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Introduction

Renewable Energy (RE) is widely accepted as the key path to arrest CO2
emissions from electricity generation, which in turn will help slow global warming and
climate change. In the long term, fuel free electricity will be cheaper than current fossil
fuel generation; however, in the short and perhaps medium term, there are additional
costs in ramping up RE sources, costs that need to be paid somehow. In the current
regulatory environment, most of those expenses would be passed on to the consumer,
the power company customers. Consumer’s willingness to pay (WTP) depends upon
numerous factors, and many customers are not willing to pay any additional amount.
WTP for RE could also change over time, and the socio-economic factors influencing

that change are the focus of this research.

Who should care about the level of WTP for RE? First national, state and local
officials are entrusted with balancing competing societal needs and fashioning policies
which are equitable across the population which they serve. In this case, understanding
society’s WTP for more RE in the generation mix helps craft policies that can balance
higher utility bills with action on climate change. Regulators, who are charged with
overseeing monopoly utilities, their generation plans, investments and pricing, would
benefit from understanding the propensity to pay for more RE energy. Utility
companies, be they vertically integrated or generators only, must make long term plans
for facilities that will provide electricity for decades to come. Making these investments
with RE in the mix, either with or without a legislative mandate, requires an
understanding of consumer WTP sentiment. Understanding the underlying factors that

drive WTP can help all parties anticipate acceptance of any additional costs for RE.
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Literature Review

There have been numerous previous studies into WTP for RE. Some have been
very narrow, based upon specific geography or RE programs. Other have been broader
in scope and have proposed certain factors that influence their respondent’'s WTP,
mostly age and political party affiliation based. Pew Research (2017) found that
younger adults and Democrats tend to believe in government regulations to increase
RE provision, but the question of how to pay was not raised. This was a single point in

time survey in May 2017 sampling US adults (n=1,012) via cell or landline telephones.

In December 2018 Leiserwitz et. al. published Energy in the American Mind, a
joint report issued by the Yale Program on Climate Change Communication and the
George Mason University Center for Climate Change Communication. This study
represents the most recent and comprehensive snapshot of public attitudes towards
many issues in energy policy. Research was conducted on a nationally representative
sample of adults (N=1,114) querying attitudes on clean or renewable energy sources,
health impacts of burning fossil fuels, availability of 100% clean energy and the relative
costs of different energy sources. There were also questions pertaining to WTP for RE
where around half of Americans would pay more for 100% renewable power, although
party affiliation comes into play here with Republicans much less likely to pay more than
Democrats. The median amount of those that would pay additional was $15 per month.
Of course, this also means that about half of Americans would not pay additional for

electricity generated from RE sources.

More recently still, Gustafson et. al. (2019), the authors of the Yale/GMU study,

issued an update on WTP for RE. In this update (N=1,291), it is noted that while 85% of
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Americans favored requiring electric utilities to switch over to RE, only 38% believed
that wind or solar are cheaper. This led to the conclusion that many people would be
willing to pay for RE, which may or may not be true. This update calculated the average
amount all customers would be willing to pay for RE at $16.25 per month, this number
included about half of the respondents indicating no WTP. The average for those who
would pay an additional amount was $33.72 per month. The study showed that
propensity to pay for RE, and the amount people are willing to pay, does not appear to
be a function of income (i.e. the ability to pay) but depends more on political affiliation,
age and education. Younger adults, Democrats, and those with a college degree show
more inclination to pay for RE. Those earning below $50,000 had a similar WTP for RE
as participants with incomes above $150,000, and both groups were very close to the
average WTP of $16.25 per month. Race was also considered but did not prove to be a

strong indicator, with black, Hispanic, white and other races showing similar WTP.

One obvious factor behind a person’s WTP for RE is belief and views on global
warming and climate change. Borick and Rabe (2014) cite studies which indicate that
“partisan affiliations and ideological leanings” might be the strongest factor behind an
individual’s belief that global warming is occurring. The same study suggested that
certain demographic aspects exhibit mixed results when attempting to predict belief in
global warming. Higher educational achievement, age and gender are often cited, with
those having college degrees or above, younger people and females usually expected
to show more belief in climate change. However, Borick and Rabe point out that some

studies, from various years, show somewhat contradictory results.
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The data used in this study starts in 2008, deep in the Great Recession that
started in 2007 and lasted until well into 2009. No studies exist which examine the
direct impact on WTP for RE from recessionary times, however Cho et. al. (2011)
studied inclination to pay for environmental landscape amenities such as water views
and forest space. In normal times these features would seem desirable and valuable,
and indeed the study found that to be the case, and that once the recession hit people’s
propensity to pay for such amenities diminished. The Cho study did not measure a
rebound in the inclination to pay for these features once the recession ended but

expected a rebound once the economy recovered.

Does the WTP for RE change over time? What drives this change, if indeed one
exists? Does the influence of a person being female, college educated, wealthy,
Democratic or young trend over time, or is the impact the same regardless of survey

date? Do societal or economic events have more influence over WTP for RE?

Data and Methodology

The main dataset is entitled the National Surveys on Energy and Environment
(NSEE) and is produced in a partnership between the Muhlenberg Institute of Public
Opinion at Muhlenberg College and the Center for Local, State, and Urban Policy at the
University of Michigan's Gerald R. Ford School of Public Policy. The NSEE consistently
surveys national opinion on issues directly related to climate change, along with other
ecological topics such as hydraulic fracturing (“fracking”) and views on environmental
public policy. Funding is provided by the general revenues of both the Muhlenberg
College and the University of Michigan. The NSEE annually surveys a randomly

selected sample of adult (aged 18 or above) US resident participants using either land
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line or cell phones, the sampling frame of US telephone numbers provided by Marketing
Systems Group in Pennsylvania. The sample data includes, and is weighted by age,
race, educational attainment, income, and gender to reflect population parameters for
these factors provided by the United States Census Bureau. The survey also parses
participants and responses into four regions based upon the state of residence, the
regions being the Northeast, South, Midwest and West which facilitates a more granular
view of WTP by region. The respondent’s political affiliation is also captured.
Respondents are given the option to refuse a question, or to respond with “not sure”,
and in these instances the response was dropped for the analysis. The survey started
in 2008 with the latest dataset from 2018, and the N has varied from a low of 358 (Fall
2008) to a high of 823 (Fall 2009) with a mean N of 579. Given the variance in N there
is no single margin of error, however an N of 579 would have a margin of error of +/-

4.1% at a 95% confidence level.

NSEE runs the survey in the fall, however there have been three years (2013,
2017 and 2018) where a spring edition has been conducted. For consistency, only the
fall editions have been included in this study. It may be that respondents could have

different views on energy in contrasting seasons of the year.

Independent Variables of Interest

The NSEE has asked many questions in the same manner over the life of the
survey which facilitates the longitudinal approach. The following data points have been
selected as IVs in this study:

Education (>HS, HS graduate, some college, college graduate, graduate degree)

Gender (Male, Female)
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Family Income (<$20k, $20k-$40k, $40k-$60k, $60k-$80k, $80k-$100k, >$100k)

Age (18-29, 30-44, 45-64, 65+)

Political Affiliation (Democrat, Republican, Independent, Other)

For the purposes of the analysis, education was recoded into two categories, college

graduate or not. Independents and those selecting other in political affiliation were

combined into one category. Proportions of respondents in each category, by survey

year, are shown in Tables One and Two:

Table One — IV Categorical Proportions by Survey Year

College | Gender Family Income
Survey »T | Graduate Males <520k 520k-540k 540k-$60k 560k-$80k 580k-5100k  >5100k
F_2008 53.6% 42.2% 10.9% 17.6% 19.6% 14.0% 13.4% 24.6%
F_2009 53.0% 31.5% 7.9% 20.9% 23.1% 19.7% 13.0% 15.4%
F_2010 47.1% 46.2% 12.4% 22.3% 20.3% 15.1% 9.2% 20.6%
F_2011 46.6% 53.4% 13.0% 22.1% 23.2% 17.0% 12.0% 12.7%
F_2012 48.2% 52.6% 13.0% 23.3% 19.1% 15.7% 8.2% 20.7%
F_2013 39.1% 52.3% 17.6% 31.7% 21.5% 12.7% 5.0% 11.5%
F_2014 47.9% 50.8% 13.8% 20.6% 24.4% 16.8% 7.8% 16.6%
F_2015 49.5% 55.6% 9.1% 18.4% 19.3% 22.5% 12.3% 18.4%
F_2016 45.5% 60.7% 11.3% 21.5% 18.1% 16.2% 12.4% 20.5%
F_2017 52.5% 56.8% 10.2% 15.6% 15.4% 13.4% 11.7% 28.8%
F_2018 51.6% 54.3% 9.2% 17.4% 16.1% 18.9% 12.5% 25.9%
All Years 48.5% 50.1% 11.6% 21.2% 20.2% 17.2% 10.7% 19.2%
Table Two — IV Categorical Proportions by Survey Year
Age Group Political Affiliation
Survey - Age 18-29 Age 30-44 Age45-64 Age 65+ [Democrats Republican Indf/Other
F_2008 9.2% 23.5% 45.5% 21.8% 36.9% 27.7% 35.5%
F_2009 22.0% 34.3% 37.5% 6.2% 36.9% 27.7% 35.4%
F_2010 6.3% 15.4% 46.8% 31.5% 36.5% 30.7% 32.7%
F_2011 9.3% 22.0% 41.1% 27.6% 37.4% 27.1% 35.5%
F_2012 9.9% 20.1% 39.6% 30.4% 38.4% 25.6% 35.9%
F_2013 8.8% 21.0% 42.0% 28.2% 37.3% 27.2% 35.5%
F_2014 11.3% 17.9% 36.2% 34.6% 38.8% 26.4% 34.8%
F_2015 17.7% 15.6% 35.3% 31.4% 35.3% 27.5% 37.2%
F_2016 24.6% 21.8% 29.0% 24.6% 33.7% 28.5% 37.8%
F_2017 14.8% 22.1% 37.7% 25.4% 31.5% 28.2% 40.3%
F_2018 20.4% 18.7% 31.0% 29.9% 29.5% 29.4% 41.1%
All Years 14.6% 21.5% 38.1% 25.8% 35.7% 27.9% 36.4%
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Dependent Variable
The NSEE has consistently asked the following question in its research:

QUESTIONNAIRE TEXT: If it required you to pay extra money each year in order for more renewable
energy to be produced, how much would you be willing to pay? Would you be willing to pay...

1 Nothing

2 $1-$50 per year

3 $50-5100 PET year

4 5100-3250 per year

5 $250-5500 per year

6 Over $500 per year
93 Not sure

g0 Refused

Responses to this question can be viewed in two ways, either that participants are
willing to pay nothing or something, then also the specific amounts. WTP for RE is
posited as a function of the five independent variables listed above. Over time both
views of this measure shift and examining the relationship between this variance in
WTP over time with changes in the independent variables will provide insight into the
relationship. Table Three shows the proportion of responses in the six categories by
year of survey:

Table Three — Distribution of DV Responses by Survey Year

Amount Respondents Were Willing to Pay Per Year

Survey ¥ S0 $1-550  550-5100 $100-5250 $250-5500 >$500

F_2008 21.5% 17.3% 21.2% 15.9% 12.8% 11.2%
F_2009 30.5% 33.3% 16.0% 14.1% 3.5% 2.6%
F_2010 36.4% 27.4% 17.9% 8.3% 6.4% 3.7%
F_2011 42.2% 23.2% 16.7% 9.8% 4.7% 3.3%
F_2012 32.7% 26.0% 18.7% 11.9% 4.4% 6.3%
F_2013 43.0% 18.9% 17.4% 8.6% 5.5% 1.5%
F_2014 46.1% 19.1% 18.9% 8.0% 4.4% 3.5%
F_2015 35.6% 23.3% 24.4% 10.2% 3.5% 3.0%
F_2016 37.9% 24.5% 16.6% 10.3% 6.0% 4.7%
F_2017 33.4% 18.2% 15.8% 12.1% 10.8% 9.8%
F_2018 35.0% 19.8% 18.9% 13.9% 7.5% 4.8%
All Years 36.6% 23.5% 18.2% 11.1% 6.0% 4.6%
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In 2013 the NSEE slightly changed the way this question was asked. Half of the
participants heard the normal query, with the response choices segmented as above.
The other half of the participants were asked for a dollar amount without any guidance,

although the NSEE subsequently recoded the responses into the usual categories.

Data is available for 11 individual surveys beginning in 2008 and running until
2018. Each individual year is a cross sectional dataset with individual respondent being
the unit of observation. However, the consistency over the study period allows for

longitudinal analysis.

The IVs are all ordinal variables, as is the DV, so to facilitate an ordered logistic
regression, each IV was recoded as a set of dummy variables, with a one indicating a
positive response for that category. That resulted in a total of 15 separate variables,

which produced this stochastic equation for the model:

WTP = 3o + 81 * college graduate + 3> * gender + 83 * income <$20k + 4 * income
$20k-$40k + Bs* income $40k-$60k + Bs * income $60k-$80k + B7 * income $80k-
$100k + Bg * income >$100k + Bo * age 18-29 + B1o* age 30-44 . B11* age 45-64 +

B12* age 65 over + B13* Democrat + 814 * Republican + B1s5 * Ind/Other + u

Each individual survey iteration was analyzed using the STATA Ordered Logistic
Regression (ologit) function, with the DV as the willingness to pay variable, which has
outcomes 1 to 6. College Graduate and Gender IVs were already classified as binary
(college graduate = 1, non = 0 and female = 0, male =1) and in order to place one
option from age, income and political affiliation at the intercept age 18-29, income

<$20k, and political affiliation of Republican were omitted in the model. Once the ologit
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function completed each DV outcome was run through the marginal effects analysis
(mfx) to ascertain the marginal effect of each variable on the particular DV outcome,

relative to the appropriate omitted variable.

Results

The first test of the model was to look at the predicted outcome of proportions by
year and by DV outcome based upon the included IVs based upon the overall marginal
effects predictions. Those results are shown in Table Four. The marginal effects model
tended to overestimate the responses in DV outcomes two and three ($1 - $50 and $50
- $100 respectively) and underestimate the responses in the other four categories.

Each specific IV also has a marginal effects predictor from the model that can be

compared to the omitted category and to itself over time. Those results are summarized

in Table Five.
Table Four — Model Estimates for DV Outcomes by Year
Amount Respondents Were Willing to Pay Per Year
Year $0 $1-$50 $50-$100 $100-$250  $250-$500 >$500
2008 17.6% 18.7% 25.1% 17.5% 12.2% 8.9%
2009 28.9% 36.1% 16.7% 13.2% 3.0% 2.1%
2010 33.6% 31.4% 19.5% 7.6% 5.3% 2.7%
2011 40.8% 26.0% 17.7% 9.0% 3.9% 2.6%
2012 29.6% 30.1% 21.1% 11.1% 3.5% 4.6%
2013 47.4% 21.4% 18.0% 7.7% 4.4% 1.2%
2014 44.7% 21.2% 20.1% 7.6% 3.7% 2.7%
2015 34.3% 27.4% 24.7% 8.6% 2.8% 2.2%
2016 36.5% 26.0% 17.6% 10.2% 5.6% 4.1%
2017 30.0% 21.1% 18.6% 13.0% 10.0% 7.4%
2018 32.9% 22.9% 21.0% 13.2% 6.3% 3.6%

The results show the first year, 2008, the last year available, 2018 and 2010 which is

included as it is the first year after the Great Recession ended. The dy/dx value

10



Willingness to Pay for Renewable Energy — A Longitudinal Study

included is the marginal effect of changing the variable from zero to one. So, for
instance the 2008 marginal effect of being a college graduate on responding to the WTP
guestion with a one (i.e. not willing to pay additional for RE) is -0.085851 indicating that
a college graduate is less likely than a non college graduate to make that response. For
a WTP response of six (i.e. willing to pay $500 or more per year) a college graduate
shows a marginal effect of 0.046612 suggesting that a graduate would be more likely to
select this response than a non graduate. The marginal effects for other IVs are relative
to the omitted variables, except for gender, which measures the effect of being male
rather than female. Of particular note is that every IV is less likely to chose zero (WTP
= 1) when comparing 2010 to the 2008 results. This would indicate that the end of the
recession, late in 2009, had the expected impact on peoples WTP or RE, i.e. that
willingness would increase, suggesting that WTP is correlated with economic well-
being. The outcomes that saw an increase from the reduction in WTP = 1 appeared to
be mostly WTP = 3 ($50 - $100) and WTP =4 ($100 - $250). Since 2010 however
there has been a slight trend back toward the lower levels of WTP looking at all the IVs

together. Full results for all years and Vs are included in appendix one.

College Graduate IV

College graduates show a pronounced tendency to support higher WTP for RE
across all years, with negative marginal effects relative to non graduates in the lower
WTP outcomes of the DV. That tendency has certainly moderated over the last few
years but is still evident in the marginal effects (see appendix one for complete results).
Consistent with results shown by Gustafson et. al. (2019) higher education is correlated

with a higher propensity to pay for RE.
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Table Five — Marginal Effects by 1V for Selected Years
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Age IV

Younger respondents show a greater willingness to pay for RE based upon the
evidence in this data. With very few exceptions older age groups are more likely to opt
for WTP outcome indicating no propensity to pay additional for RE. Additionally, very
few older age groups show a positive marginal effect over their younger cohorts when
considering the higher levels of WTP. This runs somewhat counter to the results from
Gustafson (2019) who saw the 30 to 44-year age group having the highest WTP for RE,
although the same study did show the 18 to 29-year age group having a higher than

average WTP. Those 65 and above appear strongly opposed to paying for RE.

Political Affiliation IV

Consistent with Gustafson (2019), those with Democrat affiliations have a higher
propensity to pay for RE than Republicans. This is consistent throughout the study
period. Respondents identifying as Independent or Other are also more willing to pay
for RE than Republicans. With this IV, the differences are starker at the extremes;
Democrats and Independent/Other are highly unlikely to appear in WTP outcome one
($0) and more likely than Republicans to appear in WTP outcome six ($500 or more).
Over time this relationship was consistent, with two exceptions. In 2013 the gap
narrowed significantly for all DV outcomes for both Democrats and Independent/Other
perhaps caused by Republicans temporarily becoming environmentally aware since
2013 saw the publication of the IPCC’s seminal report on climate change which
garnered considerable press coverage on global warming. In 2017 the gap widened

again considerably, perhaps as a reaction to the 2016 election.
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Income IV

Unsurprisingly those with higher incomes are more likely to agree to paying more
for RE. In all years, especially at the higher levels of WTP, those with greater incomes

showed positive marginal effects relative to respondents in the lowest income category.

Gender IV

Borick and Rabe (2014) suggested that gender might be a contributing factor to
WTP, although they did cite contradictory studies. This analysis finds no evidence that
gender has any impact on willingness to pay for RE. The marginal effects of changing
male to female moved from positive to negative randomly and none of the results were
statistically significant. Female respondents tended to be slightly more Democrat
affiliated, a little older than male respondents, more likely to have lower income, and
equally likely to be college educated. The total dataset of all years (N = 6,373) had an

almost exactly 50:50 gender split.

Caveats

There are a few potential problems with the analysis. First, there might be a
heteroskedasticity issue given the wide range of the DV. At very high levels (i.e. when
respondents are willing to pay over $500 per year) other variables not included in the
model, for instance wealth, might have an impact. There is also nho demographic data
on marriage or family make-up, potentially respondents with children might display a

more environmentally amenable response.
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Conclusion

This research set out to examine the variables that influence a respondent’s
willingness to pay additional in order that additional renewable energy may be
produced, presumably to help combat climate change and global warming. The data
points to college education and youth being indicators of that willingness, with a
Democrat affiliation also having an effect. Unsurprisingly, respondents with higher
incomes also have a greater propensity to pay for RE. Gender does not seem, based
on this analysis, to have an impact. Thus non college graduates, older citizens, those of
limited incomes, and Republican affiliates have a lower propensity to pay for renewable
energy provision. However, other than the shift coming out of the Great Recession in
2010 when all respondents showed an increased willingness to at least pay some
amount towards greater RE, and the above mentioned political affiliation variances, the
longitudinal aspect of the research has not revealed any discernable trends over time,
indicating that the factors influencing the willingness to pay for renewable energy are
not changing over time, despite changing societal and political climates. This apparent
lack of change over time seems counter-intuitive given the increased attention to the
issue of global warming in recent years. However, belief or skepticism in climate
change over the last decade or so also does not seem to have an impact, so it may be
good news for policy makers, regulators and utility companies that those with a
propensity to pay more for renewable energy retain that willingness over time. The
focus of persuasion clearly needs to be on the unwilling, older people without college
degrees, who also might be Republican. Hopefully the NSEE will continue to make this

data available for further longitudinal study.
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Appendix One — Full Marginal Effects Results, All Years, All IVs
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