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Abstract

:

According to EU goals and the Paris Agreement, an urgent need exists for reducing CO2 emissions while still securing energy supply. Thus, the timely deployment of carbon capture and storage (CCS) is seemingly unavoidable, especially for the cement and steel industries. However, diverse perceptions of CCS among stakeholders such as experts, politicians, and laypeople exist that could hinder the deployment of the technology. Hence, it is worthwhile to recognise these diverse perceptions and their roots. In the studies on risk perceptions, the emphasis has been mostly on the public, as well as factors that influence the public, such as knowledge dissemination and trust. Although these are crucial elements, they are not enough to explain the complexity of risk perceptions. In contrast to the mainstream research, this paper hypothesises that both laypeople and experts are affected by common cultural denominators, therefore, might have similar patterns of risk perceptions. This research suggests a framework that explains the role of societal culture in risk governance, arguing that thrifty, uncertainty avoidant, hierarchical societies tend to have a higher risk perception of CCS. This study is based on a synthesis of the earlier research, an extensive literature review, and an analysis of interviews data.






Keywords:


CCS; culture; risk perception; laypeople; social acceptance; experts












1. Introduction


According to EU goals [1] and the Paris Agreement [2], an urgent need exists for reducing CO2 emissions in EU states while still securing energy supply in order to mitigate climate change. Thus, the timely implementation of clean energy technologies such as carbon capture and storage (CCS) or carbon capture, utilisation and storage (CCUS) is seemingly crucial in the near future. CCS is needed not only because the supply of energy from fossil fuels will continue in many countries [3], but also because CCS is one of the main solutions to decarbonise cement and steel production. IEA states that ‘CCS must be part of a strengthened global climate response’ [4] (p. 12). Countries that are critically dependant on fossil fuels for energy security and economic development, as well as those which possess significant cement or steel industries, have been keen on the technology. Norway, the Netherlands, Sweden (The recent climate policy of Sweden highlighted CCS (accessed on 1 September 2021): https://www.regeringen.se/rattsliga-dokument/statens-offentliga-utredningar/2020/01/sou-20204/) and the UK are prominent examples of countries in Europe where governments have considered the role of CCS and CCUS in their climate policy, e.g., [5]. Each stage of CCS technology involves a fairly high level of technological expertise, and some stakeholders do not consider the whole system to be commercially viable yet for large-scale deployment [6,7]. Moreover, there are uncertainties and concerns regarding policy issues, liability and public acceptance of CCS [6,8,9].



However, diverse perceptions of the technology among stakeholders such as politicians, laypeople, and experts in various countries exist that could hinder the deployment of technology even further, e.g., [10,11]. Hence, it is worthwhile to recognise these diverse perceptions and their roots.



We are currently in the post-Paris paradox: despite the success of the conference, the current situation regarding tackling climate change is fairly obscure. It seems there is a lack of timely action against climate change [12] because we are constrained by several factors such as fragmented governance, economic issues [13], lack of trust in some stakeholders, lack of knowledge, various perceptions and different values attributed to societal culture, e.g., [14,15,16,17,18]. That said, recently, some promising targets have been set by some countries to materialise and foster the Paris Agreement [19].



In the studies on risk perceptions of energy technologies, the emphasis has been mostly on the public, as well as factors that influence the public, such as knowledge dissemination and trust, e.g., [6,20,21]. Although these are crucial elements, they are not enough to explain the complexity of risk perceptions of stakeholders. Moreover, it is problematic to assume that it is mainly laypeople having misperceptions or making wrong decisions that consequently hinder the development and deployment of technology. Glanz and Schönauer [22] (p. 3) claim that “experts represent dominant social perceptions and reflect chances and risks for acceptance”. In contrast to much of the mainstream research on risk perceptions that mainly use case studies in the realm of environmental and health issues, e.g., [23,24,25], this paper hypothesises that both laypeople and experts are affected by common cultural denominators and therefore might have a fairly similar pattern of risk perceptions vis-à-vis controversial energy systems such as CC(U)S. Comparative studies on CCS risk perceptions between experts and laypeople are scarce. However, van Heek et al. [26] (p. 7222) conducted a study on both laypeople and experts in the case of carbon dioxide utilisation (CDU), suggesting: it is also highly probable that country-specifically and cultured attitudes influence CDU product acceptance and therefore, a country- and culture-specific comparison of CDU product acceptance should also be addressed in further research. In addition, Mander et al. [27] report some similarities between experts and laypeople risk perceptions of CCS. This paper aims to fill this research gap.



This study is based on an extensive literature review, synthesis of three earlier papers of the author [28,29,30] which the cultural hypothesis on the public and experts were developed separately and discourse analysis of semi-structured in-depth interviews. This research is a country-level comparative study between laypeople and experts.



The next section is a discussion on data and research methods. It follows with the survey of the relevant and updated literature on risk perceptions of CCS in order to highlight the existing research gap and support the hypothesis of this paper. Then, the concept of societal culture is scrutinised and the concept of common cultural denominators is defined. Next, the results of the analysis and limitations of the study are discussed. Finally, this paper ends with conclusions and, some recommendations for further research.




2. Material and Methods


This paper is interpretive research [31] based on the qualitative synthesis of three articles of the author that through qualitative and quantitative methods hypothesis the impact of culture on risk perceptions of laypeople [28,29] and experts [30] separately, supplemented by an extensive literature review on risk perceptions of CCS. Furthermore, a discourse analysis of 19 semi-structured depth interviews with CCS experts in Germany, Norway and Finland was conducted.



When it comes to synthesis analysis, this study used critical interpretive synthesis (CIS) as the study deal with ‘a complex and diverse body of research’ [32,33]. Synthesis analysis provides ‘building blocks for the theory that helps us to understand and explain’ the topic of research [33] (p. 183). This method aims to produce a theory, or reconceptualise existing theories and research [34]. Furthermore, CIS is a methodology with an ‘explicit orientation to theory generation particularly when the body of evidence is very complex’ [33] (p. 213). Moat et al. [35] (p. 617) argue that CIS could help to understand ‘how context and issues influence policymakers’ and stakeholders’ views. The advantage of CIS is that this method utilises various types of data such as quantitative and qualitative studies, theoretical work, case studies, and policy documents [35,36,37]. This paper indeed used mixed data. Furthermore, a complementary literature review is suggested as a useful methodological approach to evaluate a theory in a certain area by exploring “the collective evidence” in this “certain research area” [38] (p. 334). When it comes to the interviews, individuals from governmental bodies, research institutes, energy companies and NGOs were interviewed. The interviews provided insights into CCS risk perceptions of experts. I employed discourse analysis to untangle the risk perceptions of experts. Røyrvik et al. [39] suggest that discourse analysis reveals “our perception”. Narratives are the construct of “perceptual lenses” of actors whose cultural factors (e.g., values and beliefs) influence these perceptions [40,41]. Glanz and Schönauer [22] (p. 3) state that experts’ “positions and conflicts are assumed to be crucial for the formation and progress of social debates and public discourses”.



In sum, the aforementioned methods and materials are used to examine whether similarity exists between risk perceptions of laypeople and experts and what (unheeded) factor might affect their perceptions similarly.




3. Risk Perception: An Overview


The focus of this research is mainly on socio-cultural risk theory and the social construction of risk. Some significant studies show the import role of cultural values in risk perception of technology, mainly based on the cultural theory (CT) of Mary Douglas [42,43,44,45,46,47,48,49].



Douglas and Wildavsky [43] state that people emphasise some risks and ignore others. Moreover, each society has its very own understanding that decides what is of concern, how to deal with the risk, and what should be given higher priority (ibid). Hence, when it comes to risk, societies are selective. Johnson and Covello [44] elaborate on Douglas and Wildavsky’s theory that it is not nature that influences societies to choose and perceive what is risky, but rather it is predominately cultural and societal factors that affect their determination of risk. Dake [42] asserts that risk preferences and perceptions and ‘interpretation of natural phenomena’ are social constructions of culture. Moreover, Nelkin [50] argues that risk is partly a social construction and risk evaluation is thus a ‘social process’. Fitchen et al. [51] used a holistic approach utilising a case study to show the complexity of risk perception and that ‘the local context in which the risk is embedded’ influences the risk. Brown [52] argues that some factors, such as psychological ones, are not capable of explaining risk perception entirely since risk perception stems from social norms. Hence, he highlights the role of social and cultural factors.



Nonetheless, these groundbreaking but dated scholarships focus on generic aspects of culture that have little to do with societal characteristics. These studies concern the degree that an individual belongs to a social group and is constrained by social rules in a community. In addition, some scholars express scepticism about CT, claiming that dimensions of Douglasian CT are not successful or inclusive to explain risk perception and cultural orientations. They suggest further research for a new comprehensive approach [53,54,55].



Jasanoff [56,57] claims the role of culture in risk perception as ‘crucial’ and that these cultural factors even shape ‘scientific aspects of risk assessment’. She supports her social constructionist approach to risk using a comparative study between the US and the UK arguing that national culture affects not only the risk perception of the public but also of policymakers and scientists [56].



This paper considers societal culture to distinguish one nation from another. To the best of my knowledge, except Jasanoff [56], all the aforementioned scholarship categorise culture within a community or nation which is mainly an anthropological approach.



3.1. Risk Perceptions of CCS: State of the Art


In the following, the identified factors that influence risk perceptions of CCS are discussed and categorised. However, studies on the comparison between CCS risk perceptions of experts and laypeople are scarce.



3.1.1. Trust in Stakeholders


Trust in main stakeholders such as government is an important factor in risk perception and acceptance of technology [16,58,59,60,61,62,63,64,65,66,67,68]. Trust in research and academic sectors and NGOs is consistently ranked high. Consequently, the public rely on what they advocate or verify and prefer to involve with them in decision-making processes rather than stakeholders from industry [6,58,63,69].



Terwel et al. [62] and Tcvetkov et al. [6] argue that higher trust in stakeholders leads to lower risk perception. Nevertheless, Terwel et al. [62] differentiate between two types of trust: integrity-based and competence-based. Integrity-based trust concerns trust form around the honesty and good reputation of stakeholders. Competence-based trust refers to trust that is based on the expertise of stakeholders. Terwel et al. [62] claim that the public have more positive opinions about CCS, whether competence-based trust in stakeholders who support CCS is high. By contrast, the negative public opinion increases if integrity-based trust in proponents of CCS is low (ibid).



Notwithstanding the majority of literature highlighting the direct role of trust in risk perception, Wallquist et al. [66] discuss how convictions and trust affect people’s perceptions of CCS in a causal way. They claim that while convictions concerning issues such as CO2 abatement influence risk perception, trust is not a significant factor. However, Wallquist et al. [66] state that if the public could realise and differentiate the role of each stakeholder, trust will eventually become influential.




3.1.2. Communication


Information and knowledge seemingly impact risk perception of technology, e.g., [5,6,26,70,71,72,73]. Through social experiments and questionnaires, researchers have estimated the effect of providing information on the public’s risk perception. Depending on the methods involved, results have varied both in magnitude and direction, with positive, negative and non-significant results, e.g., [70]. Generally, CCS knowledge among the public is considerably low, e.g., [65,68,73]. De Best-Waldhober et al. [70] claim that uninformed people have volatile opinions. Their results demonstrate that people reluctantly accept CCS after being provided with enough information from experts.



Methods of communication and outreach, the procedure of dissemination, and the content of communication with stakeholders all have different levels of impact on risk perception, e.g., [20,73,74,75,76,77,78,79,80,81]. For instance, Wallquist et al. [73] argue that if engineering and communication experts inform the public about the properties and effect of CO2 on the environment, concern over CO2 leakage would likely decrease. Bruin et al. [76] propose the following measures for effective communication: informing the public about alternative technologies to CCS, using simple wording for communication concerning the technology and avoiding jargon, and timely communication procedures. Moreover, Ashworth et al. [74] recommend involving NGOs in the communication about CCS and preparation of communication materials, as well as developing a range of mediums for communication.



Finally, some studies claim that knowledge and information do not play a key role in reducing risk aversion of new and emerging technologies because the public’s reactions incorporate other factors beyond technical properties, e.g., [44,79,82].




3.1.3. Community Characteristics


The localities of the proposed facilities affect the risk perception of CCS, e.g., [82,83,84,85]. Furthermore, the Not In My Backyard (NIMBY) concept is considered as a factor that shapes a local community’s risk perception and social acceptance of CCS, e.g., [6,22,64,86,87,88,89]. Moreover, other factors such as proximity, community compensation and local residents’ economic losses or decreases in real estate value are considered influential in CCS risk perception, e.g., [87,88,89,90,91,92,93,94]. NIMBY reactions are attributable to individual values, concern over the safety of CCS and economic benefits of the community [88]. It seems owning a dwelling affects CCS risk perception on the local level, while it has less impact on the national CCS acceptance level (ibid).



Some researchers discuss NIMBYism, or concerns about proximity or real estate for specific case studies such as the Netherlands, e.g., [59,78,90] and Germany [86]. For instance, Terwel et al. [90] based on a survey argue that people in Barendrecht were concerned about the possible fall in local property value vis-à-vis the projected CCS facility. Braun [86] (p. 2272) emphasises NIMBY reactions to CCS: ‘living in or next to a county with a potential CCS site significantly reduces the acceptance of CCS’.



However, Terwel and Daamen (2014) (p. 298) claim that ‘the psychological structure of initial attitudes towards CCS’ is relatively similar for both onsite and offsite people in the same country. Huijts et al. [59] argue that local negative opinions about CCS are not necessarily ascribed to NIMBYism. Furthermore, Wolsink [95] and Burningham [96] claim that the NIMBY concept ‘tarnish[es]’ those who oppose or have opinions about a siting-related development.



Lastly, some scholarships discuss the effects of community characteristics on risk perception beyond NIMBYism and place attachment, e.g., [71,97,98,99,100]. For instance, Bradbury et al. [100] and Bradbury [99] argue differences in cultural and socioeconomic features of a community as a factor that affects perception of CCS. Anderson et al. [97] claim human and social capital features, as well as experience of similar facilities, such as gas pipelines, affect perception and social acceptance of CCS within local communities.





3.2. Unheeded Factor: Societal Culture


Sala and Oltra [101] highlight that values influence experts’ risk perception of CCS. Karimi et al. [28], Karimi and Toikka [29] and Karimi and Komendantova [30] argue that risk perceptions of CCS are a more complex process, incorporating another factor in parallel with the aforementioned factors—societal culture. These studies argued that societal culture affects some of the other factors, such as trust. This paper analyses this hypothesis further for both laypeople and experts comparatively. As it appears in the survey of the literature, there is a deficiency in comparative studies between laypeople and experts vis-à-vis risk perceptions of CCS.



Before scrutinising the hypothesis of this paper, first, I suggest a definition for common cultural denominators in the following section.





4. Definition of Culture


When it comes to culture, two fundamental questions exist that are not simple to address: what precisely culture is and how it is constructed. Culture is an abstract construct. Furthermore, there are various approaches to study and stipulate culture within and between academic fields. Therefore, a sole, straightforward answer for these questions is near nonexistence. To address this, Thompson et al. [102] and Minkov [103] suggest that what a scholar has to do when they deal with the concept of culture is to define clearly what culture is, how they conceptualise and measure it. Moreover, a scholar ought to elucidate the operationalisation of the cultural approach that they employ. Whereas anthropologists have been systematically theorising culture for almost a century, e.g., [104,105,106,107,108,109], scholars of other areas only realised the concept of culture decades later, e.g., [110,111,112,113,114].



One enduring definition describes culture as ‘patterned ways of thinking, feeling and reacting, acquired and transmitted mainly by symbols, constituting the distinctive achievements of human groups, including their embodiments in artefacts; the essential core of culture consists of tradition (i.e., historically derived and selected) ideas and especially their attached values’ [107] (p. 86).



Culture has visible and invisible facets [103]. The invisible facet of culture exists in our mind, e.g., values [115]. The visible side of culture is manifested in human behaviour and social interactions. In addition, elements of culture comprise values [107,115], beliefs [116], attitudes [104], norms [117] and symbols [115,118] (Figure 1). Values are conceptions of desirables that affect actions and are attributable to a characteristic of a group [107]. Beliefs are ‘social axioms’ about spiritual or physical worlds [116] and ‘about the relationship between two entities or concepts’ [119] (p. 289). Attitudes are the public’s assessments about something [102]. Norms are values that the public wish to see in others’ behaviour [103]. My definition of symbols is those complex features that derive from and are affected by language in one way or another.



This present study introduces the concept of common cultural denominators that is ‘the collective programming of the mind’ [115], such as shared societal values which distinguishes the members of one society from another.



I distinguish between situational attitudes and cultural values. A common misperception exists about situational attitudes, cultural values and cultural products (i.e., cultural implications). By and large, the rate of change in cultural values is very slow and does not happen over a couple of decades [55,120]. By contrast, situational attitudes are dynamic traits (e.g., a fad) that fluctuate even in a relatively short period of time. Maleki [121] and Maleki and Hendriks [55] argue that some studies have flaws due to a lack of distinction between situational attitudes and cultural values. Moreover, one should not mix ‘objective culture’ with the concept of common cultural denominators that I introduce in this research. Objective culture is what we see as institutions such as laws, or for instance, artefacts and objects [103,115,122].




5. Discussion


By using the largescale Eurobarometer survey on CCS [69] and Hofstede cultural dimensions, Karimi et al. [28] and Karimi and Toikka [29] argue that thrifty (this present study interpreted the long term orientation (LTO) dimension of Hofstede as thriftiness. However, LTO is a ‘big dimension’ that measures other cultural features as well [123]) and hierarchical nations with high uncertainty avoidance tend to a higher level of CCS risk perception. These cultural features could also influence trust towards stakeholders and actors such as decision-makers.



Comparing the results of Karimi et al. [28] and Karimi and Toikka [29] of laypeople with Karimi and Komendantova [30] of experts, interestingly, it seems that similarities exist between risk perceptions of experts and laypeople in the three countries of the case studies (i.e., Germany, Norway and Finland), possibly influenced by their common cultural denominators [43,49,124] (Figure 2). Furthermore, this is in line with Johnson and Covello [44] and Jasanoff [56] who state that ‘experts are themselves culture bound’ and they share the basic characteristics with laypeople as both are influenced by the same cultural and social circumstance. For example, Germany is a relatively hierarchical, highly thrifty society with a high level of uncertainty avoidance: all features that could lead to high-risk perception.



The results of discourse analysis on experts and, for instance, Eurobarometer [69], Braun [86] and Glanz and Schönauer [22] support the hypothesis that in Germany, relatively homogenous strong opposition exists among laypeople and experts. For instance, only 23% of German respondents perceived CCS as an effective technology to tackle climate change [69]. Furthermore, only 10% of the German respondents believed that they would benefit from CCS deployment (ibid). Both are the lowest percentages amongst the countries of the study. Moreover, 81% of respondents in Germany were worried about the environmental impacts of CCS deployment, the highest percentage amongst countries measured (ibid). Braun [86] and Glanz and Schönauer [22] argue that there are a high-risk perception and ‘strong’ public opposition against CCS in Germany. In addition, German experts interviewed commonly claim that CCS is not a useful technology. Merely a couple of the experts tentatively mentioned that only for industrial sectors (e.g., cement and steel industries) CCS might be useful. For example, in one of the interviews a scientist in Germany expressed:



‘I think people should be more intelligent to put a lot of tons of [CO2] under the earth for a long time... there should be more wise ways to produce [clean] energy than [CCS]. We should concentrate more on renewable energy systems in the long run.’



Interestingly, an interviewee from an NGO in Germany claimed that discussions about Bioenergy with Carbon Capture and Storage (BECCS) are a ‘hoax’. My claim regarding Germany is also in accord with Glanz and Schönauer [22] who report similar high-risk perceptions between both experts and the public through conducting a discourse analysis of similar German stakeholders to the current study. Similar patterns of perceptions are observed by van Heek et al. [26] on CDU in a comparative study between laypeople and experts.



The present study, however, identifies a low level of risk perception amongst both experts and laypeople in Norway in sharp contrast to Germany. The theory of this paper suggests that the low risk perception in societies like Norway is to some extent attributable to the significantly low-hierarchical, non-thrifty, low uncertainty-avoidance culture, of course, in addition to other geographical, political and socio-economic factors [28,29]. Social acceptance (and somehow acceptability) of CCS in Norway is almost the highest among the European countries sampled (ibid). The result of the discourse analysis suggests relatively significant low CCS risk perception and high support amongst experts in Norway. It is evident that stakeholders in Norway are over-optimists [126]. This has even led to miscalculations in the development and deployment of CCS projects in some cases. For example, an interviewee claimed:



‘If you do not take CCS seriously, you do not take climate change seriously.’



Another interviewee stated that timely large scale deployment of CCS is unavoidable:



‘It is a matter of when, not if.’



Lastly, one of the interviewees claimed:



‘It is kind of naive to think that we can [tackle climate change] without CCS, especially in the current situation in which fossil fuel usage increases’.



The results of the analysis of interviews data are in line with the Haug and Stigson [87] study that shows very positive attitudes to CCS exist in Norway among various stakeholders.



In Finland, most stakeholders who were interviewed showed a relatively low-risk perception of CCS. Similarly to Kojo and Innola [127] regarding BECCS and mineral carbonation, this present study observed fairly positive perceptions among the experts:



‘At the moment if you want to reduce CO2 emissions properly, say, at coal power stations or in coal-intensive industries, in practice, the only possibility is CCS.’



Nevertheless, some of the interviewees claimed that Finland would not need CCS in order to meet its climate goals:



‘Finland can reach its desired level of low-emission without CCS.’



Karimi et al. [28] and Karimi and Toikka [29] show that the risk perception of laypeople in Finland nearly follows a similar trend as the experts described above. According to Eurobarometer [69], CCS risk perception and the level of concerns over the technology in Finland were one of the lowest among EU countries. Pihkola et al. [128] also report a ‘neutral’ attitude of Finnish stakeholders towards CCS. Similarly, Rodriguez et al. [129] also observed social acceptance of BECCS is not a challenge in Finland, confirmed by Finnish experts. A thorough analysis of Finnish print media in the period of 1996–2015 by Kojo and Innola [127] shows that 60% of CCS-related items articulated CCS positively and only 14% of items were negative (cf. over 66% of items in German media were negative about CCS, and merely 6% were positive [130]). The rest of the items in the Finnish media had either neutral or mixed stances on CCS [127].



Some research conducted outside of Europe, such as Sun et al. [72] for the case of China, also reports similarities between CCS perceptions of experts and the public. In sum, several factors influence the variation of risk perceptions among nations, including geographical, societal, economic, political, historical and technical settings for the deployment of CCS. However, the factors mentioned above also eventually construct and form the common cultural denominators of a country, one way or another (Figure 1). This study discerns a fairly similar pattern of risk perceptions of CCS between experts and laypeople, seemingly attributable to the common cultural denominators in parallel with the other factors discussed in Section 3.




6. Limitations of the Study


One of the main data sources for this research is the Eurobarometer survey Public Awareness and Acceptance of CO2 Capture and Storage that was published in 2011. Nonetheless, there is no updated large-scale survey conducted after that. Thus, while this old data might challenge the result of this study, this paper tried, similarly to d’Amore et al. [82], to support the hypothesis and claims with updated literature as well as checking the data with other sources. For instance, according to Eurobarometer [69], the majority of respondents expressed that conventional outlets such as newspapers are their main source of information. A recent survey in Finland confirms that such outlets are still the main source of information to the public, not least for scientific-related news [131].



I acknowledge that societal factors are much more nuanced than only common cultural denominators. Hence, the proposed cultural framework in this study should be taken into consideration merely alongside other factors such as trust, providing information, political setting and knowledge dissemination.



The author also recognises that CCS opinions are volatile, and all we have are projected opinions at the time of surveying. This hinders far-reaching conclusions about the impacts of common cultural denominators on risk perception. There is a possibility that opinions could change over time. Therefore, the Eurobarometer data are likely based on labile opinions that could be changed for some other known and unknown reasons.



Finally, using non-homogenous and asymmetric research methods and data for studying laypeople and experts could challenge the results of this study. That said, this study tried to support its claims concerning laypeople with existing literature as well.




7. Conclusions


Research on the risk perceptions of new energy technologies and people’s reactions to them in various countries needs to account for the different technical and natural settings as well as how differences in where people live build their values and worldviews, and shape their opinions. When it comes to CCS, the identified factors in the existing literature that influence risk perceptions could be broadly categorised into trust, communication and community characteristics. Although these factors are all important in affecting risk perception, this paper argued that common cultural denominators are as important; these are macro-level societal factors such as commonly shared values affecting risk perception of all stakeholders. In other words, both experts and laypeople are affected by common cultural denominators; consequently, they might have a relatively similar pattern of risk perceptions. Moreover, common cultural denominators help us realise the relationship between laypeople’s and experts’ stances towards CCS.



It is evident that the consideration of societal factors is important in the development of new energy technologies and risk governance of energy transition in general. This paper suggests that thrifty, uncertainty avoidant, hierarchical societies tend to have higher risk perception of technologies such as CC(U)S. These cultural features are also related to trust towards various stakeholders. These factors should not be underestimated during the policymaking and deployment of projects. This paper recommends that stakeholders such as industry and policymakers consult on these matters in every step during the planning and communication phases of a project, e.g., in order to increase the accuracy of their risk assessment of a project. Therefore, the framework that is introduced in this research could provide a toolkit for risk assessment. Some stakeholders could benefit from the framework to operationalise risk perception by utilising the seemingly overlooked impact of common cultural denominators when dealing with the risks and uncertainties of new energy technologies such as CC(U)S. The strength of the framework attributes to the fact that international organisations weigh societal specifications in their planning and resource allocation. For example, the European Commission might benefit from the framework for budget allocation and communication with member states to implement CCS projects.



While this study has observed similarities between risk perception of laypeople and experts who are under the influence of common cultural denominators, it seems that laypeople have somewhat ambivalent yet volatile opinions towards technology due to some factors such as lack of knowledge. Therefore, their risk perception should be malleable depending on their common cultural denominators, in addition to other factors such as trust and knowledge dissemination, e.g., [26]. Moreover, this paper does not disregard the impacts of individual values, benefits and interests on stakeholders’ risk perceptions.



Finally, a need exists for further comparative research to examine the hypothesis of this paper systematically. If the risk perception of experts and the public could be replicated to be similar attributable to the common cultural denominators, then the direction of future research on the social acceptability of, and public engagement in, technology deployment might change fundamentally. If we assume that risk perceptions of experts and the public are similar, future research is recommended to focus on stakeholder acceptance or acceptability rather than social acceptance.
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Figure 1. Construction and elements of culture (Source: Author). Blue ovals are elements of culture and factors that explicitly or implicitly affect all elements of culture are in the background. 






Figure 1. Construction and elements of culture (Source: Author). Blue ovals are elements of culture and factors that explicitly or implicitly affect all elements of culture are in the background.



[image: Energies 14 07205 g001]







[image: Energies 14 07205 g002 550] 





Figure 2. Cross-cultural scores of Germany, Finland and Norway (data source: [125]). 
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