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Abstract 
 

The emergence of shale gas development in the global energy landscape depicts a critical 

energy innovation of the 21st century. Shale gas development has significant benefits when 

developed sustainably; however, the shale technology is known to induce unintended impacts 

on the local environment. Much study has focused on explaining responses at the local and 

national level; however, little research has explored the role of risk perception and sociocultural 

factors in shaping expert and public perception of shale gas development.  

This study used a mixed-method approach (utilizing a combination of qualitative and 

quantitative methods) to explore the underlying factors shaping expert and public perception 

about shale gas development and to gain a better understanding of the reasons for support and 

opposition to shale gas development in South Africa. The study used data collected from 

experts spread in different areas of the country and public participants from the four cultural 

groups across the Beaufort West area of the Central Karoo. The qualitative data revealed that 

experts were showed an ambivalent response to risk and significant support of the shale 

technology. The quantitative data also showed mixed results across the cultural groups with 

variation to risk and benefits. The White and Indian respondents opposed shale gas 

development on the account of significant risk on the environment. The Black and Coloured 

respondents showed strong support of shale gas development based on economic benefits. The 

study revealed that positive evaluation of shale gas development evoked support of the shale 

technology while a negative perception indicated opposition to the shale technology. Key 

reasons given by experts in favour of shale gas development are economic growth, energy 

independence and the assumption that shale gas could be the optimal ‘bridge fuel’ from coal to 

renewable energy. The study revealed that expert assessment of the risks of shale gas 

development is lower than the White and Indian groups. Other predictors of perception include 

level of institutional trust, knowledge, and access to relevant information. The observed 

differences and similarities between experts and the social groups are due to variations in costs 

and benefits perception. The findings are examined in relation to the extant literature on 

perceptions. The study provides an account of attitudes towards shale gas development in the 

Karoo to fill the gaps in the existing literature and examines potential policy implications 

arising from these outcomes.  
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Chapter 1: Introduction to the Research Project 

1.1 Introduction 

The urgency to accelerate the global energy transition from high polluting fossil fuel sources 

to green energy is acknowledged in literature and evidence-based policy research as embodying 

broader impact and coevolution of climate sustainability, energy efficiency and economic 

growth (Newell and Lane, 2020). The urgency attached to the energy transition has intensified 

with increased public awareness given the effects of anthropogenic emissions on global 

warming- exacerbated by high polluting energy (fossil fuel) sources (Cernev and Fenner, 2020). 

Governments are adopting urgent approaches and policies strategies to curb the concentration 

of greenhouse gas emissions and opportunities to facilitate investment in low carbon 

technologies (Mikulčić et al., 2019).  

 

Technological advancements in energy development and production and their impact on 

renewable energies offers solution to the challenges of diversification of global and local 

energy sources. Although the potential of green/ renewable energy sources are theoretically 

unlimited, their contribution and scale to the global energy base varies with weather, location 

and storage potential. In countries such as South Africa, the adoption and diffusion of green/ 

renewable energy systems is uncertain, slow, and poorly characterized. While the need for a 

clear and specific objective plan toward a greener sustainable development and socially 

inclusive economy is necessary, however, South Africa energy policy is hindered 

predominately by critical social uncertainties. Policy vulnerabilities and energy/ technological 

diffusion is impacted by both sociocultural behavioural and relevant economic barriers. 

Furthermore, policy performance toward a greener transition may lead to failure if adoption 

barriers are not addressed or managed properly (Jacobsson and Johnson, 2000; Pegels, 2010; 

Negro et al., 2012). Therefore, a successful just transition requires an assessment and 

comprehensive understanding of people’s perception and behaviour incorporated into energy 

policy model, a departure from the traditional cost-benefit approach often employed by 

governments and policy experts (Pierce and Paulos, 2012; Jacquet, 2014; Rotolo et al., 2015). 

 

Studies have shown that disruptive energy systems are opposed and resisted by society as 

policymakers fail to recognize and integrate the social context of the environment into the 

foundation of energy planning and development. Often neglected in the extant literature is the 



2 

 

broader sociocultural context in which the energy technology is developed and deployed. In 

addition, people perception may not be linear or uniform a cross geographic landscape (Carke 

et al., 2016). The similarities and differences including the variance in perception are 

discernible construct, to a large extent reflects an emerging field of investigation and key area 

of energy policy development. The role of community level discourse, trust, knowledge, 

awareness, personal/ group experiences, values, worldviews, social structure, social 

representation, social identity, and the complex set of technical processes related with shale gas 

development may hinder or facilitate the development of the shale technology. For example, 

international, regional, and national policy structures and frameworks may not be appropriate 

or successful in the local context and may exacerbate negative public perception and resistance 

to technological change if the policy fail to recognise and engage with the local psychological 

and social processes (experiences). 

 

Conversely, a contextual institutional and policy regime that incorporates the values and 

interest of the local citizenry may expedite public support and acceptance of the technology 

(Lockwood et al., 2010). It is argued that expert and public perception about shale gas 

development have not been adequately researched from the local context and as a result 

important nuance may have been missed regarding the social acceptability of the shale 

technology in South Africa. The factors influencing the perception of individuals are complex 

and interrelated and need to be explored from a multidisciplinary perspective (Axon and 

Morrissey, 2020). The gap in perception is likely to delay the transition pathway. Identifying 

the underlying factors that influence expert and public perception and how these factors are 

constructed in the mind of people is important and a critical component of energy development. 

Empirical research of expert and public perception about energy development have generally 

employed a quantitative approach on a large or national scale without employing a mixed 

methodology (combining qualitative input) (Devine-Wright, 2008). 

 

1.2 The Scope of the Study 

Shale gas development has the potential to play an important role as a ‘transition energy’ and 

provide sustainable energy to vast populations in developing countries who have no access to 

clean and affordable energy. Although, sustainable under several conditions, most countries 

with significant deposit of shale gas resources have not been able to achieve its full potential 

due to several barriers to its penetration and diffusion. These include institutional barriers, 

regulatory barriers, political barriers, sociocultural barriers, technical barriers, cost 
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effectiveness, inconsistent market conditions, political and environmental barriers. Some of the 

barriers may be specific to certain region, locality, or country. However, it is important to 

explore and identify the barriers to shale gas development in the area in which it is planned and 

to recommend measures to overcome the barriers (Cotton et al., 2021; Kumar and Hassanzadeh, 

2021; Szolucha, 2021).  

The site for this study is set in the context of public perception of shale gas development in the 

Beaufort West area in the Karoo, South Africa (see chapter 6, section 6.9.3). Beaufort West 

area is well suited for this study given the proximity to licensed area for shale gas development 

and level of activism in the area (Atkinson, 2021; Pietersen et al., 2021; Vermeulen, 2012). In 

addition, the area has significant population density comprising the four sociocultural groups 

and a voice on the shale gas discourse. The scope of this research sets the limits within which 

the study is performed and defines all aspect of the study, including the set of assumptions or 

thought that addresses the research questions (Johnson et al., 2007). The findings from this 

study represent the perception and experiences of the participants across the different socio-

cultural and professional contexts. There is a need to bridge the generalization and gaps 

between broad empirical perspective and assumptions that hold in other geographical context 

to provide a more nuanced understanding of the factors shaping expert and public perception 

of shale gas development in South Africa. Scholarly work on how people construct their views 

or opinions about shale gas development is contextual and unique (Perry, 2012; Lis et al., 2015; 

Mazur, 2016; Evensen and Stedman, 2017; Thomas et al., 2017). 

 

This study recognized the presence of multiple realities/ factors in society (Saunders et al., 

2009; Cameron, 2011) that could contribute to shaping an individual attitude, ranging from 

community values, social structures, exposure/ beliefs (impacts of shale gas development from 

other context), individual worldview, affective/ emotive factors and place attachment (Slovic 

et al., 2004; Braiser et al., 2011; Fishbein and Ajzen, 2011; Heberlein, 2012; Jacquet and 

Stedman, 2013; Lis et al., 2015; Evensen and Stedman, 2017; Thomas et al., 2017b) and this 

may not be a straightforward relationship, often assumed by scholars and technical experts 

regarding public beliefs about the risks/ impacts related to shale gas development.  

 

Booysen (2007) argued that the social attributes of the community characterize the identity of 

an individual.  It is important to understand how the various cultural identities (Black, Coloured, 

Indian, and White) in South Africa are reflected/ represented in behaviour concerning shale gas 

development. The effects of race dynamics or social identity on energy development remained 
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relatively unexplored in South Africa, presenting a new perspective of addressing public 

behaviour about energy development. A review of the literature shows public opposition than 

support in South Africa about shale gas development (Willems et al., 2016; Andreasson, 2018). 

For the most part, in sociological discourses, South Africa is treated as an exemplar of deepen 

racial inequalities shaped by the legacy of apartheid and colonial ambiguities (Seidman, 1999). 

The position of South Africa as deeply divided in racial identity merit a closer look in 

understanding the social processes shaping public attitude about shale energy development. In 

contrast to Western societies, South Africa reflects a theoretical bias and distinct/ unique 

cultural setting comprising of diverse social structures (Seidman, 1999; Seekings and Nattrass, 

2008; Sisk, 2017).  

 

In addition to exploring public perception, the present research contributes to our understanding 

about the underlying factors driving the perception of experts concerning shale gas 

development in South Africa. The expert sample represents industry and policy makers so that 

all the key stakeholder voices are represented in the study. The experts were recruited across 

South Africa. Thematic analysis was used to identify and contextualise the factors that reflect 

and affect acceptance of shale gas development in relation to the risks and benefits of the shale 

technology (see chapter 6, section 6.8.2). There is impetus to widen the scope of the study in 

future research to include academics, environmentalists, non-governmental organisations 

(NGO’s) and key sector actors. Each of these themes has diverse and distinctive dimensions 

that are discussed as sub-themes. 

 

In broad terms, this study critically explored contextual factors driving the perception of shale 

gas development in South Africa and provides a coherent theoretical framework in the way 

shale gas development is framed and constructed in the minds of people in the Karoo and 

broader expert community. More generally, there is little coherence/ scholarship in the literature 

exploring what constitute risk perceptions, public belief, public acceptance, or public resistance 

of shale gas development in South Africa. Ellis et al (2006) demonstrated the need to develop 

a research agenda that characterises the subjectivity and identity processes of energy 

development in the local context. Therefore, this body of study adopted a multi-disciplinary 

approach, integrating the many factors identified as shaping expert and public perception of 

shale gas development. 
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1.3 Integrated Review of Public Perceptions 

The published literature on public perception has advanced knowledge that explains how 

individuals respond to risks posed by shale energy development on the environment (Thomas 

et al., 2017; Yu et al., 2018). The literature ranges from psychologically based risk perception 

studies to heuristics processes and functions embedded across different cultures, beliefs, and 

values systems (Aerts et al., 2018; Verkuyten, 2018). This field of studies has advanced an 

active inquiry of public attitudes assessments, including the relationship between ethnic groups 

and modern science, government, and industry institutions. Along these lines, public 

understanding of emerging energy technologies, including pollution and environmental issues, 

is sometimes presented as a public deficit of scientific knowledge (information deficit model) 

which attributes public opposition or cynicism to science and technology to a lack of 

understanding from a lack of relevant information (Retzbach et al., 2011; Suldovsky, 2016).  

Results point to the clear importance of contextual factors as a determinant of attitudes toward 

science and technology in contrast to the rather simplistic information deficit model that has 

traditionally characterized debates of this construct. This study highlights the complex and 

interacting nature of social and psychological factors shaping attitude towards shale gas 

development (Sturgis and Allum, 2004). 

 

The recognition that public support is a prerequisite and necessary condition of shale gas 

development raises many questions about the processes shaping public responses. Importantly, 

how public behaviour is conceived and shaped has significant implications for the future of the 

shale industry in South Africa. Previous studies have provided critical analysis, evaluation, and 

insight for shale gas development in South Africa. However, the level of our current 

understanding of experts and public responses is limited and narrow.  

 

Empirical research of public attitudes towards energy development has for a large part used 

quantitative methodology and comparative sampling techniques to characterize public 

responses to emerging energy development. This study employed the qualitative 

methodological approach using an in-depth interview to compare the quantitative data. 

 

Several studies have portrayed ethnic/ social groups as mostly framed by contextual/ traditional 

knowledge and experiences (Tillman, 2002; Fuller and McCauley, 2016). Wherefore, ‘popular 

epidemiology' and citizen science have developed into an area of study in the shale debate that 

offers the need to incorporate community driven research into energy studies as a strategy of 
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inclusive/ public participation or energy democratization, guarding the energy transition 

(Friedman and Rosen, 2020; Steiner, 2020).  

 

It is also worth considering the role political incumbency plays in shaping the energy transition 

and the implications for energy policy making in South Africa (Meadowcroft, 2009; Laird, 

2013). The influence of political incumbency is prominent in the South African energy 

landscape and determine the conditions under which the South African government strengthen 

its hegemony and agenda for sustainable-energy transition policies. Resistance to incumbent 

political agenda poses a significant challenge to the transition policies, given the perpetuation 

of the ‘carbon locked in’ that dominant South Africa energy mix. Therefore, the case for energy 

democracy is a critical component of social ownership, energy, and environmental justice, 

ensuring increased stakeholder participation and guaranteeing that natural or indigenous assets 

“flow to all citizens’’ equitably (De la Cruz Paragas and Lin, 2016; Fairchild and Weinrub, 

2017; Atkinson, 2018; Burke and Stephens, 2018; Markard, 2018; Kalipa-Mini, 2018). 

Mitchell (2011) posited that the form of politics used to steer productive investments in large 

scale development should include multi-stakeholder groups. 

  

The findings from this study offered implications for shale gas development in South Africa. 

In practical terms, the study of public perception and its effects on energy development raised 

several challenges related to shale gas development. Both ‘local’ and ‘scientific’ knowledge 

presents an opportunity to explore the more complex sociocultural and rational/ technical 

processes whereby experts and the public frame their perception about shale gas development 

(Gasper, 1996; Irwin, 2013).  

1.4 Evolutionary Perspective of Shale Gas Development 

Published literatures suggest that organic-rich shale formations are widely distributed in 

sedimentary basins (Fig.1). Countries with commercial reserves are exploiting their shale 

resources as alternative energy source to mitigate a range of environmental, economic and 

energy concerns. The potential benefits of shale gas development rehearse the principal claims 

and case for its adoption as a ‘bridge fuel’ (Jones et al., 2013; Gong, 2020). Delborne et al. 

(2020) affirmed the role shale gas could play as a short term ‘’bridge’’ to a green future. 
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Evidence of aggregate GHG emissions from modelling projections offers suggestions that shale 

gas decreases greenhouse gases than coal energy and reduced impact on climate change. To 

make a comparative analysis, emissions will need to be evaluated and accounted at specific 

levels in the life cycle of processing, distribution, and combustion (Cathles et al., 2012; Newell, 

and Raimi, 2014). Complementary studies by Newell, and Raimi (2014) further noted reduction 

and emission controls resulting from “green completion” standards on shale gas development 

compared to coal and petroleum products.  

 

The potential of shale gas substituting coal is challenged by Howarth et al. (2011) and others 

as lacking methodological rigour. A study by Howarth et al. (2011) posits that 7.9% of 

anthropogenic methane produced from shale well is likely to escape into the atmosphere, 

negating the long-term sustainable benefits to society relative to coal for electricity generation.  

 

Further studies have noted that shale wells are more ‘’leaky” than coal and that the benefits of 

shale gas development are overtly exaggerated based on optimistic assumptions (Cathles et al., 

2012; Renner and Giampietro, 2020). Interestingly, attitude to shale gas development in South 

Africa is framed on two streams; risks posed by shale gas development on the local 

environment and the benefits of shale development in terms of economic growth, job creation 

and security of supplies (Fig and Scholvin, 2015; Willems et al., 2016; Andreasson, 2018). 

 

Given the environmental concerns and unintended consequences associated with shale gas 

development, Thomas et al. (2017) highlighted the contested nature of shale gas development 

in shaping the futures of sustainable energy development which could further bring intrinsic 

values to the different stakeholders in South Africa. Meyer and Schulz-Schaeffer (2006) 

highlighted the dynamics of sociocultural factors in broadening the energy policy agenda in 

South Africa. Sociocultural factors could be a determining factor on whether to adopt the shale 

technology in South Africa.  

 

Goldthau and Sovacool (2016) argued that the value of shale gas development should not be 

based on the technical merits alone but a process of multilevel perspective and social 

innovation, arguing that technological diffusion should take a social practice theory framework. 

Hölsgens et al (2018) posit this perspective as valuable in understanding the transition process. 

Several studies have argued along this line, noting that the concept of interpretative frames, 

heuristic, niche, and social construction is suitable typology (as an integrated approach) in 

exploring the sociological and historical context of energy technology (Russell, 1986; Leonardi 
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and Barley, 2010; Bijker et al., 2012; Sovacool and Brown, 2015). We understand that frames 

are not new but exist in the social dimension of energy development established within the 

relevant social groups (social networks) in the community (Hayes and Knox-Hayes, 2014). The 

distinct cultural identities embedded in a community characterize the relevant social groups 

(Black, Coloured, Indian, and White) in South Africa. The social groups make up the 

environment in which the energy system is deployed. Therefore, the environment plays a 

critical role in legitimating the value of the technology. Kerr et al. (2017) argued that social 

groups give meaning to shale gas development. Smith and Kern (2009) highlighted the critical 

role interpretative flexibility plays in shaping the social consent of the transition without 

threatening the values and interest of the community (Sovacool, 2014; Goldthau and Sovacool, 

2016). 

 

 
 

Figure 1: Estimates of Technically Recoverable Shale Gas Resources in Selected Countries  

(1 trillion cubic feet= 28, 316, 846, 592 cubic meters (SI base unit).  

Russia and the Middle East are omitted. Source: Inderwildi et al. (2014). 

1.5 The Local Context 

A critical component of sustainable energy development is the growing need to satisfy local, 

national, and international demand of energy supplies. Particularly energy systems that is both 

equitable and supported by the local population. The aim of this study is to explore how energy 

development is framed within the local community. In-depth survey and face-to face interviews 

were conducted to better understand the perception of experts and residents in the Karoo 
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concerning shale gas development. The findings of this study demonstrate the combination of 

complex sociocultural, local values, community relationship and psychological factors 

responsible for shaping support or opposition to shale gas development in the Karoo. 

Policy makers and energy researchers have recognised that technological/ energy adoption is 

framed by the local context, i.e., the environment in which the new energy development is 

deployed. Such perspective negates the concept of technological determinism, the notion that 

technological adoption is accepted on the basis and response to energy needs or mitigation of 

environmental hazards without recognising the role sociocultural factors and local values plays 

in shaping perception and general attitude toward the shale technology (Boyd and Paveglio, 

2015). Extant literature refers to the success and acceptance of energy technology based on 

economic, technical, and political values (Wajcman, 2002; Liss, 2012; Golden and Wiseman, 

2014). However, these constructs are interwoven and applicable to a specific geographical 

context described as sense of place. Therefore, technological adoption/ energy development 

must be considered within the sociocultural, historical relationship, political and environmental 

context in which they situated (Boyd and Paveglio, 2015). The study area (Beaufort West) has 

previously experienced levels of natural extractive activities of coal mining (Fig. 2, Chapter 6, 

section 6.9.3) (Vermeulen, 2012; Geel et al., 2013 Nülle, 2015; Downie and Drahos, 2017; 

Andreasson, 2018).  
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Figure 2: Map showing South Africa Shale Basins and Study Location (Beaufort West) 

             Source: Black (2015). 

 

1.6 The Rationale for Expert and Public Perception 

The recognition that perception is a prerequisite and condition for the social acceptance of 

energy development raises many questions about the potential factors and social processes 

shaping expert and public perception and attitude towards the shale technology.  

Most studies on energy planning and development are forward looking and do not put much 

consideration or emphasis on the social drivers and the wide range of complex social 

interactions in the community as shaping the acceptability of shale gas development (de Groot 

et al., 2020; Walton and McCrea, 2020; Kânoğlu-Özkan and Soytaş, 2021). Most studies make 

a broad generalization about expert and public attitude about shale gas development in South 

Africa by applying western assumptions and broad theoretical assumptions to the South Africa 

context failing to contextualise the South Africa setting as uniquely distinct geologically and 

different in the social structure. The social structure in South Africa is not homogenous or linear 

but made up of distinct, and complex sociocultural groups (Black, Coloured, Indian, and White) 
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and deeply radicalised (Rogerson, and Rogerson, 2020; Pirtle, 2021). Therefore, the drivers of 

public support regarding shale gas development extends beyond the centrality of technological 

innovation, international/ national energy, and environmental policy agenda. Understanding 

these dynamics, perspectives among the social groups, and the subjective factors underlying 

experts’ perception in the energy landscape of the Karoo is critical in policy making and siting 

of new energy development. The drivers are not independent but relate or interwoven in a 

complex ecosystem of sociocultural values, briefs, institutional trust, awareness, heuristics 

processes, experiences, worldview, perception, and frames requiring citizens science and 

energy democratization to resolve. Scott (2002) argued contrary, noting that integrating public 

participation in academic and policy studies is controversial given the constraint of time and 

enormous resources allocated to the science of public perception.  

This study recognised the concept of competing interpretative frames as an aspect of perceived 

reality among the social groups in modifying and communicating risks and the meaning of 

shale gas development. Therefore, the ability to modify the concept of shale gas development 

regardless of the technological design is critical to the deployment of the shale technology in 

the local setting. The study also acknowledged the discursive approach as a shared way in 

which the social groups apprehend the world around them with each discourse resting on a set 

of cultural assumptions and judgements which provides the basis for debates and contentions 

in the energy landscape.   

Perception shapes an individual belief and is affected by prejudices, cultural biases, and flawed 

scientific assessment. However, public perception may not necessarily be incorrect. An 

individual can receive verifiable information to form an objective opinion of concepts and 

notions (Viviani and Pasi, 2017).   

The study of public perception is vital in many ways, specifically where energy development 

and sustainability improvements are needed through public debate and social representation. 

Morgan (1997) claimed that the benefit of public perception is essential to get a better 

understanding of the underlying factors. In many cases, the deployment of complex energy 

systems in a community is limited or hindered without a comprehensive assessment of public 

perception about the potential risks to the environment. The development of a risk assessment 

plan incorporating public opinions is a crucial and effective strategy in managing and 

communicating risk. The study of public perception in energy development also plays a 

significant role in optimizing project cost and allocating the right amount of resource to 
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planning and development (Rogers et al., 2008).  

The contrasting trends and uncertainties and lack of consensus among expert reflects the 

contentious nature of shale gas development. Many factors such as paucity of empirical/ 

baseline data, functional factors, structural factors, constraints in measurement standards, 

limited understanding of the processes involved in shale gas development, mix of subjective, 

social, and personal factors and political considerations have significant implications to the 

future of shale gas development (Evensen, 2015; Montpetit and Lachapelle, 2017; Williams 

and Sovacool, 2019).  This study recruited geologist, drilling engineers and policy makers 

involved in the shale gas discourse to give their perception and multi‐interpretability 

understanding of shale gas development in the Karoo. The study found a high level of variance 

among expert’s perception suggesting a deep and an ongoing contestation about shale gas 

development in the national context. Theoretically, the study utilized an integrative approach 

to the related frames and arguments put forward by the experts to analyse the underlying factors 

shaping the perception of experts regrading shale gas development.  

1.7 The Role of Public Engagement and Community Ownership 

The role public engagement and community ownership plays in energy development provide 

a new understanding of the factors underlying the social acceptance of shale gas development. 

Based on empirical studies, public engagement indicates that community driven energy 

development shifts the focus from economic, environmental benefits and technical merit to a 

more diverse and complex set of drivers. A key benefit of public engagement for the local 

communities in energy development is that it offers the local community the opportunity to 

influence policy, planning and development rather that benefits.  However, it is not a silver 

bullet to securing the license to operate and to resolve the issues that raises from how energy 

resources should be planned and developed in the local setting. While the energy transition has 

become necessary for most countries, the question remain on how to deliver energy that is both 

equitable and socially acceptable (Dryzek 2010; Niemeyer, 2013; Simis et al., 2016; Suldovsky, 

2017; Muradova et al., 2020; Pellegrini-Masini, 2020).  

Recent scholarship regarding the morality and conceptualisation of energy equality have 

demonstrated for the need to incorporate citizens participation in the energy transition not just 

as beneficiaries but co-owners, a significant step in reducing energy inequality and securing 

the social license to operate in the local community (Pellegrini-Masini, 2020).   
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1.8 Gaps in Extant Literature 

Individual and group actor processes in energy development are not linear but disruptive 

processes that plays a critical role in shaping the energy transition and justify further studies. 

In some cases, radical technological innovation has been noted to generate complex structural 

changes in society. Studies have argued that the transitional processes are exercised across 

contexts incorporating the identity of actors (Becker et al., 2021). Rarely are the social groups 

that links individuals in a community given much consideration (Bögel and Upham, 2018). 

Hence this present study explores the role of shared identity, shared meaning, and the inherent 

relationships between the groups in framing individual perception and participation regarding 

shale gas development in South Africa. We understand that values vary substantially among 

different social groups which accounts for differences in individual and community perception 

toward energy development (Clayton and Opotow, 2003). Therefore, the concept of social 

identity underpins individual and community behaviour related to new energy development 

and improves our understanding of how individual perception is framed and various responses 

to shale gas development. Geels (2012) emphasized that social identity constitutes a key driver 

to energy and sustainability transition. Similarly, Clayton and Opotow (2003) found that 

environmental identity represents a critical aspect of community life which helps to facilitate 

the perception of individuals in a community. Environmental identity is linked to sense of place, 

individual connection to the physical environment, based on emotional, cultural, and historical 

attachment to the environment. However, this study focuses on the element of social identity 

or group norms in shaping behavioural changes toward shale gas development (Hogg and Reid, 

2006). Hogg and Reid (2006) argued that group norms or values are shared construct and a 

cognitive depiction of behaviours and responses of specific social group distinct from other 

groups. Every social group is characterised by specific sociocultural values or internal biases 

(theoretical biases) which makes individual behave in a certain way that is consistent with the 

values of the group (Fielding et al., 2008; Becker et al., 2021). This makes a compelling case 

for further studies regarding public perception of shale gas development in the Karoo, given 

that social behaviours are deeply rooted psychologically and resistant to change (Baum and 

Gross, 2017; Becker et al., 2021). 

This current study builds on the premise of psychology of shared identity in understanding how 

group biases shapes individual perception regarding shale gas development in the Karoo. This 

approach is consistent with studies undertaken in framing sociotechnical transitions and 
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innovations (Gaertner and Dovidio, 2014; Baum and Gross, 2017; Upham et al., 2019; Becker 

et al., 2021). In terms of future work, several points highlighted in this study merit additional 

consideration in different context. 

1.9 Research Aims and Objectives 

This study aims to contribute to the body of literature in the following: 

 

1. To critically explore the environmental, social, and economic impact of shale gas 

development. 

 

2. To critically review the geological understanding regarding shale gas development and 

evaluate the resource potential, risks and uncertainties of the Karoo Basin. 

 

3. To critically explore and compare the perception of experts and residents' response to 

risks and benefits of shale gas development. 

 

4. To critically explore the differences in expert and public beliefs about shale gas 

development. 

 

5. To critically explore the factors that influences shale gas development among the 

experts and the various social groups in the Karoo. 

 

6. To critically explore the effects of technical merits and social identity as a predictor of 

individual behaviour toward shale gas development. 

1.10 Research Questions 

The following research questions were used to achieve the research objectives: 

 

1. RQ 1. What are the perceptions and responses of expert and the public regarding the 

risks and benefits of shale gas development, does the perceived risks outweigh the 

potential benefits? 

 

2. RQ 2. Is there a direct correlation, differences, or relationship between the measured 

constructs to behaviour of experts and social groups towards shale gas development? 

 

3. RQ 3. To what extent does expert judgement affect or compare with public perception 
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about shale gas development? 

 

4. RQ 4. To what extent does the public perception of shale gas development in South 

Africa compare with the US and the UK? 

 

These questions address the gaps in the literature that was used to achieve the research aims 

and objectives. This present study examined the perception of experts (technical and 

policymakers) in South Africa and the public/ ethnic groups in the Karoo where shale gas 

development is proposed. Shale gas development in the Karoo is an emerging shale play 

currently under moratorium. The study explored the factors shaping the perception of 

individual about shale gas development and has significant implications for policy making and 

widening the transition and shale gas development debate in South Africa. 

1.11 Major Areas of Contributions 

This present study contributes to five thematic areas in the sociotechanical transition studies: 

• how group norms and values are represented as context dependent construct in shaping 

public perception regarding shale gas development. The theory of social identity 

informs the framing of individual-level processes in issues related to shale gas 

development. 

• societal culture are a core concept in shaping public behaviour and the energy landscape, 

this perspective should be considered in framing energy policy and planning. This adds 

to the growing evidence of subjective human experiences and multi dimensional factors 

shaping public perception. 

• explains how risk is perceived about shale gas development.The riskiness of shale gas 

development is uneven and assessed differently by different individuals manifesting as 

value or cost induced biases. 

These contributions have significant relevance to social scientists, policymakers, and energy 

scholars. 

1.12 Structure of the Study 

This study addressed the sociotechnical processes, socio-economic and environmental impacts 

of shale gas development in the Karoo (Figs. 2 & 3). This study incorporates a comprehensive 

assessment of peer-reviewed academic and relevant industry literature, including information 
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released by the South Africa government. 

The thesis is structured into eight chapters shown below (Fig. 3): 

                        

Figure 3: Structure of the Study.  

 

Chapter 2: described the geological consideration of the Karoo Basin and increases our 

understanding of the technical processes involved in shale gas development, including 

directional drilling and hydraulic fracturing processes, including the rationale for scientific 

studies and further exploration in the Karoo Basin to reduce the geological uncertainties.  

Chapter 3: focused on scoping work to assess what pathway or channels can give rise to 

significant localized and broader environmental impacts. The rationale of environmental 

sustainability and transition pathway are discussed extensively as fundamental attribute of 

social and economic sustainability. 

Chapter 4: contributed to the broader debate of economic sustainability of shale gas 

development, review of direct and indirect economic impacts, including economic 

uncertainties, boom-bust effects and wider benefits to the local economy.  

Chapter 5: drew from a long tradition of studies about energy boomtowns and disruptions to 

explore the social and community impacts of developing the Karoo shale resource, including a 
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thorough understanding of historical social/ ethnic cleavages in South Africa distributional 

injustice, mechanisms of local activism and solidarity is presented.  

Chapter 6: presented the study within the mixed-method approach and provides the rationale 

and application of multiple methodologies and theoretical framework for data collection, 

analysis, data quality and interpretation of the findings. This chapter also described the research 

setting and sampling criteria.  

Chapter 7: described the findings of the qualitative and quantitative study. This chapter also 

compares the results to historical and extant research undertaken in public perception studies 

of shale energy development.  

Chapter 8: reflect on the study's contribution to the knowledge and practice of shale gas 

development. This chapter highlights gaps for future research and provides recommendations 

for policymaking if shale gas development moves forward. 

1.13 Conclusion 

Social scientists and energy scholars are increasingly interested in exploring how the 

perception of risk and social factors influence the acceptability of shale gas development. Over 

the last decade, three thematic areas have been dominant concerning the shale gas discourse: 

the impacts of shale gas development; the role of perception in defining the social acceptability 

of shale gas development; shale gas in the energy transition (Boudet et al., 2014; Jaspal and 

Nerlich, 2014; Cuppen et al., 2019). 

The need to understand expert and public attitude is critical for several reasons; from a policy 

perspective, social representation and acceptability represent a significant barrier to the 

development of shale technology (Vermeulen, 2012). There is justification for this present 

study broadening on a range of perspectives that can formulate democratic energy policy as 

reflected in community interest and values. No research to date has explored and compared 

both expert and public perception about shale gas development in South Africa. This study is 

increasingly important as public debates about shale gas development permeate the Karoo 

community. 

Why do we have these gaps in literature? The difference is grounded in how expert and the 

public frame their perception of risks and benefits reflected in attitude about shale gas 

development.  Attitude is characterized as a hypothetical/ theoretical construct that describes 
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an individual’s level of like or dislike for a thing. In simple terms, attitudes are opinions or 

prejudices, generally represented as positive or negative perspective of an individual (Schwarz 

and Bohner, 2001). Attitude is inferred from an individual assessment and responses to issues. 

Accordingly, the processes involved in evaluating the attitude of expert and the public are 

central to this study, together with inferences about the level of acceptance across the various 

social groups in the Karoo. Empirically, the dynamics and measurement of attitude are 

contextual and reflects a multidimensional process (Sjöberg, 1999; Schwarz and Bohner, 2001; 

Crowe et al., 2015; Luke and Evensen, 2021). Therefore, this research contributes to the 

literature by addressing these gaps by sampling expert and non-expert/ public perception. This 

current study provides robust data and explores the relationships of key drivers of perception, 

an essential consideration of the risks and benefits concerning shale gas development. 
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Chapter 2: Geological and Well Engineering Background 

2.1 Introduction 

Shale energy sources refer to the accumulation of hydrocarbons trapped within thick organic-

rich black shales (in non-conventional reservoirs, sedimentary rocks with low porosity and 

permeabilities) whose commercial exploitation and access requires complex drilling and 

enhanced well stimulation techniques (utilizing well-placement and reservoir optimization 

comprising) of horizontal drilling and hydraulic fracturing technologies. The ‘shales’ are 

deposited primarily as sedimentary rocks in geological depo-basins referred to as ‘’shale plays’’ 

(Figs. 1 & 2) (Boyer et al., 2011; Torghabeh et al., 2019; Milkov et al., 2020). The ‘shale plays’ 

are widely distributed and extend over large geographical areas and prospective sedimentary 

basins spanning across North and South America, Europe, Asia, and Africa continents and 

exhibit similar petrophysical and geological characteristics (Figs. 1 & 2) (Wang et al., 2014; 

Du and Nojabaei, 2019; Milkov et al., 2020).  

Natural gas account for over 24 % of the global energy consumption with the US shale boom 

accounting for the largest (two-third) share of global natural gas production, spurring ‘’the 

golden age of gas’’ (Shafiee and Topal, 2009; Arutyunov and Lisichkin, 2017; Lin and Xu, 

2020; Carson, 2021). The US shale revolution have propelled the most rapid and largest surge 

in energy production and fundamentally changed the global energy landscape underpinned by 

directional drilling and hydraulic fracking activities. Advances in unconventional drilling 

technologies and reservoir management has unlocked vast reserves of shale resources 

previously thought to be geologically inaccessible and uneconomical to develop. The shale 

boom has profound implications regarding national energy policies and relevance to global 

strategic sustainable energy development (Bentham, 2014; Cherif et al., 2017).   

Studies have demonstrated that investments in shale gas development mirrors high risk/ high 

reward in exploration and production of natural gas. Shale wells reach full production profile 

quickly (on average of 70,000 thousand cubic feet (mcf) per day in the first few days) compared 

to conventional gas wells which produces nearly 30,000 mcf, however significant shale wells 

are required to achieve economic viability. The prospectivity of shale resource depends on 

several factors ranging from the kerogen type, hydrocarbon generating potential of the basin, 

thermal maturity of the kerogen, rock mineralogy and depositional environment (Agrawal and 

Sharma, 2020). Findings from petrophysical studies have demonstrated that gas production for 
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individual shale wells varies significantly across the different geological basin and during the 

well's life cycle (Tripoppoom et al., 2020) (Fig. 1). Majority of unconventional wells declined 

by about 70 %, first year after initial well flow (Newell and Priest, 2017). This demonstrates 

steep decline curves of shale gas wells which is commonly discussed in literature.  

The EIA estimated that shale resources in 41 countries account for 137 prolific shale basins 

and represent 32 % of global natural gas technically recoverable resources (EIA, 2013). 

However, the assessment of global technically proven recoverable shale resources is uncertain 

given that new ‘shale new plays’ are emerging, while old and matured ‘shale plays’ are rapidly 

declining.  

South Africa accounts for 5.1 % of the world total TRR concentrated within the Ecca Group 

(Whitehill Formation, Prince Albert Formation and Collingham formation) in the Karoo Basin 

(Fig. 4). However, several studies have reported inconsistent shale gas resource in the Karoo 

Basin, studies carried out by De Kock et al. (2017), and Chabalala et al. (2020) suggested an 

estimated TTR 13Tcf. Given the thermal and tectonic conditions that prevailed during the 

evolution of the Karoo Basin. Studies noted that the Karoo Basin holds a conservative resource 

potential between 20 Tcf-50 Tcf (Econometrix, 2012). Vermeulen (2012) argued that basin-

wide/ exploration drilling activities are required to fully appraise the geological risks and 

economic potential of the Karoo Basin. This is unlikely due to the current moratorium imposed 

on shale gas development in the Karoo (Steyl and van Tonder, 2013; Scholes et al., 2016) (Fig. 

4). 
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Figure 4: Karoo Basin and Technical Cooperation Permit areas. 
Source: Black (2015). 

2.2 Geological Setting of the Karoo Basin  

The Karoo Basin in South Africa covers a surface area of approximately 700,000 km2 of 100 

Ma of sedimentation ranging from 280 to 180 Ma (Johnson et al., 2006; Neveling et al., 2016; 

Baiyegunhi and Gwavava, 2017) (Fig. 5). The development of the Karoo Basin covered two-

third of the area of South Africa and evolved from the initiation and final breakup of the 

Gondwana supercontinent between the Late Carboniferous to the Middle Jurassic (Geel et al., 

2013; Mckay et al., 2015). The Karoo Basin developed from the amalgamation of two separate 

tectonic activities juxtaposed between the southern and northern active margin of the 

Gondwana (Catuneanu et al., 1998). 

The southern tectonic events are thought to be associated with the activities of subduction and 

orogenesis along the paleo pacific rim of the Gondwana that resulted in the development of a 

retro-arc foreland referred to as the ‘‘Main Karoo Basin’’ followed by a flexural and dynamic 

loading of sediments (Lindeque et al., 2011; Bamford, 2016) (Figs. 5 & 6). The northern 

episode was activated by extensional forces that developed southwards from the Tethyan 

margin of the Gondwana. It is understood that climate fluctuations of cold and semi-arid to 
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humid conditions during the Late Carboniferous to Earliest Permian initiated the development 

and formation of the stratigraphic and structural architecture of the Karoo Basin (Catuneanu et 

al., 2005) (Fig. 6). 

The idea that tectonic control contributed to the development of the Karoo Basin was suggested 

initially by Rust (1973) and subsequently acknowledged by Smith et al. (1993); Veevers et al. 

(1994); Johnson et al. (1996), and Tankard et al. (2012). Studies have suggested that the 

development of the retro-arc foreland Karoo Basin led to the evolution of a fold-thrust belt of 

magmatic origin (Visser, 1987; De Wit and Ransome,1992; Veevers et al., 1994; Catuneanu et 

al., 2005) (Fig. 6). Tankard et al. (2012) proposed a tectonic-sedimentary development of the 

Karoo Basin illustrated by subdividing the Karoo Basin into a pre and foreland segment. The 

Cape Supergroup evolved during the Early Ordovician to Early Carboniferous and made up of 

approximately 8km of shallow marine, deltaic and fluvial sediments which thickens in the 

southern axis of the east-west depo centre (Rust, 1973; Veevers et al., 1994; Turner, 1999). 

Earlier studies suggested that the sediment of the Cape Supergroup originated in the north from 

a cratonic source (Tankard et al., 2012). Studies noted that the overlying Karoo Supergroup 

consists of approximately 12 km of deep marine to fluvial sediments (Baiyegunhi and Gwavava, 

2017). Stollhofen et al. (2000) attributed the Karoo Basin as an extensional intracratonic rift 

trending in the N-S direction to the shear zone of the basement rocks. Chevallier and Woodford 

(1999) and Svensen et al. (2007) observed several structural features, faults, and intrusions 

such as dolerite embedded as dykes and sills. The authors noted that the dolerites and structural 

features were formed during the tectonic evolution of the Karoo Basin. Woodford and 

Chevallier (2002) proposed lithological control on the development of dykes. Woodford and 

Chevallier (2002) found that the dykes were strata bound and clustered in the Upper Ecca and 

Beaufort Group. Chevallier et al. (2001) found structural deformation in the Main Karoo Basin 

trending in three different directions, Western, Eastern and Northern sections. The risk posed 

by the deformational and tectonic activities in the Karoo Basin led to the development of 

dolerite intrusions that may have produced channels for releasing formation gas. Well test data 

from CR 1/68 borehole found oil shows and a small presence of gas in the Whitehill Formation 

(Rowsell and De Swardt, 1976; De Kock et al., 2017). 

Stratigraphically, the Karoo Supergroup is subdivided into five groups; the Dwyka (Late 

Carboniferous), Ecca (Early Permian), Beaufort (Late Permian—Middle Triassic), Stormberg 

(Late Triassic—Early Jurassic), and Drakensberg Groups (Middle Jurassic) (Johnson et al. 
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2006; Tankard et al., 2009; 2012; Flint et al., 2011; Poyatos-More´ et al. 2016). Johnson et al. 

(2006) proposed that the Middle Jurassic period experienced rapid environmental conditions 

coupled with tectonic activities, uplift and eruption of basaltic lava overlying the Drakensberg 

Group (Fig. 7).  

The Ecca Group were derived from marine turbidites and submarine fan origin (Catuneanu et 

al., 2005). The clays and mudstones in the Prince Albert Formation were deposited as diamictite, 

mainly marine sediments derived from the Dwyka Group derived from the SE part of the Karoo 

Basin (Johnson et al., 1996). This was followed by the deposition of the Whitehill Formation, 

predominantly formed as carbonaceous shale overlying the Collingham Formation made up of 

grey shales, and yellow claystone, the deposition of the Ripon Group followed this made up of 

sandstones and shales. The Fort Brown Formation and Waterford Formation were deposited as 

submarine fans, shelf, and deltas (Milani and de Wit, 2008; Tankard et al., 2012) (Table 1). 

This interpretation is consistent with the findings of Van Lente (2004), who observed a 

progressive trend of sediment thickness and low rates of sedimentation during the deposition 

of the Lower Ecca Group. Hansma et al. (2016) noted that the Cape Orogeny occurred as two 

separates deformational episodes; the first event occurred at about 275–260 Ma, while the 

second one at about 255–245 Ma. The southern Cape Fold Belt occurred synchronously with 

the deformation of the Cape Folds and sedimentation in the foreland basin (Catuneanu et al., 

2005; Paton et al., 2006) (Fig. 6). Van Lente (2004) observed rocks of batholith origin in the 

Ecca Group formed from the amalgamation of subduction-related plutons from the Late 

Jurassic.  

 

Figures 5 and 6 shows the deposition of the Ecca Group during the evolution of the Karoo 

Basin. Both figures demonstrated that the southern trough of the Karoo was developed by the 

down warping of the Cape Fold Belt followed by subsequent uplift along with the CFB, noting 

that the paleo-environment switched to non-marine and created an influx of deltaic sediments 

(Veevers et al., 1994). 
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.  

Figure 5: Geological map of the Main Karoo Basin.  
Source: Catuneanu et al. (1998). 

 

 

Figure 6: Schematic across the Cape Super Group and associated Magmatic arc.  
Source: Visser (1992). 
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2.2.1 Stratigraphy of the Karoo Basin 

The Ecca Group comprises of approximately 1300 m of marine siliciclastic sediments overlain 

by non-marine/ fluvial Beaufort Group (Fig. 7). The Ecca Group base comprises of the Prince 

Albert Formation (thickness of ca. 180 m). Prince Albert Formation is predominately made up 

of claystone and cherty claystone layers interbedded with carbonate rock. This is followed by 

the Whitehill Formation (thickness of about 30 m) composed predominately of carbonaceous 

claystone. (Flint et al., 2011). The Collingham Formation overlies the Whitehill Formation with 

a thickness between 30 – 70 m of dark carbonaceous claystone interbedded with layers of 

siliciclastic turbidites and volcanic ash. The upper section of the Ecca Group consists of the 

Vischkuil Formation, the Laingsburg Formation, the Fort Brown Formation, and the Waterford 

Formation. The stratigraphic package is approximately 1200 m, predominately of deep-water 

origin. The depositional sequence shows a depositional progression from a basin floor fan 

deposit to basin slope through fluvial and shallow dominated sediments (Johnson et al., 2006; 

Flint et al., 2011) (Fig 7 and Table 1). 

 

 

Figure 7: Lithostratigraphy of the Western Cape area.  
Source: Flint et al. (2011). 
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Table 1: Lithostratigraphy of the Ecca Group. 

Notes: Modified from Baiyegunhi et al. (2017). 

2.2.2 Gas Generation and Thermal History 

Thermal maturity is a critical factor required for oil and gas generation; the prospectivity of the 

source rock begins as temperature and pressure increases with depth (Fig. 8). The organic 

matter transforms into different kerogen type expelling hydrocarbons at various stages of the 

petroleum generation process (Fig. 8). Facies variation has proven to affect the quality of 

thermal maturity of the source rock. Bacteria action on immature source rock at shallow depth 

generates biogenic gas at a temperature below 50°C. Bacteria action reduces significantly with 

deeper depth creating the conditions to generate the different hydrocarbons (McCarthy et al., 

2011). Deeper burial of the source rock at 2 – 3 km generates thermogenic/natural gas at the 

gas window. The condensate production (a mixture of oil and gas) is likely to occur at this 

depth. The gas window ranges between 120 – 150°C with vitrinite reflectance between 1.2 to 

2.0 % Ro. The process continues until the source rock becomes over-mature at a temperature 

of 200°C, vitrinite reflectance greater than 3.0 % (Fig. 8) (Roniwibowo et al., 2019). 
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Figure 8: Diagram Showing Hydrocarbon Generation. 

 Source: McCarthy et al. (2011). Transformation of kerogen increases with depth, temperature, and pressure. 

2.2.3 Petrophysical Characterization of the Shale Reservoir 

Shale gas reservoirs are fine-grained and organic-rich sedimentary rocks. The Karoo shale 

reservoirs are composed predominately of clay minerals but may include fine-grained 

sandstones interbedded with mudstone, siltstones, calcite, and quartz (Baiyegunhi et al., 2017). 

The colour of the shale rock varies depending on the clay, organic content and the conditions 

prevailing at deposition. The shale serves as a source rock in conventional hydrocarbon settings 

and as both source and reservoir rock in unconventional oil and gas environments (Romero-

Sarmiento et al., 2017).  

With an increase in temperature and pressure, buried organic matter (plants and animals) are 

converted into lipids and transformed into kerogen. The kerogen is transformed into oil, wet 

and dry gas depending on the organic content. Given that shale rocks have poor porosity and 

permeability, the gas is trapped within the rock matrix as an adsorbed phase and may dissolve 

in water or oil (Glorioso and Rattia, 2012). Deng et al. (2014) stated that the adsorption of gas 

in shale gas reservoir is between 20–85 %, indicating the importance of adsorption for gas 

containment. An increase in the TOC and clay content has been found to increase the adsorption 
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capacity of the shale reservoir. Shale reservoirs with low TOC and high clay content have been 

discovered to have a high adsorption capacity (Song et al., 2019).  

Forecasting long-term hydrocarbon production from tight and shale reservoirs has been a 

critical challenge for geologist and reservoir engineers. Heller et al. (2014) investigated the 

matrix permeability and porosity of shale reservoirs using confining stress better to understand 

shale wells' flow regime and production profiles. The result suggested that shale reservoirs 

have intrinsically low permeabilities or nanopores requiring hydraulic fracturing to enhance 

the matrix properties of the reservoir. Regardless of their diagenetic and geographic origin, 

studies demonstrated that the permeability of shale reservoirs is < 0.1 MD and effective 

porosity <10 % (Ehrenberg and Nadeau, 2005; Boyer et al., 2006; Boyer et al., 2011; de Periere 

et al., 2011; Hatami et al., 2020). In addition, Kuila and Prasad (2013) demonstrated that the 

shale matrix has pores in the order of 2 nm to 50 nm in diameter. Field and drilling result 

showed that multi-stage fracturing of shale reservoir improved the estimated ultimate recovery 

(EUR) and rate of cumulative gas flows of the shale reservoir on the order of 30 % to 70 % 

(0.0005 md and 0.08 porosities, respectively) (Sunjay and Kothari, 2011; Tavassoli et al., 2013). 

Petro-physical evaluation of the Ecca Group demonstrated that porosity and brittleness of the 

Whitehill Formation would facilitate hydraulic fracturing of the rocks to produce gas.  

2.2.4 Effect of Organic-Matter Type and Thermal Maturity 

Total organic content refers to the weight or measure of the percentage of the total carbon (% 

weight) or the amount of TOC by weight per 100 g of rock (g TOC) (Mahmoud et al., 2017) 

(Table 2).  The total organic matter and the matrix porosity are considered as the controlling 

factors for gas storage, kerogen type and character of the shale reservoir (Ross and Bustin, 

2009).  Studies have noted that thermal maturity alone is not enough to influence the generation 

and petroleum potential of the shale reservoir but a combination of factors such as depositional 

environment, mineralogical composition, and type of organic matter (Jarvie et al., 2007; Yang 

and Horsfield, 2020). 

The black shales of the Lower Ecca Group are considered the prospective source rocks of the 

Karoo Basin (Chere, 2015). The organic-rich shales were affected by the loss of organic carbon 

from contact metamorphism and multiple intrusions of sills and dykes in the Early Jurassic 

(Aarnes et al., 2011). Analysis of core logs showed that the Whitehill Formation was not 

affected by the intrusion of sills and fall within the gas window for hydrocarbon generation. 

Chere (2015) found that the TOC of the Whitehill Formation ranged from 2.0%-7.3% Ro, (at 



29 

120ºC), making it a prospective focus for shale gas development/gas-bearing reservoir (Figs. 

9a and 9b). Black (2015) and Euzen (2011) found that source rocks must have TOC greater 

than 0.5 wt % to be considered prospective. The reservoir must have good porosities to generate 

a significant volume of hydrocarbons.  

The Whitehill Formation is predominately made up of dolomite. Dolomite is considered to 

have good porosity and a significant gas volume. Studies by Chere (2015) and Chere et al. 

(2017) noted that the Main Karoo Basin contained a mix of Type II and Type III kerogen. The 

Collingham and Whitehill Formations fall in the Kerogen II curve, while The Prince Albert 

Formation plot in the Kerogen III boundary. In terms of organic matter, Kerogen II is generated 

from phytoplanktonic organisms and Type III derived from the terrestrial deposit. 

Mineralogically, the Whitehill Formation is made up of feldspar 13%, illite 26%, quartz 35%, 

dolomite/ pyrite 23%. The presence of quartz indicates that the shale rock is brittle and 

‘frackable’ (Table 2) (Chere, 2015). 

Studies found that the lower Ecca Group falls within the high Tmax values identified as an 

over-matured and unprospective zone for shale gas development. The presence of phosphorus 

and barium indicates an extreme period of mineralization and paleo-activity during the 

depositional setting of the Ecca Group. In terms of depositional environment, Rimmer (2004) 

noted that the Whitehill Formation was deposited under an anoxic paleo-environment while 

the Prince Albert Formation was formed under euxinic conditions accumulation of marine and 

terrestrial organic matter (Table 3). The chromatographic breakdown gas extracted from 

Whitehill Formation displayed Carbon constituents ranging C1-C6 with toluene and benzene. 

The range of gases indicates that the organic content was over matured and reached an 

advanced phase of hydrocarbon generation, possibly from thermotectonic processes associated 

with the development of the Cape Orogeny (Chere et al., 2017).  

Table 2 shows the relationship of TOC to resource potential; however, this is different for 

carbonate rocks based on the organic matter, structure, depositional environment, and 

composition of the source rocks. 
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Table 2: Total Organic Carbon vs. Resource Potential. 

Total Organic Content Wt (%) Resource Potential 

< 0.5 Very Poor 

0.5 – 1.0 Poor 

1 – 2 Fair 

2 – 4 Good 

4 – 10 Very Good 

> 10 Excellent 

Source: Black (2015). 

Table 3: Classification of Kerogen Type based on Depositional Environment. 

Environment Kerogen Type Kerogen 

Form 

Depositional 

Environment 

Constituents Hydrocarbon Product 

Aquatic 

I Alginite Lacustrine 

Algae and 

amorphous organic 

matter 

Very rich 

Hydrocarbons 
Oil 

II Exinite 
Marine Reducing 

Conditions 

Algae and 

herbaceous matter 
Hydrocarbon rich Oil, Gas 

Terrestrial 

III Vitrinite 
Marine Oxidizing 

Conditions 

Wood and humid 

matter 

Hydrocarbon 

poor 
Gas, Coal 

IV Inertinite 
Marine Oxidizing 

Conditions 

Decomposed 

organic matter 

Very poor 

Hydrocarbon 
Inert 

Note: Modified from Flint et al. (2011) & Baiyegunhi et al. (2018). 

The Krevelen model is used to characterize the source rocks and estimate the kerogen's quality 

on a plot of O/C vs. H/C (Figs. 9a and 9b). Table 4 shows the different kerogen types, 

depositional environment, and hydrocarbon potential. Kerogen I is oil-prone, constituting of 

high H/C and low O/C ratios predominately of algal organic matter, while Kerogen III has the 

highest GOR and generates more hydrocarbon gas than Kerogen I, II and IV. Kerogen II are 

considered as oil and gas prone with intermediate H/C and O/C ratios containing a mixed 

content of plants and terrestrial input. Type III kerogens have higher O/C and lower H/C ratios 

composed of humid and terrestrial contents (Flint et al., 2011; Baiyegunhi et al., 2018).  
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Figure 9a:van Krevelen showing Hydrogen index (HI)   Figure 9b: van Krevelen diagram showing 

Kerogen Types Oxygen Index (OI)  
Notes: All samples of the Whitehill Formation plot in the Kerogen III with a mixture of II. The organic content 

are predominantly overmatured. Sources: Baiyegunhi et al. (2018). 

2.2.5 Resource Potential of Shale Gas in the Karoo Basin 

The Karoo Basin is a frontier basin with limited drilling and seismic data. Preliminary analyses 

of the limited subsurface data of the Cranemere 1/68 well (drilled by the Southern Oil 

Exploration Corporation – SOEKOR) in the 1960s coupled with surface outcrop data indicate 

the existence of a gas prone geological province (Chere et al., 2017; Nolte et al., 2019). These 

early gas discoveries appeared to be an opportunity and upside potential for shale gas 

exploration. Production test carried out in the Cranemere 1/68 well indicated that gas flowed 

from the well at the rate of 1.8 million cubic feet/ day (Mowzer, 2012; Vermeulen, 2012; Chere 

et al., 2017; Nolte et al., 2019). The success of shale gas development is dependent on a better 

understanding of the geological uncertainties, given that large sections of the Karoo basin are 

underexplored.  

Studies have shown that the Ecca shales provide the source rocks for the Karoo Basin (Chere, 

2015; Chere et al., 2017). The Ecca shales were subjected to episodes of tectonic activities 

during the deposition of the sediments; the intrusion of dolerites could have resulted in the 

release of gas from the basin (Brunner and Smosna, 2011; Vermeulen, 2012). Chere (2015) 

noted that the Whitehill Formation compares favourably with the prospectivity of the Marcellus 

and Barnett shales in the US. Besides, the average TOC values across the Whitehill shale is 
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consistent with the Marcellus and Barnett Shales (Table 4). 

Studies have shown that the Karoo succession/ Supergroup was penetrated during the early 

Jurassic period with numerous dolerite dykes and sills. The Karoo succession is mainly covered 

with dolerite sills with individual sill up to 150m in diameter (Svensen et al., 2007).  

Structurally, the dykes generally occur in a parallel orientation, trending towards the northern 

margin of the Cape Fold Belt, becoming variably deformed and intrude progressively at greater 

depth within the central Karoo Supergroup, further complicating the geology of the Karoo basin 

(Linol et al., 2016). The Karoo basin represents the only example of shale play in the world, 

with abundant dykes and sills raising uncertainties about the commercial potential of the basin 

to produce gas.  

Table 4: Comparison of Hydrocarbon Prospectivity between the Barnett, Marcellus, and 

Whitehill Shales.  

Property Barnett 

Mississippian Shale 

Fort Worth Basin 

Marcellus 

Devonian Shale 

Appalachian Basin 

Whitehill 

Permian Shale 

Karoo Basin 

Quartz 35 – 50 10 – 60 20 – 42 

Clay 10 – 50 10 – 35 4 – 26 

Calcite 0 – 30 3 – 50 2 – 38 

Feldspars 7 0 – 4 0 – 28 

Pyrite 5 5 – 13 2 – 12 

Mica 0 5 – 30 0 – 3 

Porosity (%) 3 – 6 3 – 6 1 – 5.5 

Vitrinite reflectance (Ro) 0.6 – 1.9 0.7 – 3.5 2.2 – 3.5 

Tmax >455°C >475°C 318 – 601°C 

TOC (%) 0.6 – 1.9 0.7 – 3.5 0.5 – 7.3 

Kerogen type Type II & III Type II Type II, III 

Estimated size of shale-gas 

play 

23 310 km2 129 499 km2 155000km2 to 183 

000km2 

Thickness of formation ~28m 15m 18 – 46 m 

Estimated Potential yield 2.5 bcf to 40 tcf 50 to 900 tcf between 32 and 485 tcf 

Modified from Geel (2013) & Baiyegunhi et al. (2018). 
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2.2.6 Trapping Mechanism of Gas in the Karoo Basin 

Different analogues have been drawn to compare the trapping mechanism between the gas-

bearing shales in the Karoo basin with shales plays around the world (Svensen et al., 2007; 

Pietersen et al., 2021). The effects of the dykes in the Karoo basin are intensely debated. 

However, a widely held perspective suggests that heating from magmatic activities during the 

Early Jurassic had a significant impact on the TOCs and vitrinite reflectance of the shales 

(Fig.10) (Svensen et al., 2007).  

The Karoo basin is situated as a geological structure initiated by intrusive volcanic activity and 

contact metamorphism (Fig. 11). The foreland portion of the Karoo basin is thick (8km) stacked 

of thick Carboniferous to Early Jurassic sediments (Jamtveit et al., 2004). Large volumes of 

intrusive magmatic dykes and sills penetrated the Karoo Basin in the Early Jurassic, heating 

the organic-rich shales of the Whitehill and Prince Albert Formation of the Ecca Group. The 

structures were intruded by planar sills of up to 120 m thick (Fig. 11). The reaction of the heated 

sills created metamorphic aureoles and the expulsion of pore fluids and gases, including the 

formation of hydrothermal vents in the Karoo Basin. A remarkably features that cut through 

the basin, contact metamorphic aureoles, and sills is the exposure of numerous breccia pipes 

covered with brecciated and metamorphic/ cooked shales of thickness up to 150 m outcropped 

in a large area of the Karoo basin (Fig. 10) (Berner, 2002; Svensen et al., 2007).  

Figure 10: Schematic showing sill, contact metamorphic aureole, and breccia pipe. 

Source: Svensen et al. (2007). 

Notes: The red spots in the contact metamorphic aureole represents sediment-dolerite interactions. 
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Figure 11. Dissemination of hydrothermal vent complexes and breccia pipes in the Karoo Basin. 

Source: Svensen et al. (2007). 

Notes: Approximately 390,000 km2 of dolerite intrusions and breccia pipes emplaced to the Ecca and 

Beaufort groups. The symbol for the breccia pipes corresponds to pipe clusters. 

2.3 Stages of Shale Gas Development 

The life cycle of shale gas development is illustrated in Figure 12; the design of the well 

depends on the well objective and prevailing geological conditions of the basin (King and King, 

2013; Huddlestone‐Holmes et al., 2017). A summary of the various stages is illustrated below 

(Fig. 12): 

Figure 12: Life Cycle of Shale Gas Development. 
Notes: Modified from Huddlestone‐Holmes et al. (2017) & Khalifeh and Saasen (2020). 

Basis of Design 
Phase

Construction 
Phase

Operational 
Phase

Intervention 
Phase

Decommissioning 
Phase
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2.3.1 Basis of Design Phase 

The basis of design sets the engineering requirements of the well, including commissioning, 

site construction, and conditions to fulfil the well objectives. In addition, the basis of well 

design integrates the lessons learnt from historical data into the drilling program. The design 

of the well evolves across the development of the geological field. The design of the well 

incorporates a comprehensive analysis of the geology, including safety requirements for the 

casing, cementing, formation logging and testing objectives (Aird, 2018; Rackley, 2017; 

Khalifeh and Saasen, 2020).   

2.3.2 Construction Phase 

This phase involves constructing the site and the mobilization of rig services and equipment. 

This involves aggregating all the equipment’s including pipes and chemicals (additives) at the 

rig site. The road networks and facilitates are constructed for waste disposal, storage tanks and 

pipelines (Huddlestone‐Holmes et al., 2017). Up to 8 wells spaced at 300 m intervals can be 

drilled from a single well pad, enhancing the overall productivity of the field, thereby reducing 

the footprint occupied by the drilling rig (Fig. 13) (Edwards et al., 2011; Soeder 2018). 

Figure 13: Shale Gas Development in Washington County, Western Pennsylvania (2005 - 2013). 
Source: Lampe and Stolz (2015). 

Notes: Yellow circles, well operations (e.g., pad position) installed between 2005 and 2010 (351), red circles, well 
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operations installed since 2010 (134), green circles, sites restored since 2010 (44). Source: Lampe and Stolz (2015). 

2.3.3 Operational Phase 

The operational phase focuses on the drilling, hydraulic fracking, and completion of the well 

according to design (Fig. 14). The operational phase also deals with managing the safety of the 

well and issues related to barrier/ wellbore integrity. All surface equipment related to the 

integrity of the well is tested to verify that the equipment can effectively withstand downhole 

conditions and optimal gas production. Formation logging and hydraulic fracturing are initiated 

in the operational phase to produce the hydrocarbons (Huddlestone‐Holmes et al., 2017; 

Khalifeh and Saasen, 2020). 

Hydraulic fracturing, or ‘’fracking,’’ is a well engineering technique involving the injection of 

fluids (10,000–20,000 m3) composed of water, chemicals, and sand under high pressure into a 

target formation to induce the formation and increase the connectivity of existing rock fractures. 

Hydraulic fracturing is typically used in unconventional reservoirs and low permeability rocks 

such as shale, tight sandstone, and coal beds to enhance the flow of hydrocarbons to the 

wellbore (Kissinger et al., 2013).  

Figure 14: Schematic of Hydraulic Fracturing 

Source: Sutter et al. (2015). 

Figure 14 depicts a schematic construction of a typical shale gas well. The borehole traverse 

three sections of the formation: a potential shallow aquifer zone, an intermediate zone with 
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different permeabilities and porosities containing formation fluids and deeper gas strata, or a 

horizontal zone marked for hydraulic fracturing and gas production.   

The fracturing of shale rocks is carried out over multiple stages and the production target of 

the well (Fig. 15). The multiple staged approach allows a specific zone to be fractured and 

produced, performed over 1–2 km horizontally, typically at 85° tangentially (Khalifeh and 

Saasen, 2020). Horizontal drilling allows a large reservoir area to be intersected for oil and gas 

production. Horizontal drilling also enables the operator to drill and penetrate the lateral extent 

of adjacent formation targets, thereby reducing the footprint of the operations. As discussed, 

the typical spacing of the fracturing stages ranges between 15–30 m clusters, spaced at 300 m 

(Kissinger et al., 2013). Mechanical plugs isolate the clusters to be fractured before an injection 

is initiated to the breakdown pressure of the rock. The direction of the induced fractures 

depends on the orientation of the in-situ stress regime, with fracture growth occurring 

perpendicular to the principal minimal stress (Fig. 15) (Krietsch et al., 2019).  

The overburden stress at deeper depth is greater than the horizontal stress indicating that the 

induced fractures are vertically orientated. Further propagation of the fractures is controlled by 

adjusting the surface pressure and fluid flow into the wellbore. Some of the fluid is lost into 

the formation during the hydraulic fracturing process. At this stage, proppant is added to the 

fracking fluid and injected downhole to keep the fractures open to hydrocarbon production 

(Fink, 2020).  

Figure 15: Schematic of Multistage Hydraulic Fracturing Operation (not to scale). 
Source: Dusseault and Jackson (2014). 
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The final stage involves flushing the wellbore to remove sludge and debris as flow back so gas 

can flow into the wellbore and accumulate in surface storage tanks. Studies have highlighted 

that the amount of drilling or fracturing fluid recovered after hydraulic fracturing operation 

ranges from 10–30 %. Fluid loss at the surface or into the formation is routinely observed 

(Fig.16) (Olsson et al., 2013). 

The volume of water used for fracturing ranged from 3–5 million gallons. Further studies noted 

that an average of 300,000 lbs of proppants is used for fracking a typical shale well (Beckwith, 

2011; Lampe and Stolz, 2015). Depending on the depth and length of the target formation, an 

average shale well generates approximately 1,000 tons of cuttings. The flowback and produced 

waters are stored on surface tanks and have been found to contain dissolved solids, halides, 

organics and naturally occurring radioactive compounds. At this point, the produced water is 

either treated and used for subsequent hydraulic fracturing operations or injected in disposal 

wells. Where permitted, wastewater is disposed of in open impoundments and may constitute 

a potential pathway for surface contamination (Hayes et al., 2012; Freedman, 2014).  

Figure 16: Schematic of Casing Types and Gas Migration 
Source: Al Ramadan et al. (2019). 

Notes: Through the Casing and Cement within the Casing–Liner Overlap. 
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2.3.4 Intervention Phase 

This phase is used to manage issues related to well integrity such as ‘’kicks’’ including all 

operational and equipment failures that can result in ‘’lost time incidence’’. In some instance, 

re-entry of the well is initiated to maintain the integrity and safety of the well that will stimulate 

secondary production and recovery of hydrocarbons. The decision for well intervention and 

clean-up operations is balanced against the economic cost of the well and the need for workover 

operations (Khalifeh and Saasen, 2020).  

2.3.5 Decommissioning Phase 

The decommissioning phase is a process employed to safely abandon the well at the end of 

production life where the well is no longer economical to maintain. The production tubing is 

retrieved, and the well plugged and abandoned by injecting cement slurry downhole to the 

‘’bullhead’’ the reservoir.  The process involves removing hazardous substances and equipment 

so that the structure no longer poses any risk to the environment or public health in the 

immediate and future. The site is remediated and restored to its original state (Moeinikia et al., 

2015; Khalifeh and Saasen, 2020).

2.4 Barrier Failures in Shale Gas Wells 

The importance of well integrity and the safeguard of shallow groundwater has been 

highlighted in several studies (Davies et al., 2014; Lehmann and Totsche, 2020; Lackey et al., 

2021; Milton-Thompson et al., 2021). Effective wellbore integrity inhibits methane and 

harmful anthropogenic gases/ pollutants into the atmosphere. This is critical as methane is 

considered a more heat-trapping gas than CO2 (Davies et al., 2014). Faulty wellbore conditions 

create severe engineering and well completion challenges, leading to the uncontrollable flow 

of drilling fluids or gas to unintended zones resulting in shallow aquifer contamination and 

release of fugitive gas emissions. This can lead to grave health, and safety conditions in severe 

cases refer to as ‘Kicks’ and blowout. Impacts could result in spills and seepage at the surface 

ecosystem (Davies et al., 2014; Kiran et al., 2017). 

Well integrity failures cover all aspect of mechanical, chemical, and operational defects (Davies 

et al., 2014). Past studies suggest that well integrity barriers involving steel casing, downhole 

tools and packers are impacted by mechanical processes, steel corrosion and cement 

carbonation (Fig.17) (Al Ramadan et al., 2019). The cement slurry is used to seal the flow of 

fluid from the wellbore to the formation. However, the efficiency of the cement bond and the 
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stress geometry of the wellbore is dependent on the chemical composition of the cement 

additives and the in-situ geological conditions. The corrosion of steel casing from acidic 

sources, from H2S and CO2 gases, have also been found to degrade the integrity of the casing 

(Nath et al., 2018).  

Studies have argued that variation in pressure and temperature conditions induces stress on the 

primary and secondary well barrier leading to barrier failure. Operational inefficiencies and 

poor drilling practices also play a crucial role in exacerbating well integrity failures (Patel et 

al., 2019). Al Ramadan et al. (2019) argued that the migration of gas, water and fines into the 

wellbore constitute crucial issues in compromising wellbore integrity. Barrier failure can occur 

at any phase of the well's life cycle. The main factor responsible for the loss of drilling rigs is 

shallow flow/ ‘’kicks’’ and blowout at the surface (Fig. 17) (Aggelen, 2016). 

Studies have indicated that gas may migrate through channels created by hydraulic fracturing 

to the wellbore (Davies et al., 2014). High pressure is induced in the wellbore during hydraulic 

fracturing, which can enlarge the channels allowing fluids or gas to breach the casing/ seal 

between the formation and shallow aquifers. Huddlestone‐Holmes et al. (2017) reported casing 

failure during hydraulic fracturing operations in the Baldwin 2HST‐1 well; however, the well 

was contained by secondary casing strings.  

Davies et al. (2014) argued that approximately 4 million oil and gas wells have been drilled 

onshore globally and reported a variable number of barrier failure among the wells (both 

conventional and unconventional) examined. The authors noted that 6.3% of the wells drilled 

in the Marcellus between 2005 and 2013 have issues related to integrity failure. One out of 

every 143 wells drilled at the end of 2000 in the UK experienced some form of barrier/ integrity 

failure. Figure 17 shows a breakdown of wellbore integrity failures conducted by Vignes and 

Aadnoy (2010). Out of the 406 wells examined, 18 % had well/ mechanical barrier failure, 11 % 

of the wells had cement related issues, while 39 % had a variety of tubing failure. A study 

carried out by the Norwegian Petroleum Safety Authority of 1677 wells on the continental shelf 

of Norway in 2008 showed that 24% of the wells experienced barrier failure. In a similar study 

carried out in 2009, 24 % of 1712 wells had barrier failures. 26 % of 1741 wells examined in 

2010 experienced barrier failure. This has raised questions concerning possible risks to 

groundwater contamination given that shallower strata may contain water to support the local 

ecosystems (Davies et al., 2014). It is a standard practice to seal or case wells passing through 

permeable or water-bearing layers (King and King, 2013). The best practice ensures that 
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multiple and independent well barrier are installed to mitigate potential failure and leakage of 

fluids. Continuous monitoring and evaluation using testing and logging capabilities must 

alleviate well integrity failure (Kiran et al., 2017).      

Figure 17: Causes of Integrity failures in Oil and Gas wells. 

Source: Davies et al. (2014). 

Notes: Potential barrier failure can occur for several reasons: deterioration of casing and cement job, 

poor well completion performance resulting in boreholes becoming vulnerable and conduit for cross 

flows between drilling and formation fluid. 

2.5 Potential Contaminant Pathways 

Boreholes drilled for shale gas development penetrates through shallower strata that may 

contain groundwater that supports human activities and the local ecosystem before reaching 

the target zone. It is a standard practice to safeguard the aquifer by steel casing; however, such 

strata remain a potential source of subsurface groundwater contamination (King and King, 

2013). Possible contamination can occur over various reasons, including deterioration of the 

cement, corrosion of the casing and poor completion practices. In such conditions, boreholes 

become potential conducts and source for cross-contamination. Vertical pressure gradients can 

result in fluid migration along possible flow paths. Surface and groundwater contamination 

may occur at any phase of the hydraulic fracturing process if fracking chemicals and deep 
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formation fluids migrate to shallow water-bearing bodies, streams, and river systems (Fig.18). 

Conceptually, the migration channels and faults are the potential intersection and connection 

of reservoir fluids to the overlying aquifer. A broken seal between the wellbore and the casing 

can also provide possible pathways for crossflow to occur (Bishop et al., 2020; Pan and 

Oldenburg, 2020). Figure 18 illustrates the potential path for contamination.   

Typically, organic-rich shale resources are buried at depths (>1500 m) deeper than most 

formation bearing waters. It is unlikely that fractures propagation by hydraulic fracturing 

activities will grow or extend into shallow groundwater sources (Rutqvist et al., 2015). Myers 

(2012) found that the time taken for the fluid to migrate from the fractured shale via fault zone 

takes about ten years. The migration of fluids travelled vertically rather than horizontally, 

reflecting the direction of the in-situ principal stress orientation of the shales. The pressure 

from hydraulic fracturing activities decreases exponentially with distance from the wellhead 

within a radius of 300 m (Huddlestone‐Holmes et al., 2017). The risk to aquifers and 

surrounding areas is likely to increase given the growth of shale gas development. Dusseault 

and Jackson (2014) noted that fluid and natural gas migration to shallower water strata is 

increased dramatically in suspended/ abandoned wells. Flewelling and Sharma (2014) explored 

the barriers to vertical fluid flow and concluded that the time scale required for upward 

migration of fracturing chemicals will be significantly long given that the permeability of the 

shale resource is low; therefore, flow rates will be significantly low. The most likely source of 

contamination is through micro annulus delamination of the wellbore (Fig. 18). 

Gassiat et al. (2013) demonstrated that hydraulic fracturing should be prevented in areas with 

conductive major faults zones, fluids should be monitored for potential underground water 

contamination. In addition, Flewelling et al. (2013) noted that the models used to predict fluid 

migration are unreliable because they have not been validated against prevailing petrophysical 

conditions. Kissinger et al. (2013) found that potential methane leaks to shallow bedrock can 

occur between permeable fault zone and overburden with low gas saturation of 1%. Engelder 

et al. (2014) analysed cuttings and core samples from the Marcellus and Haynesville gas shales 

and found evidence of aquifer contamination resulting from fault propagation initiated by 

hydraulic fracturing activities. Birdsell et al. (2015) developed a numerical transport simulation 

technique to model the volume of fluids that could migrate to the water-bearing formation. The 

authors observed that the likelihood of induced fracture to transmit fluid to the overlying 

aquifer is significantly low, especially for deep shale formations, compared to the time required 

for the fluids to travel from shallow shale resource to near-surface aquifers. 
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Figure 18: Schematic Showing Potential Pathways of Contamination from Hydraulic 

Fracturing. 
Source: Huddlestone‐Holmes et al. (2017). 

2.6 Resource Requirement 

Table 5 provides a summary of the resource requirements for shale gas development. The 

resource requirements were described in detail by Hardy (2014) and include activities such as 

water requirement, waste and cuttings generated in the life cycle of the shale well and the area 

extent of the pads. Hardy (2014) highlighted the scenarios and methodology assessed the range 

of potential impacts on water resources and waste disposal per well and modelled after shale 

development in the US and Canada (Table 5). 
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Table 5: Summary of Resources, Pre and Post-Production. 
Six well pads drilled 

vertically to 2000 m and 

laterally to 1200 m 

Activity Low High 

Construction Well pad area (ha) 1.5 2 

Drilling 
Wells 6  - 

Cuttings volume (m3) 827 - 

Hydraulic Fracturing 
Water volume (m3) 54,000 174,000 

Flowback fluid volume (m3) 7920 137,280 

Surface Activity 

The total duration of surface activities 

pre-production (days) 
500 1500 

Total truck visits 4315 6590 

Re-fracturing Process 

Assuming an average of 

50% of wells re-fractured 

only once 

Water volume (m3) 27,000 87,000 

Fracturing chemicals volume, @ 2% 

(m3) 
540 1740 

Flowback fluid volume (m3) 3960 68,640 

The total duration of surface activities 

for re-fracturing (days) 
200 490 

Total truck visits for re-fracturing 2010 2975 

Total for 50% re-

fracturing 

Well pad area (ha) 1.5 2 

Wells 6  - 

Cuttings volume (m3) 827 - 

Water volume (m3) 81,000 261,000 

Fracturing chemicals volume, @ 2% 

(m3) 
1620 5220 

Flowback fluid volume (m3) 11,880 205,920 

The total duration of surface activities 

pre-production (days) 
700 1990 

Total truck visits 6325 9565 

Source: Hardy (2014). 

2.7 Conclusion 

The Karoo Basin is considered an active petroleum system based on the exploration results of 

well CR1/68 drilled in 1968. The CR1/68 flowed gas at 1.83 mmscf/day for 23 hours. The Ecca 

Supergroup in the central Karoo basin is considered the target for shale gas development. The 

Permian Whitehill Formation within the Ecca group is thought to be the most prospective for 

shale gas development owing to the high TOCs of about 5 %, an average thickness of 30m, 

optimal maturities of Ro = 1- 4 %, stratigraphic depth >1500m with extensive regional 

continuity. The underlying Prince Albert and Collingham Formations are also considered of 

economic interest given the proximity of the Formations to the Whitehill. In 2010, the 

government awarded exploration licenses to Falcon Oil and Gas, Shell B.V. International, 

Sasol-Chesapeake-Statoil consortium and Bundu Oil and Gas (Pty) Ltd commence desktop 

studies in the Karoo Basin. The government imposed a moratorium to stop further exploration 

activities.  
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The Gas initially in place (GIIP) remains highly uncertain due to dolerite intrusions. Studies 

have shown that the dolerites may have compartmentalized or metamorphosed/ overcooked the 

shales to over maturity. Some studies have demonstrated the volume of gas in place between 

30 to 485 Tcf. Although the moratorium remains in place, the Basin's potential remains 

inconclusive until drilling and actual well test conducted to determine the gas in place.  
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Chapter 3: The Environmental Impacts of Shale Gas Development 

3.1 Introduction 

Shale gas development presents a promising alternative to conventional fossil-based energy 

sources (primarily coal and crude oil); however, the sustainable development of shale gas 

development may require significant environmental trade-offs (Heffron et al., 2018). The 

literature review highlights the potential environmental impacts of shale gas development. 

Literature has highlighted a plethora of attributes and benefits associated with shale gas 

development which form the basis for promoting the value of the shale technology (Jenner and 

Lamadrid, 2013). Current environmental and policy mechanisms have evolved rapidly to 

facilitate and support the adoption of shale gas as a transition energy. The growth of the shale 

industry is hinged on exposure pathways and potential impact on the environment and human 

health. This study highlights what is currently identified as the limitations, toxicity, exposure, 

and data gaps concerning the environmental impacts of shale gas development. The exposure 

pathways provide an analytical setting to explore the relationships between pollutant sources 

and impact outcomes. The pollutant source begins with emissions and venting of contaminants 

into the atmosphere, underground and surface water bodies, and soil. The level of 

concentrations of contaminants in the atmosphere and surrounding environments from these 

emissions determine the magnitude of human and ecological exposures (Small et al., 2014).  

Hydraulic fracturing fluids migrates through the subsurface strata and surface bodies exposed 

through a number of pathways including surface spills, leaks from surface tanks, compromise 

in well integrity, accidents during waste transportation, well pad, kicks, blowouts, storm runoff 

from flooding events. Chemical compounds in the fracturing fluids may pose significant risks 

to public health and the environment (Rozell and Reaven 2012). Many of the compounds used 

in the fracturing fluids have been found to be hazardous and are strictly regulated in other 

industries (Colborn et al. 2011; Aminto and Olson 2012). Colborn et al. (2011) noted that some 

of the chemicals lack scientifically and empirical based contaminant levels making it difficult 

to measure their level of impact on the environment and public health. Moreover, uncertainty 

about the levels of concentrations and impacts continue because of the limitations on required 

chemical disclosures by energy and environmental policy laws (Centner 2013; Maule et al. 

2013; Konschnik et al. 2013; Centner and O’Connell 2014). 

Given the limitations on trade secret and the lack of disclosure by energy companies, energy 
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researchers and environmentalist acquire information on the chemical composition of 

fracturing fluids from MSDS. More so, chemical hazard evaluation studies carried out by 

Colborn et al. (2011) on fracturing products represent one of the assessments of the compounds 

used in fracturing fluids. Studies by Colborn et al. (2011) failed to quantify dose, exposure, and 

impact of fracturing chemicals across population. However, subsequent studies have identified 

and classified the compounds into 12 impact categories (Vandenberg et al. 2012; Zoeller et al. 

2012).  

This chapter explored the overall approach in addressing the environmental concerns of shale 

gas development in South Africa. The challenges of developing the Karoo shale resource will 

continue to be a central focus on sustainability goals. If shale gas development is viewed as 

contributing to environmental protection and viable energy development, it seems plausible 

that public support will accelerate and approve the transition to long-term sustainable energy 

development.  

3.2 Policy Position to Promote Shale Gas in South Africa 

The Karoo Basin is considered to have an economic deposit of shale resource that could be 

used to diversify South Africa’s energy mix and support the transition to a green economy (US 

EIA and Kuuskraa, 2011; Scholes et al., 2016). South Africa is currently the highest emitter of 

GHG in Africa and the 13th in the World (US EIA, 2013). The effects of domestic wood burning, 

and charcoal production remains a challenging issue to environmental conservation and 

contribution to the emission of GHGs in Africa (Orindi and Murray, 2005; May-Tobin, 2011). 

Bush burning can undermine long-term adaptation strategies and increase vulnerability to 

climate change in poor communities in South Africa (Chidumayo and Gumbo, 2013). 

Empirical data published by Frumhoff et al. (2015) and Taylor and Watts (2019) suggest that 

more than half of global GHGs emissions originate from the ‘big fossil fuel’ investor-owned 

companies. While industrial cities are responsible for significant emissions, indigenous 

communities bear the environmental and human impacts (Scorgie et al., 2004; Pauw et al., 

2008; Heede, 2014). 

Given the implications of GHG on South Africa, sustainability development formed the basis 

for the shift from fossil fuel consumption to environmentally friendly energy systems (i.e., 

consistent with limiting the 2°C global temperature target) (Heede, 2014; Frumhoff et al., 2015; 

Grigoryev and Medzhidova, 2020). The South Africa energy policy option including a 
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combination of solutions ranging from reduction in standing wood biomass, switch from coal-

powered energy base to low carbon energy, focus on behavioural change in energy utilization 

and significant investment and acceleration of sustainable energy development (i.e., developing 

the Karoo shale resource and renewable energies) (Kiratu, 2010; Schmidt et al., 2017).  

The South Africa Air Quality Act (2004) sets the framework of air quality and emission controls 

and robust strategies to improve air quality in South Africa. The National Environmental 

Management Air Quality Act, 2015 established the legal standards for emissions control for 

electricity generation and enforcement of low sulphur fuels from vehicles comparable to EURO 

5 emission environmental standards (Myllyvirta, 2014). The country's long-term 

decarbonization plan prioritises energy pathways that prevent the carbon ‘lock in’, reducing 

emissions by 42 % by 2025 and achieving an optimal increase of 14% renewable energy by 

2030 (Kiratu, 2010; Merven et al., 2014; DOE, 2013). 

A study carried out by the University of Cape Town demonstrated an optimistic output of 15 % 

renewable energy by the end of 2020 (Winkler et al., 2016). Despite this, the growth of 

renewable energies (wind and solar) has been slow (Pegels, 2010; S.A. Government, 2011; 

Meakin et al., 2013; Henneman et al., 2016). Shale gas development presents a vital option and 

optimum pathway in the energy transition development (Hultman et al., 2011; Cathles et al., 

2012; O’Sullivan and Paltsev, 2012; Glazewski and Esterhuyse, 2016).   

3.3 Sustainability and the Energy Trilemma 

A ‘sustainability energy transition’ is a structural switch from high polluting fossil-based 

energy systems to low carbon sources (Heffron et al., 2018). Increasingly, policymakers and 

energy researchers face the challenge of restructuring high-emission energy systems as 

sustainable sources. A sustainable transition model involves the coevolution and cogeneration 

of various factors (cultural, technological, ecological, economic, and institutional) (Rotmans et 

al., 2001a). Decarbonisation of the energy sector in South Africa is vital given that the country 

is coal-dependent, producing 92 % of national electricity and accounts for 45 % of the national 

GHGs emissions; therefore, prioritizing the ‘just transition’ pathway from ‘carbon lock in’ is 

critical to the realisation of a sustainable future (Table 6 & Fig. 19) (Baker et al., 2015). The 

South Africa policy (Integrated Energy Plan (IEP)) on decarbonisation integrates a contribution 

of low carbon energy options such as solar, wind and natural gas and adaptation of economic, 

social, and political factors (Altieri et al., 2015). 
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Table 6:  Sources of Energy and Power Generation in South Africa. 

Energy Source Electricity Generation % 

Coal 91.8 

Natural gas 0.2 

Nuclear 5.5 

Hydro 2.1 

Wind onshore 0 

Solar PV 0 

Solar thermal 0 

Biomass 0 

Source: Altieri et al. (2015). 

Notes: South Africa relies on coal power for electricity generation and largest emitter of GHGs. 

Figure 19: Global Greenhouse Gas Emissions Intensity. 

Source: Altieri et al. (2015). 

Notes: South Africa‘s energy sector is ranked as among the highest carbon intensity in the world reflecting the 

high share of coal in the primary energy mix. 

Drawing from the transitions theory, energy researchers highlight the importance of solving the 
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current energy and environmental challenges (e.g., anthropogenic emissions and climate 

change) associated with energy systems by setting long-term goals complementing current 

regulatory policies, coupled with strategic technological innovations (Walker, 2000; Unruh, 

2002). Others have suggested adopting socio-technical transitions that are culturally and 

politically specific (Jänicke and Jacob, 2005). Smith and Stirling (2005) drew attention to the 

sustainability and structural nexus of energy systems as a legitimate agency of social choices. 

Several studies have examined the potential of shale gas to facilitate the transition to a green 

future. Varaiya et al. (2011) noted that mitigating climate change entails lowering carbon 

dioxide emissions (CO2) to net zero, advocating policy packages that enforce investment in 

unconventional energies and the necessary change in public behaviour regarding the 

development of new energy sources. Research demonstrates the importance of examining the 

complex socio-technical and environmental processes involved in advancing adaptable energy 

policy required to deliver sustainable energy development (Cotton et al., 2014). It should be 

noted that transitioning from fossil fuels to renewable energy is progressing slowly due to the 

competing forces of the ‘energy trilemma’; energy security, climate/environmental 

sustainability, and economic competitiveness (Fig. 20) (Gallo, 2012; Umbach, 2012). 

The discursive argument surrounding the energy trilemma has progressed to studies in low-

cost energy solutions that prioritize the issue of energy burden (Newbery, 2016). There are 

many differences in opinion of what the energy trilemma entails. However, Coady et al. (2017) 

studied energy justice studies to compare the energy performance for different generating 

technologies. They developed a metric system to balance the energy trilemma required to 

deliver the best outcome for society (Fig. 21). The authors noted that balancing the competing 

frames of the energy trilemma is energy justice. This concept highlights the need to move away 

from elements of economic, political, and environmental benefits in policymaking to meet the 

allocation and equitable distribution of risks and benefits (Heffron et al., 2018). 
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Figure 20: The ‘Energy Trilemma’. 

Modified from Heffron (2015). 

Figure 20 shows that Energy Justice plays a critical role in the three points of the triangle. The 

trilemma is described below as emanating from Energy Justice in three areas: 

• Economics – low cost, efficiency

• Politics – domestic politics, energy security

• Environment – environmental health, mitigate CO2 emissions, reduce climate change

The trilemma creates a clear link that allows for a comprehensive analysis of emerging energy 

technology, perceived consequences decision making and policy implementation. Additionally, 

the trilemma permits an inclusive approach to sustainable energy development, prioritizing the 

country energy development framework regarding forward-looking scenarios, as shown in 

Fig.21. 

Figure 21: Schematic showing Analysis of Sustainable Energy Development. 
Source: Elum and Momodu (2017). 

Notes: The map provides an understanding of sustainable energy development and traces the intersection between 
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renewable and non-renewable energy sources. 

3.4 Analysis of Moral Thought of Energy Development 

Researchers have demonstrated the importance of engaging with environmental science and 

risk perception studies beyond the technical and geological consideration of shale gas 

development to understand how shale technology is interpreted and framed by sociocultural 

values. Even so, discussions about energy and environmental policy decisions often disregard 

the limits of science and fail to capture public thought in energy policymaking and impact on 

indigenous lands (Jasanoff, 2010; Brace and Geoghegan, 2011).  

The varying arguments about the potential environmental impact of shale gas development 

have stimulated interest in addressing the ethics of deploying the technology in indigenous 

communities. Much has also been documented in the literature concerning environmental 

justice and its implications for indigenous people’s rights to energy and technological 

development (Willow, 2014). Zimmerman (2005) pointed to the weakening of indigenous 

people rights in policymaking, including issues related to environmental sustainability and 

energy development. In contrast, claims about the ethics of shale gas development and its 

application to local communities are common in literature. Evensen and Stedman (2017) found 

that most ethical concerns about shale gas development are grounded on issues related to 

ecological and environmental changes that conflict with the broader values of the local 

community, including the nature of distributive justice and rights-based procedural arguments. 

Furthermore, studies hint at the implications of the ethical and environmental dilemma 

surrounding shale gas development in the local community (Cotton et al., 2014). Cotton et al. 

(2014) pointed to the role that argumentative (social or public) discourse plays regarding the 

fair distribution of benefits to the local community while mitigating the potential impact caused 

by shale gas development on the environment, allaying public concerns related to underground 

water contamination, impact on air quality and other exogenous impacts. The limited 

scholarship in this area points to the need to explore further the mechanism and processes in 

which ethics are framed in energy policymaking. Even so, the framing of ethical claims and 

their value for decision making translates beyond scientific thinking to include an 

interdisciplinary approach (Tebele, 2016; De Beer, 2018).  

The debate over shale gas development is characterized by an apparent lack of expert consensus 

over the environmental impacts. Therefore, our understanding hinges on several factors, 
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ranging from the complexity of the technology, the lack of empirical data on its application, 

and differing or contested society's values on how to balance the benefits over the 

environmental impacts (Konschnik and Boling, 2014). However, shale development is of 

interest as the government endeavours to position the country as an emerging player in shale 

gas development in Africa. It is not surprising that pro shale gas development frames South 

Africa Government energy policy and its response to environmental issues. Notably, energy 

security, economic opportunities, and the role shale gas could play as a ‘bridge fuel’ in 

mitigating emissions and achieving environmental sustainability are regarded as significant 

benefits of shale gas exploitation (Cotton et al., 2014; Bomberg, 2015). 

3.5 Democratizing Environmental and Energy Technology 

Recent work in this area has been advanced by studies related to the environmental risks posed 

by fossil fuel development (Andreasson, 2018; Pietersen et al., 2021). Several studies have 

sought to demonstrate that citizen-expert inquiry may hold the key to addressing specific 

concerns related to the impact of shale gas on the environment (Eden, 1998; Healy and Barry, 

2017). This current study advances that discourses about shale gas development should be held 

within society - not solely as a scientific inquiry but negotiations that encompass the public, 

cultural practice, environmental politics, and authority claims. Beck (1992a) coined the term 

`reflexive scientization' to suggest scientific inquiry to greater public scrutiny and criticism. 

Using the public (or lay people) as ‘extended peer communities' improves the democratization 

of scientific knowledge and its ability to situate risks and environmental/ technological 

uncertainties (Funtowicz and Ravertz, 1993). Extending environmental research into non-

scientific/ social groups and cultural knowledge may cause institutions to change focus or 

develop self-critique in deploying energy systems, especially when the new technology is 

perceived to introduce significant risks to the environment, compromise public wellbeing and 

safety. Researchers have argued that incorporating public knowledge at the local and 

institutional level will create a balanced perspective of the discourse and introduce diverse 

expertise into environmental policy and the deployment of energy technologies (Fischer, 2000; 

Bäckstrand, 2003). Ideally, contextual knowledge grounded from individual experiences and 

traditional/ cultural factors, especially moral knowledge that traditional scientists often ignore, 

would encourage social representation in the discourse and enable/ empower indigenous 

communities to function as ‘global citizens’ in providing solutions to environmental and 

energy-related issues. In this way, lay expert studies make a critical contribution to the growth 
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of environmental policy and offer a more accurate picture of the impacts of energy policy 

decisions. Frumhoff et al. (2015) suggested that an enhanced focus on social interests and 

values will be required to hasten energy transition.  

3.6 Politicisation of Environmental Policy 

Greater focus and recognition of the divestment of fossil fuel, including issues related to 

climate policy and framing of the energy transition, are critiqued in outlining indigenous 

communities' vulnerabilities (Newell and Mulvaney, 2013). Healy and Barry (2017) argued 

that the transformation of energy regimes and planning in heterogeneous societies (such as the 

Karoo South Africa) must align and focus national energy policy on social, cultural, and 

economic considerations by addressing equity concerns local landscape. Studies have 

demonstrated that the level of energy poverty and inequalities in South Africa, including the 

complex power play and social actors, underly the fair distribution of resources (May and 

Govender, 1998; Büscher, 2009; Baker et al., 2015; Falchetta et al., 2020). Newell and 

Mulvaney (2013) and Unruh (2002) recognized the value of a ‘just transition’ that addresses 

the socio-political inequalities and the social costs of energy development impacted on society. 

Chomsky (2016) and Newell and Mulvaney (2013) posited that the dangers of the ‘green new 

deal’ or ‘just transition’ on vulnerable communities could produce unpredictable results and 

conditions that allow political institutions and state to perpetuate social injustice by active 

engagement in indigenous resources development. This has huge implications for shale gas 

development in the Karoo as the movement towards the energy transition intensifies and 

overlaps with the legacy of systematic/ historical socio-political inequalities (Baker et al., 

2015). Given the politicization of environmental and energy policy and its role in shaping 

society's structure, any transition in a heterogeneous community is likely to bypass 

distributional justice or enhance the energy transition at a great price of environmental justice. 

3.7 Environmental Concerns Specific to the Karoo 

The development of shale gas is rapidly emerging as a relatively low-cost unconventional 

energy system with significant economic, social, and environmental benefits (Andreasson, 

2018). Shale plays are widely distributed in sedimentary basins and exploited in many countries 

through the application of hydraulic fracturing and horizontal drilling techniques. 38% of 

global shale resources are in arid areas or places experiencing extreme water stress thus 

increasing the risk of water depletion. The Karoo is a semi-arid region with dryland vegetation 
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experiencing very low rainfall between 150–350 mm yearly. Therefore, the excessive use of 

water threatens the biodiversity and fragile ecosystem of the Karoo (Le Maitre et al., 2007; 

Gallo et al., 2009; Toerien, 2020). The Karoo is an ecologically sensitive territory that is high 

on the radar of environmental conservationists. Le Maitre et al. (2007) presented empirical 

evidence to demonstrate the impact of human and energy activities on the fragile Karoo 

ecosystem. The threat posed by water requirement for shale gas development continued to 

come into sharp focus. Water footprint is perhaps the most critical environmental issue 

associated with shale gas development in South Africa. Areas of public concern include the 

management of water for domestic purposes and all users in the agriculture sector (Reig et al., 

2014). The intense water requirement for shale gas development increases the challenge of 

moving forward with shale gas development in the Karoo, however, evidence suggests that 

risks on domestic water and cumulative impact on freshwater usage for shale gas development 

usage can be mitigated by strict regulatory enforcement/ standards, effective water 

management plan, recycling of produced water and innovative water technology solutions 

(Vandecasteele et al., 2015; Annevelink et al., 2016).  

An average shale well requires between 3500 m3 to 50,000 m3 per shale well (Vandecasteele et 

al., 2015). Maloney and Yoxtheimer (2012) measured the recycling rate for flow back or 

produced water in the Marcellus shale and found that 70 % of the flow back water can be 

recycled and reused, reducing the amount of freshwater for shale gas activities. However water 

requirement for new fields Karoo Basin may be significant compared to water used in a 

matured shale field. The scale of fresh water use in the Karoo is fully apportioned to various 

grazing and irrigation purposes; therefore, water requirement for shale gas development would 

need to be sourced from non-potable/ freshwater sources such as deep saline groundwater or 

sourced externally outside the Karoo. Improved technological innovation in water treatment, 

such as reverse osmosis (RO) desalination of saltwater, has significantly impacted and reduced 

non-potable water sources for shale gas development. Given the advances in the water 

management plan Vandecasteele et al. (2015) demonstrated 28 % withdrawal of domestic water 

for shale gas development (Fig. 22). 

A study conducted by the Endocrine Disruption Exchange (TEDX) identified over 944 

chemical products used by different companies for hydraulic fracking activities (cited in Maule 

et al., 2013). The study noted that 75% of the chemicals directly or indirectly affect the human 

skin, gastrointestinal and respiratory system. In addition, 50% of the chemicals were known to 

affect the immune system, circulatory system, and nervous system (Colborn et al., 2011; 
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Struchtemeyer and Elshahed, 2012; Rogers et al., 2015; Hurley et al., 2016). Elsner and 

Hoelzer (2016) reported that an average of 25 different additives and chemicals used for the 

hydraulic fracking process has been reported to be hazardous and classified as dangerous 

compounds.  

Figure 22: The Water‐Energy Nexus of Shale Gas Development. 
Source: U.S. EPA (2012). Not to scale. 

Notes: Water is a vital aspect of shale gas development; from acquisition, chemical mixing, hydraulic fracturing/ 

injection, flowback and produced water, wastewater treatment and disposal. Water requirement can reach up to 6 

million gallons (27,276,552 litres) per shale well. Studies have found that agricultural and other industrial 

activities consume more water than shale gas development. Source: U.S. EPA (2012) & Freyman (2014). 

The release of fugitive emissions from shale gas activities and the overall increase in 

greenhouse warming potential constitutes a significant aspect of public concern in the Karoo 

(Willems et al., 2016). Empirical studies suggest that emissions of pollutants such as ozone 

precursors from shale gas activities are uncertain and impacted by different factors (based on 

operating conditions and regulations) (EPA 2011; O’Sullivan and Paltsev, 2012). Therefore, the 

rate of emissions will vary across the operation's life cycle. Impact on air quality is likely to be 

significant as more shale wells are drilled, and development becomes clustered in the basin 

(Fig.13). Although studies across the US shale play have demonstrated a substantial impact on 

air quality and ozone formation (Howarth et al., 2011a), similar baseline studies will need to 

be established in the Karoo to fully assess the impact on air quality to support planning 

decisions and mitigation strategies. It is recommended that empirical studies are conducted in 

the Karoo to extend the South Africa evidence base and evaluate the transferability of the US 

experience to South Africa. Reduced emission completions (RECs) such as the green 
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completion technique are employed during flow back to reduce methane emissions and other 

VOCs to the atmosphere (Clark et al., 2012; EPA, 2011b; Harvey et al., 2012).  

The findings of Howarth et al. (2011b) and Hultman et al. (2011) have been challenged by 

studies carried out by DOE (2011) and Cathles et al. (2012) and have come to different 

outcomes about the relative impact of GHG from shale gas activities. Burnham et al. (2011) 

argued that GHG emissions from shale gas operations are significantly less than conventional 

oil and gas.  

3.8 Hydrogeologic Control and Dynamics of the Karoo 

Planned shale gas development in the semi-arid Karoo Basin has resulted in a comprehensive 

assessment of the hydrodynamic character of aquifers in the region (Murray, 2015 and Swana, 

2016). The active groundwater wells in the Karoo are producing freshwater from shallow 

aquifers located within 200 m from the ground surface (Eymold et al., 2018). Studies by 

Rosewarne et al. (2013) highlighted that the seasonal variation of the water table ranges 

between 5 and 15 m with preferred groundwater flow controlled topographically across the 

basin. Recharged of the aquifer systems occurs during the flooding seasons mainly in fractured 

areas of the Karoo basin including zones with dolerite intrusions and fractured contacts/ 

discontinuities in the Ecca Group, Beaufort Group (Adams et al., 2001; Johnson et al., 2006; 

Mahed, 2016).  

The vulnerability of the aquifer to fluid contamination appears to be the most critical concern 

to shale gas development, given the scarcity of freshwater sources. In addition, the Karoo is 

challenged with little rainfall and extreme drought conditions (Walker et al., 2018). While 

potential risks to surface water bodies can be mitigated promptly, however the effect on 

subsurface water systems are usually broad and have longer consequences, are extremely 

difficult to mitigate and often extend on a regional scale. The hydrodynamic conditions of 

deeper wells (>1,000 m) in the Karoo are relatively unknown (Harkness et al., 2018). 

3.8.1 Impact of Dolerite Sills and Intense Fracturing 

Studies from the Karoo Basin demonstrate that discrete channels of hydrocarbon accumulate 

in stratigraphic and structural traps (Talma and Esterhuyse, 2015). These observations suggest 

that local and regional structural faults and fractures control the migration of hydrocarbons. 

Traces of high salt-rich fluids from deep source rocks have been found in the Karoo Basin in 

shallow aquifers (Harkness et al., 2018). These observations in the Karoo are consistent with 
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findings from other shale basins (Darrah et al., 2015b; Moritz et al., 2015; Humez et al., 2016; 

Wen et al., 2016 and Harkness et al., 2018). Studies and reservoir evaluation from wells drilled 

in the Karoo Basin found traces of saltwater and hydrocarbon deposit in discrete discontinuities 

located in structural and stratigraphic traps (Rowsell and De Swardt 1976; Talma and 

Esterhuyse 2015; Eymold et al., 2018). 

The study found that dolerite sills and intense fracturing zones provided preferential channels 

for the migration of methane and saline rich fluids from greater depth to shallow aquifers in 

the Karoo. Studies have found remnants of deep meteoric water and salt-rich fluids 

(thermogenic methane-rich groundwater) in shallow aquifer in the Karoo Basin may have 

transferred through structural discontinuities during hydrocarbon migration (Ballentine et al., 

2002; Darrah et al., 2015b; Harkness et al., 2018). Similar observations have been identified in 

shallow aquifers in shale basins around the world (Darrah et al., 2014; Moritz et al., 2015; 

Darrah et al., 2015a, 2015b; Humez et al., 2016; Wen et al., 2016; Harkness et al., 2017a; 2017b; 

2018). However, the incursion may have taken a prolonged period due to the large scale given 

the role played by the geological time scale as a control mechanism (Moortgat et al., 2018). 

3.9 Design of Fracturing Fluids 

Hydraulic fracturing fluid constitutes an important aspect of shale gas development. Hydraulic 

fracturing fluid defines all aspects of the physical and rheological properties required to 

optimize the wellbore and production of hydrocarbon. The fracking process involves the 

injection of "fracking fluid" (mainly water and a mixture of sand and proppants suspended with 

the support of gelling agents) into a wellbore to induce fractures or channels in the deep shale 

rock formations through which brine and natural gas will flow more easily (Figs. 23 & 24). 

The fracturing fluid serves a specific purpose (Tables 7 & 8) but vary in composition depending 

on the geology of the formation and objective of the well (Rahim et al., 2013). The base fluids 

additives and proppants are used primarily as friction-reducing agents to prevent the growth of 

bacteria and degradation of the fluid.  
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Figure 23: Multi-stage Fracking of Horizontal Wells. 
Source: Jinzhou et al. (2013). 

Notes: The application of horizontal drilling with multistage hydraulic fracturing is used in developing 

unconventional reservoir. The process involves stage fracking, isolation, and gas flow into the wellbore. 

Table 7: Function of the Chemicals in Fracturing Fluid. 

Additive % by weight Purpose Examples 

Proppant 9 Proppant opens fractures 
Ceramics/ Quartz sand (0.4–

0.8 mm in diameter) 

Acid 0.400 
Cleans up perforations, 

dissolve some rocks 
Hydrochloric acid 

Breaker <0.001 
Reduces viscosity, promotes 

flow back 
Peroxydisulfates 

Bactericide/biocide 0.020 Control bacterial growth 

Glutaraldehyde, 

formaldehyde, 

methylisothiazolinone 

Buffer agent - Adjusts/controls acidity 
Sodium (or potassium) 

carbonate, acetic acid 

Clay stabiliser - 
Prevents clay 

swelling/migration 
Potassium chloride 

Corrosion inhibitor 0.001 Prevents rusting of pipes 
Ammonium bisulphate, 

methanol 

Crosslinker - 
These have higher viscosities 

and break down less 
Potassium hydroxide, borate 

esters, vinylidene 

Friction reducer 0.090 
Reduces friction between the 

fluid and the wellbore 

Sodium acrylate, acrylamide 

copolymer, petroleum 

distillates (benzene, 

ethylbenzene, toluene, xylene, 

naphthalene) 
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Gelling agent 0.001 

Increases fluid viscosity to 

carry more proppant into 

fractures 

Guar gum, cellulose polymers, 

petroleum distillates (benzene, 

ethylbenzene, toluene, xylene, 

naphthalene) 

Iron control 0.02 
Prevents precipitation of iron 

oxides 

Ammonium chloride, ethylene 

glycol 

Solvent - - 

Various polyaromatic 

hydrocarbons (PAHs), 

benzene, toluene 

Surfactant 0.100 
Reduce the fluid surface 

tension to aid fluid recovery 

Methanol, isopropanol, 

ethoxylated alcohol, ethylene 

dichloride 

Source: Nonita (2016). 

Notes: The physical properties of hydraulic fluids range from dilute acids, breakers, biocides, gels, crosslinkers, 

friction reducers, oxygen scavengers, corrosion inhibitors, pH adjusting agents, scale inhibitors, potassium 

chloride and surfactants making up 2 % of the fluid. The remaining 98 % of the fluid is water. 

The different types of hydraulic fracturing fluids and range of additives are presented below: 

Water-Based Fluid: is the commonly used fracking fluid for most shale gas activities and 

made up of 80-95% water, clay, and a range of friction reducer. In some condition, a water 

recovery agent (WRA) is added to optimise the relative permeability of the fluid and clear the 

block effects of the water. Water Frac is economical than the other fluid types. It is easy to mix, 

treat and recycled for subsequent use. 

Linear Gel: made up of water, clay, and Guar Gum. Bactericide and chemical breakers are also 

added to reduce the growth of bacteria and potential damage of the proppant. Linear Gel has 

improved viscosity properties that effectively control fluid loss, however, produced water from 

the well is not reusable due to the concentration of residual breaker in the water.  

Crosslinked Gel: made up of water, clay, Guar Gum and crosslinker added to increase the 

viscosity of the fluid in order to enhance the transport of proppant, build the filter cake and 

prevent fluid loss to the formation.   

Oil-Based Fluid: commonly used in non-competent geological formation and water sensitive. 

The oil-based is made up of gasoline, palm oil and naphthenic acid/ cross-linker and effectively 

building a good filter cake to control fluid loss. The oil-based fluid is expensive to produce and 

have environmental safety and disposal concerns. 

Foam/Poly-Emulsions: are colloidal systems in which oil exist in the dispersed phase of the 
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emulsion and contain polymers, saturates, resins and aromatics. The fluid is adequate at all 

range of temperature and stabilises wellbore conditions.   

Figure 24: Composition of Fracking Fluid. 
 Source: Goldstein et al. (2014).  

Notes: Hydraulic fracking fluid is composed of 98- 99% of water and sand, 1-2% of different chemicals/ additives. 

Table 8: Additives and Domestic Use and Purposes. 

Additive Domestic Use/ Purpose 

Breaker Hair Cosmetics, Household Plastics 

Acid Household Cleaner, Swimming Pool Cleaner 

Bactericide/biocide Disinfectant, Used to Sterilize Medical Equipment 

Gelling Agent Toothpaste, Baking Goods, Ice Cream, Sauces, Cosmetics 

Potassium Chloride Low Sodium Table Salt Substitute 

Corrosion inhibitor Household Cleaners. De-icing Agent Pharmaceuticals, Plastics 

Crosslinker Soaps, Laundry Detergent 

Friction reducer Water Treatment, Candy, Make-up Remover 

Gelling agent Toothpaste, Baking Goods, Ice Cream, Sauces, Cosmetics 

Iron control Food Additive, Lemon Juice, Flavouring in Food & Beverage 

pH Adjusting Agent: Detergents, Washing Soda, Water Softener, Soap 

Surfactant Glass Cleaner, Antiperspirant, Hair Colour 

Source: Montgomery (2013).  

Notes: A range of hydraulic fracking chemicals are also used in industrial and household purposes. 

The range of additives is shown in Figures 24 and 25. 
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Figure 25: Chemical Composition of Hydraulic Fluid. 
Source: Elsner and Hoelzer (2016). 

Notes: The physical properties of hydraulic fluids are viscosity, density, scale, and corrosion inhibition. 

Studies report between 10 and 30 stages of fracturing per well; however, the volume of water 

chemicals used to include the number of stages designed for hydraulic fracking purposes 

depends on a range of factors ranging from local geology, duration of drilling and well 

objectives (Vandecasteele et al., 2015; Pearson et al., 2013; Keshavarz et al., 2015).  Multi-

stage fracking of horizontal wells is broadly used in tight and shale reservoirs. The fractures 

are propagated at clusters of 6–32 and spaced between 10–30 m. As such, multiple fracking 

operations are used primarily to enhance well performance. At the same time, the fractures 

provide the pathway for fluid flow and gas production from the reservoir to the wellbore (Fig. 

26) (Yao et al., 2013).

Figure 26: Fracture Propagation induced by Hydraulic Fracturing.  
Source: Zeng et al. (2015).  

Notes: Branches of multiple fractures are initiated perpendicular along the wellbore, in the direction of 

minimum stress.   

3.9.1 Potential Pathways of Fluid Leakage 

A blend of formation water and fracturing fluid is referred as flowback. The flowback is 

contained at surface tanks several days after the well is fractured and produced (Nicot and 
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Scanlon, 2012; Butkovskyi et al., 2017). Flowback water contains a blend of salt, oils, volatile 

and heavy metals pumped into the well for fracking purpose (Gregory et al., 2015; Shih et al., 

2015), while produced water is the natural formation fluid in the shale reservoir, which may be 

reused and reinjected into the well after treatment (Shih et al., 2015; Annevelink et al., 2016; 

Butkovskyi et al., 2017). Untreated wastewaters are disposed of in underground wells (Rahm 

et al., 2013; Nicot et al., 2014). However, wastewater treatment is gaining significant attention, 

especially in Europe, where legislation prohibits the disposal of hazardous substance in 

underground wells (Butkovskyi et al., 2017).  

Rozell and Reaven (2012) identified five potential pathways of fluid contamination during the 

life cycle of shale gas development: (a) spills resulting from produced water; (b) leaks from 

casing; (c) leaks during hydraulic fracturing; (d) discharge from drilling activities; (e) disposal 

of wastewater. Studies have found that wastewater carries the largest risk for surface and 

underground water contamination. Vidic et al. (2013) observed that well integrity/ cement 

failure generates crossflow between formation fluid and groundwater sources. Legere (2013) 

reported that most documented pollution has resulted from well integrity failures which can be 

mitigated through best practice. Fluid migration is linked with the deterioration of the structural 

integrity of the well and cement failure. Well integrity failures may allow the intrusion of gases 

and fluids from the reservoir from shallow gas- and fluid-bearing formations intersected by the 

wellbore to lower-pressure formation. Geologically, shale reservoirs have extremely low 

permeabilities (ranges from 3.9 x 10-6 to 9.63 x 10-4 mD); therefore, fluid migration and 

contamination into overlying strata is likely to be minimal under normal conditions requiring 

extensive geological timescales for significant invasion into shallow bodies (Yang and Aplin, 

2007; Davies et al., 2014) (Fig. 27). Figure 27 shows the risk matrix and the potential pathways 

of contamination. 
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Figure 27: Risk Matrix and Potential Pathways of Contamination. 
Modified from Rozell & Reaven (2011) & Krupnick (2013). 

Notes: The matrix of severity, likelihood and significance of pathway covering all aspect of contamination and 

environmental impact. 

Studies suggest that wastewater disposal, including recycling/ treatment, carry the most 

significant risk or pathway for water contamination (Fig. 27) (Rozell & Reaven 2011; Estrada 

and Bhamidimarri, 2016). Vidic et al. (2013) highlighted that casing, and cement failure 

presents a viable pathway for transition fluids to migrate and contaminate groundwater sources. 

Legere (2013) argued that well integrity failures from oil and gas well operations between 2008 

and 2012 resulted in the pollution of domestic water sources in Pennsylvania. The wastewaters 

can release toxic chemicals into the water cycle through migration pathways (Rozell and 

Reaven, 2012).  

3.9.2 Empirical Analysis 

The use of hydraulic fracking to simulate the well is initiated at significant depth between 2000 

m to 3000 m (Jackson et al., 2015). Fractures created at this depth are restricted to freshwater 

bodies. In addition, the presence of impermeable shale layers acts as a potential barrier for the 
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vertical propagation of fractures limiting the influx of contaminants to shallow water bodies 

(Lei et al., 2008; Uguru et al., 2011). Formation penetrated by wellbore that has not been 

properly isolated can result in shallow water contamination (Fig. 28 & Table 9). Wang et al. 

(2014) demonstrated that casing damage from poor cement jobs provides the channel cross 

flows. Studies by Osborn et al. (2011) and Jackson et al. (2013) showed methane contamination 

of water wells less than 1 km from the fracking site. The average methane contamination was 

19.2 mg/L, seventeen times higher than wells beyond 1 km in the Marcellus. Osborn et al. 

(2011) found that the source of the methane was of thermogenic origin, consistent with the 

generation of hydrocarbons in deeper wells. Jackson et al. (2013) found water wells less than 

1 km to the fracking location have six times the methane concentration, twenty-three times 

ethane values, ten times propane.  

Study by Warner et al. (2013) did not find any spatial correlation between the concentration of 

methane in water wells and distance to the fracking location. Davies (2011) and Saba and 

Orzechowski (2011) argued that Osborn et al. (2011) used a small drinking water sample for 

their analysis with no baseline data to compare the effect of distance on methane concentration. 

Although the authors found some presence of thermogenic gas in water wells in the Marcellus 

area, however, no empirical evidence has been found to suggest that shale gas development 

was the reason for elevated levels of methane concentration in the water wells (Davies, 2011; 

Saba and Orzechowski, 2011; Zhang and Tingyun, 2015). Zhang and Tingyun (2015) 

highlighted the importance of confirming the origin and source of methane in water wells in 

order to establish if shale gas development was responsible for the elevated levels of methane 

concentration. Fontenot et al. (2014) carried out a similar analysis in the Barnett Shale. The 

study found high levels of dissolved solids, Arsenic (Ae), in water samples 3 km from the shale 

gas development site.  
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Figure 28: Environmental Risks associated with Shale Gas Development. 
Source: Zhang and Tingyun (2015). 

Not to scale. 

Notes: Shale gas development has the potential of contaminating soil and sediments. Seepage of drilling/ fracking 

fluids may increase soil acidity and salinity. Pollutants may also contaminate the surrounding environment during 

erosion or runoff. 

Table 9: Risks Associated with Shale Gas Development. 
SN Associated Risks 

1 excessive use of water leading to depletion and water quality degradation 

2 surface and shallow groundwater contamination due to spills and leaks from water storage and pits 

3 disposal of wastewater of inadequate treatment leading to contamination of streams and soil 

4 leaks from storage ponds used for deep-well injection 

5 shallow aquifer contamination by gas, fracturing fluid and produced water leaked from casing; 

6 shallow aquifer contamination by stray gas leaking from the casing or abandoned wells 

7 
stray gas originated from intermediate geological formations flowing into shale gas wells and/or 

conventional oil and gas wells, which may then leak from damaged casing 

8 
stray gas originated from intermediate geological formations flowing into abandoned well, which may 

then leak and contaminate a shallow aquifer 

9 gas and saline formation water migrating directly from shale formation to shallow aquifers 

10 shallow aquifer contamination by leaks from injection wells 

Source: Zhang and Tingyun (2015). 

Notes: Table shows the risk domains that have received the greatest attention. The adverse risks could be addressed 

and mitigated through best practices and regulatory/ effective oversight. 
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3.10 Water Footprint and Evolving Discourses on Water Requirement 

The development of shale gas has important implications regarding domestic water utilization 

for the Karoo (Richardson et al., 2013; Pietersen et al., 2021). The water footprint is a globally 

accepted indicator that measures the rate of water consumption and the overall water 

withdrawal over the production cycle of industrial activities and energy development 

(Mekonnen et al., 2015). Recent studies examining the depletion of portable water sources are 

helping to understand the water footprint of shale gas development and to examine the impact 

on local and regional water systems (Mulovhedzi and Esterhuyse, 2021; Saha et al., 2021; 

Suboyin et al., 2021). The water is utilized primarily for chemical mixing, treatment of the 

fracking fluid and injected for fracturing of the formation (Fig. 24). Even so, studies have 

suggested that shale gas development required less volume of water (Zhang and Tingyun,2015) 

(Fig. 29, Table 10). Kondash et al. (2018) noted that the life cycle of a shale gas well may 

require 84 million gallons of water which is significant for areas (such as the Karoo) 

experiencing drought or water scarcity. However, the volume of water consumption listed in 

literature required for shale gas development depends on a range of factors such as reservoir 

characterisation, fracture design and number of fractures initiated during the fracturing 

activities. The volume of water used to frack and complete a shale well is geologically and 

geographically dependent.  

The water footprint for shale gas development is classified in two major ways: 

1. Water consumption for shale gas development activities

2. Water contamination resulting from shale gas development activities

Table 10 shows the range of water requirement of the major shale play in the US. As discussed, 

the volume of water used for hydraulic fracturing operations depends on a number of factors 

such as the local geology, duration of drilling and the objective of the well (Groat and 

Grimshaw, 2012).  

Studies have indicated that an average shale well requires 5 to 9 million gallons of water per 

well with 10 % of the water injected during hydraulic fracking process returns as flowback to 

the surface. That implies that approximately 90% of the injected fluid is sequestrated into the 

formation thus damaging the petrophysical and hydrodynamic properties of the reservoir 

(Suboyin et al., 2021). The loss of water during shale gas development is fundamentally 

different from depletion experienced from agriculture, recreational activities (golf courses) and 

hydro electricity generation which loss water to the atmosphere through evaporation. The loss 
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of water from these activities through evaporation returns back to the source as precipitation 

while losses during hydraulic fracking goes into deep geological strata, outside the natural 

hydrogeologic cycle. 

Abdalla and Drohan (2010) estimated 28 million gallons of water required to complete an 

average shale gas well. Clark et al. (2013) carried out studies to investigate the direct and 

cumulative use of water for hydraulic fracturing activities across the four major shale plays in 

the US and found that the volume of water required to drill and complete an average shale well 

range from 10,600 m3 to 21,500 m3. Le (2018) argued that an average of 12–20 million litres 

of water per horizontal well are required to develop a shale gas well. Wang et al. (2018) reported 

that a significant volume of water is required to develop an average shale gas well in China 

(between 9,700–37,500 m3 per well).  

Nicot and Scanlon (2012) & Costa et al. (2017) highlighted that large water withdrawals for 

shale gas activities may lead to a significant decline in hydrodynamic pressure of the 

surrounding lakes, rivers, and streams. Gallegos et al. (2015) found that shale gas development 

results in unfavourable competition with other industrial activities. Nicot and Scanlon (2012) 

reported that water use for shale gas operations is comparable to water consumption by other 

industrial activities (such as coal and uranium mining) (Figs. 29 & 30). 

The EPA estimated that an average of 25,000 to 30,000 wells are fractured in the US each year 

(Groat and Grimshaw, 2012; EPA, 2016). The acceleration of shale gas development puts a 

significant stress on local water supply. The EPA attributed an average of 0.2 % of total water 

withdrawal in Texas each year to shale gas activities (EPA, 2016). Scanlon et al. (2014) reported 

a decline of up to 200 feet (60 m) in hydrodynamic pressure due to significant water withdrawal 

for hydraulic fracturing activities in the Permian and Eagle Ford Basins. 

The development of energy resources and water are intricately dependent and connected. All 

sources of energy and production technologies require significant volume of water in their life 

cycle processes (Figs. 29 & 30; Table 10). The amount of water required for exploration and 

distribution of energy for use is referred to as energy intensity. The energy water dependencies 

(nexus) is an important criteria to be considered in the strategic plan of energy development 

considering the high risk that shale gas development is exposed to. 

Mekonnen et al. (2015) demonstrated a positive correlation between energy production and 

water consumption (Fig. 30). Hydraulic fracking activities is the only water intensive 

operations in shale gas development.  
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Shale gas development is water efficient compared to other energy sources (such as corn-based 

ethanol) (Fig. 29) (Ernstoff and Ellis, 2013). Researchers agreed that the volume of water used 

for shale gas development is small compared to other energy application, agricultural and 

industrial activities (Groat and Grimshaw, 2012; Mekonnen et al., 2015; Zhang and Tingyun, 

2015). Water intensity for shale gas operations ranges from 0.84 to 1.32, million Btu per gallon 

(Figs. 29 & 30) (Groat and Grimshaw, 2012).  

Given the environmental and social impacts of water consumed in shale gas development, 

energy companies are developing conservative approaches to sustain shale gas operations. 

These practices and conservative approaches are grouped into three classes such as using non 

portable water sources (low quality water), using reusing and recycling of flowback waters and 

developing infrastructure to facilitate water transport (Saha et al., 2021). 

Table 10: Comparative Water Requirement. 

Play 

Public 

Supply 

(%) 

Industrial 

/ Mining 

(%) 

Irrigation 

(%) 

Livestock 

(%) 

Shale 

Gas 

(%) 

Volume of 

Drilling Water 

per well (gal) 

Volume of 

Fracking Water 

per well (million 

gallons) 

Barnett 

Shale 
82.7 3.7 6.3 2.3 0.4 400,000 4.0 

Fayetteville 

Shale 
2.3 33.3 62.9 0.3 0.1 60,000 4.9 

Haynesville 

Shale 
45.9 13.5 8.5 4.0 0.8 1,000,000 6.1 

Marcellus 

Shale 
12.0 71.7 0.1 <0.1 <0.1 80,000 5.6 

Modified from Laurenzi and Jersey (2013); Clarke et al (2014); Groat and Grimshaw (2012). 

Notes: The hydraulic fracking water footprint outperforms other fuel types in terms of water intensity per net 

energy usage. Researchers have indicated that other human activities like golf and farmlands consume more water 

than fracking. 
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Figure 29: The Water Footprint (WF) of Different Sources of Energy 
Source: Zhang and Tingyun (2015). 

Notes: Figure shows less pressure on water requirement for shale gas development compared to other uses. 

Figure 30: Average Consumptive WF per unit of Electricity and Heat Produced  
Source: Mekonnen et al. (2015). 

Notes: The ranges shown reflect minimum and maximum values per energy source. The values in the table 

represent the WF (m3 TJ−1) for the three main stages of the electricity and heat production chain (for the period 

2008–2012).  

3.11 Evolving Discourses on Air Quality 

The prospect for compromised air quality in areas of large-scale energy development can be 

significant. At the same time, release of fugitive and toxic gases can originate from other energy 

development which has significant local and regional potential consequence on climate change 

and air quality.  The effect on air quality from shale gas development is generally classified 

under two activities: 
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1. Fugitive emissions from drilling and production activities.

2. Emissions from vehicles/ wellsite equipment’s or machineries

Empirical evidence suggest that shale gas development emits harmful air pollutants including 

BTEX (benzene, toluene, ethylbenzene, and xylene) and related toxic compounds such as 

hydrogen sulphide, sulfuric oxide, methylene chloride, trimethylbenzenes, aliphatic 

hydrocarbons, formaldehyde, acrylonitrile, nitrogen oxides (NOx), aliphatic hydrocarbons, 

volatile organic compounds (VOCs), radon gas and diesel particulate matter (McKenzie et al., 

2012; Pétron et al., 2012; Roy et al., 2013). Findings by Howarth and Ingraffea (2015) verified 

that shale wells will leak or vents methane at some point in the life cycle of the well due to well 

degradation and poor management of the well. 

Studies by McKenzie et al. (2012) found a high concentration of emissions exceeding health 

guidelines for non-carcinogenic and carcinogenic risks. The study also found that residents 

living close (> 0.5 miles) to shale gas facilities experience sub-chronic non-cancer related 

impact from direct exposure to hydrocarbons. Residence living at ≤ 0.5 miles to wellhead 

experience cancer-related impact. Shonkoff et al. (2014) challenged the validity of these results 

based on the use of inaccurate baseline air quality data.  A study conducted by Bunch et al. 

(2013) found that emissions and exposure to VOCs from shale gas operations did not result in 

a community-wide impact or pose serious health concerns. The study monitored and compared 

the concentration of VOCs at multiple wellsite locations in Texas (Barnett Shale) and found no 

compelling evidence to confirm significant release of toxic air contaminant (TAC).  

Roy et al. (2013) measured the concentration of PM, VOCs, and NOx in the Marcellus region. 

The study found that shale gas operation contributes an equal concentration (average of 12%) 

of NOx and anthropogenic VOC emissions to the atmosphere. Roy et al.’s (2013) results were 

estimated based on improvement in well completion and production activities. Elevated levels 

of VOCs and NOx in the atmosphere have been observed to complicate ozone production.  

Colborn et al. (2014) analysed the quality of air from samples collected weekly at the wellhead. 

These contained methane, ethane, propane, higher alkanes, and non-hydrocarbon compounds 

which are harmful to human health and contribute to air pollution.  

Jerrett et al. (2009) confirmed the presence of tropospheric ozone (a secondary pollutant) 

generated through the reaction of VOCs, NOx with sunlight. Tropospheric ozone is a 

potentially dangerous respiratory and cardiovascular irritant. By contrast, air quality studies 

show that pure methane is not considered to be potentially dangerous to human health at the 
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levels encountered (Smith et al., 2009). An aerial study carried out by Karion et al. (2013) 

found significant concentrations (12 %) of methane leaked into the atmosphere during gas 

production. Similar studies by Miller et al. (2013) observed elevated levels (4.9 times) of 

methane during gas production than the normal concentration. However, the result did not 

indicate the sources of leaks, either from gas production, transport, or storage facility. Peischl 

et al. (2013) modelled methane venting and leaks from oil and gas activities and found a 17% 

increase in methane levels in the atmosphere. Olaguer (2012) measured flaring from 

compressors at the wellsite and found that emission is released at > 3ppb up to 2 km from the 

wellhead. Schnell et al. (2009) observed a significant rise (140 ppb) in photochemical ozone 

during the winter months exceeding the normal concentration of 30 ppb. Proppant such as 

crystalline silica sand used to crack open fractures releases silica into the atmosphere during 

transportation to the wellsite and mixing operations. Esswein et al. (2013) investigated the 

effect of silica dust on direct exposure to workers and found that workers and people living 

close to drilling sites experience respiratory and kidney diseases such as silicosis. Silica dust 

was found to be 51.4 % greater than the normal exposure. Discrepancies in interpretation 

results in the way atmospheric data are captured and analysed explained why air quality 

estimates differ across context and studies (Shonkoff et al., 2014).  

The US Department of Energy attributed significant increase of GHG to a dramatic rise in 

hydraulic fracturing activities (U.S. Department of Energy, 2011). Howarth et al. (2011a; b) 

argued that the upward trend of GHG was the direct result of gas vented to the atmosphere 

from flowback activities. Their study concluded that shale gas development has a higher GHG 

intensity than conventional oil and gas activities. In addition, several studies have suggested 

that shale gas development contributes more to global warming than coal energy (Howarth et 

al. 2011a; 1b). Researchers at the NOAA (National Oceanic and Atmospheric Administration) 

published a paper stating that fugitive emissions in the Colorado Denver Basin amounted to 

3.8 % of the US total emission in 2008 (cited in Petron et al., 2012). The study assessed fugitive 

emissions from the entire gas field including pipelines, condensate plants, compressor stations, 

mid and upstream activities (Table 11). However, the findings have been challenged by several 

scientists as inconclusive given that the life cycle of GHG is slightly lower than conventional 

gas (Burnham et al., 2011; Cathles et al., 2012). Several researchers posit that coal power emits 

higher GHG than shale gas (Jiang et al., 2011; Stephenson et al., 2011; Weber and Clavin, 

2012). 
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Table 11. Fugitive Emissions from US Shale Gas Wells in 2010. 

Barnett Fayetteville Haynesville Marcellus Woodford 

Mean per-well potential fugitive emissions: 

(1 × 103 m3 of natural gas) 
273 296 1177 405 487 

No. of horizontal wells 1785 870 509 576 208 

Total potential fugitive emissions: 

(1 × 106 m3 of natural gas) 
487 257 599 234 101 

Total potential fugitive methane emissions: 

(Gg CH4) 
262 138 322 125 54 

Source: O’Sullivan and Paltsev (2012). 

Notes: The argument in favour of shale gas development is significant in South Africa given the dividends of the 

shale boom in the US and contributed drastically to local emission reductions. However, if the rush for shale gas 

development comes with significant fugitive GHGs emissions, the argument to develop shale gas in the Karoo 

need to be assessed. 

3.12 Evolving Discourses on Public Health 

As with all fossil fuel extraction activities, emission of fugitive gases (methane and CO2) from 

the life cycle processes and mechanical devices occur in the development and distribution of 

natural gases (Swarthout et al., 2015). Combustion from production tanks, compressors, 

pipelines, vehicles, generators, and the drilling rig constitute a potential source of emissions. 

Studies have found that ambient benzene and VOC increased by 40 % in areas actively engaged 

in natural gas development (O’Sullivan and Paltsev, 2012). However, studies by the Carnegie 

Mellon University, Institute for Energy Innovation noted critical gaps in knowledge at the 

intersection between the development of shale gas and public health and concluded that health 

risk may vary across different shale basins (The Carnegie Mellon University, 2013).  

Toxic chemicals released into the atmosphere result from bad practices have been reported to 

cause pulmonary and respiratory related diseases and impact on life mortality especially for 

communities in close proximity to drilling operations (Apergis et al., 2021). Aryee et al. (2020) 

observed an elevated level of stress and anxiety in people living in areas where shale gas 

development is conducted. Perrow (2011) reported the increased frequency of accidental spills 

and ecological disasters in shale gas development areas. Explosion and wildfires have also been 

noted in these areas impacting community wellbeing. Bunch et al. (2014) found no evidence 

to suggest that VOC concentrated at the Barnett Shale region exceeded the HBACVs (Health-

Based Air Comparison Values) chronic limits or constitute community wide exposure and 

threat to public health. Studies have demonstrated that flaring, engine combustion and 

condensate tank venting constitute the major channels for VOCs emissions rather than shale 

gas development (Bunch et al., 2014; Rich et al., 2014). These findings have significant 
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implications on the debate and regulation of shale gas development. Therefore, the focus of 

research regarding the impact on public health should be broad (focusing on water, air, 

orphaned wells, greenhouse gases) and comparing/ noting how industry best practices and 

innovation can minimize the potential impact to the environment and public health.  

3.13 Effects of Biogenic and Thermogenic Methane 

Biogenic methane is produced at shallower depth and lower temperatures below 60 °C in the 

early digenetic process of hydrocarbon generation, primarily as a by-product of decay organic 

matter in terrestrial and marine environments and commercial settings such as wetlands, 

landfills, sewage, and agriculture locations (Heienz, 2010; Stolper et al., 2014; Teske et al., 

2021). In contrast, thermogenic methane is produced by biodegradation (without the activities 

of microorganisms) of organic matter at a deeper depth and higher temperatures between 157-

221°C (within the oil/ gas window). In addition, biogenic and thermogenic gases differ in their 

carbon isotopes, thermogenic gas contain significant amount of C13 while biogenic gas is 

mainly composed of C12. (King, 2012; Teske et al., 2021). The presence of methane has been 

reported in shallow water wells where shale gas development frames public concerns about gas 

leaks from hydraulic fracking operations (Howarth, 2011). Studies have confirmed the 

presence of natural surface hydrocarbon seeps ‘outgassing’ that may have escaped along 

structural discontinuities such as rock fissures and fractures or exposed geological outcrops. 

These events are not caused by hydraulic fracturing but natural occurring geological processes 

(Mangenot et al., 2021; Blouet et al., 2021).  

High levels of dissolved methane have been found in water wells in areas active in shale gas 

development (Molofsky et al., 2013; Siegel et al., 2015). This is possible when water wells 

penetrate coal seams deposited at shallow depth, examples in Pennsylvania, Colorado, and 

California. Coals contain a significant measure of organic content and gas trapped in the 

organic matter is released on borehole penetration. In a properly constructed gas well, the 

shallow gas zone is properly isolated by suitable cementing and casing strings to prevent gas 

leaks to freshwater bodies. Likewise, exposure to deeper formations is isolated by the casing. 

Reports of methane emissions from orphaned wells from poor completion and abandonment 

practices have been documented as active source of methane emissions (Townsend-Small and 

Hoschouer, 2021; Saint-Vincent et al., 2021). 
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3.14 Induced Seismicity 

Hydraulic fracturing processes have been reported to induce microseismic or microearthquakes 

events (Lopez-Comino et al., 2018). The general consensus among seismologist is that 

hydraulic fracturing does not induce felt or large/ devastating earthquakes (Majer et al., 2007; 

Holland, 2013; British Geological Survey, 2013; Atkinson et al., 2015. For example, the U.S. 

National Research Council report indicated that the process of hydraulic fracturing in most US 

states (especially in the Marcellus and Barnett shale plays) are generally accompanied by 

microseismicity of magnitude below 1 Mw, too little/ insignificant to be felt at surface, however, 

the injection of large volume of waste fluids in deep is associated with large earthquakes 

(National Research Council, 2012; British Geological Survey, 2013).  

Shale gas development activity reported two seismic events near Blackpool in 2011 and 

operations suspended following public concerns (Fig. 31) (Clarke et al., 2014). Furthermore, 

earthquakes have been linked to shale gas activities along the Western Canada Sedimentary 

Basin in British Columbia at magnitude Mw 4.0 and Rocky Mountain House, Alberta, Mw 3.9. 

The highest seismic event recorded during hydraulic fracking was Mw 4.6 in British Columbia 

(Atkinson et al., 2015). Similar events have been noted in the Sichuan Basin (China), at 

magnitude of Mw 4.7, observed during injection activities, believed to be reactivation of major 

fault systems in the Basin (Lei et al., 2017). Instances of microseismicity (Mw 2.2) triggered 

by hydraulic fracturing have been reported in Harrison County and Poland Township (Ohio) 

(Friberg et al., 2014; Skoumal et al., 2015). 

The monitoring of seismicity is essential during hydraulic fracking activities. Reports indicate 

that only 3% of the 75,000 wells hydraulically fractured in 2009 in the US were monitored for 

seismicity (Zoback et al., 2010). Figure 31 shows the record of microseismicity in the Barnett 

Shale. The profile illustrates the propagation of fractures during hydraulic fracturing activities 

and reports of negligible seismicity confined at deeper depths (5600 and 5900 feet subsurface) 

of the Ellenberger Limestone during hydraulic fracturing. No records of microseismicity at 

shallow depth have been recorded (Zoback et al., 2010).  

Studies of seismicity related to hydraulic fracking and wastewater injection of 53 shale wells 

in Arkansas in 2010 showed that 50 % of the shale wells reported induced seismicity lower 

than ML 0 (Yoon et al., 2017). In conclusion, the amount and level of induced seismicity 

triggered by hydraulic fracking activities vary significantly across geological terrain in terms 

of recorded events and the magnitude of seismicity. Studies by Clarke et al. (2014) found that 
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the largest seismic events occurred or confined at the point of hydraulic fracturing down to 

several hundred meters below the zone of hydraulic fracking. Generally, hydraulic fracking 

operations induce weak microseismic signals that are difficult to detect with surface equipment. 

Figure 31. Injection Activity and Seismicity. 
Source: British Geological Survey, 2013; Clarke et al., 2014.   

Notes: Seismic events detected on regional seismic stations (> 80 km from the well) observed in the Blackpool 

Area. The volume of injected hydraulic fracking fluid (blue line) and magnitude of earthquakes (red dots). Largest 

earthquake activities relate after stages 2 and 4. The maximum event recorded was 2.3 ML. Figures are not to scale. 
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Figure 32. Microseismic Profile of Hydraulic Fracturing Operation in the Barnett Shale. 

Source: Zoback et al. (2010). 

Notes: The figure depicts hydraulic fracking operations undertaken in the Barnett Shale and seismic response. The 

points in A and B represents a microseismic event in each stage induced during hydraulic fracturing. C shows the 

distribution of the microseismic events by magnitude. Records of seismicity from hydraulic fracturing activities 

in the Ellenberger Limestone Barnett Shale showed very low seismicity at a shallower depth. Figures are not to 

scale.  

Despite the record of induced seismicity by hydraulic fracking activities, studies suggest that 

the process pose very little risk of inducing major earthquakes (National Research Council, 

2012; Royal Society and Royal Academy of Engineering, 2012; British Geological Survey, 

2013). The Royal Society and Royal Academy of Engineering (2012) made the following 

recommendations as best practices to mitigate large scale seismic events during hydraulic 

fracking activities.  

1. Detailed mapping of faults and application of relevant /geological information as

baseline measurements to delineate areas of potential structural unconformities prior to

drilling and hydraulic activities/ shale gas development.
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2. Undertake minimal injection of fluid during hydraulic fracking operations and monitor

seismic activities pre and post hydraulic fracking.

3.15 Analysis of Wastewater Storage and Disposal 

In most countries where shale gas development is active, federal, and local regulatory 

authorities prohibit the excessive use of domestic water and discharge of wastewater directly 

to surface water bodies (such as streams, lakes, and rivers) without proper treatment (Fig. 33) 

(Kinne, 2018; Keiser and Shapiro, 2019). The application of forward osmosis, 

electrocoagulation, mechanical vapour compression, membrane distillation/separation, 

adsorption-biological treatment, and advanced oxidation methods complies with the 

sustainable requirement for water reuse, surface disposal and injection into the deep well (Sun 

et al., 2019). As discussed, the injection of large volume of waste fluids in deep wells has been 

found to be associated with large earthquakes (National Research Council, 2012; British 

Geological Survey, 2013).  

Storage and transport of wastes are regulated under a range of health and safety laws to 

safeguard the environment from potential contamination. Studies have found that 

environmental risks are highest at the drill sites with elevated levels of effluent spills, leaks, 

flaring and air contaminants (Howarth et al., 2011; Olmstead et al., 2013; Rahm and Riha, 2012; 

Vidic et al., 2013; Vengosh et al., 2014). Therefore, improving the efficient treatment of 

wastewater and management of air containment is essential. In addition, continuous 

observations, supervising and monitoring at the wellsite may diminish the uncertainties of risks, 

contamination pathways and malfunctions of equipment during the development of the shale 

field.  

Disposal of waste at the end of the life cycle present handling challenges. Storage of wastewater 

in containment/ manmade pond at the drill site for treatment and subsequent disposal is 

commonly adopted (Fig. 34). However, poor management of the pond through leaks (into the 

surrounding soil and land surfaces) and surface evaporation increases the concentration of air 

toxicity and biofouling (smell) of the additives/ chemicals. Trucking of waste from the site has 

been noted to increase the risk of accidental spills. Advances in fluid engineering design has 

produced cellulose and green fracking fluid to reduce the immense volume of water required 

for shale gas operations and safe disposal of the wastewater (Annevelink et al., 2016; Liu et al., 

2021).  Studies have shown that the lack of aquatic and aerial data at the drill sites and 

neighbouring communities hinders the validation of actual and predicted ecotoxic effects of 
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the fracking chemicals. 

Figure 33: Cycle of Water Usage during Shale Gas Development. 
Source: Mohtar et al. (2019). 

3.16 Impacts on Land Use and Biodiversity  

Several studies have explored the impact of shale gas development on land use and habitat loss 

(Fig.34) (Gilbert and Chalfoun, 2011; Drohan et al., 2012; Jones and Pejchar, 2013). In general 

terms, land use is defined as the conversion and management of land from one biome to another 

(Hansen et al., 2004). The growth of natural gas exploitation has been reported to increase the 

scale of land fragmentation. Considering the number of shale gas wells drilled in an area could 

lead to significant loss of forested habitat including the displacement of human and local 

wildlife (Moran et al., 2015). The allocation of land for shale gas development vary according 

to the density of well pads and the level of shale gas development. 

Shale gas development involves a range of activities ranging from site preparation, roads, 

pipelines, and pad construction (Figs. 12 & 13). On an average, a shale gas well occupies 2.5 

ha of land (Walton and Woocay, 2013, Souther et al., 2014). Moran et al. (2015) observed that 

loss of forested habitats has a long-term effect on the local ecosystem. Site preparation involves 

the removal of forest/vegetation cover including the excavation of soil from the area for road 

construction, space for storage tanks, other equipment, and pipelines (Olmstead et al., 2013; 

Moran et al. 2015. The footprint for pad construction is defined by the size of the pad, distance 

between pads and the number of clusters of wells on a pad (Drohan et al., 2012). The area 

occupied by buildings at the well site ranges between 1.2 to 9.9 ha of land (Fig. 34) (Baranzelli 
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et al., 2015). Shale gas installations are commonly situated in remote locations and areas 

considered to be at the edge of sensitive/ protected habitat. It is worth noting that the licensed 

areas marked for shale gas development in the Karoo cover a total area of 236,400 m2 host to 

sensitive and protected fauna and flora (Scholes et al., 2016). Studies by Wait, & Rossouw 

(2019) argued that a large proportion of the land licensed for shale gas development is used for 

extensive agricultural activities and livestock grazing. Therefore, the cost of land use and 

infrastructural planning (within the leased area) for shale gas development in the Karoo should 

be aware of the ecological impact. Milt et al. (2016) argued that operators and regulators can 

optimise the geometry of the surface land space and reduce the impact on the ecosystem by 

constraining the well pads and conservative surface layouts. Horizontal drilling activities 

permits multiple shale wells to be developed from one pad reducing cost and surface land space. 

Graham et al. (2015) argued that the influx of traffic and equipment to shale gas location 

increases the potential risk of traffic accidents, noise, and light pollution. The impact of shale 

gas development on the functional aesthetic landscape of the Karoo has also been documented 

(Timm Hoffman et al., 2021).  

Figure 34: Shale Gas Development Site, West Virginia. 

Source: Rogers (2013). 

Ecological risks and potential impacts from well pad construction, manmade ponds and road development is 

comparable to other anthropogenic activities associated with surface mining, conventional oil, and gas drilling. 
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3.17 Effects on Nondisclosure of Chemicals 

Transparency and disclosure-based principles are critical in policy decision making, corporate 

governance and gaining public support rather than information based on command-and-control 

practices (Solikhah and Maulina, 2021; Song et al., 2021). Disclosure of information and 

practices requires entities or bodies to release or provide access to information or elements of 

their products to the public and active stakeholders that are unavailable for them to make 

informed decision. The disclosure of information or product is motivated by the principle that 

the public has the right to relevant information to make an informed decision especially when 

the product is perceived as harmful to the environment and public health (Coliver, 2021). 

Studies have shown that disclosure of information may also influence companies to modify 

their behaviour and take protective steps to mitigate risks and uncertainties (Fetter, 2017). In 

addition, non-disclosures on processes and products have been found to reduce public 

confidence and support. Lonnquist and Gallagher (2021) argued that the non-disclosure and 

protection of proprietary information hinders public access to relevant information about the 

potential risks of chemicals used for hydraulic fracking.  

3.18 Conclusion 

Studies shows a range of environmental impacts caused by shale gas development. Emerging 

empirical studies indicates gaps in knowledge to confirm the level of impacts on the 

environment. However, the shale industry is evolving rapidly (technologically) with best 

practices aimed at mitigating potential environmental risks induced by shale gas development. 

Impacts of shale gas development on the Karoo ecosystem is uncertain and probable, given the 

lack of experience, weak regulatory laws, and policies required to govern the shale industry, 

applying the precautionary principle seems plausible in the Karoo. The review of literature in 

this study demonstrates the weight of evidence and risk assessment in order to prioritize future 

studies in these areas and establish empirical basis for policy making.  

Finally, this study demonstrated that all sources of energy development and industrial processes 

have some level of environmental impacts on society therefore, public judgement concerning 

the level of impact of shale gas development and trade-offs are more value decisions that should 

encompass empirical results.  
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Chapter 4: The Economic Impact of Shale Gas Development 

4.1 Introduction 

Although fossil fuel is a finite resource, the production of fossil energy continues to dominant 

the global energy landscape (Kraemer and Stefes, 2016). There is no doubt regarding the effect 

of fossil energy on climate change. The consumption of fossil fuel constitutes the largest 

contributor to greenhouse gas emissions and because the development of fossil fuel leaves a 

large footprint on our ecological system, the need to transition to a greener future is imperative. 

Over the last decade, natural gas is beginning to receive a growing attention as people become 

aware of sustainable energy development. Studies have highlighted that transforming from a 

carbon-intensive economy is the solution to climate change and declining global economic 

growth. Investment in sustainable energy development will not only influence the vibrancy of 

global economic growth but also shape the future of the world. Growth in global human 

population is driving significant demand on global energy consumption. The IEA stated that 

by 2040, global demand of energy is projected to increase at 48 % (Conti et al., 2016). In light 

of these, governments are diversifying their domestic energy portfolio and seeking alternative 

energy options to satisfy growing demand and also mitigate the effects of climate change. This 

explains why the many countries including the government of South Africa is supporting the 

development of shale gas in the Karoo and simultaneously increasing the share of domestic 

renewable energy. 

Natural gas has many benefits, it is the cleanest fossil fuel and cheap to produce reducing 

foreign energy dependent. The multiplying effects of shale boom may present significant 

opportunities and benefits to the local arena, such as lower prices for domestic use and 

manufacturing sectors. However, the longer-term effects of shale gas development on the 

economy are unknown but may be complex. Literature on the longer economic impact of the 

shale boom is limited however, studies by Brown (2014) did not find evidence of the resource 

curse for local economies. The study reported positive earnings and employment effects during 

development and bust cycles. 

A study found that shale gas development added over $380 billion and 2.8 million jobs to the 

America economy by 2035 (Aguilera and Radetzki, 2014). However, the future of shale gas 

development is uncertain given that a large number of shale wells are required to achieve 

commercial success. Opponents of shale gas development can’t conceive how to make the 
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transition or switch from traditional energy sources at cost that are sustainable. Additionally, 

there are growing concerns whether predicted costs of shale gas development and value to the 

local economy in terms of job creation and impact on local GDP are widely exaggerated or 

over estimated. The inconsistencies in projected benefits and risks are attributed to differences 

in scenario planning, sustainable goals, and economic models. The economic competitiveness 

of shale gas in the new energy landscape is still in question given that the cost of electricity 

generation and distribution of renewable energy in certain region is cheaper due to provision 

of government subsidies.   

South Africa is in the early stage of exploration activities in the Karoo Basin. To date, no shale 

well has been drilled in the Karoo Basin due to the moratorium invoked on exploration of shale 

gas activities in the Karoo Basin. Proponent of the shale industry argued that the moratorium 

is harmful to the future of the country as it seeks to move forward in the transition pathway.  

However, the cost of developing the Karoo shale resources including the long-term impact on 

the future geo- economic landscape of South Africa are uncertain. Studies have demonstrated 

the potential and sustainable way to develop the South Africa shale gas industry, given lessons 

learnt from shale gas development in the US and elsewhere. Furthermore, studies have shown 

that the US experiences cannot be generalized to the South Africa context. Nevertheless, this 

study sets the extent to which generalization can be made beyond the US shale gas industry.  

Literature is replete with studies focused on the long-term sustainability of shale gas 

development; however, these studies provide a narrow perspective of the shale gas industry 

without contextualizing the discourse. This current study presents a multidisciplinary 

perspective and situational context of shale gas development that may demonstrate the broader 

economic impact in South Africa. Given the significant transformation and market dynamics 

of the shale industry in the US sets the basis of shale gas development in South Africa. The 

extent to which the US shale boom is transferable to the South Africa context will be different 

given the disparities in geology, social context, best practices, laws/ regulations, mineral rights, 

market conditions, technical expertise/ technologies, infrastructural development. 

4.2 Impacts on the Global Energy Market 

The dramatic growth in shale reserves is playing a critical role in meeting global energy needs 

(Fig. 35). The success of the shale boom and its transformational benefits in the US has further 
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raised the prospect for shale gas development in other countries. Given the growth and global 

demand for natural gas, it is projected that unconventional gas will displace coal by 2035 (Fig. 

35) (IEA, 2019). It is projected that the development of shale gas could contribute

approximately 7,299 tcf to the global reserve of natural gas surpassing projected conventional 

gas reserves at 6,614 tcf (Cooper et al., 2016). The global LNG outlook and existing 

unconventional projects is expected to increase at 2.6 % per annum until 2025 (Jackson et al., 

2019). An important consideration for this growth is based on the fact that natural gas is flexible 

(it can be ramped up quickly to compensate for market volatility and energy demand), it is also 

traded in a variety of variety of financial and physical contracts  and commodities  such as 

over-the-counter active trading, long term optimistic futures markets, exchange-traded funds 

(ETF) or contract for difference (CFD) formats (Henderson and Moe, 2019; Højlund and 

Nielsen, 2019; Li et al., 2020). It is also worth stating that over 70 % of natural gas is traded 

on long term contracts, converted as liquified natural gas (LNG) for external exports/ markets 

to safeguard the security of energy supplies. For instance, South Korea and Japan (Asian 

markets) depend wholly on LNG imports compared to the UK rely on 55 % of LNG imports, 

45 % of UK gas demand is produced locally (EIA, 2019b; IGU, 2019; Jackson et al., 2019). 

The wellhead price of natural gas varies based on volatility of price and global demand, 

logistics cost, market/ economic factors, geopolitical and weather/ seasonal conditions. 

Caporin and Fontini (2017) found significant volatility in natural gas prices caused by 

significant contribution of US shale gas development to the global gas market. The United 

States, Canada, China, and Argentina are the only countries producing shale gas at a 

commercial level even though 41 countries have a huge reserve of shale resources (Fig. 1) 

(Shcherba and Vorobyev, 2018). Most of the countries are at a different stage of evaluating the 

prospect of developing their shale reserves in a sustainable way, most bans or moratoriums on 

shale gas development have come from European countries (Germany, France, and Bulgaria) 

given the uncertainties and risks surrounding shale gas development, nevertheless, Poland have 

moved further to develop their shale resources. Given strong public opposition, in 2011, the 

government of South Africa placed a moratorium on exploration licenses the Karoo shale 

resource (Andreasson, 2018; Le, 2018). The economic viability of the Karoo shale resource 

can only be assessed and proven through exploratory drilling activities requiring that the 

moratorium is lifted. Even if testing of the shale reserves proof that the Karoo shales are 

economically viable, several structural factors make it challenging to develop the Karoo 

reserves. Firstly, the Karoo shale basin is remotely domiciled from existing industrial and 

transport infrastructure which has the potential to prolong development efforts and also ramp 
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up the cost of developing the Karoo shales. Secondly, the regulatory framework of 

unconventional gas development is poorly characterised and laden with bureaucratic 

irregularities.  

The legacy of environmental impacts caused by shale gas development in the US, combined 

with the lack of scientific/ public consensus as to the exact nature and degree of the impacts 

and benefits associated with the shale technology has further undermined public confidence 

and trust regarding the future of shale gas development in the Karoo (Andreasson, 2018). 

Public concerns in South Africa have not only focused on water requirement for shale gas 

development, air quality impact, health impact, potential contamination of the surface 

environment and damage to the fragile Karoo biodiversity but also potential negative economic 

impact. Opponents argued that shale gas development will crowd out the local economic 

activities, out compete investments in renewable energy and disrupt the fragile social fabric of 

the Karoo community, therefore unsustainable in the current context (Willems et al., 2016; 

Andreasson, 2018; Issah and Umejesi, 2019). The need to mitigate global warming through 

clean and efficient energy supplies is driving environmental and energy policies in countries 

like South Africa to maximize the advantage of alternative energies sources and accelerate the 

transition from high carbon economy to sustainable energy. The adaptation of climate change 

policies puts shale gas development at the forefront of alternative energy development in South 

Africa (IEA, 2020).  

Figure 35: Evolution of Primary Energy Mix and Power Generation. 
Source: Global gas report (2020). 
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4.3 Impact of the COVID-19 Pandemic on Natural Gas Development 

The impact of COVID-19 pandemic meant an accelerated depreciation of shale assets and poor 

capitalisation of projects (Fig. 36). Prices of natural gas fell by 3.3 % during the pandemic due 

to low energy demand, rising questions if the shale boom can be sustained given the 

vulnerability of gas prices and energy demand, growth in renewable energy increased by 6.1 

% over the pandemic (IEA, 2020). The IEA forecast accelerated growth in energy development 

in the last quarter of 2021 driven by global economic recovery and increase in industrial 

activities. A long-term recovery is likely to spur growing demand for natural gas characterized 

by market driven conditions, geopolitical considerations, and policy changes (IEA, 2020).  

A sustained cycle of lower gas prices in the major gas markets indexed by the Covid 19 

pandemic coupled with reduced financial incentives for conventional fossil fuel exploration is 

responsible for driving the transition/ switch to unconventional gas development (Van de 

Graaf, 2020). The emergence of LNG exports from North America to the Asia markets has 

further pushed low gas prices with persistent over supplies from Russia and Australia. 

Importers of natural gas can now deal with lower LNG prices relative to crude prices (Barbosa 

et al., 2020; IEA, 2020).  

Figure 36: Gas Prices $/MMBTU in Selected Markets. 
Source: Barbosa et al. (2020).  

Notes: The figure shows the convergence of gas prices. 

Countrywide lockdowns and diminished industrial activities have contributed to oversupplies 

and lower gas prices over the last quarter of 2019 to 2020 continuing into 2021 (Fig. 36). 
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Additional uncertainties are projected regrading growth and prospect for shale gas development 

and job creation depending on how the pandemic impact gas markets in 2020/21 including 

impact of climate change policies, natural gas demand is projected to drop by 4 to 7 % and 

further fall in spot natural gas prices setting a possible convergence of gas prices (Fig. 36) (the 

US, European and Asian prices) (Mohammed and Barrales-Ruiz, 2020; IEA, 2020).  

The energy supply and baseload for domestic heating and cooking using natural gas in most 

developing economies including South Africa is low (3 %) in the energy mix (World Bank, 

2014; FAO, 2017; Nathaniel et al., 2019). The use of wood and coal constitute an important 

source of residential heating and cooking in South Africa, which constitute is a substantial 

contributor of ambient air pollution and source of human health such as cardiovascular and 

respiratory problems. Studies indicate the inherent challenges to tackle emissions from biomass 

heating without addressing the source of pollution from a sustainable energy perspective 

(Dagnachew et al., 2020). A rapid transition/ fuel switching from coal and biomass heating 

could make the supply of clean energy more justifiable to rural population who are challenged 

by poor power/electricity distribution in the Karoo. 

Figure 37: Global LNG Demand under Multiple Covid 19 Pandemic Scenarios. 
 Source: Global Gas Report (2020). 
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4.4 Natural Gas in Southern Africa 

South Africa natural gas landscape started with the partnership of Sasol (synthetic fuel 

industry) in Sasolburg and Secunda in the 1950s and ’80s. The South Africa LNG landscape 

include import from the Pande and Temane gas fields from Mozambique using the ROMPCO 

865-km pipeline commenced as part of the diversification of South Africa economy from coal

power (Van Zyl, et al., 2016). The utilization of natural gas in South Africa is less than 4 % of 

the primary energy base with coal dominating more than 90 % of the energy mix (Fig. 38) 

(IEA, 2020). Diversifying the primary energy base from coal power to clean energy has many 

benefits but the socioeconomic implications of the transition need to be carefully managed 

including the restructuring of infrastructures and reforming the national energy body ESKOM. 

In terms of policy indicators, the National Development Plan 2030 set a clear policy agenda 

for sustainable energy development, decommissioning the 42 GW of coal-fired local energy 

systems, and promoting an additional 20 GW of electricity generation from natural gas and 

renewables by 2030. The IEA projected that the South Africa economy could double by 

ramping the share of natural gas and renewable energy (solar and wind) into the primary energy 

mix (Van Zyl, et al., 2016; IEA, 2019). The derivatives of natural gas constitute a critical 

component for production of liquid fuels, ammonia, wax, and methanol. The 2019 Integrated 

Resource Plan (IRP) establishes key considerations and the framework for energy development 

that incorporates natural gas into South Africa energy mix.  The IRP forecast a 14 % 

contribution of natural gas to the supply of the energy base (Van Zyl, et al., 2016). However, 

the IRP does not optimise the just transition beyond 2030 which makes it long term planning 

and adaptation vulnerable to disruption. 
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Figure 38: South Africa National Energy Demand and GDP 2010-2040. 
Source: IEA (2020). 

4.5 Rationale for Shale Gas Development in South Africa 

South Africa is striving to develop an inclusive and sustainable economy, mitigate local CO2 

emissions, create jobs, improve energy security, and tackle the issue of energy crises in the 

country (Alden and Le Pere, 2009; Andreasson, 2019). However, there are increasing public 

concerns about the size and prospect of Karoo shale gas deposits. The US shale boom 

demonstrated profound economic benefits in the US including the creation of over 600,000 

jobs and projected to increase to over 1.6 million jobs by 2035 and forecasted GDP growth of 

US$231.1 billion by 2025 under pre Covid conditions (Wang et al., 2014; Andreasson, 2019). 

The democratisation of South Africa in 1994 and subsequent lifting of economic sanctions, 

population growth and scale of industrialization spurred significant economic growth in South 

Africa and energy demand, placing enormous pressure on the coal-fired stations to generate 

electricity (Pretorius et al., 2015; Andreasson, 2019).  Shortage in energy supply is also 

reflected in the rising cost of electricity tariffs and structural inequalities in electricity 
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distribution across the local population (Greenberg, 2009; Alton et al., 2014). The 

precautionary position taken by the South African government in developing the Karoo shale 

reserves provides a logical pathway to a new green future, advance a low-carbon economy, 

create jobs, achieve energy security, and make affordable electricity accessible to the growing 

population.  

Studies have shown that shale gas development could add over 700,000 jobs to the South Africa 

economy and stimulate the country GDP by R200 billion annually (Econometrix, 2012; 

Hedden et al., 2013; Wait & Rossouw, 2019). Given South Africa’s dependence on coal power, 

a transition to natural gas presents a viable option from high carbon fossil fuel to renewable 

energy because of the operational flexibility of natural gas. It is not entirely clear the position 

of coal power in the transition and the impact on coal jobs, given that employment in the coal 

industry constitutes a significant aspect of the South Africa economy. Andreasson (2019) 

highlighted that striking a balance in the confluence of political powers is required to move the 

industry forward. 

4.6 Analysis of Economic Feasibility 

The development of shale gas offers considerable economic opportunities for South Africa. 

The development and future of the shale industry in South Africa is uncertain given the 

significant uncertainty regarding the true commercial size of the Karoo basin (Fig and Scholvin, 

2015; Chapman et al., 2016). The economic potential of the Karoo basin is worth exploring but 

the future of the industry depends on positive market externalities and a range of geological 

and social factors. 

Shale gas development has been underway for decades, national and global estimate of shale 

reserves has been revised several times following discovery of new shale plays and availability 

of production/ geological data. For instance, in 2012 the EIA revised the resource potential of 

the Marcellus Shale basin from 827 tcf to 482 tcf (US EIA, 2012). Building on this, a positive 

outlook for shale gas development in South Africa must be large enough to attract potential 

investment to fully explore and develop the Karoo basin (Hausman and Kellogg, 2015; 

Gamper-Rabindran, 2017; Tietenberg and Lewis, 2019).  

In 2010 the South Africa government commissioned the econometric studies to evaluate and 

build the outcome and benefits of contingent shale resources in the Karoo. The econometric 
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model relies on two contingent scenarios of resource development 20 tcf (base case) and 50 tcf 

(optimistic/ high case), respectively (Econometrix, 2012) (Table 12). Along the same line, Wait 

and Rossouw (2014) put forward an economic impact model which provided lower 

employment opportunity should shale gas development move forward (Table 12). There is an 

argument that the Karoo shale resource is over estimated, and the benefits exaggerated given 

the geological complexities of Karoo, market volatilities and geopolitical uncertainties. Kay 

(2011) explored the case of resource overestimation in the Haynesville and Barnett Shales and 

argued that resource estimates in this basin exceeded actual production profile. This creates an 

exaggerated estimate of economic benefits should development move forward, this can lead to 

excessive budgeting and spending with long term consequences during the bust cycle 

(Kinnaman, 2011; Rousu et al., 2015). Studies have also demonstrated that benefits from shale 

gas development do not filter to the local community such as direct royalty payment/ leasing 

of mineral rights to local people - landowners (Kay, 2011; Hardy and Kelsey, 2015). In addition, 

studies have proven that the majority of the private beneficiaries/ landowners or owners of 

mineral rights in the US do not reside in the local community and the extent in which 

beneficiaries reinvest the benefits in the local community is uncertain (Van Zyl et al., 2016). It 

is worth nothing that landowners in South Africa do not own mineral rights, resource ownership 

is owned and governed by the state. The extent to which the US shale boom can be replicated 

in the South Africa context is uncertain, a range of factors appeared to be limiting the prospect 

such as the complex geology of the Karoo Basin, weak regulatory/ governance structure, social 

acceptability is low, existing supply chain and infrastructure development is non-existent, 

skilled human capital is lacking. Given these limiting factors, replicating the US shale boom in 

South Africa is unlikely to occur in the short term.  

Table 12: Economic Models and Impact Analysis 

Category 

Econometrix (2012) 

Static Model 

Wait & Rossouw (2014) 

Dynamic Computable 

Equilibrium (CGE) Model 

20 tcf 50 tcf Scenario 1 Scenario 2 

Potential life of resource (years) 25 25 25 25 

Potential contribution to GDP 

(%) 

3.3 9.6 3.5 6.9 

Potential contribution to GDP 

(ZAR bn) 

35 90 26 52 

Ave production per year (tcf/yr) 0.8 2 0.8 2 

Timeline 2035 2035 2-3 years 2-3 years

Potential permanent 

employment 

300, 000 700,000 1441 2471 

Source: Wait & Rossouw (2014). 
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The EIA estimated that the Karoo Basin contained 390 tcf of unproven gas reserves while the 

South Africa Council of Geosciences and Petroleum Agency put the estimate at 36 tcf (EIA, 

2013). 

Table 12 presents a broad comparison of the Econometrix report funded by the South Africa 

government and the study undertaken by Wait & Rossouw (2014). Both studies present 

significant variations of jobs creation with similar projected volumes/ production of shale gas 

are assumed. The difference is attributed to the economic models used in the analysis by both 

studies. Shale gas development is projected to create 300,000 jobs and expected to generate 

approximately ZAR 30 to 90 Bn in economic activity over a period of 25 years forecast. This 

projection includes direct and indirect activities generated by the supply chain and other 

multipliers in revenue, tax, and profits.  

4.7 Scenario Analysis 

The IF model forecasts an energy future based on historical trends of shale gas production in 

different environments, incorporating existing energy and climate policies. However, the model 

does not account for policy shifts in energy development and exogenous factors related to 

global market conditions. In both cases, the Boom and Blue Bridge scenarios forecast a 

reduction in coal production beyond the year 2030, cumulating in a significant reduction in 

carbon emissions. Hedden et al. (2013) utilized the International Futures (IFs) integrated 

system to facilitate and model the outcome of scenario development and outcome of shale gas 

development in South Africa, noting the short and long-term impacts of energy production 

scenarios as they relate to natural gas, coal, nuclear energy, and renewable energies goals.  

Figures 39, 40 and 41 illustrate the possible scenarios: 

1. The ‘Base Case’ analysed a situation where shale gas development holds the least

economic potential with insignificant environmental and social impact on the Karoo

(Fig. 39). Total energy production is projected at 1.88 billion BOE with carbon

emissions below 5.36 billion tons. The Base Case provides the basis that shale gas

development will not proceed further. In this scenario shale gas development is not

economically viable, wells are plugged and abandoned. The supply of national energy

is supported by LNG import (Scholes et al., 2016).
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2. The ‘Boom Case’/Small Gas forecasts a commercial production of natural gas, with

immediate and future gains in job creation, a significant boost to economic growth and

security of energy supplies (Fig. 40). In this context, the Boom scenario emphasizes

significant environmental and social risk, especially at full-scale development of shale

gas resources. The total energy production for the Boom Case is 2.52 billion BOE, with

no significant reduction in the total carbon emissions at 5.35 billion tons. Although the

result from this scenario is small but reasonably viable with 5 Tcf of natural gas

produced from a 30 x 30 km production block consisting of 550 wells on 55 well pads

(Scholes et al., 2016).

3. The ‘Blue Bridge’/ Big Gas scenario describes a situation where shale gas is developed

economically with the least socio-environmental impact (Fig. 41). The Blue Bridge

scenario attracts minimal tax on shale gas development, which is invested in developing

renewable energies. The total energy production projected for this scenario is 2.94

billion BOE with a significant decline in carbon emissions at 5.11 billion tons. This

model forecast a large discovery of approximately 20 Tcf produced from 4100 shale

wells consisting of 410 well pads across four production blocks (Scholes et al., 2016).

Hedden et al. (2013) suggested that carbon tax could be levied on hydraulic fracking in the 

Boom and Blue Badge scenarios which are invested in moving the transition to renewable 

energy. The Boom and Blue Badge scenarios present a scalable opportunity for investment in 

renewable energy - in the energy mix and improve the long-term sustainability agenda of South 

Africa.  

Figure 39: Base Case Scenario. 
Modified from Moyer et al. (2013). 
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Figure 40: Shale Boom Scenario. 
Modified from Moyer et al. (2013). 

Figure 41: Blue Bridge Scenario. 
 Modified from Moyer et al. (2013). 

4.8 Economics of Gas Production 

Geological studies have demonstrated the distinction between conventional and 

unconventional natural gas development. Unconventional gas production is a complex 

engineering process that requires horizontal drilling and hydraulic fracking (Kim et al., 2017; 

Milkov et al., 2020; Wang, 2020). Decline curve analysis (DCA) is the most common technique 

to forecast production rates of oil and gas from historical production trends of reservoirs 

(Jamshidnezhad, 2015). However, significant misinterpretation exists bordering on decline 

curve analysis of shale wells (Wang, 2020). For example, early exploration work in the Barnett 

shale was thought to be uneconomical but showed significant prospect in the latter phase of 

development. The Barnett is one of the biggest shale gas resources in the US (Fig. 42 and Table 
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13) (King, 2010; Manning, 2014; Wang, 2020). Geologists are able to identify’’ sweet spot’’ 

from logs and cores retrieved from shale wells in order to characterize the prospectivity of the 

shale play. The increase in investment is driven by favourable geological results as the basin 

progressed to field development program. The development phase not only produce gas but 

also help to sustain/ create jobs across the supply chain. However, not every shale well is 

economical or maximise significant production to guarantee positive investment decision for 

field development. The production of shale gas is characterized by early flush activities 

followed by rapid flow through the fractures (Fig. 43). The expected ultimate recovery (EUR) 

of gas produced by the early flush in the first year of production ranges from 30% to 50% 

proven to be viable for development. Subsequent production has been shown to decline in flow 

rates but proven economical building a base for gas production (Fig 42) (King (2010; Aucott 

et al., 2013; Baihly et al., 2015).  King (2010) indicated that 80% of the shale wells produced 

between 2001 to 2007 in the US were economic under prevailing gas prices at $10 per mcf. 

However, subsequent fall in gas prices including cost/ CAPEX optimisation in drilling and 

completion activities created conditions to move field development forward.  

Figure 42: Average Production per well for Major US Shale Gas. 
Source: Hughes (2014). 
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Table 13: Decline in Production Rate of Major Shale Plays in the US. 

Shale Play 
Average 3-Year Well 

Decline Rate (%) 

Average First Year 

Field Decline Rate (%) 

Optimism Bias Rating 

of EIA’s Forecast 

Barnett 75 23 Very High 

Haynesville 88 49 Very High 

Fayetteville 79 34 Very High 

Woodford 74 34 High 

Marcellus 74-82 32 Reasonable 

Eagle Ford 80 47 Very High 

Bakken 81 41 Conservative 

Source: Hughes (2014). 

Figure 43: Transient Flow of Shale Wells  
Indicating pressure drawdown, and build-up analysis 

Source: Oil and Gas Decline Curves - Rock River Minerals 

(https://www.rockriverminerals.com/knowledge-center/oil-and-gas-decline-curves/) 

Figure 43 illustrate the transient flow period and initial production phase of gas production 

when no reservoir barriers have been breached. The transient flow period is characterized by a 

steady reservoir pressure. The decline curves analysis is applied after the shale wells reached 

the ‘plateau’. In most ‘shale plays’ the transient flow may be limited/ short resulting in rapid 

https://www.rockriverminerals.com/knowledge-center/oil-and-gas-decline-curves/
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declines in well productivity after the first cycle. Recovery of the gas-in-place after the initial 

phase is much lower than conventional oil and gas, between 20–30 % (Kaiser, 2012). 

4.9 Drilling and Well Cost 

Cost for shale wells vary across the major shale fields in the US and ranges between $2 to $10 

million per well (Table 14) (EIA, 2012; Saussay, 2018). Given the current economic trend is 

unfavourable for exploration, the EIA projects a recovery of oil and gas activities in 2022 

providing the opportunities for new entrants of shale producers (Fig. 44) (US EIA, 2021). The 

cost of domestic rigs accounts for 25% of the cumulative well cost and has stabilized in the 

current market scenario improving CAPEX and moderate investment approach of shale gas 

development. The changes in related costs and technological improvement allows shale gas 

fields to be developed sustainably with fewer drilling rigs (Apergis et al., 2021).  

However, the cost of drilling a shale well in the US cannot be applied directly to the Karoo 

Basin given that the geological terrain and prevailing local market scenario are uniquely 

different. However, the Karoo shale deposit (Ecca Supergroup/ Whitehill Formation) have been 

identified in strata > 4921ft/ 1500m comparable to Marcellus and Fayetteville depth (Table 14) 

(EIA, 2013). Therefore, drilling cost in the Karoo Basin may be lower than the US shale basins 

(assuming optimal hole conditions including the availability of domestic drilling rigs, drilling 

equipment cost and supply chain) (EIA, 2014). There is significant unpredictability in the 

success factors which could have a substantial impact the sensitivity and local analysis of shale 

gas development in South Africa (Clark et al., 2021).  Given the key uncertainties and 

geological risks, the chance of commercializing a new shale play is significantly low, however, 

drilling cost can be reduced to make shale wells produce at economic rate. Aguilera (2014) 

argued that the higher cost of developing the shale reserves is uneconomically at a high 

breakeven price of $20 per thousand cubic feet (mcf) assuming Asia gas price at $12 or $18 

per mcf. 

From a reservoir engineering perspective, Lee et al (2011) and Browning et al (2013) argued 

that the production capacity of a shale well could be enhanced by a factor of 10 depending on 

the characterization of the geology/ reservoir formation and improved technological capability. 

However, shale gas development requires an intensive drilling campaign to maintain 

commercial levels. For example, shale plays in the US required an average of 1,087 active 

drilling rigs per year to achieve economic shale gas production (Spencer et al., 2014).  Based 
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on available data from shale plays in the US, Baihly et al. (2010) estimated EUR of a shale 

well ranges from 1.4 BCM to 5.9 BCM. If similar gas recoveries are forecasted for shale gas 

development in South Africa will require 164 to 714 shale wells for every 1 TCF of gas 

produced (Davies et al., 2014). Similarly, Gény (2010) revealed that 30 bcm production of 

shale gas per year would require active drilling of an average of 700 to 1000 shale gas wells 

per year over several decades. In addition, labour cost and readiness of an experienced and 

skilled workforce are likely to post a cost and scale constraint for extensive shale gas 

production in the Karoo (Spencer et al., 2014). 

South Africa human capital and infrastructural development for shale gas development are 

limited (Fig and Scholvin, 2015). Table 15 outlines five areas that are significantly challenge 

the development of shale gas in South Africa.  Most importantly, resolution of the uncertainties 

surrounding shale gas development in the Karoo requires extensive investment in stakeholder 

engagement in order to secure SLO in the Karoo (Landsberg and Qobo, 2017; Andreasson, 

2018). Several studies have identified the challenges in developing the Karoo shale play 

(Chapman et al., 2016; Landsberg and Qobo, 2017; Andreasson, 2018).  

Figure 44: Short Term Energy Forecast (Post Covid-19) 

Notes: showing natural gas prices 

Source: US EIA, Short Term Energy Forecast, April 2021 

https://www.eia.gov/outlooks/steo/ 

https://www.eia.gov/outlooks/steo/
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Table 14: Average Drilling Costs and Depth of US Shale Plays. 

Source: Modified from Saussay (2015). Notes: Tables shows that the average cost of shale well increases with 

depth. 

Table 15. Regulatory Challenges Impacting Shale Gas Development 

Source: Modified from Mares (2013). 

4.10 The Benefits of the Shale Revolution 

Several studies have highlighted the benefits of the shale boom in terms of enabling economic 

growth, job creation and ensuring security of energy supplies and independence. The effects 

from the shale boom have been shown to stimulate investment in other sectors of the economy 

(e.g., manufacturing and petrochemicals industry), at the same time ensuring geostrategic 

positioning in the global energy landscape (Barteau and Kota, 2014). The US shale boom has 

redrawn the geopolitical energy map, also strengthening its position as a global energy player 

(Manning, 2014). The EIA energy outlook projected that by 2040, US domestic natural gas 

consumption will reach 32.2 trillion cubic feet (tcf) with export growth reaching 5.7 tcf (These 

are pre-Covid projections) (cited in Conti et al., 2016). The shale boom enabled the US to 

reverse its 2005 trade deficit of $9.4 billion (in the petrochemical industry) to a surplus of $3.4 

billion in 2013 (Scott, 2013; Barteau and Kota, 2014; Inman, 2014).  

In terms of the multiplying/ ripple effect of job creation, studies suggest that every job created 

directly from shale gas development resulted in three indirect jobs. The multiplier impact 

makes shale gas development attractive to many countries burdened by slow economic and job 

growth (Wang et al., 2014). Wang et al. (2014) demonstrated that the shale industry contributed 

      Table removed for copyright reasons
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US$76.9 billion to the US economy in 2010 and a projected US$231.1 billion in 2025. It is 

projected that capital investment in the US for shale gas development would have increased to 

$350 billion, driving growth in employment to 3.5 million by 2035 (Aguilera and Radetzki, 

2014). Based on the shale boom, domestic natural gas price in the US reached a 10-year low in 

2012 at US$2 per British thermal unit (BTU), (Hasset and Mathur, 2013; Wang et al., 2014), 

offering more opportunities to monetize LNG exports to European markets (Medlock et al., 

2014). The fiscal effects of shale gas activities reported in terms of corporate tax, income tax 

and royalty payments in 2012 alone were $62 billion (Aguilera and Radetzki, 2014).  

4.11 Key Potential Impacts 

Several studies highlight that shale gas development may impact the local job market; crowd 

out non resource aspect of the local economy, disrupt the distribution of revenue, alter the level 

of poverty, and diminish educational accomplishment (Colborn et al., 2011; Paredes et al., 2015; 

Marchand & Weber, 2018). Existing empirical studies have reached mixed outcomes about the 

economic impact of shale gas development on different aspect of the economy (Brown, 2014; 

Marchand, 2015). It is unclear whether shale gas development is likely to adversely affect or 

reduce existing local inequities (Econometrix, 2012; Wait and Rossouw, 2019). Study by Van 

Zyl et al. (2016) argued that a’’ Big Gas’’ scenario in the Karoo Basin will spur GDP growth 

between 8 % to 16 %. Other studies have highlighted that the impact on income and job creation 

is overstated based on optimistic projections and static predictive models (Andrews and 

McCarthy, 2014; Richter, 2015). Studies have noted that semi-skilled and highly specialized 

jobs created by shale gas development are likely to be taken by skilled and experienced migrant 

workers (Van Zyl et al., 2016). Local content participation could be visible in the lower cadet 

of jobs and as the field development matures into full production. The Big Gas scenario is 

projected to create approximately 2,275 onsite and 300 indirect jobs in the logistics sector, 

growth in low skilled positions between 15 % to 35 % (390 to 900), hospitality, tourism, 

purchasing and training (Econometrix, 2012; Manning, 2014; Van Zyl et al., 2016; Wait and 

Rossouw, 2019). Mayfield et al. (2019) found a positive multiplier effect on job creation 

associated with shale gas development.  

Studies have highlighted the potential of natural resource to ‘crowd out’ the local economy 

further disrupting the local socioeconomic landscape (Allcott and Keniston, 2018). Van Zyl et 

al. (2016) suggests that factors responsible for boom-bust experiences associated with natural 

resource extraction could impose a significant financial stress on infrastructural development 
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resulting in the budget deficit in the Big Gas scenario. Impact on property value is likely to 

change in response to influx of migrant and population growth. 

4.12 Conclusion 

Fossil fuels is likely going to continue to play a critical role in the energy mix in the global 

energy utilization. However, the need to reduce global greenhouse gas emissions is facilitating 

the shift from less polluting to cleaner form of energy in particular methane and renewable 

energies. Natural gas is posed as ‘’a bridge fuel’’ to a decarbonised future, however, the high 

variability and uncertainties in shale gas wells makes shale gas development risky. Large 

volume of wells and efficient recovery rates are required to make a shale field economically 

viable.  

As the momentum for energy transition increases in South Africa, a need to urgently develop 

the measures to quantify the economic impacts and benefits of shale gas development including 

the required investments and sustainable agenda is imperative. The literature review shows the 

need to develop a comprehensive understanding of production/ volumetric models of the shale 

wells based on actual drilling data in order to constraint the resource uncertainties. While the 

shale wells may produce at different rate and peak at different times, it may require the build-

up of capacity in other sectors of the economy (such as manufacturing and petrochemical 

industries) in order to avoid potential crowd out and potential socioeconomic disruptions 

(experienced during the bust cycles) that may occur at the end of the life cycle of shale gas 

development. It is also plausible that the transition via shale gas development may overlap 

development paths to a green future if investment in renewable energy is carried out 

simultaneously.  
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Chapter 5: The Social Impact of Shale Gas Development 

5.1 Introduction 

The world’s natural resources are found within indigenous lands and territories. There is 

growing recognition that advancing large scale development of natural resources infringes on 

the rights of indigenous peoples’ given that indigenous people groups have deep cultural, 

economic, and spiritual connections with their lands and natural resources. Therefore, 

indigenous communities represent an important stakeholder of natural resources development 

(Domínguez and Luoma, 2020). The local community is likely to support the development of 

natural resources because of the anticipated economic and ownership benefits. However, 

communities hosting shale gas development may experience a range of environmental, 

economic, and social impacts. The extent of the impacts is largely uncertain depending on the 

scale and pace of the development. Studies have shown areas where shale gas development is 

active encountered a range of social impacts such as scarcity of affordable housing, impact on 

the social fabric of the community, impact on social services and increase in domestic crime. 

However, studies have demonstrated that the development of shale resources can be conducted 

in a sustainable way where the long-term benefits of shale energy development are aligned with 

the goals of sustainable development. This study classified the drivers of energy sustainability 

into three broad categories; environmental, economic, and social recognizing that benefits may 

fit into one or overlap across multiple categories. Determining a hierarchy of absolute benefits 

may not be as critical as identifying the level of impact on society. 

Beyond categorization, the governance of natural resource extraction runs into the dilemma of 

finding a generalized outcome across the different ethnic groups or geographical space. Not all 

aggregate benefits and impact of shale gas development are experienced equitably, therefore 

goals of sustainability may vary from one geographical area to another and are likely to evolve 

in the long term. South Africa has unique cultural attitudes and social institutions that will 

require an approach that recognizes the context of geography and the forces of social 

interaction within the communities that shapes and reinforces individual attitude towards shale 

gas development. This study argues that the factors influencing the planning and development 

of shale gas in South Africa are multiple and emblematic of the socio-cultural environment.  

5.2 Analysis of the Social Impact  

The prospect of shale gas development has generated a remarkable research output, focusing 
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on the nexus between social impact and benefits of the shale technology (Hudgins, 2013; Kerr 

et al., 2017; Mayer and Malin, 2019; De Groot et al., 2020). It is critical to consider the 

economic, social, and environmental scenarios of shale gas development within the host 

community in order to assess the sustainability of the shale technology, which may offer a 

comprehensive understanding of the essential dialogue between policymakers and the public. 

This context makes it possible to identify the social risks of the shale technology and 

appropriate means to situate the technology in a sustainable manner (Mohtar et al., 2019). 

Research shows that shale gas development could add a wide range of benefits to the 

community but may also introduce potential risk to the local environment. 

Studies have shown that communities can show apathy to technology by associating the 

technology to a particular risk (such as influx of migrant work force to the community, increase 

in crime and social vice) or experiences drawn from different context. Issah and Umejesi (2019) 

explored the broader impact of coal mining in the Karoo and discovered negative perception 

towards natural resources exploitation. Given this context, shale gas development in the Karoo 

may be comparable to experiences observed in the boom-and-bust cycles of coal mining in 

South Africa. This is critical given that the Karoo has a chronicle of health, social and economic 

disparities associated with the legacy of mining activities (Walker et al., 2018; Issah and 

Umejesi, 2019). Several researchers argued that the fragile Karoo is at risk should shale gas 

development move forward in South Africa, noting a ‘crowd out’ effect in other sectors of the 

economy (especially in farming, tourism, and manufacturing activities) (Moyo, 2012). Studies 

have demonstrated that agriculture and tourism hold significant socioeconomic benefits for the 

Karoo population compared to shale gas development (Milton & Dean, 2010; Gleason, 2013). 

Milton & Dean (2010) and Levi (2013) are of the view that jobs generated from shale gas 

development are short term and unsustainable in the long term given the familiarities associated 

with boom-and-bust cycles. Israel et al. (2015) demonstrated the effects of uncompensated cost 

on property owners as a result of decline and depreciation of property and land values. Studies 

have highlighted significant costs in upscaling and maintaining social infrastructure as a result 

of influx of people to the community (Christopherson and Rightor, 2012; Abramzon et al., 2014; 

Newell and Raimi, 2015; Ingle and Atkinson, 2015). Over time, place-based communities are 

likely to experience disruptions in the social order of the community due changes in the 

sociodemographic of the community (Fernando and Cooley, 2016; Junod et al., 2018; Toman 

et al., 2019).  

Stretesky and Grimmer (2020) highlighted a clear relationship between shale gas development 
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and crime and demonstrated that domestic crime is likely to increase in communities hosting 

shale gas development. Levi (2013) explored the characteristics of social disruption caused by 

natural gas development as a case of moral injustice, a condition that serves the interest of the 

government, companies, and their shareholders at the expense of the local community. The 

extent to which the local community can adapt to disruptions caused by the extractive industry 

have been highlighted in literature with mixed outcomes (Walton et al., 2013; Prno and 

Slocombe, 2014; Evensen et al., 2017; Luke and Emmanouil, 2019; Luke and Evensen, 2021). 

Issah and Umejesi (2019) found features of low resilience to the long-term disruption caused 

by mining activities in the Karoo. Studies by King et al., 2010; Brasier et al., 2011; Chapman 

et al., 2015; Atkinson et al., 2016 confirmed evidence of low resilience in rural communities 

of South Africa from natural resource extraction. However, the extent to which shale gas 

development will alters the social and cultural fabric of the Karoo community is unknown 

given that shale gas development is still under moratorium. 

5.3 The Development of Boomtown and Social Dislocation 

Current studies on the concept of boomtown from shale gas development draws on previous 

research from oil and coal developments. Many of the projects associated with natural resource 

extraction are situated in rural communities that are unprepared for large scale natural resource 

developments and associated impacts. The boomtown scenario is closely correlated with the 

post-development (negative impacts) of natural resource extraction, originally used in the 

western region of the United States (Jacquet and Kay, 2014; Komarek, 2018).   

The extraction of natural resource has a significant impact on the economic and social fabric 

of the host community, amplified by cycles of boom-and-bust economic activity. While 

environmental impact assessment may be undertaken to appraise the level of impact on the 

community during the planning phase, the long impacts of natural resource extraction on the 

local community are often neglected during the design and planning of projects (Kinneman, 

2011).  Almost neglected in the broader literature on boomtown is the implication and way in 

which boom and bust cycles produce new kinds of social dislocation, economic insecurity, 

poverty, and inequalities amidst rapid economic development in the local community (Black 

et al., 2005; Allcott and Keniston, 2014; Kelsey et al., 2016). Sociologists, exploring the impact 

of natural resource extraction on communities employ the boomtown impact model, also 

referred to as the social disruption hypothesis. The boomtown impact model predicts that 

communities grappling with rapid industrialization and population growth as a result of natural 
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resource extraction will experience economic loss and breakdown in the social order of the 

community (Jacquet & Kay, 2014). The development of natural resources largely occurs in less 

economically diverse areas that are likely to experience shocks or contraction in all aspect of 

the local economy during period of industrial downturn (Marchand and Weber, 2018). Social 

scientists exploring the concept of boomtown effects are challenged in understanding the 

transition and deteriorating socioeconomic performance in the post-boom period. In all cases, 

the social-economic concerns, and the poor state of welfare in the Karoo through the legacy of 

mining activities provide evidence of the boomtown effects (Issah and Umejesi, 2019). 

Employment rises sharply in the early phase of the boom to deliver economic opportunities, 

high paying jobs, and earnings to the local population. Jobs created by natural resource 

development generates an uneven distribution of wages in the local community which can 

affect the social order of the community. Influx of migrant work force can cause overcrowding 

of resources and alter the sense of community prompting hostility between the indigenous 

people and new entrants into the local community. Evidence of deepening inequality between 

local resident and migrants including escalating xenophobic reaction and negative perception 

of immigrants in South Africa suggests grave consequences of boomtown effects (Gordon, 

2020; Crush, 2021). 

Christopherson (2013) provided evidence to support significant population increase during the 

boom phase that becomes unsustainable during the bust cycle. Although results and risks to 

communities are varied during the bust phase depending on the scale of the development, 

population density and funds for mitigation of economic shocks (Measham et al., 2019). Kelly 

and Schafft (2021) argued that shale gas development proportionately exposed host 

communities to the effects of boomtown (Fig. 45). Studies characterized the bust phase by 

fierce social conflict, high unemployment, increase in social inequality, distribution of uneven 

cost and benefits, high poverty levels, social-psychological stress, increase in crime, distrust, 

and disparity in educational achievement. Studies have argued that during the bust phase social 

conflict/ tension is heightened within the community threatening the social order/ fabric of the 

community (Christopherson and Rightor, 2012; Cosgrove, 2014; Kelly and Schafft, 2021).  
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Figure 45: The Case of Energy Booms and Busts.  
Source: Christopherson and Rightor (2012). 

Notes: The pattern of the Boom-Bust cycle in income, tax revenues and job 

Gilmore (1976; 2019) developed the “Problem Triangle” (Fig. 44) to describe the impact and 

consequence of boomtown effects on communities, the bust period can spiral into negative 

outcomes as the community convulsed by economic and market disruptions (Murphy et al., 

2018). Jacquet and Kay (2014) updated the ‘booming’ concept to fit contemporary realities and 

consequences of complex energy systems such as shale energy development. The authors 

demonstrated that resource-rich countries are likely to experience mini booms and busts 

compared to the singular classic model of boom-bust proposed by Gilmore. Jacquet and Kay's 

scenario holds the opportunities for communities to develop resilience from the impacts of 

resource extraction. The modern reality of the boomtown effect has been examined in 

communities proximal to the Marcellus Shale site in Pennsylvania. Research indicated that not 

all communities will experience the effects of boomtown (Brasier et al., 2011; Ruddell, 2011; 

Ryser & Halseth, 2011; Jacquet and Kay, 2014).  

The Gilmore triangle (Fig. 46) depicts a three-part process that defines social disruption in the 

community. Existing local services and infrastructural development fail to accommodate rapid 

growth in population during the boom years, results in a poor state of community wellbeing 

and deteriorating economic performance. The experience of boomtown has a range of 

consequence on communities such as homelessness from housing-related impacts (housing 

affordability and availability) as well as the vulnerable who may not reap the benefits of 

resource extraction. The implication of boomtown requires careful consideration in the Karoo 

if shale gas development will move forward.  
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Researchers have critiqued the social disruption model given that the methodologies used to 

analyse the concept as case-based investigations on small communities (Ennis et al., 2013). 

Smith et al. (2001) noted that while socioeconomic disruption does occur in communities, 

however, the impact is contextual and dissipates a few years after the bust. A larger population 

develop resilience and can absorb significant disruption to the community (Atkinson et al., 

2016). Brasier et al. (2011) and Chapman et al. (2015) noted that with the passing of time, 

social disruption caused by resource development will recalibrate to stabilization, large towns 

are likely to utilize the revenue/ investment from resource development to diversify quickly 

and adapt to changes without disruption. King et al. (2010) noted that diversity in the social 

landscape as a result of migration to the community generates a functional and resilient society. 

Gilmore provided a policy management strategy to mitigate the effect of social disruption 

arising from the impact of resource exploitation: 

1. Managing and balancing economic investment

2. Robust planning of resource utilization and conservation

3. Managing human productivity

4. Safeguard the social fabric of the community

Some researchers have challenged the social disruption model on grounds and pointed to the 

lack of longitudinal data to track pre-boom and post-boom scenarios in the local community 

that could fail to distinguish small booms/bust within the larger population (Brasier et al., 2011; 

Chapman et al., 2015). In addition, previous research that utilized qualitative methodology for 

data collection failed to capture data on crime, population growth and demographic factors 

(Komarek, 2018). 

However, the applicability of the boomtown assumptions and how these might apply to the 

context of emergent energy economies is contested (Jacquet and kay, 2014). Some researchers 

argued that lessons from early work on the boomtown effect are instructive for areas where 

unconventional oil and gas activities are ongoing or being contemplated (Jacquet and kay, 2014; 

Marcos-Martinez et al., 2019). Given the South African context, much of the experiences of 

resource exploitation pointed to high levels of socio-economic challenges and disparity in 

resource distribution (King et al., 2010; Brasier et al., 2011; Chapman et al., 2015; Atkinson et 

al., 2016). Drawing from this and related natural resource activities in the Karoo, Issah and 

Umejesi (2019) found that mining activities negatively impacted the social and economic 

landscape of the Karoo.  
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Figure 46: Gilmore Problem Triangle 

Source:  Muphy et al. (2018). 

5.4 Impact of the Resource Curse (The Dutch Disease) 

When natural resources are found, the expectation is that their extraction and development will 

benefit the country. However, developing countries frequently suffer from slow economic 

growth from the exploitation of natural resources through corruption and weak institutions of 

resource governance. This concept is referred to as the Resource Curse (Auty and Gelb 2001; 

Neumayer, 2004; Rosser, 2006; Hitaj et al., 2014). The “rentier effects” is rooted in the 

economic and political landscape of most Africa countries and defines how these countries 

manage revenue from resource developments (Dell’Anno, 2020). Studies shows that the 

Resource Curse is facilitated by rent seeking behaviour. In this context, the Resource Curse 

refers to the government gaining control of land and other natural resources to secure rents that 

arise from natural resource extraction. The prevailing institutional weakness coupled with rent 

seeking behaviour tend to compromise economic productivity in these countries. The earliest 

work on resource/ institutional curse and implications for national development found that 

countries with a wealth of natural deposit appeared to grow more slowly than countries without 

natural resource (Sachs and Warner, 1995; Badeeb et al., 2017). Studies have found that specific 

channels of resource regression and institutional deficiencies exacerbate unfavourably long-

term consequence of natural resource development (Brunnschweiler, 2008; Venables, 2016; 

Guan et al., 2020). Colgan (2014) found the exception in European countries and notes that the 
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effects of resource dependence to be positive and beneficial to the country. Herb (2005) found 

limited evidence to support the impact of the resource curse on these economies in terms of 

rents derived from resource development. Schrank (2004) argued that natural resources have a 

positive effect on growth performance and by specific socioeconomic indicators outperformed 

non-mineral economies.  

Most studies blamed the reparation of revenue by the extractive companies therefore 

constraining infrastructural development in the host communities (Humphreys, 2005; Diamond 

and Mosbacher, 2013; Manzano and Gutiérrez, 2019).  Studies by Elbra (2013) and Issah & 

Umejesi (2019) discovered symptoms of the resource curse in South Africa associated with 

mining activities, providing evidence that shale gas development meant have the same effect 

in the country. This is consistent with the findings of Sala-i-Martin and Subramanian (2003) 

and Ross’ (2001a); Torvik (2006) suggesting that wealth from natural resources produces 

negative impact in Africa countries. 

Studies suggested that the effect of the resource curse is too broad enough to have a negative 

spill over on other sectors of the economy (Wang et al., 2019). The direct impact of capital 

investment in resource development coupled with technological innovation is correspondingly 

positive in some emerging economies such as China (Wang et al., 2019).  Although there is no 

direct evidence to link the impact of shale gas development in South Africa to the Resource 

Curse, given that the shale industry is still at the early phase of planning. However, studies 

offers both positive and negative impacts of shale gas development (Elbra, 2013; Seekings and 

Nattrass, 2015; Feyrer et al., 2017). For instance, studies found a significant increase in jobs, 

wages and an increase in revenue generated from shale gas development (Marchand and Weber, 

2015; Feyrer et al., 2017). While studies by Fleming et al. (2015) found negative impact in 

terms of providing jobs to the local community. The employment created from shale gas 

development are jobs requiring skilled and experienced personnel in which the host community. 

lack the capacity to provide. As a result, skilled migrants’ workers are likely to outcompete 

local population in securing the jobs. This is likely the case in the Karoo, given that oil and gas 

activities is relatively new in the community and level of tertiary education generally low. At 

best members of the local community will be low-cost labour.  

Studies by Farren et al (2013); Muehlenbachs et al. (2015) and Bartik et al. (2019) found that 

properties local community are likely to increase in value due to high influx of migrant workers 

therefore leading to the high cost of home ownership or renting. The studies found that the 
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indigenous/ local people are unable to acquire properties due to fierce competition with migrant 

labour. Conversely, Gopalakrishnan and Klaiber (2014) found a significant drop in the property 

value in shale gas communities given the environmental concerns of living in areas where shale 

gas development is active.   

5.5 Effect of Socio-Technical Transition in South Africa 

The adoption of socio-technical transitions to sustainable energy development are challenging 

experiences in most societies given that sociotechnical transitions are nonlinear, contested, and 

disruptive processes (Jacque, 2014; Theodori and Podeschi, 2020; Stretesky et al., 2020). 

Socio-technical transition involves the switch of cluster of technology, markets, policies, 

practices, infrastructural networks, individual behaviour and cultural (meanings) variables 

which occur at a gradual and continuous movement of complex structural change. Accordingly, 

radical technological innovation in a protected space can trigger complex social and technical 

changes in the society (Geels, 2004; Mohtar et al., 2019; Xu, 2020).  

South Africa is transforming its energy landscape by switching from a high to low carbon 

economy. Coal fired power stations accounts for 90 % of power production in South Africa. 

The plan is to ramp up the utilization of renewable energy comprising of Solar 71 % and 28 % 

Wind power by 2050 and decrease the level of carbon intensity by 50 % in the best policy 

scenario. This plan highlights the importance of the energy transition and sustainable 

development in South Africa (Hedden, 2015; IEA, 2019; Thopil, 2021). However, curtailing 

coal power source and expanding the transition using natural gas from shale gas development 

introduces a paradox in the transition pathway to the energy revolution. Although South Africa 

has improved in its development of renewable energy, the paradox of shale gas development 

present notably challenges in the socio-technical transition. The hinderance results from social, 

political, economic, and technical factors at the micro level. The trade-off in the energy 

trilemma will identify if shale gas development remains a priority in the transition pathway in 

limiting coal-based power generation and expanding renewable energy (Mosse, 2004; Edigheji, 

2007; Buscher, 2009).  

The Integrated Resource Plan 2010–2030 (IRP) sets the conditions of the transition emphasized 

the reduction of coal-based power and increase of renewable energies. However, the reality is 

that renewable energy is progressing at a slow pace of development, at the same time, the coal 

power stations are aging and nearing their retirement and unable to meet the demand of 

electricity creating a condition of national energy crisis (Hedden, 2015). The under-deployment 
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of renewable energy means more fossil fuel utilization (coal power) and significant increase in 

greenhouse emissions. The under performance of the coal stations translates to significant 

economic losses for industries, businesses and undermine investor confidence. Therefore, 

proper framework that engages the institutional influence, environmental pressures, and social 

niche (structural relationship in society) provides an opportunity to accelerate the transition 

process (Geels and Schot, 2007; Lawhon and Murphy, 2012).  

5.6 The Complexities of the Energy Transition 

The evolution of societies is closely linked with the interaction between people and energy 

development. The relationship has evolved from traditional form of fossil fuel energy to 

modern sources of fuels driven by concrete solutions to improve energy efficiency and 

sustainability values (Grubb et al., 2008; Essex and de Groot, 2019). The production and 

distribution of electricity in a sustainable way is the heart of the energy transition, delivered 

through connected infrastructures which represent a modernist ideal of society. Countries in 

the global south are making progress towards this ideal by developing sustainable energy across 

cities and towns. The result in developing economies have been found to be unequitable, 

appropriation, disruptive to place identity and at variance to the values of local people (Jaglin, 

2014; Monstadt and Schramm, 2017).  

The pace at which the transition is progressing is changing given the urgency to confront 

climate change and the need to switch from unsustainable energy sources (Grubbler, 2012; 

Essex and de Groot, 2019). Sustainable energy systems have become intertwined with many 

challenging agendas which is requiring a tradeoff between social, economic, and environmental 

values. The ability of modern energy systems to generate economic growth in an equitable 

manner, and at the same time tackle environmental challenges (Patel, 2006). Cock's (2004) 

highlighted the need to incorporate both environmental and social justice in the transition 

agenda, to address the equitable representation and supply of energy systems to all social 

groups. This is relevant in complex societies like South Africa ingrained with the legacies of 

colonial rule, apartheid, and influences of racial disparities. The historical context of energy 

distribution in South Africa is relevant to the way energy policy is formulated and framed. The 

legacy of apartheid informs the need to adopt energy policies that provide equitable and 

sustainable benefits for the population and policies that addresses the social gaps (Mohlakoana, 

2014).  
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The equity implications and cost impact of the energy transition on indigenous communities 

are rarely acknowledged in the transition debates (Carley and Konisky, 2020; Colvin, 2020). 

The question of how the transition is situated in the sociocultural context of indigenous 

communities, who are involved in determining the equity and the interaction that need to 

happen between policymakers/ governments and indigenous people. Pelletier et al (2019) 

demonstrated how legacy and historic actions can be used to inform the implementation of a 

rights-based approach to resource conservation in the indigenous landscape. Similar studies 

have been undertaken in South Africa highlighting the effects on lands and natural resources 

(Issah and Umejesi, 2019). Southalan et al. (2011) noted that disputes/ conflict with indigenous 

communities’ challenges conservation systems. The land on which indigenous people live 

defines their culture and identity, therefore disruption in their natural environment can have 

significant impacts on the lives of the people and policy implications on energy development. 

Sustainability in this context means the development of indigenous resources and the processes 

that integrate the values and interests of the people (Triggs, 2002; Tauli-Corpuz, 2010). 

The need to mitigate climate change and provide access to affordable and clean energy set the 

imperative to transit to a low carbon system. McCauley et al. (2019) showed that the transition 

must address the issue of energy injustice to ensure that energy and environmental policies 

assure equitable and fair consideration. An equitable energy justice framework hinged on a 

holistic approach to assessing the relative merits of resource planning, development, production, 

distribution, and utilization (Mundaca and Markandya, 2016; McCauley et al., 2019). Broto et 

al. (2018) argued that energy justice in the Africa context should disregard postcolonial legacy 

and western traditions to sustain a long-term transition that embraces the traditional values of 

the local community. In a similar study, Sareen and Haarstad (2018) outlined a theoretical 

framework that combines elements of energy justice and socio-technical elements in 

sustainable transitions. McCauley et al. (2019) demonstrated that policy-related processes and 

changes in institutional structures that address the local context are required if energy transition 

is to occur quickly in South Africa. The application of energy justice offers a vital perspective 

that underpins shale gas development in the Karoo, focusing on the community as a critical 

actor in resource development.   

5.7 The Contested Landscape of Energy Development 

Shale gas development has radically transformed the energy landscape spurring an outpouring 

of social science research in exploring social acceptance of shale gas development and how the 
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shale technology can be replicated outside North America (Bugden et al., 2017; Howell et al., 

2019; Walsh et al., 2020). Emerging fields in social science and energy research are shaping 

the discourse of shale gas development. More broadly, social scientists and energy researchers 

are constructing research methodologies that engage community participation and 

representation in the development of emerging energy including the effect on culture and the 

community (Stilgoe et al., 2014; Chilvers and Kearnes, 2015). Over the last decades, fields of 

research have emerged to fill the gap in public perception by identifying the obstacles to the 

social acceptance of shale gas development. 

The deployment of new/ controversial energy systems may become publicly resisted and 

contested on the ground that the technology imposes uncertainties, high risks, and negative 

consequence on the environment. The anxiety may become intensified when the public 

perceives that the technology may negatively impact the social values of the community 

(Manders-Huits, 2011; Roeser, 2011; Pesch, 2015; Dignum et al., 2016). In addition, studies 

show that public acceptance is driven by individual worldview and belief (Lachapelle et al., 

2014). Juma (2016) described technological innovation as a social process -the author noted 

that technology is not the issue, but the way society is constructed and ingrained social values. 

Juma noted that individuals tend to favor technological innovation if it offers the opportunity 

for inclusion and aligns with individual values.  

Dignum et al. (2016) highlighted that technological artefact is not neutral but provide value to 

society- (such value may be undesirable). In order to achieve sustainability, Van Gorp and Van 

de Poel (2006) noted that an acceptable tradeoff of values may be required to improve the social 

acceptance of shale gas development. It is argued that the three critical factors in considering 

technological adoption are societal values, the design of the technology, the process of 

deployment and the institution or geographic space where the technology is deployed 

(Wüstenhagen et al., 2007; Correljé et al., 2015). Institutions or geographical space are shaped/ 

constrained by economic, social (traditions, religions, customs) and political factors and tend 

to structure the way the technology is designed and the context of stakeholder behaviour and 

the environment in which social contestation occurs (Dignum et al., 2016).  

Public perception has significant implications for policy decision development. The benefits of 

shale gas development are often used to gain public support in siting discourses, but concerns 

remain of what constitute risks and acceptable impact. Research has shown that the different 

discourses of shale gas development ranges from environmental, energy security, economic 
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and social factors and these have varying effects on how people make sense of the shale 

technology (Boudet et al., 2014; Howell et al., 2019). Issah and Umejesi (2019) highlighted 

that the legacy and impacts from uranium mining and other industrial development in the Karoo 

influence public perceptions to new forms of energy development. However, studies have 

shown negative consequences from the mining industry and the effect on the community/ social 

cohesion including presence of socio-economic disparities in the community (Esterhuyse et al., 

2018; Schreiner et al., 2018; Issah and Umejesi, 2019). Supporters of shale gas development 

highlights economic benefits such as job creation (Brasier et al., 2011; Howell et al., 2019). 

Studies have demonstrated mixed public responses concerning the shale technology in the 

Karoo (Chapman et al., 2016; Walt et al., 2018; Willems et al., 2016).  

5.8 Evolution of Anti-Fracking Mobilisation 

Growing opposition to shale gas development is commonly organized as grassroots 

mobilisation involving individuals and community-based response (Vasi et al., 2015; Dokshin, 

2016). Anti-fracking groups are emerging as key stakeholders in shaping the narrative and 

discourses regarding the impact of the shale technology. The anti-fracking movement is 

extending outside North America into new geographies such as South Africa and places where 

shale gas is contemplated (Bottom, 2020). The anti-fracking movement is also evolving in 

response to the existential threat of climate change and the wider transition discourse (Bob, 

2018; Mihaylov, 2018; Sher and Wu, 2018), drawing awareness and attention to the broader 

impacts of the shale industry. The success of the fracking groups underscores their ability to 

lobby relentlessly and actively campaigned against shale gas development which has resulted 

in government instituting bans or moratorium on shale gas development.  

5.9 The Anti-Fracking Movement in the Karoo 

Over the last decade anti-fracking activism has been evolving as a local and cross-national/ 

international social movement (Bob, 2018; Mihaylov, 2018). Public attitude towards the shale 

gas development continues to play a critical role in shaping the transition debate in South Africa. 

Through sustained protest and civil action, anti-fracking organizations are raising public 

awareness of the impacts that could arise from implementing the shale technology. Groups such 

as the Wildlife and Environment Society of SA, Treasure Karoo Action Group, Centre for 

Environmental Rights, Western Cape Wildlife and Environment Society, Southern Cape Land 

Committee, Agri-SA and Earthlife Africa have emerged as local opposition to shale gas 
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development continued to challenge government policy and position of developing the Karoo 

shales (Ncube, 2017; Academy of Science of South Africa, 2019). Localized resistance is also 

focused on the broader social and economic impacts on the community. 

Local activism to shale gas development reflects the contested way the shale technology is 

resisted (Andreasson, 2018; Bob, 2018;). The anti-fracking coalition is socially constructed at 

the grassroots/ community level and galvanized through various online platforms such as social 

media, townhalls, radical approach through blockage to sites and civil litigations (McCright 

and Dunlap, 2000; Jones et al., 2014; Hopke, 2015). Studies have highlighted engagement with 

anti-fracking bodies in the following as key stakeholders in the transition discourse:  

• Action towards greater disclosure and transparency need to be acknowledged as a

legitimate step in developing the shale industry in the Karoo (Baka et al., 2020).

• The need to create an opportunity for social and political engagement that covers a

broad array of stakeholders and active community players in the planning and

deployment of the shale industry (Whitton et al., 2017).

• Scientific assessment of the wider implications of the impacts on water, health, and

even distribution of benefits and cost (Andreasson, 2018).

• Policy design and corporate social responsibility that delivers long-term investment and

economic growth in the Karoo (Solarin et al., 2020).

5.10 Predictors of Social Acceptance 

Social acceptance is defined as the degree to which energy development is actively supported, 

opposed, or passively tolerated by the relevant social actors (Wolsink, 2018). Scholars 

advocated that the social license to operate must be added as a construct that gives legitimacy 

to the community as a major stakeholder group. The concept of social license to operate has 

been widely used as a prerequisite in decision making in environmental and energy policy 

development (Demuijnck and Fasterling, 2016; Gehman et al., 2017). Decisions regarding the 

development of natural resources have the potential to impact the social wellbeing of the 

community (Gross, 2007) therefore, procedural, and equitable (social, economic, and 

environmental) justice is acknowledged as central to the social acceptance of energy 

development particularly when such outcomes are perceived to be disruptive and potential 

threat to the community. The contested nature of shale gas development is clearly visible in the 
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South Africa shale gas debate, therefore stakeholder engagement with affected and interested 

parties is proposed as a strategy of citizens involvement, communicating, and responding to 

the challenges of energy policy (Ngcebetsha and Jamela, 2015; Matebesi and Marais, 2018; 

Beauchampet and Walsh, 2021). 

Figures 47 & 48 presents an overview of the chain of sustainable values identified in literature 

that links to the principles of resource development in South Africa. The framework provides 

a deeper understanding of the underlying issues of energy development that are essential for 

institutional dialogue and communicating policy to the policy.  Each set of the value 

demonstrates the impact of the development and use of shale energy.  Taken together, the value 

hierarchy presents a clear image of the relationship, longer term implications, behaviour, and 

trade-offs among the different aspect of the elements (IAEA, 2005; Dignum et al., 2016). Firstly, 

substantive values of the natural resource and the potential impact of the development extend 

into three areas: security of supply, sustainability, and affordability/ accessibility of the natural 

resource (Fig. 47). These values also refer to the mitigation of emissions, transition pathway 

and commitment to global environmental protocols. Secondly, procedural values that relate to 

policymaking, regulations/ governance of the exploitation of the natural resource. The later 

concerns also cover the limitations of the legislative system, social representation to the 

decision-making process, transparency, trust, and distributive justice – such as the unfair 

distribution of benefits and risks among the social groups in the Karoo (Fig. 48). 

Figure 47: Substantive values and themes in South Africa shale gas discourse. 
Source: Modified from Dignum et al. (2016). 

Substantive values

Security of Supply

Competitive 

Advantage

Sustainability

Environment

Economics 

Social 

Affordability

Welfare



117 

Figure 48: Procedural Values and Themes in South Africa Shale Gas Discourse. 

Source: Modified from Dignum et al. (2016). 

Changes in the value over time can be used to gauge progress towards sustainable shale gas 

development. 

5.11 Relating Risk Perception to Behavior 

The perception of risk is an important determinant utilized to explore the underlying factors 

influencing the behaviour of people concerning shale gas development. The success of energy 

development is contingent on the individual/ community perception of risk (Urban and Scasny, 

2007; Brasier et al., 2013; Boudet et al., 2014; Clarke et al., 2015; Whitmarsh et al., 2015; 

Willits et al., 2016). Statistically, risk indicates the likelihood of an untoward or undesirable 

incident, often expressed in terms of potential threat or harm. Accordingly, it seems reasonable 

that individuals need to be aware or informed about the risks of shale gas development. How 

people interpret and evaluate risk (risk perception) is essential in decision making and basis for 

risk intervention among the target population. Risk perception may deviate from an objective 

assessment of reality when the individual or public fails to receive the correct information about 

the situation and are likely to make suboptimal decision. Studies have demonstrated that an 

individual’s perception of risk may be influenced by personal traits or affiliation to a social 

group. Social groups are differentiated by socio-cultural parameters and sociodemographic 

variables such age and gender (Michalsen, 2003; Lees, 2012). Therefore, different social 

groups may have a particular stance to a specific issue related to the shale technology such as 

strong support or opposed to shale gas development. The influence of social factors on risk 

perception is a subject of a large body of study that has highlighted how the behaviour of 

individuals are influenced by the opinion and judgement of the community, awareness of 

cultural/ social norms and interaction within the community (Klucharev et al., 2009; Zaki et 
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al., 2011; Knoll et al., 2015). This socially driven influence in risk perception depends on the 

pursuit of social conformity by the individual.  

Thomas et al. (2017) argued that when individuals were presented by a range of risks and 

benefits concerning shale gas development in the UK and the US, participants expressed 

similar response of risks about the shale technology based on cultural context and place-based 

experiences. The study demonstrated that public perception of risks and benefits of shale gas 

development goes further than those included in the formal assessment criteria. The local 

context and factors ranging from perception about the impact on local community cohesion, 

institutional distrust and equity provided meaning and broader consideration of shale gas 

development. Given this outcome, and limitation of technical/ scientific assessment of risk, 

social scientist advocates the inclusion of public input into risk assessment and all aspect of 

decision making (infusion of experts and public in a consultative risk assessment) (Eduljee, 

2000; Weston, 2004; Williamson and Weyman, 2005; Smillie and Blissett, 2010).  

Several studies have highlighted the inherent subjectivity or intuitive elements of experts and 

non-expert (public) judgement of risks (Kraus et al., 1992; Munns, 2002). In addition, studies 

have found that experts are deeply divided on opinion regarding the risks of shale gas 

development. This division places the challenge of risk communication in a dilemma that 

should be clarified by experts as the public feel vulnerable to the risks posed by shale gas 

development. Despite the best effort of scientific assessment of risk, it has become apparent 

that scientific assessment/ method of risks relay on extrapolation and judgement in order to 

infer and characterize the risks of shale gas development. The direct characterization of risks 

may be impossible in certain conditions as such the situation can be clarified or improved by 

inferring it to a similar context. The division in expert opinion as well as the limitations of risk 

assessment provide the basis for controversies over the risks of shale gas development.  

5.12 Public Engagement in Energy Development 

Several arguments have been put forward regarding the benefits of public participation as a 

meaningful input into the decision-making process and governance of natural resource 

development (Muro and Jeffrey, 2008; Newig and Fritsch, 2009). Public participation provides 

the opportunity for communication between regulatory agencies and the public, a means by 

which accurate information can be disseminated to the public in a timely manner (Bird, 2009). 

In addition, public participation provides the platform to identify, understand and incorporate 
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the interest or expectation of the public into policy making, planning and overall development 

of the natural resource and also improve the institutional credibility in the local community. 

While there are several benefits associated with public participation in planning and 

implementation of policy making, public participation carries some disadvantages (O'rourke 

and Macey, 2003; Aitken, 2010; Rod, 2011). The process can be expensive, time consuming 

and may result in institutional distrust and negative perception if public participation is 

executed poorly (Ferguson-Martin and Hill, 2011). Studies have shown that effective public 

participation could enhance the social capital and flow of economic benefits (Beierle, 1999; 

Coleby et al., 2009). Loring (2007) found a positive correlation between effective public 

participation and increased level of public acceptance of natural resource development. 

Given the historical context of apartheid in South Africa, social representation on emerging 

issues like energy development is complex and influenced by culture, politics, history, and 

economics ((Brasier et al., 2011; Atkinson et al., 2016; Chapman et al., 2016; Issah and Umejesi, 

2019). These factors inform the orientation of public perception and engagement processes in 

issues related to urban reformation, environment, and socio-economic development (Hamann, 

2003). Further, Hamann (2003) added that the complex history of South Africa underpins the 

laws and policies governing the environment and resource governance thus creating what is 

referred to as “racially charged and political based institutions”. Systemic racism resides in the 

law, policies, procedures, operations and culture of public or private institutions – reinforcing 

individual or group prejudices (Ballard et al., 2005; Williams, 2006; Issah and Umejesi, 2019).  

Khan (2002) demonstrated that an examination of public perceptions from the different racial 

constituents is central to understanding the framing of attitudes and policy formation related to 

shale gas development. Research has demonstrated that the principles of representative 

(inclusive) participation policymaking are critical to the success of any development planning 

(Cornwall, 2017). In addition, some factors (such as poor education, high rate of poverty and 

unemployment) have been recorded in marginalized communities that hinder public 

participation shifting the focus of the community from issues of national relevance to survival 

ventures (Khan, 2002).  

Bowman (2011) supports this view and notes how cultural diversity and heterogeneity shapes 

the discourse of energy -South Africa as ‘two nations (quote by Thambo Mbeki cited in 

Hamann, 2003) equates the socio-economic and political disparity of the ethnic groups as 

racially charged in issues related to natural resources and the environment. Furthermore, Cock 

and Fig (2001) notes that socio-economic inequality, culture, place, and ethnic characteristics 
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inform the way people are represented and participate in energy matters. 

5.13 Conclusion 

The development of shale gas resources contributes to the sustainability of communities by 

providing the population with a range of economic and social benefits. The former has been 

the focus of numerous studies directed on the impact on economic growth, creation of 

substantial jobs and stimulating the local business environment. However, the wider social 

impact and benefits on indigenous communities have not received consistent and comparable 

attention.  

The review of the literature shows that sharing ownership of the energy development with the 

local community including equitable participation can improve the energy transition. There is 

a need to align the impetus of energy policy with the buy-in of the local community with a 

focus on situating energy development within the socio-cultural context of community groups 

(especially in a heterogeneous society like the Karoo). Policies to sustain these objectives 

should be flexible and adaptable to mitigate social disruptions in order to maximize the benefits 

and reduce the negative impacts of shale gas development in the Karoo.  

Although the scale of actual benefits and impacts/ risks of shale gas development in the Karoo 

are uncertain. The potential social benefits include local jobs created boost to economic growth 

and where applicable spill over in other aspects of the local economy in terms of local 

empowerment and greater/ positive sense of the community. The potential impacts range 

broadly and include the rising cost of properties, migration into the Karoo/ population growth 

leading to change in the sociodemographic landscape of the Karoo, sense of NIMBYism, 

potential crowd out of the local economy and effects of the boomtown. Notwithstanding, 

substituting coal power as the primary energy system, to natural gas will ensure the facilitation 

of the transition pathway to a sustainable green future. The review of the literature suggests the 

value of modifying energy policymaking concerning shale gas development that builds upon 

social representation and indigenous institutions. 
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Chapter 6: Research Methodology 

6.1 Introduction 

This chapter discusses the research methods and strategies for data collection which enable the 

analysis of the data to answer the research questions. The chapter starts with an overview of 

the research paradigm as a fundamental construct that underpins the research design, sampling 

of the population and choice of methodology. Considerations regarding the ethics, research 

quality assurance procedures and limitations are also presented. The mixed method approach 

was used to explore the underlying factors responsible for shaping the perception and 

experiences of the participants about shale gas development. The choice of methodology was 

useful in answering the research questions to explore expert and public perception of shale gas 

development.  

The deployment of hydraulic fracking for shale gas development has raised significant public 

concerns regarding the associated risks and harms induced by the technology on the 

environment. The level of risk is intensified by the scale of shale gas development (Israel et al., 

2015). The use of technical assessment methodologies alone to characterize the risks induced 

by shale gas development does not always reveal the perception of the public to risk (non-

experts) (Sjöberg, 1999; Slovic, 2000; Sidortsov, 2014; Israel et al., 2015). The divergence of 

risk perception between experts and the public may reflect a range of issues (Cao et al., 2020), 

level of knowledge/ awareness of the shale technology (Costa et al., 2017), social factors, value 

systems, trust, distributive justice (Parkhill et al., 2013; Demski et al. 2015), individual belief 

(Evensen and Stedman, 2017) that are not captured by scientific risk assessment. Studies have 

demonstrated that public perception may be a result of direct/ indirect experience of the impacts 

caused by shale gas development (Israel et al., 2015; Howell, 2018). 

The broadening of technological risk to include the assessment of public perception is playing 

an important role in energy research (Ansell & Torfing, 2016; Klinke and Renn, 2021; Renn, 

2021). As discussed, findings have demonstrated that the exclusion of communities in the 

planning and deployment of energy development present practical challenges to energy 

development. The relationship between public perception and natural resource development is 

multifaceted and brings into perspective issues of equity, social trust and the way public values 

and expectations are represented in policy making (Stern, 2013; Israel et al., 2015).  
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6.2 Rationale to Gather Data from Expert and Public 

This study is based on an in-depth interview of 26 experts in South Africa (policy makers and 

industry experts) to explore participant’s perception and experiences about shale gas 

development. 261 survey questionnaires were distributed across Beaufort West in the Karoo to 

examine public perception across the dominant social groups in the Karoo. The interview was 

used to expand on the findings from the survey. This study contributes to literature by 

identifying and exploring the factors driving experts (policy makers and industry experts) and 

public (across the dominant ethnic groups in the Karoo) perception of risk about shale gas 

development. Expert and public perception is an integral component of risk management. It 

was important to recognise the diversity of values and opinions that exist within and between 

the social groups in the Karoo communities. Issues of public concerns and relevant to policy 

making must be accounted in the decision-making process of shale gas development.  

This research improves our knowledge of expert and public perspectives as well as their 

consensus or disagreement on the potential risks of shale gas development. It was important to 

include experts in this study given shale gas development is a complex scientific development 

supported by scientific knowledge and the role expert play in the transition development. It is 

impossible to understand the uncertainties and benefits of shale gas development as well as the 

options of energy sources without a good understanding of the shale technology.  

6.3 The Social Identity Framework in Energy Development 

Social group identity describes an individual identification with, and association within, 

diverse sociocultural groups. The theory addresses how the opinion or perception of individuals 

are influenced or shaped by the collective value of the social groups (Turner et al., 1979; Hogg 

and Reid, 2006; Leaper, 2011; Ohlert and Zepp, 2016). The influence of social identity is 

relevant in a society where individuals believe that their association to a particular social group 

is fundamental to their wellbeing and self-worth which helps to maintain their sense of 

awareness and to a large extent defines the way the individuals define their value and personal 

interest (Bigler and Liben, 2007; Leaper, 2011). 

This study relates the concept of social identify to identify and situate the development of shale 

gas. In addition, this study suggest that social identity occur in the context of addressing the 

different issues concerning shale gas development in the Karoo.  In particular, the influence of 

social identity has been found to moderate the behaviour/ perception of individuals in a society 
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or within a group (Baumeister and Vohs, 2007; Neighbors et al., 2013). For example, specific 

perceptions are more strongly/ closely connected with individuals of a social group. In 

considering the perception or behaviour of individuals about shale gas development is likely to 

be more influenced by the prevailing values in their social group. These patterns have been 

observed across different socioeconomic context (poor, mid and high-income earners) 

nationalities (Northern America, Europe) and ethnic groups (White, Asian, Black). Empirical 

evidence suggests that bias thrives and sustained within the groups (Liebkind, 2004). In some 

studies, bias may be more prominent and distinct than others.  

The theory of social identity has been demonstrated to have positive correlations with the group 

and community cohesion (Carron et al., 2002). This is also particularly significant for social 

identification and determining in-group bias in energy planning and policymaking effort. 

Brown et al. (1992) argued that minority groups may be overshadowed in social identification 

by the prevailing level of collectivism in the society. Social groups may be more relevant for 

relational activities/ purposes but less valuable for individuals who want to be more 

autonomous or independent. A strong association between the identification of social groups 

and specific behaviour would be expected that are characterized by relational/ cultural and 

collectivist preferences. The concept of individualism (e.g., for migrants who want to 

assimilate into the prevailing social group) may be challenging in societies that have relatively 

strong and impermeable social groups/ boundaries (such as religious, cultural, and ethnic 

values). Empirical support has been found for this link in South Africa (Bornman and Mynhardt, 

1991; Cakal et al., 2011; Booysen, 2013). 

Wohl et al. (2011) found that people subjected to distinctiveness risk/ harm (in comparison to 

people living in a controlled environment), registered significant support for policies designed 

to sustain/ preserve the group’s uniqueness and dissociate from the dominant outgroup position. 

A key construct in creating social unrest in a divisive community like the Karoo is anticipating 

a sense of relative deprivation by a particular social group either to the current energy policy 

decision or reference to the context of historical injustice by the dominant social group. The 

implications of shale gas development on the broader cultural and social groups in the Karoo 

is likely to challenge the social order of the community.  

6.4 Survey of Empirical Studies 

Extant studies on experts and public perception about shale gas development is underexplored 

in South Africa. Research has demonstrated that people can express different perceptions of 
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the same phenomenon. For example, technical experts/ specialist and the public assess 

technological risk differently (Krupnick and Gordon, 2015; Lis and Stankiewicz, 2017). In 

broad terms, studies have shown the need to account for the scientific/ technical, social, and 

cultural processes context that shapes the perception of individuals and ultimately constrain 

their choices/ preference and behaviour.  In broad terms, the argument of the acceptability of 

shale energy development is rooted in the perception of risk and benefit, ‘’constructing if the 

potential benefits of shale gas development outweigh the risk’’ or verse versa. The way in which 

expert and the public ‘construct the meaning’ of shale gas development (including the risk and 

benefits) including the adjunction in perception between expert and the public present an 

opportunity for research of shale gas development in South Africa. The US National Research 

Council (NRC) advocated a deliberative process in the assessment of technological risks and 

creating a consensus (between expert and the public) in situations where the technological risks 

are novel, controversial, and uncertain (Israel et al., 2015).  

Empirical studies have shown the sense and the extent to which the shale technology is 

constructed as a social artefact and a predictor of predictor of perception is highlighted in 

several studies (see literature review – chapter 5). Studies have shown that community 

character, place attachment and the equitable distribution of costs and benefits can underlie 

public responses (Bickerstaff and Walker, 2001; Cantrill and Senecah, 2001; Burke et al., 2009; 

Evensen, 2015; Evensen and Stedman, 2017). In this context, it is simple to see the interaction 

of the shale technology with the physical world and how the prevailing social activities shapes 

the deployment of the technology. Technological artefacts are invented by people and so 

logically, technology must have a social content. Therefore, the contented issue is exploring 

ways in which the shale technology can be thought of and positioned as an ongoing social 

phenomenon (Lawson et al., 2007; Lawson et al., 2017; Hornborg, 2019).  

Satterfield (2001) highlighted the significance of spatial/ geographical context as a moderating 

factor in shaping how people or indigenous communities make sense of technology, this can 

invoke a collective community attitude and response to the technology -given that communities 

have shared meanings and values referred to a sense of place or place identity (Boholm & 

Löfstedt, 2004; Simmons & Walker, 2004). Social scientists use the ‘NIMBY’ (Not In My Back 

Yard) concept as a place protective action which occurs when new or novel technological 

development near homes or communities interrupt or threaten pre-existing cultural and social 

attachment (sense of place) of the community (Devine‐Wright, 2009). By studying the concept 
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of ‘NIMBY’ we can further explore the underlying connections between shale technology and 

the different human/ social interaction that potentially shapes public attitude towards shale gas 

development.  

Willems et al. (2016) conducted a study exploring public perception regarding the impacts and 

level of social acceptability of shale gas development in South Africa. The study found 22.6 % 

of the participants support the development of shale resource in the Karoo, 24.5 % of the people 

were undecided while 52.9 % were strongly opposed to the shale technology. 52.9 % of the 

participants believe that shale gas development poses significant health and environmental risk, 

majority of the participants cited water-related issues as the overriding concern to their 

opposition of the shale technology. The study also revealed that majority of the people derived 

their information about shale gas development from the media. Shale gas development is 

presented as an uncertain technology with a significant negative impact/ risk on the 

environment and human health. Furthermore, the study revealed a high level of institutional 

distrust in governance.  

6.5 The Scope of the Research 

Researchers conducting risk perception studies are concerned about how individuals frame 

their understanding of perceived risks and how such assessment relates to the representation 

and qualitative characteristics of risk (heuristic). Pidgeon et al. (2003) identified patterns of 

risk perception among cultural groups and social affiliation and found the link between 

technological risk with social processes and consideration. Technological events and the 

growing knowledge base in perception studies is changing substantially in ways in which 

communities assess and respond to technological risks (Royal Society, 1992). However, 

research on public perception and behavioural study of risk is fragmented regarding a 

comprehensive understanding of the social experiences involved in risk assessment. Literature 

has continually shown a divide between technical and cultural assessment of risk analysis. 

Therefore, this study provides an integrative and systematic understanding of the technical and 

social factors underlying risk perception concerning shale gas development.  

This study utilized an approach that integrates the qualitative and quantitative methods to 

provide a broader context and comprehensive understanding of the study outcomes. There are 

an increasing tendency and agreement within qualitative research to adopt the concept of 

realism and relativism to form an objective enquiry of different stakeholders (Hammersley, 
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2018). The divergent viewpoints present significant benefits and attribute to qualitative 

research. Maintaining a realist viewpoint ignores the way the researcher construct 

interpretations of the research findings noting that the research findings are factual and reflects 

an independent reality. Relativism suggests that nothing is definite, that there are divergent 

realities with none having precedence over the other reality, all perspective represents the truth 

about the social phenomena (Andrews, 2012; Hammersley, 2018). This is critical in exploring 

and interpreting the underlying factors shaping people’s behaviour towards complex energy 

systems (Woods, 2006; Yiridoe, 2014). 

6.6 Moderating Factors Influencing Perception - Explored 

Figure 49 describes the key drivers shaping individual behaviour about shale gas development. 

The elements are conceptualized and explored further in chapter 7 using the research 

instrument developed for this study. Five main factors - social trust, stakeholder engagement, 

social demographic, socio-cultural and factors were identified as justifying further 

investigation and predictors regarding public risk perception and attitude towards shale gas 

development. Hakes and Viscusi (2004) found that minority ethnic groups overestimate 

technological risk than non-minority groups. Savage (1993) found that Black people are more 

averse to risk. Siegrist (2000) found a positive correlation between trust and risk perception 

and also found a direct relationship between cultural beliefs and perception of risks. This study 

advances a multidisciplinary approach in supporting the research aims and objectives. The 

impact of these factors on public perception is explored explicitly in this study to provide 

empirical evidence for the findings. The study explores expert knowledge about the risks and 

benefits of shale gas and the role knowledge plays in policy making and shaping the behaviour 

of expert about shale gas development. Policy frames for the qualitative instrument was derived 

from articles and official documents about South Africa shale gas development. 

 

 

Figure 49: Conceptual Representation of Factors Influencing Perception. 
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6.6.1 Level of Knowledge 

Studies have highlighted that the knowledge gained from extensive experience accompanied 

by observable facts influences the perception of experts and ultimately shapes the belief (Horn, 

2006; Larsson et al., 2019.). The qualitative study examines the expert assessment of risks, 

benefits, and opinion about shale gas development in South Africa. Shale gas development 

involves a complex scientific process that requires specialized understanding of the technology 

and application for energy development which is lacking with the public. Given the assumption 

of poor public knowledge, governments apply the concept of deficit knowledge to frame policy 

and communicate to the broader public. The uncertainty and novel aspect of the shale 

technology, it is not uncommon for experts to express divergent views and understanding 

regarding the risk and benefit of emerging technology. Studies have demonstrated that public 

view of shale gas development is driven by poor knowledge and understanding of the shale 

technology.  Extant literature suggests that as expert support of shale gas development correlate 

with lower risk and higher benefits of the shale technology. This study contributes to the field 

of perception of shale gas development by analysing and identifying the differences between 

practitioners involved in shale gas development and non-experts.  

6.6.2 Social Trust 

Several empirical studies have highlighted the role trust plays in shaping public perception and 

social acceptability of energy development (Upreti, 2004; Ho et al., 2019). For example, studies 

found that individuals with a high level of trust in expert are likely to perceive new energy 

systems to be less risky and more beneficial to society than individuals who demonstrated 

mistrust of expert (Siegrist, 2000). Conversely, researchers have shown that people who 

showed a high level of trust in the government ability to effectively manage and govern the 

technology are inclined to support the development of new energy systems (Siegrist et al., 

2005). Furthermore, research has further demonstrated that most people lack adequate 

knowledge and access to relevant information to make an informed and independent decision 

about emergent energy technologies (Upreti, 2004). In such cases, the public relies on social 

trust to reduce the level of complexities associated with risk assessment concerning the 

technology (Siegrist and Cvetkovich, 2000; Siegrist et al., 2005).  
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6.6.3 Stakeholder Engagement 

The importance of stakeholder engagement in resource development is increasingly 

acknowledged in literature (Colvin et al., 2020; Cumming et al., 2021). The improvement of 

public participation and the need to foster effective community communication in order to 

achieve shared objective has been conceptualised to enhance public perception and impact on 

policy decision (Baldwin, 2019). Effective stakeholder engagement represents a model for 

creating a more informed policy outcome and a solid base for conflict resolution. Studies have 

demonstrated that not all participatory strategies contribute to meaningful opportunities for 

stakeholders to influence policy decision especially when the engagement does not reflect the 

values and interest of the stakeholders or social groups (Gregory et al., 2020; Boaventura et al., 

2020). 

Romenti (2010) demonstrated that the importance of putting stakeholder engagement at the 

centre of policymaking can increase the legitimacy of the institution to obtain the much-

required social license to operate in the community. The norms and rules that specify which 

stakeholder or social group can participate in the engagement process have been found to shape 

the perception of the stakeholder on policy issues. Participants have more consistent policy 

influence when there is a direct relationship in the deliberative process and engagement in the 

final policy outcomes (Crow et al., 2015). Policymakers can improve the social acceptability 

of emerging energy systems like shale gas development and the effectiveness of stakeholder 

participation by integrating interested persons or social groups in the deliberative process and 

employing norms that make policymaking more comprehensible, transparent, and accessible 

to all interest groups (Bryson et al. 2013; Baldwin, 2019).  

6.6.4 Demographic Factors 

Several studies have highlighted the importance of sociodemographic factors in risk perception 

(Siegrist, 1998; Abrahamse and Steg, 2009; Lee et al., 2015; Boudet 2019; Tutak et al., 2020; 

Zanocco et al., 2020). Studies found that social demographic variables such as race, age, 

educational level were significant determinant in risk perception. It is more likely that the 

strong correlation or relationship between demographic variables and perceived risk observed 

in other context (e.g., Zanocco et al., 2020) would equally apply to the response of perceived 

risk regarding shale gas development in the Karoo.  

Savage (1993) found that minority people are more averse to risk than non-minority groups. In 
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addition, the study by Adeola (2004) found that racial groups demonstrated divergent 

environmentalism and risk-avoiding attitude on several factors. Macias (2016) showed non-

whites in the US demonstrated a dominant pattern in perceived risks and threats posed by 

environmental issues. The author found significant statistical measure for race, ethnic groups, 

and socio-economic status as strong predictors of perceived risks.  

Hikes and Viscusi (2004) found that more educated and older people, non-minority social/ 

ethnic groups tend to appraise risks more precisely and objectively. Similarly, the study found 

that age and education play a significant driver of risk perception. Savage (1993) demonstrated 

that low income, less educated women, Blacks, and younger people were more averse to risk/ 

hazards, and this cannot be explained by poor access to information but by elevated perceived, 

individual and /experience subjective exposure to risk. Similar evidence was found by Brenot 

et al. (1998). 

6.6.5 Sociocultural Factors 

Public risk perceptions are important factors within which policymakers formulate decision 

regarding energy development. Cultural theorists suggest that sociocultural values, political 

ideology, and worldviews play a critical role in shaping individual risk perception and public 

behaviour towards emerging energy development (Bickerstaff, 2004; Leiserowitz, 2006; 

Boudet et al., 2014). The cultural theory centres on how different social groups and individuals 

patterned or interpret the world around them. On the other hand, the concept of worldviews 

refers to the socio-cultural and political disposition of individuals and responses towards 

complex situations (Leiserowitz, 2006). An individual attitude can be framed by group-oriented 

social values. Similarly, some studies argued that the important role socially stratified positions 

play in shaping the rationality of behaviour towards risk, distribution of cost and benefits, 

energy justice, and view on energy technology (Peters et al., 2004; Leiserowitz, 2006; 

Thompson, 2018).  

Several studies have found a connection between political ideology and public opposition/ 

support towards shale gas development. The study found that individuals with liberal 

affiliations (e.g., Democrats) are less supportive of unconventional fossil fuel compared to 

those with a conservative opinion (e.g., Republicans) (Evensen and Stedman, 2016, Thomas et 

al., 2017; Zanocco et al (2020). Studies by Davis and Fisk (2014) and Clarke et al. (2016) 

suggested that the underlying reasons for the polarisation of public views as risk perception, 

values, and political/ social cues. Similarly, Sjöberg and Wahlberg (2002) found that religious 
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and cultural beliefs play a significant role as a predictor of elevated risk perception. 

6.6.6 Geographic Proximity to Fracking Site 

Geographic proximity to proposed or existing site of energy development is highlighted in the 

literature as a predictor of public acceptability of shale gas development, however, some studies 

have produced contrary perspective. The most common hypothesis about the response to 

unconventional fossil fuel based on geographic proximity is the not-in-my-backyard (or 

NIMBY) response. The NIMBY concept suggests that people most proximate to the proposed 

site for shale gas development are likely to oppose the development of the technology based 

on the potential impact on the environment and effect on property values (Bell et al., 2005; 

Schively, 2007; Cotton, 2013; Braun, 2017). However, some scholars have challenged this 

scholarship and found out that those living close to energy development are more supportive 

of unconventional energy development (Hoen et al., 2011, Alcorn et al., 2017, Boudet et al., 

2018, Firestone and Kirk, 2019) therefore leading to the concept of yes-in-my-backyard 

(YIMBY) (Smith and Marquez, 2000) and please-in my-backyard (PIMBY) (Brinkman and 

Hirsh, 2017, Jerolmack and Walker, 2018). 

Those who oppose shale gas development in the Karoo are likely to relocate or migrate from 

the licensed areas should shale gas development occur and those who support the technology 

may move in for employment and economic opportunities. Underlying public responses and 

perception lie in the assessment of perceived benefits over costs verse versa during the early 

phase of resource development (Boudet et al., 2018, Bugden et al., 2016, Bugden and Stedman, 

2019, Zanocco et al., 2019). Jerolmack and Walker (2018) argued that public perception of 

property rights, political ideology, self-reliance, and distrust of liberal belief can drive 

individuals’ attitude towards shale gas development.   

6.7 The Rationale of Mixed Method Approach 

This study utilized rigorous qualitative and quantitative methodology to collect and analyse the 

data. The mixed-method approach was useful for this study as it produced a good understanding 

of the underlying drivers shaping experts and public perception of shale gas development in 

South Africa. The mixed-method approach was considered relevant for this study because as it 

offered a broader exploration of the research questions, combining the stories/ personal 

experiences of the experts from the qualitative study/ interview with statistical analysis 

generated from the quantitative study (survey data) to give a more complete understanding of 
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the research problems and allowing the researcher to frame the design of the method in a 

broader study (Holloway & Todres, 2003; Neuman, 2006; Choy, 2014; Creswell, 2014).  

The primary strength of the qualitative method allowed the participants to raise nuanced issues 

pertinent to the current study (Onwuegbuzie & Teddlie, 2003; Yauch and Steudel, 2003).  The 

qualitative data allowed the researcher to ask open ended questions using in-depth interview 

techniques to infer the emergence of themes or patterns form the study. The quantitative data 

was gathered using predetermined instruments (Howell, 2018) analysing measurements of 

attitude/ perception using statistical package for interpretation.  The qualitative method was 

beneficial in describing the perspective of the participants in a limited data set and to appreciate 

the participants experiences within the context of the study, and to build the study from the 

participants perspectives. The advantage of the quantitative data method approach was useful 

in drawing conclusion from a large population (dataset), it was helpful to demonstrate causal 

relationship between variables/ concepts and explore probable effects of changes in a large 

population (Creswell, 2014).  The mixed method provided weakness reduction and strength 

enhancement for each of the complementary methods under the same study. It was easy to 

facilitate the comparisons between groups as well as determine the extent of convergence and 

disagreement of responses using the mixed method approach (Byrne, 2001; Choy, 2014) (Fig. 

50). 

Figure 50: Workflow Mixed Methods Research 
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6.8 Qualitative Study 

6.8.1 Design of the Research Instrument- Qualitative Study 

The interview schedule consisted of 9 major items (see Table 16 and appendix 7 for the list of 

questions) of a structured interview format with a specific number of questions.  

Table 16: Research Instrument Development – Interview 

Section Research Instrument Development 

1 Support and Opposition 

2 Perception of Risks and Benefits 

3 Geological and Resource Uncertainty 

4 Choice of Energy 

5 Karoo Biodiversity (Fauna and Flora) 

6 Trust of Resource Governance 

7 Source and Access of Information 

8 Stakeholder Engagement and Social Representation 

9 Change of Perception and Attitude about Shale Gas Development 

6.8.2 Selection Criteria and Qualitative Data Collection Technique 

The researcher identified professional networks of experts in the oil and gas industry (Geologist, 

Engineers, and Policy Experts) spread in different parts of South Africa. Some of the 

participants were identified by exploratory discussions. The participants selected have relevant 

and variety of experiences in the oil and gas industry, policy-making and broad knowledge of 

the research setting. A purposive sampling technique was used to identify and select 

participants for the interview. 

Literature rarely suggests the number of participants for qualitative study (Baker and Edwards, 

2012; Saunders and Townsend, 2016). However, the literature indicates that the total number 

of participants for qualitative study should be adequate to satisfy data saturation (Onwuegbuzie 

and Leech, 2005) highlighting sampling until saturation is achieved as an ideal number to 

justify qualitative study (Patton, 2015). The recruitment of a broad representation of 

policymakers and technical experts for the interview enhanced the strengthening of the research 

instrument and validity of the study. 

Twenty-six (η26) interviews/ participants were conducted over three months November 2019 
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to January 2020 at different locations in South Africa. The interview was conducted face to 

face and lasted for about 40 minutes until saturation was reached. The interview was conducted 

in English and audio recorded. The participants were encouraged to express themselves and to 

provide contextual comments and perspectives if they choose to broaden their responses. 

6.8.3 Qualitative Data Analysis – Content and Thematic Analysis 

The instrument for the qualitative study was designed to formulate the data collection strategy, 

organize the data for processing and to make general inferences.  A formal set of questions 

posed to each participant and recorded using a standardized procedure was employed to explore 

the ideas, knowledge, feelings, opinions/ attitudes of the experts. The qualitative instrument 

was flexible allowing for the researcher to follow up themes that surfaced from the interview 

which were enlightening for the aims and objectives of the study. The in-depth interview 

addressed factors influencing perception and behaviour of experts about shale gas development 

in South Africa. In addition, the instrument addressed specific impacts, governance, and drivers 

of behaviour/ perception of risks about the shale technology. The interview was audio recorded 

and saved in electronic format. The data (η=26 interview transcripts) was transcribed and 

subjected to thematic content analysis using qualitative software (NVivo v12) (Table 17, Fig. 

51). The data was examined in order to identify themes/ recurrent patterns of categories 

expressing similar meanings. The NVivo software allowed the selection of specific quotations 

from the audio transcripts which are designated as specific codes representing the theme of 

each quotation. Several quotations were assigned to specific code allowing the researcher to 

identify emerging nuances or themes. The codes were examined for causal relationship and 

category of meaning emerging from the data set. The codes were assigned numerical indicators 

reflecting the frequency/ number of relationship and density (highlighting the level of 

importance or significance). 

Table 17: Review of Steps used in Thematic and Content Analysis 
Phase Description of the process 

Data Familiarisation Transcribed data read and re-read the data, noted down initial ideas. 

Generated initial codes Coded interesting features of the data in a systematic fashion across the entire data set, collated 

data relevant to each code. 

Searched themes Collated codes into potential themes, gathered all data relevant to each potential theme. 

Reviewed themes Checked the themes work concerning the coded extracts (Level 1) and the entire data set (Level 

2), generated a thematic ‘map’ of the analysis. 
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Finalised themes On-going analysis refined the specifics of each theme, and the overall story of the analysis; 

generated clear definitions and names for each theme. 

Findings and outcomes The final opportunity for analysis. Selected vivid, compelling extract examples, the final analysis 

of selected extracts, related to the analysis to the research question and literature, produced a 

scholarly report of the analysis. 

Figure 51: A streamlined Codes-to-Findings for the Qualitative Inquiry. 

6.9 Quantitative Study 

6.9.1 Design of the Survey Questionnaire 

The survey instrument was designed as a self-completion leaflet, contained 55 questions on a 

5-point Likert scale- “Strongly agree”, “Agree”, “Neutral”, “Disagree”, and “Strongly disagree”

option and required approximately 30 minutes to complete (appendix 4). The 5-point Likert 

scale allowed the researcher to carry out easy quantification, comparison, and summaries of 

the participants' responses and social reality of the ethnic groups in relation to shale gas 

development. Participants were requested to indicate their level of agreement or disagreement 

with each of the questions. 

To the level that perception measures capture the social reality of the community, perceptual 

instruments represent a key element to exploring the impacts of shale gas development. 

Drawing from a similar methodological and theoretical viewpoint, Greider and Krannich (1985) 

highlighted on the importance of adding subjective construct comprising of social issues in 

energy/ perception studies. The authors argued that analysis which focuses exclusively on 

objective construct may miss salient issues (most important processes and factors) in 

understanding and interpreting the social reality of the community. Theodori (2009) noted that 

the process of social reality can be ‘’soft’’ and become ‘’hard’’ in its impact. This study explored 

public perception regarding the environmental, social, and economic impacts of shale gas 

development in the Karoo. Given that the geographical area has four distinct ethnic groups, 

simple random and snowball sampling technique was utilized for the quantitative data study 

(distribution of the survey questionnaire). 500 survey questionnaires were delivered via one to 

one between November 2019 to January 2020 to individuals randomly selected at different 

locations in the Beaufort West area of the Karoo to explore salient local environmental, social, 
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and economic issues associated with shale gas development in the Karoo. A total of η=270 

completed questionnaires was returned to the researcher. The length of the survey questionnaire 

and expected time to complete for each participant was approximately 30 min to 60 min, 

however, others were willing to take the survey home to complete it. 6 of the questionnaires 

were partially completed and therefore discarded from the study (Fig. 52).  

The fully completed survey was collected and grouped/ labelled under the four ethnic groups 

(Black, Coloured, India and White). The survey questionnaire returned yielded a 54% response 

rate was achieved indicating that the instrument used for the study was unbiased, effective, 

engaging and has sufficient sample disposition (Fig. 52) (Johnson and Owens, 2003).  

Figure 52: Flow Chart of Participants in the Survey 

6.9.2 Survey Format 

As discussed above the researcher adopted and modified a series of questions from the work 

of Howell (2018) designed to measure the participants’ perception of shale gas development, 

including the potential impacts and benefits of the shale technology. A summary of the survey 

instrument is presented below. Table 18 describes the design of the survey questionnaire into 

sections (see appendix 4 for survey questionnaire): 

• Section 1 described the demographic information of the participant including age,

ethnic group, occupation, education, and income status.

• Section 2 provided information about knowledge deficit, environmental risks,

economic benefits, and perception regarding the acceptability of shale gas development.

• Section 3 was focused on the participant views on the social impact of shale gas
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development. 

• Section 4 provided a level of participant awareness of shale gas development, source of

information including trust and stakeholder engagement.

• Section 5 focused on resource governance and the implications for social and

environmental justice.

• Section 6 focused on the participant understanding of the choice of energy in meeting

future demand of South Africa energy needs.

Table 18: Research Instrument Development - Survey 

Section Research Instrument Development 

1 Demography and occupation status 

2 Perception about risks and benefits 

3 Social issues 

4 Awareness 

5 Governance 

6 Karoo-Specific and future of shale gas development 

6.9.3 Target Population for the Quantitative Study 

The Beaufort West was chosen study area of the quantitative study (Fig. 53). The study site 

forms part of the Western Cape and straddles the area licensed for shale gas development in the 

Great Karoo. The study site reflected the differing ethnic groups in the Karoo comprising of 

Black, Coloured, Indian, and White cultural groups (Table 19) (van Rooyen, 2007). The 2016 

South Africa census indicated that the area is approximately 51,080 inhabitants made up of a 

diverse population (Table 19) (van Rooyen, 2007). Conversely, the Beaufort West constitute an 

emerging ‘sweet spot’ should shale gas development move forward in South Africa.  
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Figure 53: Geological Map of the Study Area. 
Source: Pietersen et al. (2021). 

Table 19: Demographic information of the District 

Source: Adapted from Beaufort West Local Municipality (WC053) 

https://municipalities.co.za/demographic/1212/beaufort-west-local-municipality 

6.9.4 Quantitative Data Analysis - Kruskal–Wallis (KW) Test 

Data entry and analysis was carried out using SPSS version 25. The Kruskal–Wallis is a 

nonparametric test used for analysing similarities, differences, and the relationship between 

two or more independent samples (largely ordinal data samples and at least one measurement 

variable) of equal or different sample size in order to generate sound statistical inferences (Fig. 

54). The test functions on limited theoretical assumptions used primarily when the sample data 

does not satisfy the ANOVA assumptions of normality and the test of differences between the 

variables and multiple groups. It was also valuable to perform this analysis given the limited 

sample size collected for the quantitative study (η=261 participants). 

The data process involved the calculation of the mean ranks for each of the four ethnic groups 

(Blacks, Coloured, Indian and Whites) followed by test statistics of H (i.e., the variance of the 

ranks among the ethnic groups). In a statistical sense, H is approximately the distributed chi-

                                Table removed for copyright reasons
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square value. The level of statistical significance expressed in this study is the p = .05 (i.e., 5 % 

chance of finding a difference). The p-value is the probability of finding the observed variable 

that occurred when a null hypothesis (H0) holds true or accepted when the p-value is < 0.05. 

The null hypothesis suggested that statistical observation showed no effect or difference 

between the set of variables or groups. Conversely, an alternative hypothesis (H1) is an 

observation that illustrated some effects or differences (p > 0.05) (Goldstein, 2011; Ostertagova 

et al., 2014; Hazra and Gogtay, 2016). Interpretation of the quantitative study was then based 

on these results. 

    Research Methodology  Research Instrument  Data Entry   Data Analysis 

t 

Figure 54: Data Design and Processing 

6.10 Ethical Consideration 

Blaikie and Priest (2019) posited that good ethical practice requires the informed consent of 

participants, the voluntary participation of people and ensuring that the participants have the 

right to withdraw from the study at any time. The practice includes safeguarding the interest, 

privacy, and confidentiality of the participants according to acceptable standards and protocols 

of the Ethics committee and Data Protection Policy of Kingston University (appendices 1 and 

2). Braun and Clarke (2013) highlighted four ethical principles to be addressed in conducting 

research: integrity, responsibility, competence, and respect. These principles were upheld 

throughout the data gathering, analysis and writing phase of this study. 

The Qualitative Study 

The Quantitative Study 

Descriptive and Kruskal-

Wallis Test 

Content and Thematic 

analysis 

Open ended 

Interviews 

Purposively / 

Snowballing 

26 Experts 

Closed ended  

Survey Questionnaire 

Simple Random 

261 Public (non-

experts) 

Themes and Codes 

NVivo v12 

Statistical Functions 

SPSS v26 
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Chapter 7: Findings and Discussions 

7.1 Introduction 

Factors underlying perception about shale gas development are complex, multidimensional, 

and interconnected.  Understanding the role perception plays in shaping behaviour towards 

shale gas development have been a subject of significant scholarly and policy research in the 

last decade (Whitmarsh et al., 2015; Evensen et al., 2017; Thomas et al., 2017; McNally et al., 

2018). This scholarly work is positioned as a multidisciplinary study addressing issues related 

to risk perception and the factors responsible for shaping expert and public perception about 

shale gas development. Given the potential benefits of the shale technology and significant 

uncertainty regarding the risks to the environment and human health requires research 

analysing the underlying factors shaping the perception of experts and the public.  

The findings in this study suggest a broad range of perceived positive and negative concerns 

related to shale gas development. The experts generally support the development of shale gas 

in the Karoo and demonstrated low risk to human health and the environment while the public 

showed mixed response with significant opposition demonstrated by the White and Indian 

ethnic groups compared to the Black and Coloured group who showed significant support of 

the shale technology.  

7.2 Sociodemographic Information - Qualitative Study 

The interview instrument contained sociodemographic factors made up of gender, age, 

professional background, level of professional experience as important descriptive measures 

about the social dimension of the participant (Table 19) followed by a range of open-ended 

questions designed to explore participants beliefs, experiences, and attitude about shale gas 

development in the Karoo (see appendix 3 and 10 for interview questions and codes). The total 

number of participants interviewed was η26. The participants comprised of 5 Geologists, 5 

Reservoir Engineers, 3 Drilling Engineers and 13 Policymakers. 

The participants showed a broad range of professional and technical experiences related to oil 

and gas operations, 46 % of the participants have 5 to 10 years’ experience, 27 % of the 

participants have 11 to 15 years’ experience, 15 % of the participants have experienced between 

16 to 20 years and finally 12 % of the participants have 21 to 30 years’ experience. 69 % of the 

participants are males while 31% are females, 19 % of the participants have age between 29 to 
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35 years, 19 % between 36 to 40 years, 36 % of the participants fell between 41 to 50 years old 

and 26 % of the participant fell in the 51 to 60 years age group. Table 20 shows the 

sociodemographic background of the experts sampled for the qualitative study. The qualitative 

sample is divided into two categories: technical experts (e.g., geologist, reservoir engineers and 

drilling engineers) and policy experts (Table 20). 

Table 20: Demographic Characteristics of the Qualitative Sample (η26) 
Variable Frequency Percentage 

Age /years 

29-35 5 19 

36-40 5 19 

41-50 9 36 

51-60 7 26 

Total 26 100 

Gender 

Male 18 69 

Female 8 31 

Total 26 100 

Professional Status 

Geologist 5 19 

Reservoir Engineer 5 19 

Drilling Engineer 3 12 

Policymaker 13 50 

Total 26 100 

Experience Level 

5-10 12 46 

11-15 7 27 

16-20 4 15 

21-30 3 12 

Total 26 100 

7.3 Qualitative Analysis and Themes 

7.3.1 Level of Support and Opposition to Shale Gas Development 

81 % of the respondents strongly supported the development of shale gas resource while 19 % 

opposed shale technology (Table 21). The support of shale gas development is predicated on 

economic growth through the creation of jobs, support for the local business environment, 
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mitigate local CO2 emissions and energy security. The participants also stated that the benefits 

of shale gas development will generate tax revenue and royalty payments to the local 

municipality that is essential for infrastructure development. The participants considered that 

shale gas development could unlock abundant energy resources and access to affordable energy.  

Although the experts who supported shale gas development recognised the risks and 

uncertainties, however, the participants claimed that compliance to best practices and strict 

regulatory laws will ensure that the environment is safeguarded. On the other hand, the 

participants who opposed shale gas development highlighted the potential impact on the 

environment and human health; stated mainly groundwater contamination from spills and leaks 

of fracking fluids, excessive use of freshwater for hydraulic fracking activities, impact on air 

quality through the venting of fugitive gases. The participants believed that shale gas 

development is unsustainable in the South Africa context, given the degree of uncertainties and 

risks of the shale technology.  

Given these concerns, 92 % of the participants supported the current moratorium on shale gas 

development in the Karoo stating that current evidence is not sufficient to move forward with 

shale gas development in the Karoo. 8 % (mostly policy experts) disagreed regarding the 

current moratorium and believed the moratorium is detrimental to the transitional pathway in 

decarbonizing the energy base. They also stated that significant delay in economic growth 

should the suspension continuous (Table 21).  

According to some of the respondents: 

‘’Shale gas development is the immediate energy option to transition to low 

carbon emission by 2050. It makes sense to support the exploitation of the 

Karoo shale resources to reduce dependence on coal power, foreign 

supplies of energy and boost economic growth. Market evidence suggests 

that the volume and price of shale gas can undercut crude oil reserves’’.                                                                                                          

Male, Technical Expert, 50 years. 

’’the current moratorium and impasse on shale gas development in the 

Karoo should be maintained until there is compelling scientific evidence 

that addresses public concerns and surrounding impact to the environment 

and human health’’.                                               

Male, Technical Expert, 45 years. 

‘’Exploration and development of shale gas in South Africa is urgently 
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needed to establish South Africa on the map as a gas hub. The abundance 

of the shale resource in the Karoo is an answer to the issues of an energy 

shortage, CO2 emissions and economic growth. The exploitation of the 

shale resource will reduce dependence on foreign supplies’’.             

Male, Policy Expert, 50 years.  

‘’The national outlook for shale gas development is positive, however, 

relevant legislation and laws need to be established to improve stakeholder 

participation and broader community benefit’’.                                                                                                                       

Female, Technical Expert, 43 years. 

‘’ Shale gas development will allow South Africa to tackle the shortage of 

energy in the short term, while the country diversifies the long-term 

national energy framework to include renewables and bioenergies’’.                                                                                                       

Male, Policy Maker, 43 years. 

 

Table 21: Are you in support of fracking /shale gas development in the Karoo? 

Participant Type 
Responses of interviewees 

Total Support Neutral Oppose 

Geologist 5 3 - 2 

Reservoir Engineer 5 4 - 1 

Drilling Engineer  3 2 - 1 

Policymaker 13 12 - 1 

Total n 26 21 - 5 

Percentage (%) 100 81 - 19 

 

Table 22: Do you support the current temporary ban on fracking in South Africa? 

Participant Type 
Responses of interviewees 

Total Support Neutral Oppose 

Geologist 5 5 - - 

Reservoir Engineer 5 4 - 1 

Drilling Engineer  3 3 - - 

Policymaker 13 10 - 3 

Total n 26 22 - 4 

Percentage (%) 100 92 - 8 
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7.3.2 Expert Perception of the Risks and Benefits of Shale Gas Development 

When presented with a range of potential risks and benefits associated with shale gas 

development. 85 % of the experts demonstrated that the benefits of shale gas outweigh the 

potential risks of developing the resource. On the contrary, 15 % of the participants argued 

believed that the risks outweigh the benefits (Table 22). In addition to the scientific knowledge 

and empirical studies, the participants were able to draw a broader understanding of the 

potential benefits, risks, and community implications of shale gas extraction from their 

professional background, lessons, and experiences in the US, from contextual understanding 

of the Karoo geology to frame their perception of the wider impact on the Karoo. The experts 

showed that emerging shale gas countries like South Africa will benefit from an archive of 

lessons learnt from the US experience to design adaptive mitigation and regulatory strategies 

to run the industry in a sustainable manner.  

According to some of the respondents: 

South Africa has a unique advantage of developing its shale industry from 

lessons learnt from shale gas development in the US.  

Female, Policy Maker, 30 years. 

‘’in addition to the conditions of public acceptance and the geological, the 

supportive regulatory context, socioeconomic and environmental factors 

that led to the shale boom in the US are remarkably different from South 

Africa. To an extent, some of these conditions can be replicated in the 

Karoo’’.                                                                                                                   

Male, Technical Expert, 34 years.  

‘’Despite the uncertainties surrounding the development of shale resource 

in the Karoo. Shale gas has considerable advantage than coal, it is much 

cleaner and less polluting than coal, it is also much cheaper to produce 

than renewable energies and has the potential to boost South Africa’s 

economy, generate jobs and stimulate local businesses’’.                      

Female, Policy expert, 45 years.  

‘’There are indications that hydraulic fracking has resulted in water 

contamination and impacted the quality of the atmosphere from the release 

of fugitive gases. In some areas, fracking and waste disposals have led to 

earthquakes activities. I believe the risks outweigh the benefits; we should 

focus investment on renewable energies’’.                    

Female, Technical Expert, 40 years. 
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‘’Earthquakes are rare events in South Africa, the likelihood of shale gas or 

hydraulic fracking activities triggering seismic activities is limited. 

Geologically, South Africa is located on a relatively rigid plate boundary 

that makes the likelihood of induced seismicity happening remotely 

impossible. I believe that seismic monitoring should be carried during and 

after shale gas operations are conducted so we can monitor the effects on 

the subsurface and design appropriate mitigation plan’’.                                                       

Male, Technical Expert, 56 years.  

‘’We understand that some of the chemicals used for hydraulic fracking 

operations are toxic and could potentially contaminate surface water 

sources. Well integrity failure and gas venting during production operations 

serve as a pathway for fugitive gas to escape into the atmosphere impacting 

the local air quality. The use of water for fracking operations is likely to 

deplete domestic water sources and impact other industrial activities’’.                                                                                                                   

Female, Policy Expert, 40 years. 

‘’In most cases, methane contamination of shallow aquifer comes from 

biogenic sources that are not attributable to shale gas development. An 

alternative pathway for potential pollution can be reduced by using best 

practices’’.                                                            

Female, Policy Expert, 45 years. 

 

Table 23: What do you consider potential benefits outweigh the risks of shale gas development? 

Participant Type 
Responses of interviewees 

Total Benefits Neutral Risks 

Geologist 5 4 - 1 

Reservoir Engineer 5 4 - 1 

Drilling Engineer  3 2 - 1 

Policymaker 13 12 - 1 

Total n 26 22 - 4 

Percentage (%) 100 85 - 15 

 

7.3.3 Strategy of Resource Governance  

Estimates of technically recoverable resources, gas-in-place, and future production of shale gas 

in the Karoo are characterized by a high level of uncertainty (described in chapter 2 of this 

study). Different resource estimates have been put forward by different bodies. The government 

precautionary strategy in the planning and developing the Karoo shale resources presents a 
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rationale to gather evidence to reduce the uncertainties, support investment and improve public 

confidence. The presence of dolerites and complex depositional/ thermal history of the Karoo 

Basin was described by the experts as gloomy for commercial presence of gas. The experts 

described that the lack of infrastructural development, poor regulatory framework, and lack of 

skill resource in South Africa will require significant investment in moving the industry 

forward making the shale industry uneconomical in the short term. Furthermore, the 

participants highlighted that the absence of mineral rights to landowners in the US is 

remarkably different in South Africa. With these, 50% of the participants expressed doubt 

regarding the potential of the Karoo basin to replicate the US boom stating that the US 

experience cannot be generalized to the South Africa context. 50 % noted that South Africa can 

replicate the shale boom given the history of natural resource development in South Africa and 

leveraging from the lessons learnt from the US shale boom (Table 23). as illustrated in the 

quotes: 

‘’The success of shale gas development in the United States cannot be 

replicated in South Africa based on conditions that are unique to the US, 

conditions such as favourable geological features, strong regulatory and 

institutional framework, established infrastructural and market conditions 

and advanced technological capabilities. South Africa does not have these 

conditions to replicate the benefits of shale gas development as America. 

The Karoo shale resource may only be optimal for domestic use’’.                   

Male, Technical Expert, 56 years. 

South Africa can adopt a similar US-led methodology to the regulation of 

the shale extraction industry, this approach will impose higher regulatory 

oversight and on operators to comply with safety standards. This position is 

likely to replicate the US shale boom in South Africa.                                                                                                                 

Female, Policy Expert, 40 years. 

‘’The government has conducted several feasibilities and scientific studies 

that suggest a favourable economic and energy security outcome of 

developing the Karoo shale reserves’’.                                                                                                                          

Male, Policy Experts, 41 years.  
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Table 24: Do you agree that South Africa will have a shale boom? 

Participant Type 
Responses of interviewees 

Total Agree Neutral Disagree 

Geologist 5 - - 5 

Reservoir Engineer 5 1 - 4 

Drilling Engineer  3 - - 3 

Policymaker 13 12 - 1 

Total n 26 13 - 13 

Percentage (%) 100 50 - 50 

 

7.3.4 Choice of Energy Development 

The participant agreed that developing the shale resource provides a viable option to mitigate 

local CO2 emissions. There was consensus among the experts concerning renewables (wind 

and solar) as the preferred energy for the future (Table 25). It is in this context that policy 

experts advocated for an effective and viable path to sustainable energy development contrary 

to the idea that shale gas will out compete the investment in renewable energies. The experts 

demonstrated that shale resource is abundant, cheap to produce and less damaging to the 

environment compared to the current energy base -coal power. The experts claimed that total 

production of renewable energy - wind and solar energies is currently limited requiring a bridge 

fuel to maximize the contribution of power generation. When shale gas was compared to the 

other energy sources, shale gas was preferred after renewable energy as illustrated in the 

following quotes: 

‘’The rationale for shale gas development in South Africa reinforces the 

need to shift from high carbon sources to a net-zero economy based on 

slowing down climate change realities. I believe that shale gas is the 

optimum bridge energy that would lead South Africa to the desired 

emission target and energy security.’’                                           

Female, Policy Expert, 34 years. 

We have to reduce our dependence on coal energy. Shale gas is the best 

option we have in our transition path to renewable energies. The impacts of 

shale gas development are a result of poor practices. We must ensure best 

practices and lessons from the US experience are applied ‘’.  

 Male, Technical Expert, 55 years.  

‘’Shale gas allows us to move in the direction of renewables. It also gives 
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us the incentive to reduce our CO2 emissions by reducing the use of coal 

power. The production of energy from a renewable source is insufficient to 

meet national electricity demand, so we need shale gas as transition 

energy.’’  Female, Technical Expert, 40 years.  

Table 25: Is shale gas the optimal transition energy to a sustainable future? 

Participant Type 
Responses of interviewees 

Total Pro Neutral Anti 

Geologist 5 5 - - 

Reservoir Engineer 5 5 - - 

Drilling Engineer  3 3 - - 

Policymaker 13 13 - - 

Total n 26 26 - - 

Percentage (%) 100 100 - - 

 

7.3.5 Potential Impact on the Karoo  

All the experts revealed the potential for biodiversity loss can occur at any stage of shale gas 

development project, from exploration to production of the gas. The experts highlighted the 

impact shale gas development could cause on the local habitat leading to disruptive changes in 

wildlife population. The experts argued that aquatic life may be at risk due to water pollution 

resulting from shale gas activities. In addition, the participants revealed that shale gas 

development could induce and accelerate land fragmentation and constrain agricultural 

development. The use and competition of domestic water in a water scarce Karoo for shale gas 

development was suggested by the experts that water supplies can be abstracted sustainably. 

Spillage and infiltration of fluids into the subsurface, surface water bodies and land present a 

channel for impact on the fragile Karoo ecosystem and damage to the natural habitat. In 

addition, the experts demonstrated that breathing of chemical particles during delivery or at the 

mixing site has the potential to cause respiratory problems. Pollution triggered by fugitive 

methane and VOCs into the atmosphere also contribute to health issues. Site and road 

construction was believed to produce ecological disturbance. Low level seismic activity 

resulting from activities in the oil, gas and geothermal energy sectors is well known. The level 

of seismicity means that impacts are generally minimal, though there are circumstances in 

which the consequences could be more severe (Table 26) as presented in the flowing quotes: 
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‘’It is important to develop an appropriate planning and ecological 

conservation agenda that protects the environment and the local people. 

That means recognizing the Karoo endangered biodiversity as an important 

aspect of the environmental and social impact assessment process while 

showing commitment to protect the sensitive fauna and flora of the Karoo 

during the planning of shale gas development.’’    

 Male, Technical Experts, 34 years.  

‘’The fracking operation requires a large footprint of land. Roads will have 

to be constructed and large well pads build to accommodate all the 

equipment. The main risk is on the surface (and not sub-surface) where 

sensitive fauna and flora might be destroyed during surface construction 

and possible spills on the land.’’      

 Female, Policy Experts, 45 years.                                                        

‘’The broader environmental and landform changes caused by shale gas 

development can be reversed by reclamation and restoration practices. It is 

my view that activities of shale gas development will not irreversibly 

damage the environment as long as the regulatory requirement provides the 

scope and flexibility for the development of novel and hybrid ecosystem’’. 

 Male, Policy Expert, 52 years. 

‘’The value chain of shale gas development could significantly impact 

water supplies in the Karoo, however, advances in water treatment and 

recycling technology can be utilized to abstract the water sustainably ‘’. 

  Female, Technical Experts, 50 years. 

‘’Although the release of methane gas can arise during production cycles 

which is harmful to human health. Release of fugitive gas can be managed 

efficiently through strict rules and laws prohibiting companies from flaring 

activities and through carbon capture technology, so impact on air quality 

can be reduced’’.        

 Male, Policy Experts, 45 years. 

‘’Hydraulic fracking can induce seismicity, though, these events are not felt 

at surface because hydraulic fracking occur at greater depths. The risk of 

large earthquakes by hydraulic fracking activities is significantly low. In 

addition, incursion of stray gas into the aquifer is insignificant due to 

competent casing and the great depth of hydraulic fracking activities. 

Under certain conditions, biogenic gas can infiltrate shallow water wells, 

this is unlikely in the Karoo ‘’.       

  Male, Technical Experts, 55 years. 
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‘’The incursion of migrant workforce into the Karoo is likely to distort the 

socioeconomic landscape of the community, create social tension and 

competition for resources. The infrastructure may be stretched, crime may 

increase, and housing may be limited and expensive in the long term. The 

source of livelihood for the people is also likely to be threatened as young 

people aspire to get jobs in the shale industry ‘’.     

Female, Policy Experts, 48 years. 

‘’I am concerned that the development of shale gas will increase the level 

of inflation and cost of living in the Karoo. The shale industry will put 

pressure on local businesses who are unable to compete with the influx of 

foreign firms into the Karoo’’       

Male, Technical Expert, 57 years.  

‘’It is a given that the Karoo community will be under strain resulting from 

shale gas development. The community will attract an influx of migrant’s 

workforce and foreign businesses re-enforcing government need to 

establish community resilience and regulation relating to local content 

during the life cycle of shale gas development to avoid the socio-economic 

problems associated with natural resource development’’.                           

Female, Technical Expert, 50 years. 

‘’We have seen that good policy and economic intervention can ameliorate 

the effects of post-boom fallout. I believe this is achievable’’.  

 Female, Policy Expert, 43 years. 

 

Table 26: What is the impact of shale gas development on the Karoo? 

Participant Type 
Responses of interviewees 

Total High Neutral Low 

Geologist 5 5 - - 

Reservoir Engineer 5 5 - - 

Drilling Engineer  3 3 - - 

Policymaker 13 13 - - 

Total n 26 26 - - 

Percentage (%) 100 100 - - 

 

7.3.6 Institutional Trust  

Institutional trust is critical for the success of a broad range of policies that hinge on behavioural 

responses from people. Although shale gas development may bring an infusion of economic 
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growth to the Karoo, experts expressed concerns about an array of risks if the industry is not 

properly governed. The experts agreed that institutional based trust is important in designing 

policies and developing strategies for sustainable energy development. 38% of the experts 

stated that a high degree of institutional trust for the central government to regulate practice 

and oversight of the shale industry while 62 % of the experts exhibited low trust based on past 

failures of the central government to govern and sustain the development of national resource. 

38 % of the participants of shale gas development noted that the required skill and experience 

to properly govern the shale gas industry is lacking in South Africa. The lack of trust and 

transparency on the part of the companies to fully disclose the chemicals used to compose 

hydraulic fracking fluid was high among the experts (Table 27). The experts noted that past 

failures in resource governance in South Africa has damaged public trust and confidence to 

develop the shale resources sustainably.  

The legacy of failures by government in the extractive industry has 

compromised the confidence and inclination of people to respond positively 

to public policies ‘’.        

 Female, Technical Expert, 50 years. 

‘’Public trust is an important factor in shale gas development. I believe 

that the lack of trust has deteriorated and need to be restored to attract 

significant investors in shale gas development ‘’.      

Male, Technical Expert, 57 years. 

‘’I believe that the institutions in the country are built on a high level of 

fairness, integrity and have been consistent in delivering equitable service. 

The institutions are accountable, resilient, and strong predictors of public 

trust ‘’.           

Female, Policy Expert, 34 years. 

‘’The legitimacy of the institutions is strong and able to enforce compliance 

and best practices ‘’.       

 Male, Policy Experts, 41 years. 
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Table 27: What is your level of institutional trust and governance of shale gas development? 

Participant Type 
Responses of interviewees 

Total Low Neutral High 

Geologist 5 5 - - 

Reservoir Engineer 5 5 - - 

Drilling Engineer  3 3 - - 

Policymaker 13 3 - 10 

Total n 26 16 - 10 

Percentage (%) 100 62 - 38 

 

7.3.7 Source and Access to Information 

The level of support about energy policies and how risk is perceived is influenced by the quality 

of information. The perception of an individual is impacted by subjective processes, personal 

experiences and the context of the situation which may be different from reality (Javanmardi 

et al., 2020). The experts were asked about the sources they use to draw their judgement or 

shaped their perception about shale gas development. The experts expressed their consensus 

on the strength of scientific evidence published in a range of academic literature and accredited 

industry publications such as The Society of Petroleum Engineers (SPE) and The American 

Association of Petroleum Geologists (AAPG) as credible sources of information concerning 

shale gas technology (Table 28) as illustrated in the following quotes: 

‘’Although lessons can be drawn from areas where shale gas development 

is active, the absence of geological and drilling information or data makes 

it risky to invest in shale gas development in the Karoo’’.                                                                                                                     

Male, Technical Expert, 54 years. 

‘’While different sources exist for information concerning shale gas 

development, however, evidence-driven sources of information and peer-

reviewed by scientist and experts are the right source of information’’.                                                                                          

Female, Policy Expert, 34 years. 

‘’Access to credible information plays a critical role in influencing public 

attitude and beliefs especially in a situation where the public does not have 

direct access to regular and updated information from experts for them to 

make a quality judgment. The impact of social media and other unscientific 

sources have done more harm than good in sending out information that is 

not peer-reviewed or substantiated by scientific evidence. The source of 
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credible information concerning shale gas development is academic 

journals and professional bodies such as the AAPG and SPE’’.                                                      

Female, Policy Maker, 40 years. 

 
Table 28: What is your source of information of shale gas development? 

Participant Type 

Responses of interviewees 

Total Peer reviewed/ Academic / 

Industry 

Neutral Other sources 

Geologist 5 5 - - 

Reservoir Engineer 5 5 - - 

Drilling Engineer  3 3 - - 

Policymaker 13 13 - - 

Total n 26 26 - - 

Percentage (%) 100 100 - - 

 

7.3.8 Stakeholder Engagement  

Effective stakeholder engagement in energy development projects aims at improving 

knowledge sharing, expanding ownership of the project by the different stakeholder, mitigating 

social conflicts, and promoting innovation. The value inclusive decision making and building 

social capital is critical from an ethical perspective and crucial for sustainability assessment. 

Studies have shown that effective stakeholder engagement provide a forum for social learning, 

where diverse people share their values, experiences, expectations and build shared objectives 

and vison (Mathur et al., 2008). Dialogue is critical in broadening awareness and changing 

perspectives or behaviour.  

 

Given that stakeholder engagement and consultation are still evolving in the early phase of the 

planning process. The experts recognized the need to develop both adaptative and collaborative 

engagement strategies that are context-specific, inclusive of experts, individuals in the host 

community and interested/ affected parties in order to improve multi stakeholder dialogue in 

decision making. 54 % of the experts acknowledged that current public engagement and 

consultation strategies does not go far enough in representing the values of stakeholders in 

policy making about shale gas development. While 46 % of the participants believed that 

current engagement strategies reflect significant improvement in developing sustainability 

assessment of shale gas development. 
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‘’I believe that public consultation regarding decision making has been 

largely inadequate and less engaging in representing what the community 

need in resolving their concerns about their values and interest about shale 

gas development. The engagement can be improved’’.    

 Male, Technical Expert, 57 years.                                                                                                       

‘’Community engagement is a critical aspect of the decision-making 

process for shale gas development. As such, policymakers have regular 

town hall meetings and consultative forums to address community 

concerns. This has been very effective and engaging’’   

 Female, Policy Maker, 40 years. 

‘’Much need to be done to improve and broaden stakeholder engagement 

concerning shale gas development in South Africa in order to garnish 

support and success of the shale project. The level of opposition indicates 

that current engagement has not been effective to encourage public 

confidence and assimilate the different values and interest of the different 

stakeholders ‘’.  

Male, Technical Expert, 54 years. 

 

Table 29: What is your level of satisfaction regarding stakeholder engagement and social 

representation? 

Participant Type 
Responses of interviewees 

Total Acceptable Neutral Disagree 

Geologist 5 1 - 4 

Reservoir Engineer 5 1 - 4 

Drilling Engineer  3 - - 3 

Policymaker 13 10 - 3 

Total n 26 12 - 14 

Percentage (%) 100 46 - 54 

 

7.3.9 Change of Perception and Attitude  

It is widely acknowledged that social acceptability poses a significant barrier towards shale gas 

development especially when public opposition is characterized by mixed messaging and lack 

of expert consensus regarding the impact of shale technology. Risk perception has been found 

to trigger a set of complex individual responses associated with the behaviour of people 

towards shale energy. The variability of perception among experts reflects the 

multidimensional and complex nature of shale technology. 

Participants were asked if they will change their perception regarding shale gas development 
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in the face of new scientific evidence and findings. 100% of the participants indicated that they 

would change their perception and attitude in the event of persuasive and compelling scientific 

evidence (Table 30) as illustrated in the following quotes: 

’ ’I will definitely change my perception about the risks and benefits of 

shale gas development should sufficient and factual evidence becomes 

available. I believe that scientific and empirical evidence should always 

priority and guard policy making regarding shale gas development’’. 

 Female, Policy maker, 42 years. 

‘’My understanding of shale gas including the associated risks and benefits 

informed by scientific evidence. Science and technology are evolving and 

improving, new evidence will change my perception’’.                                                                                                     

Male, Technical Expert, 51 years. 

Table 30: Is your perception or opinion about shale gas development likely to change in future? 

Participant Type 
Responses of interviewees 

Total Yes Neutral No 

Geologist 5 5 - - 

Reservoir Engineer 5 5 - - 

Drilling Engineer  3 3 - - 

Policymaker 13 13 - - 

Total n 26 26 - - 

Percentage (%) 100 100 - - 

 

7.4 Quantitative Study 

The quantitative study involved η261 participants across the Karoo population. The 

quantitative data were collected using 59 item survey questionnaires based on a 5 Likert-scale 

modified from a research instrument that has been validated from similar studies. The Kruskal-

Wallis (KW) nonparametric statistical test was performed based on ranked mean and median 

data to compare the overall equality across the groups ethnic (Black, Coloured, Indian, and 

White) rather than using the raw or original observations. The KW test was used to establish if 

there are statistically significant differences between the four social groups (Black, Coloured, 

Indian, and White) of an independent variable on a continuous or ordinal dependent variable. 

When statistically significant differences were found among the groups or variables, a single 
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post hoc test comparison was executed for multiple comparisons. The data analysis was 

performed with the SPSS statistical package (version 25). A level of significance of p<.05 for 

comparative measurements was used throughout the analysis. The KW, mean, median and 

pairwise comparisons output for the four groups is presented in appendices 7, 8 and 9 of this 

study.  

 

To determine whether any of the differences between the medians are statistically significant, 

a comparison of the p-value was assessed for the null hypothesis (Ho). Under the null 

hypothesis, the KW test is distributed asymptotically as chi-square with a k - 1 degree of 

freedom. It was assumed that the data collection was continuous and randomly drawn from the 

Karoo population. Table 29 summarizes the sociodemographic of the participants used for the 

quantitative study. The table indicates the breakdown of the participants according to their 

social-cultural variables. The sociodemographic profile describes the gender profile, marital 

status, occupation, annual income, and educational background of the 261 participants. 

7.5 Descriptive Statistics and Sociodemographic Profile 

In terms of ethnicity, the number of people who participated in the quantitative study is 

presented as follows: Blacks 50 (19 %), Coloured 91 (35 %), Indian 38 (15 %), and White 82 

(31 %). The demographic profile showed participants between the ages of 41 to 50 years old 

as significantly represented (28 %) in the study, followed by participants between 18 to 30 

years old (25 %), between 31 to 40 years old (23 %), between 51 to 60 years old (14 %) and 

lastly people from 61 years and above were lastly represented (10 %) (Table 29).  

 

The demographic profile showed a significant difference in the level of education between the 

groups; the White group showed the highest form of educational attainment (58 %) (Graduate 

and postgraduate degree), compared to the other ethnic groups who showed significantly lower 

educational level (Diploma, Matric and below matric levels). In terms of occupation, 31% of 

the participants claimed to be farmers compared to 23% entrepreneurs, 17% government 

employees, 15% retail/ tourism industry and 12% engaged as construction workers (Table 31). 
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Table 31: Sociodemographic Characteristics of the Quantitative Study 

 

Ethnic Groups 

 Black White Indian Coloured 

Ethnic Group 

50 82 38 91 261 Count 

19 31 15 35 100 Percent 

 

Ethnic Groups 
Total Percent 

Black White Indian Coloured 

Age of Respondent 

Between 18 and 30 years 9 31 8 17 65 25 

Between 31 and 40 years 8 20 9 22 59 23 

Between 41 and 50 years 22 9 11 31 73 28 

Between 51 and 60 years 9 12 6 9 36 14 

Between 61 and above 2 10 4 12 28 10 

Total 50 82 38 91 261 100 

 

Ethnic Groups 
Count Percent 

Black White Indian Coloured 

Gender of Respondent 

Male 31 42 17 46 136 52 

Female 19 40 21 45 125 48 

Total 50 82 38 91 261 100 

 

Ethnic Groups 
Count Percent 

Black White Indian Coloured 

Occupation of 

Respondent 

Farmer 25 34 9 14 82 31 

Tourism / Real Estate 0 4 6 28 38 16 

Government Employee 9 4 8 22 43 17 

Business / Retail 12 22 10 16 60 22 

Construction / Maintenance 3 13 4 11 31 11 

Total 50 82 38 91 261 100 

 

Ethnic Groups 
Count Percent 

Black White Indian Coloured 

Income of Respondent 

Below R12,000 3 3 0 29 35 13 

R12,001 to R150,000 33 30 17 36 116 44 

R150,001 to R1,000,000 10 35 11 14 70 27 

R1,000,001 to R5,000,000 4 5 9 8 26 11 

above R5,000,000 0 9 1 4 14 5 

Total 50 82 38 91 261 100 

 

Ethnic Groups 
Count Percent 

Black White Indian Coloured 

Education of Respondent 

Below Matric 5 0 0 0 5 2 

Matric 23 24 16 39 102 39 

Bachelor's Degree 10 27 8 4 49 19 

Post Graduate Degree 2 20 4 6 32 12 

National Diploma  10 11 10 42 73 28 

Total 50 82 38 91 261 100 
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7.6 Statistical Analysis and Findings Across the Ethnic Groups 

Analyses are based on 261 participants who took part in the quantitative study. To investigate 

the research questions empirically, the Kruskal Wallis test was used to identify and compare 

the effects of the key factors on public perception concerning shale gas development. The 

results, findings and theoretical considerations are presented below: 

7.6.1 Level of Social Acceptance and Risk Perception  

 

Social influences have been shown to shape public acceptance of shale gas development. The 

KW test was used to assess the social context/behaviour towards shale gas development across 

the four ethnic groups. The Kruskal-Wallis test revealed a strongly significant difference in the 

extent to which sociocultural factors influence perception about shale gas development at p < 

0.05 among the ethnic groups (Table 32). To find out whether there is an underlying difference 

between the groups, the pairwise comparison test was carried out. Table 32 shows the result of 

the pairwise multiple comparisons among the ethnic groups to assess the differences in 

acceptance. The null hypothesis (Ho) for each of the pairwise multiple comparisons is the 

chance of observing a random value in the first sample or ethnic group larger than a random 

value in the second ethnic group. Given that the Kruskal-Wallis Test statistics are highly 

significant (H (3) =173.59; p < 0.050), the null hypothesis is rejected. It was meaningful to 

apply the post hoc test to analyse the underlying difference across the groups.  

 

7.6.1.1 Descriptive and Pairwise Comparisons 
 

The result of the survey data revealed that 56 % of the participants are opposed to shale gas 

development while 53 % of the participants showed support of the shale technology, 2 % of the 

participants were undecided (see appendix 9, Fig.54 and Table 33). The data analysis showed 

a significant difference in perception and the extent to which the public evaluate the risks and 

benefits caused by shale gas development. The result showed that the four ethnic groups 

differed in their perception of shale gas development. 

  

The White and Indian groups expressed strong opposition of the shale technology based on 

environmental concerns regarding the potential impact on human health and the environment 

(e.g., impact on water and air quality), while the Black and Coloured groups showed strong 
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support of the shale technology based on potential economic benefits ranging from job creation 

and boost to local economic growth. 

 

Table 32: Independent Test on Public Acceptance of Shale Gas Development 

 

Are you in support of fracking/shale gas 

development in the Karoo 

   N 261 

Median 2.0000 

Chi-Square 173.594 

df 3 

Asymp. Sig. .000 

 

 

 

Table 33: Pairwise Comparisons- Are you in Support of Shale Gas Development 
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Figure 54: Public Response Regarding Level of Support of Shale Gas Development 

7.6.2 Preferred Source of Energy  

The development of fossil fuel has proven to be effective drivers of economic growth and 

energy generation; however, fossil fuels have been depicted as damaging and harmful to the 

environment. This study analysed public energy preferences in comparison to natural/ shale 

gas. The result revealed that the White and Indian groups have considerable awareness and 

recognised that renewable energies (solar and wind power) are a non-polluting energy source 

compared to shale gas and other alternative energy sources. The White and Indian groups 

supported renewable energies as the best option for electricity generation. The two groups 

agreed that expanding the supply and growth of renewable and eco-friendly energy sources is 

the logical pathway towards a decarbonized and sustainable future. There was mixed support 

among the Black and Coloured participants for fossil fuel and renewable energy development 

based on the perception that the shale technology will mitigate short term climate change 

effects and other benefits related to economic growth and energy independence.  

 

The outcome of the Kruskal Wallis test provided a significant difference (p <0.05) across the 

ethnic groups, proving a rejection of the null hypothesis H (3) =16.65; p<0.05 (Tables 34 and 

35). The post hoc analysis test showed that the White and Indian groups preferred renewable 

energy while the Black and Coloured group showed a strong preference for natural gas 

development.  
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7.6.2.1 Descriptive and Pairwise Comparisons 
 

The result of the descriptive analysis showed that 71 % of the participants preferred renewable 

(solar and wind) energies, 14 % natural gas, 12 % coal and 3 % nuclear power (see appendix 

9, Fig.55, Tables 34 & 35). This is unsurprising, given that the White and Coloured groups are 

concerned about the impact of energy development on the environment compared to the Black 

and Coloured groups who support shale gas based on the economic benefits.  

 

Table 34: Independent Test on Preferred Source of Energy 

 What is your preferred energy source 

N 261 

Median 3.0000 

Chi-Square 16.654 

df 3 

Asymp. Sig. .001 

 

 

 

 

Table 35: Pairwise Comparisons- What is your preferred source of energy 
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Figure 55: Public Response Regarding Preferred Source of Energy 

7.6.3 Sense of Place -Attachment  

The growing demand for the development of sustainable energy sources has furthered the 

interest to understand the underlying factor influencing community response or perception to 

local energy developments. This study investigated how place attachment factored into 

community perceptions of shale gas development in the Karoo. Participants from the White 

and Coloured groups (mainly landowners) expressed concern about preserving cultural and 

land spaces compared to the Black and Indian social groups who are mainly non-landowners. 

The result further demonstrated the need to determine how locally/ indigenous populations 

perceive shale gas development with regards to the sense of place and its effects on NIMBYism. 

 

Kruskal-Wallis test of mean comparison among the ethnic groups showed significant 

differences p<0.05 in response to the question regarding the effect of shale gas development 

on place attachment (Table 36). No significant differences were observed among non-

landowners (Black, and Indians) (Table 37) (see appendix 9). A post hoc comparison test 

showed that White and Coloured groups are inclined to migrant out of the area licensed for 

shale gas development compared to Black and Indian groups due to environmental concerns 

and impact to health.  In addition, the White and Coloured group showed a higher level of 

distrust of the government regarding potential land acquisition/ expropriation for shale gas 

development than non-landowners (Black and Indian). 
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7.6.3.1 Descriptive and Pairwise Comparisons 
 

When the participants were asked if they are comfortable living in an area licensed for shale 

gas development, 54 % of the participants believed that they were not comfortable and 

acknowledged the likely impact of shale gas development while 16 % feel comfortable living 

in the area, 30% of the participants were undecided (Fig. 56). The reference to “Not In My 

Back Yard”, or “NIMBY” underly public resistance to shale gas development in the local 

community. Although the concerns vary between the White and Indian groups who express 

concerns about living in marked for shale gas development and the Black and Coloured group 

who felt comfortable with shale gas development. However, “Not In My Back Yard”, present 

an underlying theme that will need to be addressed in the planning and development of shale 

gas resources in the Karoo.  

 

H (3) =17.54; p <0.050 

 

Table 36: Independent Test on Place Attachment/ NIMBY 

 

Fracking will occur in or near my 

neighbourhood* 

N 261 

Median 4.0000 

Chi-Square 17.535 

df 3 

Asymp. Sig. .001 

 

Table 37: Pairwise Comparisons- Fracking will occur in my neighbourhood. 
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Figure 56: Public Response Regarding Sense of Place 

7.6.4 Stakeholder Engagement and Social Representation 

 

Within the energy discourse literature, it is argued that effective social representation and 

stakeholder engagement plays a significant role in building instructional trust with the local 

community and improving the social acceptance of shale energy development. Independent 

Kruskal Wallis tests were performed to compare and identify whether there are significant 

differences among the groups. There were significant group differences (H (3) = 46.95; p < 

0.05) between the groups (White and Indian) and no significant difference between Black and 

Coloured groups (Table 38).  

 

A pairwise comparison showed the level of stakeholder participation in shale gas discussions 

is in the average of 2.11 for the White and Indian groups, significantly lower than the Black 

and Coloured ethnic group 4.54 (Table 39). The mean ranks of stakeholder engagement and 

public participation are presented in appendix 8. Based on the KW results shows that 

participants who are satisfied with the level of stakeholder engagement are likely to support 

shale gas development compared to participants who feel otherwise. The level of a social group 

involved in the decision-making process of shale gas development is significantly related to 

the level of public acceptance of shale technology and describes the extent to which the 

community engages with all aspect of the shale discourse.   
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7.6.4.1 Descriptive and Pairwise Comparisons 
 

This study conceptualizes that social acceptance of shale gas development constitute a 

continuum of public participation processes that guide the development of shale technology. 

54 % of the participants expressed dissatisfaction with the state of current public engagement 

while 26 % demonstrated satisfaction and 21 % were undecided regarding the level of citizen’s 

participation in the decision making of shale gas development (see Fig. 57 appendix 9). This 

predictive model can be used by policymakers to improve community engagement in achieving 

a social license to operate. 

 

Table 38: Independent Test on Stakeholder Engagement 

 

I approve government/oil companies 

(public) engagement strategy concerning 

fracking 

N 261 

Median 4.0000 

Chi-Square 46.945 

df 3 

Asymp. Sig. .000 

 

Table 39: Pairwise Comparisons- Level of Engagement Strategy 
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Figure 57: Public Response Regarding Engagement Strategy 

 

 

7.6.5 Effects of Expert Opinion on Public Perception 

 

The lack of scientific consensus about shale gas development and hydraulic fracking has been 

shown to erode public trust in shale technology. This is problematic both from a policy-making 

and theoretical viewpoint is driven by the lack of coherent messaging, poor public awareness 

and significant scientific uncertainty regarding the cost benefits associated with shale gas 

development. Analysis of the quantitative data using a Kruskal-Wallis test revealed a 

significant effect H (3) = 45.82; p <0.05 among the groups on the effect of expert opinion on 

public perception and the influence in influencing the social acceptance of shale gas 

development (Tables 40 and 41). Analyses of aggregated data suggested that the perceived 

threat of shale gas development and trust in institutional and regulatory bodies were important 

considerations influencing perceived risks. In terms of risk sensitivity, the experts demonstrated 

an ambivalence to risk likewise the public who showed variation to risk according to their 

ethnic groups. 

 

7.6.5.1 Descriptive and Pairwise Comparisons 
 

In terms of using expert opinion to assess the risk of shale gas development, 48 % of the 

participants acknowledged that expert’s opinion regarding the risks of shale gas development 

is significantly high compared to 29 % who believed experts opinion on risks are low and 23 % 
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are undecided. Environmental concerns such as the impact on domestic water and air quality 

were the highest predictors and most influential of risk concerning shale gas development than 

social and economic impacts. Excessive withdrawal of water for shale gas activities was the 

most influential variable underlying public perception about shale gas development. There was 

consensus about the influence of environmental impact among the White and Indian groups. 

Policy decision makers will need to prioritise public concerns and design appropriate 

intervention to mitigate the impacts (Fig. 57).  

 

Table 40: Independent Test on Expert Perspective 

 

What is the expert view on hydraulic 

fracking/shale gas development* 

N 261 

Median 2.0000 

Chi-Square 45.815 

df 3 

Asymp. Sig. 261 

 
 

Table 41: Pairwise Comparisons- Expert view regarding shale gas development 
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Figure 58: Public Response Regarding Expert Opinion 

7.6.6 Moratorium on Shale Gas Development  

 

Given the long-term microeconomic benefits and environmental uncertainties of shale gas 

development, it was critical to explore public behaviour regarding the current moratorium of 

shale technology. Although the Kruskal Wallis Test revealed statistical significance p<0.05 

among the White and Indian ethnic groups (H (3) = 65.81; p <0.05) with support for the current 

moratorium/ impasse in the short-term pending further scientific investigation regarding the 

socioeconomic and environmental impacts of the technology (Tables 42 and 43). The Black 

and Coloured groups did not support the current moratorium. The participants believed that the 

lifting of moratorium will enable evidence-based assessment of the impacts until further studies 

can provide clarity on the impact of shale gas development in the Karoo. There was less public 

(Black and Coloured) support against the current suspension of exploration activities in the 

Karoo. 

 

7.6.6.1 Descriptive and Pairwise Comparisons 
 

47 % of the participants support the current moratorium, 32 % opposed the temporary ban 

while 21% were neutral. (Fig. 57). The participants who support the current moratorium believe 

that renewable energy will continue to contribute to South Africa energy mix. On the basis of 

the current scientific evidence and moratorium, the central government took a presumption 

stance against issuing exploration permit until public consent is secured and further studies for 

shale gas development is compelling for future application.  
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Table 42: Independent Test on Moratorium 

 

I support the current temporary ban on 

fracking in South Africa* 

N 261 

Median 3.0000 

Chi-Square 65.812 

df 3 

Asymp. Sig. .000 

 

 

Table 43: Pairwise Comparisons- Perception of Moratorium 

 

 

Figure 59: Public Response Regarding Moratorium on Shale Gas Development 
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7.7 Eta-Squared: Effect Size for ANOVA 

A measurement of the size and magnitude of the effect using the eta squared (SPSS) was 

performed to communicate the practical importance/ significance of the result and establish the 

proportion of variance that is explained by the group.  Notice in Table 44 that the p values (0.00, 

0.00, 0.00, 0.015, 0.00, & 0.10) indicate that there were was significant effects (i.e., p values 

below .05) for level of awareness, sense of NIMBY, preferred source of energy, effects of expert 

view, perception of current moratorium and major concerns associated with shale gas 

development. Note also that there was not sufficient power to detect effects size 

(i.e., .155, .087, .089, .032, .229 & 0.282 were small to moderate). A better designed replication 

study with a larger sample size might be justified for a future study, which is reasonable given 

the very small sample size of 261 used for this current study. 

 

Table 44: Results of the ETA Analysis with SPSS 

 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Awareness 52.811 6 8.802 7.776 .000 .155 

NIMBY 29.475 4 7.369 6.068 .000 .087 

Preferred Energy 30.356 4 7.589 6.268 .000 .089 

Expert View 10.897 2 5.448 4.267 .015 .032 

Moratorium  77.982 4 19.496 19.024 .000 .229 

Major Concerns 95.941 8 11.993 12.366 .000 .282 

 

 

7.8 Discussion and Findings  

Shale gas development like any large industrial development has the potential to induce 

environmental and socioeconomic impacts in the local community where its situated. The 

extent of these impacts such as competition with domestic water supplies, contamination of 

surface and subsurface water bodies, air quality impact, land/ seismicity, strain on social 

services, shortage, and unaffordable housing as result of population growth, increase in crime, 

influx of migrate worker force will depend on the scale and speed of shale gas development. 

Other impacts such as disruption of the community/ social character and impact on place-based 
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values will likely inhibit the planning, development, and future of the shale industry. These 

concerns or issues are likely to impact some residents negatively. Additionally, positive impacts 

such as increased employment, local economic growth, access to affordable energy, energy 

independent and mitigation of environmental impact in terms of greenhouse gas reduction 

enable individuals to support the development of shale gas.  

This study explored expert and public perception of shale gas development in South Africa. 

The study showed mixed levels of support between the experts and the public. 81 % of the 

experts showed support of shale technology while 56 % of the public demonstrated opposition 

about shale gas development. The data analysis revealed that experts believed that shale gas 

development offers South Africa the opportunity to be energy independent, improve economic 

growth, generate significant employment prospects for the growing population and improve 

electricity generation. The experts acknowledged that natural gas is the cleanest fossil fuel and 

shale gas can provide an efficient and low cost “low Carbon Bridge” while the move to 

renewable energy future. However, 19 % of the experts opposed the development of shale gas 

development given the range of geological and environmental uncertainties associated with 

extracting the Karoo shales. The experts noted that the complexity of dolerites in the Karoo 

basin and transient shale well performance could reduce the potential of the Karoo Basin. On 

the basis of geological uncertainties, 92 % of the experts support the suspension/ moratorium 

of shale gas development to enable evidence-based assessment of the impacts. This position 

aligns with the precautionary policy of the South Africa government on further exploration 

activities. 8 % of the experts believed that moratorium would hinder the transition journey and 

undermined the economic and energy growth of South Africa.  

As discussed, 56 % of the public mostly White and Indian groups showed strong opposition of 

shale gas development while 53 % of Black and Coloured groups supported the shale 

technology. The White and Indian groups place a higher emphasis on environmental impact 

over economic benefits of shale gas development. The White and Indian groups highlighted 

the impact of shale gas development on the already stressed water supplies in the Karoo and 

potential contamination of ground and subsurface water sources. The Black and Coloured 

groups believed that shale gas development will generate significant jobs and improve the 

economic landscape of the Karoo. The group believed that the economic benefits of shale gas 

development outweigh the environmental impacts. on the flip side, the White and Indian groups 

perceived that the environmental risks outweigh the economic benefits. It appears that response 

to the social acceptability of shale gas development, level of institutional trust and position on 
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the current moratorium was moderated by social identity. Majority of the White and Indian 

groups stood against shale gas development while a large proportion of the Black and Coloured 

groups supported shale gas development. However, when natural gas was regressed against 

coal power, all the groups demonstrated that the transition journey to renewable energy is 

critical to reduction of greenhouse gas emissions using natural gas than coal energy.  

The impact of place-based values and the influence of NIMBY was critical to the social 

acceptability of shale gas development among the ethnic groups. The influence of NIMBY 

offered two conclusions, proximity to the proposed licensed areas of shale gas development 

aligns to the local context and appeared to influence the perception of the White and Indian 

groups to form a negative attitude and strong opposition/ resistance to shale gas development 

while the nature of NIMBY among the Black and coloured groups stems a positive attitude and 

support of the shale industry. It is necessary to clarify the influence of NIMBY in the planning 

of shale gas development in order to improve our understanding of the social construction of 

individuals/ social groups within the local community and the way in which public opinion is 

elicited concerning shale gas development which can be developed in future studies.  

Exploring public awareness and acceptance towards shale gas development are critical for 

providing understanding necessary for campaigns and public information programs to enhance 

greater knowledge and awareness of shale gas development. The study indicated a high level 

of awareness towards shale gas development with the public, however, the source of 

information was mainly non peer reviewed sources, from local newspapers (24.4 %), family/ 

friends (24.5 %), non-fracking internet sources (15.2 %), Television news (14.2 %), social 

media (10.3 %) and scientific books/ magazines (4.0 %). The deficit model (DM) used by 

scientists and policy makers to describe energy projects based on the belief that the public lack 

scientific literacy and knowledge and therefore undermine industrial projects is critiqued by 

the findings of this study (Wynne, 1982; Phillips and Beddoes, 2013). The DM obscures the 

critical social elements and processes in which the public understands scientific facts and how 

technological innovation works in their lives and local setting. The DM theory is problematic 

in this context given that the public constructed their meaning of shale gas development from 

their own core values including personal and local/ social experiences. It is conceivable that 

these values also influence the perception of scientists. The field of science and technology are 

not value free or unbiased operations but built on numerous studies that demonstrates biases 

regarding the issues that are researched, the questions that are designed and asked and the way 

the data and observations are interpreted. This study proposes an inclusive consultative and 
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public participation framework that include all stakeholders – scientist, policymakers, industry, 

interested and affected parties to better understand the nature of shale gas development and its 

impact on the local population. 

7.9 Conclusion 

The results of this study have significant implications at the local level and reveal the broader 

disparities and commonalities between the experts and public perception of risks and benefits 

concerning shale gas development. The experts and public consist of individuals with 

persuasion moulded through personal, collective, and social experiences. The experiential 

knowledge allowed both expert and the public to have a strong opinion in issues associated 

with shale gas development which may translate to different persuasions or outcomes about the 

risks and benefits of the shale technology. While a significant portion of the experts 

demonstrated a positive perception and support of shale gas development, a substantial section 

of the public showed a negative perception and opposed the development of shale gas in the 

Karoo.  
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Chapter 8: Conclusions and Recommendations 

8.1 Introduction 

South Africa has a significant shale gas reserve which could improve the economic growth of 

the country and facilitate the decarbonisation of the energy system. Despite significant 

advances in the last decade, the development of shale resource produces benefits both to the 

local community and to the society/ country at large, but adverse impacts from the development 

of shale resource are frequently experienced by the local community. Additional complexity is 

finding a balance/ trade-off between the risks and benefits of shale gas development. More 

significantly, expert, and public perception are critical in understanding the local benefits and 

impact of shale gas development using an interview and survey questionnaire-based instrument. 

The opinion of experts is essential for ensuring the design and deployment of energy policy. 

Understanding the underlying drivers of public perception is important as public attitude can 

influence the adoption of the shale technology.  

The interview was administered to a sample of 26 experts with participants from policy makers, 

industry practitioners comprising of geologists, drilling, and reservoir engineers. 261 survey 

questionnaires were used to sample public perception across the diverse social groups (Black, 

Coloured, Indian, and White) in the Karoo using a range of sociodemographic, beliefs, norms, 

and value considerations. It was possible to analyse the data to understand the perceptions of 

experts and the public about the risks and benefits of shale gas development. The participants 

drew on international and local context as well as place-based values and experiences in their 

responses to the questions on uncertainties and benefits of shale gas development allowing new 

themes and insights to emerge with regards to the underlying factors shaping individual 

perceptions and deeper societal concerns.  

8.2 Variation in Perception between Technical Experts and Policymakers 

The lack of consensus among experts regarding the risks associated with shale gas development 

has been found to distort energy policy making, largely responsible for the lack of public trust 

in siting shale gas development project in the local community. Understanding the diverging 

perception among experts has become a central focus of inquiry across a range of energy related 

disciplines which informs the way policy options are designed and translated into action (Frey 

et al., 2017).  Integrating divergent perception in decision making provides the opportunity to 

appraise the current theoretical assumptions and improve the quality of the evidence base in 
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policy formation. Applying the perception framework to energy development, ensures that 

government and energy regulators adopts a realistic perspective of the risks associated with 

shale gas development to achieve a better policy outcome. The main objective of the qualitative 

study was to identify the underlying drivers of expert perception towards shale gas 

development and the way it is reflected in the South Africa shale discourse. The study found 

that the attitude of expert regarding risks assessment is influenced by context and choice 

options (Kusev et al., 2020). In most cases, heuristics create personal, or group biases to the 

way people respond to energy issues.  

Responses to these questions by the participants provided clarity regarding the local level 

impacts and the way experts frame their perception regarding shale gas development. Other 

than these, experts assess risks differently and their perception demonstrate a causal influence 

of the following factors: 

1. Lack of baseline data to make a sound empirical judgement 

2. Inconsistent standard of measurement  

3. Inadequate theoretical understanding of the operational mechanism and processes 

involved in shale gas development 

4. Influence of contextual norms, culture, and political factors  

These gaps are responsible for the divergent opinion and behavioural biases among experts 

which characterizes the way the scientific community is pitted against itself and the public. The 

study demonstrated that the perception of expert varies according to their professional 

background (results have been presented in tabular (Tables 21 to 30) form for each question 

showing the variance in perception. The technical experts (geologists and engineers) were more 

ambivalent in their responses about the risks and acceptance of shale gas development 

compared to the policy makers who showed low risk and significant support of shale gas 

development. The study demonstrated that the professional background of the experts plays a 

key role in shaping their perception and inform how the communication of risk related to shale 

gas development should be constructed. Policymakers develop an eclectic perspective of issues 

and tend to support government priorities informed by current political narratives rather than 

informed by the evidence base (Cairney, 2016; Kenny et al. 2017; Oliver and Pearce, 2017; 

Mayne et al., 2018). 
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8.3 Landscape of Expert and Public Perception 

The influence of expert and public perception is playing an increasingly important role in 

energy development. In recent years, the study of public opposition or resistance to complex 

energy systems like shale gas development has been expanded by research on the drivers of 

expert and public perception about the risks and benefits of the shale technology (Ying and 

Sovacool, 2021). The attachment to the values and benefits of energy development, meanings 

and influence of the local environment, sociocultural construct and sense of place is shaping 

the way energy is perceived and implemented in the local setting. Subjective judgements of 

individuals and reactions to the risks and benefits of energy developments can influence an 

individual’s perception. Consequently, the role of perception in energy development is 

acknowledged as a scholarship that ensures that the opinions and values of experts and the 

public and ‘all interested and affected parties’ are represented and reflected in policy 

formulation, planning and development of energy resources (Boudet et al., 2014). The 

perception of the individual is not only shaped by the individual core/ personal values, 

including direct and indirect experiences but also conditioned by the prevailing socio-cultural 

beliefs and specifically the individual associated to the social identity of the local community 

which are reflected as distinct attributes of the different sociocultural groups (Black, Coloured, 

Indian, and White) in the Karoo (Issah and Umejesi, 2019).  This study argues that the 

association/ affiliation of the individual to the social identity (the individual derives self-worth 

and meaning from social identity; the strengthened by association and shared decision of social 

groups) of the community is critically important in shaping the perception of the individual 

about the risks and benefits of shale energy development (Quiñones-Rosado, 2010). Therefore, 

the shared decision/ belief of social groups (Black, Coloured, Indian, and White) influences the 

individual perception about the social acceptability of the energy system (Joffe, 2003; Issah 

and Umejesi, 2019). This position aligns with Yardley’s (1997) theoretical consideration of risk 

as both material and socially constructed.  

The disjunction between experts and public perception cannot be explained as a simple 

limitation of relevant information and knowledge gap, often implied by industry experts and 

policy makers as the deficit model (DM). The DM highlights that public resistance to industrial 

and energy development stems from “scientific ignorance” - the lack of knowledge and 

information in energy development. The assumption is that access of the public to relevant 

information and improved scientific literacy reinforces positive perception and social 

acceptance of energy development. However, this belief is problematic as studies have shown 



176 

 

that some members of the public possess adequate knowledge and experiences of science and 

technology, at the same time, we find that the perception of the individual is shaped by local 

(social, cultural, and political) experiences (Bucchi and Neresini, 2008). Therefore, it is 

important to consider public perception/ knowledge in decision making about complex energy 

systems instead of relying exclusively on technocratic form of decision making (Fischer, 2000). 

The features of scientific knowledge or technological development is not value free or unbiased 

in their design and deployment. In the same way, the knowledge and experiences of experts are 

shaped by numerous studies built upon by personal biases and subjective opinions such as the 

collection of scientific data and the way observations are interpreted, the design of 

technological innovation and the interest that it serves (Bucchi and Neresini, 2008; Hackett et 

al., 2008; Sismondo, 2010). This study demonstrated that both experts and public perceptions 

are shaped by broader influences such as personal, social values and biases in multiple ways. 

The study advocates the incorporation of social representation and participation in the planning 

and development of energy systems in order to identify the values of experts and public and 

integrated into decision making. Beck et al. (1992) referred to experts are laypersons in issues 

related to social and political judgement. Against this background, the author advocated 

democratic policymaking framework that bring both scientific and public/ social judgement 

together in order to facilitate learnings and foster the representation of communities in decision 

making. 

8.4 Overview of the Study 

How risk is constructed and perceived by different public and expert groups in the context of 

shale gas development in South Africa is poorly understood and open to argument. To a certain 

degree, this is due to the different theoretical viewpoints from which risk perception is explored. 

While extant theoretical perspective is valuable and provide some level of understanding and 

interpretation of risk perception.  

This study aims to explore the interplay of factors shaping risk perception and the disjunction 

between expert and public perspective within the context of shale gas development in the Karoo. 

This study recognises the role public perception plays in shaping energy policy and the social 

acceptance of shale gas development.  

This study used qualitative and quantitative to explore and analysed the factors shaping experts 

and the public perception to specific risks and hazards of shale gas development. The 
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underlying framework of the methodology used for this study is to segregate experts and public 

perception on the basis that the way expert construct and respond to risk is different from the 

public. Clearly the effect of culture will be relevant in our understanding in the way risk is 

constructed by the social groups in the Karoo (Douglas and Wildavsky, 1983; Taylor-Gooby, 

P., 2004) which regulates their perception and attitude towards shale gas development. The 

recognition that trust plays a role in shaping the perception of individuals is emphasised in the 

study, given that trust is culturally influenced or determined (Taylor-Gooby, P., 2004).  

Public concern about the environmental impact of shale gas development is negatively 

associated with public attitude towards shale gas development, while economic growth and job 

creation tended to shape positive attitude towards the shale technology. The study also found 

that increased trust by the public on institutional bodies has a positive impact on public 

perception and support of shale gas development, verse versa.  

8.5 Revisiting the Research Objectives and Questions (Research Question, 

RQ) 

The research aims, objectives and problems were identified in chapter one of this study and the 

literature review completed in subsequent chapters 2, 3, 4 and 5. The research questions were 

used to set the context of this study. The qualitative and quantitative method was combined and 

used for cross-validation of the findings that reflect the implications of this study. The section 

below reviews the arguments and findings from the data analysis to answer the research 

questions (RQ). 

8.5.1 RQ 1. What are the perceptions and responses of expert and the public 

regarding the risks and benefits of shale gas development, does the perceived 

risks outweigh the potential benefits? 

The study discovered that public responses and perception of risks about shale gas development 

is shaped by a range of contextual and social factors, such as sense of vulnerability, direct and 

indirect personal and social influences, including information derived from the media, speaking 

with family and friends (local newspapers (24.4 %), family/ friends (24.5 %), non-fracking 

sources (15.2 %), television news (14.2 %), social media (10.3 %) and scientific books/ 

magazines (4.0 %)). The least source of information of the public was scientific publications. 

It could be argued that the exposure of the public to unscientific sources of information is likely 

to influence the behaviour of the public. Exposure to credible source of information tend to 
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reduce the level of uncertainties and risks regarding shale gas development. In contrast to 

public perception, expert drew their inferences, and perception of risk from the scientific 

sources and shaped their perception from the likelihood or probabilities of the risk occurring. 

The experts also based their assessment of risk on the environment (Karoo) in which the risk 

is constructed, perceived, and experienced. Contrary to the experts, the prospect of risk 

occurring was much more definite and salient with the public than the experts who rely on the 

estimation of the likelihood of the risk happening. 

8.5.2 RQ 2. Is there a direct correlation, differences, or relationship between 

the measured constructs to behaviour of experts and social groups towards 

shale gas development? 

The study demonstrated relative differences in behavioural responses across the social groups 

(Black, Coloured, Indian, and White) to risks and scale of impact regarding shale gas 

development. The differences in perception among the groups depicts the characterisation of 

the social groups, social processes, and community wellbeing. Studies suggested that the shared 

values of the community as well as social mobilization shapes the behavioural response of 

members of the group to risk benefit distribution (Sung and Phillips, 2018; Atkinson et al, 

2020). This study found that participants responded to issues concerning shale gas development 

based on the values and interest of their social affiliation or group. The Black and Coloured 

groups recorded low scores to each aspect of the risks and uncertainties associated with shale 

gas development. The groups showed a high level of trust and ability for the regulators to 

control or mitigate or manage the involuntary risks which further increased their positive 

perception and support of shale gas development. The group associate shale gas development 

to job creation and economic benefits. The perception of the Black and Coloured groups tends 

to correlate with expert’s perception of shale gas development (Bickerstaff, 2004; Hansen et al, 

2004; Touili et al., 2014; Kane et al., 2014).  

 

The White and Indian groups demonstrated low tolerance to risk and showed that the exposure 

to shale gas development is harmful and negative. Compared with the Black and Coloured 

groups, the While and Indian groups recorded high scores on the risk matrix. The group 

perceived environmental and social risks as greater than economic benefits. Concerns were 

significant impact on surface and subsurface water bodies, impact on air quality and 

demographic change from migrant incursion into the Karoo community. The groups 

demonstrated low level of trust and ability for the institutions to manage the shale industry 
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should it go forward (Renn, 2008). This reason for this mistrust is partly due to a deep and 

historically established distrust in environmental, social, economic and resource governance in 

South Africa (Renn & Rohrmann, 2000a). The concept of risk of the White and Indian 

community did not correlate with expert perception of the impacts of shale gas development.   

8.5.3 RQ 3. To what extent does expert judgement affect or compare with 

public perception about shale gas development? 

 

Addressing the barriers against the social acceptance of shale gas development requires 

significant changes in public perception. However, the polarization of scientific/ experts’ 

opinion regarding the risks and benefits of shale gas development has amplified doubts and 

inherent uncertainty about the shale technology further undermining public understanding of 

shale gas development. The lack of scientific consensus on the merits of shale gas development 

is underpinned by limited community engagement about the shale technology in a rational way. 

To better understand how expert/ scientific judgement of shale gas development shapes public 

perception, the study found that 48 % of the public believed that experts view about the risks 

associated with shale gas development are significantly high compared to 29 % who believed 

experts opinion on risks are low and 23 % of the participants were undecided due to lack of 

scientific consensus or mix messaging.  

 

To reduce the effects of polarization of expert opinion on public perception, studies have 

demonstrated the need to emphasize the strength of evidence about the issues, particularly 

when expert consensus does exist (Bolsen and Druckman, 2015; Cook, 2016; Maibach and van 

der Linden, 2016). For example, studies have revealed that ‘perceived expert consensus’ is a 

key factor/ driver of public perception. In a complex and uncertain situation, the public rely on 

experts for guidance and judgement (Cialdini et al., 2015; Panagopoulos and Harrison, 2016), 

particularly drawing conclusion from experts is perceived as socially adaptive, as “consensus 

generally suggests accuracy” (Albarracin et al., 2014). Studies have further demonstrated that 

people prefer to make their decision based on collective assessment of several experts (Mannes 

et al., 2014). As such embracing a consensus opinion based on the strength of credible scientific 

evidence can reduce the distortion of information (the study found that only 96 % of the 

participants/ public derive their information from non-scientific sources). Furthermore, studies 

have shown that miss information from ‘misleading media balance’ and sources of anecdotal 

testimony can alter the strength of scientific evidence even when consensus opinion has been 

reached by experts (Aklin and Urpelainen, 2014; Koehler, 2016). 
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Given the lack of consensus regarding shale gas development, it is critical to establish effective 

communication with the public and to understand the source of public information and how the 

information is processed by the public to make their decision. On the other hand, a large body 

of studies have demonstrated that people can oppose evidence or opinion that is contrary to 

their prior belief or worldview (Bolsen et al., 2014; Lewandowsky and Oberauer, 2016) For 

instance, the theory of cultural cognition predisposed that communicating scientific consensus 

about contested societal matters (especially towards science and the environment) will further 

exacerbate the polarization of attitude (Kahan et al., 2011; Van der Linden et al., 2017). Other 

studies have refuted this position and found that scientific consensus can shift public perception 

positively (Van der Linden et al., 2015; 2015a). 

8.5.4 RQ 4. To what extent does the public perception of shale gas 

development in South Africa compare with the US and the UK? 

The US social and environmental landscape favoured the development of shale gas resources 

transforming the energy and economy growth of the US amidst raising public concerns about 

the impacts of shale gas development (Metze, 2014; Jaspal & Nerlich, 2013; McGowan, 2014; 

Lis et al., 2015; Thomas et al., 2017a; Thomas et al., 2017b; Partridge et al., 2017). However, 

different political and social context have resulted in divergent public perceptions and 

responses in Europe particularly in the UK where early drilling activities of shale wells in the 

Blackpool area in 2011 triggered some level of induced seismicity/ small earthquakes 

(McGowan, 2014; Stephenson, 2016). The lack of public support and raising environmental 

for shale gas development in the UK is the main reason for the moratoria and policy reversals 

on exploration activities in the UK. For the most part of Europe, the social license to operate 

has proved to be difficult due to concerns regarding the impacts of shale gas development on 

the environment. The nature and lack of transparency of the fracking chemicals, extraction 

technique (hydraulic fracking) and historical negative legacy of oil and gas industry in 

degrading the environment makes the shale gas industry at variance with public acceptance in 

Europe. In addition, the shale resources in Europe are in areas with dense population unlike the 

shale plays in the US and Canada (Stephenson, 2016).  

This study revealed that the public perception about shale gas development in South Africa is 

divided between the potential economic benefits and the risks posed by the shale technology 

on the environment. The public weighed more on the cost of shale gas development than the 

benefits, with 56% of the participants opposed the development of shale gas on four major 
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grounds: contamination of groundwater by stray gas, excessive withdrawal of fresh water for 

shale gas activities, release of fugitive methane to the atmosphere and the long-term impact on 

the Karoo ecosystem.  

8.6 Review of the Findings 

This study proceeds as follows. Firstly, this study reviewed previous studies of risk perception 

and attitude towards shale gas development and highlighted the gaps in the literature. Secondly, 

the study presented the justification for the methodology utilized for the study. Thirdly, the 

result and implications are discussed including the limitations of the study and in the conclusion, 

the results of the study are summarized. 

1. There is evidence of association across the sociodemographic landscape of the Karoo 

regarding perception and responses to the risks and benefits of shale gas development. 

Positive relationships were found across the social groups, between Black and Coloured 

groups on one hand and White and Indian group on the other demonstrating a higher 

level of community cohesion, social identity, and wellbeing between these groups. 

These demonstrate the effectiveness of using cultural/ social identity in communicating 

information and siting the development of shale gas and interventions.  

 

2. The perception of experts in risk analysis and in supporting the development of shale 

gas development varies from the White and Indian groups but closely related to the 

Black and Coloured groups. 

 

3. There are uncertainties in the Karoo geology, these relate to the structural mechanism 

of hydrocarbon generation, accumulation. Studies suggest the lack of evidence 

regarding some aspect of impacts of shale gas development. However, emphasis will 

be centred to address these gaps in order to inform decision making. 

 

4. Perceptions of the risks and benefits of shale gas development is culturally important 

and differ according to the socio-cultural groups and geographical context.   

 

Key strategies to policy and practice should improve the evidence base of shale gas 

development, focus on adaptive framework that recognize the representation of the 

social groups in policy development, planning and development. 
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8.7 key Considerations and Implications 

This section presents the key considerations and synthesis of the findings, segregated into three 

dominant and interconnected (environmental, economic, and social elements of shale gas 

development) themes of sustainability. The themes form a complex layer of risks and concerns 

of shale gas development. This study presents unique perspective regarding the similarity and 

differences in expert and public perception of shale gas development. The experts, black and 

coloured participants acknowledged that shale gas development could support South Africa 

economic growth, generate jobs, provide access to affordable energy, and support the transition 

to energy independence and mediation of CO2 emissions. Consistent with the various scenario 

planning of shale gas development in the Karoo, the experts believed that the base case scenario 

will ultimately improve South Africa economic growth and energy security.   

Conversely, the White and Indian participants highlighted the risks to the environment related 

to surface and subsurface water contamination and excessive water withdrawals for shale gas 

activities which could further exacerbate the shortage of fresh water in the Karoo. These 

findings are consistent with existing studies in the UK (Whitmarsh et al., 2015) and US (Israel 

et al., 2015; Thomas et al., 2017). The value attached to economic growth, energy security on 

one hand and environmental risks on the other reflects the ambivalence in attitude and localized 

context of risk and benefits of shale gas development. The findings of this study indicates that 

individual perceptions about the risks and benefits of shale gas development is influenced by 

the subjective evaluation of factors that impacts individual lives and shared values of the 

community. Institutional distrust was highlighted as a significant predictor shaping the 

perception of participants across the White and Indian groups.  

8.8 Adaptive Policy and Management Practices 

Developing an energy policy is generally focused on a clear sustainability agenda and strategy 

to achieve a balance in the energy trilemma- environmental protection, economic effectiveness, 

and energy security. Evidence is growing of the global warming potential of energy sources 

and contribution to the disruption of the earth ecosystem. We understand that greener energy 

systems are associated with a range of positive and sustainability outcomes and the 

development of shale gas is recognized as a potential transition fuel to a green future.  To some 

degree, the range of impacts of shale gas development are recognized in literature, however, 

advances in shale technology and practice need to find ways in which policymakers and 
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regulators can meaningfully harness and develop the Karoo shales sustainably on the strength 

of best practices, evidence of science and greater benefit to society.  

This study builds on global experiences and in particular the perception of the shale industry. 

This study presented broad assessment of the potential pathways of risks posed by shale gas 

development and recommend the need to develop an adaptive or contextual mitigation plan to 

unintended environmental and socioeconomic disruptions.  

The need to conduct baseline strategic assessment of the social, economic, and environmental 

conditions in the planning phase in order to assess the extent to which emerging development 

when appraise against the baseline can be used to design appropriate mitigate strategies and 

accomplish the relevant socioeconomic and environmental objectives. Adopting the 

precautionary principle provide a logical path to developing the Karoo resource in a safe 

manner (Prpich and Coulon, 2018: Pietersen et al., 2021). 

8.9 Defining Hypotheses from the Study 

Empirical results from this study were used to formulate the following hypothesis.  

H1- risk perception bias is associated with ethnicity/ social groups. Black and Coloured 

demonstrated a low perception of risk, while White and Indian ethnic groups were concerned 

with high level of risk. Experts demonstrated less risk about shale gas development. This study 

hypothesize that perception of low risk correlates with strong support of shale gas development, 

conversely high risk correlates with opposition of shale gas development. 

H2- Variation of acceptability of shale gas development is supported by social identity. 

Similarities in responses between Black and Coloured groups. Similarities in responses 

between White and Indian groups.  

H3- trust in institutional performance evokes positive influence in attitude towards shale gas 

development. Verse Versa. 

8.10 Limitations of this Study 

The limitations of this current study highlight areas for strengthening future research. 

Firstly, the sample frame for the qualitative study utilized narrow inclusion criteria for data 

collection, future studies can broaden these criteria to include the broader community and 

relevant stakeholders/ interested parties (IP) of shale gas development in South Africa notably 
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environmentalist, oil and gas company representatives, regulatory agencies, and investors in 

shale gas development in the Karoo. 

Secondly, this study used survey data collected from one area of the broader population- 

Beaufort West. While the data was large enough to characterize the ethnic landscape of the 

Karoo. The scope and efficacy (generalization) of the findings was limited as it suffered from 

analysis focused on one area of the Karoo- Beaufort West. The findings of the current study 

might have been different if data collection was widespread to include more participants and 

larger Karoo/geographical space. This would have enhanced and improved the generalizable 

of the findings to the broader South Africa population, including provinces and municipalities. 

Fourthly, the qualitative and quantitative data collection was only conducted within a short/ 

limited period (3 months), this study may not have provided a holistic picture of behavioural 

changes in perception and the drawing of valid conclusions given that shale gas development 

is still at the nascent phase of development and under moratorium.  

Finally, the methodological context of this study could have been improved by employing a 

deliberative/ participative form of research methodology, using full-day workshops and focus 

group discussions that could illuminate a contextual understanding of factors considered most 

probable to influence the perception of people towards shale energy policy development. 

8.11 Closing the Knowledge Gaps 

This study identified several factors that shape expert and public perception, broadly classified 

as ‘independent variables’ characterized how shale gas development is perceived. The factors 

include contextual, objective knowledge, socioeconomic and environmental values/ views and 

reflects the multidimensional and complex nature of the forces shaping expert and public 

perception.  

The findings of this study are consistent with the outcome of Dignum et al. (2016). The 

different social groups in the Karoo and experts endorse and share the same procedural and 

substantive values (see Figs. 43 & 44). The proponent of shale gas development appeared 

contented with the current institutional frameworks while opponents of the shale gas 

development emphasized more stringent and restrictive conditions. With regards to distributive 

justice, both opponents and proponents expressed the need for equitable benefits and adequate 

compensation to local communities.  
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This study supports the premise that risk perception is a multidimensional and deliberative 

construct. It remained likely that all the participants and social groups arrived at different 

conclusions of risk perceptions. Although this study found that the risks are more or less 

important across the social groups with the weakest/ insignificant impacts consistent with the 

Black and Coloured groups and with the experiential spectrum of participants (i.e., experts). 

The strongest effects were acknowledged with the White and Indian groups. This study 

advocates the need to assign a probability value to the possible outcomes of shale gas 

development in order to assess if the potential risks are acceptable or not (outweighs the 

potential benefits or verse versa). A precautionary approach is supported in conditions where 

empirical evidence is inconclusive (Wareham and Nardini, 2015).  

Finally, this study found clear evidence supporting our fourth hypothesis that our more nuanced 

multidimensional measure of risk perception better predicted self-protective behavioural 

intentions across hazards, which is also consistent with earlier studies (Ferrer et al., 2016).  

Although deference to scientific enquiry, this study combines sociological theories and 

rigorous research methodologies to explore the underlying factors responsible for driving the 

social acceptability of shale gas development in South Africa. 

The findings support prior studies concerning the differences and ways in which experts and 

the public frame their perception about shale gas development (Krupnick, 2013; Thomas et al., 

2017; Howell, 2018). In general, the framing of perception is hinged on the balance between 

environmental concerns and economic benefits. The study found that public perception is 

broadly subjective, influenced by a range of sociological and contextual factors in contrast to 

experts’ perception which is largely empirical and drawn from technical/ scientific experience. 

The study revealed the differing attitude across cultures with distinct individualist worldviews 

including empirical evidence to support the role of trust, stakeholder engagement, social 

representation plays in influencing the social acceptability of shale gas development. This study 

argued that policymaking about shale gas development in South Africa would need to focus on 

the complex social processes and structures responsible for shaping the behaviours of 

individuals and ethnic groups. 

Two elements of social processes were identified in the study as contributing to future empirical 

and theoretical work: (a) social representation, which refers to the quality of social integration 

in decision making and (b) social support, which relates to the sustaining quality of social 

license to operate. In conclusion, the study discusses the relevance of theory and research in 
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constructing technological niche according to current socio-demographic trends and public 

policy concerns. Future research is required to explore the contextualization and evolution of 

these social constructs in time, as the debate about the development of shale gas progressed in 

South Africa.  

8.12 Recommendations and Areas for Further Research 

As in any rigorous research endeavour, additional enquiries and questions are raised and made 

more compelling by new insight and empirical findings generated from the study. The section 

below highlights some areas for future research.  

Further areas for future study are presented below: 

 

1. Future studies could explore the applicability of the measures of risk perception used 

in this study about shale gas development at different temporal and spatial settings to 

better understand the sensitivity of the risks and variation of impacts across the groups.  

 

2. Given that the experts in this current study identified the potential pathways for 

contamination. However, the public (understanding) did not provide any distinction 

between the risk from direct shale gas activities and those derived from the extraneous 

situation. A new study needs to further explore the potential risks, research the 

mitigations, and best practices to further diminish the potential risks and uncertainties 

from a subset of the pathways. 

3. Another area for further studies should be focused on a better understanding of the cost 

and benefits of shale gas development to local communities. Examine how to maximise 

the cumulative benefits concerning mitigating the impact of boomtown effects, present 

a critical step toward making shale gas development, viable, sustainable, and socially 

acceptable to the local community.  

4. Several emerging subjects have yet to be explored to fully characterize the potential 

impact on human health and habitat fragmentation.   

5. The current study took a broader look at the perception regarding regulatory and 

resource governance, however, important questions emerged about the role local/ social 

representation plays to enhance public trust and decision making.   
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6. It is valuable to further explore and monitor the underlying factors shaping expert and 

public perception from the longitudinal point of view as a predictor to align public 

perception to policy-making and social representation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



188 

 

References 
 

Aarnes, I., Svensen, H., Polteau, S. and Planke, S., 2011. Contact metamorphic devolatilization 

of shales in the Karoo Basin, South Africa, and the effects of multiple sill intrusions. Chemical 

Geology, 281(3-4), pp.181-194. 

 

Abrahamse, W. and Steg, L., 2009. How do socio-demographic and psychological factors relate 

to households’ direct and indirect energy use and savings?. Journal of economic psychology, 

30(5), pp.711-720. 

 

Abramzon, S., Samaras, C., Curtright, A., Litovitz, A. and Burger, N., 2014. Estimating the 

consumptive use costs of shale natural gas extraction on Pennsylvania roadways. Journal of 

Infrastructure Systems, 20(3), p.06014001. 

 

Academy of Science of South Africa, 2019. Consultative Workshop on the Shale Gas Science 

Action Plan for South Africa, 14-15 March 2019. 

 

Adams, S., Titus, R., Pieterson, K., Tredoux, G., Harris, C., 2001. Hydrochemical 

characteristics of aquifers near Sutherland in the Western Karoo, South Africa. Journal of 

Hydrology, 241: 91-103. 

Adenle, A.A., Azadi, H. and Arbiol, J., 2015. Global assessment of technological innovation 

for climate change adaptation and mitigation in developing world. Journal of environmental 

management, 161, pp.261-275. 

Adeola, F.O., 2004. Environmentalism and risk perception: Empirical analysis of black and 

white differentials and convergence. Society and Natural Resources, 17(10), pp.911-939. 

Adger, W.N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, I., Nelson, D.R., Naess, L.O., 

Wolf, J. and Wreford, A., 2009. Are there social limits to adaptation to climate change?. 

Climatic change, 93(3-4), pp.335-354. 

 

Aerts, J.C., Botzen, W.J., Clarke, K.C., Cutter, S.L., Hall, J.W., Merz, B., Michel-Kerjan, E., 

Mysiak, J., Surminski, S. and Kunreuther, H., 2018. Integrating human behaviour dynamics 

into flood disaster risk assessment. Nature Climate Change, 8(3), pp.193-199. 

 

Aggelen, A.V., 2016, April. Functional Barrier Model-A Structured Approach To Barrier 

Analysis. In SPE international conference and exhibition on health, safety, security, 

environment, and social responsibility. Society of Petroleum Engineers. 

 

Agrawal, V. and Sharma, S., 2020. Are we modeling the properties of unconventional shales 

correctly?. Fuel, 267, p.117316. 

 

Aguilera, R.F. and Radetzki, M., 2014. The shale revolution: Global gas and oil markets under 

transformation. Mineral Economics, 26(3), pp.75-84. 

 

Aguilera, R.F., 2014. Production costs of global conventional and unconventional 

petroleum. Energy Policy, 64, pp.134-140. 



189 

 

Agyeman, J. and Evans, B., 2004. ‘Just sustainability’: the emerging discourse of 

environmental justice in Britain?. Geographical Journal, 170(2), pp.155-164. 

 

Ailin, J., Yunsheng, W. and Yiqiu, J., 2016. Progress in key technologies for evaluating marine 

shale gas development in China. Petroleum Exploration and Development, 43(6), pp.1035-

1042. 

 

Aird, P., 2018. Deepwater Drilling: Well Planning. Design, Engineering, Operations, and 

Technology Application. Gulf Professional Publishing. 

 

Aitken, M., 2010. Why we still don’t understand the social aspects of wind power: A critique 

of key assumptions within the literature. Energy policy, 38(4), pp.1834-1841. 

 

Ajzen, I. and Fishbein, M., 1977. Attitude-behavior relations: A theoretical analysis and review 

of empirical research. Psychological bulletin, 84(5), p.888. 

 

Aklin, M. and Urpelainen, J., 2014. Perceptions of scientific dissent undermine public support 

for environmental policy. Environmental Science & Policy, 38, pp.173-177. 

Al Ramadan, M., Salehi, S., Ezeakacha, C. and Teodoriu, C., 2019. Analytical and 

Experimental Investigation of the Critical Length in Casing–Liner 

Overlap. Sustainability, 11(23), p.6861. 

 

Albarracin, D., Johnson, B.T. and Zanna, M.P. eds., 2014. The handbook of attitudes. 

Psychology Press. 

Alcorn, J., Rupp, J. and Graham, J.D., 2017. Attitudes toward “fracking”: Perceived and actual 

geographic proximity. Review of Policy Research, 34(4), pp.504-536. 

Aldous, J., Durkheim, E. and Tonnies, F., 1972. An exchange between Durkheim and Tonnies 

on the nature of social relations, with an introduction by Joan Aldous. American Journal of 

Sociology, 77(6), pp.1191-1200. 

 

Alexander, T., Baihly, J., Boyer, C., Clark, B., Waters, G., Jochen, V., Calvez, J.L., Lewis, R., 

Miller, C.K., Thaeler, J. and Toelle, B.E., 2011. Shale gas revolution: Oilfield Review 

Autumn. Schlumberger, 23, pp.40-55. 

 

Alexeev, M. and Chih, Y.Y., 2021. Energy price shocks and economic growth in the US: A 

state-level analysis. Energy Economics, p.105242. 

 

Allcott, H. and Keniston, D., 2018. Dutch disease or agglomeration? The local economic 

effects of natural resource booms in modern America. The Review of Economic Studies, 85(2), 

pp.695-731. 

 

Altieri, K., Trollip, H., Caeteno, T., Hughes, A., Merven, B., & Winkler, H. 2015. Pathways to 

Deep Decarbanization in South Africa. Sustainable Development Solutions Network (SDSN) 

and Institute for Sustainable Development and International Relations (SDIR).  

Available: http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf. 

 

Alton, T., Arndt, C., Davies, R., Hartley, F., Makrelov, K., Thurlow, J. and Ubogu, D., 2014. 

Introducing carbon taxes in South Africa. Applied Energy, 116, pp.344-354. 

http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf


190 

 

 

Amineh, R.J. and Asl, H.D., 2015. Review of constructivism and social constructivism. Journal 

of Social Sciences, Literature and Languages, 1(1), pp.9-16. 

 

Aminto A, Olson MS. 2012. Four-compartment partition model of hazardous components in 

hydraulic fracturing fluid additives. J Nat Gas Sci Eng7:16-21. 

 

Anderson, A.A., Scheufele, D.A., Brossard, D. and Corley, E.A., 2012. The role of media and 

deference to scientific authority in cultivating trust in sources of information about emerging 

technologies. International Journal of Public Opinion Research, 24(2), pp.225-237. 

 

Anderson-Berry, L.J., 2003. Community vulnerability to tropical cyclones: Cairns, 1996–2000. 

Natural Hazards, 30(2), pp.209-232. 

Andreasson, S., 2018. The bubble that got away? Prospects for shale gas development in South 

Africa. The Extractive Industries and Society, 5(4), pp.453-460. 

 

Andreasson, S., 2019. The Impact of the United States Energy Revolution and Decarbonisation 

on Energy Markets in Africa. In Value Chains in Sub-Saharan Africa (pp. 133-148). Springer, 

Cham. 

 

Andrews, E. and McCarthy, J., 2014. Scale, shale, and the state: Political ecologies and legal 

geographies of shale gas development in Pennsylvania. Journal of Environmental Studies and 

Sciences, 4(1), pp.7-16. 

Andrews, T., 2012. What is social constructionism? Grounded theory review, 11(1). 

 

Annett, A., 2006. Enforcement and the stability and growth pact: how fiscal policy did and did 

not change under Europe's fiscal framework. 

 

Annevelink, M.P.J.A., Meesters, J.A.J. and Hendriks, A.J., 2016. Environmental contamination 

due to shale gas development. Science of the Total Environment, 550, pp.431-438. 

 

Apergis, N., Ewing, B.T. and Payne, J.E., 2021. The asymmetric relationship of oil prices and 

production on drilling rig trajectory. Resources Policy, 71, p.101990. 

 

Apergis, N., Mustafa, G. and Dastidar, S.G., 2021. An analysis of the impact of unconventional 

oil and gas activities on public health: New evidence across Oklahoma counties. Energy 

Economics, 97, p.105223. 

 

Arata, C.M., Picou, J.S., Johnson, G.D. and McNally, T.S., 2000. Coping with technological 

disaster: An application of the conservation of resources model to the Exxon Valdez oil 

spill. Journal of Traumatic Stress: Official Publication of The International Society for 

Traumatic Stress Studies, 13(1), pp.23-39. 

 

Arrighi, G., 1994. The long twentieth century: Money, power, and the origins of our times. 

verso. 

 

Arutyunov, V.S. and Lisichkin, G.V., 2017. Energy resources of the 21st century: problems and 

forecasts. Can renewable energy sources replace fossil fuels?. Russian Chemical Reviews, 

86(8), p.777. 



191 

 

Aryee, F., Szolucha, A., Stretesky, P.B., Short, D., Long, M.A., Ritchie, L.A. and Gill, D.A., 

2020. Shale Gas Development and Community Distress: Evidence from England. International 

Journal of Environmental Research and Public Health, 17(14), p.5069. 

 

Assael, H., 1995. Consumer behavior and marketing action. Cincinnati, Ohio : South-Western 

College publishing. 

 

Atkinson, D., 2021. Preparing for the worst: South African municipalities’ readiness to manage 

disasters related to potential shale gas mining. International Journal of Disaster Risk Reduction, 

p.102537. 

 

Atkinson, D., 2018. Fracking in a fractured environment: Shale gas mining and institutional 

dynamics in South Africa’s young democracy. The Extractive Industries and Society, 5(4), 

pp.441-452. 

 

 

Atkinson, D., Myles, P. and Africa, T., 2013. An Airport in the Central Karoo. The Regional 

Impact of the Karoo Gateway Airport, Centre for Development Support, University of the Free 

State. 

 

Atkinson, D., Schenk, R., Matebesi, Z., Badenhorst, K., Umejesi, I. and Pretorius, L., 2016. 

Impacts on social fabric. Scholes, R., Lochner, P., Schreiner, G., Snyman-Van der Walt, L. and 

de Jager, M.(eds.). 

Atkinson, S., Bagnall, A.M., Corcoran, R., South, J. and Curtis, S., 2020. Being well together: 

individual subjective and community wellbeing. Journal of Happiness Studies, 21(5), pp.1903-

1921. 

Atkinson, G., Assatourians, K., Cheadle, B. and Greig, W. 2015. Ground Motions from Three 

Recent Earthquakes in Western Alberta and Northeastern British Columbia and Their 

Implications for Induced Seismicity Hazard in Eastern Regions, Seismological Research 

Letters, 86, 3, 1-10 

Aucott, M.L. and Melillo, J.M., 2013. A preliminary energy return on investment analysis of 

natural gas from the Marcellus shale. Journal of Industrial Ecology, 17(5), pp.668-679. 

Auty, R.M. and Gelb, A.H., 2001. Political economy of resource-abundant states. Resource 

abundance and economic development, pp.126-44. 

 

Auty, R.M., 2000. How natural resources affect economic development. Development Policy 

Review, 18(4), pp.347-364. 

 

Aven, T., 2011. On the new ISO guide on risk management terminology. Reliability 

engineering and System safety, 96(7), pp.719-726. 

 

Aven, T., 2016. Risk assessment and risk management: Review of recent advances on their 

foundation. European Journal of Operational Research, 253(1), pp.1-13. 

 

Aven, T., Renn, O. and Rosa, E.A., 2011. On the ontological status of the concept of risk. Safety 

Science, 49(8-9), pp.1074-1079. 

 



192 

 

Axon, S. and Morrissey, J., 2020. Just energy transitions? Social inequities, vulnerabilities and 

unintended consequences. Buildings and Cities, 1(1). 

 

Azungah, T., 2018. Qualitative research: deductive and inductive approaches to data analysis. 

Qualitative Research Journal. 

 

Bäckstrand, K., 2003. Civic science for sustainability: reframing the role of experts, policy-

makers and citizens in environmental governance. Global Environmental Politics, 3(4), pp.24-

41. 

Badeeb, R.A., Lean, H.H. and Clark, J., 2017. The evolution of the natural resource curse thesis: 

A critical literature survey. Resources Policy, 51, pp.123-134. 

 

Baihly, J.D., Altman, R.M., Malpani, R. and Luo, F., 2010, January. Shale gas production 

decline trend comparison over time and basins. In SPE annual technical conference and 

exhibition. Society of Petroleum Engineers. 

Baihly, J.D., Malpani, R., Altman, R., Lindsay, G. and Clayton, R., 2015, July. Shale gas 

production decline trend comparison over time and basins revisited. In Unconventional 

Resources Technology Conference, San Antonio, Texas, 20-22 July 2015 (pp. 1080-1107). 

Society of Exploration Geophysicists, American Association of Petroleum Geologists, Society 

of Petroleum Engineers. 

Baines J, Taylor CN, Vanclay F. 2013. Social impact assessment and ethical social research 

principles: ethical professional practice in impact assessment Part II. Impact Assess Proj 

Appraisal. 31(4):254– 260. 

 

Baiyegunhi, C. and Gwavava, O., 2017. Magnetic investigation and 2½ D gravity profile 

modelling across the Beattie magnetic anomaly in the southeastern Karoo Basin, South Africa. 

Acta Geophysica, 65(1), pp.119-138. 

Baiyegunhi, C., Liu, K. and Gwavava, O., 2017. Diagenesis and reservoir properties of the 

Permian Ecca Group sandstones and mudrocks in the Eastern Cape Province, South 

Africa. Minerals, 7(6), p.88. 

 

Baiyegunhi, C., Liu, K., Wagner, N., Gwavava, O. and Oloniniyi, T.L., 2018. Geochemical 

evaluation of the Permian Ecca shale in Eastern Cape Province, South Africa: implications for 

shale gas potential. Acta Geologica Sinica‐English Edition, 92(3), pp.1193-1217. 

Baka, J., Hesse, A., Neville, K.J., Weinthal, E. and Bakker, K., 2020. Disclosing Influence: 

Hydraulic fracturing, interest groups, and state policy processes in the United States. Energy 

Research & Social Science, 70, p.101734. 

Baker, L., Burton, J., Godinho, C & Trollip, H. 2015. The political economy of decarbonisation: 

Exploring the dynamics of South Africa’s electricity sector. Energy Research Centre, 

University of Cape Town, Cape Town. 

Baker, S. E., & Edwards, R., 2012. How many qualitative interviews is enough? Expert voices 

and early career reflections on sampling and cases in qualitative research. (National Centre for 

Research Methods Reviews). National Centre for Research Methods. 

Baldwin, E., 2019. Exploring how institutional arrangements shape stakeholder influence on 



193 

 

policy decisions: A comparative analysis in the energy sector. Public Administration 

Review, 79(2), pp.246-255. 

 

Ballard, R., Habib, A., Valodia, I. and Zuern, E., 2005. Globalization, marginalization and 

contemporary social movements in South Africa. African Affairs, 104(417), pp.615-634. 

 

Ballentine, C.J., Burgess, R., Marty, B., 2002. Tracing fluid origin, transport and interaction in 

the crust. In: Porcelli, D., Ballentine, C.J., Wieler, R. (Eds.), Noble Gases in Geochemistry and 

Cosmochemistry. Reviews in Mineralogy & Geochemistry, pp. 539- 614. 

Bamford, M., 2016. Palaeontological Impact Assessment for the proposed CSP and PV plants 

on the farm Sand Draai, near Groblershoop, Northern Cape Province. 

 

Barbosa, F., Bresciani, G., Graham, P., Nyquist, S. and Yanosek, K., 2020. Oil and gas after 

COVID-19: The future of liquefied natural gas: Opportunities for growth. McKinsey & 

Company, September 21, p.2020. 

 

Barteau, M. and Kota, S., 2014. Shale Gas: A Game Changer for US, Manufacturing. Ann Arbor, 

MI: University of Michigan. July. http://energy. umich. edu/sites/default/files/PDF% 20Shale% 

20Gas% 20FINAL% 20web% 20version. pdf. 

Baum, C.M. and Gross, C., 2017. Sustainability policy as if people mattered: developing a 

framework for environmentally significant behavioral change. Journal of Bioeconomics, 19(1), 

pp.53-95. 

Baumeister, R.F. and Vohs, K.D., 2007. Encyclopedia of social psychology (Vol. 1). Sage. 

Beauchampet, I. and Walsh, B., 2021. Energy citizenship in the Netherlands: The complexities 

of public engagement in a large-scale energy transition. Energy Research & Social Science, 76, 

p.102056. 

 

Beck, U. 1992a. Risk Society: Towards a New Modernity. London: Sage Publications. 

Beck, U., 1992. From industrial society to the risk society: Questions of survival, social 

structure, and ecological enlightenment. Theory, culture & society, 9(1), pp.97-123. 

Beck, U., Lash, S. and Wynne, B., 1992. Risk society: Towards a new modernity (Vol. 17). 

sage. 

Becker, S., Bögel, P. and Upham, P., 2021. The role of social identity in institutional work for 

sociotechnical transitions: The case of transport infrastructure in Berlin. Technological 

Forecasting and Social Change, 162, p.120385. 

Beckley, T.M., 2017. Energy and the Rural Sociological Imagination. Journal of Rural Social 

Sciences, 32(2), p.4. 

 

Beckwith, R., 2011. Proppants: where in the world. Journal of Petroleum Technology, 63(04), 

pp.36-41. 

Beierle, T.C., 1999. Using social goals to evaluate public participation in environmental 

decisions. Review of Policy Research, 16(3‐4), pp.75-103. 



194 

 

 

Bekhet, H.A. and Latif, N.W.A., 2018. The impact of technological innovation and governance 

institution quality on Malaysia's sustainable growth: Evidence from a dynamic 

relationship. Technology in Society, 54, pp.27-40. 

 

Belica, M.E., Tohver, E., Poyatos-Moré, M., Flint, S., Parra-Avila, L.A., Lanci, L., Denyszyn, 

S. and Pisarevsky, S.A., 2017. Refining the chronostratigraphy of the Karoo Basin, South 

Africa: magnetostratigraphic constraints support an Early Permian age for the Ecca 

Group. Geophysical Journal International, 211(3), pp.1354-1374. 

 

Bell, D., Gray, T. and Haggett, C., 2005. The ‘social gap’in wind farm siting decisions: 

explanations and policy responses. Environmental politics, 14(4), pp.460-477. 

Bentham, J., 2014. The scenario approach to possible futures for oil and natural gas. Energy 

Policy, 64, pp.87-92. 

Bergek, A., Jacobsson, S., Carlsson, B., Lindmark, S. and Rickne, A., 2008. Analyzing the 

functional dynamics of technological innovation systems: A scheme of analysis. Research 

policy, 37(3), pp.407-429. 

 

Bergquist, P., Ansolabehere, S., Carley, S. and Konisky, D., 2020. Backyard voices: how sense 

of place shapes views of large-scale energy transmission infrastructure. Energy Research & 

Social Science, 63, p.101396. 

Berner, R.A., 2002. Examination of hypotheses for the Permo–Triassic boundary extinction by 

carbon cycle modeling. Proceedings of the National Academy of Sciences, 99(7), pp.4172-

4177. 

Besley, J.C. and McComas, K.A., 2015. Something old and something new: Comparing views 

about nanotechnology and nuclear energy. Journal of Risk Research, 18(2), pp.215-231. 

 

Bickerstaff, K. and Walker, G., 2001. Public understandings of air pollution: the ‘localisation’of 

environmental risk. Global environmental change, 11(2), pp.133-145. 

Bickerstaff, K., 2004. Risk perception research: socio-cultural perspectives on the public 

experience of air pollution. Environment international, 30(6), pp.827-840. 

 

Bigler, R.S. and Liben, L.S., 2007. Developmental intergroup theory: Explaining and reducing 

children's social stereotyping and prejudice. Current Directions in Psychological Science, 16(3), 

pp.162-166. 

 

Bijker, W.E., Hughes, T.P. and Pinch, T. eds., 2012. The social construction of technological 

systems: New directions in the sociology and history of technology. MIT press. 

 

Bird, D.K., 2009. The use of questionnaires for acquiring information on public perception of 

natural hazards and risk mitigation–a review of current knowledge and practice. Natural 

Hazards and Earth System Sciences, 9(4), pp.1307-1325. 

Birdsell, D.T., Rajaram, H., Dempsey, D. and Viswanathan, H.S., 2015. Hydraulic fracturing 

fluid migration in the subsurface: A review and expanded modeling results. Water Resources 



195 

 

Research, 51(9), pp.7159-7188. 

 

Bishop, P., Persaud, E., Levison, J., Parker, B. and Novakowski, K., 2020. Inferring flow 

pathways between bedrock boreholes using the hydraulic response to borehole liner 

installation. Journal of Hydrology, 580, p.124267. 

 

Black, D.E., 2015. Stratigraphic characterisation of the Collingham Formation in the context 

of shale gas from a borehole (SFT 2) near Jansenville, Eastern Cape, South Africa (Doctoral 

dissertation, Nelson Mandela Metropolitan University). 

Blaikie, N. and Priest, J., 2019. Designing social research: The logic of anticipation. John Wiley 

and Sons. 

 

Blouet, J.P., Imbert, P., Foubert, A., Ho, S. and Dupont, G., 2021. From seep carbonates down 

to petroleum systems: An outcrop study from the southeastern France Basin. AAPG Bulletin, 

105(5), pp.1033-1064. 

 

Boaventura, J.M.G., Bosse, D.A., de Mascena, K.M.C. and Sarturi, G., 2020. Value distribution 

to stakeholders: The influence of stakeholder power and strategic importance in public firms. 

Long Range Planning, 53(2), p.101883. 

Bob, C., 2018. MSocial Movements and Transnational Context: Institutions, Strategies, and 

Conflicts. N In. The Wiley Blackwell Companion to Social Movements, p.115. 

 

Bögel, P., Upham, P. and Castro, P., 2019. Thinking about the differing contributions of (social) 

psychology and sociology for understanding sociotechnical transitions perspectives on energy 

supply and use, Tecnoscienza-Crossing Boundaries Spec. Issue ‘Connecting Dots Mult. 

Perspect. Socio-Technical Transit. Soc. Pract, 9, pp.178-191. 

 

Bögel, P.M. and Upham, P., 2018. Role of psychology in sociotechnical transitions studies: 

Review in relation to consumption and technology acceptance. Environmental Innovation and 

Societal Transitions, 28, pp.122-136. 

 

Boholm, A. and Lofstedt, R.E. eds., 2013. Facility Siting:" Risk, Power and Identity in Land 

Use Planning". Routledge. 

Boholm, A., 1998. Comparative studies of risk perception: a review of twenty years of research. 

Journal of risk research, 1(2), pp.135-163. 

 

Bolsen, T. and Druckman, J.N., 2015. Counteracting the politicization of science. Journal of 

Communication, 65(5), pp.745-769. 

Bolsen, T., Druckman, J.N. and Cook, F.L., 2014. The influence of partisan motivated 

reasoning on public opinion. Political Behavior, 36(2), pp.235-262. 

Booysen, L. A., 2013. Societal power shifts and changing social identities in South Africa: 

workplace implications. South African Journal of Economic and Management Sciences., 10 (1) 

https://doi.org/https://doi.org/10.4102/sajems.v10i1.533 

 

Booysen, L., 2007. Societal power shifts and changing social identities in South Africa: 

Workplace implications. South African Journal of Economic and Management Sciences, 10(1), 

https://doi.org/https:/doi.org/10.4102/sajems.v10i1.533


196 

 

pp.1-20. 

 

Booysen, L., Nkomo, S. and Beaty, D., 2002. Breaking through the numbers game: High impact 

diversity. Management Today, 18(9), pp.22-24. 

 

Bornman, E. and Appelgryn, A.E., 1999. Predictors of ethnic identification in a transitionary 

South Africa. South African Journal of Psychology, 29(2), pp.62-71. 

 

Bornman, E. and Mynhardt, J.C., 1991. Social identity and intergroup contact in South Africa 

with specific reference to the work situation. Genetic, social, and general psychology 

monographs. 

 

Bottom, T., 2020. Not Just a Canadian Phenomenon. Litigation, 1(10), pp.11-20. 

Boudet, H., Bugden, D., Zanocco, C., & Maibach, E., 2016. The effect of industry activities on 

public support for “fracking.” Environmental Politics, 25(4), 593– 612. 

Boudet, H., Clarke, C., Bugden, D., Maibach, E., Roser-Renouf, C. and Leiserowitz, A., 2014. 

“Fracking” controversy and communication: Using national survey data to understand public 

perceptions of hydraulic fracturing. Energy Policy, 65, pp.57-67. 

 

Boudet, H.S., 2019. Public perceptions of and responses to new energy technologies. nature 

energy, 4(6), pp.446-455. 

 

Boudet, H.S., Zanocco, C.M., Howe, P.D. and Clarke, C.E., 2018. The effect of geographic 

proximity to unconventional oil and gas development on public support for hydraulic 

fracturing. Risk Analysis, 38(9), pp.1871-1890. 

 

Bowman, N.A., 2011. Promoting participation in a diverse democracy: A meta-analysis of 

college diversity experiences and civic engagement. Review of Educational Research, 81(1), 

pp.29-68. 

Boyer, C., Clark, B., Jochen, V., Lewis, R. and Miller, C.K., 2011. Shale gas: A global resource. 

Oilfield review, 23(3), pp.28-39. 

Boyer, C., Kieschnick, J., Suarez-Rivera, R., Lewis, R.E. and Waters, G., 2006. Producing gas 

from its source. Oilfield review, 18(3), pp.36-49. 

Boyer, E.W., Swistock, B.R., Clark, J., Madden, M. and Rizzo, D.E., 2012. The impact of 

Marcellus gas drilling on rural drinking water supplies. Center for Rural Pennsylvania. 

 

Boyd, A.D. and Paveglio, T.B., 2015. " Placing" Energy Development in a Local Context: 

Exploring the Origins of Rural Community Perspectives. Journal of Rural and Community 

Development, 10(2). 

 

Boykoff, M.T. and Boykoff, J.M., 2004. Balance as bias: Global warming and the US prestige 

press. Global environmental change, 14(2), pp.125-136. 

 

Bradbury, J., Ray, I., Peterson, T., Wade, S., Wong-Parodi, G. and Feldpausch, A., 2009. The 

role of social factors in shaping public perceptions of CCS: Results of multi-state focus group 

interviews in the US. Energy Procedia, 1(1), pp.4665-4672. 



197 

 

 

Bradley, E.H., Curry, L.A. and Devers, K.J., 2007. Qualitative data analysis for health services 

research: developing taxonomy, themes, and theory. Health services research, 42(4), pp.1758-

1772. 

 

Brady, W.J., 2012. Hydraulic Fracturing Regulation in the United States: The Laissex-Faire 

Approach of the Federal Government and Varying State Regulations. Denver, CO: University 

of Denver. 

 

Braendle, C., Lis, A., Fleischer, T., Evensen, D. & Mastop, J., 2017. Prerequisites for a social 

licence to operate in the (shale)gas industries. M4ShaleGas Deliverable 17.2. 

 

Branch, T., Ritter, O., Weckmann, U., Sachsenhofer, R.F. and Schilling, F., 2007. The Whitehill 

Formation–a high conductivity marker horizon in the Karoo Basin. South African Journal of 

Geology, 110(2-3), pp.465-476. 

 

Brasier, K. J., Filteau, M. R., McLaughlin, D. K., Jacquet, J. B., Stedman, R. C., Kelsey, T. W., 

& Goetz, S. J., 2011. Residents' perceptions of community and environmental impacts from 

development of natural gas in the Marcellus Shale: A comparison of Pennsylvania and New 

York cases. Journal of Rural Social Sciences, 26(1), 32– 61. 

Brasier, K.J., McLaughlin, D.K., Rhubart, D., Stedman, R.C., Filteau, M.R. and Jacquet, J., 

2013. Risk perceptions of natural gas development in the Marcellus Shale. Environmental 

Practice, 15(2), pp.108-122. 

Braun, C., 2017. Not in my backyard: CCS sites and public perception of CCS. Risk Analysis, 

37(12), pp.2264-2275. 

Braun, V. and Clarke, V., 2006. Using thematic analysis in psychology. Qualitative research in 

psychology, 3(2), pp.77-101. 

Braun, V. and Clarke, V., 2013. Successful qualitative research: A practical guide for beginners. 

sage. 

 

Braun, V. and Clarke, V., 2019. To saturate or not to saturate? Questioning data saturation as a 

useful concept for thematic analysis and sample-size rationales. Qualitative Research in Sport, 

Exercise and Health, pp.1-16. 

Breakwell, G.M., 2015. Coping with threatened identities. Psychology Press. 

 

Brenot, J., Bonnefous, S. and Marris, C., 1998. Testing the cultural theory of risk in France. 

Risk analysis, 18(6), pp.729-739. 

Brewer, P.R. and Ley, B.L., 2013. Whose science do you believe? Explaining trust in sources 

of scientific information about the environment. Science Communication, 35(1), pp.115-137. 

 

Brinkman, J.T. and Hirsh, R.F., 2017. Welcoming wind turbines and the PIMBY ("Please in 

My Backyard") phenomenon: the culture of the machine in the rural American midwest. 

Technology and culture, 58(2), pp.335-367. 

British Geological Survey, 2013 Hydraulic Fracturing and Induced Seismicity. 



198 

 

http://earthquakes.bgs.ac.uk/research/FrackingInducedSeismicity.html accessed 6th May 2021. 

Broderick, J., Anderson, K., Wood, R., Gilbert, P., Sharmina, M., Footitt, A., Glynn, S. and 

Nicholls, F., 2011. Shale gas: an updated assessment of environmental and climate change 

impacts. A report commissioned by The Co-operative and undertaken by researchers at the 

Tyndall Centre. University of Manchester. 

Bronfenbrenner, U., 1979. The ecology of human development. Harvard university press. 

 

Bronfman, N.C. and Vázquez, E.L., 2011. A cross‐cultural study of perceived benefit versus 

risk as mediators in the trust‐acceptance relationship. Risk Analysis: An International Journal, 

31(12), pp.1919-1934. 

Bronfman, N.C., Jiménez, R.B., Arévalo, P.C. and Cifuentes, L.A., 2012. Understanding social 

acceptance of electricity generation sources. Energy policy, 46, pp.246-252. 

 

Broto, V.C., Baptista, I., Kirshner, J., Smith, S. and Alves, S.N., 2018. Energy justice and 

sustainability transitions in Mozambique. Applied Energy, 228, pp.645-655. 

 

Brown, J.P., 2014. Production of natural gas from shale in local economies: a resource blessing 

or curse. Economic Review, 99(1), pp.119-147. 

 

Brown, A., 2009. Equality of Welfare. In Ronald Dworkin’s Theory of Equality (pp. 28-49). 

Palgrave Macmillan, London. 

 

Brown, J.P., 2014. Production of natural gas from shale in local economies: a resource blessing 

or curse?. Economic Review, 99(1), pp.119-147. 

 

Brown, R., Hinkle, S., Ely, P.G., Fox‐Cardamone, L., Maras, P. and Taylor, L.A., 1992. 

Recognizing group diversity: Individualist‐collectivist and autonomous‐relational social 

orientations and their implications for intergroup processes. British journal of social 

psychology, 31(4), pp.327-342. 

 

Bruner, K.R. and Smosna, R. 2011. A Comparative Study of the Mississippian Barnett Shale, 

Fort Worth Basin, and Devonian Marcellus Shale, Appalachian Basin. National Energy 

Technology Laboratory Rep., DOE/NETL-2011/1478. 

Brunnschweiler, C.N., 2008. Cursing the blessings? Natural resource abundance, institutions, 

and economic growth. World development, 36(3), pp.399-419. 

Bryman, A., 2008. The end of the paradigm wars. The SAGE handbook of social research 

methods, pp.13-25. 

 

Bryson, John M., Kathryn S. Quick, Carissa Slotterback, and Barbara C. Crosby. 2013. 

Designing Public Participation Processes. Public Administration Review 73(1): 23–34. 

 

Bucchi, M. and Neresini, F., 2008. 19 Science and Public Participation. The handbook of 

science and technology studies, p.449. 

Bugden, D. and Stedman, R., 2019. Rural landowners, energy leasing, and patterns of risk and 

inequality in the shale gas industry. Rural Sociology, 84(3), pp.459-488. 

http://earthquakes.bgs.ac.uk/research/FrackingInducedSeismicity.html


199 

 

Bugden, D., Evensen, D. and Stedman, R., 2017. A drill by any other name: Social 

representations, framing, and legacies of natural resource extraction in the fracking industry. 

Energy Research & Social Science, 29, pp.62-71. 

Bugden, D., Kay, D., Glynn, R. and Stedman, R., 2016. The bundle below: Understanding 

unconventional oil and gas development through analysis of lease agreements. Energy Policy, 

92, pp.214-219. 

Buhaug, H. and Urdal, H., 2013. An urbanization bomb? Population growth and social disorder 

in cities. Global environmental change, 23(1), pp.1-10. 

Bulmer, M. ed., 2004. Question Construction. Sage. 

Bunch, A.G., Perry, C.S., Abraham, L., Wikoff, D.S., Tachovsky, J.A., Hixon, J.G., Urban, J.D., 

Harris, M.A. and Haws, L.C., 2014. Evaluation of impact of shale gas operations in the Barnett 

Shale region on volatile organic compounds in air and potential human health risks. Science of 

the total environment, 468, pp.832-842. 

Burke, M.J. and Stephens, J.C., 2018. Political power and renewable energy futures: A critical 

review. Energy Research & Social Science, 35, pp.78-93. 

Burke, N.J., Joseph, G., Pasick, R.J. and Barker, J.C., 2009. Theorizing social context: 

Rethinking behavioral theory. Health Education and Behavior, 36(5_suppl), pp.55S-70S. 

 

Burnham, A., Han, J., Clark, C.E., Wang, M., Dunn, J.B. and Palou-Rivera, I., 2012. Life-cycle 

greenhouse gas emissions of shale gas, natural gas, coal, and petroleum. Environmental science 

and technology, 46(2), pp.619-627. 

 

Burningham, K., Barnett, J. and Walker, G., 2015. An array of deficits: unpacking NIMBY 

discourses in wind energy developers' conceptualizations of their local opponents. Society and 

Natural Resources, 28(3), pp.246-260. 

Burr, V., 2015. Social constructionism. Routledge. 

 

Buscher, B., 2009. Connecting political economies of energy in South Africa. Energy Policy, 

Volume 37, pp. 3951-3958. 

Büscher, B., 2012. The Political Economy of Africa's Natural Resources and the ‘Great 

Financial Crisis’. Tijdschrift voor economische en sociale geografie, 103(2), pp.136-149. 

 

Butkovskyi, A., Bruning, H., Kools, S.A., Rijnaarts, H.H. and Van Wezel, A.P., 2017. Organic 

pollutants in shale gas flowback and produced waters: identification, potential ecological 

impact, and implications for treatment strategies. Environmental science and technology, 51(9), 

pp.4740-4754. 

 

Byrne, M., 2001. Interviewing as a data collection method. AORN journal, 74(2), pp.233-233. 

Cahill, A.G., Steelman, C.M., Forde, O., Kuloyo, O., Ruff, S.E., Mayer, B., Mayer, K.U., Strous, 

M., Ryan, M.C., Cherry, J.A. and Parker, B.L., 2017. Mobility and persistence of methane in 

groundwater in a controlled-release field experiment. Nature Geoscience, 10(4), pp.289-294. 

 

Cairney, P., 2016. The politics of evidence-based policy making. Springer. 

 



200 

 

Cakal, H., Hewstone, M., Schwär, G. and Heath, A., 2011. An investigation of the social 

identity model of collective action and the ‘sedative’effect of intergroup contact among Black 

and White students in South Africa. British Journal of Social Psychology, 50(4), pp.606-627. 

 

Cameron, R., 2011. Mixed methods research: The five Ps framework. Electronic Journal of 

Business Research Methods, 9(2). 

 

Cantrill, J.G. and Senecah, S.L., 2001. Using the ‘sense of self-in-place’ construct in the context 

of environmental policy-making and landscape planning. Environmental Science and Policy, 

4(4-5), pp.185-203. 

 

Cao, Y., Shui, R., Pan, L., Kan, M.Y., Liu, Z. and Chua, T.S., 2020. Expertise style transfer: A 

new task towards better communication between experts and laymen. arXiv preprint 

arXiv:2005.00701. 

 

Caporin, M. and Fontini, F., 2017. The long-run oil–natural gas price relationship and the shale 

gas revolution. Energy Economics, 64, pp.511-519. 

Cardoso, A. and Turhan, E., 2018. Examining new geographies of coal: Dissenting energy 

capes in Colombia and Turkey. Applied energy, 224, pp.398-408. 

 

Carley, S. and Konisky, D.M., 2020. The justice and equity implications of the clean energy 

transition. Nature Energy, 5(8), pp.569-577. 

Carron, A.V., Colman, M.M., Wheeler, J. and Stevens, D., 2002. Cohesion and performance in 

sport: A meta analysis. Journal of sport and exercise psychology, 24(2), pp.168-188. 

Carson, S., 2021. Sweeping Shale Gas Under the Rug: Communicating Clean Energy Futures 

Through the Caribbean Energy Security Initiative. Retrieved 15th October 2021 

https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=9046290&fileOId=9046

291 

 

Cathles, L.M., Brown, L., Taam, M. and Hunter, A., 2012. A commentary on “The greenhouse-

gas footprint of natural gas in shale formations” by RW Howarth, R. Santoro, and Anthony 

Ingraffea. Climatic Change, 113(2), pp.525-535. 

 

Catuneanu, O., Hancox, P.J. and Rubidge, B.S., 1998. Reciprocal flexural behaviour and 

contrasting stratigraphies: a new basin development model for the Karoo retroarc foreland 

system, South Africa. Basin Research, 10(4), pp.417-440. 

 

Catuneanu, O., Wopfner, H., Eriksson, P.G., Cairncross, B., Rubidge, B.S., Smith, R.M.H. and 

Hancox, P.J., 2005. The Karoo basins of south-central Africa. Journal of African Earth Sciences, 

43(1-3), pp.211-253. 

Cavallaro, F., Zavadskas, E.K., Streimikiene, D. and Mardani, A., 2019. Assessment of 

concentrated solar power (CSP) technologies based on a modified intuitionistic fuzzy topsis 

and trigonometric entropy weights. Technological Forecasting and Social Change, 140, pp.258-

270. 

 

Centner TJ, O’Connell LK. 2014. Unfinished business in the regulation of shale gas production 

in the United States. Sci Total Environ476–477:359-367. 

https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=9046290&fileOId=9046291
https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=9046290&fileOId=9046291


201 

 

 

Centner TJ. 2013. Oversight of shale gas production in the United States and the disclosure of 

toxic substances. Resources Policy38:233-240. 

 

Cernev, T. and Fenner, R., 2020. The importance of achieving foundational Sustainable 

Development Goals in reducing global risk. Futures, 115, p.102492. 

 

Chabalala, V.P., Wagner, N., Malumbazo, N. and Eble, C.F., 2020. Geochemistry and organic 

petrology of the permian whitehill formation, Karoo Basin (RSA) and the 

Devonian/Carboniferous shale of the Appalachian Basin (USA). International Journal of Coal 

Geology, 232, p.103612. 

Chapman, G., Wait, R. and Kleynhans, E., 2016. The governance of shale gas production in 

South Africa. South African Journal of International Affairs, 23(1), pp.69-88. 

 

Chapman, R., Plummer, P. and Tonts, M., 2015. The resource boom and socio-economic well-

being in Australian resource towns: a temporal and spatial analysis. Urban Geography, 36(5), 

pp.629-653. 

Charmaz, K., 1990. ‘Discovering’chronic illness: using grounded theory. Social science and 

medicine, 30(11), pp.1161-1172. 

Cheek, J., 1999. Postmodern and poststructural approaches to nursing research. Sage. 

Chen, L. and Ma, Z., 2015. The construct and measurement of perceived risk of 

nonremunerated blood donation: evidence from the Chinese public. BioMed research 

international, 2015. 

 

Chere, N., 2015. Sedimentological and geochemical investigations on borehole cores of the 

Lower Ecca Group black shales, for their gas potential: Karoo basin, South Africa. 

Chere, N., Linol, B., De Wit, M. and Schulz, H.M., 2017. Lateral and temporal variations of 

black shales across the southern Karoo Basin-Implications for shale gas exploration. South 

African Journal of Geology 2017, 120(4), pp.541-564. 

Cherif, R., Hasanov, F. and Pande, A., 2017. Riding the energy transition: Oil beyond 2040. 

Asian Economic Policy Review, p.e12317. 

Cherp, A. and Jewell, J., 2011. The three perspectives on energy security: intellectual history, 

disciplinary roots and the potential for integration. Current Opinion in Environmental 

Sustainability, 3(4), pp.202-212. 

Chevallier, L. and Woodford, A., 1999. Morpho-tectonics and mechanism of emplacement of 

the dolerite rings and sills of the western Karoo, South Africa. South African Journal of 

Geology, 102(1), pp.43-54. 

Chevallier, L.P., Goedhart, M.L. and Woodford, A.C., 2001. Influence of dolerite sill and ring 

complexes on the occurrence of groundwater in Karoo fractured aquifers: a morpho-tectonic 

approach: Report to the Water Research Commission. Water Research Commission. 

Chidumayo, E.N. and Gumbo, D.J., 2013. The environmental impacts of charcoal production 

in tropical ecosystems of the world: A synthesis. Energy for Sustainable Development, 17(2), 



202 

 

pp.86-94. 

Chilvers, J. and Kearnes, M. eds., 2015. Remaking participation: Science, environment and 

emergent publics. Routledge. 

 

Chomsky, A., 2016. Labor and the environment in Latin America. In Oxford Research 

Encyclopedia of Latin American History.  

Choy, L.T., 2014. The strengths and weaknesses of research methodology: Comparison and 

complimentary between qualitative and quantitative approaches. IOSR Journal of Humanities 

and Social Science, 19(4), pp.99-104. 

Christopherson, S. and Rightor, N., 2012. How shale gas extraction affects drilling localities: 

Lessons for regional and city policy makers. Journal of Town and City Management, 2(4), pp.1-

20. 

Chyong, C.K. and Reiner, D.M., 2015. Economics and politics of shale gas in Europe. 

Economics of Energy and Environmental Policy, 4(1), pp.69-84. 

Cialdini, R.B., Martin, S.J. and Goldstein, N.J., 2015. Small behavioral science–informed 

changes can produce large policy-relevant effects. Behavioral Science & Policy, 1(1), pp.21-

27. 

Clark, C., Burnham, A., Harto, C. and Horner, R., 2012. Hydraulic fracturing and shale gas 

production: technology, impacts, and policy. Argonne National Laboratory, pp.1-16. 

 

Clark, S.R., van Niekerk, J.L., Petrie, J. and Fakir, S., 2021. South African shale gas economics: 

Analysis of the breakeven shale gas price required to develop the industry. Journal of Energy 

in Southern Africa, 32(1), pp.83-96. 

 

Clarke, C. E., Bugden, D., Hart, P. S., Stedman, R. C., Jacquet, J. B., Evensen, D. T. N., & 

Boudet, H. S., 2016. How geographic distance and political ideology interact to influence 

public perception of unconventional oil/natural gas development. Energy Policy, 97, 301– 309. 

Clarke, C.E., Hart, P.S., Schuldt, J.P., Evensen, D.T., Boudet, H.S., Jacquet, J.B. and Stedman, 

R.C., 2015. Public opinion on energy development: the interplay of issue framing, top-of-mind 

associations, and political ideology. Energy Policy, 81, pp.131-140. 

Clayton and Opotow, 2003. Identity and the Natural environment: The psychological 

Significance of Nature MIT Press, Cambridge, Mass (2003) 

Retrieved on 13th October, 2021 from  

http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=

138631 

Coady, D., Parry, I., Sears, L. and Shang, B., 2017. How large are global fossil fuel 

subsidies?. World development, 91, pp.11-27. 

Cobb, J.C., 2005. Away down south: A history of southern identity. Oxford University Press. 

Cock, J. and Fig, D., 2001. The impact of globalisation on environmental politics in South 

Africa, 1990-2002. African Sociological Review/Revue Africaine de Sociologie, 5(2), pp.15-



203 

 

35. 

Cock, J., 2004. Connecting the red, brown and green: The environmental justice movement in 

South Africa. na. 

Cohen, J.D., McClure, S.M. and Yu, A.J., 2007. Should I stay or should I go? How the human 

brain manages the trade-off between exploitation and exploration. Philosophical Transactions 

of the Royal Society B: Biological Sciences, 362(1481), pp.933-942. 

Cohen, L., Duberley, J. and Mallon, M., 2004. Social constructionism in the study of career: 

Accessing the parts that other approaches cannot reach. Journal of Vocational Behavior, 64(3), 

pp.407-422. 

Colborn, T., Kwiatkowski, C., Schultz, K. and Bachran, M., 2011. Natural gas operations from 

a public health perspective. Human and ecological risk assessment: An International Journal, 

17(5), pp.1039-1056. 

Coleby, A.M., Miller, D.R. and Aspinall, P.A., 2009. Public attitudes and participation in wind 

turbine development. Journal of environmental assessment policy and management, 11(01), 

pp.69-95. 

Colgan, J.D., 2014. Oil, domestic politics, and international conflict. Energy Research & Social 

Science, 1, pp.198-205. 

Collier, P. and Hoeffler, A., 2005. Resource rents, governance, and conflict. Journal of conflict 

resolution, 49(4), pp.625-633. 

Coliver, S., 2021. 2. The Right of Access to Information Held by Public Authorities. In 

Regardless of Frontiers (pp. 57-79). Columbia University Press. 

Colvin, R.M., 2020. Social identity in the energy transition: an analysis of the “Stop Adani 

Convoy” to explore social-political conflict in Australia. Energy Research & Social Science, 

66, p.101492. 

Colvin, R.M., Witt, G.B. and Lacey, J., 2020. Power, perspective, and privilege: the challenge 

of translating stakeholder theory from business management to environmental and natural 

resource management. Journal of Environmental Management, 271, p.110974. 

Commoner, B., 2020. The closing circle: nature, man, and technology. Courier Dover 

Publications. 

Considine, T., Watson, R., Entler, R. and Sparks, J., 2009. An emerging giant: Prospects and 

economic impacts of developing the Marcellus shale natural gas play. Technical Report. 

University Park: The Pennsylvania State University. 

 

Conti, J., Holtberg, P., Diefenderfer, J., LaRose, A., Turnure, J.T. and Westfall, L., 2016. 

International energy outlook 2016 with projections to 2040 (No. DOE/EIA-0484 (2016)). 

USDOE Energy Information Administration (EIA), Washington, DC (United States). Office of 

Energy Analysis. 

Cook, J., 2016. Countering climate science denial and communicating scientific consensus. In 

Oxford Research Encyclopedia of Climate Science. 



204 

 

Cooper, J., Stamford, L. and Azapagic, A., 2016. Shale gas: A review of the economic, 

environmental, and social sustainability. Energy Technology, 4(7), pp.772-792. 

Cooper, S.M. and Owen, D.L., 2007. Corporate social reporting and stakeholder accountability: 

The missing link. Accounting, Organizations and Society, 32(7-8), pp.649-667. 

 

Corner, A., Pidgeon, N. and Parkhill, K., 2012. Perceptions of geoengineering: public attitudes, 

stakeholder perspectives, and the challenge of ‘upstream’ engagement. Wiley Interdisciplinary 

Reviews: Climate Change, 3(5), pp.451-466. 

 

Cornwall, A., 2017. Introduction: New Democratic Spaces? The Politics and Dynamics of 

Institutionalised Participation DOI: 10.19088/1968-2017.144. Vol. 48 No. 1A. 

 

Correljé, A., Cuppen, E., Dignum, M., Pesch, U. and Taebi, B., 2015. Responsible innovation 

in energy projects: Values in the design of technologies, institutions and stakeholder 

interactions. In Responsible innovation 2 (pp. 183-200). Springer, Cham. 

Cosgrove, B., 2014. The Economic Impact of Shale Gas Development: A Natural Experiment 

along the New York and Pennsylvania Border. 

 

Costa, D., Pereira, V., Góis, J., Danko, A. and Fiúza, A., 2017. Understanding public perception 

of hydraulic fracturing: a case study in Spain. Journal of environmental management, 204, 

pp.551-562. 

 

Cotton, M., Gonzalez, A. and Dickie, J., 2021. Briefing 3: Shale Gas Governance: devolution 

and localism. Accessed 07/10/21 from  

https://research.tees.ac.uk/ws/files/26020495/89490_Governance_Devolution_and_Localism.

pdf 

 

Cotton, M., 2013. Shale gas—community relations: NIMBY or not? Integrating social factors 

into shale gas community engagements. Natural Gas and Electricity, 29(9), pp.8-12. 

Cotton, M., 2015. Stakeholder perspectives on shale gas fracking: a Q-method study of 

environmental discourses. Environment and Planning A, 47(9), pp.1944-1962. 

 

Cotton, M., 2017. Fair fracking? Ethics and environmental justice in United Kingdom shale 

gas policy and planning. Local Environment, 22(2), pp.185-202. 

 

Cotton, M., Rattle, I. and Van Alstine, J., 2014. Shale gas policy in the United Kingdom: An 

argumentative discourse analysis. Energy Policy, 73, pp.427-438. 

 

Cox, R.W., 1987. Production, power, and world order: Social forces in the making of 

history (Vol. 1). Columbia University Press. 

 

Creswell, J.W., 2016. Qualitative inquiry and research design: Choosing among five 

approaches. Sage publications. 

Creswell, J.W., Plano Clark, V.L., Gutmann, M.L. and Hanson, W.E., 2003. An expanded 

typology for classifying mixed methods research into designs. A. Tashakkori y C. Teddlie, 

Handbook of mixed methods in social and behavioral research, pp.209-240. 



205 

 

Crotty, M., 1998. The foundations of social research: Meaning and perspective in the research 

process. Sage. 

 

Crow, Deserai A., Elizabeth A. Albright, and Elizabeth Koebele. 2015. Evaluating 

Informational Inputs in Rulemaking Processes: A Cross-Case Analysis. Administration and 

Society 49(9): 1318–45. 

 

Crowe, J., Silva, T., Ceresola, R.G., Buday, A. and Leonard, C., 2015. Differences in public 

perceptions and leaders’ perceptions on hydraulic fracturing and shale development. 

Sociological Perspectives, 58(3), pp.441-463. 

 

Crush, J., 2021. Deadly Denial: Xenophobia Governance and the Global Compact for 

Migration in South Africa. (SAMP) Migration Policy Series No. 82. ISBN 978-1-920596-46-

0. 

 

Cumming, G., Campbell, L., Norwood, C., Ranger, S., Richardson, P. and Sanghera, A., 2021. 

Putting stakeholder engagement in its place: how situating public participation in community 

improves natural resource management outcomes. Geo Journal, pp.1-13. 

Cuppen, E., Pesch, U., Remmerswaal, S. and Taanman, M., 2019. Normative diversity, conflict 

and transition: Shale gas in the Netherlands. Technological Forecasting and Social Change, 145, 

pp.165-175. 

Cvetkovich, G. and Nakayachi 1, K., 2007. Trust in a high‐concern risk controversy: A 

comparison of three concepts. Journal of Risk Research, 10(2), pp.223-237. 

Dagnachew, A.G., Hof, A.F., Lucas, P.L. and van Vuuren, D.P., 2020. Scenario analysis for 

promoting clean cooking in Sub-Saharan Africa: Costs and benefits. Energy, 192, p.116641. 

Dahl, C., 2015. International energy markets: Understanding pricing, policies, and profits. 

PennWell Books. 

Dalal, S., Khodyakov, D., Srinivasan, R., Straus, S. and Adams, J., 2011. ExpertLens: A system 

for eliciting opinions from a large pool of non-collocated experts with diverse knowledge. 

Technological Forecasting and Social Change, 78(8), pp.1426-1444. 

Dare, M., Schirmer, J. and Vanclay, F., 2014. Community engagement and social license to 

operate. Impact assessment and project appraisal, 32(3), pp.188-197. 

Darrah, N.R. Warner, C.J. Whyte, M.T. Moore, R. Millot, W. Kloppmann, R.B. Jackson, and 

A. Vengosh. 2017b. The geochemistry of naturally occurring methane and saline groundwater 

in an area of unconven tional shale gas development. Geochimica et Cosmochimica Acta 208: 

302–334.  

Darrah, T.H., R.B. Jackson, A. Vengosh, N.R. Warner, and R.J. Poreda. 2014. Noble Gases 

Identify the Presence and Mechanisms of Stray Gas Contamination in the Marcellus and 

Barnett Shales. Washington, DC: US National Academy of Science. 

Darrah, T.H., R.B. Jackson, A. Vengosh, N.R. Warner, and R.J. Poreda. 2015a. Noble gases: A 

new technique for fugitive gas investigation in groundwater. Groundwater 53, no. 1: 23–28. 



206 

 

Darrah, T.H., R.B. Jackson, A. Vengosh, N.R. Warner, C.J. Whyte, T.B. Walsh, A.J. Kondash, 

and R.J. Poreda. 2015b. The evolution of Devonian hydrocarbon gases in shallow aquifers of 

the northern Appalachian Basin: Insights from integrating noble gas and hydrocarbon 

geochemistry. Geochimica et Cosmochimica Acta 170: 321–355. 

Davies, R.J., 2011. Methane contamination of drinking water caused by hydraulic fracturing 

remains unproven. Proceedings of the National Academy of Sciences, 108(43), pp. E871-E871. 

 

Davies, R.J., Almond, S., Ward, R.S., Jackson, R.B., Adams, C., Worrall, F., Herringshaw, L.G., 

Gluyas, J.G. and Whitehead, M.A., 2014. Oil and gas wells and their integrity: Implications for 

shale and unconventional resource exploitation. Marine and Petroleum Geology, 56, pp.239-

254. 

 

Davis, C., and J. M. Fisk. 2014. Energy abundance or environmental worries? Analyzing public 

support for fracking in the United States. Review of Policy Research 31 (1):1–16. doi:10.1111/ 

ropr.12048 

 

Davis, G.A., 1995. Learning to love the Dutch disease: Evidence from the mineral economies. 

World development, 23(10), pp.1765-1779. 

 

De Coninck, H., Fischer, C., Newell, R.G. and Ueno, T., 2008. International technology-

oriented agreements to address climate change. Energy Policy, 36(1), pp.335-356. 

De Groot, J.I. and Steg, L., 2010. Morality and nuclear energy: Perceptions of risks and benefits, 

personal norms, and willingness to take action related to nuclear energy. Risk Analysis: An 

International Journal, 30(9), pp.1363-1373. 

 

De Groot, J.I., Schweiger, E. and Schubert, I., 2020. Social influence, risk and benefit 

perceptions, and the acceptability of risky energy technologies: an explanatory model of 

nuclear power versus shale gas. Risk Analysis, 40(6), pp.1226-1243. 

De Kock, M.O., Beukes, N.J., Adeniyi, E.O., Cole, D., Gotz, A.E., Geel, C. and Ossa, F.G., 

2017. Deflating the shale gas potential of South Africa's Main Karoo basin. South African 

Journal of Science, 113(9-10), pp.1-12. 

 

De la Cruz Paragas, F. and Lin, T.T., 2016. Organizing and reframing technological 

determinism. New Media & Society, 18(8), pp.1528-1546. 

de Melo-Martín, I., Hays, J. and Finkel, M.L., 2014. The role of ethics in shale gas 

policies. Science of the total environment, 470, pp.1114-1119. 

 

de Periere, M.D., Durlet, C., Vennin, E., Lambert, L., Bourillot, R., Caline, B. and Poli, E., 

2011. Morphometry of micrite particles in cretaceous microporous limestones of the Middle 

East: Influence on reservoir properties. Marine and Petroleum Geology, 28(9), pp.1727-1750. 

de Wit, M.J. and Ransome, I.G., 1992. Regional inversion tectonics along the southern margin 

of Gondwana. In Conference on inversion tectonics of the Cape Fold Belt (pp. 15-21). 

Delborne, J.A., Hasala, D., Wigner, A. and Kinchy, A., 2020. Dueling metaphors, fuelling 

futures: “Bridge fuel” visions of coal and natural gas in the United States. Energy Research and 



207 

 

Social Science, 61, p.101350.  

 

Dell’Anno, R., 2020. Reconciling empirics on the political economy of the resource curse 

hypothesis. Evidence from long-run relationships between resource dependence, democracy 

and economic growth in Iran. Resources Policy, 68, p.101807. 

Demuijnck, G. and Fasterling, B., 2016. The social license to operate. Journal of business 

ethics, 136(4), pp.675-685. 

 

Deng, J., Zhu, W. and Ma, Q., 2014. A new seepage model for shale gas reservoir and 

productivity analysis of fractured well. Fuel, 124, pp.232-240. 

DeRosa, S.E., 2016. Impact of natural gas and natural gas liquids on chemical manufacturing 

in the United States (Doctoral dissertation) (accessed: 24th Oct 2020). 

 

Devine-Wright, P. and Howes, Y., 2010. Disruption to place attachment and the protection of 

restorative environments: A wind energy case study. Journal of environmental 

psychology, 30(3), pp.271-280. 

 

Devine‐Wright, P., 2005. Beyond NIMBYism: towards an integrated framework for 

understanding public perceptions of wind energy. Wind Energy: An International Journal for 

Progress and Applications in Wind Power Conversion Technology, 8(2), pp.125-139. 

 

Devine-Wright, P., 2008. Reconsidering public acceptance of renewable energy technologies: 

a critical review. Delivering a low carbon electricity system: technologies, economics and 

policy, pp.1-15. 

 

Devine‐Wright, P., 2009. Rethinking NIMBYism: The role of place attachment and place 

identity in explaining place‐protective action. Journal of community & applied social 

psychology, 19(6), pp.426-441. 

 

Devine-Wright, P., McAlpine, G. and Batley-White, S., 2001, July. Wind turbines in the 

landscape: an evaluation of local community involvement and other considerations in UK wind 

farm development. In Proceedings of the 32nd Annual Conference of the Environmental 

Design Research Association, Edinburgh, Scotland (pp. 133-7). 

 

Diamond, L. and Mosbacher, J., 2013. Petroleum to the people: Africa's coming resource curse-

and how to avoid it. Foreign Aff., 92, p.86. 

 

Diao, X., McMillan, M. and Rodrik, D., 2019. The recent growth boom in developing 

economies: A structural-change perspective. In The Palgrave Handbook of Development 

Economics (pp. 281-334). Palgrave Macmillan, Cham. 

 

DiCicco‐Bloom, B. and Crabtree, B.F., 2006. The qualitative research interview. Medical 

education, 40(4), pp.314-321. 

Dignum, M., Correljé, A., Cuppen, E., Pesch, U. and Taebi, B., 2016. Contested technologies 

and design for values: The case of shale gas. Science and Engineering Ethics, 22(4), pp.1171-

1191. 

DOE, 2011. Life Cycle Greenhouse Gas Inventory of Natural Gas Extraction, Delivery and 



208 

 

Electricity Production (Pittsburgh, PA: National Energy Technology Laboratory, US 

Department of Energy). 

DOE, 2013. Integrated Resource Plan for Electricity 2010-2030. Department of Energy, 

Pretoria, p. 73. 

 

Doherty, N.F., Coombs, C.R. and Loan-Clarke, J., 2006. A re-conceptualization of the 

interpretive flexibility of information technologies: redressing the balance between the social 

and the technical. European Journal of Information Systems, 15(6), pp.569-582. 

 

Dokshin, F.A., 2016. Whose backyard and what’s at issue? Spatial and ideological dynamics 

of local opposition to fracking in New York State, 2010 to 2013. American Sociological Review, 

81(5), pp.921-948. 

Dominey-Howes, D. and Minos-Minopoulos, D., 2004. Perceptions of hazard and risk on 

Santorini. Journal of Volcanology and Geothermal Research, 137(4), pp.285-310. 

Domínguez, L. and Luoma, C., 2020. Decolonising conservation policy: how colonial land and 

conservation ideologies persist and perpetuate indigenous injustices at the expense of the 

environment. Land, 9(3), p.65. 

Douglas, M. and Wildavsky, A., 1983. Risk and culture. University of California press. 

Downie, C. and Drahos, P., 2017. US institutional pathways to clean coal and shale gas: lessons 

for China. Climate Policy, 17(2), pp.246-260. 

Druckman, J.N. and Bolsen, T., 2011. Framing, motivated reasoning, and opinions about 

emergent technologies. Journal of Communication, 61(4), pp.659-688. 

 

Du, F. and Nojabaei, B., 2019. A review of gas injection in shale reservoirs: enhanced oil/gas 

recovery approaches and greenhouse gas control. Energies, 12(12), p.2355. 

Dusseault, M. and Jackson, R., 2014. Seepage pathway assessment for natural gas to shallow 

groundwater during well stimulation, in production, and after abandonment. Environmental 

Geosciences, 21(3), pp.107-126. 

 

Dworkin, S.L., 2012. Sample size policy for qualitative studies using in-depth interviews. Arch 

Sex Behav 41, 1319–1320 (2012). https://doi.org/10.1007/s10508-012-0016-6 

Eaton, E., & Kinchy, A., 2016. Quiet voices in the fracking debate: Ambivalence, 

nonmobilization, and individual action in two extractive communities (Saskatchewan and 

Pennsylvania). Energy Research & Social Science, 20, 22– 30. 

Econometrix, 2012. Karoo shale gas report: Special report on economic considerations 

surrounding potential shale gas resources in the southern Karoo of South Africa. [Online] 

Available at http:// www-

tatic.shell.com/static/zaf/downloads/aboutshell/econometrix/econometrix_ report.pdf. 

(accessed, 24th Oct 2020). 

Eden, S., 1998. ‘Environmental issues: knowledge, uncertainty and the environment’, Progress 

in Human Geography, 22(3), pp. 425–432. doi: 10.1191/030913298676818153. 

Edigheji, O., 2007. The Emerging South African Democratic Developmental State and the 



209 

 

People’s Contract, Johannesburg: Centre for policy studies. 

Eduljee, G.H., 2000. Trends in risk assessment and risk management. Science of the Total 

Environment, 249(1-3), pp.13-23. 

Edwards, K.L., Weissert, S., Jackson, J.B. and Marcotte, D., 2011, January. Marcellus shale 

hydraulic fracturing and optimal well spacing to maximize recovery and control costs. In SPE 

Hydraulic Fracturing Technology Conference. Society of Petroleum Engineers. 

Efron, R., 1969. What is perception?. In Proceedings of the Boston Colloquium for the 

Philosophy of Science 1966/1968 (pp. 137-173). Springer, Dordrecht. 

 

Ehrenberg, S.N. and Nadeau, P.H., 2005. Sandstone vs. carbonate petroleum reservoirs: A 

global perspective on porosity-depth and porosity-permeability relationships. AAPG bulletin, 

89(4), pp.435-445. 

EIA 2019b. Today in Energy, 4th March 2019; 

(https://eia.gov/todayinenergy/detail.php?id=38533) 

EIA 2021. U.S. oil and natural gas production to fall in 2021, then rise in 2022. Short Term 

Energy Forecast. Washington, DC: EIA, 2021.  

Accessed March 4th, 2021. https://www.eia.gov/outlooks/aeo/ 

EIA, 2013. EIA/ARI world shale gas and shale oil resource assessment technically recoverable 

shale gas and shale oil resources: an assessment of 137 shale formations in 41 countries outside 

the United States. US Energy Information Administration. Retrieved 15th October 2021 www. adv-

res. com. 

 

EIA, U., 2013. Shale oil and shale gas resources are globally abundant. US Energy Information 

Administration. Retrieved 15th October 2021 

https://www.eia.gov/todayinenergy/detail.php?id=14431 

 

EIA, U.S, 2017. Annual energy outlook 2015: with projections to 2040. 

https://www.eia.gov/outlooks/aeo/pdf/0383(2017). Pdf (accessed, 24th Oct 2020). 

 

EIA, U.S., 2011a. Review of emerging resources: US Shale gas and shale oil plays. Energy 

Information Administration, US Department of Energy. 

 

Elbanna, A., Bunker, D., Levine, L. and Sleigh, A., 2019. Emergency management in the 

changing world of social media: Framing the research agenda with the stakeholders through 

engaged scholarship. International Journal of Information Management, 47, pp.112-120. 

 

Elbra, A.D., 2013. The forgotten resource curse: South Africa's poor experience with mineral 

extraction. Resources Policy, 38(4), pp.549-557. 

 

Ellis, G., Barry, J. and Robinson, C., 2006. Renewable energy and discourses of objection: 

towards deliberative policy making. Summary of main research findings. Queen‘s University 

Belfast. ESRC grant reference: 000-22-1095. 

 

Elum, Z.A. and Momodu, A.S., 2017. Climate change mitigation and renewable energy for 



210 

 

sustainable development in Nigeria: A discourse approach. Renewable and Sustainable Energy 

Reviews, 76, pp.72-80. 

 

Enders, C.K., 2011. Analyzing longitudinal data with missing values. Rehabilitation 

psychology, 56(4), p.267. 

Energy and Climate Change Public Attitudes Tracker: Wave 25 Summary Report (Department 

for Business, Energy and Industrial Strategy, 2018); 

https://www.gov.uk/government/statistics/energy-and-climate-changepublic-attitudes-tracker-

wave-25. (accessed, 24th july 2020). 

 

Engelder, T., 2011. Should fracking stop? No, it’s too valuable. Nature, 477(271), pp.274-275. 

 

Engelder, T., Cathles, L.M. and Bryndzia, L.T., 2014. The fate of residual treatment water in 

gas shale. Journal of Unconventional Oil and Gas Resources, 7, pp.33-48. 

England, J.L. and Albrecht, S.L., 1984. Boomtowns and social disruption. Rural 

Sociology, 49(2), p.230. 

 

Ennis, G.M., Finlayson, M.P. and Speering, G., 2013. Expecting a boomtown? Exploring 

potential housing-related impacts of large-scale resource developments in Darwin. Human 

Geographies: Journal of Studies and Research in Human Geography, 7(1), pp.33-42. 

 

Ensign, P.C., Giles, A. and Oncescu, J., 2014. Natural resource exploration and extraction in 

Northern Canada: intersections with community cohesion and social welfare. Journal of Rural 

and Community Development, 9(1). 

 

EPA (U.S. Environmental Protection Agency), 2011b. Reduced Emissions Completions for 

Hydraulically Fractured Natural Gas Wells, U.S. EPA, Washington, DC,  

 

Essex, S. and de Groot, J., 2019. Understanding energy transitions: The changing versions of 

the modern infrastructure ideal and the ‘energy underclass’ in South Africa, 1860–2019. Energy 

Policy, 133, p.110937. 

Esterhuyse, S., Avenant, M., Redelinghuys, N., Kijko, A., Glazewski, J., Plit, L., Kemp, M., 

Smit, A., Vos, A.T. and Williamson, R., 2016. A review of biophysical and socio-economic 

effects of unconventional oil and gas extraction–Implications for South Africa. Journal of 

environmental management, 184, pp.419-430. 

 

Esterhuyse, S., Avenant, M., Redelinghuys, N., Kijko, A., Glazewski, J., Plit, L., Kemp, M., 

Smit, A. and Vos, A.T., 2018. Monitoring of unconventional oil and gas extraction and its policy 

implications: A case study from South Africa. Energy Policy, 118, pp.109-120. 

Euzen, T., 2011. Shale Gas—an Overview. In Technique Report. IFP Technologies (Canada) 

Inc.. DOI: 10.13140/RG.2.1.2236.6242. 

Evensen, D.T., 2015. Policy decisions on shale gas development ('fracking'): the insufficiency 

of science and necessity of moral thought. Environmental Values, 24(4), pp.511-534. 

Evensen, D. and Stedman, R., 2016. Scale matters: Variation in perceptions of shale gas 

development across national, state, and local levels. Energy research and social science, 20, 

https://www.gov.uk/government/statistics/energy-and-climate-changepublic-attitudes-tracker-wave-25
https://www.gov.uk/government/statistics/energy-and-climate-changepublic-attitudes-tracker-wave-25


211 

 

pp.14-21. 

Evensen, D. and Stedman, R., 2017. Beliefs about impacts matter little for attitudes on shale 

gas development. Energy Policy, 109, pp.10-21. 

 

Evensen, D., 2018. Yet more ‘fracking’social science: An overview of unconventional 

hydrocarbon development globally. The Extractive Industries and Society, 5(4), pp.417-421. 

Evensen, D., Stedman, R. and Brown-Steiner, B., 2017. Resilient but not sustainable? Public 

perceptions of shale gas development via hydraulic fracturing. Ecology and Society, 22(1). 

Evensen, D.T., Clarke, C.E. and Stedman, R.C., 2014. A New York or Pennsylvania state of 

mind: social representations in newspaper coverage of gas development in the Marcellus 

Shale. Journal of Environmental Studies and Sciences, 4(1), pp.65-77. 

 

Eymold, W.K., Swana, K., Moore, M.T., Whyte, C.J., Harkness, J.S., Talma, S., Murray, R., 

Moortgat, J.B., Miller, J., Vengosh, A. and Darrah, T.H., 2018. Hydrocarbon‐Rich Groundwater 

above Shale‐Gas Formations: A Karoo Basin Case Study. Groundwater, 56(2), pp.204-224. 

Faccioli, M., Czajkowski, M., Glenk, K. and Martin-Ortega, J., 2020. Environmental attitudes 

and place identity as determinants of preferences for ecosystem services. Ecological 

Economics, 174, p.106600. 

Falchetta, G., Pachauri, S., Byers, E., Danylo, O. and Parkinson, S.C., 2020. Satellite 

observations reveal inequalities in the progress and effectiveness of recent electrification in 

sub-Saharan Africa. One Earth, 2(4), pp.364-379. 

Fairchild, D. and Weinrub, A., 2017. Energy democracy. In The Community Resilience Reader 

(pp. 195-206). Island Press, Washington, DC. 

FAO, 2017. Sustainable wood fuel for food security. A smart choice: green, renewable, and 

affordable Working paper. Rome: Food and Agriculture Organization of the United Nations. 

Farrell, L.A., Hamann, R. and Mackres, E., 2012. A clash of cultures (and lawyers): Anglo 

Platinum and mine-affected communities in Limpopo Province, South Africa. Resources 

Policy, 37(2), pp.194-204. 

 

Felt, U. and Fochler, M., 2008. The bottom-up meanings of the concept of public participation 

in science and technology. Science and public policy, 35(7), pp.489-499. 

 

Ferguson-Martin, C.J. and Hill, S.D., 2011. Accounting for variation in wind deployment 

between Canadian provinces. Energy Policy, 39(3), pp.1647-1658. 

 

Fernando, F.N. and Cooley, D.R., 2016. Attitudes toward shale oil development in western 

North Dakota: the role of place based community values in attitude formation. Journal of Rural 

Studies, 46, pp.132-146. 

 

Feyrer, J., Mansur, E.T. and Sacerdote, B. 2015. Geographic dispersion of economic 

shocks:Fleming, D.A. and Measham, T.G. 2015. Local economic impacts of an unconventional 

energy boom: the coal seam gas industry in Australia. Australian Journal of Agricultural and 



212 

 

Resource Economics, 59, 78–94. 

Fielding, K.S., Terry, D.J., Masser, B.M. and Hogg, M.A., 2008. Integrating social identity 

theory and the theory of planned behaviour to explain decisions to engage in sustainable 

agricultural practices. British journal of social psychology, 47(1), pp.23-48. 

Fig, D. and Scholvin, S., 2015. Fracking the Karoo: The barriers to shale gas extraction in 

South Africa based on experiences from Europe and the US. A New Scramble for Africa?: The 

Rush for Energy Resources in Sub-Saharan Africa, pp.131-47. 

Fink, J., 2020. Hydraulic fracturing chemicals and fluids technology. Gulf Professional 

Publishing. 

Finucane, M.L., Slovic, P., Mertz, C.K., Flynn, J. and Satterfield, T.A., 2000. Gender, race, and 

perceived risk: The'white male'effect. Health, risk and society, 2(2), pp.159-172. 

Firestone, J. and Kirk, H., 2019. A strong relative preference for wind turbines in the United 

States among those who live near them. Nature Energy, 4(4), pp.311-320. 

Fischer, F., 2000. Citizens, experts, and the environment: The politics of local knowledge. Duke 

University Press. 

Fishbein, M. and Ajzen, I., 2011. Predicting and changing behavior: The reasoned action 

approach. Taylor & Francis. 

Fisher-Vanden, K., Jefferson, G., Ma, J. Xu, J., 2006. Technology development and energy 

productivity in China. Energy Economics 28(5/6), 690-705. 

Flewelling, S.A. and Sharma, M., 2014. Constraints on upward migration of hydraulic 

fracturing fluid and brine. Groundwater, 52(1), pp.9-19. 

Flewelling, S.A., Tymchak, M.P. and Warpinski, N., 2013. Hydraulic fracture height limits and 

fault interactions in tight oil and gas formations. Geophysical Research Letters, 40(14), 

pp.3602-3606. 

Flint, S.A., Hodgson, D.M., Sprague, A.R., Brunt, R.L., Van der Merwe, W.C., Figueiredo, J., 

Prélat, A., Box, D., Di Celma, C. and Kavanagh, J.P., 2011. Depositedional architecture and 

sequence stratigraphy of the Karoo basin floor to shelf edge succession, Laingsburg depocentre, 

South Africa. Marine and Petroleum Geology, 28(3), pp.658-674. 

Flynn, R., Bellaby, P. and Ricci, M., 2011. The limits of upstream engagement in an emergent 

technology: lay perceptions of hydrogen energy technologies. Renewable energy and the public: 

From NIMBY to participation, pp.245-259. 

Folkerts, E.J., Blewett, T.A., Delompré, P., Mehler, W.T., Flynn, S.L., Sun, C., Zhang, Y., 

Martin, J.W., Alessi, D.S. and Goss, G.G., 2019. Toxicity in aquatic model species exposed to 

a temporal series of three different flowback and produced water samples collected from a 

horizontal hydraulically fractured well. Ecotoxicology and environmental safety, 180, pp.600-

609. 

Fontenot, B.E., Hunt, L.R., Hildenbrand, Z.L., Carlton Jr, D.D., Oka, H., Walton, J.L., Hopkins, 

D., Osorio, A., Bjorndal, B., Hu, Q.H. and Schug, K.A., 2013. An evaluation of water quality 

in private drinking water wells near natural gas extraction sites in the Barnett Shale Formation. 



213 

 

Environmental science and technology, 47(17), pp.10032-10040. 

Foster, C. and Heeks, R., 2013. Conceptualising inclusive innovation: Modifying systems of 

innovation frameworks to understand diffusion of new technology to low-income consumers. 

The European Journal of Development Research, 25(3), pp.333-355. 

Francis, J., Giles-Corti, B., Wood, L. and Knuiman, M., 2012. Creating sense of community: 

The role of public space. Journal of environmental psychology, 32(4), pp.401-409. 

Fraser, A., 2010. Introduction: boom and bust on the Zambian Copperbelt. In Zambia, Mining, 

and Neoliberalism (pp. 1-30). Palgrave Macmillan, New York 

Freedman, D.E., 2014. Biologically active filtration for treatment of produced water and 

fracturing flowback wastewater in the OandG industry (Doctoral dissertation, Colorado School 

of Mines. Arthur Lakes Library). 

Freudenburg, W.R. and Jones, T.R., 1991. Attitudes and stress in the presence of technological 

risk: A test of the Supreme Court hypothesis. Social Forces, 69(4), pp.1143-1168. 

Frewer, L., 2004. The public and effective risk communication. Toxicology letters, 149(1-3), 

pp.391-397. 

Frewer, L.J., Howard, C. and Shepherd, R., 1998. Understanding public attitudes to technology. 

Journal of Risk Research, 1(3), pp.221-235. 

Frewer, L.J., Scholderer, J. and Bredahl, L., 2003. Communicating about the risks and benefits 

of genetically modified foods: The mediating role of trust. Risk Analysis: An International 

Journal, 23(6), pp.1117-1133. 

Freyman, M., 2014. Hydraulic fracturing and water stress: water demand by the numbers. A 

Ceres Report. 

Frey, R., Pedroni, A., Mata, R., Rieskamp, J. and Hertwig, R., 2017. Risk preference shares the 

psychometric structure of major psychological traits. Science advances, 3(10), p.e1701381. 

Friedman, R. and Rosen, G., 2020. David vs. Goliath? Leveraging citizen science in Israel’s 

energy debates. Energy Research and Social Science, p.101797. 

Frumhoff, P.C., Heede, R. and Oreskes, N., 2015. The climate responsibilities of industrial 

carbon producers. Climatic Change, 132(2), pp.157-171. 

Fu, X., Pietrobelli, C. and Soete, L., 2011. The role of foreign technology and indigenous 

innovation in the emerging economies: technological change and catching-up. World 

development, 39(7), pp.1204-1212. 

Fuller, S. and McCauley, D., 2016. Framing energy justice: perspectives from activism and 

advocacy. Energy Research and Social Science, 11, pp.1-8. 

Fung, Archon. 2006. Varieties of Participation in Complex Governance. Special issue, Public 

Administration Review 66: 66–75. 

Funtowicz, S.O. and Ravetz, J.R., 1993. Science for the post-normal age. Futures, 25(7), 

pp.739-755. 



214 

 

Gaertner, S.L. and Dovidio, J.F., 2014. Reducing intergroup bias: The common ingroup identity 

model. Psychology Press. 

Gallo, J.A., Pasquini, L., Reyers, B. and Cowling, R.M., 2009. The role of private conservation 

areas in biodiversity representation and target achievement within the Little Karoo region, 

South Africa. Biological conservation, 142(2), pp.446-454. 

Gamper-Rabindran, S. ed., 2017. The shale dilemma: A global perspective on fracking and 

shale development. University of Pittsburgh Press. 

Gani, A., 2021. Sustainability of energy assets and corruption in the developing countries. 

Sustainable Production and Consumption, 26, pp.741-751. 

Gasper, D., 1996. Essentialism in and about Development Discourse. The European journal of 

development research, 8(1), pp.149-176. 

Gassiat, C., Gleeson, T., Lefebvre, R. and McKenzie, J., 2013. Hydraulic fracturing in faulted 

sedimentary basins: Numerical simulation of potential contamination of shallow aquifers over 

long time scales. Water Resources Research, 49(12), pp.8310-8327. 

Gawel, K., Lavrov, A. and Torsæter, M., 2015. Review of shale gas well drilling, completion, 

production and abandonment operations. M4ShaleGas report D, 5. 

GEA, 2012. Global Energy Assessment. Cambridge Books. 

Geels, F.W., 2012. A socio-technical analysis of low-carbon transitions: introducing the multi-

level perspective into transport studies. Journal of transport geography, 24, pp.471-482. 

Geel, C., Booth, P., Schulz, H.M., Horsfield, B. and de Wit, M., 2013. Shale Gas characteristics 

of Permian black shales (Ecca group, Eastern Cape, South Africa). EGUGA, pp.EGU2013-

4583. 

Geels, F.W. and Schot, J., 2007. Typology of sociotechnical transition pathways. Research 

policy, 36(3), pp.399-417. 

Geels, F.W., 2004. Understanding system innovations: a critical literature review and a 

conceptual synthesis. System innovation and the transition to sustainability: Theory, evidence 

and policy, pp.19-47. 

Gehman, J., Lefsrud, L.M. and Fast, S., 2017. Social license to operate: Legitimacy by another 

name?. Canadian Public Administration, 60(2), pp.293-317. 

Gelb, A.H., 1988. Oil windfalls: Blessing or curse?. Oxford university press. 

Gény, F., 2010. Can unconventional gas be a game changer in European gas markets?. Oxford 

Institute for Energy Studies. 

Gergen, K.J., 2001. Social construction in context. Sage. 

Gilmore, J., 2019. Boom town growth management: A case study of Rock Springs-Green River, 

Wyoming. Routledge. 

Gilmore, J.S., 1976. Boom towns may hinder energy resource 

development. Science, 191(4227), pp.535-540.  

Global gas report, 2020. https://www.igu.org/resources/global-gas-report-2020/ 

https://www.igu.org/resources/global-gas-report-2020/


215 

 

 

Glorioso, J.C. and Rattia, A., 2012, March. Unconventional reservoirs: basic petrophysical 

concepts for shale gas. In SPE/EAGE European unconventional resources conference & 

exhibition-from potential to production (pp. cp-285). European Association of Geoscientists & 

Engineers. 

Golden, J.M. and Wiseman, H.J., 2014. The fracking revolution: Shale gas as a case study in 

innovation policy. Emory LJ, 64, p.955. 

Goldstein B, Carruth RS. 2004. The precautionary principle and/or risk assessment in World 

Trade Organization decisions: a possible role for risk perception. Risk Anal24(2):491-

49915078320 

Goldstein, B.D., Brooks, B.W., Cohen, S.D., Gates, A.E., Honeycutt, M.E., Morris, J.B., Orme-

Zavaleta, J., Penning, T.M. and Snawder, J., 2014. The role of toxicological science in meeting 

the challenges and opportunities of hydraulic fracturing. Toxicological Sciences, 139(2), 

pp.271-283. 

Goldstein, H., 2011. Multilevel statistical models (Vol. 922). John Wiley & Sons. 

Goldthau, A. and Sovacool, B.K., 2016. Energy technology, politics, and interpretative frames: 

shale gas fracking in Eastern Europe. Global Environmental Politics, 16(4), pp.50-69. 

Gong, B., 2020. Shale Energy Revolution. Springer Books. 

Gordon, S.L., 2020. Understanding xenophobic hate crime in South Africa. Journal of Public 

Affairs, 20(3), p.e2076. 

Graham, J. D., Rupp, J. A., & Schenk, O., 2015. Unconventional gas development in the USA: 

Exploring the risk perception issues. Risk Analysis, 35(10), 1770– 1788. PubMed PMID: 

26460730. 

Gregory, A.J., Atkins, J.P., Midgley, G. and Hodgson, A.M., 2020. Stakeholder identification 

and engagement in problem structuring interventions. European journal of operational research, 

283(1), pp.321-340. 

Gregory, K.B., Vidic, R.D. and Dzombak, D.A., 2015. Water management options associated 

with the production of shale gas by hydraulic fracturing. In Shale gas: factual scientific 

argument for and against; the scientific perspective of the expert network of the Shale Gas 

Information Platform SHIP (pp. 34-39). GFZ German Research Centre for Geosciences. 

Greider, T.R. and Krannich, R.S., 1985. Perceptions of problems in rapid growth and stable 

communities: A comparative analysis. Community Development, 16(2), pp.80-96. 

Gross, C., 2007. Community perspectives of wind energy in Australia: The application of a 

justice and community fairness framework to increase social acceptance. Energy policy, 35(5), 

pp.2727-2736. 

Gross, J.J. and John, O.P., 2003. Individual differences in two emotion regulation processes: 

implications for affect, relationships, and well-being. Journal of personality and social 

psychology, 85(2), p.348. 

 

Grubb, M., Jamasb, T. and Pollitt, M.G., 2008. Delivering a low carbon electricity system: 



216 

 

technologies, economics and policy. Cambridge University Press. 

Grubler, A., 2012. Energy transitions research: Insights and cautionary tales. Energy policy, 50, 

pp.8-16. 

Gruenhagen, J.H. and Parker, R., 2020. Factors driving or impeding the diffusion and adoption 

of innovation in mining: A systematic review of the literature. Resources Policy, 65, p.101540. 

Guadagnoli, E. and Velicer, W.F., 1988. Relation of sample size to the stability of component 

patterns. Psychological bulletin, 103(2), p.265. 

Guan, J., Kirikkaleli, D., Bibi, A. and Zhang, W., 2020. Natural resources rents nexus with 

financial development in the presence of globalization: is the “resource curse” exist or myth?. 

Resources Policy, 66, p.101641. 

Guerra, O.J., Calderón, A.J., Papageorgiou, L.G. and Reklaitis, G.V., 2019. Integrated shale 

gas supply chain design and water management under uncertainty. AIChE Journal, 65(3), 

pp.924-936. 

 

Guest, G., Bunce, A. and Johnson, L., 2006. How many interviews are enough? An experiment 

with data saturation and variability. Field methods, 18(1), pp.59-82. 

 

Gunningham, N., Kagan, R.A. and Thornton, D., 2004. Social license and environmental 

protection: why businesses go beyond compliance. Law and Social Inquiry, 29(2), pp.307-341. 

 

Hackett, E.J., Amsterdamska, O., Lynch, M. and Wajcman, J., 2008. The handbook of science 

and technology studies. MIT Press. 

Hakes, J.K. and Viscusi, W.K., 2004. Dead reckoning: Demographic determinants of the 

accuracy of mortality risk perceptions. Risk Analysis: An International Journal, 24(3), pp.651-

664. 

Hall, S., 1996. New ethnicities. Stuart Hall: Critical dialogues in cultural studies, pp.441-449. 

 

Hamann, R., 2003. Corporate social responsibility and its implications for governance: The 

case of mining in South Africa. Oikos Foundation for Economy and Ecology, St. Gallen, 

Switzerland. 

Hammersley, M., 2018. What is ethnography? Can it survive? Should it?. Ethnography and 

Education, 13(1), pp.1-17. 

 

Hansen, J., Holm, L., Frewer, L., Robinson, P. and Sandøe, P., 2003. Beyond the knowledge 

deficit: recent research into lay and expert attitudes to food risks. Appetite, 41(2), pp.111-121. 

Hansma, J., Tohver, E., Schrank, C., Jourdan, F. and Adams, D., 2016. The timing of the Cape 

Orogeny: New 40Ar/39Ar age constraints on deformation and cooling of the Cape Fold Belt, 

South Africa. Gondwana Research, 32, pp.122-137. 

Hardy, P., 2014. Introduction and Overview: the Role of Shale Gas in Securing Our Energy 

Future. 

Hardy, T. and Kelsey, T.W. 2015. Local income related to Marcellus shale activity in 



217 

 

Pennsylvania. Community Development, 46(4), 329-340. 

Harkness, J.S., Swana, K., Eymold, W.K., Miller, J., Murray, R., Talma, S., Whyte, C.J., Moore, 

M.T., Maletic, E.L., Vengosh, A. and Darrah, T.H., 2018. Pre‐drill groundwater geochemistry 

in the Karoo Basin, South Africa. Groundwater, 56(2), pp.187-203. 

 

Harkness, J.S., T.H. Darrah, M.T. Moore, C.J. Whyte, P.D. Mathewson, T. Cook, and A. 

Vengosh. 2017a. Naturally occurring versus anthropogenic sources of elevated molybdenum 

in groundwater: Evidence for Geogenic contamination from Southeast Wisconsin, United 

States. Environmental Science & Technology 51, no. 21: 12190–12199.  

 

Harrison, R., Oueidat, T. and Falcone, G., 2019, May. Selecting an Appropriate Unconventional 

Play Analog for the Bowland Shale While Acknowledging Operational Constraints in the 

United Kingdom. In 2019 AAPG Annual Convention and Exhibition. 

 

Harthorn, B.H., Halcomb, L., Partridge, T., Thomas, M., Enders, C. and Pidgeon, N., 2019. 

Health risk perception and shale development in the UK and US. Health, Risk and 

Society, 21(1-2), pp.35-56. 

 

Harvey, S., Gowrishankar, V., and Singer, T., 2012, “Leaking Profits: The U.S. Oil and Gas 

Industry Can Reduce Pollution, Conserve Resources, and Make Money by Preventing Methane 

Waste,” Natural Resources Defense Council, www.nrdc.org/energy/leaking-profits.asp, 

accessed Feb 18, 2021. 

 

Hassett, K. and Mathur, A., 2013, February. Benefits of hydraulic fracking. In Oxford Energy 

Forum (Vol. 91). Oxford Institute for Energy Studies. 

 

Hatami, M., Bayless, D. and Sarvestani, A., 2020. A model for stress‐dependence of apparent 

permeability in nanopores of shale gas reservoirs. AIChE Journal, 66(10), p.e16541. 

Hausman, C. and Kellogg, R. 2015. Welfare and Distributional Implications of Shale Gas. 

BPEA Conference Draft, March 19-20, 2015. Brookings Papers on Economic Activity. The 

Brookings Institution, Washington DC. 

Hayduk, L.A., 1987. Structural equation modeling with LISREL: Essentials and advances. Jhu 

Press. 

Hayes, J. and Knox-Hayes, J., 2014. Security in climate change discourse: analyzing the 

divergence between US and EU approaches to policy. Global Environmental Politics, 14(2), 

pp.82-101. 

Hayes, T., Severin, B.F., Engineer, P.S.P. and Okemos, M., 2012. Barnett and Appalachian 

Shale water management and reuse technologies. Contract, 8122, p.05. 

Hazra, A. and Gogtay, N., 2016. Biostatistics series module 3: comparing groups: numerical 

variables. Indian journal of dermatology, 61(3), p.251. 

 

Healy, N. and Barry, J., 2017. Politicizing energy justice and energy system transitions: Fossil 

fuel divestment and a “just transition”. Energy policy, 108, pp.451-459. 

Heberlein, T.A., 2012. Navigating Environmental Attitudes. (Oxford University Press: New 

York.). 



218 

 

Hedden, S., 2015. How do we solve South Africa’s energy crisis? World Economic Forum. 

Available at https://www.weforum.org/agenda/2015/09/how-do-we-solve-south-africas-

energy-crisis/ accessed 24th April, 2021. 

Hedden, S., Moyer, J.D. and Rettig, J., 2013. Fracking for shale gas in South Africa: Blessing 

or curse? African Futures Paper, December 2013, no 9, 

http://www.issafrica.org/futures/publications.php (accessed 27 November 2021). 

 

Heede, R., 2014. Tracing anthropogenic carbon dioxide and methane emissions to fossil fuel 

and cement producers, 1854–2010. Climatic change, 122(1), pp.229-241. 

Heffron, R.J., 2014. Vivek Bakshi (ed.), Shale Gas: A Practitioner’s Guide to Shale Gas and 

Other Unconventional Resources, Globe Law and Business. 

 

Heffron, R.J., McCauley, D. and de Rubens, G.Z., 2018. Balancing the energy trilemma 

through the Energy Justice Metric. Applied energy, 229, pp.1191-1201. 

 

Heller, R., Vermylen, J. and Zoback, M., 2014. Experimental investigation of matrix 

permeability of gas shales. AAPG bulletin, 98(5), pp.975-995. 

Henderson, J. and Moe, A., 2019. The Globalization of Russian Gas: Political and Commercial 

Catalysts. Edward Elgar Publishing. 

Henneman, L.R., Rafaj, P., Annegarn, H.J. and Klausbruckner, C., 2016. Assessing emissions 

levels and costs associated with climate and air pollution policies in South Africa. Energy 

Policy, 89, pp.160-170. 

 

Herb, M., 2005. No representation without taxation? Rents, development, and democracy. 

Comparative Politics, pp.297-316. 

 

Hergon, E., Moutel, G., Bellier, L., Hervé, C. and Rouger, P., 2004. Factors of risk perception 

and risk acceptability: a contribution for the knowledge of the perception of the risk associated 

with blood transfusion. Transfusion Clinique et Biologique: Journal de la Societe Francaise de 

Transfusion Sanguine, 11(3), pp.130-137. 

 

Hills, J.M., Μichalena, E. and Chalvatzis, K.J., 2018. Innovative technology in the Pacific: 

Building resilience for vulnerable communities. Technological Forecasting and Social Change, 

129, pp.16-26. 

Hinkin, T.R., 1998. A brief tutorial on the development of measures for use in survey 

questionnaires. Organizational research methods, 1(1), pp.104-121. 

Hinshelwood, E., 2000. Whistling in the wind: the role of communities in renewable energy 

development. Network for Alternative Technology and Technology Assessment Newsletter, 

127, pp.17-20. 

Ho S.S., Scheufele D.A., Corley E.A., 2011. Value predispositions, mass media, and attitudes 

toward nanotechnology: the interplay of public and experts. Sci Commun 33(2):167–

200.https://doi.org/10.1177/1075547010380386 

Ho, S.S., Leong, A.D., Looi, J., Chen, L., Pang, N. and Tandoc Jr, E., 2019. Science literacy or 

value predispositedion? A meta-analysis of factors predicting public perceptions of benefits, 

https://www.weforum.org/agenda/2015/09/how-do-we-solve-south-africas-energy-crisis/
https://www.weforum.org/agenda/2015/09/how-do-we-solve-south-africas-energy-crisis/


219 

 

risks, and acceptance of nuclear energy. Environmental Communication, 13(4), pp.457-471. 

 

Ho, S.S., Oshita, T., Looi, J., Leong, A.D. and Chuah, A.S., 2019. Exploring public perceptions 

of benefits and risks, trust, and acceptance of nuclear energy in Thailand and Vietnam: A 

qualitative approach. Energy Policy, 127, pp.259-268. 

 

Ho, Shirley S., Alisius D. Leong, Jiemin Looi, Liang Chen, Natalie Pang, and Edson Tandoc 

Jr., 2019. Science literacy or value predispositedion? A meta-analysis of factors predicting 

public perceptions of benefits, risks, and acceptance of nuclear energy. Environmental 

Communication 13, no. 4: 457-471. 

Hoelter, J.W., 1983. The analysis of covariance structures: Goodness-of-fit indices. 

Sociological Methods and Research, 11(3), pp.325-344. 

Hoen, B., Wiser, R., Cappers, P., Thayer, M. and Sethi, G., 2011. Wind energy facilities and 

residential properties: the effect of proximity and view on sales prices. Journal of Real Estate 

Research, 33(3), pp.279-316. 

Hogg, M.A. and Reid, S.A., 2006. Social identity, self-categorization, and the communication 

of group norms. Communication theory, 16(1), pp.7-30. 

Hohne, D., de Lange, F., Esterhuyse, S. and Sherwood Lollar, B., 2019. Case study: methane 

gas in a groundwater system located in a dolerite ring structure in the Karoo Basin; South 

Africa. South African Journal of Geology, 122(3), pp.357-368. 

Højlund, P.W. and Nielsen, L.S., 2019. Blockchain Smart Contracts For International Trade: A 

Transaction Cost Analysis. 

Holland, A. 2013. Earthquakes triggered by hydraulic fracturing in South-Central Oklahoma, 

Bull. Seismol. Soc. Am., 103, 3, 1784-1792. 

Holloway, I. and Todres, L., 2003. The status of method: flexibility, consistency and coherence. 

Qualitative research, 3(3), pp.345-357. 

Hölsgens, R., Lübke, S. and Hasselkuß, M., 2018. Social innovations in the German energy 

transition: an attempt to use the heuristics of the multi-level perspective of transitions to 

analyze the diffusion process of social innovations. Energy, Sustainability and Society, 8(1), 

pp.1-13. 

Hopke, J.E., 2015. Hashtagging politics: Transnational anti-fracking movement Twitter 

practices. Social Media+ Society, 1(2), p.2056305115605521. 

Hornborg, A., 2019. The Ontology of Technology. In Nature, Society, and Justice in the 

Anthropocene: Unraveling the Money-Energy-Technology Complex (New Directions in 

Sustainability and Society, pp. 93-113). Cambridge: Cambridge University Press. 

doi:10.1017/9781108554985.007. 

Howarth, B. and Ingraffea, T., 2015. Still A Bridge to Nowhere: Methane Emissions and the 

Greenhouse Gas Footprint of Natural Gas. Cornell University Lecture. 

Howarth, R.W., Ingraffea, A. and Engelder, T., 2011. Natural gas: Should fracking stop?. 



220 

 

Nature, 477, 271-75. 

 

Howarth, R.W., Ingraffea, A. and Engelder, T., 2011a. Should fracking stop?. Nature, 

477(7364), pp.271-275. 

 

Howarth, R.W., Santoro, R. and Ingraffea, A., 2011b. Methane and the greenhouse-gas 

footprint of natural gas from shale formations. Climatic change, 106(4), p.679. 

 

Howarth, R.W., Santoro, R., 2011. Methane and the greenhouse-gas footprint of natural gas 

from shale formations. Clim. Chang. 106 (4), 679–690. 

 

Howell, E. L., Li, N., Akin, H., Scheufele, D. A., Xenos, M. A., & Brossard, D., 2017. How do 

U.S. state residents form opinions about “fracking” in social contexts? A multilevel analysis. 

Energy Policy, 106, 345– 355. 

Howell, E.L., Wirz, C.D., Brossard, D., Scheufele, D.A. and Xenos, M.A., 2019. Seeing 

through risk-colored glasses: Risk and benefit perceptions, knowledge, and the politics of 

fracking in the United States. Energy Research & Social Science, 55, pp.168-178. 

Howell, R.A., 2018. UK public beliefs about fracking and effects of knowledge on beliefs and 

support: A problem for shale gas policy. Energy Policy, 113, pp.721-730. 

 

Huang, L., Rao, C., van der Kuijp, T.J., Bi, J. and Liu, Y., 2017. A comparison of individual 

exposure, perception, and acceptable levels of PM2. 5 with air pollution policy objectives in 

China. Environmental research, 157, pp.78-86. 

Huddlestone‐Holmes, CR, Wu, B, Kear, J, and Pandurangan, R. 2017. Report into the shale gas 

well life cycle and well integrity. EP179028. CSIRO, Australia. 

 

Hudgins, A., 2013. Fracking's future in a coal mining past: subjectivity undermined. Culture, 

Agriculture, Food and Environment, 35(1), pp.54-59. 

Hui, A. and Walker, G., 2018. Concepts and methodologies for a new relational geography of 

energy demand: Social practices, doing-places and settings. Energy research and social 

science, 36, pp.21-29. 

Huijts, N.M., Molin, E.J. and Steg, L., 2012. Psychological factors influencing sustainable 

energy technology acceptance: A review-based comprehensive framework. Renewable and 

sustainable energy reviews, 16(1), pp.525-531. 

Hultman, N., Rebois, D., Scholten, M. and Ramig, C., 2011. The greenhouse impact of 

unconventional gas for electricity generation. Environmental Research Letters, 6(4), p.044008. 

Humez, P., B. Mayer, J. Ing, M. Nightingale, V. Becker, A. Kingston, O. Akbilgic, and S. Taylor. 

2016. Occurrence and origin of methane in groundwater in Alberta (Canada): Gas geochemical 

and isotopic approaches. Science of the Total Environment 541: 1253–1268. 

Humphreys, M., 2005. Natural resources, conflict, and conflict resolution: Uncovering the 

mechanisms. Journal of conflict resolution, 49(4), pp.508-537. 

Huppert, F.A., 2009. Psychological well‐being: Evidence regarding its causes and 



221 

 

consequences. Applied Psychology: Health and Well‐Being, 1(2), pp.137-164. 

Hurley, T., Chhipi-Shrestha, G., Gheisi, A., Hewage, K. and Sadiq, R., 2016. Characterizing 

hydraulic fracturing fluid greenness: application of a hazard-based index approach. Clean 

Technologies and Environmental Policy, 18(3), pp.647-668. 

IAEA (International Atomic Energy Agency), 2005. Energy indicators for sustainable 

development: Guidelines and methodologies. Environmental Policy and Law, Vienna : 

International Atomic Energy Agency, 2005 https://www-

pub.iaea.org/MTCD/Publications/PDF/Pub1222_web.pdf · PDF file 

IEA, 2012b. Medium Term Oil Market Report, International Energy Agency, Paris. 

IEA, 2019. South Africa Energy Outlook, IEA, Paris https://www.iea.org/articles/south-africa-

energy-outlook 

 

IEA, 2020. Gas 2020, IEA, Paris https://www.iea.org/reports/gas-2020 

 

Im, I., Kim, Y. and Han, H.J., 2008. The effects of perceived risk and technology type on users’ 

acceptance of technologies. Information and Management, 45(1), pp.1-9. 

Inderwildi, O.R., Siegrist, F., Dickson, R.D. and Hagan, A.J., 2014. The feedstock curve: novel 

fuel resources, environmental conservation, the force of economics and the renewed east–west 

power struggle. Applied Petrochemical Research, 4(1), pp.157-165. 

Ingle, M. and Atkinson, D., 2015. Can the circle be squared? An enquiry into shale gas mining 

in South Africa's Karoo. Development Southern Africa, 32(5), pp.539-554. 

Ingold, T., 2002. Culture and the perception of the environment. In Bush base, forest farm (pp. 

51-68). Routledge. 

Innes, J.E. and Booher, D.E., 2004. Reframing public participation: strategies for the 21st 

century. Planning theory and practice, 5(4), pp.419-436. 

International Energy Agency (IEA), Oil Market Report - April 2020, 

https://www.iea.org/reports/oil-market report-april-2020. Accessed 24th April, 2021 

 

IPCC, 2001. Climate change 2001: synthesis report. In: Watson, R.T., Core Writing Team 

(Eds.), A Contribution of Working Groups I, II, and III to the Third Assessment Report of the 

Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, p. 

398 

Irwin, A., 2013. Sociology and the environment: a critical introduction to society, nature and 

knowledge. John Wiley and Sons. 

Israel, A.L., Wong-Parodi, G., Webler, T. and Stern, P.C., 2015. Eliciting public concerns about 

an emerging energy technology: The case of unconventional shale gas development in the 

United States. Energy Research and Social Science, 8, pp.139-150. 

Issah, M. and Umejesi, I., 2019. Uranium mining and sense of community in the Great Karoo: 

Insights from local narratives. The Extractive Industries and Society, 6(1), pp.171-180. 

Jackson, R.B., Friedlingstein, P., Andrew, R.M., Canadell, J.G., Le Quéré, C. and Peters, G.P., 

https://www.iea.org/articles/south-africa-energy-outlook
https://www.iea.org/articles/south-africa-energy-outlook
https://www.iea.org/reports/gas-2020
https://www.iea.org/reports/oil-market%20report-april-2020


222 

 

2019. Persistent fossil fuel growth threatens the Paris Agreement and planetary health. 

Environmental Research Letters, 14(12), p.121001. 

Jackson, R.B., Lowry, E.R., Pickle, A., Kang, M., DiGiulio, D. and Zhao, K., 2015. The depths 

of hydraulic fracturing and accompanying water use across the United States. Environmental 

science & technology, 49(15), pp.8969-8976. 

Jackson, R.B., Vengosh, A., Darrah, T.H., Warner, N.R., Down, A., Poreda, R.J., Osborn, S.G., 

Zhao, K. and Karr, J.D., 2013. Increased stray gas abundance in a subset of drinking water 

wells near Marcellus shale gas extraction. Proceedings of the National Academy of Sciences, 

110(28), pp.11250-11255. 

Jacobsson, S. and Johnson, A., 2000. The diffusion of renewable energy technology: an 

analytical framework and key issues for research. Energy policy, 28(9), pp.625-640. 

Jacquet, J. and Kay, D.L., 2014. The Unconventional Boomtown: Updating the impact model 

to fit new spatial and temporal scales. Journal of Rural and Community Development, 9(1). 

 

Jacquet, J. B., 2012. Landowner attitudes toward natural gas and wind farm development in 

northern Pennsylvania. Energy Policy, 50, 677– 688. 

Jacquet, J.B. and Stedman, R.C., 2013. Perceived impacts from wind farm and natural gas 

development in northern Pennsylvania. Rural Sociology, 78(4), pp.450-472. 

Jacquet, J.B. and Stedman, R.C., 2014. The risk of social-psychological disruption as an impact 

of energy development and environmental change. Journal of Environmental Planning and 

Management, 57(9), pp.1285-1304. 

Jacquet, J.B., 2013, May. Risks to Communities from Shale Gas Development. In South 

Dakota University. Presentation at the National Research Council Workshop on Risks from 

Shale Gas Development. 

Jacquet, J.B., 2014. Review of risks to communities from shale energy development. 

Environmental science and technology, 48(15), pp.8321-8333. 

Jaffe, A.B. and Stavins, R.N., 1994. The energy-efficiency gap What does it mean?. Energy 

policy, 22(10), pp.804-810. 

Jaffe, A.B., Newell, R.G. and Stavins, R.N., 2002. Environmental policy and technological 

change. Environmental and resource economics, 22(1), pp.41-70. 

Jaffe, A.B., Newell, R.G. and Stavins, R.N., 2004. Economics of energy 

efficiency. Encyclopedia of energy, 2, pp.79-90. 

Jaffe, A.B., Newell, R.G. and Stavins, R.N., 2005. A tale of two market failures: Technology 

and environmental policy. Ecological economics, 54(2-3), pp.164-174. 

Jaglin, S., 2014. Rethinking urban heterogeneity. The Routledge Handbook on Cities of the 

Global South. Abingdon: Routledge, pp.434-446. 

Jamshidnezhad, M., 2015. Experimental design in petroleum reservoir studies. Gulf 

Professional Publishing. 



223 

 

Jamtveit, B., Svensen, H., Podladchikov, Y.Y. and Planke, S., 2004. Hydrothermal vent 

complexes associated with sill intrusions in sedimentary basins. Physical Geology of High-

Level Magmatic Systems. Geological Society, London, Special Publications, 234, pp.233-241. 

Jänicke, M. and Jacob, K., 2005. Ecological modernisation and the creation of lead markets. 

In Towards environmental innovation systems (pp. 175-193). Springer, Berlin, Heidelberg. 

Jarvie, D.M., Hill, R.J., Ruble, T.E. and Pollastro, R.M., 2007. Unconventional shale-gas 

systems: The Mississippian Barnett Shale of north-central Texas as one model for thermogenic 

shale-gas assessment. AAPG bulletin, 91(4), pp.475-499. 

Jaspal, R. and Nerlich, B., 2014. Fracking in the UK press: Threat dynamics in an unfolding 

debate. Public Understanding of Science, 23(3), pp.348-363. 

Javanmardi, E., Liu, S. and Xie, N., 2020. Exploring the philosophical foundations of grey 

systems theory: Subjective processes, information extraction and knowledge formation. 

Foundations of Science, pp.1-34. 

Jawadi, F. and Sellami, M., 2021. On the effect of oil price in the context of Covid‐19. 

International Journal of Finance & Economics. 

Jefferson, M., 2006. Sustainable energy development: performance and prospects. Renewable 

energy, 31(5), pp.571-582. 

Jenner, S. and Lamadrid, A.J. (2013) Shale Gas vs. Coal: Policy Implications from 

Environmental Impact Comparisons of Shale Gas, Conventional Gas, and Coal on Air, Water, 

and Land in the United States. Energy Policy, 53, 442-453. 

Jerolmack, C. and Walker, E.T., 2018. Please in my backyard: Quiet mobilization in support of 

fracking in an Appalachian community. American Journal of Sociology, 124(2), pp.479-516. 

Jerolmack, C., 2021. conclusion. Bust and Beyond. In Up to Heaven and Down to Hell (pp. 

254-272). Princeton University Press. 

Jiang, M., Griffin, W.M., Hendrickson, C., Jaramillo, P., VanBriesen, J. and Venkatesh, A., 2011. 

Life cycle greenhouse gas emissions of Marcellus shale gas. Environmental Research Letters, 

6(3), p.034014. 

Jiang, M., Hendrickson, C.T. and VanBriesen, J.M., 2014. Life cycle water consumption and 

wastewater generation impacts of a Marcellus shale gas well. Environmental science and 

technology, 48(3), pp.1911-1920. 

Jiang, S., Zhang, J., Jiang, Z., Xu, Z., Cai, D., Chen, L., Wu, Y., Zhou, D., Jiang, Z., Zhao, X., 

2015. Geology, resource potentials, and properties of emerging and potential China shale gas 

and shale oil plays. Interpretation 3 (2), SJ1–SJ13 

Jobes, P.C., 1987. The disintegration of gemeinschaft social structure from energy development: 

Observations from ranch communities in the western United States. Journal of Rural 

Studies, 3(3), pp.219-229. 

Joffe, H., 2003. Risk: From perception to social representation. British journal of social 

psychology, 42(1), pp.55-73. 

Joffe, H., 2003. Risk: From perception to social representation. British journal of social 



224 

 

psychology, 42(1), pp.55-73. 

Johnson Jr, R.L., Flottman, T. and Campagna, D.J., 2002, January. Improving results of coalbed 

methane development strategies by integrating geomechanics and hydraulic fracturing 

technologies. In SPE Asia Pacific Oil and Gas Conference and Exhibition. Society of 

Petroleum Engineers. 

Johnson, B.B., 1993. Advancing understanding of knowledge's role in lay risk perception. Risk, 

4, p.189. 

Johnson, M.R. et al., 2006. Sedimentary rocks of the Karoo Supergroup. In: Johnson, M.R., 

Anhaeusser, C.R., Thomas, R.J. (Eds.). Geological Society of South Africa and Council for 

Geoscience, Johannesburg and Pretoria, South Africa, pp. 461-499 

Johnson, M.R., 1991. Sandstone petrography, provenance and plate tectonic setting in 

Gondwana context of the southeastern Cape-Karoo Basin. South African Journal of 

Geology, 94(2-3), pp.137-154. 

Johnson, M.R., Van Vuuren, C.J., Hegenberger, W.F., Key, R. and Show, U., 1996. Stratigraphy 

of the Karoo Supergroup in southern Africa: an overview. Journal of African Earth Sciences, 

23(1), pp.3-15. 

Johnson, M.R., van Vuuren, C.J., Visser, J.N.J., Cole, D.I., Wickens, H.D., Christie, A.D.M., 

Roberts, D.L., and Brandl, G., 2006, Sedimentary rocks of the Karoo Supergroup, in Johnson, 

M.R., et al., eds., The geology of South Africa: Geological Society of South Africa and Council 

for Geoscience, p. 461–499. 

Johnson, R.B., Onwuegbuzie, A.J. and Turner, L.A., 2007. Toward a definition of mixed 

methods research. Journal of mixed methods research, 1(2), pp.112-133. 

Johnson, T. and Owens, L., 2003, May. Survey response rate reporting in the professional 

literature. In 58th Annual Meeting of the American Association for Public Opinion Research, 

Nashville (Vol. 2003). 

Johnston, D., Paton, D., Crawford, G.L., Ronan, K., Houghton, B. and Bürgelt, P., 2005. 

Measuring tsunami preparedness in coastal Washington, United States. Natural Hazards, 35(1), 

pp.173-184. 

Jones, R.P., Cox, D. and Navarro-Rivera, J., 2014. Believers, sympathizers, and skeptics: why 

Americans are conflicted about climate change, environmental policy and science: findings 

from the PRRI/AAR religions, values, and climate change survey. 

Jones, P., Hillier, D. and Comfort, D., 2013. Fracking and public relations: rehearsing the 

arguments and making the case. Journal of Public Affairs, 13(4), pp.384-390. 

Juma, C., 2016. Innovation and its enemies: Why people resist new technologies. Oxford 

University Press. 

Junod, A.N., Jacquet, J.B., Fernando, F. and Flage, L., 2018. Life in the goldilocks zone: 

perceptions of place disruption on the periphery of the Bakken Shale. Society & natural 

resources, 31(2), pp.200-217. 



225 

 

Kahan, D.M., Jenkins‐Smith, H. and Braman, D., 2011. Cultural cognition of scientific 

consensus. Journal of risk research, 14(2), pp.147-174. 

Kahn, H., 2019. World economic development: 1979 and beyond. Routledge. 

Kahrilas, G.A., Blotevogel, J., Corrin, E.R. and Borch, T., 2016. Downhole transformation of 

the hydraulic fracturing fluid biocide glutaraldehyde: implications for flowback and produced 

water quality. Environmental science and technology, 50(20), pp.11414-11423. 

Kaiser, M.J., 2012. Profitability assessment of Haynesville shale gas wells. Energy, 38(1), 

pp.315-330. 

 

Kalipa-Mini, N.C., 2018. The Effectiveness of Public Participation in the Environmental 

Politics of Hydraulic Fracturing: The Case of the Great Karoo, Eastern Cape Province, South 

Africa. 

 

Kampová, K., 2010. The concept of social risks perception. WIT Transactions on Information 

and Communication Technologies, 43, pp.127-135. 

Kane, I.O., Vanderlinden, J.P., Baztan, J., Touili, N. and Claus, S., 2014. Communicating risk 

through a DSS: A coastal risk centred empirical analysis. Coastal Engineering, 87, pp.240-248. 

Kânoğlu, D.G. and Soytaş, U., 2018. The Impact of Information Provision on the Social 

Acceptance of Shale Gas Development: A Review-Based Inclusive Model. Frontiers in Energy 

Research, 6, p.83. 

Kânoğlu-Özkan, D.G. and Soytaş, U., 2021. The Social Acceptance of Shale Gas Development: 

Evidence from Turkey. Energy, p.122150. 

Kantor, M., Konieczyńska, M. and Lipińska, O., 2015. Shale gas exploration-The results of 

environmental field studies. Przeglad Geologiczny, 63(7), pp.404-409. 

Kargbo, D.M., Wilhelm, R.G., Campbell, D.J., 2010. Natural Gas Plays in the Marcellus Shale: 

Challenges and Potential Opportunities. Environmental Science and Technology 44, 5679-

5684. 

Kasperson, J.X., Kasperson, R.E., Pidgeon, N. and Slovic, P., 2012. The social amplification 

of risk: Assessing 15 years of research and theory. In Social contours of risk (pp. 217-245). 

Routledge. 

Kasperson, R.E., Renn, O., Slovic, P., Brown, H.S., Emel, J., Goble, R., Kasperson, J.X. and 

Ratick, S., 1988. The social amplification of risk: A conceptual framework. Risk analysis, 8(2), 

pp.177-187. 

Kay, D. 2011. The Economic Impact of Marcellus Shale Gas Drilling What Have We learned? 

What are the Limitations? Working Paper Series: A Comprehensive Economic Impact Analysis 

of Natural Gas Extraction in the Marcellus Shale. City and Regional Planning, Cornell 

University, Ithaca. 

Keiser, D.A. and Shapiro, J.S., 2019. US Water Pollution Regulation over the Past Half Century: 

Burning Waters to Crystal Springs?. Journal of Economic Perspectives, 33(4), pp.51-75. 

Kelly, M.G. and Schafft, K.A., 2021. A “Resource Curse” for Education?: Deepening 



226 

 

Education Disparities in Pennsylvania’s Shale Gas Boomtowns. Society & Natural Resources, 

34(1), pp.23-39. 

Kenny, C., Rose, D.C., Hobbs, A., Tyler, C. and Blackstock, J., 2017. The role of research in 

the UK Parliament (Vol. 1). Parliamentary Office of Science and Technology. 

Kerr, S., Johnson, K. and Weir, S., 2017. Understanding community benefit payments from 

renewable energy development. Energy Policy, 105, pp.202-211. 

Khalifeh, M. and Saasen, A., 2020. General Principles of Well Barriers. In Introduction to 

Permanent Plug and Abandonment of Wells (pp. 11-69). Springer, Cham. 

Khan, F., 2002. The roots of environmental racism and the rise of environmental justice in the 

1990s. Environmental Justice in South Africa, pp.15-48. 

Kharecha, P.A. and Hansen, J.E., 2008. Implications of “peak oil” for atmospheric CO2 and 

climate. Global Biogeochemical Cycles, 22(3). 

Kibble, A., 2014. Review of the Potential Public Health Impact of Exposures to Chemical and 

Radioactive Pollutants as a Result of the Shale Gas Extraction Process. Centre for Radiation, 

Chemical and Environmental Hazards, Public Health England. 

Kim, T.H., Cho, J. and Lee, K.S., 2017. Evaluation of CO2 injection in shale gas reservoirs 

with multi-component transport and geomechanical effects. Applied energy, 190, pp.1195-

1206. 

King, G.E. and King, D.E., 2013, September. Environmental risk arising from well construction 

failure: differences between barrier failure and well failure, and estimates of failure frequency 

across common well types, locations and well age. In SPE Annual Technical Conference and 

Exhibition. Society of Petroleum Engineers. 

King, G.E., 2010, January. Thirty years of gas shale fracturing: What have we learned?. In SPE 

annual technical conference and exhibition. Society of Petroleum Engineers. 

King, G.E., 2012. Hydraulic fracturing 101: what every representative, environmentalist, 

regulator, reporter, investor, university researcher, neighbor and engineer should know about 

estimating frac risk and improving frac performance in unconventional gas and oil wells. In: 

SPE Hydraulic Fracturing Technology Conference. Society of Petroleum Engineers, The 

Woodlands, Texas. 

King, K., Hracs, B., Denstedt, M., Stolarick, K., 2010.The Importance of Diversity to the 

Economic and Social Prosperity of Toronto. Available at: Martin Prosperity Institute, Toronto. 

Accessed: 01/03/2021.  

Kinnaman, T.C. 2011. The economic impact of shale gas extraction: A review of existing 

studies, Ecological Economics, 70, 1243-1249. 

Kinne, B., 2018. Regulating unconventional shale gas development in the United States. 

Governing Shale Gas: Development, Citizen Participation and Decision Making in the US, 

Canada, Australia and Europe, p.2. 

Kiran, R., Teodoriu, C., Dadmohammadi, Y., Nygaard, R., Wood, D., Mokhtari, M. and Salehi, 



227 

 

S., 2017. Identification and evaluation of well integrity and causes of failure of well integrity 

barriers (A review). Journal of Natural Gas Science and Engineering, 45, pp.511-526. 

Kiratu, S., 2010. South Africa’s Energy Security in the Context of Climate Change Mitigation. 

International Institute for Sustainable Development, Winnipeg, Canada, p. 17.  

Kissinger, A., Helmig, R., Ebigbo, A., Class, H., Lange, T., Sauter, M., Heitfeld, M., Klünker, 

J. and Jahnke, W., 2013. Hydraulic fracturing in unconventional gas reservoirs: risks in the 

geological system, part 2. Environmental earth sciences, 70(8), pp.3855-3873. 

Klick, H. and Smith, E.R., 2010. Public understanding of and support for wind power in the 

United States. Renewable Energy, 35(7), pp.1585-1591. 

Klinke, A. and Renn, O., 2021. The coming of age of risk governance. Risk analysis, 41(3), 

pp.544-557. 

Klucharev, V., Hytönen, K., Rijpkema, M., Smidts, A. and Fernández, G., 2009. Reinforcement 

learning signal predicts social conformity. Neuron, 61(1), pp.140-151.  

Knoll, L.J., Magis-Weinberg, L., Speekenbrink, M. and Blakemore, S.J., 2015. Social influence 

on risk perception during adolescence. Psychological science, 26(5), pp.583-592. 

Koehler, D.J., 2016. Can journalistic “false balance” distort public perception of consensus in 

expert opinion?. Journal of Experimental Psychology: Applied, 22(1), p.24. 

Koletsou, A. and Mancy, R., 2011. Which efficacy constructs for large-scale social dilemma 

problems? Individual and collective forms of efficacy and outcome expectancies in the context 

of climate change mitigation. Risk Management, 13(4), pp.184-208. 

Komarek, T.M., 2018. Crime and natural resource booms: evidence from unconventional 

natural gas production. The Annals of Regional Science, 61(1), pp.113-137. 

Kondash, A. J.; Lauer, N. E.; Vengosh, A., 2018. The intensification of the water footprint of 

hydraulic fracturing. Sci. Adv, 4, No. eaar5982. 

Konschnik, K.E. and Boling, M.K., 2014. Shale gas development: a smart regulation 

framework. Environmental science and technology, 48(15), pp.8404-8416. 

Konschnik K, Holden M, Shasteen A.2013. Legal Fractures in Chemical Disclosure Laws. Why 

the Voluntary Chemical Disclosure Registry FracFocus Fails as a Regulatory Compliance Tool. 

Available: http://blogs.law.harvard.edu/environmentallawprogram/files/2013/04/4-23-2013-

LEGAL-FRACTURES.pdf [accessed 15 September 2021]. 

Kraemer, A. and Stefes, C., 2016. The changing energy landscape in the Atlantic Space. 

Atlantic Future Shaping a New Hemisphere for the 21st century: Africa, Europe and the 

Americas, pp.88-102. 

Kraus, N., Malmfors, T. and Slovic, P., 1992. Intuitive toxicology: Expert and lay judgments 

of chemical risks. Risk analysis, 12(2), pp.215-232. 

Krause, R.M., Carley, S.R., Warren, D.C., Rupp, J.A. and Graham, J.D., 2014. “Not in (or under) 

my backyard”: geographic proximity and public acceptance of carbon capture and storage 

facilities. Risk Analysis, 34(3), pp.529-540. 



228 

 

Krauss, S.E., 2005. Research paradigms and meaning making: A primer. The qualitative report, 

10(4), pp.758-770. 

Kreuze, A., Schelly, C., & Norman, E., 2016. To frack or not to frack: Perceptions of the risks 

and opportunities of high‐volume hydraulic fracturing in the United States. Energy Research 

& Social Science, 20, 45– 54. 

Krietsch, H., Gischig, V., Evans, K., Doetsch, J., Dutler, N.O., Valley, B. and Amann, F., 2019. 

Stress measurements for an in situ stimulation experiment in crystalline rock: integration of 

induced seismicity, stress relief and hydraulic methods. Rock Mechanics and Rock 

Engineering, 52(2), pp.517-542. 

Krupnick, A.J. and Gordon, H.G., 2015. What experts say about the environmental risks of 

shale gas development. Agricultural and Resource Economics Review, 44(1203-2016-95590), 

pp.106-119. 

Krupnick, A.J., 2013. Managing the Risks of Shale Gas: Key Findings and Further Research. 

Resources for the Future. 

Kuila, U. and Prasad, M., 2013. Specific surface area and pore‐size distribution in clays and 

shales. Geophysical Prospecting, 61(2-Rock Physics for Reservoir Exploration, 

Characterisation and Monitoring), pp.341-362. 

Kumar, A. and Hassanzadeh, H., 2021. Impact of shale barriers on performance of SAGD and 

ES-SAGD—A review. Fuel, 289, p.119850. 

Kumhof, M. and Muir, D., 2014. Oil and the world economy: some possible futures. 

Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering 

Sciences, 372(2006), p.20120327. 

Kusev, P., Van Schaik, P., Martin, R., Hall, L. and Johansson, P., 2020. Preference reversals 

during risk elicitation. Journal of Experimental Psychology: General, 149(3), p.585. 

Lachapelle, E., and E. Montpetit. 2014. Public opinion on hydraulic fracturing in the province 

of Quebec: A comparison with Michigan and Pennsylvania. Issues in Energy and 

Environmental Policy 17. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2652366 

(accessed, 26th Oct 2020). 

Lachapelle, E., Montpetit, É. and Gauvin, J.P., 2014. Public perceptions of expert credibility 

on policy issues: The role of expert framing and political worldviews. Policy Studies 

Journal, 42(4), pp.674-697. 

Lackey, G., Rajaram, H., Bolander, J., Sherwood, O.A., Ryan, J.N., Shih, C.Y., Bromhal, G.S. 

and Dilmore, R.M., 2021. Public data from three US states provide new insights into well 

integrity. Proceedings of the National Academy of Sciences, 118(14). 

Laird, F.N., 2013. Against transitions? Uncovering conflicts in changing energy systems. 

Science as Culture, 22(2), pp.149-156. 

Lampe, D.J. and Stolz, J.F., 2015. Current perspectives on unconventional shale gas extraction 

in the Appalachian Basin. Journal of Environmental Science and Health, Part A, 50(5), pp.434-

446. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2652366


229 

 

Landsberg, C. and Qobo, M., 2017. Assessing political risks within the shale gas energy sector 

of South Africa: the case of exploration of the Karoo basin. 

Lawhon, M. and Murphy, J.T., 2012. Socio-technical regimes and sustainability transitions: 

Insights from political ecology. Progress in Human Geography, 36(3), pp.354-378. 

Lawson, C., 2017. The Sociality of Artefacts. In Technology and Isolation (pp. 62-78). 

Cambridge: Cambridge University Press. doi:10.1017/9781316848319.006. 

Lawson, C., Lawson, C., Latsis, J. and Martins, N., 2007. Technology, technological 

determinism and the transformational model of social activity. Contributions to social ontology, 

15, p.32.  

Le Maitre, D.C., Milton, S.J., Jarmain, C., Colvin, C.A., Saayman, I. and Vlok, J.H., 2007. 

Linking ecosystem services and water resources: landscape‐scale hydrology of the Little Karoo. 

Frontiers in Ecology and the Environment, 5(5), pp.261-270. 

 

Le, M.T., 2018. An assessment of the potential for the development of the shale gas industry in 

countries outside of North America. Heliyon, 4(2), p.e00516. 

 

Leaper, C., 2011. More similarities than differences in contemporary theories of social 

development?: A plea for theory bridging. Advances in child development and behavior, 40, 

pp.337-378. 

 

Lee, T.M., Markowitz, E.M., Howe, P.D., Ko, C.Y. and Leiserowitz, A.A., 2015. Predictors of 

public climate change awareness and risk perception around the world. Nature climate change, 

5(11), pp.1014-1020. 

Lees, F., 2012. Lees' Loss prevention in the process industries: Hazard identification, 

assessment and control. Butterworth-Heinemann. 

Lehmann, R. and Totsche, K.U., 2020. Multi-directional flow dynamics shape groundwater 

quality in sloping bedrock strata. Journal of Hydrology, 580, p.124291. 

Lei, X., Yu, G., Ma, S., Wen, X. and Wang, Q., 2008. Earthquakes induced by water injection 

at∼ 3 km depth within the Rongchang gas field, Chongqing, China. Journal of Geophysical 

Research: Solid Earth, 113(B10). 

Leiserowitz, A., 2006. Climate change risk perception and policy preferences: The role of affect, 

imagery, and values. Climatic change, 77(1-2), pp.45-72. 

Lelieveld, J., Klingmüller, K., Pozzer, A., Burnett, R.T., Haines, A. and Ramanathan, V., 2019. 

Effects of fossil fuel and total anthropogenic emission removal on public health and 

climate. Proceedings of the National Academy of Sciences, 116(15), pp.7192-7197. 

Leonardi, P.M. and Barley, S.R., 2010. What’s under construction here? Social action, 

materiality, and power in constructivist studies of technology and organizing. Academy of 

Management Annals, 4(1), pp.1-51. 

Lewandowsky, S. and Oberauer, K., 2016. Motivated rejection of science. Current Directions 

in Psychological Science, 25(4), pp.217-222. 



230 

 

Li, W., Ni, S., Zang, C. and Chu, R., 2020. Rupture Directivity of the 2019 M w 5.8 Changning, 

Sichuan, China, Earthquake and Implication for Induced Seismicity. Bulletin of the 

Seismological Society of America, 110(5), pp.2138-2153. 

Li, Y., Chevallier, J., Wei, Y. and Li, J., 2020. Identifying price bubbles in the US, European 

and Asian natural gas market: Evidence from a GSADF test approach. Energy Economics, 87, 

p.104740. 

Liebkind, K., 2004. Intergroup relations and culture. In Encyclopedia of applied psychology, 

2, F-Per. (pp. 335-348). Elsevier Academic Press. 

Lin, B. and Xu, B., 2020. How does fossil energy abundance affect China's economic growth 

and CO2 emissions?. Science of The Total Environment, 719, p.137503. 

Lindell, M.K. and Perry, R.W., 2012. The protective action decision model: Theoretical 

modifications and additional evidence. Risk Analysis: An International Journal, 32(4), pp.616-

632. 

Lindeque, A., de Wit, M.J., Ryberg, T., Weber, M. and Chevallier, L., 2011. Deep crustal profile 

across the southern Karoo Basin and Beattie Magnetic Anomaly, South Africa: an integrated 

interpretation with tectonic implications. South African Journal of Geology, 114(3-4), pp.265-

292. 

Linol, B., Chere, N., Muedi, T., Nengovhela, V. and de Wit, M.J., 2016. Deep borehole 

lithostratigraphy and basin structure of the Southern Karoo Basin re-visited. In Origin and 

evolution of the cape mountains and Karoo Basin (pp. 3-16). Springer, Cham. 

Lipson, D.N., 2011. Is the Great Recession only the beginning? Economic contraction in an 

age of fossil fuel depletion and ecological limits to growth. New Political Science, 33(4), 

pp.555-575. 

 

Lis, A. and Stankiewicz, P., 2017. Framing shale gas for policy-making in Poland. Journal of 

Environmental Policy and Planning, 19(1), pp.53-71. 

Lis, A. and Stasik, A.K., 2017. Hybrid forums, knowledge deficits and the multiple 

uncertainties of resource extraction: Negotiating the local governance of shale gas in Poland. 

Energy Research and Social Science, 28, pp.29-36. 

Lis, A., Braendle, C., Fleischer, T., Thomas, M., Evensen, D. and Mastop, J., 2015. Existing 

European data on public perceptions of shale gas. M4ShaleGas deliverable 17.1.      

         

Liss, W., 2012. Demand outlook: A golden age of natural gas. Chemical Engineering Progress, 

108(8), pp.35-40. 

Liu, Z., Deng, Z., Ciais, P., Lei, R., Davis, S.J., Feng, S., Zheng, B., Cui, D., Dou, X., He, P. 

and Zhu, B., 2020. COVID-19 causes record decline in global CO2 emissions. 

Liu, K., Du, H., Zheng, T., Liu, H., Zhang, M., Xie, H., Zhang, X., Ma, M. and Si, C., 2021. 

Recent advances in cellulose and its derivatives for oilfield applications. Carbohydrate 

Polymers, p.117740. 

Lobo-Guerrero, L., 2010. The international political sociology of risk. In Oxford Research 

Encyclopedia of International Studies. 



231 

 

Lockwood, M., Davidson, J., Curtis, A., Stratford, E. and Griffith, R., 2010. Governance 

principles for natural resource management. Society and natural resources, 23(10), pp.986-

1001. 

Lonnquist, S. and Gallagher, D., 2021. Use of Fracking Information Disclosure Policies to 

Reduce Uncertainty in Risk‐Based Decisions. Review of Policy Research. 

Loring, J.M., 2007. Wind energy planning in England, Wales and Denmark: Factors influencing 

project success. Energy policy, 35(4), pp.2648-2660. 

Löschel, A., 2002. Technological change in economic models of environmental policy: a 

survey. Ecological economics, 43(2-3), pp.105-126. 

Lühiste, K., 2006. Explaining trust in political institutions: Some illustrations from the Baltic 

states. Communist and post-communist studies, 39(4), pp.475-496. 

Luke, H. and Emmanouil, N., 2019. ‘All dressed up with nowhere to go’: Navigating the coal 

seam gas boom in the Western Downs region of Queensland. The Extractive Industries and 

Society, 6(4), pp.1350-1361. 

Luke, H. and Evensen, D., 2021. After the dust settles: Community resilience legacies of 

unconventional gas development. The Extractive Industries and Society. 

Luke, H., Rasch, E.D., Evensen, D. and Köhne, M., 2018. Is ‘activist’ a dirty word? Place 

identity, activism and unconventional gas development across three continents. The Extractive 

Industries and Society, 5(4), pp.524-534. 

Lutz, F., Eccles, J., Prior, D.J., Craw, L., Fan, S., Hulbe, C., Forbes, M., Still, H., Pyne, A. and 

Mandeno, D., 2020. Constraining ice shelf anisotropy using shear wave splitting measurements 

from active‐source borehole seismics. Journal of Geophysical Research: Earth Surface, 125(9), 

p.e2020JF005707. 

Macias, T., 2016. Environmental risk perception among race and ethnic groups in the United 

States. Ethnicities, 16(1), pp.111-129. 

Maguire-Boyle, S.J. and Barron, A.R., 2014. Organic compounds in produced waters from 

shale gas wells. Environmental Science: Processes and Impacts, 16(10), pp.2237-2248. 

Mahed, G., 2016. Development of a conceptual geohydrological model for a fractured rock 

aquifer in the Karoo, near Sutherland, South Africa. South African Journal of Geology, 119(1): 

33-38. 

Mahmoud, A.A.A., Elkatatny, S., Mahmoud, M., Abouelresh, M., Abdulraheem, A. and Ali, A., 

2017. Determination of the total organic carbon (TOC) based on conventional well logs using 

artificial neural network. International Journal of Coal Geology, 179, pp.72-80. 

Mai’a, K., 2021. Social Constructivism. In The Palgrave Handbook of EU Crises (pp. 195-211). 

Palgrave Macmillan, Cham. 

Maibach, E.W. and van der Linden, S.L., 2016. The importance of assessing and 

communicating scientific consensus. Environmental Research Letters, 11(9), p.091003. 

Majer E.L., Baria R, Stark M, Oates S., Bommer J., Smith B. and Asanuma H. 2007. Induced 



232 

 

seismicity associated with Enhanced Geothermal Systems, Geothermics, 36, 3, 185-222 (2007) 

Malka, A., Krosnick, J.A. and Langer, G., 2009. The association of knowledge with concern 

about global warming: Trusted information sources shape public thinking. Risk Analysis: An 

International Journal, 29(5), pp.633-647. 

Maloney, K.O. and Yoxtheimer, D.A., 2012. Production and disposal of waste materials from 

gas and oil extraction from the Marcellus Shale play in Pennsylvania. Environmental Practice, 

14(4), pp.278-287. 

Manders-Huits, N., 2011. What values in design? The challenge of incorporating moral values 

into design. Science and engineering ethics, 17(2), pp.271-287. 

Mangenot, X., Tarantola, A., Mullis, J., Girard, J.P., Le, V.H. and Eiler, J.M., 2021. 

Geochemistry of clumped isotopologues of CH4 within fluid inclusions in Alpine tectonic 

quartz fissures. Earth and Planetary Science Letters, 561, p.116792. 

Mannes, A.E., Soll, J.B. and Larrick, R.P., 2014. The wisdom of select crowds. Journal of 

personality and social psychology, 107(2), p.276. 

Manning, R.A., 2014. The shale revolution and the new geopolitics of energy. Atlantic Council, 

Brent Scowcroft Center on International Security. 

Manzano, O. and Gutiérrez, J.D., 2019. The subnational resource curse: theory and evidence. 

The Extractive Industries and Society, 6(2), pp.261-266. 

Mao, C., Koide, R., Brem, A. and Akenji, L., 2020. Technology foresight for social good: Social 

implications of technological innovation by 2050 from a Global Expert Survey. Technological 

Forecasting and Social Change, 153, p.119914. 

Marchand, J. and Weber, J., 2018. Local labor markets and natural resources: A synthesis of 

the literature. Journal of Economic Surveys, 32(2), pp.469-490. 

Marchand, J. and Weber, J., 2017. The Local Effects of the Texas Shale Boom on Schools, 

Students, and Teachers. Working Paper No. 2017-12. The University of Alberta. The 

Department of Economics, The Institute for Public Economics. 

Marchand, J., 2015. The distributional impacts of an energy boom in Western Canada. 

Canadian Journal of Economics/Revue canadienne d'économique, 48(2), pp.714-735. 

Marcos-Martinez, R., Measham, T.G. and Fleming-Muñoz, D.A., 2019. Economic impacts of 

early unconventional gas mining: Lessons from the coal seam gas industry in New South Wales, 

Australia. Energy Policy, 125, pp.338-346. 

Mares, D.R., 2013. Shale gas in Latin America: opportunities and challenges. Inter-American 

Dialogue. Energy Policy Group. 

Marlon, J.R., van der Linden, S., Howe, P.D., Leiserowitz, A., Woo, S.L. and Broad, K., 2019. 

Detecting local environmental change: The role of experience in shaping risk judgments about 

global warming. Journal of Risk Research, 22(7), pp.936-950. 

Markard, J., 2018. The next phase of the energy transition and its implications for research and 

policy. Nature Energy, 3(8), pp.628-633. 



233 

 

Martikainen, J., 2020. How Students Categorize Teachers Based on Visual Cues: Implications 

of Nonverbal Communication for Classroom Management. Scandinavian Journal of 

Educational Research, 64(4), pp.569-588. 

Martins, F., Felgueiras, C., Smitkova, M. and Caetano, N., 2019. Analysis of fossil fuel energy 

consumption and environmental impacts in European countries. Energies, 12(6), p.964. 

Mastop, J. and Rietkerk, M., 2015. Review of lessons learned on public perceptions and 

engagement of large scale energy technologies. M4ShaleGas report D, 19. 

Masuda, J.R. and Garvin, T., 2006. Place, culture, and the social amplification of risk. Risk 

Analysis: An International Journal, 26(2), pp.437-454. 

Matebesi, S. and Marais, L., 2018. Social licensing and mining in South Africa: Reflections 

from community protests at a mining site. Resources Policy, 59, pp.371-378. 

Mathur, V.N., Price, A.D. and Austin, S., 2008. Conceptualizing stakeholder engagement in the 

context of sustainability and its assessment. Construction Management and Economics, 26(6), 

pp.601-609. 

Maule, A.L., Makey, C.M., Benson, E.B., Burrows, I.J. and Scammell, M.K., 2013. Disclosure 

of hydraulic fracturing fluid chemical additives: analysis of regulations. New Solutions: A 

Journal of Environmental and Occupational Health Policy, 23(1), pp.167-187. 

May, J. and Govender, J., 1998. Poverty and inequality in South Africa. Indicator South Africa, 

15, pp.53-58. 

Maya, J.R.L., 2013. The United States experience as a reference of success for shale gas 

development: The case of Mexico. Energy Policy, 62, pp.70-78. 

Mayer, A. and Malin, S., 2019. How should unconventional oil and gas be regulated? The role 

of natural resource dependence and economic insecurity. Journal of Rural Studies, 65, pp.79-

89. 

Mayer, A., 2016. Risk and benefits in a fracking boom: Evidence from Colorado. Extractive 

Industries and Society, 3(3), 744– 753. 

Mayfield, E.N., Cohon, J.L., Muller, N.Z., Azevedo, I.M. and Robinson, A.L., 2019. 

Cumulative environmental and employment impacts of the shale gas boom. Nature 

sustainability, 2(12), pp.1122-1131. 

Mayol, J.C., 2019. Assessment of Oil and Gas Resources in the Vaca Muerta Shale, Neuquén 

Basin, Argentina (Doctoral dissertation). 

Mayne, R., Green, D., Guijt, I., Walsh, M., English, R. and Cairney, P., 2018. Using evidence 

to influence policy: Oxfam’s experience. Palgrave Communications, 4(1), pp.1-10. 

Mazur, A., 2016. How did the fracking controversy emerge in the period 2010-2012?. Public 

Understanding of Science, 25(2), pp.207-222. 

McCarthy, K., Rojas, K., Niemann, M., Palmowski, D., Peters, K. and Stankiewicz, A., 2011. 

Basic petroleum geochemistry for source rock evaluation. Oilfield Review, 23(2), pp.32-43. 



234 

 

McCauley, D., Ramasar, V., Heffron, R.J., Sovacool, B.K., Mebratu, D. and Mundaca, L., 2019. 

Energy justice in the transition to low carbon energy systems: Exploring key themes in 

interdisciplinary research. 

McCright, A.M. and Dunlap, R.E., 2000. Challenging global warming as a social problem: An 

analysis of the conservative movement's counter-claims. Social problems, 47(4), pp.499-522. 

McGlade, C. and Ekins, P., 2015. The geographical distribution of fossil fuels unused when 

limiting global warming to 2 C. Nature, 517(7533), pp.187-190. 

McGlade, C., Pye, S., Ekins, P., Bradshaw, M. and Watson, J., 2018. The future role of natural 

gas in the UK: A bridge to nowhere?. Energy Policy, 113, pp.454-465. 

McGowan, F., 2014. Regulating innovation: European responses to shale gas development. 

Environmental Politics, 23(1), pp.41-58. 

McGuirk, P.M. and O'Neill, P., 2016. Using questionnaires in qualitative human geography. 

Faculty of Social Sciences - Papers. 2518. https://ro.uow.edu.au/sspapers/2518. 

McKay, M.P., Weislogel, A.L., Fildani, A., Brunt, R.L., Hodgson, D.M. and Flint, S.S., 2015. 

U-PB zircon tuff geochronology from the Karoo Basin, South Africa: implications of zircon 

recycling on stratigraphic age controls. International Geology Review, 57(4), pp.393-410. 

McKenzie, F.H., Phillips, R., Rowley, S., Brereton, D. and Birdsall-Jones, C., 2009. Housing 

market dynamics in resource boom towns. Final report series of the Australian housing and 

urban research institute, 135, pp.1-107. 

McNally, H., Howley, P. and Cotton, M., 2018. Public perceptions of shale gas in the UK: 

framing effects and decision heuristics. Energy, Ecology and Environment, 3(6), pp.305-316. 

Meadowcroft, J., 2009. What about the politics? Sustainable development, transition 

management, and long-term energy transitions. Policy sciences, 42(4), pp.323-340. 

Measham, T. G., & Fleming, D. A., 2014. Impacts of unconventional gas development on rural 

community decline. Journal of Rural Studies, 36, 376– 385. 

Measham, T.G., Walton, A., Graham, P. and Fleming-Munoz, D.A., 2019. Living with resource 

booms and busts: employment scenarios and resilience to unconventional gas cyclical effects 

in Australia. Energy Research & Social Science, 56, p.101221. 

Medlock, K.B., 2012. Shale gas, emerging fundamentals, and geopolitics. Presentation at 

James A Baker iii institute for Public Policy, rice university. 

Medlock, K.B., Jaffe, A.M. and O'Sullivan, M., 2014. The global gas market, LNG exports and 

the shifting US geopolitical presence. Energy Strategy Reviews, 5, pp.14-25. 

 

Metze, T., 2017. Fracking the debate: Frame shifts and boundary work in Dutch decision 

making on shale gas. Journal of Environmental Policy & Planning, 19(1), pp.35-52. 

 

Meyer, U. and Schulz-Schaeffer, I., 2006. Three forms of interpretative flexibility. Science, 

Technology & Innovation Studies, 2. 

Michalsen, A., 2003. Risk assessment and perception. Injury control and safety promotion, 



235 

 

10(4), pp.201-204. 

Mihaylov, N., Perkins, D.D. and Stedman, R.C., 2020. Community responses to environmental 

threat: Place cognition, attachment, and social action. Place Attachment: Advances in Theory, 

Methods and Applications, p.161. 

Mihaylov, N.L., 2018. Releasing the Waters: A Sociological Study of the Anti-fracking 

Movement in Bulgaria. Vanderbilt University. 

Mikulčić, H., Skov, I.R., Dominković, D.F., Alwi, S.R.W., Manan, Z.A., Tan, R., Duić, N., 

Mohamad, S.N.H. and Wang, X., 2019. Flexible Carbon Capture and Utilization technologies 

in future energy systems and the utilization pathways of captured CO2. Renewable and 

Sustainable Energy Reviews, 114, p.109338. 

Milani, E.J. and De Wit, M.J., 2008. Correlations between the classic Paraná and Cape–Karoo 

sequences of South America and southern Africa and their basin infills flanking the 

Gondwanides: du Toit revisited. Geological Society, London, Special Publications, 294(1), 

pp.319-342. 

Miles, M.B. and Huberman, A.M., 1994. Qualitative data analysis: An expanded sourcebook. 

sage. 

Milkov, A.V., Faiz, M. and Etiope, G., 2020. Geochemistry of shale gases from around the 

world: Composition, origins, isotope reversals and rollovers, and implications for the 

exploration of shale plays. Organic Geochemistry, 143, p.103997. 

Miller, J.M. and Krosnick, J.A., 2000. News media impact on the ingredients of presidential 

evaluations: Politically knowledgeable citizens are guided by a trusted source. American 

Journal of Political Science, pp.301-315. 

Milt, A.W., Gagnolet, T.D. and Armsworth, P.R., 2016. The costs of avoiding environmental 

impacts from shale‐gas surface infrastructure. Conservation Biology, 30(6), pp.1151-1158. 

Milton-Thompson, O., Javadi, A.A., Kapelan, Z., Cahill, A.G. and Welch, L., 2021. Developing 

a fuzzy logic-based risk assessment for groundwater contamination from well integrity failure 

during hydraulic fracturing. Science of the Total Environment, 769, p.145051. 

Mishra, S., 2012, January. A new approach to reserves estimation in shale gas reservoirs using 

multiple decline curve analysis models. In SPE Eastern Regional Meeting. Society of 

Petroleum Engineers. 

Mitchell, T., 2011. Carbon Democracy: Political Power in The Age of Oil. Journal of History 

and Cultures. London: Verso. 

Moeinikia, F., Fjelde, K.K., Saasen, A., Vrålstad, T. and Arild, O., 2015. A probabilistic 

methodology to evaluate the cost efficiency of rigless technology for subsea multiwell 

abandonment. SPE Production and Operations, 30(04), pp.270-282. 

Moffat, K. and Zhang, A., 2014. The paths to social license to operate: An integrative model 

explaining community acceptance of mining. Resource’s policy, 39, pp.61-70. 

Mohammed, M. and Barrales-Ruiz, J., 2020. Pandemics and Oil Shocks. Oil and The 

Macroeconomy Discussion Paper Series, 3. 



236 

 

Mohlakoana, N., 2014. Implementing the South African free basic alternative energy policy: a 

dynamic actor interaction. University of Twente, Enschede. 

Mohtar, R.H., Shafiezadeh, H., Blake, J. and Daher, B., 2019. Economic, social, and 

environmental evaluation of energy development in the Eagle Ford shale play. Science of the 

Total Environment, 646, pp.1601-1614. 

Molofsky, L.J., Connor, J.A., Wylie, A.S., Wagner, T. and Farhat, S.K., 2013. Evaluation of 

methane sources in groundwater in northeastern Pennsylvania. Groundwater, 51(3), pp.333-

349. 

Monstadt, J. and Schramm, S., 2017. Toward the networked city? Translating technological 

ideals and planning models in water and sanitation systems in Dar es Salaam. International 

Journal of Urban and Regional Research, 41(1), pp.104-125. 

Montpetit, É. and Lachapelle, E., 2017. Policy learning, motivated scepticism, and the politics 

of shale gas development in British Columbia and Quebec. Policy and Society, 36(2), pp.195-

214. 

Moon, W. and Balasubramanian, S.K., 2004. Public attitudes toward agrobiotechnology: The 

mediating role of risk perceptions on the impact of trust, awareness, and outrage. Review of 

Agricultural Economics, 26(2), pp.186-208. 

Mooney, C.Z. and Schuldt, R.G., 2008. Does morality policy exist? Testing a basic assumption. 

Policy Studies Journal, 36(2), pp.199-218. 

Moortgat, J.B., Schwartz, F.W., Darrah, T.H., 2018. Numerical Modeling of Methane Leakage 

from a Faulty Natural-Gas-Well into Fractured Tight Formations. Groundwater, 56(2). 

Morgan, D.L., 2014. Pragmatism as a paradigm for social research. Qualitative inquiry, 20(8), 

pp.1045-1053. 

Morgan, M.G., 1997. Public perception, understanding, and values. The Industrial Green Game: 

Implications for Environmental Design and Management, p.200. 

Moritz, A., J.F. Helie, D.L. Pinti, M. Larocque, D. Barnetche, ´ S. Retailleau, R. Lefebvre, and 

Y. Gelinas. 2015. Methane ´ baseline concentrations and sources in shallow aquifers from the 

shale gas-prone region of the St. Lawrence lowlands (Quebec, Canada). Environmental Science 

& Technology 49, no. 7: 4765–4771 

Morrone, M., Chadwick, A.E. and Kruse, N., 2015. A community divided: hydraulic fracturing 

in rural Appalachia. Journal of Appalachian Studies, 21(2), pp.207-228.Moscovici, S., 1988. 

Notes towards a description of social representations. European journal of social psychology, 

18(3), pp.211-250. 

Morse, J. M., 1994. Designing funded qualitative research. In N. K. Denzin and Y. S. Lincoln 

(Eds.), Handbook of qualitative research (p. 220–235). Sage Publications, Inc. 

Mosse, D., 2004. Is Good Policy Unimplementable? Reflections on the Ethnography of Aid 

Policy and Practice. Development and Change, 35(4), pp. 639-671. 



237 

 

Mowzer, Z., 2012. Geochemical evaluation of source rocks within the upper Ecca, main 

Karoo (Doctoral dissertation, University of Western Cape). 

Moyer, J.D., Rettig, J. and Hedden, S., 2013. Fracking for shale gas in South Africa: blessing 

or curse?. Institute for Security Studies Papers, 2013(9), pp.12-12. 

Mulovhedzi, A. and Esterhuyse, S., 2021. Groundwater resources monitoring during 

unconventional oil and gas extraction: South African laboratory analytical capabilities. Water 

SA, 47(3), pp.309-316. 

Mundaca, L. and Markandya, A., 2016. Assessing regional progress towards a ‘Green Energy 

Economy’. Applied Energy, 179, pp.1372-1394. 

Munns, W.R., 2002. Axes of extrapolation in risk assessment. Human and Ecological Risk 

Assessment, 8(1), pp.19-29. 

Muradova, L., Walker, H. and Colli, F., 2020. Climate change communication and public 

engagement in interpersonal deliberative settings: evidence from the Irish citizens’ assembly. 

Climate Policy, 20(10), pp.1322-1335. 

Muro, M. and Jeffrey, P., 2008. A critical review of the theory and application of social learning 

in participatory natural resource management processes. Journal of environmental planning 

and management, 51(3), pp.325-344. 

Murphy, T., Brannstrom, C., Fry, M. and Ewers, M., 2018. Economic‐Development stakeholder 

perspectives on boomtown dynamics in the eagle ford shale, Texas. Geographical 

Review, 108(1), pp.24-44. 

Murray, R., 2015. The Use of Chemistry, Isotopes and Gases as Indicators of Deeper 

Circulating Groundwater in the Main Karoo Basin: Report to the Water Research Commission. 

Water Research Commission. 

Murtazashvili, I. and Piano, E.E., 2019. Governance of shale gas development: Insights from 

the Bloomington school of institutional analysis. The Review of Austrian Economics, 32(2), 

pp.159-179. 

Myers, T., 2012. Potential contaminant pathways from hydraulically fractured shale to aquifers. 

Groundwater, 50(6), pp.872-882. 

Myllyvirta, L., 2014. Health impacts and social costs of Eskom’s proposed noncompliance with 

South Africa’s air emission standards. Greenpeace International, Exeter, UK, p. 18.  

National Research Council, 2012. Induced seismicity potential in energy technologies, 

National Academies Press (available at https://www.nap.edu/read/13355/chapter/2). Accessed 

6th May 2021. 

Nath, F., Kimanzi, R.J., Mokhtari, M. and Salehi, S., 2018. A novel method to investigate 

cement-casing bonding using digital image correlation. Journal of Petroleum Science and 

Engineering, 166, pp.482-489. 

Nathaniel, S., Nwodo, O., Adediran, A., Sharma, G., Shah, M. and Adeleye, N., 2019. 

Ecological footprint, urbanization, and energy consumption in South Africa: including the 

https://www.nap.edu/read/13355/chapter/2


238 

 

excluded. Environmental Science and Pollution Research, 26(26), pp.27168-27179. 

Ncube, P., 2017. Assessing political risks within the shale gas energy sector of South Africa: 

the case of exploration of the Karoo basin (Doctoral dissertation, University of Johannesburg). 

Negro, S.O., Alkemade, F. and Hekkert, M.P., 2012. Why does renewable energy diffuse so 

slowly? A review of innovation system problems. Renewable and sustainable energy reviews, 

16(6), pp.3836-3846. 

Neighbors, C., Foster, D.W. and Fossos, N., 2013. Peer influences on addiction. Principles of 

addiction: Comprehensive addictive behaviours and disorders, pp.323-331. 

Neuman, W. L., 2006. Social Research Methods: Qualitative and Quantitative Approaches 6th 

Edition, Pearson International Edition, USA. 

Neumayer, E., 2004. Does the “resource curse” hold for growth in genuine income as well?. 

World development, 32(10), pp.1627-1640. 

Neveling, J., Gastaldo, R.A., Kamo, S.L., Geissman, J.W., Looy, C.V. and Bamford, M.K., 

2016. A review of stratigraphic, geochemical, and paleontologic data of the terrestrial end-

Permian record in the Karoo Basin, South Africa. In Origin and Evolution of the Cape 

Mountains and Karoo Basin (pp. 151-157). Springer, Cham. 

Newbery, D.M., 2016. Towards a green energy economy? The EU Energy Union’s transition 

to a low-carbon zero subsidy electricity system–Lessons from the UK’s Electricity Market 

Reform. Applied Energy, 179, pp.1321-1330. 

Newell, P. and Lane, R., 2020. A climate for change? The impacts of climate change on energy 

politics. Cambridge Review of International Affairs, 33(3), pp.347-364. 

Newell, P. and Mulvaney, D., 2013. The political economy of the ‘just transition’. The 

Geographical Journal, 179(2), pp.132-140. 

Newell, R.G. and Raimi, D., 2014. Implications of shale gas development for climate change. 

Environmental science and technology, 48(15), pp.8360-8368. 

Newell, R.G. and Raimi, D., 2015. Shale public finance: Local government revenues and costs 

associated with oil and gas development (No. w21542). National Bureau of Economic 

Research. 

Newell, R.G. and Priest, B.C., 2017. How the Shale Boom Has Transformed the US Oil and 

Gas Industry. Resources for the Future Issue Brief 17, 11. 

Newig, J. and Fritsch, O., 2009. Environmental governance: participatory, multi‐level–and 

effective?. Environmental policy and governance, 19(3), pp.197-214. 

Ngcebetsha, T. and Jamela, N., 2015. Revisiting Ubuntu in the Midst of a Violent Conflict: 

Reflections on the Marikana Tragedy in South Africa. International Relations, 3(8), pp.520-

546. 

Nhamo, G. and Bimha, A., 2011. Energy efficiency in South Africa: policy perspectives and 

the path to low carbon growth. WIT Transactions on Ecology and the Environment, 144, 

pp.389-401. 



239 

 

Nicot, J.P. and Scanlon, B.R., 2012. Water use for shale-gas production in Texas, US. 

Environmental science and technology, 46(6), pp.3580-3586. 

Nicot, J.P., Scanlon, B.R., Reedy, R.C. and Costley, R.A., 2014. Source and fate of hydraulic 

fracturing water in the Barnett Shale: a historical perspective. Environmental science and 

technology, 48(4), pp.2464-2471. 

Nisbett, M., 2013. New perspectives on instrumentalism: an empirical study of cultural 

diplomacy. International journal of cultural policy, 19(5), pp.557-575. 

Nkomo, J.C., 2005. Energy and economic development: challenges for South Africa. Journal 

of Energy in Southern Africa 16. No 3. 

Nolte, S., Geel, C., Amann-Hildenbrand, A., Krooss, B.M. and Littke, R., 2019. Petrophysical 

and geochemical characterization of potential unconventional gas shale reservoirs in the 

southern Karoo Basin, South Africa. International Journal of Coal Geology, 212, p.103249. 

Nülle, G.M., 2015. Prospects for shale development outside the USA: evaluating nations’ 

regulatory and fiscal regimes for unconventional hydrocarbons. The Journal of World Energy 

Law & Business, 8(3), pp.232-268. 

O’Hara, S., Humphrey, M., Andersson-Hudson, J. and Knight, W., 2015. Public perception of 

shale gas extraction in the UK: two years on from the Balcombe protests. University of 

Nottingham. Retrieved October 17th, 2019. 

O’Sullivan, F. and Paltsev, S., 2012. Shale gas production: potential versus actual greenhouse 

gas emissions. Environmental Research Letters, 7(4), p.044030. 

O'Hare, M. and Sanderson, D.R., 1977. Fair compensation and the boomtown problem. Urb. 

L. Ann., 14, p.101. 

Ohlert, J. and Zepp, C., 2016. Theory-based team diagnostics and interventions. In Sport and 

exercise psychology research (pp. 347-370). Academic Press. 

Olmstead, S.M., Muehlenbachs, L.A., Shih, J.-S., Chu, Z., Krupnick, A.J., 2013. Shale gas 

development impacts on surface water quality in Pennsylvania. Proc. Natl. Acad. Sci. 110 (13), 

4962–4967. 

 

Olsson, O., Weichgrebe, D. and Rosenwinkel, K.H., 2013. Hydraulic fracturing wastewater in 

Germany: compositedion, treatment, concerns. Environmental earth sciences, 70(8), pp.3895-

3906. 

Oltra, C., Upham, P., Riesch, H., Boso, À., Brunsting, S., Dütschke, E. and Lis, A., 2012. Public 

responses to CO2 storage sites: lessons from five European cases. Energy and 

Environment, 23(2-3), pp.227-248. 

Oliver, K. and Pearce, W., 2017. Three lessons from evidence-based medicine and policy: 

increase transparency, balance inputs and understand power. Palgrave communications, 3(1), 

pp.1-7. 

Onwuegbuzie, A.J. and Johnson, R.B., 2006. The validity issue in mixed research. Research in 

the Schools, 13(1), pp.48-63. 

Onwuegbuzie, A.J. and Leech, N.L., 2005. On becoming a pragmatic researcher: The 



240 

 

importance of combining quantitative and qualitative research methodologies. International 

journal of social research methodology, 8(5), pp.375-387. 

Onwuegbuzie, A.J. and Teddlie, C., 2003. A framework for analyzing data in mixed methods 

research. Handbook of mixed methods in social and behavioral research, 2, pp.397-430. 

Orindi, V.A. and Murray, L.A., 2005. Adapting to climate change in East Africa: a strategic 

approach (No. 117). International Institute for Environment and Development. 

O'rourke, D. and Macey, G.P., 2003. Community environmental policing: Assessing new 

strategies of public participation in environmental regulation. Journal of Policy Analysis and 

Management, 22(3), pp.383-414. 

Osborn, S.G., Vengosh, A., Warner, N.R. and Jackson, R.B., 2011. Methane contamination of 

drinking water accompanying gas-well drilling and hydraulic fracturing. proceedings of the 

National Academy of Sciences, 108(20), pp.8172-8176. 

Ostertagova, E., Ostertag, O. and Kováč, J., 2014. Methodology and application of the Kruskal-

Wallis test. In Applied Mechanics and Materials (Vol. 611, pp. 115-120). Trans Tech 

Publications Ltd. 

Owens, S. and Driffill, L., 2008. How to change attitudes and behaviours in the context of 

energy. Energy policy, 36(12), pp.4412-4418. 

Paek, H.J. and Hove, T., 2017. Risk perceptions and risk characteristics. In Oxford Research 

Encyclopedia of Communication. 

Pan, L. and Oldenburg, C.M., 2020. Mechanistic modeling of CO2 well leakage in a generic 

abandoned well through a bridge plug cement-casing gap. International Journal of Greenhouse 

Gas Control, 97, p.103025. 

Panagopoulos, C. and Harrison, B., 2016. Consensus Cues, Issue Salience and Policy 

Preferences: An Experimental Investigation. North American Journal of Psychology, 18(2). 

Pángaro, F. and Ramos, V.A., 2012. Paleozoic crustal blocks of onshore and offshore central 

Argentina: new pieces of the southwestern Gondwana collage and their role in the accretion of 

Patagonia and the evolution of Mesozoic south Atlantic sedimentary basins. Marine and 

Petroleum Geology, 37(1), pp.162-183. 

Paredes, D., Komarek, T. and Loveridge, S., 2015. Income and employment effects of shale 

gas extraction windfalls: Evidence from the Marcellus region. Energy Economics, 47, pp.112-

120. 

Parfitt, J., 2005. Questionnaire design and sampling. Methods in human geography: A guide 

for students doing a research project, pp.78-109. 

Parker, J.D. and McDonough, M.H., 1999. Environmentalism of African Americans: An 

analysis of the subculture and barriers theories. Environment and Behavior, 31(2), pp.155-177. 

Parkhill, K.A., Demski, C., Butler, C., Spence, A., Pidgeon, N., 2013. Transforming the UK 

Energy System: Public Values, Attitudes and Acceptability – Synthesis Report (UKERC: 

London). 

Partridge, T., Thomas, M., Harthorn, B.H., Pidgeon, N., Hasell, A., Stevenson, L. and Enders, 



241 

 

C., 2017. Seeing futures now: Emergent US and UK views on shale development, climate 

change and energy systems. Global Environmental Change, 42, pp.1-12. 

Patel, H., Salehi, S., Teodoriu, C. and Ahmed, R., 2019. Performance evaluation and parametric 

study of elastomer seal in conventional hanger assembly. Journal of Petroleum Science and 

Engineering, 175, pp.246-254. 

Patel, Z., 2006. Of questionable value: The role of practitioners in building sustainable cities. 

Geoforum, 37(5), pp.682-694. 

Paton, D.A., Macdonald, D.I. and Underhill, J.R., 2006. Applicability of thin or thick skinned 

structural models in a region of multiple inversion episodes; southern South Africa. Journal of 

structural geology, 28(11), pp.1933-1947. 

Patten, B., Sánchez, I.A. and Tangney, B., 2006. Designing collaborative, constructionist and 

contextual applications for handheld devices. Computers and education, 46(3), pp.294-308. 

Patterson, M.G., 1996. What is energy efficiency?: Concepts, indicators and methodological 

issues. Energy policy, 24(5), pp.377-390. 

Patton, M.Q., 2002. Two decades of developments in qualitative inquiry: A personal, 

experiential perspective. Qualitative social work, 1(3), pp.261-283. 

Patton, M.Q., 2015. The sociological roots of utilization-focused evaluation. The American 

Sociologist, 46(4), pp.457-462. 

Pegels, A., 2010. Renewable energy in South Africa: Potentials, barriers and options for support. 

Energy policy, 38(9), pp.4945-4954. 

Pelletier, J., Gélinas, N. and Potvin, C., 2019. Indigenous perspective to inform rights-based 

conservation in a protected area of Panama. Land use policy, 83, pp.297-307. 

Pellegrini-Masini, G., 2020. Wind power and public engagement: co-operatives and 

community ownership. Routledge. 

Perera, F., 2018. Pollution from fossil-fuel combustion is the leading environmental threat to 

global pediatric health and equity: solutions exist. International journal of environmental 

research and public health, 15(1), p.16. 

Perrow, C., 2011. The next catastrophe: Reducing our vulnerabilities to natural, industrial, and 

terrorist disasters. Princeton University Press. 

Perry, S.L., 2012. Development, Land Use, and Collective Trauma: The Marcellus Shale Gas 

Boom in Rural P Ennsylvania. Culture, Agriculture, Food and Environment, 34(1), pp.81-92. 

Pesch, U., 2015. Engineers and active responsibility. Science and Engineering Ethics, 21(4), 

pp.925-939. 

Peters, E.M., Burraston, B. and Mertz, C.K., 2004. An emotion‐based model of risk perception 

and stigma susceptibility: Cognitive appraisals of emotion, affective reactivity, worldviews, 

and risk perceptions in the generation of technological stigma. Risk Analysis: An International 

Journal, 24(5), pp.1349-1367. 

Petersen, M.B., Sznycer, D., Cosmides, L. and Tooby, J., 2012. Who deserves help? 



242 

 

Evolutionary psychology, social emotions, and public opinion about welfare. Political 

psychology, 33(3), pp.395-418. 

Petricevic, O. and Teece, D.J., 2019. The structural reshaping of globalization: Implications for 

strategic sectors, profiting from innovation, and the multinational enterprise. Journal of 

International Business Studies, 50(9), pp.1487-1512. 

Pétron, G., Frost, G., Miller, B.R., Hirsch, A.I., Montzka, S.A., Karion, A., Trainer, M., 

Sweeney, C., Andrews, A.E., Miller, L. and Kofler, J., 2012. Hydrocarbon emissions 

characterization in the Colorado Front Range: A pilot study. Journal of Geophysical Research: 

Atmospheres, 117(D4). 

Petty, R.E. and Cacioppo, J.T., 1986. The elaboration likelihood model of persuasion. 

In Communication and persuasion (pp. 1-24). Springer, New York, NY. 

Phi, T., Elgaddafi, R., Al Ramadan, M., Ahmed, R. and Teodoriu, C., 2019, November. Well 

Integrity Issues: Extreme High-Pressure High-Temperature Wells and Geothermal Wells a 

Review. In SPE Thermal Well Integrity and Design Symposium. Society of Petroleum 

Engineers. 

Phillips, C.M.L. and Beddoes, K., 2013. Really Changing the Conversation: The Deficit Model 

and Public Under-standing of Engineering. 

Pickens, J., 2005. Attitudes and perceptions. Organizational behavior in health care, 4(7). 

Pidgeon, N., Demski, C., Butler, C., Parkhill, K. and Spence, A., 2014. Creating a national 

citizen engagement process for energy policy. Proceedings of the National Academy of 

Sciences, 111(Supplement 4), pp.13606-13613. 

Pidgeon, N., Kasperson, R.E. and Slovic, P. eds., 2003. The social amplification of risk. 

Cambridge University Press. 

Pierce, J. and Paulos, E., 2012, May. Beyond energy monitors: interaction, energy, and 

emerging energy systems. In Proceedings of the SIGCHI Conference on Human Factors in 

Computing Systems (pp. 665-674). 

Pietersen, K., Chevallier, L., Levine, A., Maceba, T., Gaffoor, Z. and Kanyerere, T., 2021. 

Prospective policy safeguards to mitigate hydrogeological risk pathways in advance of shale 

gas development in the Karoo basin, South Africa. Groundwater for Sustainable Development, 

12, p.100499. 

Pinch, T.J. and Bijker, W.E., 1984. The social construction of facts and artefacts: Or how the 

sociology of science and the sociology of technology might benefit each other. Social studies 

of science, 14(3), pp.399-441. 

Pirtle, W.N.L., 2021. Racial States and Re-making Race: Exploring Coloured Racial Re-and 

De-formation in State Laws and Forms in Post-Apartheid South Africa. Sociology of Race and 

Ethnicity, 7(2), pp.145-159. 

Poudyal, R., Loskot, P., Nepal, R., Parajuli, R., Khadka, S.K., 2019. Mitigating the current 

energy crisis in Nepal with renewable energy sources. Renewable and Sustainable Energy 

Reviews 116, 109388. 



243 

 

Power, T., Wilson, D., Best, O., Brockie, T., Bourque Bearskin, L., Millender, E. and Lowe, J., 

2020. COVID‐19 and Indigenous Peoples: An imperative for action. J Clin Nurs. 

2020;29:2737–2741.DOI: 10.1111/jocn.15320 

Poyatos-Moré, M., Jones, G.D., Brunt, R.L., Hodgson, D.M., Wild, R.J. and Flint, S.S., 2016. 

Mud-dominated basin-margin progradation: processes and implications. Journal of 

Sedimentary Research, 86(8), pp.863-878. 

Pretorius, I., Piketh, S.J. and Burger, R.P., 2015. The impact of the South African energy crisis 

on emissions. Transactions on Ecology and the Environment, 4, pp.255-264. 

Prno, J. and Slocombe, D.S., 2014. A systems-based conceptual framework for assessing the 

determinants of a social license to operate in the mining industry. Environmental management, 

53(3), pp.672-689. 

Prpich, G. and Coulon, F., 2018. Assessing unconventional natural gas development: 

Understanding risks in the context of the EU. Current Opinion in Environmental Science & 

Health, 3, pp.47-51. 

Putz, A., Finken, A. and Goreham, G.A., 2011. Sustainability in natural resource-dependent 

regions that experienced boom-bust-recovery cycles: Lessons learned from a review of the 

literature. Center for Community Vitality Working Paper. 

Quiñones-Rosado, R., 2010. Social identity development and integral theory. Integral 

Leadership Review, 10(5), pp.2010-10. 

Rackley, S.A., 2017. Carbon capture and storage. Butterworth-Heinemann. 

Rahm, B.G. and Riha, S.J., 2014. Evolving shale gas management: water resource risks, 

impacts, and lessons learned. Environmental Science: Processes and Impacts, 16(6), pp.1400-

1412. 

Rahm, B.G., Bates, J.T., Bertoia, L.R., Galford, A.E., Yoxtheimer, D.A. and Riha, S.J., 2013. 

Wastewater management and Marcellus Shale gas development: Trends, drivers, and planning 

implications. Journal of environmental management, 120, pp.105-113. 

Rahm, B.G., Riha, S.J., 2012. Toward strategic management of shale gas development: regional, 

collective impacts on water resources. Environ. Sci. Pol. 17, 12–23. 

Rallis, S.F. and Rossman, G.B., 2003. Mixed methods in evaluation contexts: A pragmatic 

framework. Handbook of mixed methods in social and behavioral research, pp.491-512. 

Rand, J. and Hoen, B., 2017. Thirty years of North American wind energy acceptance research: 

What have we learned?. Energy research & social science, 29, pp.135-148. 

Rani, S., Padmanabhan, E. and Prusty, B.K., 2019. Review of gas adsorption in shales for 

enhanced methane recovery and CO2 storage. Journal of Petroleum Science and 

Engineering, 175, pp.634-643. 

Rausand, M., 2013. Risk assessment: theory, methods, and applications (Vol. 115). John Wiley 

and Sons. 

Reeves, S., Albert, M., Kuper, A. and Hodges, B.D., 2008. Why use theories in qualitative 

research?. Bmj, 337. 



244 

 

Renn, O., 1995. Individual and social perception of risk. In Ökologisches Handeln als sozialer 

Prozess (pp. 27-50). Birkhäuser, Basel. 

Renn, O., 2004. Perception of risks. Toxicology letters, 149(1-3), pp.405-413. 

Renn, O., 2021. Inclusive resilience: A new approach to risk governance. In Strengthening 

disaster risk governance to manage disaster risk (pp. 1-5). Elsevier. 

Renner, A. and Giampietro, M., 2020. Socio-technical discourses of European electricity 

decarbonization: contesting narrative credibility and legitimacy with quantitative story-telling. 

Energy Research & Social Science, 59, p.101279. 

Retzbach, A., Marschall, J., Rahnke, M., Otto, L. and Maier, M., 2011. Public understanding 

of science and the perception of nanotechnology: the roles of interest in science, 

methodological knowledge, epistemological beliefs, and beliefs about science. Journal of 

Nanoparticle Research, 13(12), pp.6231-6244. 

Reynolds, M.A., 2020. A Technical Playbook for Chemicals and Additives Used in the 

Hydraulic Fracturing of Shales. Energy & Fuels. 

Rich, A., Grover, J.P. and Sattler, M.L., 2014. An exploratory study of air emissions associated 

with shale gas development and production in the Barnett Shale. Journal of the Air and Waste 

Management Association, 64(1), pp.61-72. 

Richter, P.M., 2015. From boom to bust? A critical look at US shale gas projections. Economics 

of Energy & Environmental Policy, 4(1), pp.131-152. 

Rimmer, S.M., 2004. Geochemical paleoredox indicators in Devonian–Mississippian black 

shales, central Appalachian Basin (USA). Chemical Geology, 206(3-4), pp.373-391. 

Roberts, D.L. and Brandl, G., 2006. Sedimentary rocks of the Karoo Supergroup. Johnson, MR. 

Rod, J., 2011. Social consent for large onshore wind energy projects. A Thesis in the Field of 

Sustainability and Environmental Management for the Degree of Master of Liberal Arts, 

Harvard University. 

Roeser, S., 2011. Nuclear energy, risk, and emotions. Philosophy & Technology, 24(2), pp.197-

201. 

Rogers, 2013. UK Shale Gas – Hype, Reality and Difficult Questions. Oxford Energy 

Comment, Oxford Institute of Energy Studies, July. http://www.oxfordenergy.org/wpcms/wp-

content/uploads/2013/07/UKShale-Gas-GPC1.pdf (accessed, 24th Oct 2020). 

Rogers, H., 2011. Shale gas—the unfolding story. Oxford Review of Economic Policy, 27(1), 

pp.117-143. 

Rogers, J.C., Simmons, E.A., Convery, I. and Weatherall, A., 2008. Public perceptions of 

opportunities for community-based renewable energy projects. Energy policy, 36(11), pp.4217-

4226. 

Rogers, J.D., Burke, T.L., Osborn, S.G. and Ryan, J.N., 2015. A framework for identifying 

organic compounds of concern in hydraulic fracturing fluids based on their mobility and 

persistence in groundwater. Environmental Science and Technology Letters, 2(6), pp.158-164. 

http://www.oxfordenergy.org/wpcms/wp-content/uploads/2013/07/UKShale-Gas-GPC1.pdf
http://www.oxfordenergy.org/wpcms/wp-content/uploads/2013/07/UKShale-Gas-GPC1.pdf


245 

 

Rogers-Hayden, T. and Pidgeon, N., 2007. Moving engagement “upstream”? 

Nanotechnologies and the Royal Society and Royal Academy of Engineering's inquiry. Public 

Understanding of Science, 16(3), pp.345-364. 

Rogerson, C.M. and Rogerson, J.M., 2020. Racialized landscapes of tourism: from Jim Crow 

USA to apartheid South Africa. Bulletin of Geography. Socio-economic Series, 48(48), pp.7-

21. 

Romenti, S., 2010. Reputation and stakeholder engagement: an Italian case study. Journal of 

Communication Management. 

Romero-Sarmiento, M.F., Ramiro-Ramirez, S., Berthe, G., Fleury, M. and Littke, R., 2017. 

Geochemical and petrophysical source rock characterization of the Vaca Muerta Formation, 

Argentina: Implications for unconventional petroleum resource estimations. International 

Journal of Coal Geology, 184, pp.27-41. 

Roniwibowo, A., Ady, D.Y.B., Pireno, G.E. and Gunarto, M.O., 2019. Biogenic and 

Thermogenic Hydrocarbon Play in the Bala-Balakang Area, North Makassar Basin, Makassar 

Straits. 

Ross, D.J. and Bustin, R.M., 2009. The importance of shale composition and pore structure 

upon gas storage potential of shale gas reservoirs. Marine and petroleum Geology, 26(6), 

pp.916-927. 

Ross, M.L., 2004. What do we know about natural resources and civil war?. Journal of peace 

research, 41(3), pp.337-356. 

Rosser, A., 2006. The political economy of the resource curse: A literature survey. IDS Working 

Paper 268. 

Rotmans, J., 2005. Societal innovation: between dream and reality lies complexity. Erasmus 

Research Institute of Management (ERIM). Erasmus University Rotterdam. Reference number 

ERIM: EIA-2005-026-ORG. ISBN 90 – 5892 –105–0 

Rotmans, J., Kemp, R. and Van Asselt, M., 2001. More evolution than revolution: transition 

management in public policy. Foresight-The journal of future studies, strategic thinking and 

policy, 3(1), pp.15-31. 

Rotolo, D., Hicks, D. and Martin, B.R., 2015. What is an emerging technology?. Research 

policy, 44(10), pp.1827-1843. 

Rousu, M.C., Ramsaran, D. and Furlano, D. 2015. Guidelines for Conducting Economic Impact 

Studies on Fracking. International Atlantic Economic Society, 21, 213-225. 

Rowsell, D.M. and De Swardt, A.M.J., 1976. Diagenesis in Cape and Karroo sediments, South 

Africa, and its bearing on their hydrocarbon potential. South African Journal of Geology, 79(1), 

pp.81-145. 

Roy, A.A., Adams, P.J. and Robinson, A.L., 2014. Air pollutant emissions from the 

development, production, and processing of Marcellus Shale natural gas. Journal of the Air & 

Waste Management Association, 64(1), pp.19-37. 

Royer, J., 2019. Shale Gas at Ground Level: Understanding Public Health Considerations for 

Local and State Unconventional Natural Gas Drilling Policy Decisions in Pennsylvania. 



246 

 

Rozell DJ, Reaven SJ. 2012. Water pollution risk associated with natural gas extraction from 

the Marcellus Shale. Risk Anal32:1382-139322211399. 

Russell, S., 1986. The social construction of artefacts: a response to Pinch and Bijker. Social 

studies of science, 16(2), pp.331-346. 

Rust, I.C., 1973. The evolution of the Paleozoic Cape Basin, southern margin of Africa. In The 

South Atlantic (pp. 247-276). Springer, Boston, MA. 

Rutqvist, J., Rinaldi, A.P., Cappa, F. and Moridis, G.J., 2015. Modeling of fault activation and 

seismicity by injection directly into a fault zone associated with hydraulic fracturing of shale-

gas reservoirs. Journal of Petroleum Science and Engineering, 127, pp.377-386. 

Ryan, G.W. and Bernard, H.R., 2003. Techniques to identify themes. Field methods, 15(1), 

pp.85-109. 

Saba, T. and Orzechowski, M., 2011. Lack of data to support a relationship between methane 

contamination of drinking water wells and hydraulic fracturing. Proceedings of the National 

Academy of Sciences, 108(37), pp.E663-E663. 

Sachs, J.D. and Warner, A.M., 2001. The curse of natural resources. European economic review, 

45(4-6), pp.827-838. 

Saha, G.C., Quinn, M. and Van Der Byl, C., 2021. Hydraulic Fracturing and Water 

Conservation. Handbook of Water Harvesting and Conservation: Case Studies and Application 

Examples, pp.239-250. 

Sala-i-Martin, X. and Subramanian, A., 2013. Addressing the natural resource curse: An 

illustration from Nigeria. Journal of African Economies, 22(4), pp.570-615. 

Sala-i-Martin, X., Artadi, E.V. and Subramanian, A., 2003. How can Nigeria Address the 

Natural Resource Curse. IMF Working Paper 03/129 (Washington: International Monetary 

Fund). 

Saldaña, J., 2021. The coding manual for qualitative researchers. SAGE Publications Limited. 

Saint-Vincent, P.M., Sams III, J.I., Reeder, M.D., Mundia-Howe, M., Veloski, G.A. and Pekney, 

N.J., 2021. Historic and modern approaches for discovery of abandoned wells for methane 

emissions mitigation in Oil Creek State Park, Pennsylvania. Journal of Environmental 

Management, 280, p.111856. 

Sandman, P.M., Weinstein, N.D. and Klotz, M.L., 1987. Public response to the risk from 

geological radon. Journal of Communication. 

Sangha, K.K., Maynard, S., Pearson, J., Dobriyal, P., Badola, R. and Hussain, S.A., 2019. 

Recognising the role of local and Indigenous communities in managing natural resources for 

the greater public benefit: Case studies from Asia and Oceania region. Ecosystem Services, 39, 

p.100991. 

Santiso, C., 2001. Good governance and aid effectiveness: The World Bank and conditionality. 

The Georgetown public policy review, 7(1), pp.1-22. 

Sarantakos, S., 2005. Social Research, 3rd edn, Palgrave Macmillan, New York. 



247 

 

Sareen, S. and Haarstad, H., 2018. Bridging socio-technical and justice aspects of sustainable 

energy transitions. Applied energy, 228, pp.624-632. 

Satterfield, T., 2001. In search of value literacy: suggestions for the elicitation of environmental 

values. Environmental Values, 10(3), pp.331-359 

Saunders, M., Lewis, P. and Thornhill, A., 2009. Research methods for business students. 

Pearson education. 

Saunders, M.N. and Townsend, K., 2016. Reporting and justifying the number of interview 

participants in organization and workplace research. British Journal of Management, 27(4), 

pp.836-852. 

Saussay, A., 2015. Can the US shale revolution be duplicated in Europe?. Energy Economics 

vol. 69, issue C, 295-306. 

Saussay, A., 2018. Can the US shale revolution be duplicated in continental Europe? An 

economic analysis of European shale gas resources. Energy economics, 69, pp.295-306. 

Savage, I., 1993. Demographic influences on risk perceptions. Risk analysis, 13(4), pp.413-

420. 

Schafft, K. A., Borlu, Y., & Glenna, L., 2013. The relationship between Marcellus Shale gas 

development in Pennsylvania and local perceptions of risk and opportunity. Rural Sociology, 

78(2), 143– 166 

Schafft, K.A., McHenry‐Sorber, E., Hall, D. and Burfoot‐Rochford, I., 2018. Busted amidst the 

boom: the creation of new insecurities and inequalities within Pennsylvania's shale gas 

boomtowns. Rural Sociology, 83(3), pp.503-531. 

Scheiber-Enslin, S.E., Webb, S.J. and Ebbing, J., 2014. Geophysically Plumbing the Main 

Karoo Basin, South Africa. South African Journal of Geology, 117(2), pp.275-300. 

Scheufele, D.A. and Lewenstein, B.V., 2005. The public and nanotechnology: How citizens 

make sense of emerging technologies. Journal of Nanoparticle Research, 7(6), pp.659-667. 

 

Schively, C., 2007. Understanding the NIMBY and LULU phenomena: Reassessing our 

knowledge base and informing future research. Journal of planning literature, 21(3), pp.255-

266. 

Scholes, B., Lochner, P.A., Schreiner, G. and De Jager, M., 2016. Shale gas development in the 

Central Karoo: A scientific assessment of the opportunities and risks. Preface. CSIR Report 

Number, ISBN. 13 pp. http://seasgd.csir.co.za/library 

Schrank, A., 2004. Reconsidering the “Resource Curse”: Sociological Analysis Versus 

Ecological Determinism. New Haven, CT: Yale University, Department of Sociology. 

Schreiner and Snyman-Van Der Walt, 2018. Risk modelling of shale gas development scenarios 

in the Central Karoo. Sustainable Development Studies, p.131. 

Schroeder, R. and Ling, R., 2014. Durkheim and Weber on the social implications of new 

information and communication technologies. New Media & Society, 16(5), pp.789-805.  



248 

 

Schubert, C.A., Mulvey, E.P., Loughran, T.A. and Losoya, S.H., 2012. Perceptions of 

institutional experience and community outcomes for serious adolescent offenders. Criminal 

Justice and Behavior, 39(1), pp.71-93. 

Schwarz, N. and Bohner, G., 2001. The construction of attitudes. Blackwell handbook of social 

psychology: Intraindividual processes, 1, pp.436-457. 

Schweber, L. and Leiringer, R., 2012. Beyond the technical: a snapshot of energy and buildings 

research. Building Research & Information, 40(4), pp.481-492. 

Scotland, J., 2012. Exploring the philosophical underpinnings of research: Relating ontology 

and epistemology to the methodology and methods of the scientific, interpretive, and critical 

research paradigms. English language teaching, 5(9), pp.9-16. 

Scott J., 2013. Chemical Engineering, U.S. Trade Surplus in Chemicals Expanded in 2013. 

http://www.che.com/only_on_che/latest_news/U-S-trade-surplus-in-chemicals-expanded-in-

2013-ACC-says_11488.html (accessed 12th Dec 2020) 

Scott, A., 2002. Assessing public perception of landscape: the LANDMAP experience. 

Landscape Research, 27(3), pp.271-295. 

Seekings, J. and Nattrass, N., 2008. Class, race, and inequality in South Africa. Yale University 

Press. 

Seekings, J. and Nattrass, N., 2015. Policy, politics and poverty in South Africa. Springer. 

Seidman, G., 1999. Is South Africa different? Sociological comparisons and theoretical 

contributions from the land of apartheid. Annual review of sociology, 25(1), pp.419-440. 

Seto, K.C., Davis, S.J., Mitchell, R.B., Stokes, E.C., Unruh, G. and Ürge-Vorsatz, D., 2016. 

Carbon lock-in: types, causes, and policy implications. Annual Review of Environment and 

Resources, 41, pp.425-452. 

Shafiee, S. and Topal, E., 2009. When will fossil fuel reserves be diminished?. Energy policy, 

37(1), pp.181-189. 

Shaw, R., Kurita, T., Nakamura, A., Kodama, M. and Colombage, S.R., 2006. Tsunami public 

awareness and the disaster management system of Sri Lanka. Disaster prevention and 

management: An international journal. 

Sher, C. and Wu, C., 2018. Fracking in China: community impacts and public support of shale 

gas development. Journal of Contemporary China, 27(112), pp.626-641. 

Shields, R., 2012. Feral suburbs: Cultural topologies of social reproduction, Fort McMurray, 

Canada. International Journal of Cultural. 

Shih, J.S., Saiers, J.E., Anisfeld, S.C., Chu, Z., Muehlenbachs, L.A. and Olmstead, S.M., 2015. 

Characterization and analysis of liquid waste from Marcellus Shale gas development. 

Environmental science and technology, 49(16), pp.9557-9565. 

Shriver, T.E. and Kennedy, D.K., 2005. Contested environmental hazards and community 

conflict over relocation. Rural Sociology, 70(4), pp.491-513. 

http://www.che.com/only_on_che/latest_news/U-S-trade-surplus-in-chemicals-expanded-in-2013-ACC-says_11488.html
http://www.che.com/only_on_che/latest_news/U-S-trade-surplus-in-chemicals-expanded-in-2013-ACC-says_11488.html


249 

 

Sidortsov, R. and Sovacool, B., 2015. Left out in the cold: energy justice and Arctic energy 

research. Journal of Environmental Studies and Sciences, 5(3), pp.302-307. 

Sidortsov, R., 2014. Reinventing rules for environmental risk governance in the energy sector. 

Energy Research & Social Science, 1, pp.171-182. 

Siegel, D.I., Azzolina, N.A., Smith, B.J., Perry, A.E. and Bothun, R.L., 2015. Methane 

concentrations in water wells unrelated to proximity to existing oil and gas wells in 

northeastern Pennsylvania. Environmental science & technology, 49(7), pp.4106-4112. 

Siegrist, M. and Cvetkovich, G., 2000. Perception of hazards: The role of social trust and 

knowledge. Risk analysis, 20(5), pp.713-720. 

Siegrist, M., 2000. The influence of trust and perceptions of risks and benefits on the 

acceptance of gene technology. Risk analysis, 20(2), pp.195-204. 

Siegrist, M., Cvetkovich, G. and Roth, C., 2000. Salient value similarity, social trust, and 

risk/benefit perception. Risk analysis, 20(3), pp.353-362. 

Siegrist, M., Gutscher, H. and Earle, T.C., 2005. Perception of risk: the influence of general 

trust, and general confidence. Journal of risk research, 8(2), pp.145-156. 

Simis, M.J., Madden, H., Cacciatore, M.A. and Yeo, S.K., 2016. The lure of rationality: Why 

does the deficit model persist in science communication?. Public understanding of science, 

25(4), pp.400-414. 

Simmons, P. and Walker, G., 2013. Living with technological risk: industrial encroachment on 

sense of place. In: Facility Siting. Taylor and Francis, pp. 90-106. ISBN 9781849771306 

Sisk, T., 2017. Democratization in South Africa: The elusive social contract (Vol. 4838). 

Princeton University Press. 

Sismondo, S., 2010. An introduction to science and technology studies (Vol. 1). Chichester: 

Wiley-Blackwell. 

Sjöberg, L. and Wåhlberg, A.A., 2002. Risk perception and new age beliefs. Risk Analysis: An 

International Journal, 22(4), pp.751-764. 

Sjöberg, L., 1999. Risk perception by the public and by experts: A dilemma in risk management. 

Human Ecology Review, pp.1-9. 

Sjöberg, L., 2000. Factors in risk perception. Risk analysis, 20(1), pp.1-12. 

Skagerlund, K., Forsblad, M., Slovic, P. and Västfjäll, D., 2020. The affect heuristic and risk 

perception–stability across elicitation methods and individual cognitive abilities. Frontiers in 

psychology, 11, p.970. 

Skjong, R. and Wentworth, B.H., 2001, January. Expert judgment and risk perception. In The 

Eleventh International Offshore and Polar Engineering Conference. International Society of 

Offshore and Polar Engineers. 

Slimak, M.W. and Dietz, T., 2006. Personal values, beliefs, and ecological risk perception. Risk 

analysis, 26(6), pp.1689-1705. 



250 

 

Slovic, P., 1993. Perceived risk, trust, and democracy. Risk analysis, 13(6), pp.675-682.  

Slovic, P., 1999. Trust, emotion, sex, politics, and science: Surveying the risk-assessment 

battlefield. Risk analysis, 19(4), pp.689-701. 

Slovic, P., Finucane, M.L., Peters, E. and MacGregor, D.G., 2004. Risk as analysis and risk as 

feelings: Some thoughts about affect, reason, risk, and rationality. Risk Analysis: An 

International Journal, 24(2), pp.311-322. 

Slovic, P.E., 2000. The perception of risk. Earthscan publications. 

Small, M.J., Stern, P.C., Bomberg, E., Christopherson, S.M., Goldstein, B.D., Israel, A.L., 

Jackson, R.B., Krupnick, A., Mauter, M.S., Nash, J. and North, D.W., 2014. Risks and risk 

governance in unconventional shale gas development. Environ. Sci. Technol.  48, 15, 8289. 

Smillie, L. and Blissett, A., 2010. A model for developing risk communication strategy. Journal 

of Risk Research, 13(1), pp.115-134. 

Smith, A. and Kern, F., 2009. The transitions storyline in Dutch environmental policy. 

Environmental Politics, 18(1), pp.78-98. 

Smith, A. and Stirling, A., 2006. Inside or out? Open or closed? Positedioning the governance 

of sustainable technology. SPRU. Documentos de Trabajo (148).(http://www. sussex. ac. 

uk/spru/1-6-1-2-1. html (26/05/20)) (accessed, 24th Oct 2020). 

Smith, B., 2004. Oil wealth and regime survival in the developing world, 1960–1999. American 

Journal of Political Science, 48(2), pp.232-246. 

Smith, D.C. and Richards, J.M., 2015. Social license to operate: hydraulic fracturing-related 

challenges facing the oil and gas industry. ONE J, 1, p.81. 

Smith, K.K., Haggerty, J.H., Kay, D.L. and Coupal, R., 2019. Using Shared Services to 

Mitigate Boomtown Impacts in the Bakken Shale Play: Resourcefulness or Over-

adaptation?. Journal of Rural and Community Development, 14(2). 

Smith, M.D., Krannich, R.S. and Hunter, L.M., 2001. Growth, decline, stability, and disruption: 

A longitudinal analysis of social Well‐Being in four western rural communities. Rural 

Sociology, 66(3), pp.425-450. 

Smith, R.M. and Botha-Brink, J., 2014. Anatomy of a mass extinction: sedimentological and 

taphonomic evidence for drought-induced die-offs at the Permo-Triassic boundary in the main 

Karoo Basin, South Africa. Palaeogeography, Palaeoclimatology, Palaeoecology, 396, pp.99-

118. 

 

Smith, R.M.H., Eriksson, P.G. and Botha, W.J., 1993. A review of the stratigraphy and 

sedimentary environments of the Karoo-aged basins of Southern Africa. Journal of African 

Earth Sciences (and the Middle East), 16(1-2), pp.143-169. 

Smulders, S. and De Nooij, M., 2003. The impact of energy conservation on technology and 

economic growth. Resource and Energy Economics, 25(1), pp.59-79. 

Snowdon, Brian and Howard R. Vane. 2005. Modern macroeconomics: its origins, 

development and current state. Edward Elgar Publishing. 



251 

 

Söderberg, J., 2013. Determining social change: The role of technological determinism in the 

collective action framing of hackers. New Media & Society, 15(8), pp.1277-1293. 

Soeder, D.J., 2018. The successful development of gas and oil resources from shales in North 

America. Journal of Petroleum Science and Engineering, 163, pp.399-420. 

Solarin, S.A., Gil-Alana, L.A. and Lafuente, C., 2020. An investigation of long range reliance 

on shale oil and shale gas production in the US market. Energy, 195, p.116933. 

Solikhah, B. and Maulina, U., 2021. Factors influencing environment disclosure quality and 

the moderating role of corporate governance. Cogent Business & Management, 8(1), 

p.1876543. 

Song, L., Martin, K., Carr, T.R. and Ghahfarokhi, P.K., 2019. Porosity and storage capacity of 

Middle Devonian shale: A function of thermal maturity, total organic carbon, and clay content. 

Fuel, 241, pp.1036-1044. 

Song, L., Jing, J., Yan, Z. and Sun, C., 2021. Does government information transparency 

contribute to pollution abatement? Evidence from 264 Chinese cities. Environmental Science 

and Pollution Research, pp.1-11. 

Sørli, M.E., Gleditsch, N.P. and Strand, H., 2005. Why is there so much conflict in the Middle 

East?. Journal of Conflict Resolution, 49(1), pp.141-165. 

Sorrell, S., Mallett, A. and Nye, S., 2011. Barriers to industrial energy efficiency: A literature 

review. United Nations Industrial Development Organization (UNIDO). 

Southalan, J.L., Culotta, K.S. and Fallon, D.A., 2011. Indigenous people and resources 

development-a rapidly changing legal landscape. Oil, Gas and Energy Law Journal (OGEL), 

9(4). 

Sovacool, B.K. and Brown, M.A., 2015. Deconstructing facts and frames in energy research: 

Maxims for evaluating contentious problems. Energy Policy, 86, pp.36-42. 

Sovacool, B.K., 2013. Energy policymaking in Denmark: implications for global energy 

security and sustainability. Energy Policy, 61, pp.829-839. 

Sovacool, B.K., 2014. Cornucopia or curse? Reviewing the costs and benefits of shale gas 

hydraulic fracturing (fracking). Renewable and Sustainable Energy Reviews, 37, pp.249-264. 

Sovacool, B.K., 2014. What are we doing here? Analyzing fifteen years of energy scholarship 

and proposing a social science research agenda. Energy Research & Social Science, 1, pp.1-29. 

Sovacool, B.K., Turnheim, B., Hook, A., Brock, A. and Martiskainen, M., 2021. Dispossessed 

by decarbonisation: Reducing vulnerability, injustice, and inequality in the lived experience of 

low-carbon pathways. World Development, 137, p.105116. 

Spence, A., Demski, C., Butler, C., Parkhill, K. and Pidgeon, N., 2015. Public perceptions of 

demand-side management and a smarter energy future. Nature Climate Change, 5(6), pp.550-

554. 

Spence, A., Poortinga, W., Pidgeon, N. and Lorenzoni, I., 2010. Public perceptions of energy 

choices: The influence of beliefs about climate change and the environment. Energy and 



252 

 

environment, 21(5), pp.385-407. 

Spencer, T., Sartor, O. and Mathieu, M. 2014. Unconventional wisdom: an economic analysis 

of US shale gas and implications for the EU. Studies N°02/14. IDDRI, Paris. 

Spittal, M.J., McClure, J., Siegert, R.J. and Walkey, F.H., 2005. Optimistic bias in relation to 

preparedness for earthquakes. Australasian Journal of Disaster and Trauma Studies. 

Sprinz, D. and Vaahtoranta, T., 1994. The interest-based explanation of international 

environmental policy. In The politics of international environmental management (pp. 13-40). 

Springer, Dordrecht. 

Starr, C., 1969. Social benefit versus technological risk. Science, pp.1232-1238. 

Stasik, A., 2018. Global controversies in local settings: anti-fracking activism in the era of Web 

2.0. Journal of Risk Research, 21(12), pp.1562-1578. 

Stedman, R.C., Evensen, D., O’Hara, S. and Humphrey, M., 2016. Comparing the relationship 

between knowledge and support for hydraulic fracturing between residents of the United States 

and the United Kingdom. Energy research and social science, 20, pp.142-148. 

Steiner, S.M., 2020. Popular Epidemiology and Community-Based Citizen Science: Using a 

Bio-Indicator for Toxic Air Pollution. SAGE Publications Ltd.  

Stephenson, E. and Shaw, K., 2013. ¨ A Dilemma of Abundance: Governance Challenges of 

Reconciling Shale Gas Development and Climate Change Mitigation. Sustainability, 5(5), 

pp.2210-2232. 

Stephenson, M.H., 2016. Shale gas in North America and europe. Energy Science & 

Engineering, 4(1), pp.4-13. 

Stephenson, T., Valle, J.E. and Riera-Palou, X., 2011. Modeling the relative GHG emissions of 

conventional and shale gas production. Environmental science and technology, 45(24), 

pp.10757-10764. 

Stern, P.C., 2013. Design principles for governing risks from emerging technologies. Structural 

human ecology: risk, energy and sustainability, pp.91-118. 

Steyl, G. and van Tonder, G.J., 2013. Hydrochemical and hydrogeological impact of hydraulic 

fracturing in the Karoo, South Africa. In ISRM International Conference for Effective and 

Sustainable Hydraulic Fracturing. International Society for Rock Mechanics and Rock 

Engineering. 

Stijns, J.P., 2001. Natural resources and economic growth revisited. Available at SSRN 264878. 

Stijns, J.P., 2006. Natural resource abundance and human capital accumulation. World 

development, 34(6), pp.1060-1083. 

Stilgoe, J., Lock, S.J. and Wilsdon, J., 2014. Why should we promote public engagement with 

science?. Public understanding of science, 23(1), pp.4-15. 

Stollhofen, H., Stanistreet, I.G., Bangert, B. and Grill, H., 2000. Tuffs, tectonism and glacially 

related sea-level changes, Carboniferous–Permian, southern Namibia. Palaeogeography, 



253 

 

Palaeoclimatology, Palaeoecology, 161(1-2), pp.127-150. 

Stolper, D.A., Lawson, M., Davis, C.L., Ferreira, A.A., Neto, E.S., Ellis, G.S., Lewan, M.D., 

Martini, A.M., Tang, Y., Schoell, M. and Sessions, A.L., 2014. Formation temperatures of 

thermogenic and biogenic methane. Science, 344(6191), pp.1500-1503. 

 

Stoutenborough, J.W. and Vedlitz, A., 2016. The role of scientific knowledge in the public's 

perceptions of energy technology risks. Energy Policy, 96, pp.206-216. 

Stretesky, P. and Grimmer, P., 2020. Shale gas development and crime: A review of the 

literature. The Extractive Industries and Society. 

Streubert, H.J., 2013. Appraising qualitative research. Nursing Research: Methods and Critical 

Appraisal for Evidence-Based Practic. 

Stringfellow, W.T., Camarillo, M.K., Domen, J.K., Sandelin, W.L., Varadharajan, C., Jordan, 

P.D., Reagan, M.T., Cooley, H., Heberger, M.G. and Birkholzer, J.T., 2017. Identifying 

chemicals of concern in hydraulic fracturing fluids used for oil production. Environmental 

pollution, 220, pp.413-420. 

Stringfellow, W.T., Domen, J.K., Camarillo, M.K., Sandelin, W.L., Borglin, S., 2014.Physical, 

chemical, and biological characteristics of compounds used in hydraulic fracturing. J. Hazard. 

Mater. 275, 37e54.  

Sturgis, P. and Allum, N., 2004. Science in society: re-evaluating the deficit model of public 

attitudes. Public understanding of science, 13(1), pp.55-74. 

Suboyin, A., Rahman, M.M. and Haroun, M., 2021. Hydraulic Fracturing Design 

Considerations and Optimal Usage of Water Resources for Middle Eastern Tight Gas 

Reservoirs. ACS omega. 

Suldovsky, B., 2016. In science communication, why does the idea of the public deficit always 

return? Exploring key influences. Public Understanding of Science, 25(4), pp.415-426. 

Suldovsky, B., 2017. The information deficit model and climate change communication. In 

Oxford Research Encyclopedia of Climate Science. 

 

Sun, Y., Wang, D., Tsang, D.C., Wang, L., Ok, Y.S. and Feng, Y., 2019. A critical review of 

risks, characteristics, and treatment strategies for potentially toxic elements in wastewater from 

shale gas extraction. Environment international, 125, pp.452-469. 

Sunjay, B. and Kothari, N., 2011, March. Unconventional energy sources: shale gas. In 10th 

offshore mediterranean conference and exhibition, Ravenna, Italy (pp. 23-25). 

Sutter, L.A., Weston, N.B., and Goldsmith, S.T., 2015. Hydraulic Fracturing: Potential Impacts 

to Wetlands, Wetland Science and Practice, 3, 7-16. 

Svensen, H., Planke, S., Chevallier, L., Malthe-Sørenssen, A., Corfu, F. and Jamtveit, B., 2007. 

Hydrothermal venting of greenhouse gases triggering Early Jurassic global warming. Earth and 

Planetary Science Letters, 256(3-4), pp.554-566. 

Swana, K., 2016. Application of hydrochemistry and residence time constraints to distinguish 

groundwater systems in the Karoo Basin prior to shale-gas exploration., Stellenbosch 



254 

 

University, Matieland, South Africa 

Swarthout, R.F., Russo, R.S., Zhou, Y., Miller, B.M., Mitchell, B., Horsman, E., Lipsky, E., 

McCabe, D.C., Baum, E. and Sive, B.C., 2015. Impact of Marcellus Shale natural gas 

development in southwest Pennsylvania on volatile organic compound emissions and regional 

air quality. Environmental science and technology, 49(5), pp.3175-3184.  

Swofford, J. and Slattery, M., 2010. Public attitudes of wind energy in Texas: Local 

communities in close proximity to wind farms and their effect on decision-making. Energy 

policy, 38(5), pp.2508-2519. 

Szolucha, A., 2021. Shale Gas Developments in England: Social impacts and comparisons. 

Anna Szolucha. 

Talma, S., Esterhuyse, C., 2015. Natural methane in the Karoo: Its occurrence and isotope clues 

to its origin. South African Journal of Geology, 118: 45-54 

Tankard, A., Welsink, H., Aukes, P., Newton, R. and Stettler, E., 2012. Geodynamic 

interpretation of the Cape and Karoo basins, South Africa. In Regional Geology and Tectonics: 

Phanerozoic Passive Margins, Cratonic Basins and Global Tectonic Maps (pp. 868-945). 

Elsevier. 

Tankard, A., Welsink, H., Aukes, P., Newton, R. and Stettler, E., 2009. Tectonic evolution of 

the Cape and Karoo basins of South Africa. Marine and Petroleum Geology, 26(8), pp.1379-

1412. 

Tauli-Corpuz, V., 2010. Tebtebba Foundation (Indigenous Peoples' International Centre for 

Policy Research and Education). Mining and Sustainable Development. 

Tavassoli, S., Yu, W., Javadpour, F. and Sepehrnoori, K., 2013. Well screen and optimal time 

of refracturing: a Barnett shale well. Journal of Petroleum Engineering, 2013. 

Taylor, M. and Watts, J., 2019. Revealed: the 20 firms behind a third of all carbon emissions. 

The Guardian, 9(10), p.2019. 

Taylor-Gooby, P., 2004. Psychology, Social Psychology and Risk. Working paper. ESRC 

SCARR Network, Canterbury, UK. 

Teske, A., Wegener, G., Chanton, J.P., White, D., MacGregor, B., Hoer, D., de Beer, D., Zhuang, 

G., Saxton, M.A., Joye, S.B. and Lizarralde, D., 2021. Microbial Communities Under Distinct 

Thermal and Geochemical Regimes in Axial and Off-Axis Sediments of Guaymas Basin. 

Frontiers in microbiology, 12, p.110. 

The Royal Society, 1992. Risk: Analysis, Perception and Management. London: Royal Society. 

The Carnegie Mellon University, Wilton E. Scott Institute for Energy Innovation, March 2013. 

Shale Gas and the Environment: Critical Need for a Government–University–Industry 

Research Initiative. https://www.cmu.edu/energy/education-outreach/public-outreach/Shale 

gas and the environment.pdf accessed 6th May, 2021. 

Theodori, G.L. and Podeschi, C.W., 2020. Impacts of Marcellus Shale gas extraction: 

Examining recollected pre-development and post-development perceptions. The Extractive 

https://www.cmu.edu/energy/education-outreach/public-outreach/Shale%20gas%20and%20the%20environment.pdf
https://www.cmu.edu/energy/education-outreach/public-outreach/Shale%20gas%20and%20the%20environment.pdf


255 

 

Industries and Society, 7(4), pp.1438-1442. 

Theodori, G.L., 2009. Paradoxical perceptions of problems associated with unconventional 

natural gas development. Journal of Rural Social Sciences, 24(3), p.7. 

Thomas , M., Pidgeon, N., Evensen, D., Partridge, T., Hasell, A., Enders, C., Herr Harthorn, B., 

Bradshaw, M., 2017b. Public perceptions of hydraulic fracturing for shale gas and oil in the 

United States and Canada. WIREs Climate change 8: e450. 

Thomas, M., Partridge, T., Harthorn, B.H. and Pidgeon, N., 2017. Deliberating the perceived 

risks, benefits, and societal implications of shale gas and oil extraction by hydraulic fracturing 

in the US and UK. Nature Energy, 2(5), pp.1-7. 

Thomas, M., Partridge, T., Herr Harthorn, B., Pidgeon, M., 2017a. Deliberating the perceived 

risks, benefits, and societal implications of shale gas and oil extraction by hydraulic fracturing 

in the US and UK. Nature Energy 2: 17054. 

Thomas, M., Pidgeon, N. and Bradshaw, M., 2018. Shale development in the US and Canada: 

a review of engagement practice. The Extractive Industries and Society, 5(4), pp.557-569. 

Thomas, M., Pidgeon, N., Evensen, D., Partridge, T., Hasell, A., Enders, C., Herr Harthorn, B. 

and Bradshaw, M., 2017. Public perceptions of hydraulic fracturing for shale gas and oil in the 

United States and Canada. Wiley Interdisciplinary Reviews: Climate Change, 8(3), p.e450. 

Thompson, M., 2018. Cultural theory. Routledge. 

Thopil, G.A., 2021. The Evolution of Electrification in South Africa and Its Energy-

Environmental Impact. Energy and Environmental Security in Developing Countries, pp.253-

278. 

Tietenberg, T. and Lewis, L., 2019. Environmental economics: The essentials. Routledge. 

Tillman, L.C., 2002. Culturally sensitive research approaches: An African American 

perspective. Educational researcher, 31(9), pp.3-12. 

Timmins, C. and Vissing, A., 2014. Shale gas leases: Is bargaining efficient and what are the 

implications for homeowners if it is not. Department of Economics, Duke University. 

Timm Hoffman, M., Cowling, R.M., Petersen, H. and Walker, C., 2021. Karoo research update: 

Progress, gaps and threats. South African Journal of Science, 117(1-2), pp.1-3. 

Toerien, D., 2020. Tourism and poverty in rural South Africa: A revisit. South African Journal 

of Science, 116(1-2), pp.1-8. 

Tolley, E.E., Ulin, P.R., Mack, N., Robinson, E.T. and Succop, S.M., 2016. Qualitative methods 

in public health: a field guide for applied research. John Wiley and Sons. 

Torghabeh, A.K., Rezaee, R., Pimentel, N., Johnson, L. and Alshakhs, M., 2019. Petroleum 

geochemistry, burial history and shale gas potential of the Goldwyer Formation-Canning Basin, 

Western Australia. International Journal of Oil, Gas and Coal Technology, 20(4), pp.420-440. 

Torvik, R., 2002. Natural resources rent seeking and welfare. Journal of development 

economics, 67(2), pp.455-470. 



256 

 

Torvik, R., 2006. Institutions and the Resource Curse Halvor Mehlum Karl Moene. The 

Economic Journal, 116(508). 

Touili, N., Baztan, J., Vanderlinden, J.P., Kane, I.O., Diaz-Simal, P. and Pietrantoni, L., 2014. 

Public perception of engineering-based coastal flooding and erosion risk mitigation options: 

Lessons from three European coastal settings. Coastal Engineering, 87, pp.205-209. 

Townsend-Small, A. and Hoschouer, J., 2021. Direct measurements from shut-in and other 

abandoned wells in the Permian Basin of Texas indicate some wells are a major source of 

methane emissions and produced water. Environmental Research Letters. 

Trickey, K., Hadjimichael, N. and Sanghavi, P., 2020. Public reporting of hydraulic fracturing 

chemicals in the USA, 2011–18: a before and after comparison of reporting formats. The 

Lancet Planetary Health, 4(5), pp.e178-e185. 

Triggs, G., 2002. The rights of indigenous peoples to participate in resource development: An 

international legal perspective. Human Rights in Natural Resource Development. Public 

Participation in the Sustainable Development of Mining and Energy Resources, pp.123-154. 

Tripoppoom, S., Xie, J., Yong, R., Wu, J., Yu, W., Sepehrnoori, K., Miao, J., Chang, C. and Li, 

N., 2020. Investigation of different production performances in shale gas wells using assisted 

history matching: Hydraulic fractures and reservoir characterization from production data. Fuel, 

267, p.117097. 

Turner, B.R., 1999. Tectonostratigraphical development of the Upper Karooforeland basin: 

Orogenic unloading versus thermally induced Gondwana rifting. Journal of African Earth 

Sciences, 28(1), pp.215-238. 

Turner, J.C., Brown, R.J. and Tajfel, H., 1979. Social comparison and group interest in ingroup 

favouritism. European journal of social psychology, 9(2), pp.187-204. 

Tutak, M., Brodny, J., Siwiec, D., Ulewicz, R. and Bindzár, P., 2020. Studying the Level of 

Sustainable Energy Development of the European Union Countries and Their Similarity Based 

on the Economic and Demographic Potential. Energies, 13(24), p.6643. 

Ubink, J. and Pickering, J., 2020. Shaping legal and institutional pluralism: land rights, access 

to justice and citizenship in South Africa. South African Journal on Human Rights, pp.1-29. 

Uguru, C.I., Obiuwevbi, H.A. and Oni, J., 2011, January. Impact of Impermeable Shale Streaks 

on Production. In Nigeria Annual International Conference and Exhibition. Society of 

Petroleum Engineers. 

Ulrich-Schad, J.D., Larson, E.C., Fernando, F. and Abulbasher, A., 2020. The Goldilocks view: 

Support and skepticism of the impacts and pace of unconventional oil and gas development in 

the Bakken Shale of the United States. Energy Research & Social Science, 70, p.101799. 

Unel, B., & Upton, G., 2020. Effects of the Shale Boom on Entrepreneurship in the U.S. SSRN 

Electronic Journal.  

United States. Energy Information Administration and Kuuskraa, V., 2011. World shale gas 

resources: an initial assessment of 14 regions outside the United States. US Department of 

Energy. 



257 

 

United States. Energy Information Administration, 2011. World shale gas resources: an initial 

assessment of 14 regions outside the United States. US Department of Energy. 

Unruh, G.C., 2000. Understanding carbon lock-in. Energy policy, 28(12), pp.817-830. 

Unruh, G.C., 2002. Escaping carbon lock-in. Energy policy, 30(4), pp.317-325. 

Upham, P., Whitmarsh, L., Poortinga, W., Purdam, K., Darnton, A., McLachlan, C. and Devine-

Wright, P., 2009. Public Attitudes to Environmental Change: a selective review of theory and 

practice. Research Councils UK/Living with Environmental Change: http://www. lwec. org. 

uk/sites/default/files/001_Public% 20attitudes% 20to% 20environmental% 20change_final% 

20report_301009_1. pdf (accessed, 24th Oct 2020). 

Upreti, B.R., 2004. Conflict over biomass energy development in the United Kingdom: some 

observations and lessons from England and Wales. Energy policy, 32(6), pp.785-800. 

Urban, J. and Scasny, M., 2007, April. Determinants of risk perception bias: an empirical study 

of economically active population of the CR‖. In World of Labour and Quality of Life in 

Globalized Economy" Conference at the University of Economics at Prague2007. 

US Department of Energy, 2011: Life Cycle Greenhouse Gas Inventory of Natural Gas 

Extraction, Delivery and Electricity Production, National Energy Technology Laboratory: 

Morgantown, WV, DOE/NETL_2011/1522. 

US EIA, 2013. South Africa: Country Analysis Brief. www document. Available from 

〈http://www.eia.gov/countries/country-data.cfm?fips¼SF#cde〉 (accessed, 24th Oct 2020). 

US Energy Information Administration ed., 2011. Annual Energy Outlook 2011: With 

Projections to 2035. Government Printing Office. https://expo-

italia.it/resources/WEO2011_GoldenAgeofGasReport.pdf (accessed 14th December 2020). 

US Energy Information Administration, AEO2012 Early Release Overview: 

http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2012).pdf (accessed: 20th Oct 2020). 

US Energy Information Administration, Short-Term Energy Outlook (STEO), May 2020, 

https://www.eia.gov/ outlooks/steo/pdf/steo_full.pdf 

 

US Environmental Protection Agency. (2016). Hydraulic fracturing for oil and gas: Impacts 

from the hydraulic fracturing water cycle on drinking water resources in the United States. 

Main Report – EPA/600/R‐16/236fa. Available online (US EPA Report). (accessed: 20th Oct 

2020). 

US Environmental Protection Agency. 2012. Study of the Potential Impacts of Hydraulic 

Fracturing, Progress Report. Washington, DC: U.S. Environmental Protection Agency.  

 

USGS World Energy Assessment Team, 2000. US Geological Survey World Petroleum 

Assessment 2000: Description and Results. US Department of the Interior, US Geological 

Survey. 

Vaismoradi, M., Turunen, H. and Bondas, T., 2013. Content analysis and thematic analysis: 

Implications for conducting a qualitative descriptive study. Nursing and health sciences, 15(3), 

pp.398-405. 

https://expo-italia.it/resources/WEO2011_GoldenAgeofGasReport.pdf
https://expo-italia.it/resources/WEO2011_GoldenAgeofGasReport.pdf
http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2012).pdf


258 

 

Van de Graaf, T., 2020. Is OPEC dead? Oil exporters, the Paris agreement and the transition to 

a post-carbon world. In Beyond Market Assumptions: Oil Price as a Global Institution (pp. 63-

77). Springer, Cham. 

Van De Poel, I. and van Gorp, A.V.D., 2006. The need for ethical reflection in engineering 

design: The relevance of type of design and design hierarchy. Science, technology, & human 

values, 31(3), pp.333-360. 

van der Bles, A.M., van der Linden, S., Freeman, A.L., Mitchell, J., Galvao, A.B., Zaval, L. 

and Spiegelhalter, D.J., 2019. Communicating uncertainty about facts, numbers and science. 

Royal Society open science, 6(5), p.181870. 

Van der Horst, D. 2007. NIMBY or not? Exploring the relevance of location and the politics of 

voiced opinions in renewable energy siting controversies. Energy Policy 35 (5):2705–14. 

doi:10. 1016/j.enpol. (Accessed, 24th Oct 2020). 

van der Linden, S., 2016. A conceptual critique of the cultural cognition thesis. Science 

Communication, 38(1), pp.128-138 

Van der Linden, S., Leiserowitz, A., Rosenthal, S. and Maibach, E., 2017. Inoculating the 

public against misinformation about climate change. Global Challenges, 1(2), p.1600008. 

Van der Linden, S., Maibach, E. and Leiserowitz, A., 2015a. Improving public engagement 

with climate change: Five “best practice” insights from psychological science. Perspectives on 

Psychological Science, 10(6), pp.758-763. 

van der Linden, S.L., Clarke, C.E. and Maibach, E.W., 2015. Highlighting consensus among 

medical scientists increases public support for vaccines: evidence from a randomized 

experiment. BMC public health, 15(1), pp.1-5. 

Van der Ploeg, F., 2011. Natural resources: curse or blessing?. Journal of Economic literature, 

49(2), pp.366-420. 

Vandenberg LN, Colborn T, Hayes TB, Heindel JJ, Jacobs DR, Lee DHet al., 2012. Hormones 

and endocrine-disrupting chemicals: low-dose effects and nonmonotonic dose responses. 

Endocr Rev33:378-45522419778. 

Van Lente, B., 2004. Chemostratigraphic trends and provenance of the Permian Tanqua and 

Laingsburg depocentres, southwestern Karoo basin, South Africa (Doctoral dissertation, 

Stellenbosch: University of Stellenbosch). 

van Rooyen, D., 2007. Case Study 1: Beaufort West. The arid areas programme. Centre for 

Development Support. University of The Free State.  

van Veelen, B. and Haggett, C., 2017. Uncommon ground: The role of different place 

attachments in explaining community renewable energy projects. Sociologia Ruralis, 57, 

pp.533-554. 

Van Zyl, H., Fakir, S., Leiman, T. and Standish, B. 2016. Impacts on the Economy. In Scholes, 

R., Lochner, P., Schreiner, G., Snyman-Van der Walt, L. and de Jager, M. (eds.). 2016. Shale 

Gas Development in the Central Karoo: Shale Gas Development in the Central Karoo: A 

Scientific Assessment of the Opportunities and Risks. CSIR/IU/021MH/EXP/2016/003/A, 



259 

 

ISBN 978-0-7988-5631-7, Pretoria: CSIR. Available at http://seasgd.csir.co.za/scientific-

assessmentchapters/ 

Vandecasteele, I., Marí Rivero, I., Sala, S., Baranzelli, C., Barranco, R., Batelaan, O., Lavalle, 

C., 2015. Impact of shale gas development on water resources: a case study in northern Poland. 

Environ. Manag. 1-15. 

Vasi, I.B., Walker, E.T., Johnson, J.S. and Tan, H.F., 2015. “No fracking way!” Documentary 

film, discursive opportunity, and local opposition against hydraulic fracturing in the United 

States, 2010 to 2013. American Sociological Review, 80(5), pp.934-959. 

Vasylieva, T., Lyulyov, O., Bilan, Y. and Streimikiene, D., 2019. Sustainable economic 

development and greenhouse gas emissions: The dynamic impact of renewable energy 

consumption, GDP, and corruption. Energies, 12(17), p.3289. 

Veevers, J.J., Cole, D.I. and Cowan, E.J., 1994. Geological Society of America Memoirs. 

Geological Society of America Memoirs, 184, pp.223-280. 

Venables, A.J., 2016. Using natural resources for development: why has it proven so 

difficult?. Journal of Economic Perspectives, 30(1), pp.161-84. 

Venables, D., Pidgeon, N.F., Parkhill, K.A., Henwood, K.L. and Simmons, P., 2012. Living 

with nuclear power: Sense of place, proximity, and risk perceptions in local host 

communities. Journal of Environmental Psychology, 32(4), pp.371-383. 

Vengosh, A., Jackson, R.B., Warner, N., Darrah, T.H. and Kondash, A., 2014. A critical review 

of the risks to water resources from unconventional shale gas development and hydraulic 

fracturing in the United States. Environmental science and technology, 48(15), pp.8334-8348. 

Verkuyten, M., 2018. The social psychology of ethnic identity. Routledge. 

Vermeulen, P.D., 2012, September. A South African perspective on shale gas hydraulic 

fracturing. In International Mine Water Association Annual Conference, Institute for 

Groundwater Studies, University of the Free State, Bloemfontein South Africa (pp. 149-146). 

Vicsek, L., 2010. Issues in the Analysis of Focus Groups: Generalisability, Quantifiability, 

Treatment of Context and Quotations. Qualitative Report, 15(1), pp.122-141. 

Vidic, R., Brantley, S., Vandenbossche, J., Yoxtheimer, D., Abad, J., 2013. Impact of shale gas 

development on regional water quality. Science 340 (6134), 1235009. 

 

Vignes, B. and Aadnoy, B., 2010. Well Integrity Issues Offshore Norway. SPE Prod. Oper., 25. 

SPE-112535-PA. 

 

Vihma, A. and Turksen, U., 2015. The geoeconomics of Russian-EU gas trade: drawing lessons 

from the South Stream pipeline project. MIT Center for Energy and Environmental Policy 

Research, working paper, 14. 

 

Viklund, M.J., 2003. Trust and risk perception in western Europe: A cross‐national study. Risk 

Analysis: An International Journal, 23(4), pp.727-738. 

Visser, J.N., 1995. Post-glacial Permian stratigraphy and geography of southern and central 

Africa: boundary conditions for climatic modelling. Palaeogeography, Palaeoclimatology, 



260 

 

Palaeoecology, 118(3-4), pp.213-243. 

Visser, J.N.J., 1987. The palaeogeography of part of southwestern Gondwana during the 

Permo-Carboniferous glaciation. Palaeogeography, Palaeoclimatology, Palaeoecology, 61, 

pp.205-219. 

Visser, J.N.J., 1992. Deposition of the Early to Late Permian Whitehill Formation during a sea-

level highstand in a juvenile foreland basin. South African Journal of Geology, 95(5), pp.181-

193. 

Viviani, M. and Pasi, G., 2017. Credibility in social media: opinions, news, and health 

information—a survey. Wiley interdisciplinary reviews: Data mining and knowledge discovery, 

7(5), p.e1209. 

 

Wachtmeister, H., Kuchler, M. and Höök, M., 2021. How Many Wells? Exploring the Scope of 

Shale Gas Production for Achieving Gas Self-Sufficiency in Poland. Natural Resources 

Research, 30(3), pp.2483-2496. 

 

Wachinger, G., Renn, O., Begg, C. and Kuhlicke, C., 2013. The risk perception paradox—

implications for governance and communication of natural hazards. Risk analysis, 33(6), 

pp.1049-1065. 

Wagner, W., Kronberger, N. and Seifert, F., 2002. Collective symbolic coping with new 

technology: Knowledge, images and public discourse. British Journal of Social Psychology, 

41(3), pp.323-343. 

Wait, R. and Rossouw, R. 2019. A comparative assessment of the economic benefits from shale 

gas extraction in the Karoo, South Africa. Southern African Business Review, 18(2), 1-34. 

Walker, C., Milton, S.J., O’Connor, T.G., Maguire, J.M. and Dean, W.R.J., 2018. Drivers and 

trajectories of social and ecological change in the Karoo, South Africa. African Journal of 

Range & Forage Science, 35(3-4), pp.157-177. 

Walker, G. and Day, R., 2012. Fuel poverty as injustice: Integrating distribution, recognition 

and procedure in the struggle for affordable warmth. Energy policy, 49, pp.69-75. 

Walker, W., 2000. Entrapment in large technology systems: institutional commitment and 

power relations. Research policy, 29(7-8), pp.833-846. 

Walls, J., Pidgeon, N., Weyman, A. and Horlick-Jones, T., 2004. Critical trust: understanding 

lay perceptions of health and safety risk regulation. Health, risk & society, 6(2), pp.133-150. 

Walsh, I., Holton, J.A., Bailyn, L., Fernandez, W., Levina, N. and Glaser, B., 2015. What 

grounded theory is… a critically reflective conversation among scholars. Organizational 

Research Methods, 18(4), pp.581-599. 

Walsh, K.B., Haggerty, J.H., Jacquet, J.B., Theodori, G.L. and Kroepsch, A., 2020. Uneven 

impacts and uncoordinated studies: A systematic review of research on unconventional oil and 

gas development in the United States. Energy Research & Social Science, 66, p.101465. 

Walt, A.D., Lochner, P.A., Wright, J.G., Robert, J., Scholes, D.A., Hardcastle, P., Kotze, H. and 

Esterhuyse, S., 2018. 10 Evidence-based and participatory processes in support of shale gas 



261 

 

policy development in South Africa. Governing Shale Gas: Development, Citizen Participation 

and Decision Making in the US, Canada, Australia and Europe.  

Walton, A. and McCrea, R., 2020. Understanding social license to operate for onshore gas 

development: How the underlying drivers fit together. Applied Energy, 279, p.115750. 

Walton, A.M., McCrea, R., Leonard, R. and Williams, R., 2013. Resilience in a changing 

community landscape of coal seam gas: Chinchilla in southern Queensland. Journal of 

Economic & Social Policy, 15(3), pp.4-28. 

Wang, L., 2020. Clay stabilization in sandstone reservoirs and the perspectives for shale 

reservoirs. Advances in colloid and interface science, 276, p.102087. 

Wang, Q., Chen, X., Jha, A.N. and Rogers, H., 2014. Natural gas from shale formation–the 

evolution, evidences and challenges of shale gas revolution in United States. Renewable and 

Sustainable Energy Reviews, 30, pp.1-28. 

Wang, R., Zameer, H., Feng, Y., Jiao, Z., Xu, L. and Gedikli, A., 2019. Revisiting Chinese 

resource curse hypothesis based on spatial spillover effect: a fresh evidence. Resources Policy, 

64, p.101521. 

Wareham, C. and Nardini, C., 2015. Policy on synthetic biology: deliberation, probability, and 

the precautionary paradox. Bioethics, 29(2), pp.118-125. 

 

Warner, N.R., Jackson, R.B., Darrah, T.H., Osborn, S.G., Down, A., Zhao, K., White, A. and 

Vengosh, A., 2012. Geochemical evidence for possible natural migration of Marcellus 

Formation brine to shallow aquifers in Pennsylvania. Proceedings of the National Academy of 

Sciences, 109(30), pp.11961-11966. 

Warner, N.R., Kresse, T.M., Hays, P.D., Down, A., Karr, J.D., Jackson, R.B. and Vengosh, A., 

2013. Geochemical and isotopic variations in shallow groundwater in areas of the Fayetteville 

Shale development, north-central Arkansas. Applied Geochemistry, 35, pp.207-220. 

Wajcman, J., 2002. Addressing technological change: The challenge to social theory. Current 

sociology, 50(3), pp.347-363. 

Weaver, K. and Olson, J.K., 2006. Understanding paradigms used for nursing research. Journal 

of advanced nursing, 53(4), pp.459-469. 

Weber, B.A., Geigle, J. and Barkdull, C., 2014. Rural North Dakota's oil boom and its impact 

on social services. Social work, 59(1), pp.62-72. 

Weber, C.L. and Clavin, C., 2012. Life cycle carbon footprint of shale gas: Review of evidence 

and implications. Environmental science and technology, 46(11), pp.5688-5695. 

Weber, J.G., 2012. The effects of a natural gas boom on employment and income in Colorado, 

Texas, and Wyoming. Energy Economics, 34(5), pp.1580-1588. 

Weijermars, R., Drijkoningen, G., Heimovaara, T.J., Rudolph, E.S.J., Weltje, G.J. and Wolf, 

K.H.A.A., 2011. Unconventional gas research initiative for clean energy transition in Europe. 

Journal of Natural Gas Science and Engineering, 3(2), pp.402-412. 

Wen, T., M.C. Castro, J.P. Nicot, C.M. Hall, T. Larson, P. Mickler, and R. Darvari. 2016. 



262 

 

Methane sources and migration mechanisms in shallow groundwaters in Parker and Hood 

counties, Texas- a heavy noble gas analysis. Environmental Science & Technology. 

Weston, J., 2004. EIA in a risk society. Journal of Environmental Planning and Management, 

47(2), pp.313-325. 

Whitfield, S., Challinor, A.J. and Rees, R.M., 2018. Frontiers in climate smart food systems: 

outlining the research space. Frontiers in sustainable food systems, 2, p.2. 

Whitfield, S.C., Rosa, E.A., Dan, A. and Dietz, T., 2009. The future of nuclear power: Value 

orientations and risk perception. Risk Analysis: An International Journal, 29(3), pp.425-437. 

Whitmarsh, L., Nash, N., Upham, P., Lloyd, A., Verdon, J.P. and Kendall, J.M., 2015. UK 

public perceptions of shale gas hydraulic fracturing: The role of audience, message and 

contextual factors on risk perceptions and policy support. Applied Energy, 160, pp.419-430. 

Whitmarsh, L.E., Upham, P., Poortinga, W., McLachlan, C., Darnton, A., Sherry-Brennan, F., 

Devine-Wright, P. and Demski, C.C., 2011. Public attitudes, understanding, and engagement in 

relation to low-carbon energy. A selective review of academic and non-academic literatures: 

report for RCUK Energy Programme. 

Whitton, J. and Charnley-Parry, I., 2018. 14 Shale gas governance in the United States, the 

United Kingdom and Europe. Governing Shale Gas: Development, Citizen Participation and 

Decision Making in the US, Canada, Australia and Europe. 

Whitton, J., Brasier, K., Charnley-Parry, I. and Cotton, M., 2017. Shale gas governance in the 

United Kingdom and the United States: Opportunities for public participation and the 

implications for social justice. Energy Research & Social Science, 26, pp.11-22. 

Whitton, J., Parry, I.M., Akiyoshi, M. and Lawless, W., 2015. Conceptualizing a social 

sustainability framework for energy infrastructure decisions. Energy Research and Social 

Science, 8, pp.127-138. 

WHO (2014b). Frequently asked questions: ambient and household air pollution and health – 

update 2014. Geneva: World Health Organization (http://www.who.int/phe/ 

health_topics/outdoorair/databases/en/, accessed 26 Febuary 2020). 

 

Willems, M., Dalvie, M.A., London, L. and Rother, H.A., 2016. Environmental Reviews and 

Case Studies: Health Risk Perception Related to Fracking in the Karoo, South Africa. 

Environmental Practice, 18(1), pp.53-68. 

Williams, E. D., and J. E. Simmons. 2013. “Water in the Energy Industry: An Introduction.” 

Renewable Energy, 116, pp.827-834. 

 

Williams, J.J., 2006. Community participation: Lessons from post-apartheid South Africa. 

Policy studies, 27(3), pp.197-217. 

 

Williams, L. and Sovacool, B.K., 2019. The discursive politics of ‘fracking’: Frames, storylines, 

and the anticipatory contestation of shale gas development in the United Kingdom. Global 

Environmental Change, 58, p.101935. 

 

Williams, L., Macnaghten, P., Davies, R. and Curtis, S., 2017. Framing ‘fracking’: Exploring 



263 

 

public perceptions of hydraulic fracturing in the United Kingdom. Public Understanding of 

Science, 26(1), pp.89-104. 

Williamson, J. and Weyman, A., 2005. Review of the public perception of risk, and stakeholder 

engagement HSL/2005/16. Health and Safety Laboratory. 

Willits, F.K., Theodori, G.L. and Luloff, A.E., 2016. Correlates of perceived safe uses of 

hydraulic fracturing wastewater: Data from the Marcellus Shale. The Extractive Industries and 

Society, 3(3), pp.727-735. 

Willow, A. J., Zak, R., Vilaplana, D., & Sheeley, D., 2014. The contested landscape of 

unconventional energy development: A report from Ohio's shale gas country. Journal of 

Environmental Studies and Sciences, 4(1), 56– 64. 

Wilsdon, J. and Willis, R., 2004. See-through science: Why public engagement needs to move 

upstream. Demos. 

Wilson, R.S., Zwickle, A. and Walpole, H., 2019. Developing a broadly applicable measure of 

risk perception. Risk Analysis, 39(4), pp.777-791. 

 

Wilson, R.S., Zwickle, A. and Walpole, H., 2019. Developing a broadly applicable measure of 

risk perception. Risk Analysis, 39(4), pp.777-791. 

Winkler, H., 2007. Energy policies for sustainable development in South Africa. Energy 

Sustain. Dev. 11 (1), 26–34 〈http://www.sciencedirect.com/science/arti 

cle/pii/S097308260860561X〉 

Winkler, H., Borchers, M., Hughes, A., Visagie, E. and Heinrich, G., 2006. Policies and 

scenarios for Cape Town’s energy future: Options for sustainable city energy development. 

Journal of Energy in Southern Africa, 17(1), pp.28-41. 

Wohl, M.J., Giguère, B., Branscombe, N.R. and McVicar, D.N., 2011. One day we might be 

no more: Collective angst and protective action from potential distinctiveness loss. European 

Journal of Social Psychology, 41(3), pp.289-300. 

 

Wolsink, M., 2018. Social acceptance revisited: gaps, questionable trends, and an auspicious 

perspective. Energy research and social science, 46, pp.287-295. 

Wolsink, M., and J. Devilee. 2009. The motives for accepting or rejecting waste infrastructure 

facilities. Shifting the focus from the planners’ perspective to fairness and community 

commitment. Journal of Environmental Planning and Management 52 (2):217–36. 

doi:10.1080/ 09640560802666552. 

Woodford, A.C. and Chevallier, L.P., 2002. Regional Characterization and Mapping of Karoo 

Fractured Aquifer Systems: An Integrated Approach Using a Geographical Information System 

and Digital Image Processing. Water Research Commission. 

Woods, D.D., 2006. Essential characteristics of resilience. Resilience engineering: Concepts 

and precepts, 1, pp.21-33. 

World Bank, 2014. Clean and improved cooking in Sub-Saharan Africa: a landscape report. 

Washington, D.C: World Bank Group. 



264 

 

Wright, G., Pearman, A. and Yardley, K., 2000. Risk perception in the UK oil and gas 

production industry: Are expert loss‐prevention managers' perceptions different from those of 

members of the public?. Risk Analysis, 20(5), pp.681-690. 

Wright, Z.M., 2013. A voice for the community: Public participation in wind energy 

development. 

Wüstenhagen, R., Wolsink, M. and Bürer, M.J., 2007. Social acceptance of renewable energy 

innovation: An introduction to the concept. Energy policy, 35(5), pp.2683-2691. 

Wynne, B., 1982. Rationality and ritual. Rationality and ritual: The Windscale inquiry and 

nuclear decisions in Britain. Bucks, England: The British Society for the History of Science, 

1982. 

Wynne, B., 1992. Misunderstood misunderstanding: social identities and public uptake of 

science. Public understanding of science, 1, pp.281-304. 

Xi, K., Cao, Y., Haile, B.G., Zhu, R., Jahren, J., Bjørlykke, K., Zhang, X. and Hellevang, H., 

2016. How does the pore-throat size control the reservoir quality and oiliness of tight 

sandstones? The case of the Lower Cretaceous Quantou Formation in the southern Songliao 

Basin, China. Marine and Petroleum Geology, 76, pp.1-15. 

Xu, S., 2020. The paradox of the energy revolution in China: A socio-technical transition 

perspective. Renewable and Sustainable Energy Reviews, p.110469. 

Yang, S. and Horsfield, B., 2020. Critical review of the uncertainty of Tmax in revealing the 

thermal maturity of organic matter in sedimentary rocks. International Journal of Coal Geology, 

p.103500. 

Yang, Y. and Aplin, A.C., 2007. Permeability and petrophysical properties of 30 natural 

mudstones. Journal of Geophysical Research: Solid Earth, 112(B3). 

Yao, H., Tian, M., Ma, J., She, X. and Gao, J., 2019. Study on “Resource Curse” Based on the 

Panel Data in Coal Resource-Rich Districts of Inner Mongolia. In E3S Web of 

Conferences (Vol. 118, p. 01015). EDP Sciences. 

Yardley, K., Wright, G. and Pearman, A., 1997. Survey: the social construction of risk aversion. 

Risk Decision and Policy, 2(1), pp.87-100. 

Yardley, L., 1997. Introducing discursive methods. Material discourses of health and illness, 

pp.25-49. 

Yauch, C.A. and Steudel, H.J., 2003. Complementary use of qualitative and quantitative 

cultural assessment methods. Organizational research methods, 6(4), pp.465-481. 

Ying, J.J. and Sovacool, B.K., 2021. A fair trade? Expert perceptions of equity, innovation, and 

public awareness in China’s future Emissions Trading Scheme. Climatic Change, 164(3), pp.1-

23. 

Yiridoe, E.K., 2014. Social acceptance of wind energy development and planning in rural 

communities of Australia: A consumer analysis. Energy Policy, 74, pp.262-270. 

York, R. and Bell, S.E., 2019. Energy transitions or additions?: Why a transition from fossil 

fuels requires more than the growth of renewable energy. Energy Research and Social 



265 

 

Science, 51, pp.40-43. 

Yu, C.H., Huang, S.K., Qin, P. and Chen, X., 2018. Local residents' risk perceptions in response 

to shale gas exploitation: Evidence from China. Energy Policy, 113, pp.123-134. 

Yu, J., 2013. Cultural awareness in Chinese-English translation. Theory and Practice in 

Language Studies, 3(12), p.2322. 

 

Zaki, J., Schirmer, J. and Mitchell, J.P., 2011. Social influence modulates the neural 

computation of value. Psychological science, 22(7), pp.894-900. 

Zanocco, C., Boudet, H., Clarke, C.E. and Howe, P.D., 2019. Spatial Discontinuities in Support 

for Hydraulic Fracturing: Searching for a “Goldilocks Zone”. Society and Natural Resources, 

32(9), pp.1065-1072. 

Zanocco, C., Boudet, H., Clarke, C.E., Stedman, R. and Evensen, D., 2020. NIMBY, YIMBY, 

or something else? Geographies of public perceptions of shale gas development in the 

Marcellus Shale. Environmental Research Letters, 15(7), p.074039. 

Zhang, C., Fan, C., Yao, W., Hu, X. and Mostafavi, A., 2019. Social media for intelligent public 

information and warning in disasters: An interdisciplinary review. International Journal of 

Information Management, 49, pp.190-207. 

Zhang, D. and Tingyun, Y., 2015. Environmental impacts of hydraulic fracturing in shale gas 

development in the United States. Petroleum Exploration and Development, 42(6), pp.876-883. 

Zhi, Y.A.N.G. and Caineng, Z.O.U., 2019. “Exploring petroleum inside source kitchen”: 

Connotation and prospects of source rock oil and gas. Petroleum Exploration and 

Development, 46(1), pp.181-193. 

Zobak, M., Kitasei, S., Copithorne, B., 2010. Addressing the Environmental Risks from Shale 

Gas Development. Worldwatch Institute, Washington DC. 

Zoeller RT, Brown TR, Doan LL, Gore AC, Skakkebaek NE, Soto AMet al.. 2012. Endocrine-

disrupting chemicals and public health protection: a statement of principles from The 

Endocrine Society.Endocrinology153:4097-411022733974. 

Zou, C., Zhao, Q., Zhang, G. and Xiong, B., 2016. Energy revolution: From a fossil energy era 

to a new energy era. Natural Gas Industry B, 3(1), pp.1-11. 

 

 

 

 

 

 

 



266 

 

Appendices 
 

Appendix 1: Ethical Considerations and Approval 

 

 

 

 

 

 

 

 



267 
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(For Research Involving Human Participants) 
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Is this an application for a ‘block 
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No x 

 

If yes, please specify the name of the group/cohort and note who will be responsible for ethical 

oversight of projects in this area (the block release holder); this will usually be the module 

leader, supervisor or head of subject. This RE4 form should present a project typical to this 
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Name of the lead applicant: 
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Department/School/Faculty:  Faculty of Science, Engineering and Computing 
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Email address: j2bridge@yahoo.com; k1737982@kingston.ac.uk 
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If it is STUDENT research: 

Course title PhD Research 

 

Supervisor/DoS Supervisors: Prof Ian Jarvis and Dr Mary Kelly 

DoS: Prof Gavin Gilmore 

 

 

SECTION B (Complete this section if another ethics committee has already granted 

approval for the project. Otherwise, proceed to Section C)   

 

Committee that granted approval  

 

Date of approval  

 

 

Please attach evidence that the project has been fully approved (usually an approval letter). The 

original application should be retained on file in the Faculty for inspection where necessary. 

The Faculty Research Ethics Committee (FREC) may require further information or 

clarification from you and you should not embark on the project until you receive notification 

from the FREC that recognition of the approval has been granted. You should proceed directly 

to Section D of this form and submit this as a fast-track application. 

SECTION C 

Provide a brief project description (max. 150 words). This should be written for a lay 

audience 

 

Shale Gas Development has revolutionized the global energy landscape, especially in the United 

States. Rapid Shale gas development has also caused significant public concerns on human health 

and the environment at the community and global level. 

 

In the broadest sense, the divergent views and public perception of developing the Shale gas 

industry in South Africa are shrouded in uncertainty thereby rendering cost-benefit estimates very 

difficult.  

 

This study provides an in-depth evidence-based analysis of the impact of ‘’fracking’’ the Karoo 

and provide a better understanding of the benefits and challenges in the short and long term for 

effective decision making. 

 

Estimate duration of the project (months) 2 Months 

 



269 

 

State the source of funding Self-Funded 

 

 

Is it collaborative research? 

 

Yes  No x 

If YES, name of the collaborator institutions:  

1.  

 

2.  

 

Briefly describe the procedures to be used which involve human participants.  

Broadly, this study uses a mixed method research approach to answer the research questions. The 

mixed methods research extends the existing body of literature concerning the impact studies and 

the analysis of the public perception of Shale gas development in South Africa.  

 

Realizing that a quantitative approach alone can miss nuanced parts of this inquiry, the research 

approach will rely on semi-structured interviews utilizing open-ended questions to probe deeper 

into public perception concerning Shale gas development in the Karoo and to supplement a robust 

statistical analysis that can be generalized to a larger population. 

 

In a broad sense, this research involves standard research practice using interviews, questionnaire/ 

surveys, and public observations. The research will focus on maintaining confidentiality and 

informed consent of participants and also ensure the selection of participants is equitable. The 

researcher will ensure participation is voluntary and participants are able to withdraw from the 

study at any time. 

 

The interviews will be face to face and tape recorded. All audio recordings will be deleted after 

the transcription of the data. 

 

Furthermore, the researcher will ensure the participant fully understand what they are being asked 

to do in order to make a reasoned judgment about the effect of participation. The researcher will 

provide full disclosure about the nature of the study, the risks, benefits, and alternatives, and 

provide an extended opportunity to ask questions before deciding whether or not to participate. 

On the contrary, the researcher will diminish the participation from the vulnerable population (for 

example, children, cognitively impaired elderly, or mentally ill subjects). 

 

 

This research does not involve collaboration with any organisation in South Africa. 

 

Summarise the data sources to be used in the project 
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Qualitative Data Sources 

The main methods for collecting qualitative data will involve individual interviews or 

observations and direct interaction with individuals in a group setting. 

Participants for the qualitative research will involve a variety of respondents (e.g., experts, 

regulators, districts heads, local residents etc) to draw from a different perspective in order to 

provide a rich outcome. 

The sampling size for the qualitative research will be small compared to the quantitative aspect 

of the study based on the time that will be spent interviewing respondents and financial 

constraint.  

Respondents will be selected using the snowballing method. 

 

Quantitative Data Sources 

The source of quantitative data is a survey and open-ended questionnaires with carefully 

constructed questions ranking or scoring options. The range of questions is designed to provide 

a snapshot of perception or behavior regarding Shale gas development in the Karoo. Sampling 

will be random method aimed to achieve representative of the population and a degree of 

acceptable accuracy. 

 

Given that the respondents are in different regions in South Africa and the cost of reaching 

them will be high, questionnaires will be disseminated via email, online survey 

(SurveyMonkey and MS Office forms) and face to face. Access to the respondents will be via 

personal contact and professional networks (i.e. The South African Council for Natural 

Scientific Professions (SACNASP) and The Council for Geoscience (CGS). 

 

Given the research design and research aims and objectives, the sample will be purposively 

selected using predetermined inclusion criteria (for the qualitative aspect of this research). For 

the quantification study samples will be drawn by simple random selection from the 

population. 

 

Storage, access, and disposal of data 

Describe what research data will be stored, where, for what period of time, the measures that 

will be put in place to ensure the security of the data, who will have access to the data, and the 

method and timing of disposal of the data.  
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Data will be collected anonymously with no reference to the personal information of the 

participant. Data will be stored confidentially for a number of years after the study has finished 

[OR] as long as it is necessary to verify and defend when required, the process and outcomes of 

the research. The time period may be a number of years. 

 

Initially, data will be stored on an encrypted storage device then transferred to the University’s 

networked fileservers for safe keeping. 

 

To avoid corruption and loss of data, this researcher will ensure data is regularly backed up in 

Kingston University Box storage to safeguard the data and retrievable should the original gets 

lost or corrupted. Please note the University Box storage is GDPR compliant. 

 

Non-digital textual data will ideally be digitized to facilitate long-term preservation and sharing. 

 

FYI: (The university Box storage is GDPR compliant). 

 

Risk Assessment Questionnaire:  Does the proposed research involve any of the following?   

 
YE

S 
NO 

The use of human biological material?  X 

Children or young people under 18 years of age?  X 

If YES, have you complied with the requirements of the DBS?  X 

People with intellectual or mental impairment, temporary or permanent?  X 

People highly dependent on medical care, e.g., emergency care, 

intensive care, neonatal intensive care, terminally ill, or unconscious?   
 X 

Prisoners, illegal immigrants or financially destitute?  X 

Women who are known to be pregnant?  X 

Will people from a specific ethnic, cultural or indigenous group be 

targeted in the proposed research, or is there potential that they may be 

targeted? 

 X 

Assisted reproductive technology?  X 

Human genetic research?  X 

Epidemiology research?  X 

Stem cell research?  X 

Use of environmentally toxic chemicals?  X 

Use of ionizing radiation?  X 

Ingestion of potentially harmful or harmful dose of foods, fluids or drugs?  X 

Contravention of social/cultural boundaries?  X 

Involves use of data without prior consent?  X 

Involves bodily contact?  X 

Compromising professional boundaries between participants and 

researchers? 
 X 

Deception of participants, concealment or covert observation?  X 

Will this research significantly affect the health* outcomes or health 

services of subjects or communities? 
 X 

Is there a significant risk of enduring physical and/or psychological  X 
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harm/distress to participants? 

Does your research raise any issues of personal safety for you or other 

researchers involved? (especially if taking place outside working hours 

or off KU premises) 

 X 

Will the research be conducted without written informed consent being 

obtained from the participants except where tacit consent is given by 

completing a questionnaire? 

 X 

Will financial/in kind payments (other than reasonable expenses and 

compensation for time) be offered to participants? (Indicate in the 

proposal how much and on what basis) 

 X 

Is there a potential danger to participants in case of accidental 

unauthorised access to data? 
 X 

[Note *health is defined as not just the physical well-being of the individual but also the social, 

emotional, and cultural well-being of the whole community]. 

SECTION D (To be signed by all applicants) 

Declaration to be signed by the applicant(s) and the supervisor (in the case of a student): 

 

• I confirm that the research will be undertaken in accordance with the Kingston University 

Guidance and procedures for undertaking research involving human participants. 

 

• I will undertake to report formally to the relevant Faculty Research Ethics Committee for 

continuing review approval where required. 

 

• I shall ensure that any changes in approved research protocols or membership of the 

research team are reported promptly for approval by the relevant Faculty Research Ethics 

Committee. 

 

• I shall ensure that the research study complies with the law and University policy on Health 

and Safety. 

 

• I confirm that the research study is compliant with the requirements of the Disclosure and 

Barring Service where applicable. 

 

• I am satisfied that the research study is compliant with the Data Protection Act 1998, and 

that necessary arrangements have been, or will be made with regard to the storage and 

processing of participants’ personal information and generally, to ensure confidentiality of 

such data supplied and generated in the course of the research.  

(Further advice may be sought from the Data Protection Officer, University Secretary’s 

Office) 

• I shall ensure that the research is undertaken in accordance with the University’s Single 

Equality Scheme. 

 

• I will ensure that all adverse or unforeseen problems arising from the research project are 

reported immediately to the Chair of the relevant Faculty Research Ethics Committee.  

 



273 

 

• I will undertake to provide notification when the study is complete and if it fails to start or 

is abandoned. 

 

• (For supervisors, if the applicant is a student) I have met and advised the student on the 

ethical aspects of the study design and am satisfied that it complies with the current 

professional (where relevant), departmental and University guidelines. I accept 

responsibility for the conduct of this research and the maintenance of any consent 

documents as required by this Committee. 

 

• I understand that failure to provide accurate information can invalidate ethical approval. 

 

Is this an application for fast-track ethical approval? 

(Fast track is only available for projects either pre-approved by another 

ethics committee or where you have accurately indicated ‘No’ to every 

question on the Risk Assessment Questionnaire – Pg4) 

Yes x 

 

No  

 

 

Please sign and date 

 

 

Signature 

 

 

Date 

Lead applicant         

               

11/05/2019 

 

 

NOTE 

If this is a block release application and/or you have answered YES to any of the questions in the 

Risk Assessment, you must complete a full application for ethical approval and provide the 

information outlined in the checklist below. Your project proposal should show that there are 

adequate controls in place to address the issues raised in your Risk Assessment.  

If you have answered NO to all of the questions in the Risk Assessment you may submit the form to 

your Faculty Ethics Administrator as a fast-track application. You must append your participant 

information sheet. The Faculty Research Ethics Committee (FREC) may require further information 

or clarification from you and you should not embark on the project until you receive notification 

from your Faculty that recognition of the approval has been granted. 

 

  

 CHECKLIST (Where a full application for ethical approval is required) 

 

 Please complete the checklist and attach it to your full application for ethical approval: 
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Before submitting this application, please check 

that you have done the following:  (N/A = not applicable) 

Applicant Committee use 

only 

 

 

Yes No N/A Yes No N/A 

All questions have been answered  x 

 

 

 

 

 

 

 

 

 

 

 

All applicants have signed the application form 

 

x      

The research proposal is attached x 

 

 

 

 

 

 

 

 

 

 

 

Informed Consent Form is attached x 

 

 

 

 

 

 

 

 

 

 

 

Participant Information Sheets are attached x 

 

 

 

 

 

 

 

 

 

 

 

All letters, advertisements, posters or other recruitment 

material to be used are attached 

x 

 

 

 

 

 

 

 

 

 

 

 

All surveys, questionnaires, interview/focus group 

schedules, data sheets, etc, to be used in collecting data are 

attached 

x 

 

 

 

 

 

 

 

 

 

 

 

Reference list attached, where applicable x 
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Appendix 3: Qualitative Instrument – Interview 
 

The Environmental and Socio-Economic Impact of Shale Gas Development in the Karoo, 

South Africa 

Part A: Sociodemographic Information 

 

Gender 

Male  Female  

 

Age  

18-30  31-40  41-50  51-60  > 60  

Occupation 

Geologist  Academics  NGO/Environmentalist  Council/Community 

Head 

 

 

Politician  Religious Leader  Business  Retail  Farmer  

 

Travel/Tourism  Finance  Construction/Maintenance  

 

If occupation not listed, please specify your occupation 

here 

 

 

Perception 

1. Do you consider shale gas development potentially harmful to the environment? Please 

explain. 

 

2. What do you consider as the main risk about fracking or Shale gas development? Please 

explain. 

 

3. What do you consider as the main benefits about fracking or Shale gas development? Please 

explain. 

 

4. Is your perception concerning shale gas development likely to change in the future? Please 

explain. 
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Public Access to Information 

5. What do you consider as the credible source of information on shale gas development? Please 

explain. 

Stakeholder Engagement and Participation 

6. Do you approve/ support the central government / oil companies (public) engagement 

strategy and social representation concerning shale gas development in the Karoo?  Please 

explain. 

Policy 

7. Are you in support of fracking /Shale gas development in the Karoo? Please explain. 

 

8. Do you support the current temporary ban on fracking in South Africa? Please explain. 

 

9. What is your level of institutional trust and governance of shale gas development? Please 

explain. 

 

10. Is shale gas the optimal transition energy to a sustainable energy future? Please explain. 

 

11. Do you agree that South Africa will have a shale boom? Please explain.  

 

Karoo-Specific 

12. What do you consider as the main impact of Shale gas development in the Karoo 

Community? Please explain. 

 

13. What would the economic effect be of a complete ban of fracking in the Karoo? Please 

explain. 

 

14. Will a change in land rights where landowners own and control the resources on their land 

change your perception about Shale gas development? Please explain. 

 

15. Do you believe that fracking or Shale gas development will occur in South Africa? Please 

explain. 

 

16. What is the impact of shale gas development on the Karoo ecological system? Please 

explain. 

 

17. What do you consider that the potential benefits outweigh the risks of shale gas 

development? Please explain. 

 

Thank you for your time. 
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Appendix 4: Quantitative Instrument - Survey Questionnaire 
 

Part A Sociodemographic Information 

 

*Please tick one box for each item only. 

1.YOUR CURRENT AGE 

Under 18          18- 30           31-40               41-50      41-50      51-60             61 or above 

       

 

2. MARITAL STATUS 

Single Married Civil partner       Widowed Divorced N/A             

      

 

3. GENDER 

Male Female 

  

 

4. OCCUPATION 

Farmer     Tourism / 

Real 

Estate 

Government 

Employee 

Business / 

Retail / 

Finance  

Construction/ 

Maintenance          

Technical/ 

Engineering/ 

Academics                  

NGO’s 

Others 

(Please 

specify) 

       

 

5. INCOME 

Below 

R12,000 p/a             

R12,001 to 

R150,000             

R150,001 to 

R1,000,000           

R1,000,001 to 

R5,000,000         

Above  

R5,000,000      

     

 

6. EDUCATIONAL QUALIFICATION 

Below 

Matric     

Matric National 

Diploma  

Bachelor’s 

Degree    

Post 

Graduate 

Degree       

No Formal 

Education   

Don’t 

know / 

Prefer not 

to say 

       

 

7. CULTURAL ORIENTATION 
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Black White Indian Coloured 

    

 

 8.POLITICAL AFFILIATION 

African Christian Democratic Party African Independent Congress  African National 

Congress African Peoples' Convention    Agang South Africa   Congress of the People    

Democratic Alliance Economic Freedom Fighters   Freedom Front Plus  Inkatha 

Freedom Party National Freedom Party Pan Africanist Congress    United Democratic 

Movement   N/A  

 

To what extent do you agree or disagree with the following statements about your experience 

Strongly Opposed Somewhat Opposed Neutral Somewhat in Favour Strongly in Favour 

1 2 3 4 5 

9. PERCEPTION 

Please choose from the above legend 1 2 3 4 5 

Fracking will reduce South Africa dependency on foreign sources of 

energy 

     

Fracking will reduce the South Africa carbon footprint      

Fracking will reduce gas prices for energy companies      

Fracking will reduce my energy bills      

Fracking will be safe if it is regulated and monitored properly      

Fracking will create new jobs      

Fracking will boost economic growth      

It’s possible to compensate for the risks of fracking by payments to 

local communities 

     

Fracking will provide South Africa with a secure energy source for 

decades 

     

Fracking will have no effect on reducing energy bills      

Fracking will damage the local environment      

Fracking could cause earthquakes and tremors      

Fracking could impact agriculture and tourism       

Fracking could contaminate local water sources      

There is no effective way to regulate fracking to make it safe in South 

Africa 

     

Fracking will keep South Africa tied to using fossil fuels, which 

contribute to climate change 

     

Government of South Africa should invest in renewable energy 

instead 

     

Improved relationships between community members      

Increased economic equality in communities      

https://en.wikipedia.org/wiki/African_Christian_Democratic_Party
https://en.wikipedia.org/wiki/African_Independent_Congress
https://en.wikipedia.org/wiki/African_National_Congress
https://en.wikipedia.org/wiki/African_National_Congress
https://en.wikipedia.org/wiki/African_Peoples%27_Convention
https://en.wikipedia.org/wiki/Agang_South_Africa
https://en.wikipedia.org/wiki/Congress_of_the_People_(South_African_political_party)
https://en.wikipedia.org/wiki/Democratic_Alliance_(South_Africa)
https://en.wikipedia.org/wiki/Economic_Freedom_Fighters
https://en.wikipedia.org/wiki/Freedom_Front_(South_Africa)
https://en.wikipedia.org/wiki/Inkatha_Freedom_Party
https://en.wikipedia.org/wiki/Inkatha_Freedom_Party
https://en.wikipedia.org/wiki/National_Freedom_Party
https://en.wikipedia.org/wiki/Pan_Africanist_Congress
https://en.wikipedia.org/wiki/United_Democratic_Movement_(South_Africa)
https://en.wikipedia.org/wiki/United_Democratic_Movement_(South_Africa)
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More tax revenue      

Economic Benefits for Local Communities      

More money for the state budget      

Financial benefits for landowners      

Financial benefits for gas companies      

Reduced access to public land      

Harm to wild animals and plants      

Shale gas as transition energy      

A shift from coal to Shale gas would benefit public health and 

environment 

     

A shift from Nuclear energy to Shale gas would benefit public health      

 

Strongly Opposed Somewhat Opposed Neutral Somewhat in Favour Strongly in Favour 

1 2 3 4 5 

10. RISKS AND BENEFITS 

  Please choose from the above legend 1 2 3 4 5 

Reduce access to private land      

Light disturbances      

Risks to livestock      

Crop damage      

Air pollution      

Odour related problems      

Noise disturbances      

Increase property value      

Damage to the Environmental aesthetics      

Health risks      

 

 

11. What is your major concern regarding Shale gas development (‘select all that apply’). 

 Water contamination   Air contamination  Human and animal health  Threats to 

existing economies (agriculture, tourism)     Surface disruption    Water usage / shortage    

 Increase in violence and crime  Loss of landscape/sense of place    Waste overflow   

Displacement  Earthquake /Tremors  Global warming   Loss of landscape/aesthetic 

degradation   N/A please specify 

 

 12.The potential benefits of Shale gas (‘select all that apply’). 

 Potential work opportunities  Lowering CO2 emissions  Affordable  Economic 

growth  Shale gas is an alternative energy   Reinvestment into the Community  N/A 

please specify 

 

To what extent do you agree or disagree with the following statements about your experience 

https://en.wikipedia.org/wiki/Congress_of_the_People_(South_African_political_party)
https://en.wikipedia.org/wiki/National_Freedom_Party
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Strongly Opposed Somewhat 

Opposed 

Neutral Somewhat in 

Favour 

Strongly in 

Favour 

1 2 3 4 5 

13. SOCIAL ISSUES (Impact on the Community) 

Please choose from the above legend 1 2 3 4 5 

Influx of immigrants      

Increase in cost of living      

Competition for local businesses      

Increases in crime      

Unfair gas leases to gas companies      

Famine and shortage of water      

Increased community economic inequality      

Strain on sewer / municipality facilities      

Land capture by government      

Strain on community cohesion / place disruption      

 

For each of the following statements, please indicate your experience. 

AWARENESS 

14. I turn to the following for information on fracking Tick 

Television or radio news  

Local newspaper(s)           

People I know personally (e.g., friends, family, colleagues)  

Non-news websites containing information/arguments against fracking  

Environmental/anti-fracking groups via leaflets, newsletters, films or events  

Non-news websites containing information/arguments in favour of fracking  

People I know personally (e.g., friends, family, colleagues)  

Social media (e.g., Twitter, Facebook)  

Books, magazines or scientific journals  

National South Africa newspaper(s) (print or online editions)  

Unsure/none of these  

 

15. Now please tell me which of the following statements comes closest to your views 

concerning expert view on hydraulic fracking: 

Tick 

Most experts agree that the risks associated with hydraulic fracking are HIGH  

Most experts agree that the risks associated with hydraulic fracking are LOW          

Most experts are divided on whether hydraulic fracking poses any risk  

Earthquakes  

Land Destruction/Fragmentation  

Health Issues  

Safety Issues/Well Integrity / Dangers  

Economic Growth      

Job Creation     
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Other (please specify)  

 

16. How much, if anything, do you know about fracking or Shale gas development 

A Lot A Fair Amount Not Sure Not at All 

    

 

To what extent do you agree or disagree with the following statements about your experience 

17. ATTITUDE / GOVERNANCE 

15. Are you in support of fracking / Shale gas development in the Karoo 

Strongly 

Opposed 

Somewhat 

Opposed 

Neutral Somewhat in Favour Strongly in 

Favour 

     

 

18. I support the current temporary ban on fracking in South Africa 

Strongly 

Agree 

Somewhat 

Agree 

Neutral Somewhat 

Disagree 

Strongly Disagree 

     

 

19. I approve government / oil companies (public) engagement strategy concerning 

fracking  

Strongly 

Agree 

Somewhat 

Agree 

Neutral Somewhat 

Disagree 

Strongly Disagree 

     

 

20. I support stringent regulation on fracking in South Africa 

Strongly 

Agree 

Somewhat 

Agree 

Neutral Somewhat 

Disagree 

Strongly Disagree 

     

 

21. More research is needed on fracking to better understand potential risks. 

Strongly 

Agree 

Somewhat Agree Neutral Somewhat 

Disagree 

Strongly Disagree 
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22. What is your preferred energy source? 

Coal Nuclear Solar Natural Gas Offshore wind 

     

 

THE FUTURE 

 

22. Fracking need to be more regulated to protect human health and the environment. 

Very Likely Somewhat Likely Neutral Somewhat 

Unlikely 

Very Unlikely 

     

 

23. Living in an area licensed for shale gas development 

Very Likely Somewhat Likely Neutral Somewhat Unlikely Very Unlikely 

     

 

THIS SURVEY ENDS HERE. 

THANK YOU VERY MUCH FOR YOUR COOPERATION. 
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Appendix 5: Informed Consent for Participation in the following Research 

Project 
The Socio-Economic and Environmental Implications of Shale Gas Development  

in the Karoo, South Africa. 

  

Please tick the appropriate boxes Yes No 

 

1. Taking part in the study 

  

I have read and understood the study information dated [DD/MM/YYYY], or it has been read 

to me. I have been able to ask questions about the study and my questions have been answered 

to my satisfaction. 

  

  

I consent voluntarily to be a participant in this study and understand that I can refuse to answer 

questions and I can withdraw from the study at any time, without having to give a reason.  

  

 

 

2. Use of the information in the study 

  

I understand that information I provide will be used for research purpose 

 

 

 

 

 

 

 

I understand that personal information collected about me that can identify me, such as my 

name or where I live, will not be shared beyond the study team and will be safe guarded.  

 

 

 

 

 

 

 

 

 

 

 

I agree that the information I provide can be quoted in research outputs.   

 

  

 

 

  

 

  

 

 

 

3. Future use and reuse of the information by others 

  

I give permission for the information, including audio recordings and survey data that I 

provide to be depositeded anonymously in Kingston University Box storage so it can be used 

for future research and learning. 
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4. Signatures 

 

 

_______________________                    ____________________  ___________ 

Name of participant [IN CAPITALS]      Signature                                Date 

  

 

For participants unable to sign their name, mark the box instead of signing. 

 

I have witnessed the accurate reading of the consent form with the potential participant and 

the individual has had the opportunity to ask questions. I confirm that the individual has given 

consent freely. 

Name of witness [IN CAPITALS]                   Signature                                 Date 

  

I have accurately read out the information sheet to the potential participant and, to the best of 

my ability, ensured that the participant understands to what they are freely consenting. 

 

Name of researcher [IN CAPITALS]      Signature                                  Date 

  

 

5. Study contact details for further information  

David Macintosh, Dean, Faculty of Science, Engineering and Computing, Kingston 

University, Penrhyn Road, Kingston upon Thames, Surrey KT1 2EE   

d.macintosh@kingston.ac.uk 
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Appendix 6: Information for Participants 
 

Research: Environmental and The Socio-Economic Implications of Shale Gas 

Development in the Karoo, South Africa. 

The Research: There is growing recognition of the need to understand public attitudes to 

energy sources, such as Shale gas, and to feed these into decision-making. This study represents 

an investigation and survey of public perceptions of Shale gas fracking, including analysis of 

the effects of different messages and the relative influence of different audience, message and 

contextual factors on support and risk perceptions in respect of Shale gas fracking in the Karoo, 

South Africa. 

This is a PhD research project from the Department of Geography, Geology and the 

Environment. This study has been approved by Kingston University (KU) Departmental Ethics 

Screening Committee and will be conducted according to accepted and applicable KU ethics 

guidelines and principles. The survey is anonymous and response data will only be analyzed at 

aggregate level. 

The project is voluntary and, up to the point of analysis, you can withdraw your reflection, at 

any time by contacting the researcher (Julius Irene). As such you can have your input removed 

from the project.  

All data will be held confidentially in accordance with the requirements of the Data Protection 

Act. It will only be viewed and accessed by a limited group of people for the purposes of this 

research. The merged and transcribed results will be retained for the duration of this project 

and subsequent publication. At all times Kingston University will abide by its Data Protection 

Policy, which can be found here https://www.kingston.ac.uk/privacy-policy/. 

At no point will the information you provide be shared in a way that would allow you to be 

personally identified. Any published material will be anonymized. You have the right to request 

access to your personal data that we hold, to have your personal data amend-ed/corrected, 

and/or to have your personal data deleted. 

The study results can be sent to you should you wish.  

The study results may be disseminated at academic conferences, through published reports and 

or academic papers.  
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PhD Researcher:  

Julius Irene +447368372900 k1737982@kingston.ac.uk 
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Appendix 7: Mean Ranks 
 Ethnic Groups N Mean Rank 

Fracking will reduce South Africa dependency on 

foreign sources of energy 

Black 49 134.64 

White 82 104.28 

Indian 38 167.53 

Coloured 92 137.79 

Total 261  

Fracking will reduce South Africa carbon footprint Black 49 147.09 

White 82 91.14 

Indian 38 180.79 

Coloured 92 137.39 

Total 261  

Fracking will reduce gas prices for energy/big 

companies in South Africa 

Black 49 121.70 

White 82 71.88 

Indian 38 191.37 

Coloured 92 163.71 

Total 261  

Fracking will reduce my energy cost Black 49 136.49 

White 82 72.38 

Indian 38 162.32 

Coloured 92 167.39 

Total 261  

Fracking will be safe if it is regulated and monitored 

properly 

Black 49 125.66 

White 82 65.98 

Indian 38 175.71 

Coloured 92 173.33 

Total 261  

Fracking will create new jobs Black 49 149.90 

White 82 95.91 

Indian 38 176.03 

Coloured 92 133.61 

Total 261  

Fracking will boost economic growth Black 49 143.72 

White 82 74.01 

Indian 38 179.39 

Coloured 92 155.03 

Total 261  

CSR activities in the local communities will reduce 

the risk of fracking 

Black 49 128.10 

White 82 89.61 

Indian 38 131.68 

Coloured 92 169.15 

Total 261  

Fracking will provide South Africa with a secure 

energy source for decades 

Black 49 163.42 

White 82 101.83 
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Indian 38 143.99 

Coloured 92 134.37 

Total 261  

Fracking will have no effect on reducing energy bills Black 49 63.85 

White 82 98.80 

Indian 38 193.55 

Coloured 92 169.63 

Total 261  

Fracking will damage the local environment Black 49 92.01 

White 82 91.12 

Indian 38 162.43 

Coloured 92 174.33 

Total 261  

Fracking will cause earthquakes and tremors Black 49 104.54 

White 82 79.74 

Indian 38 169.14 

Coloured 92 175.02 

Total 261  

Fracking will impact agriculture and tourism Black 49 98.16 

White 82 101.85 

Indian 38 150.47 

Coloured 92 166.42 

Total 261  

Fracking will contaminate the local source of 

domestic water 

Black 49 109.42 

White 82 126.98 

Indian 38 138.89 

Coloured 92 142.82 

Total 261  

There is no effective way to regulate fracking to 

make it safe in South Africa 

Black 49 133.02 

White 82 137.09 

Indian 38 131.14 

Coloured 92 124.43 

Total 261  

Fracking will keep South Africa tied to using fossil 

fuels, which contribute to climate change 

Black 49 140.76 

White 82 146.57 

Indian 38 142.01 

Coloured 92 107.38 

Total 261  

Government of South Africa should rather invest in 

renewable / green energy 

Black 49 117.80 

White 82 133.40 

Indian 38 156.82 

Coloured 92 125.23 

Total 261  

Fracking will Improve relationships between 

neighboring community and reduce conflicts 

Black 49 204.51 

White 82 123.90 

Indian 38 122.96 

Coloured 92 101.49 
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Total 261  

Increased economic equality within the community Black 49 140.41 

White 82 61.27 

Indian 38 172.29 

Coloured 92 171.09 

Total 261  

Shale gas development will provide government with 

more tax revenue 

Black 49 111.41 

White 82 109.30 

Indian 38 138.50 

Coloured 92 157.67 

Total 261  

Shale gas development will boost manufacturing 

industries 

Black 49 140.19 

White 82 92.47 

Indian 38 150.67 

Coloured 92 152.32 

Total 261  

Fracking will enhance the GDP of the municipality 

and attract foreign investors 

Black 49 127.61 

White 82 109.59 

Indian 38 134.09 

Coloured 92 150.61 

Total 261  

Shale gas development will enhance financial 

benefits for landowners 

Black 49 167.73 

White 82 111.18 

Indian 38 147.33 

Coloured 92 122.36 

Total 261  

Financial benefits for gas companies Black 49 85.32 

White 82 113.87 

Indian 38 134.01 

Coloured 92 169.36 

Total 261  

Reduced access to public land Black 49 150.15 

White 82 177.38 

Indian 38 118.96 

Coloured 92 84.43 

Total 261  

Harm to wildlife and plants (Ecosystem) Black 49 101.55 

White 82 120.46 

Indian 38 155.67 

Coloured 92 145.89 

Total 261  

Shale gas as transition energy Black 49 191.85 

White 82 162.11 

Indian 38 92.91 

Coloured 92 86.60 

Total 261  

A shift from coal to shale gas would benefit public Black 49 151.44 
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health and environment White 82 103.51 

Indian 38 162.00 

Coloured 92 131.82 

Total 261  

A shift from nuclear energy to shale gas would 

benefit public health 

Black 49 142.53 

White 82 96.55 

Indian 38 150.74 

Coloured 92 147.41 

Total 261  

Reduce access to private land / land capture by 

government 

Black 49 114.59 

White 82 156.38 

Indian 38 153.93 

Coloured 92 107.65 

Total 261  

Fracking will result in light pollution Black 49 127.07 

White 82 108.39 

Indian 38 143.47 

Coloured 92 148.09 

Total 261  

Fracking will impact air quality Black 49 146.31 

White 82 137.82 

Indian 38 139.46 

Coloured 92 113.27 

Total 261  

Fracking will result in noise pollution Black 49 128.55 

White 82 142.79 

Indian 38 162.54 

Coloured 92 108.77 

Total 261  

Shale gas development will increase property / 

housing value 

Black 49 156.41 

White 82 130.94 

Indian 38 150.21 

Coloured 92 109.59 

Total 261  

Water contamination and related Issues Black 49 156.31 

White 82 114.63 

Indian 38 155.26 

Coloured 92 122.09 

Total 261  

Fracking will Impact human health Black 49 146.41 

White 82 145.52 

Indian 38 140.58 

Coloured 92 105.89 

Total 261  

What are your major concerns/ risks regarding shale 

gas development 

Black 49 113.82 

White 82 82.55 

Indian 38 153.71 
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Coloured 92 173.96 

Total 261  

Potential benefits regarding shale gas development Black 49 143.36 

White 82 85.25 

Indian 38 140.89 

Coloured 92 161.11 

Total 261  

Shale gas development will trigger increase in 

migrant workers 

Black 49 142.53 

White 82 150.59 

Indian 38 111.45 

Coloured 92 115.47 

Total 261  

Shale gas development will trigger increase in cost of 

living 

Black 49 152.12 

White 82 170.96 

Indian 38 110.55 

Coloured 92 92.58 

Total 261  

Shale gas development will trigger competition for 

local businesses 

Black 49 154.64 

White 82 166.70 

Indian 38 156.71 

Coloured 92 75.97 

Total 261  

Shale gas development will drive the increase of 

crime 

Black 49 152.96 

White 82 161.46 

Indian 38 113.34 

Coloured 92 99.45 

Total 261  

Unfair gas exploration leases to oil and gas 

companies 

Black 49 141.85 

White 82 126.99 

Indian 38 138.88 

Coloured 92 125.54 

Total 261  

Shale gas development will cause famine and 

shortage of water 

Black 49 105.92 

White 82 122.74 

Indian 38 145.39 

Coloured 92 145.77 

Total 261  

Increase in community economic inequality Black 49 159.16 

White 82 188.85 

Indian 38 94.24 

Coloured 92 79.63 

Total 261  

Strain on social / municipality facilities Black 49 131.13 

White 82 168.85 

Indian 38 143.42 

Coloured 92 92.07 

Total 261  
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Fracking will encourage land grab / capture by 

government 

Black 49 112.45 

White 82 153.60 

Indian 38 127.53 

Coloured 92 122.17 

Total 261  

Strain on community cohesion / place disruption Black 49 170.87 

White 82 179.76 

Indian 38 92.05 

Coloured 92 82.40 

Total 261  

I turn to the following source for information on 

fracking 

Black 49 145.30 

White 82 168.87 

Indian 38 105.09 

Coloured 92 100.33 

Total 261  

What is expert view on hydraulic fracking / shale gas 

development 

Black 49 180.15 

White 82 65.05 

Indian 38 171.99 

Coloured 92 146.67 

Total 261  

How much do you know about fracking or shale gas 

development 

Black 49 129.50 

White 82 135.50 

Indian 38 106.21 

Coloured 92 138.03 

Total 261  

Are you in support of fracking / shale gas 

development in the Karoo 

Black 49 189.95 

White 82 62.77 

Indian 38 71.13 

Coloured 92 185.14 

Total 261  

I support the current temporary ban on fracking in 

South Africa 

Black 49 156.85 

White 82 66.25 

Indian 38 92.32 

Coloured 92 190.92 

Total 261  

I approve government / oil companies (public) 

engagement strategy concerning fracking 

Black 49 144.12 

White 82 175.43 

Indian 38 95.97 

Coloured 92 98.88 

Total 261  

I support stringent regulation on fracking in South 

Africa 

Black 49 112.20 

White 82 86.49 

Indian 38 150.32 

Coloured 92 172.71 

Total 261  

More research is needed on fracking to better 

understand potential risks and benefits 

Black 49 120.96 

White 82 99.82 
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Indian 38 122.88 

Coloured 92 167.49 

Total 261  

What is your preferred energy source Black 49 108.40 

White 82 157.81 

Indian 38 156.76 

Coloured 92 108.50 

Total 261  

Likelihood of fracking operations to be properly 

regulated in South Africa 

Black 49 95.73 

White 82 148.24 

Indian 38 119.64 

Coloured 92 139.10 

Total 261  

Fracking will occur in or near my neighborhood Black 49 94.88 

White 82 160.79 

Indian 38 125.25 

Coloured 92 126.07 

Total 261  
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Appendix 8: Test Statistics for Hypothesis 
Test Statisticsa 

 

Fracking will 

reduce South 

Africa 

dependency on 

foreign sources 

of energy 

Fracking will 

reduce South 

Africa carbon 

footprint* 

Fracking will 

reduce gas 

prices for 

energy/big 

companies in 

South Africa* 

N 261 261 261 

Median 3.0000 3.000 4.0000 

Chi-Square 15.530b 46.397c 27.442d 

df 3 3 3 

Asymp. Sig. .000 .000 .000 

Test Statisticsa 

 

Fracking will 

reduce my 

energy cost* 

Fracking will 

be safe if it is 

regulated and 

monitored 

properly* 

Fracking will 

create new 

jobs* 

N 261 261 261 

Median 3.0000 3.000 4.0000 

Chi-Square 64.245e 89.061f 19.473g 

df 3 3 3 

Asymp. Sig. .000 .000 .000 

 

Test Statisticsa 

 

Fracking will 

boost economic 

growth* 

CSR activities 

in the local 

communities 

will reduce the 

risk of 

fracking* 

Fracking will 

provide South 

Africa with a 

secure energy 

source for 

decades* 

N 261 261 261 

Median 4.0000 4.0000 2.0000 

Chi-Square 25.401h 22.944i 26.027j 

df 3 3 3 

Asymp. Sig. .000 .000 .000 

 

Test Statisticsa 

 

Fracking will 

have no effect 

on reducing 

energy bills* 

Fracking will 

damage the 

local 

environment 

Fracking will 

cause 

earthquakes and 

tremors* 

N 261 261 261 

Median 2.0000 4.0000 4.0000 
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Chi-Square 80.021k 32.534l 36.390m 

df 3 3 3 

Asymp. Sig. .000 .000 .000 

 

Test Statisticsa 

 

Fracking will 

impact 

agriculture and 

tourism 

Fracking will 

contaminate the 

local source of 

domestic water 

There is no 

effective way to 

regulate 

fracking to 

make it safe in 

South Africa 

N 261 261 261 

Median 4.0000 4.0000 2.0000 

Chi-Square 22.938n 1.132o .491p 

df 3 3 3 

Asymp. Sig. .000 .769 .921 

 

Test Statisticsa 

 

Fracking will 

keep South 

Africa tied to 

using fossil 

fuels, which 

contribute to 

climate change 

Government of 

South Africa 

should rather 

invest in 

renewable / 

green energy 

Fracking will 

Improve 

relationships 

between 

neighboring 

community and 

reduce 

conflicts* 

N 261 261 261 

Median 3.0000 4.0000 2.0000 

Chi-Square 16.030q 4.997r 91.477s 

df 3 3 3 

Asymp. Sig. .001 .172 .000 

 

Test Statisticsa 

 

Increased 

economic 

equality within 

the 

community* 

Shale gas 

development 

will provide 

government 

with more tax 

revenue 

Shale gas 

development 

will boost 

manufacturing 

industries* 

N 261 261 261 

Median 4.0000 4.0000 4.0000 

Chi-Square 16.236t 17.035u 11.252r 

df 3 3 3 

Asymp. Sig. .001 .001 .010 
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Test Statisticsa 

 

Fracking will 

enhance the 

GDP of the 

municipality 

and attract 

foreign 

investors 

Shale gas 

development 

will enhance 

financial 

benefits for 

landowners* 

Financial 

benefits for gas 

companies 

N 261 261 261 

Median 4.0000 2.0000 4.0000 

Chi-Square 3.697v 23.040w 33.903k 

df 3 3 3 

Asymp. Sig. .296 .000 .000 

 

 

Test Statisticsa 

 

Reduced access 

to public land 

Harm to 

wildlife and 

plants 

(Ecosystem) 

Shale gas as 

transition 

energy* 

N 261 261 261 

Median 3.0000 4.0000 2.0000 

Chi-Square 86.609x 8.709y 74.989z 

df 3 3 3 

Asymp. Sig. .000 .033 .000 

 

Test Statisticsa 

 

A shift from 

coal to shale 

gas would 

benefit public 

health and 

environment* 

A shift from 

nuclear energy 

to shale gas 

would benefit 

public health* 

Reduce access 

to private land / 

land capture by 

government 

N 261 261 261 

Median 3.0000 4.0000 4.0000 

Chi-Square 18.746aa 14.649ab 16.302ac 

df 3 3 3 

Asymp. Sig. .000 .002 .001 

 

Test Statisticsa 

 

Fracking will 

result in light 

pollution 

Fracking will 

impact air 

quality 

Fracking will 

result in noise 

pollution 
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N 261 261 261 

Median 4.0000 4.0000 4.0000 

Chi-Square 4.678ad 4.747s 18.026ae 

df 3 3 3 

Asymp. Sig. .197 .191 .000 

 

Test Statisticsa 

 

Shale gas 

development 

will increase 

property / 

housing value 

Water 

contamination 

and related 

Issues 

Fracking will 

Impact human 

health 

N 261 261 261 

Median 4.0000 4.0000 4.0000 

Chi-Square 8.738af 11.178ag 9.155af 

df 3 3 3 

Asymp. Sig. .033 .011 .027 

 

Test Statisticsa 

 

What are your 

major concerns/ 

risks regarding 

shale gas 

development 

Potential 

benefits 

regarding shale 

gas 

development* 

Shale gas 

development 

will trigger 

increase in 

migrant 

workers 

N 261 261 261 

Median 2.0000 3.0000 4.0000 

Chi-Square 93.276ah 44.501ai 7.219aj 

df 3 3 3 

Asymp. Sig. .000 .000 .065 

 

Test Statisticsa 

 

Shale gas 

development 

will trigger 

increase in cost 

of living 

Shale gas 

development 

will trigger 

competition for 

local businesses 

Shale gas 

development 

will drive the 

increase of 

crime 

N 261 261 261 

Median 3.0000 5.0000ak 3.0000 

Chi-Square 44.790p  51.672j 

df 3  3 

Asymp. Sig. .000  .000 
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Test Statisticsa 

 

Unfair gas 

exploration 

leases to oil and 

gas companies 

Shale gas 

development 

will cause 

famine and 

shortage of 

water 

Increase in 

community 

economic 

inequality 

N 261 261 261 

Median 3.0000 4.0000 4.0000 

Chi-Square 156.290y 25.118ao 6.525ap 

df 3 3 3 

Asymp. Sig. .000 .000 .089 

 

Test Statisticsa 

 

Strain on social 

/ municipality 

facilities 

Fracking will 

encourage land 

grab / capture 

by government 

Strain on 

community 

cohesion / place 

disruption 

N 261 261 261 

Median 4.0000 4.0000 3.0000 

Chi-Square 25.118ao 6.525ap 95.193aq 

df 3 3 3 

Asymp. Sig. .000 .089 .000 

 

Test Statisticsa 

 

I turn to the 

following 

source for 

information on 

fracking 

What is expert 

view on 

hydraulic 

fracking / shale 

gas 

development* 

How much do 

you know about 

fracking or 

shale gas 

development 

N 261 261 261 

Median 3.0000 2.0000 3.0000 

Chi-Square 47.464ar 45.815h 3.752as 

df 3 3 3 

Asymp. Sig. 261 261 261 
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Test Statisticsa 

 

Are you in 

support of 

fracking / shale 

gas 

development in 

the Karoo* 

I support the 

current 

temporary ban 

on fracking in 

South Africa* 

I approve 

government / 

oil companies 

(public) 

engagement 

strategy 

concerning 

fracking 

N 261 261 261 

Median 2.0000 3.0000 4.0000 

Chi-Square 173.594at 65.812n 46.945au 

df 3 3 3 

Asymp. Sig. .000 .000 .000 

 

Test Statisticsa 

 

I support 

stringent 

regulation on 

fracking in 

South Africa 

More research 

is needed on 

fracking to 

better 

understand 

potential risks 

and benefits 

What is your 

preferred 

energy source 

N 261 261 261 

Median 2.0000 2.0000 3.0000 

Chi-Square 53.798n 50.863z 16.654av 

df 3 3 3 

Asymp. Sig. .000 .000 .001 

 

Test Statisticsa 

 

Likelihood of 

fracking operations 

to be properly 

regulated in South 

Africa* 

Fracking will occur 

in or near my 

neighbourhood* 

N 261 261 

Median 3.0000 4.0000 

Chi-Square 9.881aw 17.535aj 

df 3 3 

Asymp. Sig. .020 .001 

 

a. Grouping Variable: Ethnic Groups 

b. All values are less than or equal to the median. Median Test cannot be performed. 

 



300 

 

 

Appendix 9: Descriptive Summary 

 N 

Marginal 

Percentage 

Are you in support of 

fracking/shale gas development 

in the Karoo 

Strongly Opposed 99 37.9% 

Somewhat Opposed 47 18.0% 

Neutral 4 1.5% 

Somewhat in Support 75 28.7% 

Strongly in Support 36 13.8% 

Age of Respondent Between 18 and 30 years 65 24.9% 

Between 31 and 40 years 59 22.6% 

Between 41 and 50 years 73 28.0% 

Between 51 and 60 years 36 13.8% 

Between 61 and above 28 10.7% 

Marital Status of Respondent Single 62 23.8% 

Married 95 36.4% 

Civil 43 16.5% 

Widowed 42 16.1% 

Divorced 19 7.3% 

Gender of Respondent Male 136 52.1% 

Female 125 47.9% 

Occupation of Respondent Farmer 82 31.4% 

Tourism / Real Estate 38 14.6% 

Government Employee 43 16.5% 

Business / Retail 60 23.0% 

Construction / Maintenance 31 11.9% 

Technical / Engineering / 

Academics 

6 2.3% 

NGO and Others 1 0.4% 

Income of Respondent Below R12,000 35 13.4% 

R12,001 to R150,000 116 44.4% 

R150,001 to R1,000,000 70 26.8% 

R1,000,001 to R5,000,000 26 10.0% 

above R5,000,000 14 5.4% 

Education of Respondent Below Matric 5 1.9% 

Matric 102 39.1% 

Bachelor's Degree 49 18.8% 

Post Graduate Degree 32 12.3% 

National Diploma / Trade 

Cert 

73 28.0% 

Ethnic Groups Black 50 19.2% 

White 82 31.4% 

Indian 38 14.6% 

Colored 91 34.9% 

Political Affiliation of 

Respondent 

African Christian 

Democratic Party 

40 15.3% 



301 

 

African Independent 

Congress 

11 4.2% 

African National Congress 32 12.3% 

African Peoples' Convention 31 11.9% 

Agang South Africa 28 10.7% 

Congress of the People 13 5.0% 

Democratic Alliance 100 38.3% 

Economic Freedom Fighters 2 0.8% 

National Freedom Party 4 1.5% 

Fracking will reduce South 

Africa dependency on foreign 

sources of energy 

Strongly Disagree 32 12.3% 

Somewhat Disagree 97 37.2% 

Neutral 49 18.8% 

Somewhat Agree 68 26.1% 

Strongly Agree 15 5.7% 

Fracking will reduce the South 

Africa carbon footprint 

Strongly Disagree 23 8.8% 

Somewhat Disagree 71 27.2% 

Neutral 68 26.1% 

Somewhat Agree 74 28.4% 

Strongly Agree 25 9.6% 

Fracking will reduce gas prices 

for energy companies 

Strongly Disagree 32 12.3% 

Somewhat Disagree 44 16.9% 

Neutral 42 16.1% 

Somewhat Agree 95 36.4% 

Strongly Agree 48 18.4% 

Fracking will reduce my energy 

bills 

Strongly Disagree 28 10.7% 

Somewhat Disagree 55 21.1% 

Neutral 48 18.4% 

Somewhat Agree 79 30.3% 

Strongly Agree 51 19.5% 

Fracking will be safe if it is 

regulated and monitored properly 

Strongly Disagree 34 13.0% 

Somewhat Disagree 59 22.6% 

Neutral 41 15.7% 

Somewhat Agree 79 30.3% 

Strongly Agree 48 18.4% 

Fracking will create new jobs Strongly Disagree 20 7.7% 

Somewhat Disagree 43 16.5% 

Neutral 67 25.7% 

Somewhat Agree 86 33.0% 

Strongly Agree 45 17.2% 

Fracking will boost economic 

growth 

Strongly Disagree 18 6.9% 

Somewhat Disagree 33 12.6% 

Neutral 50 19.2% 

Somewhat Agree 100 38.3% 

Strongly Agree 60 23.0% 

It’s possible to compensate for 

the risks of fracking by payments 

to local communities 

Strongly Disagree 43 16.5% 

Somewhat Disagree 89 34.1% 

Neutral 51 19.5% 
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Somewhat Agree 57 21.8% 

Strongly Agree 21 8.0% 

Fracking will provide South 

Africa with a secure energy 

source for decades 

Strongly Disagree 73 28.0% 

Somewhat Disagree 78 29.9% 

Neutral 54 20.7% 

Somewhat Agree 42 16.1% 

Strongly Agree 14 5.4% 

Fracking will have no effect on 

reducing energy bills 

Strongly Disagree 62 23.8% 

Somewhat Disagree 131 50.2% 

Neutral 39 14.9% 

Somewhat Agree 19 7.3% 

Strongly Agree 10 3.8% 

Fracking will damage the local 

environment 

Strongly Disagree 89 34.1% 

Somewhat Disagree 77 29.5% 

Neutral 25 9.6% 

Somewhat Agree 51 19.5% 

Strongly Agree 19 7.3% 

Fracking could cause 

earthquakes and tremors 

Strongly Disagree 55 21.1% 

Somewhat Disagree 83 31.8% 

Neutral 68 26.1% 

Somewhat Agree 42 16.1% 

Strongly Agree 13 5.0% 

Fracking could impact 

agriculture and tourism 

Strongly Disagree 47 18.0% 

Somewhat Disagree 77 29.5% 

Neutral 42 16.1% 

Somewhat Agree 69 26.4% 

Strongly Agree 26 10.0% 

Fracking could contaminate local 

water sources 

Strongly Disagree 38 14.6% 

Somewhat Disagree 79 30.3% 

Neutral 45 17.2% 

Somewhat Agree 53 20.3% 

Strongly Agree 46 17.6% 

There is no effective way to 

regulate fracking to make it safe 

in South Africa 

Strongly Disagree 47 18.0% 

Somewhat Disagree 90 34.5% 

Neutral 45 17.2% 

Somewhat Agree 64 24.5% 

Strongly Agree 15 5.7% 

Fracking will keep South Africa 

tied to using fossil fuels, which 

contribute to climate change 

Strongly Disagree 9 3.4% 

Somewhat Disagree 37 14.2% 

Neutral 87 33.3% 

Somewhat Agree 84 32.2% 

Strongly Agree 44 16.9% 

Government of South Africa 

should rather invest in 

renewable/green energy 

Strongly Disagree 14 5.4% 

Somewhat Disagree 18 6.9% 

Neutral 45 17.2% 

Somewhat Agree 106 40.6% 

Strongly Agree 78 29.9% 
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Improved relationships between 

community members 

Strongly Opposed 22 8.4% 

Somewhat Opposed 50 19.2% 

Neutral 49 18.8% 

Somewhat Agree 75 28.7% 

Strongly Agree 65 24.9% 

Increased economic equality in 

communities 

Strongly Opposed 31 11.9% 

Somewhat Opposed 45 17.2% 

Neutral 25 9.6% 

Somewhat Agree 103 39.5% 

Strongly Agree 57 21.8% 

Shale gas development will 

provide the government with 

more tax revenue 

Strongly Disagree 2 0.8% 

Somewhat Disagree 9 3.4% 

Neutral 44 16.9% 

Somewhat Agree 125 47.9% 

Strongly Agree 81 31.0% 

Shale gas development will 

provide economic benefits to the 

local community 

Strongly Disagree 4 1.5% 

Somewhat Disagree 40 15.3% 

Neutral 58 22.2% 

Somewhat Agree 81 31.0% 

Strongly Agree 78 29.9% 

More money for the state and 

municipal development 

Strongly Disagree 2 0.8% 

Somewhat Disagree 33 12.6% 

Neutral 6 2.3% 

Somewhat Agree 122 46.7% 

Strongly Agree 98 37.5% 

Shale gas development will 

provide financial benefits for 

landowners 

Strongly Disagree 70 26.8% 

Somewhat Disagree 114 43.7% 

Neutral 36 13.8% 

Somewhat Agree 23 8.8% 

Strongly Agree 18 6.9% 

Financial benefits for gas 

companies 

Strongly Disagree 55 21.1% 

Somewhat Disagree 75 28.7% 

Neutral 36 13.8% 

Somewhat Agree 57 21.8% 

Strongly Agree 38 14.6% 

Reduced access to public land Strongly Disagree 50 19.2% 

Somewhat Disagree 80 30.7% 

Neutral 31 11.9% 

Somewhat Agree 62 23.8% 

Strongly Agree 38 14.6% 

Harm to wildlife and plants 

(Ecosystem) 

Strongly Disagree 35 13.4% 

Somewhat Disagree 89 34.1% 

Neutral 36 13.8% 

Somewhat Agree 60 23.0% 

Strongly Agree 41 15.7% 

Shale gas as a transition energy Strongly Disagree 35 13.4% 

Somewhat Disagree 85 32.6% 
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Neutral 51 19.5% 

Somewhat Agree 62 23.8% 

Strongly Agree 28 10.7% 

A shift from coal to shale gas 

would benefit public health and 

environment 

Strongly Disagree 16 6.1% 

Somewhat Disagree 37 14.2% 

Neutral 89 34.1% 

Somewhat Agree 99 37.9% 

Strongly Agree 20 7.7% 

A shift from nuclear energy to 

shale gas would benefit public 

health 

Strongly Disagree 13 5.0% 

Somewhat Disagree 36 13.8% 

Neutral 79 30.3% 

Somewhat Agree 81 31.0% 

Strongly Agree 52 19.9% 

Reduce access to private 

land/land capture by government 

Strongly Disagree 9 3.4% 

Somewhat Disagree 47 18.0% 

Neutral 45 17.2% 

Somewhat Agree 114 43.7% 

Strongly Agree 46 17.6% 

Fracking will result in light 

pollution 

Strongly Disagree 16 6.1% 

Somewhat Disagree 20 7.7% 

Neutral 32 12.3% 

Somewhat Agree 101 38.7% 

Strongly Agree 92 35.2% 

Fracking will impact air quality Strongly Disagree 2 0.8% 

Somewhat Disagree 7 2.7% 

Neutral 40 15.3% 

Somewhat Agree 127 48.7% 

Strongly Agree 85 32.6% 

Fracking will result in noise 

pollution 

Strongly Disagree 2 0.8% 

Somewhat Disagree 9 3.4% 

Neutral 52 19.9% 

Somewhat Agree 129 49.4% 

Strongly Agree 69 26.4% 

Shale gas development will 

increase property/housing value 

Strongly Disagree 1 0.4% 

Somewhat Disagree 9 3.4% 

Neutral 71 27.2% 

Somewhat Agree 109 41.8% 

Strongly Agree 71 27.2% 

Fracking will damage the 

environmental aesthetics 

Strongly Disagree 1 0.4% 

Somewhat Disagree 17 6.5% 

Neutral 64 24.5% 

Somewhat Agree 123 47.1% 

Strongly Agree 56 21.5% 

Fracking will Impact human 

health 

Strongly Disagree 5 1.9% 

Somewhat Disagree 61 23.4% 

Neutral 51 19.5% 

Somewhat Agree 73 28.0% 
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Strongly Agree 71 27.2% 

What are your major concerns/ 

risks regarding shale gas 

development 

Water contamination / usage 103 39.5% 

Air contamination 38 14.6% 

Threats to existing 

economies (agriculture, 

tourism) 

8 3.1% 

Impact on human health 55 21.1% 

Surface disruption 4 1.5% 

Increase in violence and 

crime 

20 7.7% 

Loss of landscape/sense of 

place 

19 7.3% 

Displacement/ Immigration 

influx 

1 0.4% 

Global warming 13 5.0% 

Potential benefits regarding shale 

gas development 

Job creation 24 9.2% 

Lowering CO2 emissions 44 16.9% 

Cheap energy/ access to 

energy 

67 25.7% 

Economic growth 57 21.8% 

Energy security 35 13.4% 

Don't know / No benefits 34 13.0% 

Shale gas development will 

trigger an increase in migrant 

workers 

Strongly Disagree 15 5.7% 

Somewhat Disagree 56 21.5% 

Neutral 57 21.8% 

Somewhat Agree 83 31.8% 

Strongly Agree 50 19.2% 

Shale gas development will 

trigger an increase in the cost of 

living 

Strongly Disagree 39 14.9% 

Somewhat Disagree 49 18.8% 

Neutral 49 18.8% 

Somewhat Agree 87 33.3% 

Strongly Agree 37 14.2% 

Shale gas development will 

trigger competition for local 

businesses 

Strongly Disagree 52 19.9% 

Somewhat Disagree 83 31.8% 

Neutral 34 13.0% 

Somewhat Agree 63 24.1% 

Strongly Agree 29 11.1% 

Shale gas development will drive 

the increase in crime 

Strongly Disagree 24 9.2% 

Somewhat Disagree 65 24.9% 

Neutral 62 23.8% 

Somewhat Agree 73 28.0% 

Strongly Agree 37 14.2% 

Unfair gas exploration leases to 

oil and gas companies 

Strongly Disagree 53 20.3% 

Somewhat Disagree 55 21.1% 

Neutral 38 14.6% 

Somewhat Agree 56 21.5% 

Strongly Agree 59 22.6% 
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Shale gas development will 

cause famine and shortage of 

water 

Strongly Disagree 36 13.8% 

Somewhat Disagree 67 25.7% 

Neutral 47 18.0% 

Somewhat Agree 57 21.8% 

Strongly Agree 54 20.7% 

Increase in community economic 

inequality 

Strongly Disagree 41 15.7% 

Somewhat Disagree 74 28.4% 

Neutral 35 13.4% 

Somewhat Agree 66 25.3% 

Strongly Agree 45 17.2% 

The strain on sewer/municipality 

facilities 

Strongly Disagree 9 3.4% 

Somewhat Disagree 42 16.1% 

Neutral 40 15.3% 

Somewhat Agree 107 41.0% 

Strongly Agree 63 24.1% 

Land grab/capture by 

government 

Strongly Disagree 3 1.1% 

Somewhat Disagree 3 1.1% 

Neutral 39 14.9% 

Somewhat Agree 122 46.7% 

Strongly Agree 94 36.0% 

The strain on community 

cohesion/place disruption 

Strongly Disagree 31 11.9% 

Somewhat Disagree 54 20.7% 

Neutral 69 26.4% 

Somewhat Agree 64 24.5% 

Strongly Agree 43 16.5% 

I turn to the following source for 

information on fracking 

Television or radio news 37 14.2% 

Local newspaper(s) 69 26.4% 

People I know personally 

(e.g. friends, family, 

colleagues) 

64 24.5% 

Non-news websites 

containing 

information/arguments 

against fracking 

40 15.3% 

Environmental/anti-fracking 

groups via leaflets, 

newsletters, films or events 

23 8.8% 

Social media (e.g. Twitter, 

Facebook) 

27 10.3% 

Books, magazines or 

scientific journals 

1 0.4% 

What is the expert view on 

hydraulic fracking/shale gas 

development 

Most experts agree that the 

risks associated with 

hydraulic fracking are HIGH 

125 47.9% 

Most experts agree that the 

risks associated with 

hydraulic fracking are LOW 

76 29.1% 
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Most experts are divided on 

whether hydraulic fracking 

poses any risk or benefit 

60 23.0% 

How much do you know about 

fracking or shale gas 

development 

A Lot 30 11.5% 

A Fair Amount 75 28.7% 

Not Sure 81 31.0% 

Not at All 75 28.7% 

I support the current temporary 

ban on fracking in South Africa 

Strongly Agree 73 28.0% 

Somewhat Agree 50 19.2% 

Neutral 56 21.5% 

Somewhat Disagree 54 20.7% 

Strongly Disagree 28 10.7% 

I approve government/oil 

companies (public) engagement 

strategy concerning fracking 

Strongly Agree 20 7.7% 

Somewhat Agree 46 17.6% 

Neutral 54 20.7% 

Somewhat Disagree 54 20.7% 

Strongly Disagree 87 33.3% 

I support stringent regulation on 

fracking in South Africa 

Strongly in Support 43 16.5% 

Somewhat in Support 136 52.1% 

Neutral 46 17.6% 

Somewhat Oppose 26 10.0% 

Strongly Oppose 10 3.8% 

More research is needed on 

fracking to better understand 

potential risks and benefits 

Strongly Agree 79 30.3% 

Somewhat Agree 106 40.6% 

Neutral 39 14.9% 

Somewhat Disagree 24 9.2% 

Strongly Disagree 13 5.0% 

What is your preferred energy 

source 

Coal 37 14.2% 

Nuclear 8 3.1% 

Solar 67 25.7% 

Natural Gas 72 27.6% 

Offshore wind 77 29.5% 

Likelihood of fracking 

operations to be properly 

regulated in South Africa 

Very Likely 26 10.0% 

Somewhat Likely 91 34.9% 

Neutral 48 18.4% 

Somewhat Unlikely 54 20.7% 

Very Unlikely 42 16.1% 

Fracking will occur in or near my 

neighbourhood 

Very Likely 10 3.8% 

Somewhat Likely 31 11.9% 

Neutral 79 30.3% 

Somewhat Unlikely 91 34.9% 

Very Unlikely 50 19.2% 

Valid 261 100.0% 

Missing 0  

Total 261  

 



308 

 

 

 

Summary of Eta Squared (One Way ANOVA) 
 

 

Level of Support of Shale Gas Development  

Tests of Between-Subjects Effects 

Dependent Variable:   Ethnic Groups   

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 41.797a 4 10.449 8.961 .000 .123 

Intercept 487.505 1 487.505 418.049 .000 .620 

Support/ Oppose 41.797 4 10.449 8.961 .000 .123 

Error 298.532 256 1.166    

Total 2191.000 261     

Corrected Total 340.330 260     

a. R Squared = .123 (Adjusted R Squared = .109) 

 

small .01 or 1% 

• Medium .06 or 6% 

• Large .138 or 13.8% 

 

• .01: Small effect size 

• .06: Medium effect size 

• .14 or higher: Large effect size 

 

.123 moderate  

.089 small EneSource 

.155 large Awareness 

.087 small NIMBY 

.032 small ExptView 

.229 large MonBan 

.282 large Majcon 

 

 

 

 

0.01 small 
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0.02  

The interpretation values commonly in published literature are:  

0.01- < 0.06 (small effect),  

0.06 - < 0.14 (moderate effect) and  

>= 0.14 (large effect). 

 

 

 

 

Appendix 10: Summary of Codes 
Codes used to analyse the respondents in the qualitative interview 

Codes Count 

1a Attitude  

 Support 21 

 Oppose 5 

b Moratorium   

 Support Moratorium  22 

 Oppose Moratorium 4 

2 Perception   

 Risk outweigh Benefits 4 

 Benefits outweigh Risks 22 

3 Geological and Resource Uncertainty  

 Lack of Geological Information 15 

 Structural Uncertainties 11 

4 Transition Energy  

 Optimal Bridge 26 

5 Choice of Energy  

 Coal 4 

 Nuclear 4 

 Natural/ Unconventional Gas 5 

 Conventional Oil and Gas 4 

 Renewables Wind and Solar 9 

6a Environmental Impacts  

 Water Contamination 5 

 Excessive Water Withdrawal  6 
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 Fugitive Gas - Air Quality 4 

 Earthquakes 3 

 Fauna and Flora - Ecological 4 

 Surface Spills and Land Degradation 4 

b Social Impacts  

 Influx of Migrants – Change in social identity 7 

 Crime 4 

 Housing  6 

 Health  3 

 Social Infrastructure 6 

c Economic Impacts  

 Crowding out 10 

 Inflation and Cost of Living 16 

7a Environmental Benefits  

 Clean – Reduce GHG Emissions – Mitigate Local Climate Change 15 

 Small Footprint 11 

b Social Benefits  

 Reduction in Poverty  7 

 Reduction in Unemployment 19 

c Economic Benefits  

 Job Creation 10 

 Economic Growth 9 

 Cheap Energy to Produce 7 

d Energy Security   

 Energy Independence 13 

 Access to Abundant Energy and Affordability  6 

 Transition Energy 7 

8 Trust of Resource Governance  

 High Trust  10 

 Low Trust 16 

9 Source and Access of Information  

 Peer Reviewed Scientific and Industry Sources 26 

10 Stakeholder Engagement and Social Representation  

 Adequate 19 
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 Not Adequate  7 

11 Sustainability   

 Lessons from the US 4 

 Required Skills and Capacity Building 4 

 Shale Boom can be Replicated 4 

 Karoo Geology is Unique 5 

 Regulatory and Institutional Framework 4 

 Developed Best Practices  3 

 Local Content 2 

12 Replication of US Shale Boom  

 can be replicated in South Africa 13 

 cannot be replicated in South Africa 13 

13 Sources of Water Contamination  

 Biogenic Sources 15 

 Integrity Failure 6 

 Surface Spills 5 

14 Change of Perception and Attitude about Shale Gas 

Development 

 

 Yes, with new empirical and industry evidence 26 

 

 




