Table 3.1. Summary of items used in attitude logistic model. Energy attitudes, climate change
beliefs, and solar barriers were truncated to form new response variables used in the model.

Factor Scale* Mean SD N
Knowledge
Renewable Energy 0-4 1511  0.783 327
Solar Energy 0-4 1.505 0.785 329
PDX Renewable Energy Proportion 0-2 1.07 0.85 275
Climate Action Plan 0-4 0.72 0.78 319
Conservation
General Conscientiousness 0-4 2340 0.634 329
Energy Attitudes
Aids in preventing CC -2t02 1.206  1.103 326
Helps transition away from fossil fuels -2t02 1.332  0.981 325
Reduces our impact -2t02 1.388  1.033 327
Continue use of fossil fuels because they 're 2102 1.07 111 307
cheaper
Makes no difference for CC -2to2 -1.083 1.152 324
Solar & wind are costly -2to2 0196  1.019 326
Plenty of fossil fuels left -2t02 -0541 1.272 327
Renewable energy is overrated -2t02  -1.492 0.930 323
Maintenance & installation are costly -2t02 0.463  0.946 326
Too busy to think about it -2to2 -1.022 1.017 325
Never comes to mind -2to2  -0.884 0.993 327
Don’t care as long as it’s affordable -2to2 -1.206 0.977 325
Awareness
Voluntary green utility programs 0-4 1.673 1.261 327
Community Solar 0-4 0.688 0.710 327
Leasing rooftop solar panels 0-4 0.789  0.976 327
Owning rooftop solar panels 0-4 1.220 1.077 327
Prior knowledge about community solar 0-4 0.633  0.757 324
Climate Change Beliefs
Not as bad as it’s portrayed -2to2  -1.188 1.172 314
Nothing we can do to stop it -2to2 -0981 1.173 315
1t’s a natural phenomenon -2to2  -0578 1.331 313
1t’s a hoax and conspiracy -2to2 -1.786  0.686 313
Dire consequences for all life -2t02 1.637 0.794 317
1t’s caused primarily by humans -2t02 1.194  1.095 314
Barriers to solar use
Roof not suited -2t02 -0.06 1.24 327
No time -2t02 -0.49 1.17 317
Rent my home -2t02 -1.17 1.54 305
Not interested -2t02 -1.14 1.05 322
Costs too high -2t02 0.33 1.09 321
Too much hassle -2t02 -0.27 1.12 321
Lack of knowledge -2t02 0.26 1.21 321
Planning on moving soon -2t02 -0.23 1.38 323
Too new to the market -2t02 -0.74 1.02 323
Concerns about reliability & maintenance -2t02 0.24 1.24 325
Community
Peer Influence 0-4 1.90 1.12 319
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Community involvement**

Interest- dependent variables 0-7 1.88 1.99 329

Interest in solar energy 0-4 2.56 0.96 327
Interest in community solar 0-4 2.66 0.99 324
Timing of community solar adoption 0-4 2.53 0.89 321

*Scale definitions for each variable can be found in Appendix A. **Community involvement
was calculated by adding number of days spent each year on a community activity and then
coding (0 to 7) based on frequency.

over 90% of respondents rated themselves as somewhat or very energy conscious.
Awareness levels were low among respondents: almost 90% of respondents were
unfamiliar with community solar, 81% were unfamiliar with leasing solar panels, 62%
were unfamiliar with owning solar panels, and 47% were unfamiliar with voluntary green
utility programs. 52% of respondents had no prior knowledge about community solar

before participating in the survey (34% had a little).

For attitudes towards renewable energy, the majority of respondents agreed with
positive statements about energy and disagreed with negative energy statements. Neutral
responses were common for statements reflecting the belief that renewable energy is too
expensive to utilize. Statements that stressed indifference towards renewable energy were
also unpopular among survey respondents. Beliefs towards climate change followed a
similar environmentally-leaning pattern; most respondents disagreed with statements that
paralleled a denial attitude, while agreed with statements that stressed the seriousness of

climate change.

Perceived barriers of solar energy use were not extreme: most respondents
reported neutral or negative responses to barrier statements. Though the two barriers that
had the highest proportion of respondents agreeing with them were economic and lack of

knowledge barriers. Most respondents disagreed with the barrier stating they were not
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interested in pursuing home solar, which is in line with the finding that 50% of

respondents reported being very or extremely interested in having access to solar energy.

Most respondents felt that if they knew a peer who was enrolled in a community
solar project, they would be somewhat more likely to join. About 27% of respondents
believed their likelihood of joining would be a lot higher if they knew someone already
enrolled, while ~33% believed their enrollment decision wouldn’t be influenced if they
already knew someone participating in a project. Another measure of community
engagement asked respondents to report their frequency of participating in community
activities, such as volunteering at a local school or nonprofit. A total community
involvement score was calculated by summing the number of days respondents reported
for each activity; e.g. a weekly frequency was given a score of 52 or a once per year
frequency was given a score of 1. These values were added together and then recoded
from 0 to 7 (0= 0 days, 7= 151 days or more each year). Most respondents engaged in a
community activity 0 to 5 days each year (h=181), with volunteering at a local

community center or nonprofit being the most frequently selected activities.

The dependent variable used in the logistic regression model was general interest
in joining a community solar project. 11% of respondents reported being not at all or not
very interested in community solar, 30% were unsure, and 59% were somewhat or very
interested in enrollment. There was variability among interest levels across different
neighborhoods as well, with some neighborhoods having almost 70% of respondents
interested in community solar and others having less than 40%. To further evaluate

interest in community solar, a question was asked to measure the timing of adoption if a
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community solar project was available right now. 7% of respondents said they would
enroll immediately, 58% would likely enroll after a few months of additional research,
22% would wait a year to see how projects turned out, and 13% would likely never

enroll.

3.3.2 ATTITUDE LOGISTIC REGRESSION RESULTS

Exploratory factor analysis was conducted on three response banks to explore the
underlying structure of the items and to investigate whether variables loaded well onto
new factors. These factors were then applied as new variables in the attitude models. EFA
for attitudes towards renewable energy demonstrated four factors accounted for the
twelve attitude items. The energy “attitude” factors were beliefs that renewable energy is
environmentally beneficial, unnecessary, too expensive, or personally irrelevant
(indifference). EFA was also conducted for solar barriers and climate change beliefs,
which also had items load well onto factors. The solar barrier factors were: household
barriers, time barriers, economically and logistically burdensome barriers, and lack of
trust and information barriers. The climate change factors were beliefs related to climate
change denial and beliefs that climate change is a serious threat. Two other climate
change items didn’t load onto the factors; thus they were kept as separate variables. To
account for these new factors, the mean was calculated for each item loaded onto the

factor, creating an index used in the attitude models.

Two attitude models were created to predict interest in community solar, one

being a full model that included all attitude, awareness, belief, knowledge, and barrier
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items, and the other being a reduced model built through the AIC backward-step
approach (also eliminating items that had insignificant p-values). Table 3.2 displays the
results of the logistic regression, where model coefficients are presented as odds ratios to
reveal the predictive strength of each item. Pseudo r-squared was calculated for each
model, with the full model having an r? of 0.50 and the reduced model an r? of 0.47. An

ANOVA test revealed no significant difference between the two models.

The regression results revealed that having a general interest in solar energy is the
strongest predictor for having interest in community solar (OR = 3.83, p= 2.9e-08).
Attitudes towards renewable energy were other items that were influential in predicting
community solar interest. The belief that renewable energy is environmentally beneficial
had a strong positive influence on community solar interest (OR= 2.02, p=0.001), while
the belief that renewable energy is unnecessary (negative attitude) had a strong negative
influence on community solar interest (OR=0.29, p=4.7e-05). The belief that renewable
energy is costly compared to other energy sources also had a negative influence on

interest in community solar, though not as significant as the other attitude items.

Awareness and familiarity were somewhat influential on community solar interest
as well. Specifically, being familiar with community solar was negatively associated with
having an interest in community solar. This result may be due to the fact that almost all
respondents reported being unfamiliar with community solar (1% reported familiarity
with community solar). Being familiar with owning solar panels had a positive influence
on predicting interest in community solar. Additionally, knowledge regarding the

Portland CAP had a slightly positive predictive strength in community solar interest. An
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interesting result from the model revealed that energy conscientiousness was negatively
associated with interest in community solar. Again, this may be because there was little
variability in these responses; almost all respondents reported being either somewhat or

Very energy conscious.

Items categories that were not influential in the logistic regression model were
climate change beliefs, solar barriers, and community involvement. No solar barriers had
significant p-values and their corresponding odds ratios were all close to 1. This is likely
because solar barriers were not perceived as significant; most survey respondents

disagreed or felt indifferent about the listed barriers.

Table 3.2. Results of logistic regression coded to predict interest in community solar.
Somewhat or very interested=1 (n=192), all others= 0 (n=132). Significant levels: ”
(<0.1), * (<0.05), ** (<0.01), *** (<0.001). Coefficients are presented as odds
ratios. Nagelkerke R? presented.

Full Model Reduced Model
Knowledge
Renewable energy knowledge 0.82
Solar knowledge 1.53
CAP knowledge 1.89* 1.54f
PDX renewable energy knowledge 0.98
Awareness & Familiarity
Prior CS knowledge 0.77
Familiarity with CS 0.42* 0.40*
Familiarity with leasing solar 0.94
Familiarity with owning solar 1.38 1.44*
Familiarity with green utility programs 0.99
Renewable Energy Attitudes
Environmentally beneficial 2.03** 2.02**
Too expensive 0.61* 0.62*
Indifference 1.39
Unnecessary 0.20*** 0.29%**
Climate change beliefs
It’s out of our hands 1.30 1.28
It’s a natural phenomenon 1.33f 1.28
It’s a serious threat caused by humans 1.18
Denial 1.26
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Perceived Solar Barriers
No time 0.82
Economically and logistically burdensome 1.21
Uncertainty about info and reliability 1.14
Moving or renting 0.91
Community items
Peer influence 1.17
Community involvement 1.06
Interest in solar energy 4.37%** 3.83%**
Energy Conscientiousness 0.45* 0.48*
N= 253 r?=0.50 r2=0.47

Two additional regression models were constructed to further examine the
relationship between attitudes and interest in community solar or solar energy. One
regression model used “interest in solar energy” as the binary dependent variable. Table
3.3 displays the results of the reduced model predicting interest in solar power.
Perceiving the use of solar energy as economically and logistically burdensome had a
significant negative influence on predicting interest in solar, which is different from the
community solar interest model where no barriers were negatively influential. Climate
change denial was another strong predictor that negatively influenced interest in solar
energy. The variables in the model that had significant positive impacts on solar interest

were familiarity with solar panel ownership and peer influence.
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Table 3.3. Binomial logistic regression model predicting interest in pursuing solar
energy. Pseudo r-squared: 0.42. Binary response codes: 1= very or extremely interested
in solar, 0= neutral or not interested in solar. N = 252. Significant levels: 7(<0.1), *
(<0.05), ** (<0.01), *** (<0.001).

Variable p S.E. VIF OR
Knowledge about RE -0.43f 0.24 1.44 0.65
Familiar with owning solar panels 0.40* 0.17 1.22 1.50
Knowledge about the Portland CAP -0.37f 0.22 1.30 0.69
Peer influence 0.36* 0.15 1.05 1.43
Solar barrier: economically & logistically burdensome | -1.49*** (.24 1.10 0.23
Attitude: Indifference towards RE -0.39 0.21 1.15 0.68
Belief: climate change denial -0.75** 0.28 1.03 0.47

The other binomial regression model explored which variables had significant
influence on predicting the timing of community solar adoption; whether enroliment
would be immediate (if a project was already available) or after time was spent
researching and observing the practice of community solar. Table 3.4 displays the
reduced model outputs. Covariates that had significant positive influence on timing of
adoption were familiarity with green utility programs, prior knowledge about community
solar, and the belief that climate change is a natural phenomenon. Variables that were
negatively associated with the timing of community solar enrollment were knowledge
about solar power, the perception that lack of information and trust were barriers to solar

energy utilization, and the attitude that renewable energy is unnecessary.
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Table 3.4. Logistic regression model predicting intended timing of community solar
enrollment. Pseudo r-squared: 0.45. Binary response variable codes: 1= immediate
enroliment, 0= enrollment after several months or years. N= 224. Significant levels: ’
(<0.1), * (<0.05), ** (<0.01), *** (<0.001).

Variable p S.E. VIF OR
Knowledge about solar power -1.26* 0.49 1.81 0.29
Familiar with green utility programs 0.67** 0.25 1.29 1.95
Familiar with owning solar panels -0.567 0.33 1.43 0.57
Prior knowledge about community solar 0.87* 0.40 1.41 2.39
Barrier: not enough time 0.46 0.28 1.46 1.59
Barrier: lack of trust & information -1.87%** 0.50 2.13 0.15
Attitude: RE is environmentally beneficial 0.80 0.52 1.29 2.22
Attitude: RE is expensive -0.58 0.34 1.28 0.56
Attitude: RE is unnecessary -1.10f 0.71 1.20 0.33
Belief: Climate change is natural 0.73** 0.25 1.48 2.06

3.4 DISCUSSION

3.4.1 AWARENESS AS A BARRIER

Familiarity and awareness of community solar were measured by two questions in
the survey and descriptive statistics revealed that for both questions, survey respondents
were very uninformed about community solar. The attitude model demonstrated a
negative relationship between awareness of community solar and interest in joining a
project. This relationship causes Ajzen’s Theory of Planned Behavior to be unclear in the
context of community solar. Additionally, my model results don’t support other findings
(Craig, 2016) that energy program awareness is linked to higher likelihood of
participation. Awareness should precede attitudes about a product, which causes intent
that dictates a certain action. Because community solar is an innovation that many people
have never heard of, and because it has not been implemented yet, consumers have not

had the opportunity to form attitudes about community solar. Measuring the link between
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community solar awareness, attitudes, and intent to enroll cannot truly be conducted until
the community solar program in Oregon has been implemented and is offered to

customers.

The low level of awareness revealed in the survey demonstrates that outreach and
marketing campaigns about community solar will be imperative to educating consumers
about this energy practice. As gathering knowledge about a practice or product is the first
step in forming an attitude about something, as related to both the DOI theory and TPB,
disseminating information about community solar quickly will hasten the diffusion
process. This trend was also evident when | measured the hypothetical timing of adoption
of a community solar project if one was available right now. A very low proportion of
respondents stated they would enroll immediately, while the majority said they needed
additional time to gather more information about the product. This was also apparent in
the timing-of-adoption logistic regression model, where the lack of information and trust
barrier of solar adoption was negatively influential in predicting immediate enroliment.
Therefore, lack of information could act as a significant barrier to community solar

adoption.

Lack of information was one of the most significant barriers perceived among
survey respondents in terms of utilizing solar energy. Though the proportion of
respondents agreeing with this barrier was still not extreme. Other barriers had high
distributions of disagreement and neutrality among survey respondents. Further, there
was no relationship between interest in community solar and perceived solar barriers. The

overarching observation I made from examining the response distributions of the
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perceived solar barriers was that personal barriers are unlikely the leading reason solar
energy is underutilized in Portland. Rather, enabling mechanisms are needed to supply
Portland residents with more solar energy options. Thus, community solar policy can
potentially act as an enabling mechanism that will increase the utilization of solar energy

in Portland.

Perceived solar energy barriers were also measured to assess whether these
obstacles are reasons for the attitude-behavior gap among consumers. To reiterate, the
attitude-behavior gap states that residents who hold a positive attitude about renewable
energy or some other environmental initiative will likely not act upon that attitude due to
some barrier blocking the behavior (Claudy et al., 2013). Economic and lack of
information barriers were most significant among consumers in terms of solar energy, but
the attitude-behavior gap apparent in community solar adoption can’t accurately be
assessed until community solar projects have been developed. Respondents have already
expressed interest in community solar, but true adoption won’t be measured until projects
have been sited and offered to customers. From the survey results, it may be suggested
that if an attitude-behavior gap exists for community solar enrollment, perhaps it’s due to
a lack of information and knowledge, as this was the most significant barrier for general
utilization of solar energy. It can be said that my research findings support the notion that
the TPB becomes complicated in the case of energy attitudes and behaviors because of

the disconnect between perceptions and actions (Craig, 2016).
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3.4.2 RENEWABLE ENERGY ATTITUDES & INTEREST

The results of the attitude logistic regression model indicate that attitudes towards
renewable energy are strong predictors for having an interest in joining a community
solar project. The energy attitudes that highlight the positive environmental benefits of
utilizing renewable energy can be considered pro-environmental attitudes. These results
support other findings that show that environmental concern tends to be a determinant of
solar adoption (Schelly, 2014). The energy attitudes that emphasize the costs and burdens
of using renewable energy can be considered anti-environmental because they stress the
advantages of continued use of fossil fuels (which is inherently harmful to the planet).
Thus, these energy attitudes can be related to the internal dual-interests that motivate

individuals: the other-interest and the egoistic self-interest.

Holding the belief that renewable energy is environmentally beneficial, essentially
carrying a positive attitude about renewable energy, can be considered an injunctive norm
because renewable energy use is a socially acceptable practice that benefits society in the
long term. This parallels the notion that utilizing renewable energy satisfies the other-
interest because it benefits not just the self, but also our society and environment. The
strong positive correlation between interest in community solar and perceiving renewable
energy as environmentally beneficial suggests that individuals will distinguish
community solar as an environmentally-friendly practice. Therefore, individuals who
have environmental attitudes and who hold a strong other-interest are more likely to be

interested in enrolling in community solar.
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On the other hand, a strong self-interest may be the motivating factor behind the
belief that renewable energy is too expensive and not economically advantageous
compared to other energy sources. The logistic regression results demonstrated a strong
negative relationship between interest in community solar and believing renewable
energy is unnecessary. Perhaps individuals with this belief perceive community solar as
too expensive or relatively invaluable compared to using default energy. Or, they believe
community solar is simply not necessary because they don’t prioritize environment over
economics. For these individuals, marketing community solar as an economically
advantageous practice will be vital in accelerating the adoption of this innovation. To
satisfy the self-interest of these consumers, financial incentives and benefits of
community solar participation need to be maximized. As consumers have varying degrees
of environmental norms and beliefs, it will be important to educate citizens about the

economic benefits of community solar enrollment, not just the environmental benefits.

3.4.3 STUDY LIMITATIONS & FUTURE RESEARCH NEEDED

Assessing the potential attitude-behavior gap of community solar adoption before
projects are developed may be helpful in forecasting enrollment barriers, but true
evaluation of this phenomenon must occur when the program has been implemented and
participation rate data is available. Thus, community solar program evaluation should
occur once the projects are up and running; evaluation research could provide solutions
and improvements for the local program as well as offer insights for other states or

regions developing community solar programs.
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My survey respondents were highly educated, with most reporting having
a Bachelor’s degree or higher. This high proportion of educated residents does not reflect
the education census data of Portland as a whole, thus it should be noted that attitudes
expressed in this study may not be generalizable to the entire population of Portland.
Despite this, | believe my analysis can provide adequate support for the notion that
environmentally-minded individuals are more likely to be interested in community solar
than citizens who have a negative attitude about renewable energy. Though renters and
multi-family unit dwellers comprised a small proportion of my overall sample, | believe
my sample was adequate at representing the single-family household segment of the
market, as home owners are affiliated with higher educational attainments and higher
incomes (Segal and Sullivan, 1998).

3.5 CONCLUSIONS

The objective of this research was to investigate what characteristics of Portland
residents drive intent to participate in community solar projects. The logistic regression
analysis revealed that pro-environmental attitudes are good indicators of interest in
community solar. Enrolling in a community solar project can be considered an
environmental behavior, thus the link between environmental attitudes and intent to
perform an environmental behavior is supported in this study. However, true
measurement of community solar adoption cannot be evaluated until the program in
Oregon has been finalized and projects have been sited. Consequently, the potential
attitude-behavior gap in the context of community solar is unknown. Yet the analysis of

perceived barriers of solar energy show that lack of knowledge and economic reasons are
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the most significant barriers hindering adoption of solar energy, which may potentially

apply to community solar adoption as well.

However, most respondents disagreed with the provided barriers about solar
energy, which suggests that solar utilization is not hindered through obstacles, but rather
through a lack of enabling mechanisms. Educating the public about community solar and
disseminating information about the economic advantages of community solar
enrollment, with some environmental highlights, could make community solar the
enabling tool needed to increase the utilization of solar energy in Portland, as well as the

proportion of renewable energy in the utility grid.
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CHAPTER 4: CONCLUSIONS

Exploring the ways in which energy consumers perceive and accept community

solar as a viable energy option will solidify our understanding of this renewable energy

innovation. The overarching conclusions I can infer from both chapters of this study are

summarized below.

Affordability is key. Survey respondents preferred community solar features
that enhanced the affordability of projects, suggesting that the potential
economic benefits are still more important than the social and environmental
benefits of renewable energy programs. This may indicate that energy is still
perceived as merely an economic commodity rather than a social and
environmental good. For renewable energy projects to be successfully adopted
by a broad segment of the population, the self-interest (financial utility) must
be prioritized over the other-interest (social benefits). Therefore, economic
advantages of community solar enrollment must be maximized, and
subsequently marketed as such, for Portland residents (and energy consumers
broadly) to become aware of this practice.

Economy over community. Community engagement, peer influence, and other
emphasis on communal features, such as local and visible projects, were not
important to most of my survey respondents. Factors that enhanced
affordability were most influential on willingness to participate in community

solar. Thus, characteristics such as large size, sited far from Portland, and

81



affordable upfront costs will have a stronger impact on the market acceptance
of community solar than features that emphasize community and locality.
Larger bill credit = larger probability of participation. The willingness to
participate analysis of this study demonstrates that the economic benefit of
community solar enrollment, i.e., the rate at which consumers are paid back
for their investment, is the strongest predictor for participation in community
solar. A large bill credit (reflecting a high RVOS) corresponding to monthly
utility bill savings and a shorter payback period, in combination with a
relatively affordable upfront fee, will likely see the broadest market
penetration. A small bill credit rate, which causes minimal or no electricity
bill savings, in combination with a steep enroliment fee, will likely see a very
small market penetration.

Environmental behaviors and attitudes are good indicators of community
solar interest. Perceiving renewable energy as environmentally beneficial was
significantly influential in predicting whether a respondent was interested in
pursuing community solar. Having a negative perception of renewable energy,
on the other hand, had a negative association with interest in community solar.
Positive renewable energy attitudes are correlated with pro-environmental
attitudes, as most renewable energy is considered environmentally
advantageous compared to fossil fuel energy. Further, environmental
behaviors such as voluntary enrollment in a green utility program and

environmental organization membership were strong predictors of willingness
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to participate in community solar. This provides evidence that
environmentally-minded individuals will be the initial market segment
interested in community solar. The relationship between environmental
attitudes, behaviors, and reported support for community solar supports other
findings that pro-environmental attitudes will produce pro-environmental
behavior.

Demographic factors are most influential in expensive community solar
projects. While income and political ideology had positive correlations with
willingness to participate in all community solar projects scenarios, they had a
stronger influence on WTP probability in the most expensive scenario. This
indicates that if community solar programs require steep upfront fees, lower-
income and politically conservative residents will be less likely to join;
politically-liberal and higher-income consumers will be the dominant market
segment adopting community solar.

Response neutrality is likely a result of low awareness. Many community
solar preference questions in the survey were dominated by neutral answers.
This is likely because awareness of community solar was dramatically low
among survey respondents. The low level of familiarity relates to the fact that
most Portland residents have likely never had market experience with
community solar (or any consumer choice in renewable energy, for that

matter), thus their preferences are neutral or somewhat uninformed.
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Perceptions of solar energy barriers were mild, thus solar energy enablers
may be necessary for growth. Most survey respondents either disagreed or
were neutral about the listed barriers of solar energy utilization. This pattern
suggests that an enabling mechanism, where information about the advantages
of solar energy (and community solar) is readily available, might be the
necessary nudge Portland needs to accelerate the adoption of this resource. A
high level of support for community solar among survey respondents may
indicate that these programs could be the enabling tool Portland requires to
contribute towards its renewable energy and climate change mitigation goals.
Attitude-behavior gap, willingness to participate, and barriers of enrollment
cannot be truly measured until community solar projects have been
implemented. Additional research should be conducted to examine the success
of community solar after projects have been developed. Once the Portland
market has encountered some experience with community solar, then perhaps
preferences will be revealed and gaps between support and actual adoption

will surface.
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