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  Abstract 

The pressure to achieve net-zero CO2 objectives has heightened the need to evaluate energy 

technologies in Canada, where the oil and gas industry remains essential to the economy. Carbon 

capture and storage (CCS) is a component of Canada’s net-zero CO2 strategies and can absorb up 

to 90% of the CO2 emissions from major point emitters. However, public perception and support 

for CCS remain controversial. Hydraulic fracturing (HF), on the other hand, is a non-conventional 

method of extracting oil and natural gas, with growing public concern about its impact on 

environmental quality and human health. This study investigated the reasons for the heterogeneity 

in acceptance and support for CCS and HF in Canada. Random effects and latent class models 

were applied to vignette experimental data to investigate the public's perceptions of CCS as a 

climate mitigation technology and HF, respectively. Our findings indicate that cross-border import 

of CO2 for storage has a strong effect on the acceptance of CCS plant scenarios. Consultation, 

compensation, proximity, knowledge, risks, and trust are key drivers of CCS acceptance. Public 

perceptions of HF have also varied. Economic benefits to the community, citizen consultation on 

HF, proximity, and the likelihood and severity of HF-induced seismicity had the largest effects on 

individuals’ support (ratings) for the proposed HF projects. Supporters of HF tend to be men living 

in rural areas who have a high level of education and knowledge about the energy sector, whereas 

HF protesters tend to be college-educated women who are worried about the negative effects of 

HF. The study concluded that communication efforts to improve public understanding and 

acceptance of CCS should focus on demystifying the risks of CCS instead of its technicalities and 

climate mitigation capacity. In addition, prioritising local firms and services in contracts and 

providing compensation directly to affected individuals can lead to greater public support for HF 

projects. 
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Chapter One 

Public Perceptions and Acceptance of Carbon Capture and Storage for 

Greenhouse Gas Mitigation: A Random Effects Model 

1.0 Introduction  

According to the International Energy Agency (IEA), global energy-related carbon dioxide (CO2) 

emissions experienced a notable increase in 2021, surpassing a total of 36 billion metric tonnes 

(IEA, 2021a). Over the last decade, the output of other heavy-point greenhouse gas emitters, 

including steel, cement, and fertiliser, has also grown exponentially. Despite the continued need 

for these materials to keep our agricultural, construction, and transportation sectors afloat, 

continuing down this road is a potential recipe for global disasters. Rapid decarbonisation is crucial 

for the world's average temperature to rise by no more than two degrees Celsius above pre-

industrial levels and to avert the worst effects of climate change (IPCC, 2022; Rockström et al., 

2017).  

Challenges caused by climate change have prompted a plethora of responses from a wide range of 

disciplines. In the technology industry, Rolnick et al. (2019) suggested leveraging machine 

learning to assess climate-related data collected through satellites. Economists have proposed a 

variety of measures to make the emission of CO2 and other greenhouse gases (GHG) more 

expensive (David & Herzog, 2000; Nordhaus, 2019). In the biotechnology industry, Tylecote 

(2019) advocated the use of biomedicine and plant breeding to reduce global warming. Within the 

construction industry, Röck et al. (2020) conducted a large-scale analysis of more than 650 

buildings to quantify the effect of embedded GHG emissions and advocated for shifts in building 

designs and operations. Other options to mitigate the impacts of climate change include leveraging 
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wind and solar energy, planting more trees, adjusting food consumption patterns, and direct air 

capture of CO2. However, while a variety of strategies may be implemented to lessen the severity 

of the effects of climate change, most of them are either inadequate, not ready, or too expensive.  

GHG removal and sequestration technologies are gaining interest as potential decarbonisation 

solutions that may be used in tandem with emission reductions (Pianta et al., 2021). Many of these 

decarbonisation solutions, aimed at reducing the effects of climate change and increasing people's 

ability to adapt to it, have received considerable research and development. However, several 

questions remain unanswered. To minimise emissions of GHG, carbon dioxide capture and 

geological storage (CCS) is widely considered to be a viable, expedient, and secure option (Sun et 

al., 2021) and has become a vital component of national and international efforts to curb emissions 

of GHG (Scott et al., 2013). CCS has emerged as a promising technique in the fight against climate 

change, with the potential to absorb up to 90 percent of the CO2 emissions from fossil fuel power 

stations and other industrial heavy point-emitters (Kahlor et al., 2020). The goal of this technique 

is to prevent CO2 from being released into the environment because of the combustion of fossil 

fuels, such as coal, petroleum, and natural gas, and burying it beneath permeable rocks where it 

cannot escape into the atmosphere (Figueroa et al., 2008; Leung et al., 2014; Parson & Keith, 

1998). More than 200 million metric tonnes of CO2 have been removed from the atmosphere using 

this technology since the 1970s (Gibbins, 2019). Without CCS, mitigation costs are confirmed to 

increase by an average of 138%, according to reports (IEA, 2021b).  

While interest in CCS has grown in the scientific community and gained attention from 

organisations and governments worldwide (Rosa et al., 2021), public perception and support for 

the technology remain controversial. Yet, it must be emphasised that public support is crucial to 

the ultimate success of CCS (Wang et al., 2021). Although the safety of CCS has been proven in 
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several studies (Ringrose et al., 2017; Ringrose, 2018), according to Gabrielli et al. (2020), the 

primary barriers to realising the net-zero-CO2 objective through CCS technology are the 

accessibility, availability, and acceptance of CO2 storage facilities. CCS has been around for a 

while in the industrial world, yet most individuals are still unaware of what it is (Xenias & 

Whitmarsh, 2018). The absence of public support and the difficulties of implementing CCS in 

communities have both contributed to the postponement or outright cancellation of some CCS 

programmes (Witt, 2019).  

Critics of CCS claim that it is only a lifeline that helps the oil and gas sector to keep running, and 

that if the goal is to reduce emissions, then we ought not to be discussing how to store CO2 so 

much as we should be looking at ways to prevent it from occurring in the first place (Gonzalez et 

al., 2021). Induced seismicity, dangers associated with CO2 transport, and the potential for CO2 

leakage are other significant concerns about the CCS technology (Lokuge et al., 2023). Proponents 

of CCS, however, argue that decarbonisation through capture and storage is the safest, expedient, 

and secure approach since we do not have the luxury of time to progressively phase out high-

emission industries without causing socio-economic instability. CCS has become an essential and 

integral component of the decarbonisation pathways of nations like Canada, the US, and the EU 

as they face increasing urgency to fulfil their net-zero CO2 commitments.  

Public opinion and assessment of CCS projects have been the subject of many studies (Boyd et al., 

2017; Gough & Mander, 2019; Moon et al., 2020; Pianta et al., 2021; Upham & Roberts, 2011). 

When new technologies emerge with the potential to reduce GHG emissions, it it important to 

comprehend the public's acceptance of these innovations and the regulations that will either 

encourage or stifle their development (Moon et al., 2020).  The public's opinion of CCS is as 

important as the technology's potential as a component of global plans to reduce GHG emissions 
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and slow global warming (Arning et al., 2019). The rate at which this technology may be 

commercialised, and the overall cost of energy generation are also directly affected by CCS's 

implementation (Wilberforce et al., 2021). 

As with other contemporary energy technologies (such as hydraulic fracturing), CCS has become 

a divisive topic due to several ongoing debates both in literature and policy. The increasing 

political obstacles associated with achieving emission reductions at a rate that is considered 

reasonable heighten the urgency of discussions on CCS as a means of achieving net-zero CO2 

targets (Carton et al., 2020). Initial efforts to implement CCS, spurred by the G8's 2008 decision 

to increase international collaboration on CCS and aim to start 10 large-scale CCS demonstration 

projects by 2010, did not materialise on the scale that was needed (Martin-Roberts et al., 2021). 

Owing to the complexity of the social, political, economic, and public aspects involved, the success 

of CCS cannot be reduced to engineering alone (Lima et al., 2021).  

For widespread adoption of CCS, a paradigm shift of unprecedented proportions is likely 

necessary. According to experts, society will eventually need to regard CO2 as sewage waste and 

demand that companies pay taxes or levies for its capture and disposal (Lackner & Jospe, 2017). 

In Canada, this paradigm shift is still in the distant future, as public awareness, support, and 

acceptance of CCS remain rather low (Boyd et al., 2017; Seigo et al., 2014; Steeneveldt et al., 

2006; Tcvetkov et al., 2019). There is also the possibility of induced seismicity, which has been 

shown to significantly influence people's willingness to adopt subsurface technologies (Evensen 

et al., 2022; Haemmerli & Stauffacher, 2020; Lokuge et al., 2023). However, the impact of induced 

seismicity, defined as seismic events caused by human activities, has not been well considered in 

discussions on CCS. 
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The purpose of this paper, therefore, is to evaluate public perceptions and acceptance of CCS as a 

climate-mitigation strategy from a socio-psychological perspective using a vignette experimental 

technique. This distinguishes this paper from the wealth of public perception studies of CCS 

conducted in Canada and throughout the world. While stated preference techniques tend to focus 

on individuals’ preferences, vignette experiments highlight the significance of societal norms and 

informal conventions when assessing conventional energy sources (Parkins et al., 2021). Thus, 

with the use of vignettes, people are able to contemplate alternative methods of building energy 

systems while keeping in mind the broader social, economic, and environmental settings. 

Regardless of this novel aspect, and in line with growing efforts to diversify research on public 

involvement in the advancement of emerging technologies (Bellamy et al., 2019; Bellamy & 

Lezaun, 2017), it is critical that this paper be viewed within the existing larger ecology of 

investigations into the public licencing of unconventional decarbonisation alternatives. Public 

trust, knowledge, risk, and perception of CCS in relation to its unique impact on induced seismicity 

are currently understudied. This paper, therefore, seeks to examine individuals’ perceptions of the 

seismic risks associated with CCS and the potential impacts of alternative monitoring strategies 

(technical and regulatory) on the public acceptability of CCS.  

The remainder of the paper is structured as follows: section two examines the technical aspects of 

CCS as well as the body of literature on public perceptions of CCS. The third section examines 

data and techniques. The fourth section contains the findings and discussions. The fifth section 

wraps up the study and offers policy recommendations.  
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2.0 Literature Review  

The effects of climate change are increasingly felt by both humans and animals. Economic losses 

have resulted from the adverse effects of climate change on society, notably floods, rising 

temperatures, and wildfires (NAS, 2021). Human activities have contributed to the warming of the 

atmosphere, oceans, and land (IPCC, 2021). According to Brauers and Oei (2020), CO2 and other 

gases released during coal combustion have the greatest impact on global warming. As estimated 

by the IPCC (2021), human activity is estimated to increase global temperatures by between 0.8 

and 1.3 degrees Celsius between 1850-1900 and 2010-2019, with a current estimate of 1.07 

degrees Celsius.  

Temperatures in Canada are predicted to continue to increase as a result of growing national and 

global emissions (CCA, 2019). Prompt and decisive action is needed, given the collective 

commitment of 174 nations, including Canada, to mitigate the release of GHG and attain carbon 

neutrality by the year 2050 (Rubin, 2016). The Canadian Climate Change Commission has 

indicated that being carbon neutral by 2050 is an achievable goal, with several potential pathways 

(CICC, 2021). Reducing GHG emissions, switching to solar and wind energy, using electric 

vehicles, changing dietary patterns, and using geoengineering to vary the amount of heat radiation 

reaching the Earth’s surface are all viable strategies for climate mitigation (Weyant, 2017). The 

pressing need to reduce emissions and address the global impacts of climate change necessitates 

the prompt implementation of collaborative and economically efficient climate-mitigation 

strategies. 

CCS technology has been identified as a rapid and economically viable decarbonisation strategy 

and has been incorporated in many integrated assessment models for future energy systems 

(Capellán-Pérez et al., 2020; IPCC, 2018; Koelbl et al., 2014). It demonstrates, in a very 
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convincing manner in most of the possible outcomes, the urgent need to implement carbon 

emission reduction technologies such as CCS (Holz et al., 2021). Most of them, however, stress 

the need for rapid education in order to simplify and expand CCS implementation from a "top-

down" perspective (Longa et al., 2020). Top-down assessments are useful for obtaining a bird's-

eye view of the entire picture, however, as noted by Holz et al. (2021), they always leave out 

important considerations on the social, economic, and technological aspects of CO2 capture, 

transportation, and storage. This strategy for accelerating the rollout and growth of CCS projects 

did not lead to an increase in public acceptance of CCS, despite its technical breakthroughs 

(Ashworth et al., 2019). Considering the significant role of CCS technology in recent years as a 

viable solution for addressing climate change, several surveys have been conducted to evaluate its 

level of public acceptability (Braun, 2017; Gibbins, 2019; Gonzalez et al., 2021; Saito et al., 2019; 

von Rothkirch & Ejderyan, 2021). 

Many experts in academia, industry, and politics see CCS as a technological solution that can help 

lower GHG emissions and guarantee a steady energy supply (IPCC, 2018). Capturing CO2 

emissions at their sources, such as power plants or factories, and permanently storing them in 

underground reservoirs is known as CCS (Alphen et al., 2010). There are additional cases where 

the captured CO2 is used in the production of other goods; in these cases, the process is known as 

"carbon capture and utilisation" (CCU) (Gough & Mander, 2019). Some studies suggest using the 

collected CO2 for enhanced oil recovery (Whitmarsh et al., 2019), whereas others advocate the use 

of the collected CO2 as a feedstock for industrial operations (Bruhn et al., 2016). Together, CCS 

and CCU are often referred to in the literature as carbon capture, utilisation, and storage (CCUS) 

(Osazuwa-Peters & Hurlbert, 2020; Pianta et al., 2021; Wang et al., 2021).  
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International studies have consistently revealed that the public is inexperienced with CCS 

technology compared to all other emission reduction technologies (Ashworth et al., 2019; Lima et 

al., 2021; Upham & Roberts, 2011). Large-scale CCS in rock formations was first attempted 

offshore in Norway in 1996 and onshore in Algeria in 2004 to minimise atmospheric pollution 

levels (Steeneveldt et al., 2006). Since then, the technology has moved across nations and gained 

traction, with several organisations pledging financial support for its advancement. To aid in the 

construction and operation of CCS plants, among other things, the EU has set up a €10 billion 

Innovation Fund (Rycroft, 2020). To advance CCS technology internationally, the Norwegian 

government has allocated approximately 20% of its research and development budget to foreign 

requests for collaboration (Stangeland et al., 2021). Developing CCS technology is a priority for 

the US Department of Energy (DOE) (Alphen et al., 2010), and since 2003, it has helped advance 

a wide range of CCS technologies (NETL, 2007). Canada, the US, and the UK have committed 

3.4 million Canadian dollars to CO2 injection into deep coal seams (Steeneveldt et al., 2006).  

Currently, there are 15 large-scale CCS projects running worldwide, and an additional seven are 

in the planning stage (Ringrose et al., 2017). Over the last 20 years, significant advancements have 

been achieved in the field of CCS, particularly in terms of technological feasibility and safety 

measures, thus enhancing its practicality and suitability (Edwards & Celia, 2018; Lackner & 

Brennan, 2009; Wilberforce et al., 2021; Zhang et al., 2022). It is anticipated that CCUS will 

generate employment far beyond 2030, at a competitive rate with the oil and gas industry (Gupta 

& Sen, 2019). However, the public's reaction to CCS operations remains uncertain, and opposition 

may lead to delays or cancellations of CCS projects (Federico d’Amore et al., 2020). 

The health, safety, and sustainability of communities and ecosystems are intertwined with the 

logistics of transporting dangerous items (Holeczek, 2019; Merk et al., 2022). In particular, in 
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terms of health risks and the cost of spillovers, it is becoming more crucial to measure and manage 

environmental effects and human health concerns on a global scale (Dehghani-Sanij et al., 2019). 

It is feasible that the geological subsurface, with its storage capacity, can be used to permanently 

store CO2 on a daily to seasonal basis (Bauer et al., 2017). While this is true, it is essential to 

remember that little research has analysed how people feel about CCS in relation to actual or 

proposed CCS storage sites (Braun, 2017; Saito et al., 2019).  

According to Boyd et al. (2017), incidents that might occur because of CCS include, among other 

things, CO2 leakage that could negatively affect neighbouring communities or animals. Sensations, 

technical terms, and attitudes that have little to do with the technology itself impede the 

implementation of CCS as climate mitigation technology (Peridas et al., 2021). These 

considerations, if understood and reconciled, might improve our understanding of CCS (Osazuwa-

Peters et al., 2020).  

In a representative Swiss mail survey among laypeople, Wallquist et al. (2010) noted that non-

technical issues such as socioeconomic concerns were shown to have a greater impact on the risk 

and benefit perceptions of CCS. Using a series of discussions, Shackley et al. (2004) stated that 

ambiguities around the possible dangers of CCS were of great concern to many, specifically the 

risks of accidents and leakage. However, through a stakeholder survey, Liu et al. (2012) concluded 

that the majority of those surveyed did not believe that the dangers of CCS were significant. The 

public's adoption of technological innovation is influenced not only by the technology itself, but 

also by a wide range of social and cultural elements (Rothkirch et al., 2021). Oltra et al. (2010) 

found that people tend to see the dangers of CCS as more important than the risks of climate 

change, which they regard as far away in time and place. Where risk perception is high, ambiguity 

regarding critical information is often a significant factor influencing CCS acceptance 
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(Wennersten et al., 2015). According to assessments made by experts, the occurrence of significant 

CO2 leakage, which might potentially lead to detectable environmental or public health 

consequences, remained consistent throughout three distinct time intervals, and was estimated to 

be roughly 1 in 103 (Larkin et al., 2019). However, CO2 leakage and induce seismicity continue to 

be major determinants of public support for underground energy technologies (Krause et al., 

2014; Lokuge et al., 2023). 

Policy analysts in Canada and the US continue to factor in the social cost of carbon when 

considering the advantages of CCS in reducing CO2 emissions. If the monetary value associated 

with the negative impacts of carbon emissions on society exceeds the financial investment required 

to prevent the release of one metric tonne of CO2 into the atmosphere, it may be seen as passing a 

cost-benefit analysis. In a study conducted by Heyes & Urban (2019), they noted that the costs 

associated with the large-scale deployment of CCS outweigh its benefits. A good understanding 

of the potential for cross-border trade of CO2 is expected to offer a novel lens through which to 

examine the cost-benefit analysis of CCS both domestically and internationally.  

People's views on the potential risks and benefits of new technologies are influenced by the level 

of trustworthiness they attribute to their management and implementation (Terwel et al., 2009). 

The familiarity and trust gained by project leaders over the course of years or even decades of 

honest work, visible presence, and reliable conduct are crucial to the project's ultimate success 

(Ferguson & van Gent, 2017). It has been shown that people's level of confidence in systems is 

positively related to their openness to adopting CCS (Ashworth et al., 2010). To gain public trust 

in CCS, project developers need transparent rules on site selection, safety criteria, monitoring, 

ownership, and accountability (Alphen et al., 2010).  
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According to Arning et al. (2019), trust in stakeholders, especially environmental organisations, 

influences support for CCS deployment more than industrial stakeholders. While Pianta et al. 

(2021) observed that strong believers in public think tanks are more inclined to endorse a policy if 

it receives backing from such organisations. A crucial aspect in determining how people see 

technology's hazards and advantages, according to Cvetković et al. (2021), is their level of social 

trust. Using a regression analysis, Ashworth et al. (2019) discovered that those who put faith in 

the government and CCS corporations to work in the public's best interest, value long-term success 

over short-term benefits, and value economic growth above environmental preservation are more 

likely to be in favour of CCS. Boyd et al. (2017), who also used a regression model, found that 

those who had greater faith in the government were more inclined to support federal investment in 

CCS technology. 

Anghel (2017) discovered, using a regression analysis, that first impressions of CCS are heavily 

influenced by the extent to which one is versed in environmental problems including climate 

change. Studies show, however, that public opinion and experience are highly contextualised, and 

that technical knowledge alone is an inadequate predictor of attitudes, risk perceptions, and 

behaviour (Burgess et al., 1998; Démuth, 2012; Qiong, 2017). As compared to technical 

knowledge and accurate assessments of risk, socioeconomic issues, like poverty and inequality, 

have a far larger influence on people's risk and benefit perceptions of CCS (Wallquist et al., 2010).  

In a study conducted by Yang et al. (2016), it was found via the implementation of a structured 

survey that a majority of the participants (95%) exhibited a lack of awareness about CCS in China. 

This has been confirmed in another survey by Ashworth et al. (2019) that both China and Australia 

have low levels of knowledge about CCS. In their survey, Lima et al., (2021) also noted that only 

about 0.5% of those interviewed in Brazil had a good comprehension of CCS. These results present 
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a divergence from a study carried out in Canada (Boyd et al., 2017), where a greater proportion of 

respondents said that they were familiar with CCS and had knowledge of its nature or were aware 

of CCS but lacked understanding of its specifics. 

Research shows that public understanding of CCS has not improved substantially over time 

(Ashworth et al., 2019; Dowd et al., 2012). Because of this lack of knowledge about CCS, the 

accuracy of data from large-scale surveys has been questioned (Yang et al., 2016). More cutting-

edge methods are required for analysing the CCS technology (such as experimental surveys and 

choice experiments). The first step in becoming an active environmentalist and providing crucial 

support for climate mitigation technology is having a basic understanding of climate change (Moon 

et al., 2020), whereas a lack of information may make uncertainty worse (Ashworth et al., 2019). 

Using in-person field interviews, Lima et al. (2021) observed that urban residents understand that 

CCS is a way to reduce CO2 emissions and, as a result, climate change, but climate change is still 

not as important as other basic services like health, public safety, and job creation. Public 

perception of CCS might benefit from the expertise of business and non-governmental 

organisations, which Tcvetkov et al. (2019) found to be highly interested and engaged in 

CCS progress.  

The energy economics literature often explores the evaluation of economic prospects, particularly 

in terms of local job creation and economic activities. These potentials are generally contrasted 

with the social (equity) and environmental concerns associated with these technologies (Liebe & 

Dobers, 2020; Parkins et al., 2021). Studies of opinions have also emphasised the need to 

consult with and compensate communities impacted by new energy projects (Brennan & Van 

Rensburg, 2016; Chewinski et al., 2023; García et al., 2016). 
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Surveys on public perceptions of CCS offer contradictory evidence regarding the impact of socio-

demographic factors on acceptance of the technology. A cross country survey by Ashworth et al. 

(2019) found that in Australia, both age and gender are strong predictors of CCS support, whereas 

in China, neither factor was significant. The majority of existing research indicates an absence of 

association between the socio-demographic variables of respondents and their level of support for 

CCS (Pianta et al., 2021; Tcvetkov et al., 2019). Regarding gender, a survey by Braun (2017) noted 

that the level of acceptability for CCS is 0.31 points higher among females compared to men. 

Pianta et al.’s (2021) research, however, found no statistically significant difference between male 

and female support for CCS. There are also conflicting findings in the literature on the correlation 

between income and education and CCS support (Ashworth et al., 2019; Braun, 2017; Moon et al., 

2020; Pianta et al., 2021).  

Despite the useful information that can be gleaned from these studies and the existing public 

perception literature reviewed, the inconsistencies that have been found empirically highlight the 

risks of relying on survey research for evaluating public preferences and concerns about a complex 

issue like CCS. There is a noticeable gap in our understanding of public preferences because the 

literature does not adequately address cross-border CO2 trade potentials, local community 

engagement, compensations, information transparency, different monitoring regimes, or induced 

seismicity as major benefits and risk factors in individuals' evaluation of CCS. Using empirically 

designed vignette scenarios, this research conducts a quantitative examination of individuals' 

judgements of CCS project proposals in Canada, therefore filling a significant gap in the public 

perception literature on CCS by considering these factors. By employing a factorial survey 

(vignette) experiment (FSE), we are able to distinguish between the effects of a variety of complex 

decision factors that enter individuals' evaluation of CCS, including proximity, storage capacity, 
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fairness of consultation and compensation schemes, transparency of CCS risk assessments, cross-

border trade of CO2, and different monitoring regimes (Auspurg & Hinz, 2015a). Inadequate 

public awareness of CCS, particularly in relation to its safety, effectiveness in mitigating climate 

change, and risks associated with seismic activity, implies that using a choice experiment may 

overwhelm participants and thus result in inaccuracies in measurement (Auspurg & Hinz, 2015a; 

Auspurg & Jäckle, 2017). By using a vignette experiment, we may get around these limitations 

and have people rate the pros and cons of various CCS scenarios on an ordinal scale, which reduces 

the likelihood of social-desirability bias (Liebe & Dobers, 2019, 2020). 

Observable and unobserved individual heterogeneity may be investigated using a random intercept 

model. This offset the effects of unobserved heterogeneity across individuals in their ratings of 

hypothetical vignette scenarios. As noted by Mehdi et al. (2020), more advanced econometric 

assumptions, including random effects, may be better for studying potential variation in 

individuals beyond their reported characteristics. Due to the general public's limited familiarity 

with CCS (Ashworth et al., 2019; Lima et al., 2021), it is contested whether survey data can 

accurately gauge support or disapproval of a complex energy technology like CCS (Yang et al., 

2016).  Therefore, evaluating public perceptions within experimentally designed vignette 

scenarios may enhance our understanding of the intricate dynamics surrounding public support 

and acceptance of CCS.   

The specific objectives of this paper are fourfold: (1) to investigate public perceptions and 

acceptance of CCS projects, with a focus on the perceived fairness of CO2 cross-border trading as 

part of the implementation of CCS; (2) to examine differences in CCS acceptance across 

respondent socio-demographic and other characteristics; (3) to analyse different governance and 

monitoring regimes that affect CCS project acceptance; and (4) to assess the impact of perceived 
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CCS induced seismic/earthquake risks on CCS project acceptance. The consensuses that may be 

reached from answering these questions will serve as a cornerstone for future discussions in both 

policy and the literature. 

3.0 Data and Methods  

3.1 Study Approach  

For this research, a factorial experimental survey was conducted in a national online survey 

administered in October 2022 throughout Canada. The study received ethics approval from the 

University of Alberta Research Ethics Board (Pro00123473). The 1,002 respondents who filled 

out the online survey were all part of the same access panel provided by Survey Engine – survey 

software designed for academic research (SurveyEngine, 2023). The individuals were sent an 

invitation to participate in the survey by means of a hyperlink leading to the survey and vignette 

experiment. Age, gender, level of education, and household income quotas were established to 

provide a balanced representation of the Canadian population.  

The objective of the survey was to gain a comprehensive understanding of the factors that influence 

individuals’ acceptance of CCS plant scenarios. This includes examining the respondent 

characteristics that contribute to the acceptance of CCS, as well as their knowledge, trust, 

perceptions of the risks and benefits associated with CCS, and other relevant environmental 

factors. This enabled us to assess the public’s acceptance of CCS and the extent of its societal 

approval. The survey (Appendix: CCS Questionnaire and Experimental Designs) included seven 

(7) sections, presenting each respondent with approximately 30 questions. The sections covered 

themes and questions relating to the environment, knowledge of different low-carbon technologies, 
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perceptions of different risk factors, trust in different institutions, socio-demographic 

characteristics, and vignette scenarios. 

Participants were shown hypothetical scenarios in which a CCS project was proposed to be built 

within a certain radius of the participant's home. Seven attributes (factors) were used to define this 

CCS project and its features, with attribute levels varying across vignettes. Similar to prior 

qualitative research in this field and political and social debates regarding energy development, 

the selection of these attributes was driven by theories relevant to distributional and procedural 

fairness in the energy economics literature (Cox et al., 2020; Liebe et al., 2017; Moon et al., 2020; 

Parkins et al., 2021). Finally, the research drew on the expertise of people in the CCS and energy 

industries to build the attributes so that they would accurately represent the most common worries 

people have about projects of this kind.  

3.2 Study Design    

When evaluating CCS projects, several factors outside of the attributes of choice experiments (CE) 

are likely to come into play, including fairness, information transparency, distributive justice, etc. 

(Cox et al., 2020; Liebe et al., 2017; Parkins et al., 2021). This makes choice experiments less 

ideal for inferring causal preferences from structurally more extensive social factors (Liebe et al., 

2017). As a result, most multifactorial survey studies separate questions concerning social 

elements, such as people's sense of fairness or justice, their attitudes, or their own social standards, 

from the actual elicitation of preferences (Parkins et al., 2021).  

FSE (also known as vignettes) are an alternative research design that takes into account these 

societal aspects in condensed and detailed scenarios grounded in important decision-making 

considerations. The FSE was developed by Rossi and Lazarsfeld in the 1950s as a multi-factor 
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survey technique (Rossi, 1979). FSE has emerged as a powerful tool in the study of social norms 

and social justice matters since its inception in the 1970s (Auspurg & Hinz, 2015a; Wallander, 

2009). In FSE, participants are presented with a series of hypothetical scenarios (called 

"vignettes") that vary from one another according to a predetermined set of characteristics. After 

reading each scenario, participants are asked to rate it based on how acceptable, supportive, or fair 

they find it to be. An FSE is a controlled experiment in which the variables or situational features 

given in the circumstances are systematically varied, allowing for the isolation of the effects of 

individual factors that make up the scenario (Liebe et al., 2017).  Hence, relevant vignette 

characteristics and their causal effects may be identified. In addition, theory-led experimental 

designs and researcher-generated contextual variables allow for the uncovering of causal qualities 

via the randomization of discrete and interrelated traits, which are assumed to be major predictors 

of respondents' decision making (Auspurg & Hinz, 2015a). The rating is the dependent variable, 

and the factors or attributes are the independent variables in multivariate regression analysis. 

The following are necessary for any FSE to be conducted successfully: attribute levels and the 

total number of attributes or features in each scenario must be determined first. The so-called 

complete factorial, or the total number of scenarios that may be evaluated, is calculated by adding 

up all conceivable combinations of attributes. Often, the number of scenarios in vignette research 

will be too high to show to all respondents. Thus, if this is the case, an experimental design is 

employed to cut down on the sample size of vignettes given to respondents, but it should still be 

feasible to isolate the influence of individual variables. Researchers must decide on a scale for 

capturing respondents' ratings (e.g., 5, 7, or 11-point scales are often used). See (Auspurg & Hinz, 

2015b, 2015a; Auspurg & Jäckle, 2017) for details.   
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For the seven different vignette attributes selected, five attributes had three levels and two had six 

levels (Table 1). First, there has been a substantial discussion in the literature on the possible 

advantages and discomforts associated with living close to energy plants. More economic activity, 

employment, and demand for local products and services may result from closer proximity, but 

this may also lead to more traffic, noise, and rivalry for farmland. People's openness to CCS plants 

in their communities may be influenced by these nuanced trade-offs.  

People exhibit a NIMBY (not in my backyard) effect when they demonstrate a free-rider 

preference by being in favour of a project conceptually but opposed to it when it is located in close 

proximity to their own property (Wolsink, 2006). A survey by Krause et al. (2014) found that many 

Americans were in favour of CCS facility operations as long as they were situated elsewhere in 

the country but changed their minds when they learned that one would be constructed in close 

proximity to their homes. However, a national survey in Canada conducted by Boyd et al. (2017) 

revealed that those who live closer to a CCS facility are more likely to be in favour of such 

initiatives. In an experimentally constructed situation, these variations increase the possibility of a 

different outcome. Therefore, the study investigated CCS plant locations and proximity to 

communities and homes to explore the relationship between proximity and acceptance of CCS 

project facilities. The proximity of CCS plant locations was modelled, ranging from “less than 50 

km from the home”, to “between 50 km and 100km from the home”, and “more than 100 km from 

the home”.  
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Table 1: FSE Attributes and Attribute Levels. 

Attribute 

Attribute 

Level 

Number 

Attribute Level 

Proximity 

1 Less than 50 km from the home 

2 Between 50 km and 100 km from the home 

3 More than 100 km from the home  

Implementation 

1 Group of companies  

2 Government and industry partnership  

3 Federal government  

Risk Assessment 

Information   

1 Public will not have access to information     

2 

3 

Information available online at the approval stage  

Information available as long as the CCS plant is running  

Consultation 

1 Individuals will not be consulted  

2 Individuals will not be consulted except relevant NGOs 

3 Residents of directly affected communities will be consulted  

4 

 

5 

6 

Residents of directly affected and surrounding communities will be 

consulted  

All residents in the province will be consulted  

A national consultation will take place  

Benefits 

1 No financial benefits  

2 Contract preferences for local businesses in host community  

3 Direct financial compensation to individuals in host community  

Storage Capacity  

1 5% of total household emissions  

2 10% of total household emissions  

3 20% of total household emissions  

Cross-border import 

of CO2 

1 

2 

3 

4 

5 

6 

Only domestic  

Domestic and from the Netherlands  

Domestic and from the UK  

Domestic and from Norway  

Domestic and from the USA  

Domestic and from Germany  

 

Second, the extent to which the public has trust and confidence in those who will make and 

supervise critical decisions at a CCS plant may be correlated with their willingness to support the 

project (Ashworth et al., 2019). This directly translates to the trust the public has in those entities. 

Publicly administered facilities may be seen quite differently by different people (Cvetković et al., 

2021). Some may have a lot of faith in them, while others may consider them inefficient and 
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bureaucratic. In contrast, privately managed institutions may be effective, but their business 

motives and social benefits are up for debate. Many energy providers are for-profit businesses, so 

they must be closely monitored and regulated if the public is to get any benefit from their services 

(Strielkowski et al., 2020). In order to address regulatory concerns with respect to the execution of 

CCS projects in Alberta, the province has established a government-industry CCS Development 

Council (IEA, 2008). These connections were modelled into the implementation attribute as 

“group of companies”, “government-industry partnership”, and “federal government”.  

Third, when it comes to siting CCS projects, it's important that the public feels that they have been 

included, that they have access to relevant information, and that they have a say in the final 

decision. Having the public feel that they were included fairly in the planning process is a key part 

of what is known as “procedural justice”. According to a survey by Xenias & Whitmarsh (2018), 

experts who involve the public in discussions about CCS are more likely to see its benefits and 

rank it higher than those who do not. Hasan et al. (2018), however, pointed out that the act of 

public engagement in a project that has already been decided may be better understood as a 

"rhetoric" activity than as a way to improve the system. 

Aitken (2010) reveals that people's perceptions of procedural justice and, by extension, the fairness 

of the result, are boosted when they are given a greater role in making decisions and shaping plans. 

The study adapts this factor to model public engagement as “individuals will not be consulted”, 

“individuals will not be consulted except relevant NGOs”, “residents of directly affected 

communities will be consulted”, “residents of directly affected and surrounding communities will 

be consulted”, “all residents in the province will be consulted”, and “a national consultation will 

take place”. 
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Fourth, the public's acceptability of CCS plants in their communities may heavily hinge on how 

well officials manage and communicate information about the plants' risks assessment. It is 

important to stress that the confidence people have in the project's stakeholders has a direct bearing 

on how well information is disseminated to the local population (Ter Mors et al., 2010). Many 

studies have shown that people in a community are more likely to support the development of 

energy technology when they have access to relevant information and procedures are talked about 

openly (Firestone & Kirk, 2019; Musall & Kuik, 2011).   

According to research by Brennan & Van Rensburg (2016), two-thirds of respondents would rather 

have complete transparency, even if it means accepting a reduction in pay. It was also discovered 

that having community representation in decision-making reduced the amount of money that 

needed to be paid as compensation to community members. This study takes this idea and models 

its effects on openness and information sharing at various stages as “public will not have access to 

information”, or “information available online at the approval stage” and “information available 

as long as the CCS plant is running”.  

Fifth, remuneration is a significant component influencing local acceptability of energy 

technologies (Jacquet, 2012; Lienhoop, 2018; Parkins et al., 2021). Monetary incentives dispersed 

throughout the community, rather than just to the afflicted people, may outweigh concerns about 

closeness (Hoen et al., 2019; Jacquet, 2012). But nevertheless, localised monetary incentives might 

be seen as bribery; therefore, it is not unquestionable that compensation programmes can overcome 

community hostility (Aitken, 2010; Kerr et al., 2017).  

Several different types of remuneration have been proposed in the literature, including cash 

payments to residents, payments depending on how close a home is to the affected area, and 

community infrastructure investments (García et al., 2016; Lienhoop, 2018). In light of these 
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findings, the research builds a model of compensation that takes into account several measures of 

distributive justice ranging from “no financial benefits”, to “contract preferences for local 

businesses in host community”, and “direct financial compensation to individuals in host 

community”.  

Sixth, several of the major emitting areas and nations have been actively working to improve their 

CCS technology in order to lower costs and better understand their storage potential (Wennersten 

et al., 2015). Concerns about CCS stem from its supposedly limited storage capacity, which is seen 

by some as a major drawback to the technology (Oltra et al., 2010). Various aspects of CCS have 

been the subject of intensive engineering and feasibility research, including its capture, transit 

safety, and cutting-edge monitoring technologies (Bertram & Merk, 2020; Gonzalez et al., 2021; 

Løvseth et al., 2021; Merk et al., 2022). However, as CCS is not very familiar to the general public, 

information on individuals’ understanding of CCS plants' storage capacities is scarce. The storage 

capacity of CCS can be categorised into three components: the geological storage capacity or 

potential of a given country, the storage capacity of individual CCS plants, and the annual injection 

capacity per CCS plant. In this paper, storage capacity refers to individual CCS plant storage 

capacity. Therefore, experts’ advice was used to model the storage capacity attribute of CCS 

scenario plants relative to a percentage of total household emissions in a given province as “5% of 

total household emissions”, “10% of total household emissions”, and “20% of total household 

emissions”.  

Finally, the spatial complexity of climate mitigation strategies requires a cooperative approach, 

and various nations have distinct comparative advantages that may be used to address this problem. 

Various countries and regions have enacted treaties and procedures to prevent the illegal dumping 

of garbage on their territories. Protecting the marine environment from pollution due to the 
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dumping of wastes at sea has been a top priority for many years, and two separate global treaties 

have been at the forefront of this effort: the Convention on the Prevention of Marine Pollution by 

Dumping of Wastes and Other Matter, 1972 (London Convention) and the Protocol to the 

Convention, 1996 (London Protocol) (Bergesen et al., 2019). With a few exceptions, such as 

dredging debris, fish waste, inert, and inorganic geological material, the Protocol prohibits the 

disposal of all wastes or other substances. It was later proposed in 2006 by the UK, Norway, and 

others that the London Protocol be amended to include “CCS processes for sequestration” among 

the wastes that may be considered for dumping (Dixon & Birchenough, 2021).  

This establishes a legal framework within the realm of international environmental law for the 

purpose of regulating the process of CCS. Nevertheless, it has been acknowledged that there might 

be a potential need for cross-border exportation in situations when a participating country lacks 

enough appropriate geological storage capabilities but still wants to use CCS to mitigate emissions 

(Bergesen et al., 2019; Dixon & Birchenough, 2021; Role et al., 2012). Countries, including those 

that are part of this regulatory framework, need public consent to authorise or prohibit the cross-

border importation of CO2. Despite Canada's relatively low contribution to global emissions, it has 

a significant share of around 15% in the current global capacity for CCS/CCUS. This provides a 

comparative edge for the nation in international CO2 trade. While its economic advantages are 

undeniable, there may be a price to pay for accepting CO2 since it is considered a waste product 

and may cause seismic activities. This idea was used to model the sources of CO2 (cross-border 

import) for the proposed CCS plants as “only domestic”, “domestic and from the Netherlands”, 

“domestic and from the UK”, “domestic and from Norway”, “domestic and from the USA”, and 

“domestic and from Germany”. 
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The full factorial design generated from the seven attributes resulted in 8748 (= 35 × 62) unique 

vignettes. NGene (ChoiceMetrics, 2014) was used to make a fractional factorial design, which cut 

down on the number of sets even more. The study chose an orthogonal design with two-way 

interactions because the attributes can change in different ways within and between vignettes 

(Auspurg & Hinz, 2015a). The fold-over method was used to produce the two-way interactions, 

and then a sample was systematically taken (Auspurg & Hinz, 2015b). There was a total of 72 

individual vignettes used in the final design. 

To control for potential learning and order effects in vignette evaluations, the study randomly 

(without replacement) assigned each respondent six vignettes from the pool (Auspurg & Jäckle, 

2017). Each respondent was only asked to rate six vignettes (on an 11-point scale) in an effort to 

reduce mental weariness (see Figure 1 for an example). The vignette structure asked for ratings 

from -5 to +5, with the extremes being described in text as "completely unacceptable" to 

"completely acceptable" and "completely unfair" to "completely fair", providing a range of 

judgements large enough to mitigate the risks of censored responses and outliers (Kübler et al., 

2018). 
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Using the concept of nudge introduced by Thaler & Sunstein (2008), respondents were asked to 

rate one additional vignette after being told that “survey evidence from another study in Canada 

indicates that 50% of the population voted in favour of the following CCS scenario”. The purpose 

of this nudge was to examine the potential impact of the norm's effect on people, taking into 

consideration the reported low levels of knowledge of CCS.  

3.3 Econometric Approach  

Vignette data may be analysed using a variety of statistical methods. In most studies, including 

this one, participants react to many vignettes, and it is likely that their individual evaluations of 

each scenario are not independent but rather connected with one another (Auspurg & Hinz, 2015). 

Several approaches, such as clustered standard errors, random effects, and mixed effects regression 

Completely 

acceptable 
Completely 

unacceptable 

A government-industry partnership has been tasked to build a carbon capture and storage (CCS) 

plant more than 100km from your home. The plant can store emissions equivalent to 20% of the 

emissions generated by households in your province. It will store CO2 from domestic sources and 

CO2 imported from the Netherlands. People like yourself will not be consulted but relevant NGOs 

will be involved in the regulatory approval process. At the regulatory approval stage, the public will 

be informed about the CCS plant’s earthquake risk assessment. The CCS plant operator does not 

provide any financial compensation to the host community.  

Given the assumptions stated above, how acceptable is this CCS development scenario to you?  

 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

 

 

How fair is the proposed storage of CO2 from domestic and if applicable imported emissions to you? 

Completely 

unfair 

Completely 

fair 

Completely 

unacceptable 
Completely 

acceptable 

neither 

acceptable nor 

unacceptable 

neither fair 

nor unfair 

Figure 1: Example of a Vignette Scenario used in the Experiment 
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models exist to consider such dependencies (Liebe et al., 2017). Taking into consideration the 

nested nature of the data (each respondent rated 12 vignettes: 6 acceptability and 6 fairness) and 

individual variations across participants, random effects regression models were employed for this 

analysis (Atzmüller & Steiner, 2010). Employing a simple least squares regression and neglecting 

the fact that respondents rate many vignettes would result in biased standard errors of the model 

coefficients (Bosker, 2012).  

All participants read a short script at the start of the experiment (based on the stated preference 

literature). The script (Appendix: Questionnaire Section 2) educated responders about the 

hypothetical nature of the vignette scenarios and created a baseline of comprehension. 

Consequently, the study presumes that the respondents' interpretations of the fairness and 

acceptance responses were consistent. Therefore, there was no need to account for differences in 

response scales, also known as "differential item functioning," or DIF, during the model estimation 

phase (Greene et al., 2021), as it was assumed that all respondents would rate a given CCS plant 

scenario as "completely acceptable" or "completely fair" if it fully satisfied their preferences. 
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The linear random intercept model is specified as:  

𝑦𝑖𝑗 = 𝛽′𝑥𝑖𝑗 + 𝜇𝑗 + 𝑒𝑖𝑗    (1) 

Where 𝑦𝑖𝑗 is the rating variable for the 𝑖th respondent of the 𝑗th vignette scenario, 𝑥𝑖𝑗 is a vector 

of CCS project attributes, 𝑒𝑖𝑗 are respondent level errors, and 𝜇𝑗 are vignette level errors or random 

effects. The vector 𝛽 collect the coefficients of the attributes, also called fixed effects.  

Respondents’ Ratings of CCS Plant 

Scenarios 

𝜇1

⋮
𝜇𝑗

 

Random Effects: Latent 

variance between 

respondents’ ratings 

Vignette 

Attributes 
Vignette Attributes 

+ Socio. Dem. 

Vignette Attributes + Socio. 

Dem. + Key Survey 

Variables  

Linear Regressions (Random Intercept 

Models) 

Figure 2: Flowchart of Random Effects Model Analysis 
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The respondent level and vignette errors are assumed independent, with respondent level errors 

following a normal distribution with variance 𝜎𝑒.
2 The distribution of the random effects 𝜇𝑗 is 

assumed to be:  

𝜇𝑗
𝑖𝑖𝑑~𝑁(0, 𝜎𝑢

2)      (2) 

Where 𝜎𝑢
2 is the vignette level variance. In other words, a normal distribution is assumed for 

the random effects, which is consistent with the common assumption that they are independent 

and identically distributed (therefore homoscedastic) across vignette levels. 

Another assumption is made, which is not often stated explicitly: that the random effects on the 

covariates are independent on average. This is known as the exogeneity of the covariates, and it is 

stated as follows:  

𝐸(𝜇𝑗|𝑥1𝑗, 𝑥2𝑗 , … , 𝑥𝑛𝑗 , 𝑧𝑖, 𝑣𝑖) = 0     (3) 

Exogeneity ensures the unbiasedness of the estimates (Ebbes et al., 2004; Grilli & Rampichini, 

2011, 2015; Kim & Frees, 2007). 

The base model (model with only attributes – equation 1) was extended to include respondents’ 

socio-demographic variables.  

𝑦𝑖𝑗 = 𝛽′𝑥𝑖𝑗 + 𝛾′𝑧𝑖 + 𝜇𝑗 + 𝑒𝑖𝑗     (4) 

Where 𝑧𝑖 is a vector of respondents’ socio-demographic variables. The vector 𝛾 collect the 

coefficients of the respondents’ socio-demographic variables. Finally, equation 4 was then 

extended to include other key survey variables.  

𝑦𝑖𝑗 = 𝛽′𝑥𝑖𝑗 + 𝛾′𝑧𝑖 + 𝛿′𝑣𝑖 + 𝜇𝑗 + 𝑒𝑖𝑗     (5) 

Where 𝑣𝑖 is a vector of other survey variables and the vector 𝛿 collect the coefficients of those 

survey variables.  
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𝑥 =

[
 
 
 
 
 
 

𝑝𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦
𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛

𝑟𝑖𝑠𝑘 𝑖𝑛𝑓𝑜

𝑐𝑜𝑛𝑠𝑢𝑙𝑡𝑎𝑡𝑖𝑜𝑛

𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠

𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑐𝑟𝑜𝑠𝑠 − 𝑏𝑜𝑟𝑑𝑒𝑟 𝑖𝑚𝑝𝑜𝑟𝑡]
 
 
 
 
 
 

; 𝑧 =

[
 
 
 
 

𝑎𝑔𝑒
𝑔𝑒𝑛𝑑𝑒𝑟

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖𝑛𝑐𝑜𝑚𝑒
𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑠𝑖𝑧𝑒 ]
 
 
 
 

; 𝑎𝑛𝑑 𝑣 =

[
 
 
 
 
 
 

𝐶𝐶𝑆 𝑘𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒
𝐶𝐶𝑆 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠

𝐶𝐶𝑆 𝑟𝑖𝑠𝑘𝑠

𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑟𝑖𝑠𝑘𝑠

𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑟𝑢𝑠𝑡

𝐶𝐶𝑆 𝑠𝑢𝑝𝑝𝑜𝑟𝑡

𝑖𝑛𝑑𝑢𝑐𝑒 𝑠𝑒𝑖𝑠𝑚𝑖𝑠𝑖𝑡𝑦 ]
 
 
 
 
 
 

 

Stata 17.0 was used to estimate the random intercept models based on the idea that participants' 

acceptance or fairness benchmarks would change between vignettes with different levels of 

attributes (Auspurg & Hinz, 2015a). The likelihood ratio test demonstrates that this model 

specification performs better in the analysis when compared to an ordinary least squares regression 

model.  

4.0 Results  

4.1 Sample and Descriptive Data Analysis  

Table 2 below presents the summary statistics of the respondents’ characteristics. From to the 

results, most respondents (67.97%) are in their prime working lives (between the ages of 19 and 

59). In this sample, about 17.76% are young adults (ages 19–29), 33.14% are adults (ages 30-49), 

17.07% are late adults (ages 50–59), and 32.04% are seniors (ages 60 and more). This estimate is 

quite similar to the official data from Statistics Canada, which puts the median age at 41 years old 

(Statistics Canada, 2021b).  
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Table 2: Summary Statistics of Respondents’ Socio-demographics and Survey Variables 

Variable  Description  Sample (n = 1,002) 

(Percentages) 

Census Benchmark 

(2021)  

Age (years)  19 – 29 

30 – 39 

40 – 49 

50 – 59 

60 +  

17.76 

17.17 

15.97 

17.07 

32.04 

19.99 

14.46 

12.81 

13.43 

25.33 

Gender  Male  

Female  

Other  

Prefer not to say  

47.50 

51.40 

0.80 

0.30 

49.30 

50.70 

- 

- 

Level of Education  College   

Graduate  

High School   

Technical or trade 

certificate  

Undergraduate    

Prefer not to say 

26.35 

10.98 

30.04 

10.28 

21.16 

1.20 

21.80 

8.40 

26.70 

8.70 

17.50 

- 

Willingness to take 

Risks  

Completely unwilling   

Unwilling  

Neutral   

Willing   

Very willing   

Prefer not to say  

8.48 

23.35 

31.54 

29.14 

7.19 

0.30 

- 

- 

- 

- 

- 

- 

Place of Residence   Rural  

Urban  

13.27 

86.73 

17.80 

82.20 

Political Orientation  Green  

Left  

Right 

Centrist   

47.01 

22.85 

29.44 

0.70 

- 

- 

- 

- 

  No. of obs Mean  Median  Min  Max  SD  

Income  921  129,061.80 54,000 2,000 50,000,000 1,648,342 

Household size 1,000 2.50 2 1 14 1.48 

 

In terms of gender, the results show that males represented 47.5%, females 51.0%, and non-binary, 

transgender, and non-identified people 1.10%. Since women constitute 50.7% of the Canadian 
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population over the age of 20 (Statistics Canada, 2021b), and around 51.40% of those who 

completed the survey fall into this demographic, it appears that this sample accurately represents 

the country as a whole. Considering the stereotype that only men are interested in the energy sector, 

it's encouraging to see that women make up more than half of the respondents. 

Participants' levels of education varied greatly, from advanced degrees to certificates in technical 

fields. The results (Table 2) indicate that 26.35% of the respondents are college graduates, 10.28% 

completed trade or technical school, 21.16% hold an undergraduate degree, 10.98% hold a 

graduate degree, and 1.2% did not specify their level of education. When compared to the average 

of Canada, where only around 65% of the workforce has some kind of post-secondary education, 

this is an above-average figure (Statistics Canada, 2019). The fact that it was conducted online and 

included non-working adults (such as retirees) makes this inevitable. 

Different people will react differently to the same risk because optimists will concentrate on the 

prospective benefits and pessimists will dwell on the potential drawbacks of any given option 

(Dohmen et al., 2018). Frey et al. (2021) argue that self-reported propensity measures are more 

likely to capture individual variations in risk preferences linked to sociodemographic 

characteristics like sex and age, hence, this is what was done. Respondents were asked about their 

willingness to take risks. The results (Table 2) show that 8.48% of the respondents were completely 

unwilling to take risks, 23.35% were unwilling to take risks, 29.14% were willing to take risks, 

7.19% were very willing to take risks, and 31.54% were risk neutral. This implies that more than 

a third of the respondents (36.33%) are risk lovers, about a third are risk averse (31.83%), and 

about a third are risk neutral (31.54%). The sample was also representative of both rural and urban 

inhabitants. More than three-quarters (86.73%) of the survey respondents said they were in 

metropolitan cities, while 13.27% said they were in a rural place. Using Stephanie & Graham 
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(1989) study as a guide, respondents were presented with a triangle to indicate which vertex best 

describes their political orientation (with the vertices corresponding to left, right, and green). The 

results in Table 2 above show that the majority of the respondents (47.01%) were green-oriented, 

22.85% are left-wing, 29.44% were right-wing, and 0.70% were centrists (they did not lean toward 

any of the political orientations).  

The income variable was measured as both continuous and categorical, and the majority of the 

respondents provided their approximated income figures. The few respondents who provided the 

income interval were then extrapolated to get an approximate figure. The data shows that the 

incomes of the respondents are distributed quite unevenly. Incomes range from $2,000 to 

$50,000,000, with a median of $54,000 and a mean of $129,062. According to a Statistics Canada 

(2022) report from 2020, the median after-tax income for Canadian families and single people was 

$66,800. Our sample may not be statistically representative of the Canadian public at large (a 

potential selection bias), but it does give insight into a subset of the population that may contribute 

a wide variety of viewpoints to the question of whether or not the public would approve a CCS 

project. The household sizes of the respondents likewise ranged widely, from one to fourteen 

members, with a mean of 2.5 and a median of 2. The typical Canadian household, according to 

Statistics Canada (2021), has 3.2 people. This reveals some dynamics in the socio-demographics 

of the respondents. 

4.2 Summary Statistics of Selected Survey Variables  

Respondents’ objective knowledge about CCS-induced seismicity was assessed. The results 

(Table 3) show that about two-third of the respondents (65.97%) responded true to the question, 

“CCS will always cause earthquakes, which will always be felt by humans on the surface of the 
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earth”. According to the science, it is extremely unlikely for an earthquake of this magnitude to be 

caused by CCS activities. Consequently, an affirmation of the veracity of this assertion indicates 

a deficiency in one's comprehension of the technology. This suggests that a significant portion of 

the population lacks familiarity with the scientific principles underlying the technology. 

Respondents were also asked to indicate their general level of support for the CCS technology. 

The results in Table 3 below show that a significant number of the respondents either support 

(31.30%) or strongly support (11.57) the technology. While about 12.50% oppose or strongly 

oppose (9.71%) the technology. 34.92%, however, neither support nor oppose the technology.  

Respondents’ subjective knowledge about CCS was assessed in the survey. The summary statistics 

in Table 3 below show that about 22.85% of respondents said they never heard about CCS while 

about 24.55% of the respondents reported to have heard about it. About 35.43% know just a little 

and about 12.57% know a fair amount. However, only about 4.59% reported to know a lot about 

the CCS technology. Despite its existence for decades, the literature has consistently reported low 

levels of knowledge and awareness about the technology (Ashworth et al., 2019; Lima et al., 2021; 

Wang et al., 2019). Although some studies have reported relatively high levels of CCS knowledge 

in Canada (Boyd et al., 2017; Zhang et al., 2022), the lack of proper understanding of the 

technology has led to questions about the validity of using only surveys to assess public support 

for the technology.  
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Table 3: Summary Statistics of Survey Variables 

Variable  Description  Sample (n = 1,002) 

(Percentages) 

CCS Induces Seismicity  True  

False  

65.97 

34.03 

CCS General Support  Strongly oppose  

Somewhat oppose  

Neither support nor oppose  

Somewhat support  

Strongly support  

9.71 

12.50 

34.92 

31.30 

11.57 

CCS Knowledge  Never heard about it 

Heard about it 

Know just a little  

Know a fair amount  

Know a great deal  

22.85 

24.55 

35.43 

12.57 

4.59 

Climate change risks None existing 

Low  

Moderate  

High  

Prefer not to say  

6.19 

15.97 

34.93 

41.82 

1.10 

Trust in fed gov’t 

energy regulator 

Not at all  

A little  

A lot  

Prefer not to say 

24.45 

51.20 

17.76 

6.59 

CCS will increase 

economic growth  

Not at all  

Somewhat  

Very little  

Very much  

Prefer not to say  

13.57 

36.23 

31.24 

10.78 

8.18 

CCS will lower the 

drive to cut CO2 

emissions  

Not at all  

Somewhat  

Very little  

Very much  

Prefer not to say 

10.38 

40.82 

27.15 

14.47 

7.19 

 

The survey also included an assessment of people's perceptions of the risks associated with climate 

change. The results indicate that a significant proportion (41.83%) of the participants hold the 
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belief that the risks associated with climate change are of a very high magnitude, while around 

34.93% of the respondents perceive these risks to be of a moderate level. However, around 15.97% 

of individuals hold the belief that risks associated with climate change are minimal, and 

approximately 6.19% maintain the opinion that climate change risks do not exist. The acceptability 

and support for various mitigation techniques are significantly influenced by individuals' beliefs 

on the risks associated with climate change (Evensen et al., 2023; Kácha et al., 2022; Spence et 

al., 2010). Acceptance of CCS, however, may be driven by more prominent motivations, given the 

numerous facets of CCS, including economic development, distributive fairness and justice, 

induced seismicity, and climate mitigation.  

The survey also assessed respondents’ perceptions about CCS impact on economic growth and the 

need to reduce emissions. The summary statistics in Table 3 show that about 10.78% of the 

respondents believe that CCS will increase economic growth very much, while about 31.24% 

believe it will increase economic growth just a little. 36.23% believe it will increase economic 

growth somewhat, while about 13.57% believe it will not increase economic growth at all. 

Regarding the need to transition to lower carbon economies, about 14.47% believe it will very 

much lower the drive to cut down on emissions, while about 27.17% believe that the risk of 

lowering the drive to cut down on emissions is very little. The majority (40.82%), however, believe 

it will somewhat lower the drive to cut down on emissions, while only about 10.38% believe it 

will not lower the drive to reduce emissions. There are several opinions on the importance of the 

CCS technology. Some contend that CCS only serves as a lifeline for the oil and gas sector to 

sustain its operations (Gonzalez et al., 2021), while others advocate for its substantial contribution 

to climate change mitigation (Longa et al., 2020). 
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The survey also explored individuals trust in institutions, particularly federal government energy-

regulating institutions. Table 3 above shows that about 17.76% of the respondents have a lot of 

trust in federal government energy regulators, while the majority (51.20%) have just a little trust 

in government energy regulators. However, about one quarter (24.45%) of the respondents do not 

have any trust in federal government energy regulators. The level of trust placed in government 

energy organisations is indicative of the degree of confidence individuals have in their ability to 

effectively manage energy-related matters (Stretesky et al., 2023; Truong et al., 2019; Yang et al., 

2016). The delegation of monitoring and regulating responsibilities for a complex energy 

technology like CCS may be limited to organisations that have a high level of public confidence.  

4.2 Summary of Vignette Ratings 

Table 4 below shows the summary statistics of the different vignette ratings presented by 

respondents. Regarding CCS project vignette ratings, respondents provided both acceptance and 

fairness ratings to the vignette scenarios presented to them. Figure 3 below shows a bell-shaped 

rating distribution (excluding the two extremes), with a mean acceptance rating of -0.33 and a 

standard deviation of 2.93 (Table 4). The figure depicts that about 13.29% of the respondents view 

the proposed CCS plants as completely unacceptable, 14.95% view them as neither acceptable nor 

unacceptable, and about 4.66% view them as completely acceptable.  

Table 4: Summary of Vignette Ratings  

Variable  No. of obs Mean  Median  Min  Max  SD  

Vignette (acceptance)  6,012 -0.333 0 -5 5 2.93 

Vignette (fairness)  6,012 -0.369 0 -5 5 2.88 
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It is also interesting to note that after excluding the middle ratings, there appears to be a balance 

between the opposers and supporters of the proposed CCS plants (43.45% opposers and 41.61% 

supporters). This indicates that unique CCS plant features have the potential to tip the neutral 

ratings to either side of the balanced scale. This observation is consistent with that of Whitmarsh 

et al.’s (2019) cross-national survey, which also shows a relatively lower level of support for CCS 

in Canada when compared to the United States, the United Kingdom, and Norway.  

However, according to Wang et al. (2021) findings, participants in a randomised control 

experiment conducted among undergraduate students in China exhibited a noteworthy level of 

support for CCS that was much higher than the average level. This increase in support was shown 

after the participants were exposed to social norm information. This suggests that respondents' 

values and norms influenced their assessments of CCS plant scenarios.  

 

Figure 3: Acceptance vignette ratings 
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A similar pattern of ratings is observed with the fairness vignette questions. From Table 4 above, 

the average fairness rating for the proposed CCS plants is -0.359 with a standard deviation of 2.88. 

Figure 4 below shows that about 13.32% of the respondents rated the vignette scenarios as 

completely unfair, 16.82% rated them as neither fair nor unfair, and 3.84% rated them as 

completely fair. Also, as observed with the acceptance ratings, excluding the neutral ratings, about 

42.87% of the respondents view the proposed CCS plants as unfair, while about 40.32% view them 

as fair. Again, this demonstrates that unique CCS plant variables can shift the fairness perception 

of about 16.82% of the respondents to either side of the camps.  

Little research has been done on the importance of fairness (distributive and procedural) in the 

context of CCS (Seigo et al., 2014). There are a few articles that directly discuss the importance 

of fairness, and other research that touch on the issue indirectly (Seigo et al., 2014; Terwel et al., 

2009, 2011). The perception of fairness in procedures has been shown to positively correlate with 

increased levels of trust and eventually more acceptance. Many things contribute to people's level 

of trust in an organisation, including their confidence in its ability to carry out the CCS project, 

the clarity and openness of its communications, its regard for the public interest, the consistency 

of its decision-making processes, and the technological success of CCS (Terwel et al., 2009; 

Upham & Roberts, 2011; Yang et al., 2016). 
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Figure 4: Fairness Vignette Ratings 

 

4.3 Governance and Monitoring of CCS Projects  
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nature of CCS plant risks (Keeling et al., 2011). The science of the CCS technology guarantees its 
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technical solutions that lead to situations that might spin out of control (as can be seen in the 

discussions around the use and development of artificial intelligence). The social licencing of CCS 
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Respondents were asked about who should be responsible for the evaluation of site-specific 

conditions of CCS projects (Figure 5). 23.05% of the respondents indicated that the federal 

government should be entrusted with that responsibility; 18.46% indicated that an independent 

body should be set up to handle that; 17.27% indicated it should be handled by CCS operators; 

and 16.47% indicated that it should be the responsibility of an environmental organisation. Next 

to those institutions are the provincial government (8.88%), research institutions and universities 

(8.48%), taxpayers (5.79%), and specialised politicians (1.6%). 

 

Figure 5: Organisation that should be responsible for evaluating CCS site-specific conditions 

(In your opinion, which organisation should be responsible for the evaluation of site-specific 

underground conditions for storing CO2 long term?) 
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a significant matter will be delegated to institutions possessing a high degree of proficiency in the 

field and deemed trustworthy by the general populace.  

The participants were asked in a targeted manner regarding the entities that ought to assume the 

responsibility of monitoring the potential leakage of CO2 (Figure 6). The majority of the 

respondents (27.15%) indicated that CCS project operators should monitor potential CO2 leakages. 

The federal government (18.16%), independent organisations (16.97%), and environmental 

agencies (16.57%) were the other top four institutions respondents indicated should handle the 

monitoring of CO2 leakages. Provincial governments (9.28%), research institutions/universities 

(5.89%), taxpayers (3.89%), and specialised politicians (2.1%) were the least preferred institutions 

for the monitoring of CO2 leakages.  

 

Figure 6: Organisation that should be responsible for monitoring CO2 leakage during operations 

(In your opinion, which organisation should be responsible for monitoring CO2 leakage during 

operations?) 
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A key site-specific concern about CCS wells is the possibility of induced seismicity. Even though 

the chances of CCS-induced seismicity are slim in many regions, the dissemination of information 

pertaining to seismic monitoring endeavours has been observed to elicit heightened concerns 

regarding potential hazards (Seigo et al., 2011). In fact, it is the primary determinant of support or 

resistance towards subsurface energy technologies, making it the most crucial risk factor (Evensen 

et al., 2022; Haemmerli & Stauffacher, 2020; Lokuge et al., 2023). Nevertheless, the topic of 

induced seismicity has not received much attention in recent conversations around CCS. Given the 

significance of this matter, it is very likely that individuals would delegate the task of monitoring 

to institutions that they not only have faith in but also possess a strong belief in their competence. 

Participants were asked about which institutions should be responsible for monitoring CCS-

induced seismic risks (Figure 7). The results show that the majority of the respondents (21.46%) 

noted that the CCS operators should be in charge of monitoring seismic risks. The federal 

government (20.16%), independent (17.56%), and environmental organizations (16.77%) were the 

other top four institutions that respondents indicated should be responsible for monitoring induced 

seismic activities. These findings suggest that a combined effort has a better chance of influencing 

public opinion. Similar results from a study performed by Boroumand, (2015) revealed that 

respondents favoured a team-based strategy for seismicity education. 
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Figure 7: Organisation that should be responsible for monitoring CCS seismic risks 

(In your opinion, which organisation should be responsible for monitoring CCS seismic risks 

during operations?) 
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and severity of earthquakes. 20.46% indicated that monitoring to observe seismic risks will be 
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likelihood of earthquakes.  
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Figure 8: Minimum acceptable level of monitoring of CCS projects 

(In your opinion, what should be the minimum acceptable level of monitoring of CO2 storage 

facilities to assure their safe operations?) 
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completely acceptable (+5) regardless of the attribute levels were excluded from models 5 and 6 

(Appendix: Table 13). Comparing the results of these two models without the extreme ratings to 

the base models, we do not find any significant differences. This suggests that the estimates are 

robust and that the vignette attributes and their levels influence respondents’ ratings. The 

coefficient estimates for each attribute are presented relative to the benchmark level of that 

attribute (called status quo in CE literature) in the context of CCS development in Canada. 

Cross-border import of CO2 for storage across models has the strongest effect on CCS plant 

scenario acceptance. Measured against storing only domestically emitted CO2, the least preferred 

scenario involves importing CO2 from Germany (-0.739) to be stored in CCS plants in Canada. 

When specifically asked about how fair that is, the rating increased towards being completely 

unfair (-0.789). This negative effect on acceptance (and fairness) from the cross-border 

importation of CO2 is not only in relation to Germany but also to other countries such as the 

Netherlands (-0.728) (-0.693), the UK (-0.674) (-0.723), the US (-0.588) (-0.568), and Norway (-

0.580) (-0.633). 
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Table 5: Results of Random Effects Regression Models for Vignette Attributes, Socio-

demographics, and Principal Components of Heterogeneity Variables.  

 Model 1 Model 2 Model 1 + Model 1 + 

Variables  Acceptance Fairness Socio-dem. Full model 

Implementation     

gov't-industry partnership  0.119* 

(0.062) 

0.100* 

(0.061) 

0.132** 

(0.066) 

0.160**  

(0.074) 

fed gov't  0.103* 

(0.061) 

-0.035 

(0.059) 

0.105 

(0.065) 

0.100 

(0.072) 

Proximity     

between 50 km and 100 km 0.136** 

(0.060) 

0.181*** 

(0.056) 

0.175*** 

(0.062) 

0.171** 

(0.071) 

more than 100 km  0.241*** 

(0.062) 

0.282*** 

(0.059) 

0.265*** 

(0.065) 

0.250*** 

(0.071) 

Capacity     

10% of hh emissions  -0.024 

(0.060) 

0.003 

(0.059) 

-0.031 

(0.064) 

-0.005 

(0.073) 

20% of hh emissions  0.014 

(0.061) 

0.095 

(0.061) 

0.040 

(0.064) 

0.110 

(0.073) 

Cross-border import of CO2     

domestic and the Netherlands  -0.728*** 

(0.096) 

-0.693*** 

(0.091) 

-0.718*** 

(0.101) 

-0.701*** 

(0.111) 

domestic and the UK  -0.674*** 

(0.093) 

-0.723*** 

(0.092) 

-0.685*** 

(0.100) 

-0.684*** 

(0.110) 

domestic and Norway  -0.580*** 

(0.086) 

-0.633*** 

(0.085) 

-0.588*** 

(0.092) 

-0.588*** 

(0.100) 

domestic and the US -0.588*** 

(0.096) 

-0.657*** 

(0.090) 

-0.581*** 

(0.100) 

-0.634*** 

(0.107) 

domestic and Germany  -0.739*** 

(0.0959) 

-0.789*** 

(0.091) 

-0.773*** 

(0.102) 

-0.762*** 

(0.104) 

Consultation     

only relevant NGOs 0.101 

(0.085) 

0.018 

(0.082) 

0.107 

(0.090) 

0.103 

(0.100) 

only residents of directly affected 

communities  

0.280*** 

(0.083) 

0.181** 

(0.083) 

0.306*** 

(0.088) 

0.364*** 

(0.100) 

residents of surrounding communities  0.239*** 

(0.083) 

0.135 

(0.105) 

0.262** 

(0.088) 

0.247** 

(0.100) 

all residents in the province  0.354*** 

(0.086) 

0.250*** 

(0.089) 

0.391*** 

(0.090) 

0.379*** 

(0.100) 

a national consultation  0.327*** 

(0.082) 

0.188** 

(0.089) 

0.346*** 

(0.086) 

0.386*** 

(0.100) 

Information     

only at regulatory approval stage  0.519*** 

(0.062) 

0.444*** 

(0.061) 

0.553*** 

(0.066) 

0.571*** 

(0.072) 

throughout the plant's lifespan  0.567*** 

(0.0633) 

0.467*** 

(0.064) 

0.582*** 

(0.068) 

0.577*** 

(0.075) 

Benefits     

contract preference for local businesses  0.421*** 

(0.060) 

0.307*** 

(0.062) 

0.443*** 

(0.063) 

0.473*** 

(0.071) 
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direct financial compensation to individuals 

affected 

0.627*** 

(0.066) 

0.577*** 

(0.064) 

0.655*** 

(0.070) 

0.645*** 

(0.077) 

 

Continuation of Table 5 

Variables  Acceptance Fairness Socio-dem. Full model 

Gender    0.735*** 

(0.155) 

0.451*** 

(0.149) 

Age    -0.330*** 

(0.051) 

-0.197*** 

(0.050) 

Log household income    0.131 

(0.095) 

0.012 

(0.084) 

Education    0.004 

(0.063) 

-0.016 

(0.060) 

Household size    0.002*** 

(0.000) 

0.002*** 

(0.000) 

CCS knowledge     0.296*** 

(0.070) 

Perception of CCS benefits     0.019 

(0.069) 

Perception of environmental risks     -0.163*** 

(0.052) 

Trust in federal gov’t energy regulator     -0.420*** 

(0.111) 

Perception of CCS risks     -0.285*** 

(0.067) 

CCS general support     0.894*** 

(0.091) 

CCS induced seismicity    0.413*** 

(0.161) 

Constant  -0.896*** 

(0.131) 

-0.735*** 

(0.135) 

-1.340 

(1.059) 

-2.633** 

(1.038) 

Number of vignettes ratings 6,012 6,012 5,430 4,218 

Number of respondents  1002 1002 904 703 

Std. dev. random effect (sigma_u) 2.2926 2.3068 2.2208 1.7807 

Std. dev. error (sigma_e) 1.7442 1.6931 1.7521 1.7351 

Intra-class correlation (rho) 0.6334 0.6499 0.6164 0.5130 

Wald chi2  283.75 257.73 1468.68 2570.03 

Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1 

 

Notice that for the US, even though the effect is still negative, the magnitude in terms of both 

fairness and acceptance is lower. Considering the global impacts of climate change and the 
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localised risks of CCS plants, this result reveals a lower preference for CO2 trading between 

countries. This is because CO2 may be regarded as sewage (and it is) (Lackner & Jospe, 2017), 

and countries might not want to be on the receiving end. Despite the 2009 amendment to Article 

6 of the London Protocol in the EU, which permits countries to consent to the export and import 

of CO2 for offshore geological storage, thereby eliminating a major international legal obstacle to 

CCS and enabling the transportation of CO2 across national boundaries for offshore storage 

(Bergesen et al., 2019; Dixon et al., 2015; Dixon & Birchenough, 2021; Role et al., 2012), our 

results show that there exists a prevalent negative public perception towards cross-border 

importation of CO2. This finding also relates to the literature on the transnational transportation of 

waste (Kellenberg, 2015; Liddick, 2010; Pellow, 2007). This suggests that if the correct disposal 

costs, environmental rules, compensation, monitoring, and compliance framework are in place, 

people can be persuaded to support the international trading of CO2. 

CCS plant acceptability is also significantly impacted by compensation. Against no financial 

compensation at all, the most preferred attribute scenario involves financial compensation (0.627) 

to individuals directly affected by the siting and operation of the CCS plant. This effect is stronger 

than the option for contract preference for local businesses and services (0.421). When asked about 

how fair those compensation schemes are compared to no compensation, there is still a positive 

effect on fairness for individual compensation (0.577) and preference for local services (0.307). 

Prioritising local firms and services in contracts and providing compensation directly to impacted 

persons over no financial compensation at all represent a desire for fairness in a proximity-based 

compensation system revealed by earlier research (Mills et al., 2019; Parkins et al., 2021; Walker 

& Baxter, 2017). This suggests that people might be willing to tolerate some degree of risk 

associated with CCS plants in exchange for their fair share of the pie. 
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How effectively and transparently authorities manage and distribute information regarding the risk 

assessment of CCS facilities is also crucial to the plants' acceptance. Relative to not sharing 

information about the risk assessment of the CCS plant, public acceptance hinges not only on 

making information available online throughout the plant’s lifespan (0.567), but also on making 

the information available at the regulatory approval stage (0.519). Regarding how fair that is 

against not sharing the risk assessment information with the public, the fairness rating increases 

when the risk assessment information about the CCS plant scenario is made available at the 

regulatory approval stage (0.444) and updated information is available online as long as the plant 

is running (0.467). This positive relationship between acceptance and access to information was 

also observed by Firestone & Kirk (2019) and Musall & Kuik (2011). Some individuals might 

even be willing to accept lower compensation in return for access to information (Brennan & Van 

Rensburg, 2016). This implies that prioritising communication, information sharing, and 

transparency in the design of CCS plants is essential to enhancing their public acceptance.  

Likewise, the concept of procedural justice has been observed to have a significant and robust 

impact on acceptance. Relative to no consultation at all, conducting a national consultation (0.327) 

as an integral part of the planning process for a CCS plant's construction increases its public 

acceptance. Similarly, consulting the residents of the host province (0.354), residents of the 

directly affected communities (0.280), or residents of the directly affected and surrounding 

communities (0.239) has a positive effect on the acceptance of proposed CCS plant scenarios. 

However, consulting relevant NGOs about proposed CCS plants, relative to the option of no 

consultation at all, has no statistically significant impact on public acceptance of CCS plants. When 

asked about how fair those levels of consultation are in light of procedural justice, relative to no 

consultation, national consultation (0.188), provincial consultation (0.250), and consulting 
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residents of the directly affected communities (0.181) positively influence the perception of 

fairness. This result is in line with the findings of Aitken (2010), Liebe & Dobers (2019), and 

Xenias & Whitmarsh (2018). This suggests that involving the public in the decision-making 

process has the capacity to enhance the level of acceptance of CCS facilities. 

Another significant and robust determinant of public acceptance of CCS scenario plants is 

proximity. Against the option of having a CCS plant located less than 50 km from the place of 

residence, respondents not only prefer a distance of between 50 km and 100 km (0.136) but also 

have a greater preference for a farther distance of more than 100 km (0.241). When specifically 

asked about how fair those levels of proximities are relative to the option of less than 50 km, we 

observe a much higher perception of fairness for a proximity of more than 100 km (0.282), as well 

as between 50 km and 100 km. This finding is in line with the NIMBY description given by Krause 

et al. (2014) and dismisses the assertion of Boyd et al. (2017) that living close to such facilities is 

positively associated with acceptance. However, as noted by Wolsink (2006), labelling this as 

NIMBY behaviour may obscure our understanding of the real motives, as this relates more to the 

issue of fairness and justice in the site selection. Therefore, in modelling a potential CCS plant 

scenario, it may be essential to look at proximity with the lens of fairness instead of the label of 

NIMBY.  

Furthermore, the effect of the system of administration and how the CCS plant is put into use on 

public opinion is revealing. Relative to the option of a CCS plant scenario being implemented by 

an industry consortium, government-industry partnership (0.119) or only by the federal 

government (0.103) is preferred. In addition, just as we have a government-industry CCS 

development council in Alberta (IEA, 2008), fairness-related ratings reveal that government-

industry partnerships (0.100) are regarded as being fair as compared to industry consortia. This 
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makes sense because many energy technologies are often regarded as only for-profit ventures 

(Strielkowski et al., 2020), and as such, a government partnership may be reassuring that public 

interest will be prioritised. As per our prior analysis, it is noticeable that the federal government is 

deemed more suitable for assuming responsibility for specific types of CCS projects monitoring. 

After controlling for economic, transparency, and fairness-related factors, it has been observed 

that the impact of storage capacity on the acceptance of CCS plant scenarios is relatively low and 

statistically insignificant. This indicates that deliberations regarding CCS are focused more on the 

social (fairness and justice) and economic (compensation) elements of the technology than on its 

place in the battle against climate change. This implies that communication efforts to improve 

public understanding and acceptance should focus on the socio-economic aspects of the 

technology instead of its technicalities and climate mitigation capacity.  

Effects of Respondent Socio-demographics on CCS Acceptance  

Public opinion and perceptions matter tremendously in how people see issues and technologies 

like CCS, according to the research on CCS and related energy technologies (Howell et al., 2019; 

Moon et al., 2020; Pianta et al., 2021), which suggests that respondent characteristics may possibly 

alter their judgement of CCS plant scenarios. As such, Model 3 incorporates a set of covariates 

pertaining to sociodemographic factors that have been highlighted in the literature as having effects 

on individuals’ perceptions of energy technologies. The findings confirm the relevance of 

respondent socio-demographic characteristics as drivers of public acceptability of CCS based on 

these control variables in Model 3. Table 5 findings indicate that male gender significantly 

influences the acceptance levels of CCS plants, as reflected in vignette scenario ratings that are 

0.735 scale points higher. The observed positive coefficient among males could potentially signify 

the prevalence of male-oriented focus in the energy sector, a matter of significant prominence in 
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the western part of Canada. These findings align with the observations made by Yang et al. (2016), 

which indicate that males exhibit a higher likelihood of accepting CCS compared to women. 

Nevertheless, according to Arning et al. (2019) study, no statistically significant difference was 

noted in the acceptability levels of CCS between men and women. This contradictory finding 

might perhaps be attributed to the varying degrees of participation of men and women within the 

public debate on energy issues across different countries. It is also important to acknowledge that 

there is a higher likelihood for males to recognise emerging technologies and engage in public 

discourse around them, as shown by several studies (Miller et al., 2007).  

It's evident that various individuals of different ages think differently, and that different strategies 

are needed to persuade them (Stephens et al., 2009). The relevance of age in predicting the 

acceptance of CCS plants among respondents is noteworthy. The findings indicate that there is a 

statistically significant negative correlation between age and acceptance, with a decrease of 0.330 

scale points per decade of age increase. This finding could potentially be attributed to the notion 

that the discourse surrounding CCS is primarily situated within the socio-economic realm rather 

than its capacity for climate mitigation. Consequently, it is plausible that younger individuals are 

more inclined to endorse the technology in comparison to their older counterparts. Yang et al. 

(2016) also observed a negative relationship between age and acceptance of CCS. The common 

belief that people become more conservative as they age provides a possible rationale.  

The predictive power of household size in relation to CCS acceptance is small. The acceptance 

ratings of CCS plant scenarios among respondents are positively correlated with an increase in 

household size. This is evidenced by an increase of 0.002 scale points. A similar analysis by 

Dütschke et al. (2016) confirms that there exists a positive correlation between the number of 

individuals within a household and the acceptance of CCS, particularly in cases where the source 
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of CO2 emissions comes from coal combustion. Finally, the results in Table 5 above indicate that 

there is no statistically significant impact on the acceptance of CCS scenario plants in relation to 

the education level and household income of respondents. This result align with the findings of 

Yang et al. (2016).  

Effects of other Respondent Characteristics on CCS Acceptance  

In addition to the socio-demographic model, knowledge about the technology, perceptions of its 

benefits and risks, and trust in institutions are also potential drivers of acceptance of CCS plants, 

as has been shown in related literature (Chewinski et al., 2023; Howell et al., 2019; Liebe & 

Dobers, 2020; Mooney et al., 2022). The socio-demographic model (model 3) was therefore 

extended to include these variables to get the final model specification (model 4). In order to 

comprehensively assess the respondents' knowledge, trust, and attitudes towards CCS, as well as 

various environmental variables, a series of questions were incorporated into the survey for each 

of the aforementioned factors. The inclusion of numerous highly correlated variables in the model 

poses the challenge of multi-collinearity and overfitting. To address this issue of multi-collinearity 

(and overfitting) and attain parsimony in the model specification, the study utilised a widely 

recognised method of dimensionality reduction known as principal component analysis (PCA). 

Principal components (PCs) are a linear combination of the original variables. As such, all the 

original variables are still utilised instead of a subset of them. PCs with the highest eigenvalues 

(greater than unity) were included in the regression. Table 14 in the appendix shows the results of 

the PCA. The Kaiser-Meyer-Olkin test for sampling adequacy shows values above 0.60. This 

statistic measures the proportion of variance among the variables that might be common variance 

and, hence, implies that the samplings are adequate and satisfactory for the PCA.  
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As shown in Table 5 above, the coefficient of self-reported support for CCS is highly significant 

and robust in influencing acceptance of CCS plant scenarios. An increase in self-reported support 

for CCS leads to a 0.894 scale point increase in CCS plant scenario acceptance. Initially, this may 

appear as two facets of an identical coin, thereby appearing insignificant in the analysis. However, 

situating it within the debates surrounding CCS exposes significant insights. By disentangling the 

economic incentives associated with the technology from its potential to mitigate climate change, 

one can discern distinctions between the factors that motivate support for the technology and those 

that drive its acceptance, particularly when considering its siting within an individual's locality. 

Examining the relationship between the perceptions of benefits and risks associated with 

CCS among respondents and their acceptance of CCS plant scenarios may provide clarity on this 

matter. 

The acceptance of CCS scenarios is significantly influenced by the objective knowledge of 

respondents regarding the risks associated with seismicity caused by CCS. On average, 

respondents who possess insufficient objective knowledge regarding the risks of CCS-induced 

seismic activity tend to rate CCS plant scenarios 0.163 scale points higher than those who possess 

accurate knowledge. The significance of this matter lies in the discrepancy between the general 

public's perception of induced seismicity resulting from CCS and the scientific reality. Based on 

scientific evidence, the likelihood of CCS inducing seismic activity that is felt on the earth's surface 

is extremely low (Larkin et al., 2019). However, the mere reference to seismic activity elicits a 

sense of anxiety. In the same vein, perceptions about the general risks of CCS (such as CO2 

leakage, seismicity, promoting CO2 emissions, and profit interest) are also negatively correlated 

with acceptance of CCS plant scenarios. Specifically, an increase in individuals’ perceptions about 

the risks of CCS decreases their average rating of CCS plant scenarios by 0.285 scale points. This 
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result is in line with the findings of Wallquist et al. (2010) and Wennersten et al. (2015). 

Intriguingly, the perception of benefits associated with CCS (e.g., decreasing CO2, promoting 

economic growth, benefiting the environment, and being a cheaper option) is statistically 

insignificant in predicting the level of public acceptability of CCS plant scenarios.  

Furthermore, there exists a positive correlation between possessing a thorough understanding of 

CCS and the degree to which it is embraced as a viable technology for mitigating climate change. 

To holistically capture respondents’ knowledge of the technology, several questions were asked, 

such as the possibility of groundwater contamination, CO2 leakage, induced seismicity, storage 

capacity, viability of the technology, and the place where CO2 will be stored underground. The 

results indicate that an increase in individuals understanding of the technology on average 

increases their acceptance of CCS plant scenarios by 0.296 scale points. In their analysis, Pianta 

et al. (2021) demonstrate that individuals who possess knowledge of CCS tend to have the 

perception that it’s societal and climate change-related benefits are greater. However, it is 

important to note that this does not necessarily result in a corresponding increase in acceptance, as 

previously mentioned. It is plausible that a higher understanding of the technology may lead to a 

reduction in perceived risks, thereby resulting in greater levels of acceptance of the technology.  

Moreover, the perception of individuals regarding the risks associated with environmental issues 

(such as glyphosate usage, mobile towers, wind turbines, antibiotics, pests/parasites, 

crime/violence, drugs, ozone depletion, climate change, and induced seismicity) tends to adversely 

affect their acceptance of CCS. Individuals with higher perceived risks associated with these 

environmental phenomena, on average, tend to rate CCS scenario plants 0.163 scale points lower. 

These findings reiterate the argument that an individual's perception of risks significantly impacts 
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their willingness to embrace CCS as a technology for mitigating climate change (Peridas et al., 

2021).  

Finally, the acceptance of CCS is found to have a negative correlation with trust in federal 

government energy regulatory and monitoring institutions. Specifically, an increase in 

respondents’ trust in federal government energy regulators decreases their acceptance rating of 

CCS scenario plants by 0.420 scale points. At first glance, this phenomenon may seem 

counterintuitive. However, upon closer examination, it becomes evident that the underlying cause 

is primarily rooted in the level of confidence individuals have in the federal and provincial 

governments. The extent to which people trust government energy organisations serves as an 

indicator of their faith in these entities' capacity to proficiently handle energy-related issues 

(Stretesky et al., 2023; Truong et al., 2019; Yang et al., 2016). Due to the complexity of CCS as 

an energy technology, it may only be appropriate to delegate monitoring and regulatory obligations 

to institutions that have a high level of public trust. However, the negative relationship between 

trust in government energy regulators and acceptance of proposed scenarios for CCS plants can be 

attributed to the overwhelming influence of multinational corporations in the oil and gas sector 

and the prevailing public perceptions regarding the industry's involvement in promoting the CCS 

technology.  

5.0 Conclusion and Policy Implications 

The results of CCS research and development have shown that the technology is not only ready 

but essential for reducing the worst effects of climate change. The public and the economy are 

putting more pressure on leaders to follow through on their promises to take measures to slow 

climate change. However, public opinions of the technology are cause for concern since they 

demonstrate that the execution of CCS projects has been delayed and that considerable challenges 



57 
 

persist in linking the promise of CCS to the investment and deployment of CCS facilities. It is still 

painfully obvious that CCS implementation is falling short of expectations (Martin-Roberts et al., 

2021). 

A recent analysis of CCS/CCUS policy by the International CCS Knowledge Centre showed that 

the Government of Canada's 2023 budget has measures to promote large-scale CCS/CCUS 

projects. However, the analysis noted that Canada's policy framework is missing important details 

that are needed to encourage private-sector investment (International CCS Knowledge Centre, 

2023). The risk assessment and risk management of CCS in Canada centre on three key areas: 

government and industry factors, environmental risk factors, and socio-economic factors. The 

socio-economic considerations include several elements, such as the public's opinions of the risks 

and benefits associated with CCS, the economic costs involved, the availability of information, 

effective communication strategies, the engagement of stakeholders, and the social and public 

acceptance of CCS, including the use of decision support tools to facilitate the decision-making 

process (Larkin et al., 2019). Our experiment explored CCS plant attributes that influence 

individuals’ acceptance of the technology. The paper documents that cross-border imports of CO2 

for storage have the strongest effect on CCS plant scenario acceptance, indicating a lower 

preference for CO2 trading between countries. Canada currently holds a share of approximately 15 

percent in the global capacity for CCS/CCUS, which amounts to roughly seven million tonnes of 

CO2 annually. It is worth noting that this contribution is significant considering that Canada’s CO2 

emissions constitute less than two percent of the global total emissions (IEA, 2022). 

Our analysis shows that the level of acceptance of CCS plants is contingent upon the provision of 

compensation, as those affected by such facilities are willing to tolerate a certain level of risk in 

return for fair remuneration. A proper incorporation of compensation, communication, information 
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sharing, and transparency into the design of CCS plants will be imperative for augmenting public 

acceptance in Canada. The significant impact of procedural justice on the degree of societal 

approval of CCS facilities is also worth mentioning. Our empirical evidence suggests that engaging 

in national and provincial consultation, as well as seeking input from residents of communities 

directly impacted by CCS plants, can yield favourable outcomes in terms of fostering acceptance.  

Individuals regard climate change as a significant concern because they are aware of the 

repercussions of global warming and are afraid of the harm it brings to their life, as was discovered 

by Arlota & de Medeiros Costa (2021), CCA (2019), NAS (2021), and Nordhaus (2019). However, 

this is not sufficient to encourage people to pay for measures that reduce global warming (Lima et 

al., 2021). Our results validate the significance of the socio-economic and socio-demographic 

characteristics of respondents (such as age, gender, household size, and household income) as 

determinants of their acceptance of CCS as a climate mitigation strategy. Knowledge about the 

technology, perceptions of its benefits and risks, induced seismicity, and trust in institutions are 

key drivers of acceptance of CCS plants. 

The results of this research have three main policy implications for Canada. First, the results reveal 

a lower preference for CO2 cross-border trading due to the global impacts of climate change and 

localised risks of CCS plants. However, if the correct disposal costs, environmental rules, 

compensation, monitoring, and compliance framework are in place, people can be persuaded to 

support the international trading of CO2. Second, prioritising local firms and services in contracts 

and providing compensation directly to impacted persons represents a desire for fairness in a 

proximity-based compensation system, suggesting that people may be willing to tolerate some risk 

in exchange for their fair share of the pie. Similarly, prioritising communication, information 

sharing, and transparency in the design of CCS plants is essential to enhancing public acceptance, 
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as some individuals may be willing to accept lower compensation for full access to information. 

Third, the acceptance of CCS scenarios is significantly influenced by the objective knowledge of 

respondents regarding the risks associated with seismic activity caused by CCS. Also, perceptions 

about the general risks of CCS are negatively correlated with acceptance of CCS plant scenarios, 

while perceptions of the benefits associated with CCS are statistically insignificant in predicting 

the level of public acceptability of CCS plant scenarios. This implies that possessing a thorough 

understanding of CCS can lead to a reduction in perceived risks, resulting in greater levels of 

acceptance. Hence, communication efforts to improve public understanding and acceptance should 

focus on demystifying the risks of the technology instead of its technicalities and climate 

mitigation capacity. 

There are two limitations inherent in this study that give rise to considerations for future research. 

First, a series of hypothetical scenarios pertaining to CCS plants were offered to the public, but 

with the caveat that these scenarios do not include the whole spectrum of potential CCS 

implementations and associated ramifications. In the context of this research, several elements that 

might have a significant impact on acceptability, such as the public's perception of the financial 

implications of energy use and the accompanying cost (Volken et al., 2019), were not 

comprehensively examined. Moreover, the scenarios presented exhibit a certain level of 

abstraction and are hypothetical in nature. Hence, the survey results reflect the public's reaction, 

although potentially divergent from actuality. In addition, it should be noted that the survey 

findings provide a momentary depiction of the present sentiments held by the general population 

and should not be extrapolated to predict future trends (Renn, 2015).  

Second, the scope of this research was restricted to Canada, limiting the applicability of the 

findings to a broader context. The significance of norms and values and the perceived salience of 



60 
 

the climate change problem exhibit variation across countries and cultures. This means that our 

results cannot be generalised across countries. Given the broad spectrum of opinions on CCS that 

have been expressed, it is reasonable to presume that various subsets of the population will have 

varied perspectives on the topic. Therefore, future studies should concentrate on subgrouping the 

population to provide more specific policy recommendations. Also, to fully comprehend the 

potential of cross-border CO2 storage trade, a cross-national study is required.  
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Chapter Two 

Heterogeneity in Public Perceptions of Hydraulic Fracturing: A Latent Class 

Analysis 

1.0 Introduction   

With growing public concern about hydraulic fracturing’s (HF) impact on environmental quality, 

local government infrastructure, and human health, the use of this technology to increase domestic 

production of oil and gas (and jobs) has become increasingly controversial in recent years 

(Bandelow et al., 2022; Davis & Fisk, 2014; Lits, 2021). Consequently, both the economic and 

ecological elements of the HF policy challenges have received unprecedented media coverage. 

HF, also known as fracking, is a non-conventional method of extracting oil and natural gas (Davis 

& Fisk, 2014; Evensen et al., 2014; O’Connor & Fredericks, 2018; Palliser, 2011; Schafft & 

Biddle, 2015), that makes natural gas extraction from shale formations economically viable, 

raising shale gas's reputation as a low-cost, low-carbon coal alternative (Bazilian et al., 2013; Tan 

et al., 2019). Oil and gas extraction from shale formations by HF has been dominated by the United 

States (US) and western Canada for decades (Thomas et al., 2017). 

However, both in the literature and in policy initiatives, public perception of HF remains a 

contentious subject. On May 15, 2015, for instance, the governor of Texas, Greg Abbot, signed a 

policy that forbade communities from blocking HF inside their jurisdictions (Malewitz, 2015), 

stating that it would preserve private property and promote economic recovery (Choma et al., 

2016). In contrast, HF was prohibited in Maryland and New York because of environmental and 

health concerns (Cama, 2015; Kaplan, 2014). In the same vein, Germany banned HF due to the 

potential harm it could cause to human health and the environment, while the United Kingdom 
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lifted its ban due to the potential economic benefits (Boudet et al., 2014; Smith-Spark & Jim, 2013; 

Tost, 2014). More than 50 HF bans have been enacted in Canada and internationally over the last 

decade, with many of these bans pointing to environmental concerns as their justification (Baka et 

al., 2019; Hess et al., 2019). While HF is widely used in western Canada (British Columbia and 

Alberta), currently, there are many moratoriums on its usage in the eastern provinces of Canada 

(Nova Scotia, New Brunswick, and Quebec) (O’Connor & Fredericks, 2018). While some argue 

in favour of HF as a viable, clean, and environmentally friendly domestic energy option, there are 

also those who strongly condemn its ecological repercussions (Popkin et al., 2013). 

Although fossil fuels continue to have a significant role within the energy system, there is a 

growing level of concern among some segments of the public over the extraction of oil and gas, 

particularly in relation to HF. According to them, most of the world's known fossil fuel reserves 

must remain underground if global warming is to be limited to 2 °C above pre-industrial levels 

(McGlade & Ekins, 2015). Major localised concerns about HF include potential risks of water 

contamination, and induced seismicity as well as social impacts and health effects on Canadians 

(McGlade & Ekins, 2015; Royal Society, 2012). However, shale gas proponents claim that it is a 

better “bridge fuel” to a reduced carbon economy since it burns cleaner than coal. According to 

them, home production might be a means to lessen the country's dependence on imported gas and 

oil as conventional supplies diminish (Thomas et al., 2017). In addition, Alberta has a greater 

dependence on fossil fuel extraction for both economic activity and employment compared to other 

provinces in Canada. Specifically, fossil fuel extraction accounts for 22% of Alberta's economic 

activity and 6% of its employment (National Energy Board, 2011). 

In an effort to address HF environmental concerns, particularly induced seismicity risks, 

authorities have made concerted efforts to integrate contemporary oil and gas drilling methods 
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within existing regulatory frameworks (Davis & Fisk, 2014); this has the potential to ignite public 

protests and political upheaval (Bayer & Ovodenko, 2019). It is unclear how seriously western 

Canada (particularly Alberta) will take the matter of shifting the country's economy away from 

carbon-intensive sectors, given its prior substantial dependence on fossil fuels (O’Connor & 

Fredericks, 2018). Public views of the problem are expected to play an enormous role in Canada's 

transition to a less carbon dependent economy (Thomas, et al., 2017).  

Over the last 30 years, academic and policy scholarship in Europe and North America has primarily 

focused on the public's views of energy technologies (Keeney et al., 1990; Thomas et al., 2017; 

Wynne, 1983). However, public opinion of HF remains a contested topic in the literature and in 

legislative attempts. Olive (2016) points out that in Canada, there are five main themes in the HF 

debate: water contamination, financial gain, danger of unknown consequences, moratoriums, and 

self-sufficiency in energy production. HF in the Western Canadian Sedimentary Basin (WCSB) 

has resulted in some induced seismicity; however, the evidence shows that this seismicity is deep, 

near the reservoir interval, and offers no danger to human health, safety, or the environment 

(CAPP, 2019). However, using a random effect model with vignette experimental data, Lokuge et 

al. (2023) pointed out that HF-earthquake dangers pose a significant obstacle to the public's 

acceptance of HF, regardless of individuals' views on the controversies surrounding the 

technology. 

There are several factors that contribute to the polarisation of public perceptions of the HF 

technology. As observed by Williams et al. (2017), the current state of knowledge about the 

technology, its risks, and other possible material ramifications (ranging from global climate change 

to changes in ordinary lifestyles) are cause for concern. Howell et al. (2019) revealed that politics 

has a significant role in the perceptions of risks and benefits that people have regarding HF, and 
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those who regard themselves as being informed about HF are more inclined to support it. Concerns 

about the pollution of water supplies and other environmental repercussions persist among 

stakeholders, including local governments, homeowners, public health organisations, and 

environmental organisations (Davis & Fisk, 2014). Several environmental problems, including 

water contamination and earthquakes, have been connected to the injection of proppants and 

wastewater during HF (Thomas et al., 2017). However, while some see it as a threat, others see it 

as a huge opportunity. Funding for medical insurance, welfare services, education, and 

infrastructure is made possible because of HF's profitability (Mccleary & Coupe, 2022). Public 

perceptions of energy technologies and energy transitioning are influenced by the political and 

economic climate of western Canada, notably Alberta, where fossil fuels are extracted using HF 

(Chewinski et al., 2023). 

Surveys generally indicate that a greater number of Canadians are in favour of the development of 

conventional oil, oil sands, and associated pipelines than are opposed to these activities; 

nevertheless, there is a significant amount of diversity across different regions and groups in this 

regard (Anderson & Coletto, 2016; Ekos, 2016). Although Alberta continues to demonstrate 

stronger support for oil sands and most other non-renewable resource technologies, recent 

academic research reveals decreased support across a Canada-wide sample for oil sands and oil 

derived from other sources (Sherren et al., 2019). Evidence like this suggests that the opinions of 

Canadians about HF are influenced by both the characteristics of individual HF projects and 

individuals' socioeconomic backgrounds. 

To improve our understanding of this contentious subject in energy policy and the related 

literature, this study employs a survey embedded with a factorial survey experiment to investigate 

the underlying individuals’ heterogeneity that determine their support for or resistance to the HF 
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technology and its use to extract oil and gas. We draw on concepts of NIMBY (Not-In-My-

Backyard), environmental pollution, induced-seismicity, energy self-sufficiency, distributive, and 

procedural justice to investigate the heterogeneity in public perceptions of HF. Few studies have 

looked at public perceptions of HF in north America (Brunner & Axsen, 2020; Jacquet, 2012; 

Mccleary & Coupe, 2022; Westlake et al., 2023). However, most of them assumed homogeneity 

in individuals' underlying characteristics in revealing their preferences (choice sets). Empirical 

evidence in the energy economics literature, however, suggests that public perceptions of energy 

technologies are heterogeneous (Borriello et al., 2021; Dallenes et al., 2023; Kácha et al., 2022). 

This study, therefore, contributes to the HF literature by looking at the heterogeneity in public 

perceptions of HF with a specific application of latent class analysis (LCA). This study differs 

from earlier HF perception studies in that, first, it considers differences across different kinds of 

people and how these differences impact their perceptions about HF, with a focus on strengthening 

participation and engagement in local communities to promote more openness, transparency, and 

a more equitable distribution of information among a wide range of stakeholders with varying and 

often conflicting interests. Understanding the variations between different groups of people is 

critical for developing policies that reflect their needs and diversity. Second, the use of a vignette 

experimental design also distinguishes this study from conventional discrete choice experiments 

in energy economics, but it follows a line of economic research on discrimination (Kübler et al., 

2018), perceptions of fairness (Herz & Taubinsky, 2018), ethical judgements (Ambuehl & 

Ockenfels, 2017), and social acceptability (Liebe & Dobers, 2019).  

The remainder of the chapter is structured as follows: part two examines the technical aspects of 

HF as well as the body of literature on public perceptions of HF. The third section examines data 
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and techniques. The fourth section contains the findings and discussions. The fifth section wraps 

up the study and offers policy recommendations. 

2.0 Literature Review  

Considering the contentious nature of HF within the public and political debates, there exists a 

considerable body of research that extensively examines the prevailing public perceptions of the 

technology. In general, there is barely any support for HF in the United States (Thomas et al., 

2017), and there is only a small support in the United Kingdom (Evensen et al., 2022; Stedman, 

Evensen, et al., 2016), China (Tan et al., 2019), and Canada (O’Connor & Fredericks, 2018). The 

use of HF in Canada, mostly by international corporations, has provoked considerable debates and 

disputes (Lachapelle et al., 2018). 

Public perceptions on the construction and use of HF to extract oil and gas has been studied in the 

context of induced-seismicity (Lokuge et al., 2023), politics (Choma et al., 2016; Clarke et al., 

2016), economic nationalism (Lachapelle et al., 2018), and NIMBYism (Gravelle & Lachapelle, 

2015; Jerolmack & Walker, 2018), a bias that can be affected by demographic factors such as age, 

education, income, and sex, as well as by direct or indirect exposure to the energy sector and, in 

particular, HF (Boudet et al., 2016; Mooney et al., 2022; Thomas et al., 2017). Studies show that 

individuals’ perceptions of HF are highly polarised because of a wide range of effects, including: 

contaminating groundwater, or removing too much groundwater (Myers, 2012; Rozell & Reaven, 

2012; Steinzor et al., 2013; Warner et al., 2013); causing air pollution and greenhouse gas 

emissions that contribute to climate change (Howarth et al., 2012; Kemball-Cook et al., 2010; Roy 

et al., 2014); posing danger to human health (Colborn et al., 2011; Esswein et al., 2013; Kassotis 

et al., 2014); eroding landscapes and watersheds, interfering with animal habitat and other land 
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uses such as subsistence agriculture, tourism, and ranching (Drohan et al., 2012; Jantz et al., 2014); 

and prompting seismic activities (Davies et al., 2013; Kim, 2013). Faulty wells, as well as leaks, 

micro-seismicity, and spills linked with HF activities, are more likely sources of potential 

environmental damages (Royal Society, 2012).  

However, according to other research findings, higher exposure to HF is associated with reduced 

perceived risks and larger reported benefits (Kriesky et al., 2013; Lachapelle et al., 2014). It is 

hypothesised that this may be due to the economic benefits accruing to individuals and local 

communities rather than an actual decrease in perceived risks for people with higher exposure to 

HF (Boudet et al., 2014). According to Thomas et al. (2017) assessment, the major advantages of 

HF operations are energy independence and security, economic growth, and job creation, 

combating climate change, a reliable supply of energy, and lower energy costs. Palliser (2011) 

argues that HF is beneficial because, since natural gas burns cleaner than coal or oil, it produces 

less carbon dioxide, nitrous oxide, and sulphur dioxide emissions per unit of energy. The HF sector 

is thriving and expanding at an incredibly quick pace. In Canada, O’Connor & Fredericks (2018) 

identified HF benefits such as employment creation, reduced reliance on imported fossil fuels, 

promotion of energy independence, tax revenue for provincial governments, cheaper energy costs 

for consumers, and reduction of Canada's carbon footprint.  

The research on HF's growth has always focused on weighing the social (fairness) and 

environmental (pollution) concerns presented by HF against the potential economic benefits of 

HF, which are often evaluated in terms of local employment and economic activity (Evensen et 

al., 2014; O’Connor & Fredericks, 2018; Popkin et al., 2013; Thomas et al., 2017). Perception 

studies in the wind energy literature have mostly focused on the importance of consulting with and 

compensating people impacted by new energy installations (Brennan & Van Rensburg, 2016; 
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García et al., 2016; Parkins et al., 2021; Walker & Baxter, 2017). There exists a limited though 

expanding collection of research that investigates the concept of social licence and trust in relation 

to political loyalty and the presentation of HF argument within the context of deliberations around 

the trade-offs between benefits and costs associated with HF. 

Stedman et al. (2016) found that in the UK, more HF knowledge was linked to increased support, 

whereas in the US, knowledge was unrelated to support. Baka et al. (2019) reported that one of the 

three main public comments in the HF discussion was the lack of scientific understanding of the 

effects of HF. In contrast, a study by McLaughlin and Cutts (2018) revealed that resistance to HF 

is motivated by more complex reasons than a lack of understanding and/or NIMBYism. Lachapelle 

et al. (2018) believes that, given the history of Canadian economic nationalism and the low level 

of trust Canadians have for American companies, there may be an anti-American bias influencing 

public opinion in Canada regarding HF, at least in part. The Province of Nova Scotia, for instance, 

was not ready to accept HF, according to Atherton & Macintosh (2014), owing to a lack of 

confidence in business and government, as well as a lack of a geographically anchored social 

licence. Davis & Fisk (2014) observed that people who have a higher level of trust in these 

institutions are less likely to oppose the construction of new plants in their communities. Others 

have focused on the stress and anxiety generated by a lack of confidence in government and 

business regulations and the fear of HF (Willow et al., 2014). Thomas et al. (2017) also noted 

scepticisms about corporate intentions both in the US and UK, with the majority doubting that the 

gas/oil and energy firms can be trusted to guarantee that HF is done safely. 

According to a nationally representative survey, Albertans are more likely to support HF because 

they see greater economic rewards and fewer environmental and social consequences (Brunner & 

Axsen, 2020). However, it is unclear whether the benefits of shale development outweigh the risks: 
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the benefits are often economic (job creation and socio-economic activity boosts), while the risks 

are primarily environmental or social (such as effects on water or increased traffic) (Thomas et al., 

2017). 

There is also a correlation between increased levels of concern for the environment and resistance 

to HF. According to Axsen’s (2014) research on the Northern Gateway pipeline, individuals who 

see climate change as a major threat are less inclined to support the project, while those who view 

it as a minor one are more likely to support it. The significance of environmental considerations 

varies depending on the kind of energy innovations being considered. For instance, studies 

comparing the pros and cons of renewable and nuclear energy have linked environmental and 

climate change concerns with preference for the former and opposition to the latter (Spence et al., 

2010). 

Other studies have shown that the acceptability of energy technology may also be affected by 

demographic and social variables. For instance, women are more inclined to reject nuclear power 

plants (Kim et al., 2014), offshore oil drilling (Smith et al., 2010), hazardous waste facilities 

(Hunter & Leyden, 1995), pipelines (Gravelle & Lachapelle, 2015), and HF (Boudet et al., 2014; 

Thomas et al., 2017; Truong et al., 2019). According to the existing evidence, senior citizens are 

also more likely to approve of various energy infrastructure projects, including HF (Boudet et al., 

2014; Thomas et al., 2017), pipelines (Gravelle & Lachapelle, 2015), and onshore oil drilling 

(Klick & Smith, 2010). Again, older Canadians are more likely than younger ones to agree that the 

oil and gas industry is vital to the country's economy right now and in the future, according to a 

study conducted by Ekos (2016).  

The role of wealth and education is less certain. Regarding the Northern Gateway Pipeline (Axsen, 

2014), for instance, there were no statistically significant differences in wealth or education level 
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between groups of respondents who expressed varying degrees of support for the project 

(Whitfield et al., 2009). Another study found that support for HF was positively correlated with 

education level but was unrelated to income (Boudet et al., 2014). On the other hand, studies of 

natural gas drilling in the US have shown that the more educated the population is, the more likely 

they are to be against the practise of HF (Jacquet, 2012). In Canada, those with higher incomes are 

more likely to favour unconventional fossil fuel pipelines, see oil and gas energy projects as crucial 

to the country's economy, and believe that pipelines are the safest route to move oil (Ekos, 2016). 

While the studies and existing literature on public perceptions reviewed above offer valuable 

insights into individuals' perceptions, (Lokuge et al., 2023; Choma et al., 2016; Clarke et al., 2016; 

Lachapelle et al., 2018; Gravelle & Lachapelle, 2015; Jerolmack & Walker, 2018), it is important 

to acknowledge the inconsistencies in the evidence, which underscore the limitations of relying 

solely on surveys to assess support for this technology. This is particularly relevant considering 

the wide-ranging implications of HF, including global factors such as energy prices, energy self-

sufficiency, and climate change, as well as localised concerns such as induced seismicity, 

pollution, economic benefits, etc. The existence of inconsistencies and the polarised nature of 

public perceptions of HF suggest that there is heterogeneity in individuals' preferences for this 

technology. Investigating this heterogeneity in the existing literature on HF would be valuable in 

enhancing our understanding and resolving the inconsistencies observed in the empirical findings. 

This paper, therefore, investigates the factors that contribute to the wide range of public 

perceptions around HF. A review of the relevant literature and, to the best of our understanding, 

no LCA using vignette data to investigate public views of HF have been conducted. This study 

addresses this gap in the literature by using LCA to explore the heterogeneity of public perceptions 

of HF. Our study places particular emphasis on several key factors that have been shown to have 
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a substantial influence on HF support. These factors include proximity to HF sites, the volume of 

truck traffic associated with HF operations, the duration of operational activities, the extent of 

community engagement, the economic advantages derived from HF, the occurrence of induced 

seismicity, and the socio-demographic characteristics of the affected population. To address the 

difficulty of untangling the impacts of various intricate decision factors that influence individuals' 

assessment of HF, we utilise a factorial survey (vignette) experiment (FSE) (Auspurg & Hinz, 

2015a). This approach allows us to examine the effects of multiple factors, including proximity, 

concerns about environmental pollution, perceptions of fairness in consultation and compensation 

schemes, trust, and the risk of induced seismicity. 

When attitudes, social norms, and perceptions are central to the research question, vignette 

experiments (VE) are preferred over choice experiments (CE) because they highlight the effect of 

multiple factors on the overall acceptance of a specific scenario (Parkins et al., 2021). Because of 

the general public's lack of familiarity with HF and the dangers posed by its induced seismicity, a 

CE method runs the risk of overwhelming respondents and producing inaccurate results (Auspurg 

& Hinz, 2015a). To avoid these limitations, our VE employs an ordinal rating scale that reduces 

the likelihood of social-desirability bias and invites respondents to consider the costs, benefits, and 

equity issues associated with various future HF growth scenarios (Liebe et al., 2020).  

Preference heterogeneity is increasingly being investigated using LCA (Borriello et al., 2021; 

Dallenes et al., 2023; Van Rijnsoever et al., 2015). The use of latent classes (LC) enables the 

identification of discrete groups with widely divergent preferences. The use of class membership 

functions permits a more in-depth examination of the elements that determine class membership 

probability, and therefore, a more precise description of the demographic, behavioural, and 

attitudinal characteristics of each segment of the population (Motz, 2021).  
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However, this strategy has not been extensively used in the HF literature. LCA has been used in a 

variety of scenarios for perception investigations. Qi et al. (2020) used LCA to investigate the 

impact of the COVID-19 epidemic on patterns of pregnant women’s perception of threat and its 

relationship to mental state. While Read et al. (2021) employed the technique to evaluate public 

preferences for paying for social care in later life in England. Using a CE data in the energy 

economics literature, Borriello et al. (2021) used LCA to investigate electricity mix preferences 

among renewables and non-renewables. However, the application of LCA to vignette data has 

been mostly unexplored until a recent study conducted by Chewinski et al. (2023), looking at 

agricultural landowners’ perspectives on wind energy development. This study hopes to contribute 

to this emerging body of research by conducting a LCA with VE data from the development of 

proposed HF scenarios in western Canada. 

Specifically, the objectives of this paper are in threefold; (1) to identify different class profiles in 

terms of perception and preferences for HF; (2) how different classes evaluate the overall risks and 

benefits of HF, with a focus on HF-induced earthquake risks; (3) individual characteristics that 

influence their class memberships. Answers to these questions will create a common foundation 

for policy and literature debates. 

3.0 Study Design  

This research pertaining to Canada's oil and gas industry was granted approval by the Research 

Ethics Board of the University of Alberta (ID: Pro00088384). A web-based questionnaire was 

initiated on March 11th, 2019, and remained accessible until June 24th, 2019. The study received 

a total of 1,311 responses, with the majority of the responses originating from the western part of 

Canada, specifically Alberta.  
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The recruitment of participants included many strategies, such as reaching out to universities, 

regional newspapers, and media outlets, in addition to leveraging internet platforms like Facebook. 

Furthermore, efforts were made to engage local or provincial leaders in order to enhance the 

visibility and encourage participation in the survey. To mitigate the potential influence of selection 

bias, “western Canada” was emphasised in the topic and in recruiting participants. The participants 

that met the criteria were those who were at least 18 years old and self-reported residing in western 

Canada. The use of recruitment quotas guaranteed that the resultant sample achieved an 

appropriate level of representativeness in comparison to the Canadian census data for western 

Canada. It is worth noting that over 70% of our sample reported residing in Alberta. In the survey, 

the first three digits of each participant's postal code were asked for so that the reliability and 

validity of the data could be checked. Though replies came in from all around western Canada, the 

vast majority were from Alberta. Since HF is mostly used in Alberta, this research focuses on this 

province. This sample fairly represents the population of western Canada; however, it is not 

considered a random sample because of the difficulty and expense of recruiting members of the 

general public to take part in a survey for which they were not financially compensated, as is 

customary for commercial survey firms. See Lokuge et al. (2023) and Phillips (2021) for data and 

survey details. 

3.1 Sample Characteristics 

Table 6 (reproduced from Lokuge et al. 2023)) shows the socio-demographic and economic 

characteristics of the respondents in the sample. The data shows that the majority of the 

respondents (80.15%) are in their prime working years (25–64 years). Approximately 7.82% are 

young adults (18–24), 44.05% are adults (25–44), 36.10% are late-adults (45–64), and 9.85% are 

seniors (65+). The official statistics from Statistics Canada, which put the median age at 41 years 
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old, are quite close to this estimate (Statistics Canada, 2021). However, a study on a similar topic 

by Lachapelle et al. (2018) reported an average age of 56 years with a standard deviation of 14.85.  

In terms of gender, females represented 42.24%, and males 54.39%, while non-binary, 

transgender, non-identified people represented 4.08%. While women make up 50.7% of the 

Canadian population over the age of 20 (Statistics Canada, 2021), just 42.24% of those who filled 

out the survey fell into that demographic. Although this is a smaller number, it is heartening that 

women make up over a third of the respondents, as interest in energy is often thought to be limited 

to men.  

Participants' educational backgrounds varied widely, from having no college education to holding 

advanced degrees. The data indicate that almost three quarters (85.96%) of the respondents have 

completed post-secondary education. This is somewhat higher than the average for Canada, where 

around 65% of the workforce has completed post-secondary education (Statistics Canada, 2019). 

However, this might be due to the inclusion of people outside the workforce (seniors).  
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Table 6: Socio-demographic and Economic Characteristics of the Sample  

Variable Description Sample (n = 1,311) 

(Percentages) 

Census 

Benchmark  

Age (years) 18 – 24 

25 – 44 

45 – 64 

65+ 

Prefer not to say 

7.82 

44.05 

36.15 

9.85 

2.13 

5.80 

29.30 

40.50 

14.70 

- 

Gender Male 

Female 

Other 

Prefer not to say 

54.39 

42.24 

0.71 

3.37 

50.10 

49.90 

- 

- 

Level of 

Education 

Graduate degree 

Undergraduate degree 

College 

Technical or trade certificate 

High school 

No formal education 

Prefer not to say 

20.87 

31.17 

19.27 

14.65 

11.46 

0.44 

2.13 

8.40 

17.50 

21.8 

8.70 

26.70 

- 

- 

Work Experience Energy Industry 

Government 

Consultancy 

Environmental Organisation 

None of the above 

Prefer not to say 

33.31 

6.40 

14.37 

9.05 

36.40 

0.47 

- 

- 

- 

- 

- 

- 

Location Rural 

Urban 

42.04 

57.96 

15.20 

84.80 

 

Respondents’ work experience also cuts across different industries. Most of the respondents 

(33.31%) indicated they have work experience in the energy industry. Albertans are known for 

their oil, so this is to be expected. Aside from those in the energy industry, about 14.37% of the 

sample works in consulting, 6.40% in the government sector, 9.05% for environmental groups, 

and 36.40% are employed in other fields. There was a good mix of rural and urban residents in the 
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sample as well. Of those who participated in the survey, more than half (57.96%) reported that 

they live in the city, while the others (42.04%) stated that they live in rural areas. 

3.2 Experimental Approach 

Respondents are expected to consider a wide range of decision factors when evaluating possible 

HF projects, many of which are not immediately quantified, such as monetary payments, seismic 

risks, noise levels, closeness, and other project features. Choice models and preference causality 

inferences are more difficult to link when larger social aspects are included. A consequence of this 

is that a majority of multilevel survey studies separate questions concerning the significance of 

social factors from questions about preferences (Parkins et al., 2021). Stated preference 

approaches have a disadvantage in that they can't separate these two aspects of preference 

elicitation. 

Rather than directly measuring beliefs, social norms, and judgements via a single survey item, FSE 

do so indirectly, focusing on the relevance of related situational factors (Liebe et al., 2020). FSE 

is an experimental setting where variables or situational qualities are changed in a way that makes 

it possible to separate the effects of single situational dimensions. When social norms and beliefs 

are crucial to the research topic, VEs help to highlight the impact of these diverse elements on the 

acceptability of the technology under investigation (Parkins et al., 2021). However, this has not 

been explored in any depth in the studies on the public's perception of HF. Individuals' values and 

beliefs highly influence their ratings of vignette scenarios as either right or wrong, fair or unfair, 

acceptable or unacceptable, and supportive for or against. These personal values may impact 

behavioural intentions, according to substantial evidence in the literature, which is why this 

research applies this theory to examine people's preferences for HF activities labelled with specific 

vignette attributes (e.g., choice of vignette attributes). 



97 
 

VE may be used to account for these social elements within brief and descriptive scenarios, 

depending on key decision variables. Individuals that take part in VE research are usually 

presented with several scenarios and asked to rate each one on the basis of how much they accept, 

support, or think it's fair. It is possible to identify causal characteristics based on theory-led 

experiments and contextual elements provided by the researcher by randomising discrete and 

linked qualities, which are thought to be major predictors of respondents' decision-making 

(Auspurg & Hinz, 2015). In contrast to stated-preference approaches, VEs do not ask respondents 

to make choices from which trade-offs are determined. As a result, VEs give an indirect measure 

of people's judgements of vignette attributes as part of a scenario, where the possibility for social 

desirability bias is reduced through attribute trade-offs (Auspurg & Jäckle, 2017). To put it another 

way, VEs can be used to evaluate the relative relevance of a collection of attributes and levels in 

the evaluation of an experimentally constructed situation (Hainmueller et al., 2015).  

This study uses this technique to investigate individuals’ preferences for HF activities labelled 

with various vignette attributes based on strong evidence in the literature that these attributes might 

influence behavioural intentions. VE analysis allows for the possibility of testing between-

respondent variations in their ratings of vignette scenarios (Auspurg & Hinz, 2015). Respondent 

traits not included in the vignettes are likely moderator factors. These factors may enhance or 

impede the processes found in VE research in real-world contexts (Auspurg & Hinz, 2015). With 

the use of LCA, it is possible to identify distinct subgroups with wildly varied preferences. This 

information can be used to build policies that meet the needs and preferences of a broad spectrum 

of people and organisations engaging in HF activities. 
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3.3 Vignette Design  

Six attributes were created after an intensive literature review and conversation with 

knowledgeable industry, regulatory, and academic experts in order to address what seem to be the 

most relevant variables generating support for or opposition to HF. As shown in Table 7, those six 

attributes were highlighted and incorporated into the design of the VE. First, to investigate the 

complicated link between proximity to HF sites and support for HF operations, the location of HF 

activities (or wells) and their proximity to residences and the community were employed. 

Depending on the kind of development and the amount of H2S (hydrogen sulphide) present, 

Alberta's minimum requirements for wells containing H2S might be as low as 100 metres away 

from permanent residences (Alberta Energy Regulator, 2015). According to the regulations in 

British Columbia, the minimum distance within which a duty to consult is required is 200 metres 

for pipelines and 1 km for a small wellsite (BC Oil and Gas Commission, 2015). Individuals living 

close to HF activities may enjoy economic benefits such as employment and an increase in 

economic activity. However, this also implies high susceptibility to any perceived risks associated 

with it. The complexity of these interactions will ultimately determine an individual's support for 

HF activities. This phenomenon is often referred to as the NIMBY effect in the energy economics 

literature (Liebe & Dobers, 2019; Parkins et al., 2021; Ritchie et al., 2021). Nevertheless, the 

existing research on HF presents conflicting results about the distance effects of NIMBYism in 

relation to perceptions of risks and benefits (Czolowski et al., 2017; Popkin et al., 2013; Thomas 

et al., 2017). The proximity of HF project locations was modelled as “Less than 3 km from the 

home”. “Between 3 and 15 km from the home”, and “Over 15 km from the home”.  

Second, in addition to increasing traffic, travel time, and noise, heavy-duty vehicle traffic on an 

HF site may potentially lead to accidents. A single HF well might potentially need hundreds to 
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thousands of vehicles to transfer equipment and supplies (DEC, 2011). Truck drivers, on the other 

hand, will see an increase in demand as a result of this, generating jobs and income for many 

families. Communities’ complaints about energy development and HF are well-documented, and 

they often centre on noise (and dust) pollution from truck traffic, which may also harm local road 

infrastructure (Holeczek, 2019; O’Connor & Fredericks, 2018). The number of trucks operating 

on an HF site was modelled as “Less than 10 heavy equipment trucks per day”, “Between 10 and 

50 heavy equipment trucks per day” and “Over 50 heavy equipment trucks per day”.  

Table 7: FSE attributes and attribute levels - HF. 

Attribute 
Attribute Level 

Number 
Attribute Level 

Proximity 

1 Less than 3 km from the home 

2 Between 3 and 15 km from the home 

3 Over 15 km from the home 

Trucks 

1 Less than 10 heavy equipment trucks per day 

2 Between 10 and 50 heavy equipment trucks per day 

3 Over 50 heavy equipment trucks per day 

Time 
1 At all hours of the day  

2 Between the hours of 8 am and 8 pm 

Consultation 

1 Community not informed of plans for operation 

2 Community informed of plans for operation 

3 Directly affected landowners consulted about operation 

4 
Full two-way consultation with community in every step of the 

planning process 

Benefits 

1 No financial benefits for community 

2 Preferential hiring of local services and employees 

3 
Annual cash grants between $10k and $25k donated to 

community 

4 Fully funded community project donated to community 

Seismicity 

1 None-existent 

2 Too small to be felt 

3 Persistent and repeating, but too small to cause structural damage 

4 
Infrequent, but large enough to potentially cause moderate 

structural damage 
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Third, over the course of an HF well's lifespan, the number of hours worked might fluctuate widely. 

Although homeowners may be able to accept HF activities in and around their neighbourhoods, 

some peculiar times and durations of work may be greatly resented by those who live nearby. In 

many cases, working throughout the day and during regular business hours is tolerated by the 

public. Extending work hours beyond some important points of time in the day may be met with 

resistance. A report by Mccleary & Coupe (2022) indicates that inhabitants around HF sites claim 

that HF operations are keeping them awake at night; a lot of hammering, rumbling, and roaring 

noises can be heard down at the site at night, which makes it difficult to sleep. Longer workdays 

do, however, have the extra advantage of giving employees greater value for their time. Therefore, 

individuals who live nearby may support HF activities as a trade-off between comfort and a better 

income. The time attribute was modelled as working “At all hours of the day” and “Between the 

hours of 8 am and 8 pm”.  

Fourth, fairness in the planning process is measured by how well the public is included, how openly 

information is shared, and how much influence the public has on where an HF project is located. 

According to Li et al. (2013), participation is a useful way to settle disputes among project 

stakeholders, prioritising their needs and optimising their mutual satisfaction via their 

involvement. Randeree & Faramawy (2011), however, argue that in order to expedite the 

participatory process, decision-makers often try to avoid it, which is naive because conflict is 

usually rooted in the differences between different stakeholders as well as their differing cultural 

values, beliefs, and behaviours. A person's willingness to support HF may be swayed if there is 

enough public consultation before, during, and after the implementation of HF initiatives. Research 

in the renewable energy field has consistently shown that enhanced procedural justice, specifically 

through the inclusion of local communities in decision-making processes, has a significant impact 
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on the perceived fairness of these processes (Brennan & Van Rensburg, 2016; Liebe & Dobers, 

2019; Parkins et al., 2021). The attribute, consultation, was modelled with four levels, 

“Community not informed of plans for operation”, “Community informed of plans for operation”, 

“Directly affected landowners consulted about operation”, and “Full two-way consultation with 

the community in every step of the planning process”.  

Fifth, HF corporations usually have complete control over the economic benefits to the local 

community, regardless of the growth of HF wells. However, using local companies and services 

for HF operations is rather common. As O’Connor & Fredericks (2018) noted, in Canada, HF 

advantages include job creation, promotion of energy independence, tax income for provincial 

governments, and lower energy prices for consumers. According to Jacquet (2012), compensation 

may be more important than proximity, particularly if it is offered to the whole community, not 

just those directly impacted. However, localised monetary incentives may be seen as bribery, 

hence, the effectiveness of compensation programmes in overcoming community opposition is 

debatable (Aitken, 2010; Kerr et al., 2017). In this regard, the concept of distributive justice 

(defined as the equitable allocation of perceived costs and public benefits resulting from HF 

initiatives) is relevant (Langer et al., 2016). In the wind energy industry, direct cash compensation 

to neighbouring property owners, proximity-based compensation to property owners, and 

community payments and/or (infrastructure) investments are among the compensation systems 

proposed in the literature (García et al., 2016; Lienhoop, 2018; Parkins et al., 2021). This evidence 

was used by the study to model compensation in terms of distributive justice, such as “No financial 

benefits for the community”, “Preferential hiring of local services and employers”, “Annual cash 

grants between $10k and $25k donated to community”, and “Fully funded community project 

donated to community”.  
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Finally, induced seismicity is one of the main issues of HF that has been discussed in the literature 

(Davies et al., 2013; Kim, 2013; O’Connor & Fredericks, 2018). Micro-seismicity, which cannot 

be felt by humans, is generated by all HF wells (Rubinstein & Mahani, 2015). Between 1985 and 

2015, less than 0.3 percent of HF wells in the WCSB were related to M 3.0 earthquakes (possibly 

felt by humans) (Atkinson et al., 2016). The mere thought of an earthquake, on the other hand, 

may scare off some people, increasing their opposition to HF operations. HF induced seismicity is 

noted as the single most important factor influencing support for HF (Lokuge et al., 2023). 

Seismicity was modelled using a revised form of the Mercalli intensity scale in relation to 

frequency and its impact as “None-existent”, “Too small to be felt”, “Persistent and repeating, but 

too small to cause structural damage”, and “Infrequent, but large enough to potentially cause 

moderate structural damage”.  

A hydraulic fracturing operation is proposed to be located [proximity] from your home. The op-

eration will involve [trucks traffic] with associated noise and dust travelling in the area per day 

[operational time], in addition to traffic already in the area. [Community consultation] during 

the planning process of the operation. The company involved has a history of policies that involve 

[benefits] to local communities. Seismicity related to the operation is anticipated to be [seismicity]. 

Do not 

support 

at all     Neutral     

Fully 

support 

0 1 2 3 4 5 6 7 8 9 10 

           

 

Figure 9: Example of the HF Vignette Scenarios Evaluated 

 

While reading lengthy scenarios (with many attributes) may be tedious, Auspurg & Hinz (2015) 

suggest that five to nine attributes is a good range, balancing this load with the monotony of reading 
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many similar scenarios (few dimensions). From the six attributes and levels discussed above, there 

were 1,152 potential combinations of attributes, which is known as a complete factorial design. 

This refers to the sum of the number of alternatives available for each individual attribute. Each 

scenario should be assessed numerous times for statistical rigour, indicating that many thousands 

of respondents are required if the goal is to offer each individual just a few scenarios to evaluate.  

The orthogonality of the attribute variables is one of the advantages of employing a complete 

factorial design. Nothing in the "complete vignette universe" will have any relation to anything 

else, not even dimensions. There is "level balance" in the vignette universe, which implies that all 

the levels of each dimension occur at the same rate. However, resources are not unlimited for the 

implementation of the full vignette universe. Still, it is essential that a significant number of 

respondents be able to participate in order to ensure that the design is statistically rigorous. The 

adoption of a fractional design allows for high levels of attribute independence to be maintained 

while also reducing the number of respondents required.  

Using just a random sample from the whole vignette universe, the simplest basic fractional design 

may be achieved. They are simple to make but may inject bias into the findings and are less exact 

when estimating parameter coefficients, making them inefficient. By selecting a specified subset 

of the whole universe, better designs may keep the dimensions and levels nearly orthogonal and 

balanced while still estimating parameter coefficients with a high degree of accuracy using fewer 

respondents. 

A "foldover design" was utilised in the research, which used an orthogonal fractional factorial 

design to account for two-way interactions (Auspurg & Hinz, 2015). Systematically altering the 

dimensional levels in an initial design, foldover designs increase the design's resolution (the degree 
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to which it captures effects and probable interactions between variables) (Ankenman, 1999; 

Auspurg & Hinz, 2015). Thus, the VE total number of scenarios was whittled down to only 144. 

As a first step, the study adopted a design that only tested 72 scenarios, or 1/16th of the original 

universe. The computer method optimised these 72 scenarios' combinations of dimension levels in 

order to obtain the most efficient recovery of the whole universe. Finally, the foldover design 

reduced any attributes that had more than two levels to a two-level equivalent variable. In order to 

build a foldover design of 72 situations, each two-level equivalent variable was assigned the 

opposite sign. These additional, opposing 72 scenarios were added to the previous 72 scenarios, 

for a total of 144. The foldover design aims to ensure that interactions do not obscure the main 

effects so that any major effects revealed by regressions are genuine effects and not interactions. 

Six scenarios were chosen at random and shown to each participant.  

On a scale of 0 to 10, respondents were asked to rate each scenario they were presented with. Based 

on this setup, respondents could express their views on a fine enough scale, and the values seemed 

naturally tied to final judgements such as "do not support at all" and "totally support", making 

them simple for respondents to comprehend. It is also possible to depict the middle of the spectrum 

using an eleven-point scale (value of 5).  

3.4 Summary of Vignette Ratings  

Figure 10 (reproduced from Lokuge et al. 2023)) below shows the vignette rating responses from 

the survey. With a mean of 4.89 and a standard deviation of 3.80, the figure depicts a rating that is 

quite balanced. The furious opponents (24.56%) and the lovers (19.44%) of the evaluated scenarios 

are almost evenly matched, as seen in the figure. Excluding these two extremes, all vignette 

scenarios have a mean rating of 5.26 and a standard deviation of 2.49.  
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Figure 10: Frequency distribution of VE scenario responses as a percentage of total scenario 

ratings, n = 7,623 

First impressions of the figure suggest a bimodal distribution of outcomes across the vignette 

scenarios. The degrees of support for the HF scenarios rated, however, become more intricate and 

balanced if those two extremes are excluded. This indicates that unique project variables 

mentioned in the vignette scenarios might affect the remaining "average" ratings after the two 

extremes have been taken into account. This merits more examination of the precise project 

variables affecting HF endorsement.  

3.5 Respondents’ Risks, Knowledge, Support, and Acceptability of HF  

The public's opinion of HF is affected by a wide variety of factors, including experience in the 

energy industry, support for renewable and non-renewable energy sources, perceptions of the 

economic importance of the technology to the national economy, perceptions of the risks and 

benefits to individuals, general acceptance of HF, etc., as has been shown in other research that 
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links acceptability to induced seismicity (Knoblauch et al., 2019; Lachapelle et al., 2018; 

McComas et al., 2016; Thomas et al., 2017; Lokuge et al., 2023).  

Participants' opinions on whether HF is a suitable method of oil and gas extraction indicate the 

level of tension in the public sphere around the subject. These opinions are influence by several 

factors which shape people's perspectives on the technology and help identify the subset to which 

they belong. From the summary statistics in Table 8 below, about 31.73% of the respondents 

strongly opposed the idea of HF. What is interesting, however, is that more than half (55.76%) of 

the respondents strongly agree or somewhat agree that HF is an acceptable way of extracting oil 

and gas. While only about 44.42% strongly disagree or somewhat disagree with that statement. 

This illustrates that one third of the population that opposes HF fiercely does so while the majority 

of the population still accepts it. A significant amount of the population (11.25%) is neutral on the 

subject. This group has an equal chance of being tipped into either the larger group (HF's lovers) 

or the smaller group (HF's furious opponents). A national survey conducted by Brunner & Axsen 

(2020), found that between 40 and 54 percent of respondents supported oil sands and pipeline 

expansions, while 22 and 34 percent were against them. This suggests that an individual's self-

reported support for HF may signal their membership in a certain subset of the population with 

respect to their views on the technology. 
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Table 8: Risks, Knowledge, Support and Acceptability of HF 

Variable  Description  Sample (n = 1,311) 

(Percentages) 

HF is an Acceptable way of extracting O&G  Strongly Agree  

Somewhat Agree  

Neutral  

Somewhat Disagree  

Strongly Disagree  

Prefer not to say  

28.60 

27.16 

11.25 

12.69 

31.73 

0.08 

Subjective Knowledge of the Energy Industry Very Knowledgeable  

Knowledgeable  

Somewhat Knowledgeable  

Not Knowledgeable at all  

Prefer not to say  

25.72 

32.34 

37.06 

4.38  

0.50 

Support for Different Energy Sources 

Non-renewable Energy (Oil & Gas, Coal, and 

Nuclear)  

 

 

 

 

Renewable Energy (Solar, Wind, and Geothermal) 

 

Strongly Support  

Somewhat Support  

Neutral  

Somewhat Oppose  

Strongly Oppose  

Prefer not to say 

Strongly Support  

Somewhat Support  

Neutral  

Somewhat Oppose  

Strongly Oppose  

Prefer not to say  

 

36.19 

21.89 

10.61 

13.16 

18.01 

0.14 

50.17 

27.10 

11.55 

6.23 

4.86 

0.09 

Riskiness of HF 

 

 

 

 

 

Economic Reliance on Oil & Gas Exploration  

Very Safe  

Somewhat Safe  

Uncertain  

Somewhat Risky  

Very Risky  

Prefer not to say  

Very Safe  

Somewhat Safe  

Uncertain  

Somewhat Risky  

Very Risky  

24.74 

21.42 

7.85 

27.65 

18.09 

0.26 

22.76 

15.77 

7.59 

25.49 

27.79 
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Subjective knowledge about energy issues and the energy industry in western Canada was also 

explored in the study, providing essential context for additional investigations. Even though 

objective knowledge may be preferable in certain circumstances, self-reported knowledge of this 

kind has been employed before (Stedman, et al., 2016), and this gives a sense of how people's 

minds are working on this problem or, at the very least, how well acquainted with it they are, in 

that those who respond "Very Knowledgeable" are likely to have given considerably more thought 

than those who respond "Not Knowledgeable at all" about the energy industry (Boudet et al., 2016; 

Kohut et al., 2012; Lachapelle, 2014). According to the statistics in Table 8, approximately 25.75% 

of respondents stated to be very knowledgeable about the energy industry, while approximately 

32.34% stated to be knowledgeable about the subject, and approximately 37.06% stated to be 

somewhat knowledgeable about the industry. Only a small proportion of 4.38% stated that they 

were not knowledgeable at all about the energy industry. This high level of self-reported 

knowledge about the energy industry is consistent with a cross-national survey conducted in 

Germany and Switzerland (Knoblauch et al., 2019) and the UK, the US, and Canada (Thomas et 

al., 2017; Pidgeon, et al., 2017). However, Tan et al. (2019) reported low levels of knowledge in 

China, and McComas et al. (2016) also reported the same findings in the US. The recent increase 

in media attention to energy systems and debates may have contributed to this high degree of self-

reported knowledge. An individual's understanding of the energy sector significantly shapes their 

Prefer not to say  0.60 

Experience in Energy Industry Yes  

No  

60.79 

39.21 

Trust in Oil and Gas Industry  Very Untrustworthy  

Somewhat Untrustworthy  

Uncertain  

Somewhat Trustworthy  

Very Trustworthy  

16.59 

18.78 

9.90 

35.79 

21.11 
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perspectives on the risks and benefits associated with HF, consequently determining their 

categorization within a particular segment.  

To successfully address current energy challenges and develop resilient economies, governments 

throughout the world have been exploring various energy systems. Over the last decade, both 

renewable and non-renewable energy sources have garnered extensive political attention. This 

paper looked at the level of public support for both conventional (oil & gas, coal, and nuclear) and 

alternative (renewable) energy systems (solar, wind, and geothermal). The statistics in Table 8 

show that about 50.17% of the respondents strongly support renewable energy sources. 27.10% 

somewhat support it, while about 11.55% neither support nor oppose it. Only about 6.23% 

somewhat oppose it, and about 4.86% strongly oppose it. The results also show that about one 

third (36.19%) of the respondents strongly support non-renewable energy sources and about 

21.89% somewhat support them. About 10.61% are neutral on that. However, about 13.16% 

somewhat oppose it, and about 18.01% strongly oppose it. This high level of support for renewable 

energy is not unprecedented. In their survey, Brunner & Axsen (2020) showed that when compared 

to renewable energy and conventional oil, support for oil sands and pipeline projects is lower. In 

contrast, Parkins et al. (2021) demonstrated in their survey that rural landowners are still not 

convinced that renewable energy is the future of the economy in their area. Although renewables 

are becoming more popular, certain studies have shown that natural gas (in and of itself) is still 

preferable over alternative fossil fuels (Thomas et al., 2017). The varying levels of support for 

renewable and non-renewable energy sources may play a determining role in the categorization of 

persons into distinct groups within the population. 

The potential hazards of the HF technology also add an intriguing layer to the discussion. Induced 

seismicity, underground water pollution, economic dependency on oil & gas, GHG emissions, etc., 
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are some of the most prominent dangers cited in the literature (Lokuge et al., 2023). Questions on 

the perceived dangers of the HF technology were posed to respondents. Table 8 shows that about 

46.16% of the respondents felt that HF was very safe (24.74%) or somewhat safe (21.42%), while 

about 45.74% viewed it as being very risky (18.09%) or somewhat risky (27.65%). About 7.85%, 

however, are uncertain about the riskiness of HF. This shows that opinions are evenly divided on 

whether HF activities are dangerous or safe. Previous research has shown that one's level of 

experience may either heighten or decrease one's sensitivity to risk, confirming the theory of social 

amplification of risk (Gunzburger et al., 2017; Kasperson et al., 1988; Renn et al., 1992; Thomas 

et al., 2017; Willits et al., 2016). Brunner & Axsen (2020) reported that Albertans are far less likely 

to report a high level of concern about threats to their health and the environment regarding HF 

activities. Considering studies indicating that physical distance might affect people's willingness 

to take risks, Knoblauch et al. (2019) found that lower perceptions of seismic risk in rural regions 

led to higher acceptance rates than in metropolitan areas. The classification of individuals within 

the population is likely to be influenced by their subjective evaluations of the risks and benefits 

associated with HF. 

Acceptance of energy technology is also affected by one's familiarity with and use of that 

technology (Huijts et al., 2012), but there are conflicting results on whether increased familiarity 

with HF increases support for the technology (Brunner & Axsen, 2020). The statistics in Table 8 

above indicate that about 60.79% of the respondents in the survey have energy-related work 

experience, while the remaining 39.21% do not have any experience in the energy industry. This 

high number of people with energy-related work experience is not surprising, as the western 

provinces of Canada are famous for their rich-energy industries. Those with work-related 

experience in the energy industry may have profited in some way from HF's activities. However, 



111 
 

this raises the possibility that they were exposed to HF dangers on a large scale. The way 

individuals see HF and, by extension, the groups they identify with, will likely be affected by these 

interconnections. 

Energy technologies may become contentious if individuals stop trusting the people in charge 

(Knoblauch et al., 2019). Data on respondents trust in the oil & gas industry shows that about 

21.11% of them perceive the industry to be very trustworthy, while about 35.79% perceive the 

industry to be somewhat trustworthy. However, 16.59% of the respondents perceive the industry 

to be very untrustworthy, and 18.78% perceive it to be somewhat untrustworthy. This implies that 

the majority of the respondents have confidence in the oil & gas industry. There may be subgroups 

within the population that are defined by their support (or lack thereof) for HF operations based 

on their level of trust in the oil and gas industry. 

After discussing the techniques of the survey design, the representativeness of the sample, as well 

as the summary statistics of relevant survey variables, the subsequent sections are structured as 

follows: Section 3.6 presents the econometric model specification of the focus of this paper (the 

latent class model). Section 3.7 discusses the model estimation techniques, the analysis flowchart, 

the selection of the optimal number of classes, and the estimation software. 

3.6 Specification of the LCM  

LCA is used to model people's preferences regarding HF. Specifically, it is as described below: an 

individual (𝑖) receives an indirect utility (U) from rating (relative to other vignette scenarios) a 

vignette scenario (q) equal to 𝑈𝑖𝑞 = 𝑈(𝑄𝑖𝑞), where 𝑄𝑖𝑞 is a vector of the attributes of 𝑞. In this 

framework, utility is split into a deterministic part that is dependent on the characteristics of the 

vignette scenarios and an a-deterministic part that is independent of those characteristics. Thus, 
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𝑈𝑖𝑞 = 𝑉𝑖𝑞 + 𝜀𝑖𝑞 where 𝑉𝑖𝑞 = 𝑓(𝑄𝑖𝑞) is the deterministic part and 𝜀𝑖𝑞 is the error component of the 

utility framework. In this model, individual 𝑖 rates a vignette scenario from a finite set 𝐶 of 

scenarios.  

The probability (𝑃) that scenario 𝑞 is rated high (preferred) is equal to the probability that the 

utility gained from rating this scenario high (preferred) is greater than or equal to the utilities of 

rating other scenarios in 𝐶. The probability of rating scenario 𝑞 high is;  

𝑃𝑖(𝑞) = 𝑃𝑟𝑜𝑏{𝑉𝑖𝑞 + 𝜀𝑖𝑞 ≥ 𝑉𝑖𝑘 + 𝜀𝑖𝑘; 𝑞 ≠ 𝑘, ∀𝑘 ∈ 𝐶}   (1) 

If the random components are considered to be independently distributed Type-I extreme value 

variates, the conditional logit model introduced by McFadden & Zarembka, 1974, can be used to 

estimate these probabilities. To do this, it is assumed that the data is in a standard rectangular file 

format, in which there are multiple responses for each individual 𝑖. The 𝑇𝑖 response variable or 

indicators – which are denoted by 𝑦𝑖𝑡 – appear in 𝑇 columns, 1 ≤ 𝑡 ≤ 𝑇𝑖.  

Exogenous variables, called covariates, are denoted as 𝑧𝑖𝑟
𝑐𝑜𝑣, 1 ≤ 𝑟 ≤ 𝑅, where 𝑅 is the number of 

covariates. In addition to covariates, exogenous indicators that may change across classes are 

included in the regression model to better predict the outcome of the repeated measurement of the 

vignette ratings. These predictors or attributes are denoted by 𝑧𝑖𝑡𝑞
𝑝𝑟𝑒𝑑, 1 ≤ 𝑞 ≤ 𝑄, where 𝑄 is the 

number of vignette attributes.  

Finally, it is assumed that there is a nominal latent variable 𝑥 with 𝐾 classes, 1 ≤ 𝑥 ≤ 𝐾. The 

general model probability structure that defines the relationship between the exogenous, latent, 

and the rating variables is;  

𝑓(𝑦𝑖|𝑧𝑖) = ∑ 𝑃(𝑥|𝐾
𝑥=1 𝑧𝑖)𝑓(𝑦𝑖|𝑥, 𝑧𝑖) = ∑ 𝑃(𝑥|𝐾

𝑥=1 𝑧𝑖)∏ 𝑓(𝑦𝑖𝑡|
𝑇
𝑡=1 𝑥, 𝑧𝑖)  (2) 
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Where 𝑦𝑖𝑡 denote one of the 𝑇 subsets of 𝑦𝑖𝑡. The last part of the model implies that the ratings 

variable 𝑦 belonging to different sets are assumed to be mutually independent given the latent 

exogenous variables:  

𝑓(𝑦𝑖|𝑥, 𝑧𝑖) = ∏ 𝑓(𝑦𝑖𝑡|
𝑇
𝑡=1 𝑥, 𝑧𝑖)   (3) 

Including both predictors and covariates into the model, the probability of giving a particular 

vignette rating is define as:  

𝑓(𝑦𝑖|𝑧𝑖) = ∑ 𝑃(𝑥|𝐾
𝑥=1 𝑧𝑖

𝑐𝑜𝑣)𝑓(𝑦𝑖|𝑥, 𝑧𝑖𝑡
𝑝𝑟𝑒𝑑) = ∑ 𝑃(𝑥|𝐾

𝑥=1 𝑧𝑖
𝑐𝑜𝑣)∏ 𝑓(𝑦𝑖𝑡|

𝑇𝑖
𝑡=1 𝑥, 𝑧𝑖𝑡

𝑝𝑟𝑒𝑑) (4) 

Giving that the rating variable is ordinal, it is assumed to come from a multinomial distribution 

with 𝑀𝑡 entry, where, 1 ≤ 𝑚 ≤ 𝑀𝑡. The adjacent-category ordinal logistic regression model with 

the ordinal rating variable has a distribution:  

𝑃(𝑦𝑖𝑡 = 𝑚|𝑥, 𝑧𝑖) = 𝜋𝑚|𝑡,𝑥,𝑧𝑖
=

exp (𝜂𝑚|𝑥,𝑧𝑖

𝑡 )

∑ exp (𝜂
𝑚′|𝑥,𝑧𝑖

𝑡 )𝑚′=1

   (5) 

Here, 𝜋𝑚|𝑡,𝑥,𝑧𝑖
 is the probability of giving rating 𝑚 given 𝑥 and 𝑧𝑖. 𝜂𝑚|𝑥,𝑧𝑖

𝑡  denotes the linear term 

that is restricted by the regression model to yield a multivariate logistic model.  

𝜂𝑚|𝑥,𝑧𝑖

𝑡 = 𝛽𝑚0
𝑡 + 𝛽𝑥0

𝑡 ∙ 𝑦𝑚𝑡
𝑡∗ + ∑ 𝛽𝑟

𝑡 ∙ 𝑦𝑚𝑡
𝑡∗ ∙ 𝑧𝑖𝑟

𝑐𝑜𝑣𝑅
𝑟=1     (6) 

Where 𝑦𝑚𝑡
𝑡∗  is the rating assigned to category 𝑚𝑡 of the 𝑡th indicator.  

Estimation of the parameters is done via maximum likelihood, which estimates the LC ordinal 

logit model with random effects. The econometric model estimated is specified as;  

𝑙𝑜𝑔 [
𝑃(𝑌𝑖𝑡=𝑚|𝑥)

𝑃(𝑌𝑖𝑡=𝑚−1|𝑥)
] = 𝑎𝑖𝑚 + ∑ 𝛽𝑥𝑞𝑧𝑡𝑞

6
𝑞=1    (7) 
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Evidently, this is a regression model for the logit associated with giving a rating 𝑚 instead of 𝑚 −

1 for vignette scenario 𝑞 conditional on membership of latent class 𝑥, for 𝑥 = 1,2, … , 𝐾. With this 

specification, 𝑎𝑖𝑚 is the intercept, which is allowed to vary across individuals. The 

parameterization used is 𝑎𝑖𝑚 = 𝑎𝑚 + 𝜆𝐹𝑖, where 𝐹𝑖 is normally distributed continuous factor (C-

Factor score for the 𝑖th individual), which has a mean zero and variance 1, and 𝜆 is a factor loading 

(Goldstein, 2007; Magidson & Vermunt, 2007; McFadden & Train, 2000; Skrondal & Rabe-

Hesketh, 2004; Vermunt, 1994, 2014; Vermunt & Magidson, 2016; Weller et al., 2020). Equation 

7 above becomes;  

𝑙𝑜𝑔 [
𝑃(𝑌𝑖𝑡=𝑚|𝑥)

𝑃(𝑌𝑖𝑡=𝑚−1|𝑥)
] = 𝑎𝑚 + 𝜆𝐹𝑖 + ∑ 𝛽𝑥𝑞𝑧𝑡𝑞

6
𝑞=1    (8) 

Where 𝑧𝑡𝑞 denotes the value for attribute 𝑡 for vignette scenario 𝑞, and 𝛽𝑥𝑞 is the effect of the 𝑡𝑡ℎ 

attribute (and other respondent variables/socio-demographics) for the latent class 𝑥. 

3.7 Estimation Techniques  

The research assumes that people's preferences for HF activities are influenced by a variety of 

underlying characteristics. Individuals’ preference heterogeneity enables them to be grouped into 

classes (LCM), with marginal utility characteristics that change depending on their class 

membership (Boyle, 2017; Greene & Hensher, 2003; Scarpa et al., 2009). Random Parameters 

Logit (RPL) and the LCM can be used for such analysis in the sense that they allow for preference 

heterogeneity and remove the Independence of Irrelevant Alternatives assumption. Whereas the 

LCM assumes a limited mixture of preferences, the RPL posits that the utility of choice is 

continuously variable (Hess & Train, 2017). As a result, the LCM is used in this work since it not 

only allows for preference heterogeneity but also provides a more parsimonious method of 

modelling preference heterogeneity (Johnston et al., 2017). In addition, since the goal is to identify 
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any patterns in people's preferences for HF operations, categorising them into distinct groups might 

give more useful and comprehensible information for policymakers. Based on respondents' stated 

preferences over attribute values and socio-demographic variables, the LCM model classifies them 

into subgroups.  

The ideal number of classes was determined as follows: A combination of the Bayesian 

Information Criterion (BIC), the Akaike Information Criterion (AIC), entropy, theoretical 

interpretation, and the log-likelihood (LL) model performance statistics were used since there is 

no specific statistical test to help guide the selection of the number of classes (Khan et al., 2021; 

McCutcheon, 2011; Nylund et al., 2007; Weller et al., 2020).  
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One to seven classes of models with the same specification were estimated in the analysis. An 

ordered logit random intercept LCM was estimated by using Latent GOLD 6.0, assuming that 

individuals with identical underlying characteristics are placed in the same subgroups. 

Respondents’ socio-demographic variables and energy-related survey variations were added to the 

base model as active covariates. LC solutions with active covariates may differ somewhat from 

those without active covariates because "active" covariates not only define the structural model 

but also has effects on the measurement model (as shown in Figure 11 above) (Vermunt et al., 

2016). Figure 11 above shows a path diagram of the complete LCM. Four socio-demographic 

variables (age, gender, education, and place of residence) as well as eight energy-related survey 

variables (HF acceptance, HF concerns, HF risks, energy experience, support for renewable 

energy, trust in oil and gas industry, economic reliance risks, and perceptions of the economic 

importance of HF) were also used as covariates (or class defining variables). 

4.0 Results  

At both the exploratory and confirmatory stages of the analysis, the fit of an LC-ordered logit 

model with random effects for 1–7 classes was checked using only the vignette attributes as 

independent variables (measurement model only). As there is no agreement on what fit statistics 

should be used when selecting a final model, the BIC, AIC, entropy, and theoretical interpretability 

were referred to (Nylund et al., 2007; Nylund-Gibson et al., 2022; Weller et al., 2020).  
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Figure 12: Optimal Number of Classes Using the AIC/BIC Criteria 

The models and their respective fit statistics are shown in Table 9. Overall, the observed statistics, 

interpretability, and distinction between classes all favour the four-class model as the best fit. The 

BIC values continue to drop for more sophisticated solutions, but the narrowing gap between 

models with more than four classes indicates the presence of an elbow point (Figure 12), and hence, 

a good enough fit for the 4-class model. With LCMs, Muthén (2004) suggests entropy values 

greater than 0.7, as greater entropy indicates more clearly differentiated classes. The four-class 

model has an entropy of 0.91, which signifies a sufficient distinction between the classes. The 

subsequent analyses were based on the four-class model identified. 
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Table 9: LC models and fit indices 

 

Note: LL=Log-likelihood, BIC=Bayesian information criterion, AIC=Akaike’s information criterion, L2=likelihood ratio df=degrees 

freedom, VLMR=Vuong-Lo-Mendell-Rubin likelihood ratio. Bold indicates the selected model.  

No. of Classes LL BIC(LL) AIC(LL) L² df p-value VLMR Entropy R² 

1-Class Model -16533.3 33238.8756 33114.5905 33063.8179 1287 0.000  1 0.0736 

2-Class Model -14231.4 28814.5052 28560.7565 28459.9839 1262 0.000 4603.8341 0.9232 0.6789 

3-Class Model -13185.7 26902.6445 26519.4321 26368.6595 1237 0.000 2091.3244 0.917 0.7608 

4-Class Model -12725.7 26162.0584 25649.3824 25448.6098 1212 0.000 920.0497 0.9077 0.7839 

5-Class Model -12453 25796.1247 25153.985 24903.2124 1187 0.000 545.3973 0.8942 0.8011 

6-Class Model -12263.2 25596.0208 24824.4175 24523.6449 1162 0.000 379.5675 0.8914 0.8057 

7-Class Model -12105.7 25460.5232 24559.4563 24208.6837 1137 0.000 314.9613 0.8906 0.8111 
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4.1 Class Properties and Mean Vignette Ratings  

The results obtained from the estimation of the LCMs indicate the presence of four statistically 

distinct classes or groups of respondents, characterised by their indicated support (ratings) for 

hypothetical HF projects. From Table 10, the three different specifications (attributes only model 

– model 1, attributes with socio-demographics as covariates - model 2, and attributes with survey 

variables as covariates – model 3) of the four-class model show that the LCs accurately predicted 

the respondents’ class memberships with an entropy of 91% and 92%. The entropies of the models 

demonstrate robustness, as they exhibit significantly distinct and consistent mean ratings of HF 

vignette scenarios.  

Table 10: Posterior mean ratings and class sizes 

 Class 1 Class 2 Class 3 Class 4 Entropy 

 Mean Size Mean Size Mean Size Mean Size  

Model 1 3.82 28.28% 0.50 25.13% 8.77 24.19% 7.06 22.40% 0.91 

Model 2 3.80 28.02% 0.50 25.03% 8.75 24.30% 7.05 22.65% 0.91 

Model 3 3.81 29.23% 0.47 24.61% 8.75 24.22% 7.10 21.94% 0.92 

 

The different classes were assigned traffic-light-style labels based on their distinct average support 

ratings of vignette scenarios across classes. The colour "green" was given to Class 3, which had 

the highest mean rating (8.76 out of 10) and accounted for 24.24% of the respondents. Class 4, 

described as "yellow," has the second highest mean rating with an average rating of 7.07 and 

accounts for 22.33% of the respondents. Class 1 labelled “orange,” contains 28.51% of the 

respondents with a mean rating of 3.81. Class 2, classified as "red," carries the lowest average 
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rating of 0.49 and is represented by 24.92% of the total respondents. The classes exhibit significant 

variations in their average support ratings of proposed HF development scenarios in western 

Canada. This necessitates conducting an LCA to investigate the causes of these differences. The 

attributes of the HF scenarios, respondents’ socio-demographic variables, and other energy-related 

survey variables are used as predictors and class-defining variables to investigate this. 

4.2 Results of LCM with only Vignette Attributes  

Table 11 below shows the results of the LC base model (attributes only model). The Wald (=) 

statistic indicates that the differences in the vignette attributes across the four classes are 

statistically significant at 5% except for the attribute truck traffic and seismicity. This suggests that 

the four groups have distinct sensitivities to certain project attribute levels. Figure 13 below shows 

the sensitivity of the various classes to the different vignette attributes (which attributes matter 

most to which class). While Table 11 highlights the magnitude and signs of the attribute levels (the 

likelihood of giving a particular vignette rating or direction of rating). We therefore refer to both 

Figure 13 and Table 11 concurrently to provide insights and interpretations in the discussion. 

 

Figure 13: Vignette attributes importance plot 
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Table 11: Results of LCM with vignette attributes as predictors (base model)  

Attributes 
Orange  

(Class 1) 

Red  

(Class 2) 

Green 

(Class 3) 

Yellow 

(Class 4) 
Wald (=) p-value 

Proximity        

less than 3 km -0.1754*** -0.1962*** -0.0214* -0.1568*** 61.8959 0.000 

between 3 and 15 km -0.0075 -0.0415 -0.0164 0.0031   

over 15 km 0.1829*** 0.2376*** 0.0377** 0.1537***   

Truck Traffic        

up to 10 0.037** 0.0298 0.0291** 0.024 6.4654 0.37 

10-50 -0.0083 -0.0751** -0.0059 -0.0149   

over 50 -0.0286** 0.0453* -0.0232* -0.0091   

Operation Time       

between 8 am and 8 pm 0.0635*** 0.0911*** 0.0272** 0.0553*** 8.1111 0.044 

at all hours of the day -0.0635*** -0.0911*** -0.0272** -0.0553***   

Community Consultation        

community not informed of 

plans 

-0.1938*** -0.1751*** -0.0911*** -0.223*** 
21.6896 0.0099 

community informed of 

plans 

0.028* 0.0398 0.0213 0.0675**   

directly affected landowners 

consulted during planning 

0.0475** 0.0289 0.0154 0.0446*   

full two-way consultation 0.1183*** 0.1064*** 0.0544** 0.1109***   

Economic Benefits        

no financial benefits -0.2764*** -0.2406*** -0.1507*** -0.3253*** 43.2535 0.000 

preferential use of local 

services and employees 

0.0817*** 0.0361 0.0411** 0.1404***   

donating community grants 

ranging from $10k to $25k 

annually 

0.0143 -0.0094 0.0379** 0.024 
  

donating fully funded 

community projects 

0.1803*** 0.2139*** 0.0716*** 0.1609***   

Seismicity        

None-existent 0.2001*** 0.2027*** 0.1181*** 0.1656*** 14.0591 0.12 

too small to be felt 0.1437*** 0.1755*** 0.1296*** 0.1703***   

persistent and repeating, but 

too small to cause structural  
-0.0216 -0.0567 0.0069 0.0091   

infrequent, but large enough 

to potentially cause moderate 

damages  

-0.3222*** -0.3215*** -0.2546*** -0.345***   

Intercept 0.127** 0.0087 -0.0295 -0.1061** 6.7327 0.081 

*p-value ≤ 0.1, ** p-value ≤ 0.05 and *** p-value ≤ 0.01 
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Economic benefits, which raise issues of fairness and are intimately related to distributive justice, 

are an important factor in determining whether or not new energy technologies are accepted 

(Parkins et al., 2021). Figure 13 above shows that class 4 (the yellow class) places so much 

importance on the economic benefits of HF as compared to the other three segments of the 

population. The results in Table 11 above show that an HF project with no financial benefits to the 

local community within which it operates negatively affects HF project support across all four 

segments of the population. The class 4 (yellow) and class 2 are the most sensitive to this level of 

the economic benefits attribute. When an HF project gives preference to local services and 

workers, it gains support from class 3 (green), 4 (yellow), and 1 (orange) segments of the 

population but has no effect on class 2 (red). However, donating community grants ranging from 

$10k to $25k annually and/or donating fully funded community projects, will garner more support 

across all four classes, with class 2 (the red class) giving relatively the highest support. This result 

may be explained by the work of Tan et al. (2019), who observed that individuals who receive 

little or no financial benefits turn to perceive higher risks from HF. Brunner & Axsen (2020) noted 

significantly higher perceptions of economic benefits among respondents in Alberta. Our findings, 

however, suggest that the class 3 (green) and the class 4 (yellow) constitute less than half (46.57%) 

of the respondents. While there is debate in academic literature regarding the ethical implications 

of providing direct financial compensation to individuals impacted by a project (Aitken, 2010; 

Kerr et al., 2017), our findings indicate that the implementation of well-designed community 

projects and other forms of community benefits, as part of a company's corporate and social 

responsibilities, are crucial for garnering local community support and acceptance. 

Regarding the perceptions of induced seismicity by HF, there is an interesting dynamic across the 

four segments of the population. As shown in Figure 13 above, class 3 (the green class) is the most 
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sensitive to the induced seismicity attribute, while class 2 (the red class) is the least sensitive. Even 

though there is a negative correlation between HF rating and induced seismicity, the people who 

worry the most about this issue are the ones who adore HF the most. From Table 11 above, an HF 

project with no possibility of induced seismicity has a positive effect on the project rating across 

all segments of the population. A project that has the possibility of causing seismicity that is too 

small to be felt on the surface of the earth is still acceptable to all four segments of the population. 

What is intriguing, however, is that the red class (class 2) and the yellow class (class 4) find it 

more acceptable than the green class (class 3) and the orange class (class 1). Induced seismicity 

that is infrequent but large enough to potentially cause moderate damages has a negative impact 

on the HF rating across all four classes, with the class 4 (yellow) and class 1 (orange) being more 

sensitive than the class 3 (green) and class 2 (red) segments of the population. This confirms the 

findings of Knoblauch et al. (2019) and McComas et al. 2016 who found more negative reactions 

to induced seismicity related to energy development than earthquakes caused by natural causes. 

An analysis by Lokuge et al. (2023) noted that despite the clear polarisation around HF (and fossil 

energy in general) among respondents, the fear of HF-induced earthquakes, which grows at the 

suggestion of any damages, no matter how improbable they might be, is a major unifying factor 

standing in the way of HF acceptance in western Canada. Our result reveals that avoiding and/or 

managing the risks of induced seismicity is paramount for individuals across all segments of the 

population.  

The community engagement and consultation attribute highlight the distinction between the four 

segments of the population in their preferences for HF. While all four classes value consulting 

their local communities and relevant stakeholders, there is a difference in the magnitude of their 

sensitivities. From Figure 13 above, we observe that class 4 (yellow) is highly sensitive to this 
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attribute as compared to the other three classes. From Table 11 above we observe that all four 

segments are severely affected by HF's lack of communication on its goals and activities, although 

class 4 (yellow) and class 1 (orange) are the most vocal in their opposition. Informing the local 

community about the HF project plan and directly consulting affected landowners increases the 

HF rating for those in class 1 (orange) and class 4 (yellow). The class 3 (green) and class 2 (red), 

however, are not affected by these two levels of engagement. Similarly, a full two-way 

consultation positively impacts HF rating across the four classes, but the class 4 (yellow) and class 

1 (orange) are more attuned to this kind of community involvement. These results confirm the 

findings of Lienhoop (2018) and Parkins et al. (2021) who found a positive relationship between 

effective community engagement and the acceptance of energy technologies. This suggest that 

actively involving local community members and establishing a full two-way consultation as an 

integral part of the planning and implementation process for an HF project is essential to ensuring 

public support for that project. 

From Table 11, with the proximity attribute, it is observed that all four classes have a negative 

reaction if an HF project is less than 3 km from their place of residence. However, the class 1 

(orange) and class 2 (red) are more sensitive to this attribute as compared to class 3 (green) and 

class 4 (yellow). All four classes, however, are passive when the HF project is between 3 and 15 

km from their place of residence. But we observe a positive HF project scenario rating across all 

four classes if the HF project is more than 15 kilometres from residential areas. It is also worth 

noting that class 2 (red) has the highest probability of giving a positive rating when the HF project 

is situated at a distance more than 15 km from the individual's residence. This attribute is related 

to the NIMBYism phenomenon, which is extensively discussed in the energy and environmental 

management literature. Yet insights from the published literature are nuanced and multifaceted. 
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While Liebe & Dobers (2019) found a negative association between NIMBY beliefs and the 

acceptance of wind power and biogas plants, Parkins et al. (2021), on the other hand, observed a 

positive relationship between location and acceptance of wind power plants. In their research, 

McLaughlin & Cutts (2018) noted that whereas few object to drilling in remote areas, public 

opinion favours keeping HF in places already zoned to prevent unnecessary risks. Our results 

suggest that an HF project of over 15 km away from residential areas may be sufficient to 

positively influence public support for HF activities in their localities.  

The attribute “operational time” within normal working hours (8 a.m. to 8 p.m.) has a positive 

effect on HF rating (Table 11) across all four segments of the populations, only varying in 

sensitivity (Figure 13 above). However, operating during all hours of the day (day and night) 

negatively impacts the HF project’s rating across all four segments of the population (holding all 

other variables constant). In terms of magnitude, the class 2 (red) and class 1 (orange) are highly 

sensitive to operational hours as compared to class 3 (green) and class 4 (yellow), with class 1 

(orange) being on top of the list. A recent report by Mccleary & Coupe (2022)  asserts that residents 

near HF sites complain that activities at those sites keep them up at night. This discomfort may 

explain why all four segments of the population respond negatively to daytime and night-time HF 

operations.  

Finally, truck traffic in the local community in which the HF project operates is statistically 

significant in explaining the HF project scenario rating but there is no statistically significant 

difference across the four segments of the population. Figure 13 above illustrates that class 2 (the 

red) is the most sensitive to this attribute. Specifically, from Table 11 above, an HF project with 

up to ten trucks has a positive effect on the project rating across the class 3 (green) and class 1 

(orange) segments of the population. The class 2 (red) segment of the population has less support 
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for HF when there are ten to fifty trucks on the road. But it is only after the number of trucks 

increases to over fifty that the class 3 (green) and class 1 (orange) become less supportive of HF. 

The yellow class (class 4), however, is not sensitive to any level of the truck traffic attribute. The 

local effects of HF, such as traffic and noise, are often given little consideration (Thomas et al., 

2017), which may explain why there is no distinction across the four classes in their sensitivity to 

truck traffic. However, a decreased support as a result of the increased number of trucks on the 

road were reported by Anderson & Theodori (2009) and Wynveen (2011), that individuals living 

near HF sites usually express worry about high rate of traffic accidents. According to Holeczek, 

(2019) and O’Connor & Fredericks, (2018), other variables that contribute to the negative 

perceptions of HF include noise and dust pollution resulting from truck traffic, as well as potential 

damage to local road infrastructure. The findings of our study suggest that the implementation of 

measures aimed at decreasing and streamlining the number of trucks involved in an HF project is 

likely to enhance the level of endorsement for such project.  

The current analysis provides valuable insights into the varying class profiles in relation to their 

support for HF and their evaluations of HF-induced seismicity risks, as well as other project 

attributes that hold significant importance to them. However, for the purpose of informing policy 

decisions, it would be beneficial to gain a comprehensive understanding of the individuals 

comprising each segment of the population and their respective perceptions of HF. As a result, we 

extend the analysis to include the socio-demographic characteristics of respondents and other 

survey factors as determinants of classes.  
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4.3 LC Memberships Based on Socio-demographics and Survey Variables 

Respondents’ socio-demographic variables and energy-related survey variables were added to the 

attributes only model (base model) as class determining variables (covariates). The results from 

these two models (Appendix: Table 16 and Table 17) indicate that there is no statistically 

significant variation in the attributes coefficients from the outcomes of the base model. This 

suggests that the LC solutions are robust. The Wald (=) statistics indicate that all six attributes, 

except truck traffic, are statistically significantly different across the four segments of the 

populations. All the covariates included in the model are statistically significant in predicting 

individuals class memberships and are also significantly different across all four classes (except 

economic reliance risks). Since the coefficients for the covariates in those models are likelihood 

ratios, we turn to Table 12 to discuss their marginal effects. 
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Table 12: LC Membership Base on Socio-demographics and Survey Variables 

Dep. variable: class memberships  

Covariates  

 Marginal Effects (probabilities)   

Class 1  SE Class 2 SE Class 3 SE Class 4 SE 

Attributes + socio-demographics         

Age  -0.0146 0.00982 -0.0079 0.0094 -0.0023 0.00913 0.0248*** 0.00899 

Gender  -0.0628** 0.02944 -0.1338*** 0.02763 0.1653*** 0.02864 0.0313 0.02797 

Urban  0.0854*** 0.03054 -0.0107 0.02853 -0.0803*** 0.02795 0.0055 0.02809 

Post Sec.  -0.0321 0.04497 0.0924** 0.03633 -0.0677 0.04373 0.0074 0.04089 

Attributes + survey variables         

Energy experience -0.1090*** 0.0413 -0.0296 0.02072 0.0514*** 0.01778 0.0873** 0.03937 

HF Concerns  0.0126*** 0.00299 0.0058*** 0.00143 -0.0097*** 0.0017 -0.0087*** 0.00285 

HF Acceptance -0.07548*** 0.02248 -0.0628*** 0.01268 0.0477*** 0.00995 0.0905*** 0.0214 

HF Risk 0.0466** 0.02116 0.0639*** 0.01214 -0.0512*** 0.01027 -0.0593*** 0.01959 

Renewable Energy Support of HF 0.0411*** 0.01429 -0.0016 0.00828 -0.0075 0.00493 -0.0320** 0.01263 

Economic Importance -0.0375** 0.01851 -0.0277*** 0.00842 0.0154* 0.00824 0.0450*** 0.01826 

Industrial Trust  -0.0051 -0.01135 -0.0287*** 0.00612 0.0131*** 0.00495 0.0207* 0.01062 

Economic Reliance Risks on HF 0.0162 0.01619 0.0059 0.00913 -0.0085 0.00641 -0.0136 0.01487 

Number of obs                                                

LR chi2(24)                                                     

Prob > chi2    

Log likelihood  

Pseudo R2      

1,133 

1159.06 

0.0000 

-988.00332 

0.3697 

       

SE = Standard errors, *p-value ≤ 0.1, ** p-value ≤ 0.05 and *** p-value ≤ 0.01 
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The results in Table 12 show that gender plays a vital role in individuals’ perceptions of HF. The 

results show that male respondents are 16.53% more likely to be in class 3 (green) and 13.38% 

less likely to be in class 2 (red) as compared to their female counterparts. Also, male respondents 

are 6.28% less likely to be in class 1 (orange) as compared to their female counterparts. 71.11% of 

those in class 3 (green) are males, while 57.82% of those in class 2 (red) are females (Appendix: 

Table 15). The predominance of men in the western Canadian energy workforce may potentially 

explain their overwhelming representation in class 3 (green). A similar line of research by Jacquet 

(2012) also noted that females have negative reactions towards natural gas drilling. Mooney et al. 

(2022) and Truong et al. (2019) also noted that females have less support for HF as compared to 

men. Our results suggest that endeavours aimed towards enhancing support for HF (as well as non-

renewable energy sources) should prioritise the female demographic, while initiatives aimed at 

bolstering support for renewable energy (clean energy sources) should focus on engaging the male 

demographic. 

The findings in Table 12 above demonstrate that a person's likelihood of being in class 4 (the 

yellow class) rises by 2.48% for every decade of life. 69.1% (Appendix: Table 15) of the 

individuals in this class are between the ages of 35 and 75 years. This finding is consistent with 

Gunzburger et al.’s (2017) observation that people between the ages of 46 and 80 are more likely 

to prefer the health and economic benefits of unconventional gas extraction.  

The results in Table 12 above also show individual’s level of education is negatively associated 

with support for HF. Specifically, respondents with post-secondary education or higher are 9.24% 

more likely to be in class 2 (red). 91.58% of those in the red class have post-secondary education. 

Studies by Boudet et al. (2014) and Jacquet, (2012) also found negative relationships between level 

of education and support for HF. This suggests that those with higher levels of education may be 
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more aware of environmental issues and hence less inclined to support actions that might have 

negative consequences for the environment. 

Finally, an individual’s place of residence is also associated with support for HF. The results in 

Table 12 above reveal that individuals living in urban areas are 8.03% less likely to be in class 3 

(HF lovers) and 8.54% more likely to be in class 1 (orange) as compared to individuals living in 

rural areas. 65.10% of those in class 1 (orange) live in urban areas, while 48.08% of those in class 

3 (green) live in rural areas (Appendix: Table 15). This does not come as a surprise, as most HF 

activities are closer to rural areas than urban areas. As a result, residents in those areas are more 

likely to benefit economically from HF activities, such as compensation and employment, 

justifying their support for HF. Similarly, Knoblauch et al. (2019) noted that those in rural areas 

have lower perceptions of HF-induced seismic risks and by extension high support for HF (Lokuge 

et al., 2023). 

Regarding the energy-related survey variables, the results in Table 12 indicate that individuals with 

high experience in the energy industry are more likely to be in class 3 (green) and class 4 (yellow) 

but less likely to be in class 1 (orange class). Specifically, an increase in experience in the energy 

industry increases the probability of being in class 3 (green) by 5.14% and class 4 (yellow) by 

8.73%. However, an increase in energy experience decreases the probability of being in class 1 

(the orange) by 10.9%. This implies that experience in the energy industry is positively correlated 

with being in class 3 (green) or a member of class 1 (orange). Huijts et al. (2012)  noted a positive 

relationship between working in the oil and gas industry and support for HF. Brunner & Axsen, 

(2020), however, observed conflicting results. Our results suggest that the impact of energy-related 

work experience on support for HF varies depending on the specific segment of the population a 

person belongs. 
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Respondents who regard HF as an acceptable means of oil and gas extraction are more likely to be 

in class 3 (green) and class 4 (yellow) but less likely to be in class 1 (orange) and class 2 (red). 

Specifically, an increase in an individual’s perception of the acceptability of HF as a means of oil 

and gas extraction increases their likelihood of being in class 3 (green) by 4.77% and in class 4 

(yellow) by 9.05%. However, an increase in HF acceptance decreases the probability of being in 

class 1 (orange) by 7.55% and class 2 (red) by 6.28%. Similarly, respondents who expressed high 

concerns about the negative impacts of HF are more likely to be in class 2 (red) and class 1 (orange) 

but less likely to be in class 3 (green) and class 4 (yellow). An increase in an individual’s concern 

about HF decreases their probability of being in the green class (class 3) by 0.97% and in the 

yellow class (class 4) by 0.87%. However, increases in concern increase the likelihood of being in 

the orange class (class 1) by 1.26% and in the red class (class 2) by 0.58%. Observations in the 

literature (Drummond & Grubert, 2017; Evensen et al., 2022; Lokuge et al., 2023) may be 

explained, at least in part, by the fact that people of different socioeconomic backgrounds have 

different degrees of worry about HF and hence different levels of support for it. 

Furthermore, individuals who perceive HF as a very risky venture are more likely to be in class 2 

(red) and class 1 (orange) segments of the population but less likely to be in class 3 (green) and 

class 1 (yellow). Specifically, an increase in an individual’s risk perceptions of HF increases the 

probability of being in the red class (class 2) by 6.39% and in the orange class (class 1) by 4.66%. 

However, an increase in HF risk perceptions decreases the probability of being in the green class 

(class 3) by 5.12% and in the yellow class (class 4) by 5.93%. Similarly, the orange (class 1) 

socioeconomic class, which is characterised by its strong pro-clean energy position, is positively 

related to support for renewable energy. Thus, an increase in support for renewable energy 

increases the probability of an individual being in class 1 (orange) by 4.11% but decreases the 
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probability of being in the yellow class (class 4) by 3.20%. As noted by Brunner & Axsen, (2020) 

and Thomas et al. (2017), when compared to renewable energy sources, non-renewable energy 

sources have lower support. Our results reveal that support for HF activities is inversely correlated 

with support for renewable energy sources, with variations seen across different segments of the 

population. 

People's views on how important HF is to the national economy are linked to their support for HF. 

An increase in an individual’s perception about the economic importance of HF increases the 

probability of being in class 3 (green) by 1.54% and in class 4 (yellow) by 4.50%. However, it 

decreases the probability of being in class 1 (orange) by 3.75% and in class 2 (red) by 2.77%. 

Finally, on the energy-related covariates, trust in the oil and gas industry is positively associated 

with support for HF activities. Specifically, an increase in an individual’s trust in the energy 

industry increases the probability of being in the green class (class 3) by 1.31% and in the yellow 

class (class 4) by 2.07%. However, an increase in a person’s trust in the industry decreases the 

probability of being in class 2 (red) by 2.87%. Knoblauch et al. (2019) noted a positive relationship 

between trust in the energy industry and support for energy technologies. However, after 

controlling for several HF project features, Lokuge et al. (2023) did not find any significant relation 

between the two. Our findings indicate that the influence of confidence in the oil and gas industry 

on the level of support for HF varies depending on the specific segment of the population a person 

belongs to. To better highlight the distinctions and profiles of the various classes, insights were 

drawn from all three models to provide additional class descriptions (aliases) for the various 

classes. Class 1 (orange) was described as the clean energy group, class 2 (red) as HF protesters, 

class 3 (green) as HF lovers, and class 4 (yellow) as the benefits group. 
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This analysis suggests that HF advocates (green) are more likely to be males in rural areas who 

have high experience in the energy industry, perceive HF as an acceptable means of oil and gas 

extraction, are less worried about the negative effects of HF, consider it to be less dangerous, and 

have a high level of trust in the oil and gas industry. Protesters of HF (red), on the other hand, are 

more likely to be highly educated females who are very concerned about the negative impacts of 

HF, see it as a bad means of oil and gas extraction that is not important to the national economy, 

and have less trust in the oil and gas industry. Individuals in the benefits (yellow) class are more 

likely to be old, very experienced in the energy industry, have less concern about HF’s negative 

impacts, see it as an acceptable means of oil and gas extraction that is less risky and economically 

important, and have a high level of trust in the oil and gas industry. Finally, the orange class (clean 

energy) consists of individuals who are more likely to be females in urban areas, have less 

experience in the oil and gas industry, are very concerned about the negative impacts of HF, see it 

as a terrible means of oil and gas extraction that is risky and not important to the national economy, 

and have staunch support for renewable energy sources. 

5.0 Conclusion and Policy Implications 

The heterogeneity in public perceptions of HF is not surprising considering the contradictory 

evidence of those perceptions in the literature. However, it appears that the majority of the people 

are willing to at least accept some form of HF development in their local communities. The four 

distinct segments of the population identified in this study provide insights into the contradictory 

evidence of HF acceptance. Across the latent classes, economic benefits to the community, citizen 

consultation on HF, proximity, and the likelihood and severity of HF-induced seismicity had the 

largest effects on individuals’ support ratings of proposed HF projects. 
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 Despite indicating the highest support for HF, the green (HF lovers) class has a strong sensitivity 

to the risks of HF-induced earthquakes relative to the other classes. The yellow (benefits) class is 

characterised by its concern for their community’s economic benefits and transparent public 

consultations as part of the planning of HF projects in their local communities. Similarly, the 

orange (clean energy) class rating of HF scenarios hinges on proximity (NIMBY), community 

consultation, and HF-induced earthquake risks. Surprisingly, despite their rejection of many forms 

of HF, members of the red class were the least sensitive to the idea of HF-induced earthquakes.  

Other survey-based class-defining variables indicate that proponents of HF are more likely to be 

men living in rural areas who have a high level of education and knowledge about the energy 

sector, who view HF as a viable method for extracting oil and gas, who worry less about the 

potential negative consequences of HF, who view it as less dangerous, and who have a great deal 

of faith in the oil and gas industry. Conversely, HF protesters tend to be college-educated women 

who are particularly worried about the negative effects of HF, see HF as a lousy method of oil and 

gas production that is not crucial to the national economy, and have less faith in the oil and gas 

sector. People who fall into the "benefits" (yellow) segment tend to be older and more seasoned 

energy workers who are less worried about HF's negative effects, and who view it as a reasonable 

method of oil and gas extraction because it is less risky and economically significant, and who 

have a great deal of faith in the oil and gas industry. Finally, the orange class (clean energy) is 

made up of urban women with less oil and gas industry experience who are deeply concerned 

about HF's negative effects, view it as a risky and unnecessary method of extracting oil and gas, 

and are instead committed to developing renewable sources of energy. 

Proximity, procedural and distributive justice concerns, as well as concerns about induced 

seismicity, have been repeatedly identified by scholars as significant, interrelated, and long-lasting 
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determinants of HF support (Chewinski et al., 2023; Hoen et al., 2019; Lokuge et al., 2023; Walker 

& Baxter, 2017). Our contribution to the existing literature involves the identification and 

characterization of four distinctive groups of individuals who exhibit different levels of worry 

about seismicity, proximity, compensation, and justice-related problems in the context of 

hypothetical HF project development. It is suggested that variations in support for essential 

attributes of HF projects may be influenced by distinct concerns pertaining to seismicity, pollution, 

lack of confidence in the oil and gas industry, considerations about community benefits and 

proximity of HF project development. The findings of our LCA indicate that people do not form a 

homogeneous group. Instead, they are motivated by distinct issues that lawmakers and HF project 

developers must consider. Our study of public perceptions of HF in western Canada highlighted 

the need to recognise the diversity of opinions among the population. Despite this diversity, the 

majority of our sample is mostly in agreement on the growth of HF in the region. Within the 

various classes, however, there is a consistent and unanimous rejection of HF project scenarios 

that include characteristics such as the potential to induce seismic activity, lack of compensation, 

and absence of consultation. 

These results offer compelling evidence for individuals’ heterogeneity in their preferences for 

energy technologies (HF). This also provides a plausible rationale for the debates in the literature 

on the public's perceptions of HF. This study is among the first in the economics literature to use 

LCA of vignette ratings instead of the traditional stated preference techniques to explore the 

heterogeneity of individuals’ preferences for HF. This research provides a starting point for 

thinking about how to accommodate the diversity of opinions around HF as we design the energy 

infrastructure of the future. 
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Of course, more research is needed to confirm the evidence presented here. Our study could not 

explore the marginal effects of the vignette attributes, which will provide more information about 

the sensitivity of the various classes to those attributes. It is, therefore, important to use care while 

interpreting the outcomes of the vignette. The findings presented in this study are subject to other 

several constraints, mostly stemming from the wide geographic distribution of our survey 

participants, who are spread across a province of considerable size. Although the scenarios were 

evaluated uniformly, it is important to note that the respondents were geographically dispersed and 

may possess traits that extend beyond the scope of this study. In addition, it is worth noting that 

while participants in our study expressed acceptance towards certain hypothetical designs of 

HF projects, it is important to acknowledge that the process of siting and approving HF projects in 

Canada is progressively intricate and regulated. This is, however, a useful start for the empirical 

application of LCA to vignette experiments. 
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Appendices   

Table 13: Results of the random effects model without extreme ratings  

 Without Without all 

Variables _ Protest ratings  Extremes 

Implementation   

gov't-industry partnership  0.091 

(0.060) 
0.131** 
(0.065) 

fed gov't  0.087 

(0.060) 
0.115* 
(0.065) 

Proximity   

between 50 km and 100 km 0.107* 

(0.060) 
0.147** 
(0.063) 

more than 100 km  0.184*** 

(0.059) 
0.249*** 

(0.066) 

Capacity   

10% of hh emissions  -0.020 

(0.058) 
-0.025 
(0.064) 

20% of hh emissions  0.052 

(0.061) 
0.012 
(0.064) 

Source   

domestic and the Netherlands  -0.549*** 

(0.089) 
-0.769*** 

(0.101) 

domestic and the UK  -0.493*** 

(0.090) 
-0.711*** 

(0.098) 

domestic and Norway  -0.452*** 

(0.085) 
-0.596*** 

(0.090) 

domestic and the US -0.482*** 

(0.089) 
-0.619*** 

(0.098) 

domestic and Germany  -0.550*** 

(0.090) 
-0.769*** 

(0.101) 

Consultation   

only relevant NGOs 0.098 

(0.084) 
0.099 
(0.090) 

only residents of directly affected communities  0.246*** 

(0.082) 
0.295*** 

(0.087) 

residents of surrounding communities  0.228*** 

(0.083) 
0.250*** 

(0.087) 

all residents in the province  0.312*** 

(0.085) 
0.378*** 

(0.090) 

a national consultation  0.271*** 

(0.083) 
0.337*** 

(0.086) 

Information   

only at regulatory approval stage  0.429*** 

(0.062) 
0.548*** 

(0.065) 

throughout the plant's lifespan  0.507*** 

(0.061) 
0.598*** 

(0.066) 
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Benefits   

contract preference for local businesses  0.362*** 

(0.061) 
0.443*** 

(0.064) 

direct financial compensation to individuals affected 0.524*** 

(0.064) 
0.663*** 

(0.069) 

Constant  -0.302** 

(0.121) 
-0.772*** 

(0.133) 
Number of vignettes  5748 5688 
Number of respondents  958 948 
Std. dev. random effect (sigma_u) 2.1036 2.0489 
Std. dev. error (sigma_e) 1.7811 1.7898 
Intra-class correlation (rho) 0.5824 0.5672 
Wald chi2  289.84 290.67 

Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1 

 

Table 14: Results of principal component analysis of variables used in the models  

Principal component  Variables  Loading   Mean  Std. dev. Min  Max kmo 

CCS knowledge  CCS capture  

CCS tech  

CCS storage 

CO2 leakage  

CCS seismicity 

Ground_H2O 

0.49 

0.47 

0.47 

0.39 

-0.19 

-0.35 

0.562 

0.459 

0.685 

0.412 

0.340 

0.517 

0.496 

0.498 

0.465 

0.492 

0.474 

0.500 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0.611 

Perception of 

environmental risks 

Glyphosate  

Mobile towers 

Wind turbines  

Antibiotics  

Insecticides  

Crime/violence 

Drugs  

Ozone deplete  

Earthquake 

Climate change 

0.34 

0.23 

0.18 

0.39 

0.29 

0.33 

0.32 

0.38 

0.27 

0.37 

2.875 

2.635 

2.449 

2.791 

2.682 

2.835 

3.026 

2.870 

2.578 

2.945 

0.918 

0.896 

0.909 

0.911 

0.788 

0.788 

0.893 

0.944 

0.899 

1.012 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

0.726 

Perception of CCS 

benefits  

Decrease CO2 

Econ. Growth  

Envt. Benefit  

Cheaper opt. 

0.53 

0.45 

0.55 

0.47 

2.564 

2.427 

2.669 

2.452 

0.860 

0.881 

0.925 

0.898 

1 

1 

1 

1 

4 

4 

4 

4 

0.655 

Perception of CCS 

risks  

Promote CO2 

Profit motives 

CO2 leakage  

Induced seismic 

0.41 

0.50 

0.56 

0.52 

2.493 

2.699 

2.611 

2.522 

0.886 

0.956 

0.916 

0.892 

1 

1 

1 

1 

4 

4 

4 

4 

0.634 
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Table 15: Socio-demographic profiles of each class.    

Variable 
Orange 

(Clean energy) % 

Red 

(protesters) % 

Green 

(lovers) % 

Yellow 

(benefits) % 

Age 

18 – 24 

25 – 34 

35 – 64 

65 – 74 

75 + 

 

13.1 

23.75 

53.18 

8.36 

1.00 

 

8.10 

27.82 

55.64 

7.04 

1.41 

 

4.03 

24.91 

60.18 

7.33 

2.93 

 

5.28 

22.76 

59.34 

9.76 

2.85 

Gender 

Female 

Male 

 

48.33 

51.67 

 

57.83 

42.18 

 

28.89 

71.11 

 

38.52 

61.48 

Place of residence 

Urban 

Rural 

 

34.90 

65.10 

 

43.62 

56.38 

 

48.08 

51.92 

 

42.50 

57.50 

Post-secondary education 

Yes 

No 

 

86.14 

13.86 

 

91.58 

8.42 

 

85.34 

14.66 

 

88.31 

11.69 
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Table 16: Results of LCM with demographics as covariates.  

Attributes 
Orange  

(clean energy) 

Red 

(protesters) 

Green 

(lovers) 

Yellow 

(benefits) 

Wald (=) p-value 

Proximity        

less than 3 km -0.1791*** -0.1962*** -0.0204 -0.1551*** 62.729 0.000 

between 3 and 15 km -0.0064 -0.0461 -0.0145 0.0034   

over 15 km 0.1855*** 0.2423*** 0.0349** 0.1517***   

Truck Traffic        

up to 10 0.0379** 0.0307 0.0292** 0.0248 6.1988 0.40 

10-50 -0.0084 -0.0754** -0.0068 -0.0155   

over 50 -0.0295** 0.0447* -0.0225* -0.0093   

Operation Time       

between 8 am and 8 pm 0.0636*** 0.0925*** 0.0265** 0.0543*** 8.4626 0.037 

at all hours of the day -0.0636*** -0.0925*** -0.0265** -0.0543***   

Community Consultation        

community not informed of 

plans 
-0.1969*** -0.1777*** -0.0887*** -0.2203*** 22.833 0.0066 

community informed of plans 0.0294* 0.0434 0.0178 0.0671**   

directly affected landowners 

consulted during planning 
0.0471** 0.0291 0.0169 0.0444*   

full two-way consultation 0.1204*** 0.1052*** 0.0541** 0.1088***   

Economic Benefits        

no financial benefits -0.2777*** -0.2401*** -0.1469*** -0.325*** 43.9803 0.000 

preferential use of local 

services and employees 
0.0808*** 0.0371 0.0383** 0.1389***   

donating community grants 

ranging from $10k to $25k 

annually 

0.016 -0.0101 0.0345** 0.0261   

donating fully funded 

community projects 
0.1809*** 0.2132*** 0.0741*** 0.1601***   

Seismicity        

None-existent 0.2005*** 0.199*** 0.1211*** 0.1616*** 13.9671 0.12 

too small to be felt 0.145*** 0.175*** 0.1294*** 0.1689***   

persistent and repeating, but too 

small to cause structural  
-0.0171 -0.0572 0.0028 0.0121   

infrequent, but large enough to 

potentially cause moderate 

damages  

-0.3283*** -0.3167*** -0.2533*** -0.3426***   

Covariates       

Age -0.0663** -0.0375 -0.0017 0.1055** 8.1732 0.043 

Gender  -0.2229** -0.6049*** 0.7105*** 0.1173 50.156 0.000 

Urban 0.3524*** -0.0337 -0.2993** -0.0193 11.9436 0.0076 

Post-Secondary -0.2142* 0.503** -0.256* -0.0328 6.8966 0.075 

Intercept 0.3408 0.6802** -0.4563* -0.5647** 8.4068 0.038 

*p-value ≤ 0.1, ** p-value ≤ 0.05 and *** p-value ≤ 0.01 
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Table 17: Results of LCM with Survey Variables as Covariates. 

Attributes 
Orange  

(clean energy) 

Red 

(protesters) 

Green 

(lovers) 

Yellow 

(benefits) 

Wald (=) p-value 

Proximity        

less than 3 km -0.1776*** -0.2245*** -0.0323** -0.1439*** 58.4702 0.000 

between 3 and 15 km -0.0088 -0.0258 -0.0114 0.001   

over 15 km 0.1864*** 0.2502** 0.0437*** 0.1429***   

Truck Traffic        

up to 10 0.0377** 0.0443 0.0325** 0.0303* 5.8757 0.44 

10-50 -0.0144 -0.0886** -0.0072 -0.0145   

over 50 -0.0232* 0.0443* -0.0252** -0.0157   

Operation Time       

between 8 am and 8 pm 0.0675*** 0.0903*** 0.0231** 0.0525*** 9.3809 0.025 

at all hours of the day -0.0675*** -0.0903*** -0.0231** -0.0525***   

Community Consultation        

community not informed of 

plans 
-0.1884*** -0.1871*** -0.0955*** -0.2225*** 21.9001 0.0092 

community informed of plans 0.0226 0.026 0.0251 0.0675**   

directly affected landowners 

consulted during planning 
0.0507*** 0.0429 0.0214 0.0439*   

full two-way consultation 0.115*** 0.1182*** 0.049** 0.1111***   

Economic Benefits        

no financial benefits -0.2752*** -0.2695** -0.1399*** -0.3214*** 51.8991 0.000 

preferential use of local 

services and employees 
0.0759*** 0.0381 0.0324* 0.1386***   

donating community grants 

ranging from $10k to $25k 

annually 

0.0212 -0.0171 0.0317* 0.016   

donating fully funded 

community projects 
0.1781*** 0.2485*** 0.0757*** 0.1668***   

Seismicity        

None-existent 0.2041*** 0.2128*** 0.1066*** 0.1637*** 18.8398 0.027 

too small to be felt 0.1391*** 0.1936** 0.1411*** 0.1795***   

persistent and repeating, but 

too small to cause structural  
-0.0251* -0.0364 0.0042 0.01   

infrequent, but large enough 

to potentially cause moderate 

damages  

-0.3182*** -0.3699*** -0.252*** -0.3532***   

Covariates       

Energy experience -0.4627*** -0.4681*** 0.7016*** 0.2292** 22.5592 0.000 

HF Concerns  0.051*** 0.0688*** -0.1015*** -0.0184** 77.003 0.000 

HF Acceptance -0.1804** -0.6815*** 0.5927*** 0.2692*** 50.5828 0.000 

HF Risk 0.1658** 0.6362*** -0.5505*** -0.2515*** 53.8719 0.000 

Renewable Energy Support  0.1339*** -0.0709 -0.0175 -0.0455 8.8707 0.031 

Economic Importance -0.142** -0.3098*** 0.2296*** 0.2222*** 20.0774 0.000 

Industrial Trust  0.0106 -0.2424*** 0.1485*** 0.0833** 24.674 0.000 
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Economic Reliance Risks 0.0722* 0.0833 -0.0958* -0.0597 3.63 0.3 

Intercept -0.8928* 1.4951* -0.2975 -0.3047 3.6188 0.31 

*p-value ≤ 0.1, ** p-value ≤ 0.05 and *** p-value ≤ 0.01 

 

 

CCS Questionnaire & Experimental Designs  

 

Study Title: Public Perceptions of Storing Greenhouse Gas Emissions Underground  

 

Survey Questionnaire 

 

Section 1 

In this first section, we will ask you a few questions about the environment you live in.  

 

1. Which of the following best describes the area you live in?  

• Urban 

• Suburban 

• Rural 

 

2. How long have you lived in the area that you currently live in? 

• Less than 1 year 

• 1-3 years 

• 4-6 years 

• 7-10 years 

• More than 10 years 

• Prefer not to say 

 

3. Do you own or rent your current residence? For the purpose of the survey, you own 

your home even if you have outstanding debt that you owe on your mortgage loan. 

• I own a house  

• I own an apartment  

• I rent a house  

• I rent an apartment  

• I am living at home  

• Other: _____________ 

 

4. Please indicate the extent to which you agree with the following statements.  

• I feel like I belong to the community where I live 

• I am very attached to the natural environment in my area 
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• Given the opportunity, I would like to move out of this neighborhood or area 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree 

Strongly disagree 

Prefer not to say 

 

5. To your knowledge, has the state you live in ever been affected in any way by any of the 

following industries activities?  

[randomize items, check all that apply] 

• Fossil-fuel based energy industries  

• Renewable energy industries 

• Heavy industries (e.g., steel, automobile, manufacturing) 

• Chemical industry  

Yes /No  

 

6. Have you ever heard of Carbon Capture and Storage or CCS?  

• No, I have not heard about it 

• Yes, I have heard a little about it 

• Yes, I have heard a lot about it 

 

CCS Factorial Survey Experiment 

 

Section 2 

You may not have heard much about Carbon Capture and Storage (CCS), or you may not 

agree with CCS as way to deal with CO2 emissions and climate change. But if CCS were to be 

implemented in [your country], you may still have different opinions as to how CCS should be 

used. 

In the following, we will present you with a small number of alternative CCS proposals for 

what a scale- up of CCS facilities on your country may look like. Carefully read each scenario 

and rate it based on how acceptable or unacceptable it seems to you.  

Although the scenarios we show you are hypothetical, your responses and the results from 

this section will be used to guide policy makers in [your country] in determining CCS 

strategies as part of achieving [your country’s] emissions reduction goals.” 
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Example Evaluation Question: [Show picture of the final format] 

Completely Acceptable / Fair means the scenario is 100% acceptable / fair to you. 

Completely Unacceptable / Unfair means the scenario is 100% unacceptable / unfair to you. 

 

[Information to be presented with Vignette intro, before first vignette rating]  

 

You may find the following definitions useful  

[presented to participants before entering vignette experiment] 

 

Carbon capture and storage (CCS) refers to a set of technologies aimed at capturing, 

transporting, and permanent storage of carbon dioxide (CO2) from different emission sources in 

deep underground reservoirs.  

 

Given the assumptions stated before, how acceptable is this CCS development 

scenario to you? 

Completely   Neither acceptable   Completely 

unacceptable   nor unacceptable   acceptable 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

 

Given the assumptions stated before, how acceptable is this CCS development 

scenario to you? 

Completely   Neither acceptable   Completely 

unacceptable   nor unacceptable   acceptable 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

1) How fair is the proposed CO2 storage scenario to you? 

2) How fair is the proposed storage of CO2 from domestic and if applicable im-

ported emissions to you?  

Completely   Neither fair    Completely 

unfair           nor unfair     fair 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

 

3) How fair is the proposed CO2 storage scenario to you? 

4) How fair is the proposed storage of CO2 from domestic and if applicable im-

ported emissions to you?  

Completely   Neither fair    Completely 

unfair           nor unfair     fair 

-5 -4 -3 -2 -1 0 1 2 3 4 5 
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“On Demand” Definitions  

 

Climate Change  

Global warming is one of the greatest environmental challenges facing the world today. Increase 

in the global emissions of greenhouse gases, such as CO2, is among the main contributory factors 

to climate change.  

 

 

 

How does CCS actually work? 

Some scientific studies promote CCS as a solution to climate change, as it can significantly reduce 

CO2 emissions. Other studies emphasize that CCS is a costly technology and that we need to 

investigate its environmental and human health risks, including from induced seismicity and the 

leakage of CO2 over time. Political discussions of how to best regulate and monitor the safe 

operation of CCS are currently ongoing. 

How is CO2 captured? 

Depending on the specific application, CO2 from the flue gases of industrial or energy-related 

activities are separated and captured.  

How is the captured carbon dioxide transported? 

Unless the source of emissions is directly located above a suitable geological storage site, captured 

CO2 must be transported from the point of capture to a storage site. While pipelines are the most 

common method for transporting CO2 transport by ship, road, or rail are feasible options. 

Where can the CO2 be stored? 

Several types of deep underground geological formations have received extensive consideration 

for the geological storage of CO2: i.e., depleted oil and gas reservoirs, deep saline formations, 

coal beds unsuitable for mining. In each case, the geological storage of CO2 is accomplished by 

injecting CO2 under pressure into a rock formation below the earth’s surface 

 

[For vignette sample design –> see CCS vignette xlsx file] 

 

Attribute Levels  

Location 

of CCS 

plant 

• Less then 50 km (from residence)  

• Between 50 to 100 km  

• More than 100 km  

N
IM

B
Y

 

Anticipate

d CC-

mitigative 

benefit 

• The plant's annual capacity is equivalent to the emissions of 5% of all 

households in your state. 

• The plant's annual capacity is equivalent to the emissions of 10% of all 

households in your state. 

• The plant's annual capacity is equivalent to the emissions of 20% of all 

households in your state. 

C
C

 m
itig

ativ
e 

b
en

efit  



167 
 

Source of 

CO2 

emissions  

• It will store only CO2 from domestic sources. No CO2 imports from 

other countries will take place. 

• It will store CO2 from domestic sources and CO2 imported form the 

Netherlands. 

• It will store CO2 from domestic sources and CO2 imported form the 

UK. 

• It will store CO2 from domestic sources and CO2 imported from Nor-

way. 

• It will store CO2 from domestic sources and CO2 imported from Can-

ada. 

• It will store CO2 from domestic sources and CO2 imported from Ger-

many. 

NOTE: 

When DOMESTIC = Source of IMPORTS. Then replace attribute level 

with:   

• CANADA: "It will store domestic emissions and CO2 imported from 

the USA."  

• GERMANY, NETHERLANDS, NORWAY, or UK: "It will store do-

mestic emissions and CO2 imported from POLAND." 

G
lo

b
al Ju

stice 

P
sy

ch
o
lo

g
ical D

istan
ce

 

Project 

oversight, 

execution 

• Your national government oversees the building of a carbon capture and 

storage CCS) plant  

• An industry consortium plans to build a carbon capture and storage 

CCS) plant  

• A government-industry partnership has been commissioned to build a 

carbon capture and storage CCS) plant. 

In
stitu

tio
n
al tru

st 

Consultati

on process  

• Citizens like yourself will not be consulted as part of the regulatory ap-

proval process. 

• Citizens like yourself will not be consulted but relevant NGOs will be 

involved in the regulatory approval process.  

• Citizens of directly affected community will be consulted as part of reg-

ulatory approval process.  

• Citizens of directly affected and surrounding communities will be con-

sulted as part of the regulatory approval process.  

• All citizens in your state will be consulted as part of the regulatory ap-

proval process. 

• A national consultation will take place as part of the regulatory approval 

process. 

P
articip

ato
ry

 Ju
stice 
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Public 

access to 

info 

• Citizens like yourself will not receive any information about the CCS 

plant's seismicity risk assessment.  

• Information about the CCS plant's seismicity risk assessment is made 

available online at the regulatory approval stage. 

• Updated information about the CCS plant's seismicity risk assessment is 

made available online as long as the plant operates. 

T
ran

sp
aren

cy
, 

tru
st  

Compensa

tion, 

economic 

benefit 

• The CCS plant operator does not provide any financial compensation to 

the host community. 

• Businesses in the host community will receive preferential access to con-

struction contracts.  

• Citizens in the host community will receive direct financial compensa-

tion from the CCS plant operator. 

C
o
m

p
en

satio
n
, 

fairn
ess  

Example Vignette Scenario (using above design): 

“A government-industry partnership has been commissioned to build a carbon capture and 

storage (CCS) facility between 50 to 100 km of your place of residence. The CCS plant’s 

capacity is equivalent to the annual emissions of 5% of all households in your state and will store CO2 

from domestic and “Dutch” sources. All citizens in your state will be consulted as part of 

regulatory approval process. Citizens will not receive any information on the seismicity risk 

assessment. Businesses in the host communities will receive preferential access to construction 

contracts.” 

 

Social Norms Nudging Test  

[Additional Vignette (#x), fixed across all N]  

 

“Survey evidence from another study in [your country] indicates that xx% of the 

population voted in favour of the following CCS scenario.” 

 

Control group 1 (n=100) NO “survey evidence nudge” before being asked to evaluate 

additional scenario  

Group 2 to 9 (n=125 each) YES “survey evidence nudge” at xx% rates between 10% (group 2 

to 80% (group 10) before being asked to evaluate additional scenario. 

 

“An industry consortium has been commissioned to build a carbon capture and storage (CCS) 

facility less than 50 km of your place of residence. The project’s capacity will be used to store 

CO2 from domestic sources equivalent to 5% of the emissions generated in your state. Citizens 

will not be directly consulted as part of regulatory approval process. Citizens will receive 

information (e.g., online portal) about the seismicity risk assessment data at the approval stage. 

No financial compensation to the host communities will be provided by the CCS facility 

operator.” 
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How acceptable is the above scenario to you? 

 

Section 3 

We will now ask for your opinions about environmental issues affecting [your country].  

 

7. How serious do you think the following issues are facing your country?  

[randomize items] 

• Climate change  

• Crime and violence 

• Economic stability 

• Political stability 

• Social equality 

• Energy security  

• Environmental degradation  

Extremely serious 

Somewhat serious 

Neutral 

Somewhat not serious 

Not at all serious 

Prefer not to say 

 

8. How much do you agree with the following statements about the role of nature and the 

environment?  

[randomize items] 

• I would be willing to accept cuts in my standards of living, if it helped to protect the 

climate 

Completely   Neither acceptable   Completely 

unacceptable   nor unacceptable   acceptable 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

 

Completely   Neither acceptable   Completely 

unacceptable   nor unacceptable   acceptable 

-5 -4 -3 -2 -1 0 1 2 3 4 5 
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• I would be willing to pay higher prices for goods and services, if it helped to protect 

the environment 

• I would be willing to support higher taxes if it helped to protect the environment 

• I am willing to practise sustainable behaviour if I knew I was leaving a better planet 

for future generations of my loved ones 

• I would be willing to accept technical solutions, such as CCS, and their related risks to 

mitigate climate change 

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree 

Strongly disagree 

Prefer not to say 

 

9. There is increasing discussion about climate change and its potential impacts. How 

much do you agree with the following statements about climate change?  

[Please select one response] 

• Climate change is occurring, and it is caused mostly by natural changes in the environ-

ment 

• Climate change is occurring, and it is caused mostly by human activities 

• Climate change is occurring, and it is caused more or less equally by natural changes in 

the environment and human activities 

• Climate change is not occurring 

[Q9 if answer 4. Proceed to Q11] 

 

10. Please indicate the extent to which you agree with the following statements.  

[randomize items] 

• I feel a personal responsibility for global warming 

• It feels good to me to act in a climate smart way 

• I have a moral obligation to buy climate friendly products when shopping 

• Climate change is the most serious environmental problem in “my country” 

• My state is likely to be affected by climate change.  

Strongly agree 

Somewhat agree 

Neither agree nor disagree 

Somewhat disagree 

Strongly disagree 

Prefer not to say 
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Section 4 

In this section, we are interested in learning more about your views and knowledge of different 

technologies for reducing greenhouse gas emissions and their impacts.  

 

11. Before today, how much if anything, would you say that you know about the following 

low carbon technologies?  

[randomize items] 

• Solar power 

• Wind power 

• Geothermal power 

• Biomass 

• Hydropower 

• Energy-conserving electric appliances 

• Low emission vehicles (e.g., Electric, Hybrid, Hydrogen powered) 

• Carbon Capture and Storage (CCS) 

• Carbon sequestration though forestry or agriculture 

I know a great deal  

I know a fair amount  

I know just a little  

Heard about it but really do not know anything 

Never heard about it 

Q12 (BWS design)  

 

12. Worldwide, governments have been increasing their efforts to transition away from fos-

sil energy sources. Suppose your national government were to consider different climate 

policy approaches. Which type of policy approach would you find most acceptable? 

Which approach would you find least acceptable? Please indicate your most and least 

acceptable choice below.  

[randomize list] 

Most 

Acceptable 

(Choose one) 

Policy Approach  

Least 

Acceptable 

(Choose one) 

 Put a price on CO2 emissions (price)  

 End fossil fuel subsidies (endsub)   

 Increase share of renewable energy (solar, wind, 

biomass, hydropower) (renew)  

 

 Nurture forest landscapes (forest)  

 Deploy carbon capture and storage technology (techno)  

 Force households to adapt energy efficiency measures 

for home heating and electricity consumption (househo) 
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 Enforce reductions in personal vehicle transport to 

encourage public transportation (reduct) 

 

 Do Nothing [ANCHOR]  

 

[Implementation of BWS design in Q12 using Balanced Incomplete Block Design (BIBD): 

BIBD for 7 items in 7 blocks each time with 4 items] 

Q1 

Best Items Worst 

 [ ]  EndSub [ ]   

 [ ]  Renew  [ ]   

 [ ]  forest [ ]   

 [ ]  reduct [ ]   

 

Q2 

Best Items Worst 

 [ ]  Price   [ ]   

 [ ]  Renew   [ ]   

 [ ]  forest  [ ]   

 [ ]  househo [ ]   

 

Q3 

Best Items Worst 

 [ ]  Price  [ ]   

 [ ]  EndSub [ ]   

 [ ]  Renew  [ ]   

 [ ]  techno [ ]   

 

 

Q4 

Best Items Worst 

 [ ]  Price  [ ]   

 [ ]  forest [ ]   

 [ ]  techno [ ]   

 [ ]  reduct [ ]   

 

Q5 

Best Items Worst 

 [ ]  EndSub  [ ]   

 [ ]  forest  [ ]   

 [ ]  techno  [ ]   

 [ ]  househo [ ]   

 

Q6 

Best Items Worst 

 [ ]  Renew   [ ]   

 [ ]  techno  [ ]   

 [ ]  househo [ ]   

 [ ]  reduct  [ ]   

 

Q7 

Best Items Worst 

 [ ]  Price   [ ]   

 [ ]  EndSub  [ ]   

 [ ]  househo [ ]   

 [ ]  reduct  [ ]  
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13. We are especially interested in your level of familiarity with Carbon Capture and Stor-

age. Please read the following statements carefully. Then indicate whether you believe 

each statement to be True or False. 

[randomize items] 

• CCS technologies can capture more than 90 percent of CO2 emissions from individual 

emitting facilities. 

• CCS is viewed as the only practical way to achieve an effective decarbonization of the 

industrial sector. 

• CCS storage of CO2 occurs deep under the surface, well below groundwater aquifers. 

• A significant leak of CO2 to the atmosphere from a depth of more than one kilometer 

is almost impossible.  

• CCS will always cause earthquakes, which will always be felt by humans at the sur-

face. 

• CCS is likely to cause water contamination of groundwater aquifers. 

 

 

Section 5 

We will now ask you a series of questions about your perceptions of different risks and Carbon 

Capture and Storage in more detail. 

14. In general, how willing are you to take risks? 

Very willing to do so 

Willing to do so 

Neutral  

Unwilling to do so 

Completely unwilling to do so 

Prefer not to say 

 

15. How would you rate the severity of the following environmental health risks to [Canadi-

ans, Dutch, Germans, Norwegians, Britons? 

[randomize items] 

• Climate change  

• The use of Glyphosate (pesticides) in agriculture  

• Living near mobile phone towers  

• Living near wind turbines  

• Bacteria resistant against antibiotics 

• Diseases carried by insects  

• Crime and violence in your country  

• Illegal drugs 

• Loss of the ozone layer 
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• Induced earthquakes caused by storing CO2 underground  

High  

Moderate  

Low  

None existing 

 

16. New technologies for reducing CO2 emissions such CCS, which seeks to permanently 

store CO2 emissions deep underground, may have a number of associated benefits and 

risks. Some of these are currently still uncertain. To what extent do you agree with the 

following statements regarding CCS? 

[randomize order and items for B=benefit, R=risk] 

• Has a negative impact on the environment (R) 

• Likely causes earthquakes (R) 

• CO2 leakage out of underground CCS reservoirs contributes to future climate change 

(R) 

• Has a negative impact on my safety from the risk of accidents during the CO2 storage 

process (R) 

• Entails benefits for society (B)  

• Lowers the drive to cut carbon emissions (R) 

• Is driven more by profit than by the public interest (R) 

• Storing CO2 underground only deals with the symptoms and not the causes of emis-

sions (B) 

• Help decrease CO2 emissions and mitigate climate change (B) 

• Is cheaper option than forcing a reduction in the consumption of fossil fuels (B) 

• Slows climate change down faster than by simply cutting greenhouse gas emissions 

(B) 

• Leads to an increase in economic growth in my country (B) 

Very much  

Somewhat  

Very Little  

Not at All 

Prefer not to say 

 

 

17. In general, to what extent do you support policies to scale up the use of Carbon Capture 

and Storage in [your country]? 

[present on same screen with Q16]  

Strongly support 

Somewhat support 

Neither support nor oppose 

Somewhat oppose 

Strongly oppose 
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Prefer not to say 

 

18. To what extent do you accept the underground storage of CO2 in [your country]? 

[present on same screen with Q16]  

Perfectly Acceptable  

Acceptable  

Neutral  

Unacceptable 

Totally unacceptable  

Prefer not to say 

 

Section 6 

Next, we want to know more about your thoughts on different organizations that might be 

involved in further developing Carbon Capture and Storage in [your country].  

 

19. Government and industry groups in [your country] are already considering Carbon 

Capture and Storage as a viable technology to mitigate climate change. When it comes 

to the development and implementation of CCS, please evaluate the following stake-

holders in terms of their trustworthiness, responsibility, and transparency. 

[randomize order] 

A) 

I would trust this organization to have quite a lot of knowledge about and experience 

with issues concerning Carbon Capture and Storage.” 

Domestic energy companies Choose an item. 

Multinational energy companies in [your country]  Choose an item. 

The national governmental energy regulator in [your country] Choose an item. 

Your state-level government Choose an item. 

Politicians specializing in energy issues in [your country] Choose an item. 

Environmental organizations in [your country] Choose an item. 

Specialized independent oversight bodies in [your country] Choose an item. 

Publicly funded research organizations & Universities in 

[your country] 
Choose an item. 

 

B) 

“I think this organization tells you the whole truth about issues concerning Carbon 

Capture and Storage technology.” 

Domestic energy companies Choose an item. 
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Multinational energy companies in [your country]  Choose an item. 

The national governmental energy regulator in [your country] Choose an item. 

Your state-level government Choose an item. 

Politicians specializing in energy issues in [your country] Choose an item. 

Environmental organizations in [your country] Choose an item. 

Specialized independent oversight bodies in [your country] Choose an item. 

Publicly funded research organizations & Universities in 

[your country] 
Choose an item. 

 

20. In your opinion, which institutions or organizations should be responsible and liable for 

ensuring the safety of storing CO2 emissions underground in [your country]? Please as-

sign up to three organizations to each of the below areas of responsibility.  

 

 

Evaluation of 

site-specific 

underground 

conditions for 

storing CO2 

long term 

Monitoring of 

CO2 leakage 

during operation  

Monitoring of 

seismicity risk 

during operation 

Overall safety 

of individual 

CCS projects  

CCS facility 

operators 

    

Your national 

governmental 

energy regulator 

    

Your state-level 

government 

    

Environmental 

organizations 

    

Politicians 

specializing in 

energy issues in 

[your country] 

    

Publicly funded 

research 

organizations & 

Universities in 

[your country] 
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Taxpayers in 

[your country] 

    

Specialized 

independent 

oversight bodies 

in [your country] 

    

 

21. The ultimate success of CCS depends on the proper management of its risks and benefits.  

In your opinion, which of the following risk issues in the management and operation of 

CCS are you most and least concerned about?  

[Respondents first select BW items in each of there categories. THEN generate TOP 3 and 

BOTTOM 3 tables (see step b), present to respondent and ask for overall TOP and overall 

BOTTOM choice.] 

 

a) For each of the following three categories, please indicate the issues of greatest concern 

and the issue of least concern to you.  

Most 

Acceptable 

(Choose one) 

Government and Industry Factors 

Least 

Acceptable 

(Choose one) 

 Competent regulatory oversight of CO2 storage site 

selection 

 

 Adequate risk assessment and risk management of CCS   

 Supportive public policy for CCS as part of a climate 

change plan  

 

 CCS operator financial liability beyond the facility 

operation period 

 

 Do Nothing [ANCHOR]  

 

Most 

Acceptable 

(Choose one) 

Environmental Risk Factors 

Least 

Acceptable 

(Choose one) 

 Adequate scientific study of CO2 storage site 

underground conditions 

 

 Effective mitigation of groundwater contamination due 

to induced seismicity  

 

 Credible long-term monitoring for leakage at CO2 

storage sites  

 

 Independent monitoring of CCS sites for seismicity risks   

 Do Nothing [ANCHOR]  
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Most 

Acceptable 

(Choose one) 

Socio-economic Factors 

Least 

Acceptable 

(Choose one) 

 Independent evaluation of economic costs and benefits 

of CO2 storage projects before construction  

 

 Mandatory consultation of affected communities in the 

CCS development process 

 

 Clear rules for transparency and accountability in CCS 

approval and monitoring processes 

 

 Use cost-sharing between government and industry to 

move CCS technology forward 

 

 Do Nothing [ANCHOR]  

 

b) Now, please select the one issue you are the most concerned and the issue you are the least 

concerned about when it comes to the management of CCS. 

Most Acceptable Items  Choose one 

Top Government and Industry Factor  

Top Environmental Risk Factor  

Top Socio-economic Factor  

 

Least Acceptable Items  Choose one 

Bottom Government and Industry Factor  

Bottom Environmental Risk Factor  

Bottom Socio-economic Factor  

 

22. In your opinion, what should be a minimum acceptable level of monitoring of CO2 stor-

age facilities to assure their safe operation.  

[check one] 

• Mandatory monitoring of CCS seismicity risks over the course of the operation of the 

facility. 

• Mandatory monitoring that helps to understand likelihood & severity of CCS seis-

micity risks over the course of the operation of the facility. 

• Mandatory monitoring that is able to forecast likelihood & severity of CCS seismic-

ity risks over the course of the operation of the facility. 

• Mandatory monitoring that is able to mitigate likelihood & severity of CCS seismic-

ity risks over the course of the operation of the facility. 

 

Section 7 
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This is the final section we will ask you a few questions about yourself. This demographic 

information helps us know that we have collected a broad range of perspectives from citizens 

in [your country].  

 

23. Do you or have you or a close relative worked in any of the following? 

[check all that apply]  

• Energy industry or related government department  

• Heavy industry or related government department  

• Chemical industry or related government department 

• Environmental organization 

• None of the above 

• Prefer not to say 

 

24. Please indicate your gender. 

• Female 

• Male 

• Other  

• Prefer not to say 

25. What is your highest educational attainment? 

• High school 

• College 

• Undergraduate degree 

• Graduate degree 

• Technical or trade certificate 

• Prefer not to say 

 

26. What is the total number of individuals living in your household, including children?  

_____________ 

 

27. What is your approximate gross annual household income? _______________ 

[If no answer, ask brackets version] 

 

28. What is your gross annual household income? 

• Less than $20,000 

• $20,000 - $39,999 

• $40,000 - $59,999 

• $60,000 - $74,999 

• $75,000 - $99,999 

• $100,000 - $149,999 

• More than $150,000 
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• Do not know 

• Prefer not to say 

 

29. What is your postal code, please __________ 

 

30. Please describe your political view. Use the cursor within the border of the below trian-

gle to indicate your general political views between social democratic (left), conservative 

(right), and green (environmentally inclined) positions. 

 

 

 

 

 

 

 

 

 

 

 

 

31. Do you have any comment or questions for us? 

 

... 

 

This completes our survey. Thank you very much for your time and participation in our survey. 

Your input is greatly appreciated. We would like to remind you that your data is completely 

confidential. After you press the submission button below, you will not be able to withdraw from 

the study.  

SUBMIT & COMPLETE 

1. STAGE OF STUDY 

 

 

 

 

 

Right Left 

Green 


