. Our
analysis sheds light on the nature of behavioral and
informational barriers in the adoption of residential

10 It is plausible that home ownership could also impact PBC. We
specifically targeted single-family homes, but information on actual
ownership (owner or renter) was not available for all respondents.
We feel that living in a single family home provides the perspective
and experience with electricity use and expense that would inform
decisions on solar. Home ownership was not included in the PBC
model because responses were only available from a smaller sample
of respondents (n=173), with just over 85% as homeowners.
Within that smaller sample we note that there is no significant
difference between PBC for homeowners and renters, p=0.61
(ttest).
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PV in Texas and offers insights for designing potential
interventions to alleviate those barriers.

Survey respondents demonstrated positive atti-
tudes, which were significantly associated with inten-
tions to consider the adoption of solar PV. PBC was
also highly significant in every model we tested for
intentions toward considering solar installation or
calling installers for quotes, though it was rated low
(3.15). Low PBC toward solar may indicate why
descriptive norms play such an influential role in con-
sidering solar. Since respondents do not feel particu-
larly knowledgeable or confident with solar, a new and
complex technology, looking to others for informa-
tion and/or confirmation has relevance and benefit.
This finding is consistent with recent findings in the
literature confirming the importance of peer effects in
solar adoption (Bollinger and Gillingham 2012, Rai
and Robinson 2013, Graziano and Gillingham 2015,
Noll e al 2014). Thus solar incentive programs should
strive to leverage the beneficial impacts of peer effects
(reflected in descriptive norms) to address underlying
informational barriers in the adoption of PV. The
internalization of the positive externality associated
with peer effects could take different forms, ranging
from the purely economic (e.g., higher incentives for
early adopters (Bollinger and Gillingham 2012)), to
more informational (e.g., online peer-exchange plat-
forms (Rai and Robinson 2013)), or more institua-
tional instruments (e.g., non-profit, community
organizaions (Noll eral 2014)).

The relationship between environmental concern
and solar energy is nuanced. Environmental concern
—as operating through personal norms—was not a
significant factor in considering solar, but became a
significant factor for the intention to call for a solar
quote, a later stage intention (compared to consider-
ing solar). As discussed above, we also see a diminish-
ing role for attitudes and descriptive norms as
respondents move through the decision process, as
evidenced by the relative influence of the TPB con-
structs in the models. In contrast, perceived afford-
ability and personal norms play an increasingly
influential role as the decision process progresses.
Thus, attitude and descriptive norms may spark initial
interest before financial considerations take stronger
hold during the later stages in the decision process
with an added boost to action from personal norms
(Bamberg and Maoser 2007). Quite possibly, since
environmental concern (acting through personal
norms) does not appear to be a key spark for consider-
ing solar, influencing attitude and PBC through tar-
geted information regarding the financial benefits
could provide the necessary impetus at the early stages
of the decision process regardless of environmental
concern.

But information alone, especially if not targeted,
may not be sufficient to overcome adoption barriers.
Survey respondents had the option of leaving a com-
ment. The most frequent sentiment (57%) of those
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that did was that they would install solar if they could
afford it, which is consistent with the reported high
(positive) attitude but low PBC survey scores. This
indicates a market ready for solar PV when systems
become more affordable. For many, growth in the
availability of solar loans and leasing options creates
those affordable conditions and potentially opens new
market segments in residential PV (Rai and
Sigrin 2013). However, despite the presence of federal
(30% investment tax credit) and local incentives
($1.20/W) and leasing options, respondents generally
expected low financial returns from solar. This sug-
gests that customer awareness of the cost of solar has
not caught up with available incentives and rebates,
declining prices, and lease options that are quickly
increasing the affordability of solar PV. This is a valu-
able insight, in light of the fact that our models show
that perceived affordability of solar is the strongest
predictor of intentions associated with adopting solar.
That a population with higher than average educa-
tional attainment—a factor generally indicative of
more informed respondents—showed such low
awareness of solar costs, options, and investment
potential, points to a substantial information gap that
is likely feeding the low observed PBC in the sample.
One implication of these findings is that incentives to
encourage solar PV adoption would be more effective
if accompanied by relevant information that enables
the targeted population to assess how the incentives
actually impact key criteria, such as affordability, and
to update their perceptions accordingly.
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