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    1. WHAT ARE UNCONVENTIONAL RESOURCES AND HOW HAVE THEY EVOLVED


    Aaron Koenck


    1. Introduction to Unconventional Resources


    1.1. Definition of Unconventional Resources


    The term “unconventional resources” is an umbrella term for various oil and gas resources that are not, as the name suggests “conventional.” Thus, in defining the term it is important to know what a conventional oil and gas resource is. Conventional resources are produced through conventional means and methods, namely vertical drilling.1 These conventional means and methods are best suited for “conventional reservoirs,” which are made up of rock that allows oil and gas to naturally migrate to and collect in a general area under a caprock that seals the resources in a particular location.2


    It may be helpful to think of conventional oil and gas resources like a glass of water with ice cubes floating on top. The ice cubes represent oil and gas deposits trapped in permeable rock formations (reservoir rocks) under the ground. The ice in the glass represents the impermeable rock layers (cap rocks) that prevent the oil and gas from escaping to the surface. The straw (well bore) that you put into the glass to drink the water is like the oil or gas well that is drilled down into the ground to extract the oil or gas. Just as you can easily draw water up through the straw, conventional oil and gas can easily flow through the rock and into the well due to their natural pressure and the porous nature of the rock. Once a well is drilled, it is relatively easy to extract these resources, much like it is easy to sip your water through the straw.


    On the other hand, unconventional resources (like shale gas or oil sands) are like a sponge soaked in water that is in the glass. You cannot get the water out just by putting a straw into the glass. You must apply extra pressure (like squeezing the sponge) or use other special methods to get the water (oil/gas) out. This represents the fracking or steam injection techniques that are often used to extract unconventional resources.


    1.2. Types of Unconventional Resources: Shale Gas, Tight Oil, and Others


    1.2.1. Shale Gas


    These resources are trapped within shale formations, a type of sedimentary rock composed of small particles. While the United States and Canada have been major players in this unconventional resource, Canada, Mexico, China, Australia, Libya, Algeria, Argentina, and Brazil all have significant shale gas resources and gas infrastructure to manage the gas once produced.3The extraction of shale gas and oil usually involves hydraulic fracturing, or “fracking,” a process where water, sand, and chemicals are injected into the well at high pressures to crack the rock and allow the gas or oil to flow.


    1.2.2. Tight Gas


    This is natural gas that is trapped within rock formations with extremely low permeability, such as sandstone or limestone. The term “tight” refers to the fact that the pores within the rock are not well-connected, making the gas difficult to extract. These reservoirs are generally defined as having less than 0.1 millidarcy (mD) matrix permeability and less than 10% matrix porosity.4 Tight gas formations have developed in the United States, Canada, Australia, Mexico, Venezuela, Argentina, Indonesia, China, Russia, Egypt, and Saudi Arabia.5


    1.2.3. Coalbed Methane (CBM)


    This is natural gas that is stored in coal seams. It is primarily methane that is adsorbed into the surface of the coal.6 In other words, it is natural gas that became trapped not in shale or limestone, but instead a coal bed.7 Extraction methods include dewatering the coal seam to reduce the pressure and allow the gas to desorb and flow.


    1.2.4. Gas Hydrates


    These are ice-like structures that form under high-pressure and low-temperature conditions. They consist of gas molecules, typically methane, trapped within a lattice of water molecules.8 They are primarily found in Arctic regions in permafrost or under the seabed typically below two hundred meters of depth.9


    1.2.5. Oil Sands (Tar Sands)


    Oil sands were formed millions of years ago, as tiny marine creatures died and drifted to the sea floor and were covered by layers of sediment that exerted enough pressure and temperatures to transform the organic matter into oil.10 Over millions of years, that oil became trapped in thick layers of sand and lighter hydrocarbons migrated out.11 These are sand and rock material which contain bitumen, a heavy, viscous oil. Bitumen can be heated using techniques such as steam injection which heat and liquify the bitumen, allowing it to be pumped to the surface. While Canada is famous for its oil sands, it can also be found in the Middle East, Venezuela, the United States, and Russia.12


    1.2.6. Oil Shale


    This is a type of sedimentary rock that contains kerogen, a solid organic material.13 When heated, kerogen can be converted into a liquid or gas hydrocarbon using a process known as pyrolysis. This requires significant amounts of energy, making oil shale a less efficient source of oil and gas. Nonetheless, in the United States, it is estimated that 1.8 trillion barrels of shale oil exist in the Green River formation.14


    1.2.7. Shale Oil


    Shale oil, often referred to as “light tight oil,” is a type of unconventional oil found within shale formations. Shale oil and oil shale are terms that are often used interchangeably, but they refer to different substances. Significant shale oil reserves exist in the U.S. (particularly in the Bakken, Eagle Ford, and Permian basins), China, Argentina, and Russia.15


    1.2.8. Tight Oil


    Tight oil, like its counterpart tight gas, is found in rock formations with very low permeability, typically in sandstone or carbonates.16 The term “tight” describes the nature of the rock. Unlike more porous formations that allow oil to flow relatively easily, tight formations trap oil in the tiny pores of the rock, making it more challenging to extract. These formations require advanced extraction techniques like hydraulic fracturing and horizontal drilling.


    1.2.9. Deepwater and Ultra-deepwater Oil and Gas


    Although not always considered “unconventional,” these resources are hydrocarbon resources located offshore in water depths exceeding 1,000 feet (deepwater) and even surpassing 5,000 feet (ultra-deepwater).17 The Gulf of Mexico, offshore Brazil (notably the pre-salt basins), and West Africa are significant hubs for deepwater and ultra-deepwater operations.18


    2. Conventional vs. Unconventional: A Comparative Analysis


    Conventional reservoirs typically exhibit properties found in high porosity and permeable formations, such as sandstones or limestones.19 These reservoirs have accumulated hydrocarbons due to the migration of these materials from source rocks into the trapping formations. The clear delineation between cap rock and reservoir rock, coupled with distinct structural and stratigraphic traps, enables relatively easy extraction of hydrocarbons.20In contrast, unconventional reservoirs, including shale formations, tight sands, and coalbed methane deposits, inherently display low porosity and permeability.21 Hydrocarbons in these reservoirs are disseminated throughout the formation rather than being localized in distinct traps. Consequently, the extraction techniques required for unconventional reservoirs differ significantly due to these intrinsic geological disparities.22


    2.2. Extraction Techniques: Divergence in Approach


    For conventional resources, traditional recovery methods often prove sufficient in the initial production period. This is largely attributable to the inherent reservoir pressures that facilitate spontaneous hydrocarbon flow to the surface.23 As the reservoir undergoes depletion, and intrinsic pressures decline, secondary recovery techniques, such as water flooding or gas injection, are frequently employed to enhance recovery rates.24In the realm of unconventional resources, the extraction techniques necessitate a more intricate approach due to the inherent geological constraints of these reservoirs. For example, tight oil and gas require hydraulic fracturing, colloquially known as “fracking,” to economically produce the resource. By injecting a mixture of water, proppants, and chemicals into the reservoir at elevated pressures, fractures are induced within the rock matrix, thereby enhancing permeability, and facilitating hydrocarbon flow. Furthermore, horizontal drilling is imperative in accessing the expansive lateral extents of unconventional formations, optimizing exposure, and enhancing hydrocarbon recovery. For other unconventional resources, such as deep tar sands, the use of steaming techniques has and continues to be developed.


    2.3. Economic and Environmental Considerations: A Nuanced Landscape


    From an economic perspective, conventional reservoirs often have the advantage of lower initial capital expenditures. The extraction techniques, being well-established and refined over decades, allow for predictable operational costs and revenue forecasts. However, a caveat is warranted: as easily accessible conventional reservoirs become scarce, exploration and development costs can escalate, potentially impacting the economic viability of new projects.


    Unconventional reservoirs, despite their abundant nature, present a more intricate economic framework. The upfront capital required for the development of unconventional assets, especially given the need for specialized extraction technologies and infrastructural support, is substantial. However, the long-term revenue potential, given the vastness of unconventional reserves, can render them economically viable, especially in regions with favorable regulatory and market dynamics.


    From an environmental standpoint, both types of reservoirs present challenges, albeit of varying magnitudes and natures. Conventional extraction can lead to concerns about surface spills, habitat disruption, and greenhouse gas emissions. Meanwhile, unconventional extraction, particularly hydraulic fracturing, introduces added complexities to these concerns. For example, the considerable water volumes required, potential risks of induced seismicity, and concerns over subterranean fluid migration and groundwater contamination have been subjects of intense scrutiny and regulatory oversight. As for other unconventional resources such as tar sands, surface disturbance is often a concern just as with traditional open pit mining.25 As for deeper tar sands, not accessible from open pit mining, environmental concerns have been raised about the amount of energy required to generate the steam necessary to extract the resources.26


    3. The Emergence of Unconventional Operations


    3.1. Historical Perspective: The Shift towards Unconventional Resources


    Historically, the global energy landscape was dominated by conventional resources. These were the bedrock of the Industrial Revolution and the subsequent growth periods of the 20th century. However, by the latter half of the century, as easily accessible conventional reservoirs began to deplete and global energy demand soared, it became clear that a paradigm shift was looming.


    The 1970s oil crises starkly highlighted the vulnerabilities of over-reliance on conventional sources, prompting increased investment in energy research and exploration.27 While the initial response was diversification into nuclear and renewables, it was soon apparent that hydrocarbons would remain indispensable for the foreseeable future.


    Enter unconventional resources. In the initial phases, the development of these resources was hindered by technological constraints and economic non-viability. However, as the 21st century dawned, the dual pressures of dwindling conventional reserves and escalating energy demand propelled unconventional resources from the periphery to the forefront of global energy strategies.


    3.2. Technological Advancements Facilitating Unconventional Operations


    The ascendancy of unconventional resources can largely be attributed to technological innovations such as precision drilling, well stimulation, advanced seismic imaging techniques and well simulation.


    Precision drilling is the ability to drill not just vertically, but horizontally, enabling access to vast unconventional reservoirs. This directional drilling permitted longer exposure to resource-rich formations, exponentially increasing yield potential. Along the same line, hydraulic fracturing or ‘fracking’ had its rudimentary origins in the mid-20th century, refinements over decades have transformed it into a sophisticated operation. Modern fracturing techniques allow for the creation of extensive, controlled fractures, ensuring maximum hydrocarbon release. Combining these advancements is often advantageous. These advanced well completion techniques, including multi-stage fracturing and optimized proppant selection, have significantly bolstered production rates from unconventional wells.28Moreover, advanced seismic imaging techniques, using 3D and 4D models, have revolutionized reservoir characterization.29 Operators can now visualize reservoirs in unprecedented detail, optimizing drilling strategies and enhancing recovery rates. Enhanced reservoir simulation has and continues to usher in a new era of reservoir modeling. Simulating the behavior of unconventional reservoirs under various scenarios facilitates preemptive strategy formulation, minimizing risks, and maximizing output.30


    3.3. Policy and Regulatory Changes Influencing Unconventional Operations


    The narrative of unconventional resource extraction is incomplete without acknowledging the intricate tapestry of policies and regulations that have evolved alongside it.


    Recognizing the strategic importance of energy security, several nations introduced fiscal incentives to encourage the exploration and development of unconventional assets. Tax breaks, grants, and research funding became vital tools in the early days to render unconventional operations viable.31 However, the environmental implications of unconventional extraction, especially hydraulic fracturing, have been subjects of intense debate. Over time, a plethora of regulations have emerged, addressing water usage, wastewater disposal, and chemical disclosures. In certain jurisdictions, these culminated in outright fracking bans,32 while others opted for stringent oversight and regular audits.


    In countries like the U.S., the unique alignment of land ownership with mineral rights spurred the rapid development of unconventional resources.33 In contrast, in regions where mineral rights rest solely with the state, the pace of unconventional development has been contingent on national energy strategies.34


    Moreover, the unconventional boom necessitated robust infrastructure – pipelines, rail networks, and processing facilities. Policymakers had to grapple with land rights issues, environmental assessments, and community concerns, leading to comprehensive infrastructure policies that balanced economic benefits with societal implications.35International agreements on climate change concerns have also had an impact on the development of various unconventional resources. As the significance of unconventional resources grew on the global stage, so did climate change concerns. While natural gas is currently considered a bridge fossil fuel and generally thought of as an acceptable alternative to other fossil fuels such as coal, other unconventional resources such as oil sands are considered to be carbon intensive. Thus, climate agreements such as the Paris Agreement and its carbon reduction targets do not align with many unconventional resources and their extraction technologies which are considered too energy-intensive.


    4. The Evolution of Unconventional Oil and Gas Resources Globally


    4.1. The North American Pioneer: Shale Revolution in the United States and Canada


    Often termed the ‘Shale Revolution,’ the U.S. underwent a profound energy transformation in the late 20th and early 21st centuries. By 2022, the U.S. saw approximately 28.5 Tcf of its natural gas production sourced from shale.36 This remarkable leap was made possible by a confluence of technological, economic, and regulatory factors. Policy frameworks conducive to exploration, combined with private land and mineral rights, spurred vast investments. Key unconventional shale plays, including the Marcellus, Haynesville, and Permian basins, transformed regions, driving economic growth, and reshaping global energy dynamics. These unconventional plays have not only made the United States the largest producer of oil since 2018, but they also made it the largest producer of oil in history in 2023.37


    Close on the heels of its southern neighbor, Canada embraced its unconventional potential, particularly in Alberta and British Columbia. While the focus has traditionally been on oil sands, Canada’s Montney and Duvernay shales emerged as significant gas and light oil resources, further cementing North America’s position as an unconventional energy juggernaut.


    4.2. Unconventional Resources in South America: Argentina’s Vaca Muerta Formation


    Argentina stands out in South America with the Vaca Muerta Formation, a massive shale oil and gas reservoir in the Neuquén Basin, which holds the world’s second-largest shale gas reserves and the fourth-largest shale oil deposits.38 Accounting for a substantial part of Argentina’s hydrocarbon production, Vaca Muerta holds promise in bridging the nation’s energy deficits and becoming a significant exporter. While technological and infrastructure challenges persist, international partnerships and investments signal a bright future for this South American shale titan.394.3. Europe’s Approach to Unconventional Resources


    Europe presents a mosaic of approaches towards unconventional resources. Countries like Poland and Ukraine, driven by energy security concerns, initially showed keen interest in exploring their shale gas potential.40 However, the broader European context is marked by environmental concerns, leading countries like France, England, and Bulgaria to impose bans on hydraulic fracturing.41 The complexity of land and mineral rights, public skepticism, and the region’s strong inclination towards renewable energy have made Europe’s unconventional journey markedly different from North America.


    4.4. Exploration in Asia-Pacific: Shale Gas Development and Australia’s Coal Seam Gas


    As the world’s largest energy consumer, China has a personal stake in diversifying its energy sources. With vast shale gas reserves, China has initiated steps to replicate the U.S. shale success.42 While geological challenges pose hurdles, policy incentives and collaborations with global energy firms reflect China’s determination to tap its unconventional potential.


    Australia’s energy landscape is unique, with coal seam gas (CSG) taking precedence over shale. Queensland and New South Wales have seen rapid CSG developments, feeding both domestic consumption and liquefied natural gas (LNG) exports.43 Though marred by environmental concerns and landowner rights disputes, Australia’s unconventional journey is crucial in its broader energy narrative.


    4.5. Potential Unconventional Reserves in the Middle East and Africa


    Traditionally the epicenter of conventional hydrocarbons, the Middle East’s interest in unconventional is emerging. For example, Saudi Arabia has expressed interest in shale gas to diversify its energy portfolios.44 While the immediate focus remains on conventional reserves, the long-term vision acknowledges the potential of unconventional in sustaining energy leadership.


    Africa’s unconventional potential is vast, with South Africa’s Karoo Basin and Algeria’s shale prospects leading the pack.45 However, geopolitical challenges, infrastructure deficits, and water scarcity issues have slowed the pace. Yet, as technology progresses and energy demands rise, Africa’s unconventional reservoirs might soon come to the forefront.


    5. Future Perspectives on Unconventional Resources


    5.1. Technological Prospects: Improving Efficiency and Reducing Environmental Impact


    Beyond the initial extraction process, well-completion strategies are evolving. For example, “green completions,” or reduced emission completions (“REC”), capture the emissions during the flowback process post-hydraulic fracturing.46 This not only reduces greenhouse gas emissions but can also provide additional economic benefits by capturing and selling the gas that would have otherwise been wasted. Another example includes utilizing electromagnetic fields to monitor fluid movement during fracturing. Such a system offers a clearer understanding of the subsurface, allowing for real-time adjustments to optimize extraction and minimize environmental disturbances.47


    5.2. Market Dynamics: Predicted Trends and Implications


    The unconventional oil and gas sector has historically been sensitive to global price fluctuations. As production scales up, the market could see increased volatility, influenced by geopolitical events, technological breakthroughs, and global demand-supply dynamics.


    Moreover, the economics of unconventional resources, particularly shale, are markedly different from conventional oil and gas. Break-even prices are critical, and as such, fluctuations in oil prices can dramatically impact investment decisions. Continued R&D investment will be pivotal for operational efficiency and cost-effectiveness.


    5.3. Policy and Regulation Outlook: Balancing Energy Needs and Environmental Concerns


    There is a growing demand for public participation in decision-making processes surrounding unconventional resources. Future regulations might necessitate more comprehensive public consultation phases, ensuring community concerns are addressed and integrated into policy frameworks.


    Along these lines, policy and regulations might also incentivize or mandate the integration of renewables into operations. For instance, solar or wind energy could be utilized to power drilling and production operations, reducing the carbon footprint of unconventional extraction. Additionally, given the potential health implications of hydraulic fracturing, particularly concerning groundwater contamination, stricter health, and safety standards are anticipated. This may encompass tighter controls on well integrity, wastewater disposal, and chemical disclosures.


    6. Conclusions and Implications


    6.1. Recapitulation: The Importance of Unconventional Operations in Today’s Energy Landscape


    Unconventional resources have, plainly, redefined the contours of the global energy paradigm. For countries like the U.S. and Argentina, they have transitioned from being energy-dependent to energy-sufficient, shifting global power dynamics in the process. Historically, reliance on a few primary sources and geopolitical regions for energy meant vulnerabilities to supply disruptions and price fluctuations. Unconventional resources have allowed nations to diversify their energy portfolios, decreasing dependencies on volatile regions, and enhancing energy security.


    Moreover, as unconventional production ramped up in North America, OPEC’s grip on oil prices weakened. The ability of nations, especially the U.S., to rapidly increase production in response to global events signaled a new era in energy geopolitics.


    Beyond energy security, the unconventional boom has invigorated regional economies. From the shale fields of Pennsylvania to the Vaca Muerta Formation in Argentina, job creation, infrastructure development, and increased local revenues have marked this unconventional surge.


    Finally, while renewable energy is the eventual goal for many nations, it requires time for technological development, infrastructure upgrades, and societal adaptation. Unconventional resources serve as an essential bridge, meeting current energy demands while renewable sources scale up.


    6.2. Future Challenges and Opportunities


    The future of unconventional resources is a tapestry of intricate challenges intertwined with opportunity. Some opportunities and challenges are discussed below.


    6.2.1 Challenges


    • Environmental Concerns: Oil shale, oil sands, and hydraulic fracturing’s environmental footprint, especially concerning water usage and potential contamination, remains a significant challenge. Methane emissions from operations add to the concerns, given methane’s potency as a short-term greenhouse gas.


    • Geopolitical Tensions: As countries seek to exploit transboundary unconventional reserves, potential disputes might arise. The South China Sea, with its vast reserves and contested territorial claims, is a stark reminder of the complexities involved.


    • Economic Viability: The economics of unconventional extraction, especially in a world moving towards renewables and with fluctuating oil prices, poses challenges. Ensuring operations remain economically viable in this changing landscape is paramount.


    • Social Acceptance: ‘Fracking’ has often been met with public resistance due to perceived environmental risks. Ensuring community buy-in, addressing their concerns, and maintaining social license to operate are crucial.


    6.2.2 Opportunities


    • Technological Innovations: The challenges above are not insurmountable. Technological innovations in waterless fracking, AI-driven operations, and real-time monitoring promise to enhance efficiency while reducing environmental impacts.


    • Policy and Regulatory Evolution: As the understanding of unconventional operations grows, policies and regulations can evolve to ensure safer, more efficient operations. This could involve incentivizing cleaner technologies or fostering international collaborations for best practice sharing.


    • Global Collaboration: The unconventional revolution need not be limited to a few nations. Through global partnerships, countries with vast unconventional potential but limited technological expertise can benefit. Such collaborations could lead to a more decentralized, stable global energy landscape.


    • Integrating Renewables: As the energy sector moves towards a more sustainable future, unconventional operations can integrate renewables. Whether it is powering operations through wind or solar or using excess energy to generate hydrogen, symbiosis holds promise.


    The unconventional narrative is complicated. From redefining global energy politics to invigorating local economies, its impact is undeniable. However, the road ahead has challenges. Navigating these requires a confluence of technology, policy, and global collaboration. The unconventional journey, while remarkable so far, has only just begun. The chapters ahead promise to be even more defining as the world grapples with the dual imperatives of energy security and environmental sustainability.
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    1. Introduction 


    Since 2010, the energy industry and its main players have shown special attention to the issues of exploration and development of unconventional resources. From 2010 to 2021, more than 18101 papers were published on the subject, demonstrating the special ambition of researchers and those who foster these projects in the efficient development of this energy alternative.


    In the realm of energy development, unconventional projects such as shale gas extraction, deep-sea mining, and oil sands exploration have gained prominence due to their potential to reshape energy landscapes. However, these projects involve a complex network of stakeholders, each with distinct expectations and challenges. This chapter aims to delve into the intricacies of stakeholder management and the multifaceted barriers that accompany the development of unconventional energy resources. This exploration is crucial for understanding the dynamics that govern these projects and for addressing the challenges that they pose.


    The introduction of unconventional energy resources onto the world stage has been met with a blend of enthusiasm for their economic potential and concern over their environmental impacts. The stakeholders in these projects range from local communities and governmental bodies to global investors and environmental groups. Each stakeholder group holds unique expectations, influenced by their interests, the potential impacts of the projects, and the overall trajectory of the energy sector. Understanding these stakeholders and managing their expectations is not just a matter of corporate responsibility but a strategic necessity that can dictate the success or failure of a project.


    This chapter will present case studies to illustrate the diverse contexts in which unconventional energy projects are situated. These case studies will provide real-world insights into how different stakeholders, with their varied expectations, interact and influence the development of such projects. The case studies are selected to represent a range of geographical locations and project types, offering a comprehensive view of the global unconventional energy landscape.


    Finally, the chapter will address the barriers to developing unconventional activities. These barriers are not limited to technical or financial challenges but encompass a range of issues including environmental concerns, regulatory frameworks, public perception, and geopolitical dynamics. By examining these barriers, the chapter aims to shed light on the complexities involved in developing unconventional energy resources and the need for integrated approaches to overcome these challenges.


    2. Stakeholders 


    Like conventional energy resources, unconventional energy resources also mobilize socio-economic and cultural development. Capable of influencing various international public and private actors, the expectation of a good coexistence between nations, companies and international political organizations has created the need for a legal system capable of meeting both domestic and international demands for the production and exploitation of this important natural resource. As presented by Marilda Rosado2, the legal issues of the O&G industry challenge traditional classifications and demand interdisciplinary work capable of reconciling the profound influences of economic and technical concepts at the disposal of Law.


    The development of unconventional resources involves technological solutions and their implementation, and the need for “investments in their various secondary effects and different perspectives, such as security, customer empowerment and impacts on RD&I systems in each country in this global chain, must be considered.”3 The construction of an international energy governance requires measures capable of dealing with the diversities of exploration and production in different territories, as well as with the technological and investment unevenness faced between countries with greater or lesser economic development. It requires the ability of international public and private stakeholders to understand the high fragmentation and conflicting nature between the different regulatory aspects of each country and the different interests of economic development.


    In general, there is a methodological obstacle to doctrinal definition on the unification of the criteria to be adopted to identify industry main international stakeholders. Volpon4 highlights the fragmentation of international actors operating in the energy sector. According to the author, in the industry, there is a segmented character of the stakeholders, with no centralizing organization of energy issues, but rather the transnationality and fragmentation of the sector.


    The public’s response to the shale revolution highlights the evolving challenges in stakeholder engagement. As unconventional resource extraction has expanded into more populous areas, often unfamiliar with such intensive industrial activities, public concerns have grown. These concerns primarily focus on environmental issues such as water usage, potential risks to groundwater aquifers, waste disposal, and the ancillary effects of increased truck traffic, dust, noise, and emissions. In response, some regions have introduced moratoria or bans on hydraulic fracturing, underscoring the urgent need for the industry to engage more proactively with communities and stakeholders. These measures reflect a broader trend of increasing public scrutiny and the imperative for the industry to adopt more inclusive and transparent practices5.


    In conclusion, the development of unconventional energy resources necessitates a comprehensive and multifaceted approach to stakeholder management. As the industry evolves, the imperative to integrate diverse stakeholder interests, manage environmental impacts, and navigate complex legal and socio-economic landscapes becomes increasingly crucial. The insights and models discussed herein provide valuable frameworks for addressing these challenges and ensuring the sustainable and responsible development of unconventional energy resources.


    Conceptualising Stakeholders Management


    The stakeholder perspective is often presented as an alternative to the shareholder perspective, primarily due to its broader implications that extend beyond shareholders and their interest in maximizing profits or the value of their investments in the business. Stakeholder theory, however, acknowledges the significance of maximizing shareholder value while also recognizing the importance of other individuals and groups. These parties are deemed important either because of their interests, their influence, or the impact that business outcomes have on them, which essentially means they have a stake in the business.


    The stakeholder perspective is increasingly recognized as crucial in strategic management. Scholars have identified seven key concepts central to stakeholder management. These are managerial focus, moral foundation, enterprise strategy, creation of both economic and non-economic value, reciprocity, reputation, and the convergence of stakeholder interests over time6.


    Managerial focus underscores the role of stakeholder management in an organization’s value creation, emphasizing the need for best practices in managing key stakeholders across various contexts. The moral foundation of stakeholder management highlights the ethical considerations, stressing the organization’s responsibility to consider the impact of its operations on individuals’ rights and well-being. Enterprise strategy encompasses the overarching vision of the organization and its culture, particularly in relation to stakeholder relations.


    Table 1 - Differences between stakeholders and shareholders


    
      

      
        
          	

          	
            Shareholder 

          

          	
            Stakeholder 

          
        


        
          	
            Source of legitimacy

          

          	
            Owns business capital

          

          	
            Affects or is affected by the business operation, whether or not as an owner

          
        


        
          	
            Impact of business

          

          	
            Directly impacted by the business’ economic performance

          

          	
            Directly or indirectly impacted by the economic performance or other aspects of the business operations

          
        


        
          	
            Interest

          

          	
            May be primarily interested in maximising the financial value of the business

          

          	
            Interests in the business operations may be financial or non-financial

          
        


        
          	
            Influence

          

          	
            Exerts influence through internal organizational governance structure

          

          	
            May not have access to internal organizational governance structure and therefore relies on external tools

          
        

      
    


    The creation of both economic and non-economic value recognizes the crucial role of an organization in providing financial benefits and other advantages that contribute to enhancing the well-being of their stakeholders. Reciprocity acknowledges the potential net economic benefits a company can gain by investing more in its stakeholders. Tied to this concept is reputation, which largely depends on stakeholders’ perceptions of an organization and its culture.


    A strong reputation is likely to influence the organization’s ability to maintain its current stakeholders and attract new ones. Considering the diverse range of stakeholders in any organization, the potential for differences or even trade-offs between their interests presents an operational risk. However, the seventh principle of stakeholder management highlights the convergence of stakeholder interests over time. The true value of stakeholder management lies in harnessing these synergies and minimizing trade-offs among the various stakeholders.


    Stakeholder Engagement on Unconventional Resources Development 


    Effective stakeholder management, as in other sectors, is crucial for the successful development and management of unconventional resource projects. Opinions on the development of these resources often vary widely, leading to conflicting information from different stakeholders. On one hand, the development of unconventional energy resources presents significant environmental and social risks, including pollution of water, air, land, and increased noise levels. On the other hand, proponents point to the potential reduction in greenhouse gas emissions achieved through the development of unconventional natural gas.


    In Europe, protests against unconventional resources have occurred during the early exploration phase, contrasting with the situation during the production phase in the United States7. An empirical study examining stakeholder perspectives on shale gas development in the United Kingdom identified three primary viewpoints among key stakeholders – industry, civil society, and non-affiliated citizen stakeholders: (a) distrust of the fossil fuel industry; (b) the view of shale gas as a transitional fuel; and (c) the emphasis on place protection and legislation in the public interest8. An unconventional development could also elicit different opinions from the same group of stakeholders, such as the local community9. This is unsurprising as stakeholder perspectives and perceptions of risk depend on their respective contexts10.


    Remarkably, even in the United States, a global leader in the development of unconventional resources, there seems to be waning support for new projects and, at best, mixed attitudes. A primary reason for this decline is the controversy surrounding the local environmental and health impacts of industrial processes and production scale. These have led to significant issues, including extensive freshwater usage, wastewater disposal problems, groundwater contamination, noise and air pollution, land degradation, and seismic events. Additionally, there are concerns that the focus on unconventional resources might delay investment in renewable energy sources, contribute to carbon lock-in, and slow the transition to a low-carbon future.


    Moreover, polarizing debates and a failure to comprehensively consider the potentials and risks of unconventional resources have resulted in widespread mistrust, confusion, and negative perceptions. Such dynamics create tensions, slowing the development of unconventional resources or leading to moratoriums in some instances. This aligns with the precautionary principle in international environmental law. The lack of trust and synergy among stakeholders also leads to broader implications, such as “protracted delays in developing efficient pipeline infrastructure” and an increased risk of policy uncertainty, reduced access to public services, and investment delays, particularly in downstream processes11.


    Concurrently, ongoing environmental degradation, regulatory gaps, weak compliance and enforcement, and intense lobbying and politicization of environmental regulation in unconventional developments pose additional challenges. These factors create barriers to effective stakeholder management and undermine key principles of stakeholder management, such as value creation, reciprocity, and reputation.


    Approaches for Effective Stakeholder Management 


    Various perspectives and approaches exist regarding effective stakeholder management. One primary approach focuses on stakeholder mapping and providing primary stakeholders with pertinent information about the project. Another is the instrumental approach, which involves understanding local concerns, tailoring project information to align with the interests of different stakeholders, and integrating their roles into project planning to enhance acceptance.


    Higgins12 recommend ‘pre-development research’ as an effective strategy for managing public attitudes towards energy development projects. This recommendation is based on the understanding that how new information is framed significantly influences its acceptance. The authors suggest adopting a framing consistent with the environmental orientation of the target audience and assert that pre-development research with the relevant community should commence immediately after confirming an energy development project’s technical, economic, and environmental feasibility.


    However, it’s also crucial to assess the social viability of a proposed energy development as part of the feasibility analysis. This step helps prevent a superficial approach to community engagement, ensuring that host communities and other primary stakeholders are thoroughly involved in the technical, economic, and environmental feasibility assessments. Such engagement allows these stakeholders to meaningfully influence project outcomes.


    Seeking a more assertive methodology for analyzing the subject, we can focus on how some of the main countries in the industry have been developing the relationship of their internal stakeholders behind the unconventional projects and their main expectations. Below, we will soon analyze the scenarios of the shale industry agents within Brazil, USA and UK.


    2.1. Brazil


    With the advent of the Constitution of the Federative Republic of Brazil of 1988 (CRFB/1988), Brazil defined a new understanding of the role of the State and the restructuring of public administration with greater emphasis on the supervision and regulation of economic activities.13 Specifically on petroleum, the CRFB/1988 defined the Union’s monopoly in the exploration of oil and natural gas, establishing the exclusive exercise of the activities carried out by Petrobras, as the state-owned company responsible for the sector.


    In 1997, the current National Agency of Petroleum, Natural Gas and Biofuels (ANP) was created, responsible for the most diverse issues related to the production and distribution chain of oil and gas in Brazil, from upstream to downstream.14 The agency is linked to the Ministry of Mines and Energy15, and is responsible for managing the exploration and production rights of oil, natural gas and other fluid hydrocarbons in the national territory16.


    Until that moment, the Brazilian dynamics of energy resource exploration could be summarized as between the political agents and the public administrators of the regulatory agencies and Petrobras. However, from the 2000s onwards, the opening of the domestic market began, with the inclusion of new players in the industry through the concession to private companies of the right to explore and produce oil and natural gas in Brazil. It is from this scenario, strongly influenced by government stakeholders and public and private companies, that the debate on the exploration and production of unconventional energy resources in the country began.


    From 2013, the Brazilian agency began to show real interest and expectation for the development of these areas, it was estimated that the unconventional gas reserves in Brazilian onshore basins might surpass the quantities of natural gas reserves currently present in the pre-salt fields of the Santos Basin17. With these expectations, the 12th Bidding Round for Oil and Natural Gas Blocks auctioned 240 blocks with potential for exploration of unconventional resources. The contracts signed included clauses aimed at mitigating the risks related to the extraction of unconventional gas, such as the stipulation that, in the identification of them, the exploration phase could be extended.


    Notwithstanding the ANP’s openness and commitment to the development of non-conventional activities, parallel discussions on the possible environmental impacts and impacts for the population of the explored regions brought to light the need for greater caution in the construction of policies for the exploitation of these resources. Civil society and environmental protection associations, especially the National Association of Environmental Specialist Career Servers (ASIBAMA), proactively positioned themselves as important stakeholders and influenced the regulatory model that would be adopted in the country.


    In this context, the ANP enacted Resolution No. 21/2014 to mitigate possible impacts and risks, requiring companies to develop an environmental management system. This entailed the analysis of fracking projects and the definition of operational safety standards for the exploitation of unconventional resources.


    However, considering that some of the auctioned blocks were in protected areas and that Resolution No. 21/2014 did not cover all the known impacts, much less the unknown ones of hydraulic fracturing, the Public Prosecutor’s Office interrupted the bidding contracts of the 12th Bidding Round and prohibited the ANP from bidding for activities in unconventional reservoirs for five years. The occurrence of these events shifted the companies’ focus towards obtaining authorization for exploring conventional resources within the allocated blocks. 18


    The development of the 12th Bidding Round demonstrates the growing influence of civil society in environmental impact decisions and its consolidation as a relevant stakeholder for the development of the production of unconventional resources in Brazil. According to Mariana Fernandes Miranda, comprehensive procedures for evaluating the objects of the activity and its potential impacts, with transparency and wider public participation are key instruments to decision-making in a context of risk and scientific uncertainty.19


    As a result of qualitative research20 carried out with the collaborators of the Research and Development Network in Unconventional Gas of Brazil (GASBRAS) and Professors Colombo Celso Gaeta Tassinari, specialist in evaluation of sedimentary basins for oil and gas exploration and CO2 storage at the Institute of Energy and Environment of the University of São Paulo, and Professor Owen L. Anderson, specialist in unconventional oil and gas law at the University of Oklahoma, the most important points for the development of the Brazilian market are listed:


    1. Addressing the environmental risks of hydraulic fracturing that considers operational and safety parameters appropriate to the specificities of Brazilian contexts, with clear and well-defined environmental criteria;


    2. Strategies to boost the attractiveness of unconventional gas exploration and production, with incentives to reduce costs, improve legal predictability, and consolidate the supply chain, in order to favor the business environment;


    3. Addressing the logistical difficulties to make production feasible in areas of difficult access by highways and gas pipelines;


    4. Incentives for public engagement and social communication;


    5. Incentives for research to deepen geological knowledge of the potential of unconventional gas in the country and the risks involved in the identified geological contexts; and


    6. Measures for the engagement of the various agents for the development of research on risks and technologies of the production process, involving public agencies, private initiative, and universities.


    2.2. U.S.A


    Although regulatory agencies have been part of the U.S.A institutional legal system since its inception, the currently known model of regulation and its modern agencies emerged in the United States with greater force, especially from the period of implementation of the New Deal. It was after the overcoming of the orthodox liberal regime, in force in the country until the end of the nineteenth century, that the strong state regulation and general dissemination of autonomous regulatory agencies began.21


    Since the 1970s, the U.S. government has been engaged in advancing shale gas extraction technologies, supporting research, granting tax benefits, and collaborating with private companies to share costs on specific projects. Such development is marked by public-private cooperation, illustrating the impact of universities, private companies, and political decision makers as the main stakeholders in the North American market for unconventional resources.


    In the U.S.A., petroleum E&P activities are primarily regulated by state governments, and there is also regulatory action by municipalities, which sometimes establish rules regarding road traffic and possible resulting damages.22 Meanwhile, the U.S.A Congress also incentives policies, such as the granting of subsidies and partnerships for the development of prototypes, including the first successful case of multidirectional horizontal drilling in Wayne County (West Virginia) in 1986; and the first horizontal drilling in the Barnett field, performed by Mitchell Energy in 1991. There are also attractive tax benefits- through legislation enacted in 1954 - which allows producers to deduct costs related to exploration and development from the income tax due in each period, rather than capitalizing and recognizing them gradually over time.23


    In relation to the environment, the Environmental Protection Agency (EPA), like the ANP in Brazil, is charged with regulating laws set by congress and delegating to state authorities decision-making power on particular cases. For example, in 2012, the EPA set the maximum limit of air emissions allowed by the practice of hydraulic fracturing, widely used in unconventional resource extraction operations24.


    In contrast to Brazil’s experience, the exploration and production of energy resources in the U.S. are mostly developed by private agents, often landowners who enter into individual agreements with oil companies.25 This is one of the factors that contributed to the success of the unconventional industry boom in the United States. Landowners have the private ownership of subsurface rights, creating a strong financial incentive to sell them respectively to operators through dividing the land property rights and mineral rights.


    “An important principle of ownership separation is the dominance of mineral rights, thus, the owner of the surface cannot prevent the mineral resources owner from carrying out the exploration and production of mineral resources.”26


    Singularly, the U.S.A. is characterized by the strong influence of the interests of landowners, who have become important stakeholders in the industry and are able to generate local economic impacts during a growth period of unconventional oil and gas development.


    Hydraulic fracturing, a game-changing technique in the U.S. energy sector, has been instrumental in extracting shale gas from regions’ shale basins. Over the last ten years, this method has significantly altered the nation’s energy composition and played a key role in fluctuating natural gas prices. The impact of hydraulic fracturing, coupled with horizontal drilling, has been monumental, leading to an impressive 20% growth in the natural gas industry. This surge has seen the establishment of approximately 146,000 new producing wells over a decade27, marking an unprecedented boom in the country’s energy production28 29.


    In addition to local impacts, public perceptions of hydraulic fracturing in the U.S. have been a subject of extensive study, offering valuable insights for similar research in other countries such asthe UK. Despite the long-standing presence of the shale gas industry in the U.S., studies, such as those by Boudet et al.30, reveal a general lack of public familiarity with hydraulic fracturing. This unfamiliarity contributes to significant uncertainty regarding public support for shale gas extraction. Stedman et al.31 support these findings, noting that knowledge about the shale gas industry remains relatively limited among the general public. Interestingly, public support for shale gas extraction appears to be higher in states such as Pennsylvania, where the industry has been established and active for over a decade32. In contrast, states such as New York, which have undergone extensive environmental and regulatory reviews, exhibit lower levels of public support33.


    This tapestry of responses and perceptions underscores the complexity and contentious nature of shale gas development in the U.S., with varying levels of acceptance and resistance shaped by a multitude of factors. The interplay of economic benefits, environmental concerns, and public health implications, continue to fuel an ongoing debate, making the future of hydraulic fracturing and shale gas extraction a subject of keen interest and study.


    2.3. UK


    Constituted through independent regulatory agencies, the current model of regulation in Europe only began to be implemented at the end of the twentieth century. This occurred as a result of the privatization movement that changed the reality and political-economic circumstances of countries that previously lived under direct exploitation of economic activities by the State.34 From this period on, economic activities and public services were delegated to the private sector, leaving the State to regulate these sectors independently: “This is the main reason for the emergence of independent regulatory agencies, which have always existed in the United States but have only recently taken shape in Latin America and continental Europe.”35


    The major shale gas reserves in Europe are primarily found in Western and Northern regions, constituting about 10% of the world’s total resources. Although the UK is not among the European countries with the largest reserves, it still boasts significant basins within its territory.36 Regardless, the UK has been actively exploring shale gas since the 1950s, making it stand out among EU member states for its proactive approach in this field. The government has instituted numerous programs to bolster and progress this activity.37


    In December 2012, Britain lifted a one-year ban on shale gas exploitation that had been imposed due to concerns about earthquakes linked to the exploration process. Additionally, the UK established an Office for Unconventional Oil and Gas, tasked with streamlining regulations and providing tax incentives to support the shale gas industry. 38 In 2015, the government position was already consolidated in favor of fracking operations, while local authorities were hesitant to understand and regulate the necessary permits.39


    In the UK, the government’s endorsement of shale gas exploration and extraction stems from its potential to enhance energy security, create jobs, and foster economic growth40. However, this has sparked significant public reaction, particularly against hydraulic fracturing techniques, leading to a growing body of social science research on the UK’s experience with this industry41. The UK’s higher population density, distinct cultural lifestyle, and unique societal characteristics compared to the US, notably affect the impact and perception of unconventional gas developments. As such, understanding these local specifics is vital for managing the impact of any potential unconventional developments in the UK42.


    The UK’s shale gas industry is still in its infancy, with initial exploration wells drilled but no commercial drilling yet. This has led to a primary focus on geological, geo-engineering, and environmental research, with social science research only emerging recently. Hays et al.43 emphasize learning from the US experience in shale gas development, cautioning against overlooking the persistent impacts and regulatory shortcomings observed in the US. This includes recognizing that declarations of best practices and strong regulation do not necessarily ensure safety or public reassurance44. Additionally, the UK has experienced early challenges, such as seismic events linked to drilling in Lancashire, which prompted a temporary government moratorium and intense scrutiny of drilling techniques and industry motivations45.


    Public opposition in the UK has grown since 2011, with various activist groups forming to protest against shale gas exploration. This resistance is rooted in a ‘dual sense of uncertainty’, encompassing both scientific uncertainty about fracking safety and decision-making uncertainty regarding licensing and regulation46. Comparative studies show that while public knowledge of the shale gas industry is higher in the UK, support is greater in the US, where the industry is more established47.


    The UK’s approach to shale gas extraction governance, particularly the mandatory disclosure of fracking fluid composition, contrasts with North America’s policy, reflecting broader regulatory and operational differences between the two regions48. Hays et al.49 argue for a UK strategy that prioritizes social risk and empirical evidence over theoretical best practices, advocating for greater transparency and public participation in decision-making, a lesson drawn from both US experiences and other UK energy scenarios50 51.


    However, the discussions about permits and the possibility of a real expansion of operations in unconventional resources did not end yet. In November 2019, the UK Government announced that it would take a stand against new hydraulic fracturing authorizations in the country. The decision was guided by the North Sea Transitional Authority, following investigations into small earthquakes believed to have been caused by the operations.52


    Such a position demanded a lobbying action with greater dedication of time and money from stakeholders interested in the development of the industry in the country. Over the past decade, investor and business representatives have had to attract politicians, persuade regulators, and reassure a wary public working on environmental protection. An annual survey commissioned by the UK Department for Business53, found that 87% of the UK public in autumn 2021 had at least some previous knowledge of hydraulic fracturing for shale gas otherwise known as fracking, but just 17% of people supported this kind of operation for energy production.


    In 2022, The Minister of State at the Department for Business, Energy and Industrial Strategy, Greg Hands, took a position on unconventional resource operations in the country. According to the minister, Shale gas and new approaches can be part of our future energy mix but it is necessary to be led by the science and have the support of local communities to integrate this kind of production into UK portfolio.54


    Despite the efforts of the economic stakeholders concerned, the pause on fracking implemented in November 2019 remains in place and will continue to be led by the science perspective55. Apparently, the discourse focused on the production of renewable energy gains space over the possibilities of exploitation through fracking. According to the then Prime Minister, Boris Johnson, in a speech on the future of energy56:


    “I’ll tell everybody who thinks hydrocarbons are the only answer and we should get fracking and all that, that offshore wind is now the cheapest form of electricity in this country.”


    3. Conclusion


    In recent decades, the development of unconventional energy resources has emerged as a crucial field in the search for sustainable and diversified sources of energy. Along with technological development and economic interests in the production of these sources, several stakeholders have emerged capable of influencing the use of these matrices in different ways in the most different countries. In this Chapter, we have sought to delve into the complexities of the relationships of the various national and international actors in the industry, highlighting their approaches to the possible opportunities and risks in the exploitation of these resources and influences generated for production in Brazil, USA, and UK.


    In the case of Brazil, it was possible to observe the ability of non-governmental groups to influence the energy policy adopted for the concession of exploration areas and energy resource activities. Despite the government’s enthusiasm for holding auctions for the operation of non-conventional resource blocks, the lack of concrete studies on the possible environmental impacts, and even more so on the unknown impacts of hydraulic fracturing, has led civil society and environmental protection associations to block the bidding contracts related to the possible exploration and production of non-conventional energy resources.


    Characterized by its pioneering early development of unconventional resources, the USA shows an energy development with little influence from environmental or social impact debates. Since the 1970s, the development of the market for unconventional resources has been characterized by public-private cooperation, with the participation of universities, private companies, and policymakers. Civil participation is characterized by the influence of the interests of landowners, who have become important stakeholders to the extent that companies depend on the availability of onshore gas exploration in their territories. In general, landowners are private owners of subsurface rights and have a strong financial incentive to sell them, which has local economic and employment implications.


    In a complementary way, the analysis of the UK shows the construction of a national energy panorama based on experiments and theoretical formulations of the risks and impacts of the exploitation of unconventional resources. Although initially promoted by the state, shale gas and new approaches have come to be seen as environmentally and socially risky activities, requiring transparency and public participation in the decision-making process on their development. Despite strong market pressure, the UK continues to signal that it will maintain its ban on fracking and focus its efforts on developing low-carbon alternatives.


    The influence of each stakeholder in the integration of unconventional energy resources into nations is evident. From local communities and government agencies to global investors and environmental organizations, the stakeholders involved in these initiatives span a broad spectrum. Each category of stakeholder has different expectations based on their interests, the expected impact of the project, and the overall direction of the energy landscape. Understanding these stakeholder dynamics and adeptly managing their expectations is critical to constructing a unified global energy policy capable of addressing the drivers of economic, social, and environmental development.
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    1. Introduction 


    In recent years, the world has witnessed a growing concern for the environment and the need to address the challenges posed by unconventional resource exploitation. Unconventional resources, such as shale gas, oil sands, and deep-sea mining, offer significant economic benefits1 but also raise serious environmental concerns.


    The global battle against climate change and water scarcity stands as an imperative for humanity’s survival. Through the endorsement of the Paris Agreement, nations pledged to limit the escalation of the average global temperature, aiming to cap it below 2°C, with a striving target of 1.5% above pre-industrial levels. Therefore, it is crucial for States to steer clear of energy policies that might obstruct the realization of these objectives.


    Highlighting the heightened environmental impact, non-conventional hydrocarbon production, such as shale gas, oil sands, and deep-sea mining, emerge as significantly more detrimental to climate change than coal. Consequently, it demands a more substantial reduction in fossil fuel production elsewhere.


    2. Barriers


    One of the main challenges associated with unconventional resource exploitation is the potential for water contamination. Hydraulic fracturing, commonly known as fracking2, is a technique used to extract shale gas and oil from underground rock formations. This process involves injecting large volumes of water, sand, and chemicals into the ground to release the trapped resources. However, there is a risk of groundwater contamination due to the leakage of chemicals and the migration of methane gas3. This poses a threat to drinking water sources and ecosystems.


    The Parliamentary Assembly of the Council of Europe4 in order to limit and control the exploration and exploitation of non-conventional resources, recommended that the states adopt strict environmental regulations:


    imposing a compulsory environmental impact assessment for any fracking project, including the impact on air and water quality and climate change;


    • ensuring that the industrial companies involved comply with all air and water quality regulations and oblige companies to disclose the nature and amount of chemicals used during the process of fracking;


    • restricting overall upstream fugitive emissions to below 1%, with those at the fracking site no higher than 0.1% of natural gas production; ensure that “green completions” are mandatory, namely all wells have to be capped and the methane captured with no venting or burning (flaring); put in place comprehensive monitoring of shale gas and oil operations through environmental agencies, taking into consideration the need for more accurate top-down measurements of methane releases;


    • ensuring the efficient criminal prosecution of companies failing to comply with all the above- mentioned regulations, including compensation for environmental damage;


    • encouraging the oil and gas industry to follow the best up-to-date drilling practices and to adopt safer and more environmentally friendly techniques; ensuring funding of independent high-quality research on the risks of exploration and exploitation of non-conventional hydrocarbons to inform regulation;


    • ensuring transparency, by providing full information on fracking projects to citizens, and ensuring their involvement in decision-making processes when it comes to energy projects in their communities; protecting areas with great environmental and cultural value from drilling operations that may have a visual or other impact on the landscape.


    Another concern is the impact on biodiversity and ecosystems. Oil sands extraction, for example, involves clearing vast areas of land and disrupting natural habitats. This can lead to the loss of biodiversity and the destruction of fragile ecosystems5. Additionally, deep-sea mining can cause irreversible damage to marine ecosystems, including the destruction of coral reefs and the disturbance of deep-sea organisms6.


    Furthermore, the extraction and processing of unconventional resources often result in increased greenhouse gas emissions. Oil sands production, for instance, generates higher carbon dioxide emissions compared to conventional oil extraction. This contributes to climate change and exacerbates the global warming crisis.


    Geopolitical tensions revolving around unconventional resources have also emerged as a pivotal issue shaping global dynamics. As nations increasingly explore and exploit unconventional reserves, disputes and geopolitical complexities have intensified. This intricate landscape intersects with territorial claims, strategic interests, energy security, and regional stability, showcasing a multidimensional web of challenges7.


    One prominent area exemplifying these tensions is the South China Sea, a strategically crucial maritime region hosting significant hydrocarbon reserves. The disputes over territorial sovereignty among countries like China, Vietnam, the Philippines, and others have heightened geopolitical tensions8. China’s expansive claims, delineated by the Nine-Dash Line, conflict with those of neighboring nations9, leading to maritime standoffs, naval build-ups, and competing resource extraction efforts.


    Beyond the South China Sea, similar geopolitical challenges emerge in other regions. The Arctic, for instance, becomes a focal point due to its untapped energy potential as receding ice caps unlock access to vast oil and gas reserves10. The overlapping territorial claims involving Arctic nations—Russia, Canada, the United States, Denmark, and Norway—raise concerns over resource exploitation, environmental impacts and territorial sovereignty, thereby fueling geopolitical tensions11.


    Historically, geopolitical interests and resource competition have intertwined, often leading to conflicts or diplomatic standoffs. The quest for energy security and economic prosperity drives nations to assert control over resource-rich territories. This pursuit of unconventional resources intersects with geopolitical ambitions, maritime security concerns, and power projections, amplifying regional rivalries and global power struggles.


    Resolving these tensions necessitates diplomatic finesse, international cooperation, and adherence to international laws and norms. Yet, finding a viable resolution remains delicate due to conflicting interests, sovereignty claims, and varying geopolitical agendas. Initiatives like the United Nations Convention on the Law of the Sea (UNCLOS)12 aim to provide a framework for managing maritime disputes and promoting peaceful resolutions, yet challenges persist in their implementation.


    Moreover, geopolitical tensions surrounding unconventional resources extend beyond territorial disputes. They intertwine with broader geopolitical shifts, influencing alliances, trade relations, and global power dynamics. The influence of major powers, such as the United States, China, Russia, and the European Union, in resource-rich regions shapes regional politics and global energy markets, underscoring the interconnectedness of geopolitics and energy13.


    Mitigating geopolitical tensions requires a comprehensive approach encompassing diplomatic dialogues, conflict resolution mechanisms, and energy diversification strategies. Collaborative efforts among nations to share
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