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Not In (or Under) My Backyard: Geographic Proximity and Public Acceptance of Carbon
Capture and Storage Facilities

ABSTRACT
Carbon capture and storage (CCS) is an innovative technical approach to mitigate the problem of
climate change by capturing carbon dioxide emissions and injecting them underground for
permanent geological storage. CCS has been perceived both positively, as an innovative
approach to facilitate a more environmentally-benign use of fossil fuels while also generating
local economic benefits, and negatively, as a technology that prolongs the use of carbon-
intensive energy sources and burdens local communities with prohibitive costs and ecological
and human health risks. This paper extends existing research on “Not In My Backyard”
(NIMBY) phenomenon in a direction that explores the public acceptance of CCS. We utilize
survey data collected from 1,001 residents of the coal-intensive U.S. state of Indiana. Over 80%
of respondents express support for the general use of CCS technology. However, 20% of these
initial supporters exhibit a NIMBY-like reaction and switch to opposition as a CCS facility is
proposed close to their communities. Respondents’ world views, their beliefs about the local
economic benefits that CCS will generate, and their concerns about its safety have the greatest
impact increasing or decreasing the acceptance of nearby facilities. These results lend valuable
insights regarding the perceived risks associated with CCS technology and the possibilities for its
public acceptance at both a national and local scale. They may be extended further to provide
initial insights on likely public reactions to other technologies that share a similar underground

dimension, such as hydraulic fracturing.
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1. INTRODUCTION

Carbon capture and storage (CCS) has emerged as an innovative and important technical
approach to help mitigate the problem of climate change. By capturing carbon emissions at
large-volume sources, transporting compressed carbon dioxide (CO3) via pipeline to storage
sites, and injecting it underground for permanent storage in geologic formations, CCS
technology has the potential to reduce significantly the volume of greenhouse gases now being
released into the atmosphere. While CCS technology is proven in the context of enhanced oil
recovery and small pilot projects, the feasibility of its use for commercial-scale carbon mitigation
at large power plants has not been demonstrated and therefore the economics and technical
requirements remain open to question. Many experts predict that, if successfully deployed, CCS
technology could help society reach long-term climate protection goals. 2

CCS has been perceived both positively, as an innovative technology that will facilitate a
more environmentally-benign use of fossil fuels while also generating local economic benefits,
and negatively, as a technology that prolongs the use of carbon-intensive energy sources and
burdens local communities with prohibitive costs and ecological and human health risks. Both of
these perspectives have been expressed at the community level and have succeeded in
influencing the outcome of proposed CCS facilities. For example, the FutureGen project, a joint
venture between the U.S. Department of Energy (US DOE) and a consortium of industry
partners, initially moved forward due in part to support from local residents in Illinois, USA who
considered the project as an economic opportunity.® In other cases — such as in Beeskow,
Germany and Barendrecht, Netherlands — strong local opposition has resulted in the
abandonment of well-established plans for CCS deployment.*® This type of resistance from

local residents may reflect the influence of a classic “not in my backyard” (NIMBY) sentiment.



NIMBY in this context, however, may have an added layer of complexity: CCS facilities have
several components that include an above ground facility as well as underground CO; storage.
The latter is not visible but is where much of the uncertainty about CCS lies. CCS thus has the
potential to elicit both NIMBY and related NUMBY (not under my backyard) reactions.
Traditional NIMBY phenomena have been extensively researched in the context of more familiar
technologies and land uses, but few scholars have closely considered NUMBY reactions
associated with CCS or other underground activities.

This paper examines how the closeness of a hypothetical CCS facility to individuals’
communities influences their acceptance of it. The analysis focuses on the state of Indiana, USA,
where two commercial-scale CCS projects are in the planning and feasibility assessment
stages®”) and examines the role that demographics, homeownership status, community and
regional characteristics, perception of safety risks, and cultural world views, as described by
Douglas and Wildavsky, have on the acceptance of CCS as the proximity of a proposed facility’s

location changes.

2. LITERATURE REVIEW
2.1 NIMBY and NUMBY

Projects that yield geographically diffuse benefits but carry localized costs often result in
resistance from the nearby residents who would bear the burden of these costs.® The recent
cancellations of planned CCS facilities in Germany and the Netherlands in response to
community opposition have raised the specter of NIMBYism acting as an obstacle to CCS
implementation. This “not in my backyard” phenomenon has been well studied in a variety of

contexts since first appearing as a concept in the 1980s.®) In most research, NIMBY conflicts are



assumed to follow a simple rule that opposition increases the closer an individual is to an
undesirable facility.* Furthermore, opposition to socially beneficial but locally undesirable land
uses is frequently tied to concerns about health and safety, decline in property values, general
decline in quality of life, emotional attachments to existing local land uses, and a desire to
preserve existing rural aesthetics.® 1%

Empirical work examining the NIMBY phenomenon, however, reveals a somewhat less
consistent picture. Both the nature of the land use and any benefits that may accompany it
complicate the simple theoretic relationship. For example, whereas perceptions about the safety
risks of prisons are found to correlate with people’s proximity to a proposed prison site,**
recent survey research on perceptions of landfill risk finds a much weaker relationship between
nearness and perceived levels of danger.®> An analysis of longitudinal survey data from
southern New Mexico finds that support for a nuclear waste facility actually increased with
proximity to the proposed site and nuclear waste transportation route.®® This and other studies
point to citizen participation and trust in administrative decision-making as important factors in
getting beyond NIMBY opposition to foster public support and achieve successful siting
agreements.®” 18 Moreover, as was the case with the New Mexico nuclear waste facility, if
residents believe a proposed land use will generate benefits that outweigh perceived risks,
support for a project can be positively associated with proximity.*6-1%

The related concept of NUMBY (“Not under my backyard”) has been less frequently
examined. Along with CCS, hydrological fracturing (or “fracking”) — a practice of injecting
highly pressurized water and chemicals into the ground in order to release natural gas stored in
geologic shale formations — is the most likely activity around which a NUMBY reaction may

arise.?9 No empirical studies on either CCS or fracking have systematically considered the



specific dimensions of NUMBY as distinct from NIMBY reactions. Indeed many studies treat
the terms almost as synonyms, both referring back to the conventional NIMBY meaning.?% 22

The motivations behind the desire to keep socially beneficial but locally undesirable land
uses away from one’s home or property likely are the same, regardless of whether the projects
are above or below ground. However, whereas the typical subjects of NIMBY studies (e.g.
prisons and landfills) are visible, those associated with NUMBY are not, which may alter how
they are perceived. Because they are less visible, relevant below ground activities will not
damage the existing aesthetic of an area and may be more readily overlooked or forgotten about.
At the same time, however, these activities may be associated with greater uncertainty,
particularly regarding how far their potentially negative effects extend underground.

Because CCS has both above and below ground components, both NIMBY and NUMBY
are relevant, although they are not disentangled in this study. We use “NIMBY” throughout this
paper to refer to the combination of NIMBY and NUMBY sentiments.

Finally, it is important to note that in order to reflect a NIMBY (or NUMBY)
phenomenon individuals have to support a project in the abstract, and oppose it only if it occurs
near their place of residence. Critics contend that this dynamic is rarely witnessed and that the
NIMBY concept is both an over-used and insufficient characterization of more general
opposition.®24 A free-rider preference must be identified for opposition to be appropriately

classified as a NIMBY reaction.@)

2.2 Factors influencing acceptance of CCS
A significant number of studies have been conducted that examine public attitudes

towards CCS and assess the factors that enhance or diminish its likely acceptance. One major



strand of this research uses case studies to examine the social dynamics that are observed within
a community during the planning or construction of CCS pilot facilities.* > 25 2%) These studies
often highlight the critical role that early and transparent communication and local trust in
project developers can have in shaping community opinion.

A second strand of research, often using survey data, assesses opinions expressed
towards hypothetical CCS deployment, since the technology had not yet been brought to
commercial scale.?’-3%) A key finding from these studies is the overall lack of awareness that the
public has about CCS technology: only between 4%®Y and approximately 20%@% 32 33 of the
general public living in countries with active CCS agendas has ever heard of the technology.

Members of the public associate a relatively consistent set of risks with it, including CO-
leakage, induced seismicity, explosions, and groundwater contamination.% 3+ 3 The risk
perception literature makes it clear that, irrespective of probabilities, people are less likely to
accept risk if it includes potentially catastrophic effects, is unfamiliar, or is involuntarily
imposed.©® 37) Other opposition to CCS is based on the idea that it is, for a variety of reasons —
including its potential to perpetuate reliance on fossil fuels and divert investment away from
renewables — an inappropriate means to address climate change.®% 38

As previously described, NIMBYism requires that opposition be linked to a free-rider
preference, which is often identified when decreased support for a socially beneficial project
accompanies its increased proximity to people’s homes. Findings on NIMBY -driven reactions to
CCS have been mixed, with some survey-based and quasi-experimental studies finding that the
hypothetical placement of underground CO; storage in and away from respondents’ own
municipalities yield similar levels of opposition, suggesting the absence of opposition linked

exclusively to location.? 3% On the other hand, in a small Swiss sample, Wallquist et al. (2012)



were able to explicitly identify NIMBY -driven attitudes toward certain components of CCS
facilities, namely pipelines and storage sites.“? To date, no studies utilize a sufficiently large
sample to support a multivariate analysis that can identify both the presence of NIMBY -based
responses and the factors that predict this type of reaction.

Building on previous research, we hypothesize that owning a home, having notable
concerns about perceived CCS risks (i.e. explosions, earthquakes, suffocation, and groundwater
contamination), and the belief that state taxpayers or utility rate payers would absorb the
additional cost burden of CCS will decrease the likelihood that respondents will support the
placement of a facility near their home or community, but have less of an impact on their
opinions regarding its national placement. On the other hand, we hypothesize that people who
think that a CCS facility would provide an important local economic benefit are more likely to
express support for CCS in their community. Additionally, we hypothesize that individuals living
in rural areas or coal producing regions are less likely to exhibit a NIMBY -like response because
of their greater familiarity with land-based and mining activities. The belief that climate change
is a serious problem is expected to lead to a greater acceptance of CCS regardless of location.

We also consider the role that “world views” or “cultural biases” have on the acceptance
of CCS. Cultural Theory has been used to predict acceptance of climate change and new
technologies.“?*3 It proposes four “cultural types” based on people’s preferred level of group
interaction and the extent to which they believe these groups should constrain individual
behavior.“ %) Previous research suggests that three of these cultural types — individualist,
hierarchical, and egalitarian — create relevant predilections towards the acceptance of climate
change and new technologies.®* *¥ Individualists typically view technology as an opportunity

for growth and are supportive as long as it is not perceived to interfere with market functioning.



Compared to other cultural types, individualists tend to perceive climate change as less of a
threat.*® Those with a hierarchical bias may view climate change as a result of growth
mismanagement. They are comfortable with existing patterns of authority and tend to view
technology positively if it has been recommended by experts and officials. Those with an
egalitarian bias view inequality as the largest risk to society and favor actions that increase
equality. Egalitarians often perceive large centralized technologies as contributing towards
inequality; however, climate change is projected to have uneven effects and cause
disproportionate suffering among the poor, thus increasing inequality. We hypothesize, therefore,
that egalitarians will weakly support CCS and that the location of CCS facilities will not affect
this support. Assuming it has the support of trusted authorities, hierarchicalists are likewise
hypothesized to support CCS regardless of location. Individualists, on the other hand, are
hypothesized to support CCS in the abstract, as a market-based mechanism preferable to
regulations to address climate change, but will oppose it if a facility is nearby and feels forced

upon them.

3. DATA AND SAMPLE
3.1 Indiana Sample

Data for this study were collected from 1,001 Indiana residents in late 2011 using the
Indiana University Energy, Climate, and Environment Survey. Indiana is a coal-intensive state,
which we operationally define as one with significant mining activity and a majority of electric
power production from coal. We oversampled residents from coal mining (n =300) and
agricultural (n=304) regions of the state to ensure adequate representation. Residents from urban

areas account for 397 of the observations. Weights are used on age, race, sex, education, region,



cell phone ownership, and the number of adults in each household to make the sample
representative of the Indiana state population.

Kentucky, Illinois, Ohio, Texas, Pennsylvania, West Virginia, and Wyoming also meet
our criteria as coal intensive states. Public acceptance and potential NIMBYism in coal-intensive
states is of particular interest because they are common venues for early planned CCS
deployment activities and the public debate and opinion formation that will take place within
them may influence the future of CCS.?® Indiana was selected as the focus of this study because
it is home to two locations where commercial-scale CCS projects are currently being considered.
Moreover, socially and politically, Indiana makes an interesting case study: in a number of ways
it is a “typical” U.S. state, falling near the middle of national rankings on measures of income,
poverty, and population growth.“ Politically, it tends to be conservative, but currently has a
U.S. Senator from each party and was a swing state in the 2008 presidential election. At the same
time, Indiana presents an unwelcoming atmosphere for climate protection initiatives. It is among
the minority of states that have not participated in any climate-related initiatives;“® its popular
former governor took a strong stand against federal climate legislation;“” its economy is heavily
dependent on manufacturing;*® and its renewable energy potential is among the lowest in the
country.®® The state’s reluctance to take action on climate protection, coupled with its reliance
on coal and subsequent desire to keep it a viable energy source, has the potential to create a

particularly interesting dynamic surrounding the acceptance of CCS.

3.2 Survey Design
The survey instrument employed in this study utilized a three-part telephone-mail-telephone

design. The first stage secured participation and asked background guestions about demographics



and general environmental attitudes. It did not specifically mention CCS. The response rate in
the first phase was 24.3%. The mailing stage involved the dissemination of a CCS diagram and
factsheet, with a request that participants view these materials prior to the second telephone
interview. The factsheet and diagram were designed to provide limited educational information
about CCS, without any detail on possible costs, risks, local advantages or disadvantages (See
Appendix 1 for factsheet). It was reviewed by several policy and technical CCS experts for
accuracy. This factsheet served as the only source of CCS information for a majority of
respondents, who were previously unfamiliar with the emerging technology. The final stage of
the survey asked the respondents a series of questions about CCS designed to assess: (1) their
impressions and associated concerns about the technology; (2) the extent of their agreement with
a series of asserted advantages and disadvantages of CCS; (3) their impressions as to whether
CCS is a good approach to protecting the environment; (4) whether they would support CCS
being located in the U.S., Indiana, and near their own community; and (5) who they think will
and should pay for the added costs of CCS. The second interview had a response rate of 75.3

percent. The 1,001 respondents used in this analysis completed all three waves of the survey.

3.3 Dependent Variable

Survey participants described their level of support for the construction and operation of
a CCS facility using various geographic points of reference. Specifically, they were asked: “If
experts determine there is a suitable site for underground CO; storage, would you strongly
support, somewhat support, somewhat oppose, or strongly oppose the operation of a Carbon
Capture facility somewhere in the U.S.?” The same question was later repeated, but the reference

location was changed to “near your home or community.” Of the respondents, 80% had never



heard of CCS prior to this survey and the majority answered questions about their support for
CCS with the less committal responses of “somewhat support” or “somewhat oppose” over their
more decisive variations. We condense the categories reflecting gradients of support and
opposition into just two categories: support and oppose. This decreases the amount of variation
in the dependent variable, but is done because our respondents’ opinions about CCS are
relatively uninformed and reflect initial reactions. The resulting dichotomous variables serve as

dependent variables in the analysis.

3.4 Independent Variables

Independent variables in the analysis are described in Table 1 and include respondents’
demographic characteristics, characteristics about the community or region in which they live,
and their level of concern over the expense of CCS and the various safety risks that are
frequently associated with the practice. It also includes variables representing respondents’
cultural world views, as described by Douglas and Wildavsky.“? Cultural types were measured
by assessing the level of agreement with two statements associated with each viewpoint. All of
these statements have been used and vetted in previous research.“® Answers were used to create
three eight-point scales that show the relative strength of each cultural bias on an individual’s

outlook.

Table I: Description of Independent Variables with Means and Standard Errors



Variable Description Mean SE?
Gender A dichotomous variable coded as 1 if the respondents’ gender is male and 0 if female. 0.497 0.0263
Race A d_ichotomous variable coded l_if _the respondents’ described their race as non-Hispanic 0.890 0.0174
White and O for any other description of race.
Age Respondents’ age in years. 48.804 0.875
An ordinal variable indicating whether respondents’ annual family income is less than
Income a5, $25-850k, $50-§75k, $75-$100k or over $100k. 2510 0.0672
Evtnmeer-ship A dichotomous variable coded as 1 if respondents own their home and 0 if they do not. 0.762 0.0236
Education A dichotomous variable coded 1 if responde_nts have a college education or higher and O if 0242 0.0209
respondents have less than a college education.
Liberal A dichotomous variable coded 1 if respondents self-identify as politically liberal. 0.198 0.0211
Coal region Qi:;c;otomous variable coded 1 if respondents live in counties where coal is actively 0116 00113
Ruralarea A dichotomous variable coded 1 if respondents self-identify as living in a rural area. 0.165 0.0195
Climate An ordinal variable indicating whether respondent strongly agrees, agrees, disagrees or
. ) - 2.989 0.0579
change strongly disagrees that climate change is a problem.
Effectiveness An ordinal variable ir'ldicating wheth.er r_espondents have a 'Iarge, moderate, s.mall or no
concern concern that CCS will not be effective in permanently storing CO2 and helping to 3.174 0.0479
minimize climate change as intended.
Expense An ordinal variable indicating whether respondents have a large, moderate, small or no 3156 0.0448
concern concern that “CCS is a very expensive technology.”
An additive index indicating how many of 4 possible CCS risks respondents express a
“large concern” about.
Respondents were asked: As with all technologies, storing carbon dioxide underground
has the potential to result in negative events. | am going to read a list of four concerns that
Safety index some people have about CCS. If a CCS facility was constructed on a suitable site in the 1.742 0.0895
(@ =0.878; United States, please tell me if the following would be a large concern, a moderate
IIC = 0.787) concern, a small concern or no concern to you?
a. Ground water contamination resulting from CO2 that is stored underground
b.  Suffocation resulting from CO2 leaking out of the ground into people's houses and
basements
& Earthquakes may be caused by the injection of CO2 into the ground
d.  Explosions caused by the CO2 stored underground
Economic An ordinal variable indicating whether respondents think CCS would provide an important,
. . ) . ) - . 3.318 0.0480
benefit somewhat important, little, or no economic benefit to the surrounding community.
CCS A dichotomous variable coded as 1 if respondents think Indiana tax or rate payers will 0711 0.0246
payment bear the cost burden of any CCS facility built in the state. ' '
An 8 point index indicating the strength of respondents individualistic world view. The
index is based on whether strongly disagree, disagree, agree, or strongly agree with each
Individualistic of the following 2 statements:
(a=0.508, a. Competitive markets are almost always the best way to supply people with the 5954 0.0792
1IC =0.337) things they need. ' ’
b.  b. Society would be better off if there was much less government regulation of
business.
An 8 point index indicating the strength of respondents hierarchical world view. The index
Hierarchical is based on whether strongly disagree, disagree, agree, or strongly agree with each of the ~ 5.684 0.0882
(00 0.498; 1IC following 2 statements:
=0.343) a. Society works best when people strictly obey all rules and regulations.
b.  One of the problems with people today is that they challenge authority too often.
An 8 point index indicating the strength of respondents egalitarian world view. The index
is based on whether strongly disagree, disagree, agree, or strongly agree with each of the
Egalitarian  following 2 statements:
(0 0.471; 1IC a. We need to dramatically reduce inequalities in society, such as between whites and
- 5.478 0.0931
=0.374) people of color.

b.  The world would be a better place if its wealth were divided more equally among
nations.

! Linearized standard errors; “ Chronbach’s alpha;

ne Average inter-item covariance for items in the index variables.




4. METHODS AND RESULTS

Separate logistic regressions are run on dependent variables indicating respondents’ level
of support (or opposition) for a hypothetical CCS facility located “somewhere in the United
States” and “near respondents’ homes or communities.” Their results are compared to assess how
the factors that predict support change as the project location nears individuals’ residences. Table
2 shows the empirical results of the factors that predict support in the US in the form of logistic
coefficients and marginal effects. Table 3 shows similar results for CCS projects located near
respondents’ homes or communities.

The results suggest that the factors associated with support for proposed CCS facilities
located “somewhere in the United States” are different from those related to the support of such
facilities closer to respondents’ homes. Only two factors in the analysis significantly influence
support for the proposed CCS facility located in an unspecified location somewhere in the
country. All else equal, the belief that CCS will provide an economic benefit predicts increased
support and greater concern about safety risks, as measured by the consolidated safety index, is
associated with decreased support. These influences remain when the proposed facility moves
near one’s home or community and others additionally become significant. The magnitude of
the opposition related to concern about risk is also notably larger when respondents consider a
nearby facility: For a one-unit increase in the safety index variable (which represents an
additional risk for which a respondent expresses a large concern), the likelihood that the
respondent supports a CCS facility somewhere in the USA decreases by 3.6 percent while the
likelihood of support for a nearby facility decreases by 8.3 percent. Finally, the egalitarian

cultural type is insignificant when considering CCS in the USA but becomes significant when it



moves closer to respondents’ communities; individuals that display a stronger egalitarian

worldview are more likely than others to support nearby CCS facilities, all else equal.

Table 11: Logistic Assessment of the Factors that Predict Support for CCS
Facilities “Somewhere” in the USA

Coefficients Marginal Effects

Male 0.158 (0.355) 0.016 (0.035)
Race 0.427 (0.599) 0.049 (0.077)
Age -0.009 (0.008) -0.001 (0.001)
Income -0.129 (0.172) -0.013 (0.018)
Own home -0.696 (0.671) -0.061 (0.046)
Education 0.429 (0.415) 0.040 (0.036)
Liberal -0.709  (0.494) -0.084 (0.066)
Coal region 0.227 (0.315) 0.021 (0.029)
Rural -0.056  (0.413) -0.006 (0.043)
Climate problem 0.280 (0.196) 0.028 (0.019)
Expense concern 0.062 (0.216) 0.006 (0.022)
Effectiveness concern 0.323 (0.225) 0.033 (0.023)
Safety index -0.354**(0.122) -0.036** (0.013)
Economic benefit 1.099** (0.160) 0.111** (0.019)
CCS payment 0.390 (0.445) 0.042 (0.050)
Hierarchical 0.031 (0.112) 0.003 (0.011)
Egalitarian 0.144 (0.151) 0.015 (0.014)
Individualist -0.103 (0.134) -0.010 (0.014)
Constant -2.826  (2.361) --

n =757

F =5.33 (0.000)

McFadden’s Adj R* =

0.267
Standard errors are in parentheses.
The survey-weighted model correctly predicts support 86.4% of the time. 82.4% of the
weighted, non-missing sample falls in the modal category of CCS support.
**p <0.001, *p<0.05




Table I11: Logistic Assessment of the Factors that Predict Support for
CCS Facilities Near Respondents' Homes or Communities

Coefficients

Marginal Effects

Male

Race

Age

Income

Own home
Education
Liberal

Coal region
Rural

Climate problem
Expense concern
Effectiveness concern
Safety index
Economic benefit
CCS payment
Hierarchical
Egalitarian
Individualist
Constant

0489 (0.288)
0557  (0.407)
0.002 (0.008)
0.064 (0.112)
0.131 (0.395)
0.260 (0.356)
0.115 (0.378)
0.272 (0.276)
0.116 (0.328)
0.203 (0.157)
0.099 (0.185)
0.110 (0.177)
-0.413** (0.102)
1.200%* (0.150)
-0.078  (0.329)
-0.065  (0.090)
0.185* (0.088)
0.178 (0.094)
-6.429%* (1.671)

0.098 (0.056)
0.121 (0.094)
0.000 (0.002)
0.013 (0.022)
0.027 (0.081)
0.050 (0.066)
0.023 (0.073)
0.052 (0.051)
0.023 (0.063)
0.041 (0.031)
0.020 (0.037)
0.022 (0.035)
-0.083** (0.020)
0.240%* (0.033)
-0.015  (0.065)
-0.013 (0.018)
0.037* (0.018)
0.036 (0.018)

n=748

F =5.53 (0.000)
McFadden’s Adj R* =
0.248

Standard errors are in parentheses.

The survey-weighted model correctly predicts outcomes 79.2% of the time. 67.8% of
the weighted, non-missing sample falls in the modal category of CCS support.

**p <0.001, *p <0.05

As described previously, a NIMBY effect is witnessed when people show a free-rider
preference by supporting a project in the abstract, and opposing it only if it occurs near their
home.®% The data reveal a modest free-rider preference for CCS: 779 of the respondents to this
survey stated that they would support or strongly support the operation of a CCS facility on a
geologically suitable site “somewhere in the U.S.” Of these respondents, 166 switch from
support at the national level to opposition when the proposed site shifts to “near your home or

community,” a 21.3% reduction in support. As table 4 shows, 174 respondents oppose CCS in



both locations. However, it is only the former group—those who switched from support to

opposition—that display a NIMBY-like reaction.

Table 1V: Distribution of Support for CCS at Various Locations

Support CCS near home
Support CCS in the US NO YES Total
NO 174 10 184
Yes 166* 613 779
Total 340 623 963
* Display a NIMBY-like reaction

Whereas the results in Tables 2 and 3 separately show the factors that predict support for
the operation of CCS facilities “somewhere” in the United States and near respondents’ homes or
communities, Table 5 presents the results of a third logistic regression that focuses on the factors
that influence individuals to switch from support to opposition as a proposed facility moves
closer to their residence. Observations in this model are restricted to the respondents who
expressed support for CCS in the U.S., and the dichotomous dependent variable is coded one for
the subset of those who displayed a NIMBY -like response. The individuals who express
opposition to CCS anywhere in the U.S. are excluded from this analysis because it eliminates the
possibility of displaying a NIMBY pattern.

The results suggest that being male, liberal, believing CCS will benefit the community
economically, and having an individualistic world view is associated with a reduced likelihood
of displaying a NIMBY response, all else equal. On the other hand, respondents with a greater
concern about safety risks are associated with a higher likelihood of switching to opposition

when the proposed location of a CCS facility nears.



Table V: Logistic Assessment of the Factors that Predict a NIMBY

Reaction

Coefficient Marginal Effects
Male -0.695* (0.351) -0.081* (0.039)
Race -0.369 (0.441) -0.047  (0.061)
Age -0.006 (0.010) -0.001  (0.001)
Income -0.102  (0.149) -0.012 (0.018)
Own home -0.562 (0.447) -0.071  (0.062)
Education -0.402 (0.492) -0.043 (0.047)
Liberal -0.889 (0.480) -0.085* (0.039)
Coal region -0.402 (0.359) -0.041  (0.035)
Rural -0.123 (0.438) -0.014  (0.048)
Climate problem -0.092 (0.171) -0.011 (0.019)
Expense concern 0.053 (0.198) 0.006 (0.023)
Effectiveness concern -0.136  (0.200) -0.016  (0.024)
Safety index 0.439** (0.107) 0.051** (0.012)
Economic benefit -0.954** (0.228) -0.110** (0.025)
CCS payment 0.738 (0.405) 0.077 (0.036)
Hierarchical 0.018  (0.096) 0.002 (0.011)
Egalitarian -0.065  (0.093) -0.007  (0.011)
Individualist -0.307** (0.100) -0.035** (0.012)
Constant 4.862** (1.653) -

n=612

F =3.13 (0.000) ="

McFadden’s Adj R* =

0.201
Standard errors are in parentheses.
The survey-weighted model correctly predicts outcomes 84.2% of the time. 80.6% of
the weighted, non-missing sample falls in the modal category of non-NIMBY reactions.
**n <0.001, *p<0.05

5. DISCUSSION

Carbon capture and storage has the potential to serve as a bridging technology, enabling the
continued use of fossil fuels — without adding to the build-up of greenhouse gases in the
atmosphere — until clean energy technologies advance sufficiently. This global benefit, however,
is accompanied by local costs; namely, the risks and uncertainties that some communities will

have to bear. Such scenarios of shared benefits and localized costs provide fertile ground for



NIMBY-like reactions where opposition to local placement can stall or stop project
development. Indeed, this has already happened at several planned CCS locations in Europe.“®

A significant difference, though, between planned CCS operations and the deployments
of other large-scale industrial technologies is that, exclusive of several specialized examples of
CCS operating in conjunction with the existing developed oil and gas fields (e.g. Weyburn Field,
Saskatchewan), there have been no actual experiences with CCS for the public to observe and
react to. Because attitudes about CCS are based on concepts and perceptions rather than
information about actual past events or situations, the ability to make direct comparisons of
NIMBY -like responses to other energy-related industrial developments such as wind farms or oil
refineries is limited.

Similar to the members of the public who have participated in previous other studies
about CCS, our sample of Indiana residents were largely unaware of the technology prior to the
survey.® 3233 After being presented with a basic explanation of its purpose and function,
however, over 80% expressed general support for CCS. This high level of initial support may be
linked to the state’s coal intensive history, which could result both in an economic interest
favoring the continued use of coal as well as greater familiarity with underground coal-related
activities.

A modest but notable NIMBY -like reaction was observed, with over a fifth of the initial
supporters changing to opposition when the hypothetical facility moved from “somewhere in the
United States” to “near” respondents’ homes or communities. Neither living in a rural area nor a
coal producing area significantly influences support for CCS, suggesting that this switch to
opposition is not a result of a more general sentiment that CO- storage should not occur near

more densely populated areas.®> 59 However, because these views reflect relatively uninformed



preferences, they are likely highly malleable and could be influenced, either positively or
negatively, by image-building campaigns.

Respondents’ world views, or cultural biases, emerge as predictors of CCS support and
NIMBY -like reactions, although not always in the manner predicted. Egalitarians are associated
with an increased likelihood of support for nearby facilities. This is consistent with the high
value they place on fairness: not accepting to personally take on the risks that they would bestow
on others may be viewed as counter to this value. Respondents holding a strong individualistic
world view are significantly less likely to display a NIMBY sentiment and more likely to support
CCS near their homes or communities, all else equal. This is counter to our hypothesis that
because individualists place a high value on personal freedoms they would be less willing to
accept a nearby facility if it felt “imposed” on their locale. However, this reaction does assume a
feeling of imposition that is unlikely to occur when asking about a hypothetical facility.
Moreover, individualists may view CCS positively as a market-based response to climate
change. The hierarchical world view is not significantly associated with support or opposition
towards CCS in either location.

Overall, demographic variables have a small impact on respondents’ attitudes towards
CCS. However, being male, white, and politically liberal is associated with increased support of
nearby CCS facilities and reduced NIMBY ism, all else equal. The modest impact shown by
fundamental demographic characteristics reflects the findings of other energy-orientated NIMBY
studies.®

The above findings relating worldviews and demographics with CCS acceptance may
prove practically useful when conducting social site characterizations for potential CCS

facilities. However, respondents’ perceptions about CCS’s economic benefits and safety provide



the more functional policy levers and communication “hooks.” The strongest and most consistent
predictor of support for CCS is individuals’ belief that it will generate economic development.
This belief increases support for facility placement both in the U.S. as a whole and near
respondents’ communities. It also reduces the likelihood that a NIMBY sentiment will be
expressed. Indeed, when offsetting local benefits (e.g. jobs, tax revenue, economic stimulus)
accompany undesirable land uses, they are often able to shift the majority position to favor local
acceptance.!? This suggests that if CCS proponents can ensure and communicate the incidence
of local economic benefits, local acceptance will become more likely.

Previous studies find that members of the public associate a relatively consistent set of
safety risks with CCS; namely CO; leakage, induced seismicity, explosions, and groundwater
contamination.®® 343 Thyjs research likewise finds that higher levels of concern about these
risks significantly reduces respondents’ likelihood to support CCS development. The significant
role such concerns play in shaping respondents’ CCS acceptance has several implications for
CCS and related technologies. For instance, proponents of CCS will need to adequately
communicate expected risks to a concerned public in order to garner and maintain support for the
technology. It is important to point out that the questions used to generate the dependent
variables that quantify CCS support in this study begin with the phrase “If experts determine
there is a suitable site for underground CO> storage...” Thus, some degree of testing and safety is
already implied in the question itself. Despite this, larger concerns about perceived risks
consistently and significantly reduce the support expressed for local CCS facilities and are
associated with an increased likelihood of a NIMBY -like reaction.

This study examining the influence of proximity on Indiana residents’ acceptance of CCS

facilities has several limitations which point to avenues for future research. First, given the



sampling of just one U.S. state, the ability to extrapolate results to other states or regions
nationally and globally is limited. There exists the potential that the results could be
representative of attitudes of the region in general, but they may also specifically reflect the
thoughts of individuals living in this coal-intensive and industrialized state. Second, the lack of
familiarity most respondents had with CCS implies that the results presented here represent a
baseline assessment of Indiana residents’ acceptance of CCS facilities. As people learn more
about the technology, support may move above or below this baseline. Third, we utilize
qualitative descriptions of proximity, which capture the construct but likely result in some
variation in the specific distances interpreted. Future researchers interested in assessing the
geographic range of NIMBYism may choose to ask about individuals’ acceptance of facilities at
a number of specific distances. Finally, while we recognize that NIMBY and NUMBY attitudes
both come into play with CCS, our analysis does systematically differentiate between them. An
additional avenue for future research is to more fully explore the nuances between NIMBY and
NUMBY, particularly the relative importance of each in support for or opposition to various

projects that involve both above and below ground processes.
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Appendix 1: CCS Survey Factsheet

Thank you for participating in the survey about energy and the environment.
As a token of our appreciation, we have included a five dollar bill with this mailing. You will
receive another five dollars for participating in a shorter follow-up interview in the coming days.
Before that interview, please take a moment to read this brief fact sheet about a new energy
technology.

Carbon Capture and Storage (CCS)
Fact Sheet

What is Coal?

Coal is a fuel that is burned to produce energy. Coal is comprised of many common elements
like carbon, hydrogen, sulfur, and oxygen. When coal is burned for electricity, these elements are
released into the atmosphere in the form of carbon dioxide (CO>).

What is CO2?

Carbon dioxide, or COy, is a gas that is found naturally in the Earth’s atmosphere. All living
things produce carbon dioxide. Plants, trees, and the ocean absorb CO, from the air. Carbon
dioxide emissions have been increasing as people around the world burn more coal, oil, and
natural gas.

CO:2 is considered a “greenhouse gas”. Greenhouse gases, or GHGs, allow sunlight to enter the
Earth’s atmosphere, where they then trap the heat that is created. This helps to keep the Earth’s
temperature warm and seasonally constant. High levels of greenhouse gases, like COg, in the
Earth’s atmosphere can produce an increase in the Earth’s temperature. This result is called
“global warming” or “climate change”. Climate change is characterized by an overall warming
of the earth and can lead to more extreme weather events. This change in climate can affect the
ocean, crops, animals, and people.

What is CCS?

Carbon capture and storage, or CCS, is a technology in which carbon dioxide (CO) emissions
are captured from industrial processes which burn fuels, such as electricity production. The
captured CO:z is transported by pipeline and is injected into rock formations deep underground
for permanent storage or disposal (see diagram).

What is the purpose of CCS?

Carbon capture and storage is designed to reduce the amount of CO> released into the
atmosphere. Storing CO> underground prevents it from going into the atmosphere and may
reduce some of the problems associated with climate change.



Where is CCS currently being used?

Several small facilities around the world are currently in operation and are demonstrating carbon
capture and storage for research purposes. A few large, commercial-scale projects are currently
under construction. CCS has not yet been used to capture CO> from large coal-powered
electricity generation facilities.

Example CCS Facility

0 Conventionol coal-fired power plants release CO; directly into the aimosphere.
Plants equipped with CCS will copture much of the CO, insteod.

Alternative possible
locetions for CO, storoge

© €O, con be injected
ond stored deep
underground.



