
        
            
                
            
        


		
			Praise for The Prologue

			“Alexander Mirtchev’s sweeping exploration of the changing energy landscape looks far into the future and outlines issues that will occupy scholars and policymakers for decades to come.”

			—The Hon. Henry Kissinger, Chairman, Kissinger Associates; Former Secretary of State and National Security Advisor

			“Dr. Alexander Mirtchev’s new book, The Prologue: The Alternative Energy Megatrend in the Age of Great Power Competition, provides a timely and truly inspired perspective on 21st century global security challenges. It has long been clear that security challenges of the 21st century are much broader and more holistic than they were in the last century when major power competition was largely defined by military power. Dr. Mirtchev’s book helps the reader unpack the complex relationship between economics, the alternative energy megatrend, security, and defense and the implications for the unfolding major power competition. Faced with this daunting complexity, Dr. Mirtchev urges policymakers to undertake the essential task of any successful strategist: to prioritize objectives to align ends with means and be smart. Fundamentally, The Prologue offers a valuable new framework for international strategic analysis and course of action.”

			—General James L. Jones, USMC (Ret.), Executive Chairman Emeritus, Atlantic Council; 32nd Commandant, USMC; Former National Security Advisor to the U.S. President; Former Supreme Allied Commander Europe

			“With the advancements in alternative energy technology at the beginning of the 21st century, energy security thinking and planning will never be the same. Alexander Mirtchev’s profoundly original book The Prologue reveals the new dilemmas that will challenge policy makers in all major economies and provides for dealing with the new realities in a smart way.”

			—The Hon. Judge William H. Webster, Chairman, Homeland Security Advisory Council; Former Director, CIA; Former Director, FBI

			“Dr. Alexander Mirtchev has written an extraordinary book that is far ahead of any other contemporary analysis in connecting the cross currents of global security, international economic competition, and—above all—alternative energy. His Prologue belongs in the hands of any serious policymaker and will undoubtedly be studied at the nation’s top universities and war colleges. A masterpiece of original thought!”

			—Adm. James G. Stavridis USN (Ret.), Operating Executive, The Carlyle Group; Chair of the Board of Counselors, McLarty Associates; Former Supreme Allied Commander Europe; Former Dean, Fletcher School of Law and Diplomacy at Tufts University

			“Alexander Mirtchev’s work, The Prologue, is an impressive and comprehensive study of the geo-political, security, economic, and environmental impacts of the alternative energy trend. The accelerating development of alternative energy, as this book shows, is a geo-political, game-changing phenomenon. The new Grand Energy Game will have a greater influence on global affairs in the 21st century than Star Wars did in the 20th.”

			—Lord Truscott of St James’s, Former UK Energy Secretary

			“The development of alternative energies is now sufficiently advanced, at least in terms of promise, to influence the ‘global security equation,’ making the book The Prologue: The Alternative Energy Megatrend in the Age of Great Power Competition a timely one indeed.”

			—Prof. Shirley M. Tilghman, President, Princeton University

			“Alexander Mirtchev’s book is an amazing study that has succeeded in breaking through the complexities of current alternative energy developments and strategies. Not only does it highlight the major policy challenges (energy independence, the environment, economic security, defense, nuclear proliferation), and geopolitical considerations, but it puts forward a pragmatic and smart methodology for addressing the planned, as well as the unintended and unforeseen.”

			—The Hon. William Sessions, Partner, Holland & Knight; Former Director, FBI

			“The alternative energy megatrend, as described in Alexander Mirtchev’s book, occupies a large and growing role in the World Bank’s energy portfolio and policy advice. With the Bank’s focus on economic growth and sustainable development, his emphasis on the security dimensions of this issue is both interesting and relevant.”

			—Rachel Kyte, CMG, Dean, the Fletcher School of Law and Diplomacy at Tufts University; Former Vice President, Sustainable Development, The World Bank

			“Alexander Mirtchev’s new book is an insightful strategic analysis of the security implications of modern global phenomena that provides for enhanced understanding of the rapidly transforming 21st century geopolitical environment as well as how to deal with its manifest challenges. Policymakers, as well as academia and the private sector, would benefit from taking on board its original thesis and bold ideas.”

			—Cmdr. Harlan K. Ullman (Ret.), PhD, Distinguished Senior Fellow, National Defense University; Chairman, Killowen Group; Author, Shock and Awe: Achieving Rapid Dominance

			“Alexander Mirtchev’s book is a fascinating read.”

			—Lt. General Guy Swan, CEM, CPP, Ret., Executive Director, Institute of Land Warfare

			“I found your book most stimulating. I look forward to seeing the reception.”

			—The Rt Hon. Lord Robertson, Port Ellen, KT, GCMG, FRSE, PC; Former Secretary General, NATO

			“Alexander Mirtchev has provided a thorough examination of a possible significant future, in which the implications of alternative energy source developments come to dominate national, economic, and environmental security and world geopolitics. The thesis in the book is one that needs to be understood by global policy makers, not least in China.”

			—Prof. Sir David Omand, Former UK Security and Intelligence Coordinator; Author, Securing the State

			“Alexander Mirtchev’s book, The Prologue, introduces a not just original but smart methodology that provides for a breakthrough study. By defining alternative energy development as a trend and analyzing its drivers, the book allows a balanced perspective on issues that have remained beyond the radar screen of economic policy and planning, as well as a new understanding of the upcoming challenges, making it an essential read for both policy makers and business leaders.”

			—Sir Richard Evans, Former CEO, BAE Systems

			“The ongoing revolution in the energy industry is a comparable discontinuity to what occurred when Internet was developed for communications. Not just energy’s business model will change but both geopolitics and the competitiveness of many markets will be redefined. Alexander Mirtchev’s work is a very accurate and absolutely a ‘must-read’ analysis of this transformation, which will impact everyone’s life.”

			—Prof. Giuseppe Recchi, Chairman, Telecom Italia, Former President, ENI
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FOREWORD

			As the post-Cold War geopolitical and geo-economic frameworks buckle, Dr. Alexander Mirtchev’s new book, The Prologue: The Alternative Energy Megatrend in the Age of Great Power Competition, provides a timely and inspired perspective on 21st century global security challenges. Through the prism of the alternative energy megatrend, The Prologue analyzes the nexus of geopolitics, national security, and energy in the context of the new Great Power Rivalry and related Grand Energy Game.

			The intersection of energy, geopolitics, and security is, of course, an age-old story. During my time as the Supreme Allied Commander Europe (SACEUR) from 2003–2007, I found myself wrestling with the implications of energy and geopolitics, as well as the proper role of a traditional defense alliance like NATO in addressing energy security. President Putin’s natural gas cutoffs on East Europe as a geopolitical tool had real implications for the security and resilience of our allies, but NATO itself had a limited mandate and limited tools to help allies in need. The threats posed by non-traditional actors concerned us as well, including the risk of a major terrorist attack on energy facilities.

			During my time as national security advisor to President Obama in 2009–2010, framing energy security appropriately was one of my key priorities. During the transition between administrations, as we deliberated upon the ideal National Security Council (NSC) structure that would best serve the President, I sought to ensure that energy security had its proper place as a strategic issue in national security debates. It has been a life-long observation that the United States has never had a comprehensive energy strategy that takes into account the wider range of economic, security, and geopolitical factors that Dr. Mirtchev explores in The Prologue.

			In the decade since my time in government concluded, the alternative energy megatrend has continued to develop, and the geopolitical and technological landscape has continued to evolve. In The Prologue, Mirtchev analyzes power dynamics of the current and upcoming geopolitical complexities, as well as the impacts on economic and environmental security. One of the book’s biggest draws is its exploration of where the alternative energy megatrend fits into the 21st century transformation of defense capabilities, doctrines, and policies in the context of today’s Great Power Rivalry. Nuclear energy also plays a role in the analysis—not as a green solution to environmental challenges—but as a potential road map for the future evolution of the megatrend.

			To be clear, this is not another alternative energy study. Instead, Mirtchev posits that by diving into the complexities of the alternative energy megatrend one might glimpse the future, a future where universal securitization could “replace traditional defense with terms like the economy, health, the environment, or international law, making security an all-inclusive matter.”1 But, by his own admission, simply embracing universal securitization is not enough; it will overwhelm policymakers, leaving the system unworkable.

			We may have already approached this threshold. The modern national security advisor and NSC structure struggles to integrate non-traditional security challenges and is overwhelmed by crisis management, leaving national security principals little bandwidth for the kind of strategic thinking or holistic assessments that a major power competition environment requires. One of the key conclusions in Dr. Mirtchev’s work is that dynamic prioritization is essential to any workable security framework.

			In examining these complexities, The Prologue addresses some key questions: Why and how have contemporary alternative energy developments evolved into a global socio-political, techno-economic, and ideological megatrend? How is the transforming world of the early 21st century becoming universally securitized? What does the alternative energy megatrend reveal about modern and upcoming approaches toward energy security in the evolving Grand Energy Game? How does the alternative energy megatrend redefine environmental security and contribute to the greening of geopolitics? What is the future security trajectory of the alternative energy megatrend in the context of the Fourth Industrial Revolution and, in particular, the irreversible rise of Artificial Intelligence? Why does dynamic prioritization become imperative in a universally securitized world? What could be the shape and focus of the approaches, strategies, and policies necessary to benefit from the transforming 21st century security landscape?

			Fundamentally, The Prologue: The Alternative Energy Megatrend in the Age of Great Power Competition offers a valuable new framework for international strategic analysis and a course of action. It challenges our preconceived notions about the alternative energy megatrend and what the megatrend tells us about 21st century security dynamics, as well as provides for innovative solutions for the unfolding new Great Power Competition. 

			 

			General James L. Jones, USMC (Ret.)

			Executive Chairman Emeritus, Atlantic Council; 32nd Commandant, USMC; Former National Security Advisor to the U.S. President; Former Supreme Allied Commander Europe

			 

			





SUMMARY

			This Woodrow Wilson Center Project identifies and charts the unfolding security trajectory of an early 21st century unpredictable global phenomenon: the ascent of alternative energy as a socio-political, techno-economic, and ideological megatrend in the context of the ongoing global technological revolution, the world in disequilibrium and the new Great Power Competition.

			This competition designates a significant shift toward rivalry between major powers that have the capabilities to be a critical threat to each other. These great powers have amassed sufficient military, political, economic, and ideological capacities to be able to exert influence and compete on a global scale and/or in strategic areas, challenging the relative preeminence and potentially displacing the U.S. global leadership.

			Through the prism of the alternative energy megatrend’s trajectory in a world of profound transformation, the study analyzes the upcoming global security challenges that are geopolitical, geo-economic, defense- and nuclear-related, and environmental in nature. On this basis, the study outlines the 21st century global security transformations and the approaches, strategies, and policies relevant to these developments.

			The study addresses the following questions:

			· How is the transforming world of the early 21st century becoming universally securitized?

			· Why and how have contemporary alternative energy developments evolved into a global socio-political, techno-economic, and ideological megatrend?

			· What are the geopolitical, geo-economic, defense-related, and environmental security implications of the alternative energy megatrend in the new Grand Energy Game?

			· What are the attributes and drivers of this socio-political, techno-economic, and ideological megatrend?

			· What questions does the alternative energy megatrend raise about the modern understanding of geopolitical dynamics?

			· What does the alternative energy megatrend reveal about modern and upcoming approaches toward energy security in the evolving Grand Energy Game?

			· Where does the alternative energy megatrend fit into the 21st century transformation of defense capabilities, doctrines, and policies of the Great Power Rivalry?

			· How does the alternative energy megatrend redefine environmental security and contribute to the “greening” of geopolitics?

			· What does the alternative energy megatrend reveal about the transformation of global economic security calculations and the rise of geo-economics?

			· How will nuclear energy evolve in the upcoming post-proliferation world, and could it be a frame of reference for the megatrend?

			· What is the future security trajectory of the alternative energy megatrend in the context of the Fourth Industrial Revolution and, in particular, the irreversible rise of Artificial Intelligence?

			· What does the megatrend reveal about the future global security context, and why does its prioritization become imperative in a universally securitized world?

			· And finally, what could be the shape and focus of the approaches, strategies, and policies necessary to benefit from the transforming 21st century security landscape?

			This study endeavors to answer these questions by proposing the conceptual framework of the modern universally securitized world. Via this universal securitization concept, the study posits prerequisites for dynamic security prioritization strategies and policies.

			The study makes the case for an intelligent and vigorous pursuit of innovation and an expeditious entry into the realm of the unknown as a significant dimension of the new Great Power Competition. Such a pursuit could contribute to energy rebalancing, military capabilities, environmental safety, economic growth, and global stability. Most importantly, it could ultimately further human knowledge, prosperity, liberty, and dignity.
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INTRODUCTION

			“Human felicity is produced not so much by great pieces of good fortune that seldom happen, as by little advantages that occur every day.”

			Benjamin Franklin2

			This is not just another alternative energy study. Rather, this study identifies the ascent of modern and upcoming alternative energy development as a techno-economic, socio-political, and ideological 21st century megatrend. It charts the security-related trajectory of this relatively new global phenomenon: a discernible flow of interacting socio-political, technological, economic and ideological developments that influence and are influenced by the future of the Grand Energy Game and beyond.

			Centrally, through the prism of the alternative energy megatrend’s trajectory, this Woodrow Wilson Center Project analyzes the upcoming global security transformations and challenges that are geopolitical, geo-economic, defense-related, environmental, and ideological in nature. On this basis, the study outlines the new millennium approaches, strategies, and policies relevant to these developments and the evolving Great Power Competition. 

			First, this study relies on the time-tested hermeneutic tradition of examining new phenomena via the viewpoint of a transforming character—in this case, the alternative energy megatrend. Like the character of Apuleius’s Golden Ass who enables the audience to visualize the Roman world through his perspective,3 the analysis of the alternative energy megatrend similarly furnishes the opportunity to assess contemporary and evolving security complexities. Through the lens of this analysis, new knowledge and tools of understanding emerge that not only highlight what is new and different but allow the new reality that is presented to be better assimilated within the societal understanding and common sense that govern ideas and notions. Thus, this book examines current and upcoming global security transformations and challenges through the prism of the alternative energy megatrend and suggests approaches to address them.

			Second, this study applies an integrated, multidisciplinary approach,4 to accommodate the multidimensional nature, evolution, impact, and continuous new findings and iterations in alternative energy. From there it assesses the diverse scope and implications of global security transformations by utilizing theories from various disciplines such as economics, sociology, political economy, energy studies, defense studies, political geography, foreign policy, and international legal studies, as well as the philosophies of science and technology. To provide a comprehensive presentation of the alternative energy megatrend’s many facets, this book also builds on a wide range of historic facts, studies, and statistics. Such an approach engenders a balanced and thorough picture of the developments, meanings, and impacts of modern alternative energy developments germane to the shifting power balances of the global security landscape.

			Third, this study introduces the conceptual framework of the modern universally securitized world and the relevant dynamic prioritization. A dynamic field of mutually interacting threats have amplified and/or transformed the security considerations of today’s globalized, interdependent, and ever-multiplying actors. The study respectfully utilizes certain elements of securitization theory and goes beyond those tenets to introduce the concepts of universal securitization and security prioritization in the new age of Great Power Competition.5

			The subject of the study—the alternative energy megatrend—is multifaceted and is unfolding and transforming as techno-economic, socio-political, and ideological in nature. It has vastly outpaced its own underlying technological developments and applications.

			This trend has already assumed the mantle of a global game-changer with far-reaching promises and pitfalls that go far beyond actual technological capabilities. It has already begun to shape the way production choices are made and energy is distributed. It now plays a transformative role regarding societal values, political-economic priorities, and commercial practices. Perhaps most importantly, it has become an integral part of the collective human imagination and aspirations worldwide.

			It is evolving in the age of a new Great Power Competition,6 which marks a significant shift toward rivalry between major powers that have the capabilities to be a critical threat to each other. These great powers7 have amassed sufficient military, political, economic, and ideological capacities, allowing them to exert influence and compete on a global scale and/or in strategic areas.

			These powers have established, or will attempt to establish and consolidate, regions of dominance. From the perspective of the challengers, the final game is modifying and eventually changing the balance of power via disrupting and, in the longer run, displacing U.S. global leadership. Obviously, this would put a strain on the very concept of America’s relative preeminence.

			Despite these developments and a torrent of studies on new energy sources, the security context surrounding developments in alternative energy remains mostly uncharted territory. Notably absent from these studies is a thoughtful analysis of the trend’s geopolitical, geo-economic, defense, and environmental security implications.

			This book endeavors to answer the following key questions raised by these developments, while also revealing ongoing and upcoming global security transformations. These questions determine the structure of the book, which hopefully provide for a multi-dimensional discussion of the global security transformations and the alternative energy megatrend’s security repercussions in a universally securitized world.

			· How is the transforming world of the early 21st century becoming universally securitized?

			· Why and how have contemporary alternative energy developments evolved into a global socio-political, techno-economic, and ideological megatrend?

			· What are the geopolitical, geo-economic, defense-related, environmental security, and ideological implications of the alternative energy megatrend?

			· What are the attributes and drivers of this socio-political, techno-economic, and ideological megatrend?

			· What questions does the alternative energy megatrend raise about the modern understanding of geopolitical dynamics?

			· What does the alternative energy megatrend reveal about modern and upcoming approaches toward energy security in the evolving Grand Energy Game?

			· Where does the alternative energy megatrend fit into the 21st century transformation of defense capabilities, doctrines, and policies of the Great Power Competition?

			· How does the alternative energy megatrend redefine environmental security and contribute to the “greening” of geopolitics?

			· What does the alternative energy megatrend reveal about the transformation of global economic security calculations and the rise of geo-economics?

			· How will nuclear energy evolve in the upcoming post-proliferation world, and could it be a frame of reference for the megatrend?

			· What is the future security trajectory of the alternative energy megatrend in the context of the Fourth Industrial Revolution and, in particular, the irreversible rise of Artificial Intelligence?

			· What does the megatrend reveal about the future global security context, and why does its dynamic securitization and respective prioritization become imperative in a universally securitized world, in particular during the age of Great Power Competition?

			· And finally, what could be the shape and focus of the approaches, strategies, and policies: from technological empowerment, via power projection to cooperation with allies and partners, that will be necessary to benefit from the transforming 21st century security landscape?

			In answering such questions, the study makes the case for an intelligent and vigorous pursuit of innovation and an expeditious entry into the realm of the unknown as a significant dimension of the new Great Power Competition.

			Thus, this book aims to be forward looking and nuanced and, therefore, provide a theoretically deeper and more realistic and pragmatic understanding of current and future imperatives that underpin the notion and practices of national security. Such pursuit could contribute to energy rebalancing, military capabilities, environmental safety, economic growth, and global stability. Most importantly, it could ultimately further human knowledge, prosperity, liberty, and dignity.

			 

			





AUTHOR’S NOTE

			When first considering undertaking this study a few years ago, I was at the Washington, D.C., National Gallery of Art on a Sunday afternoon, looking at Roy Lichtenstein’s “Cow Triptych (Cow Going Abstract).”

			This triptych shows three consecutive paintings of a cow, each gradually zooming closer and simultaneously transforming and becoming abstracted through decomposition, restructuring and reimagining. In other words, the first image had nothing to do with the third. Or did it?

			 

			[image: ]

			© “Cow Triptych (Cow Going Abstract),” Roy Lichtenstein, 1974

			It occurred to me that the current and envisioned developments of the alternative energy megatrend and its security implications evolve in an analogous manner, with the second iteration being a recognizable outgrowth of the first, rather pastoral image, and the progression from the first to second iteration being more or less predictable. The result of the third iteration is unexpected, as the context is not only transformed beyond recognition, but represents a distinct new reality. Using this analogy, the alternative energy megatrend is currently more or less leaving the first canvas and entering the second, into the new, and hopefully not brave, 21st century world.

			That is to say that the current developments are just a glorious prologue for the things to come. And the things to come are obscured not just by clouds but most probably (and expectedly) far beyond our current visions and imaginations.

			Thus, the big question is how by focusing closely on these and other upcoming developments we reveal new approaches, strategies, policies, and practices that can ultimately further human knowledge, prosperity, dignity, and freedom.

			
			
		

		
			





PART 1

 About The Prologue: Introducing the Modern Alternative Energy as a Socio-Political, Techno-Economic, and Ideological Megatrend in a Universally Securitized World

			“How, from a fire that never sinks, or sets, would you escape?”

			Heraclitus1

			Why and how have modern alternative energy technologies, resources, applications, and their surrounding notions coalesced into a 21st century socio-political, techno-economic, and ideological megatrend?

			The following chapters examine the gradual redefinition of society’s historical understanding of energy and posit that the transformation of alternative energy into a modern megatrend is founded on an introspective rationalization of renewable energy. The analysis looks at the re-conceptualization of alternative energy throughout the turbulent 20th and 21st centuries. It ascribes the alternative energy megatrend’s formation to modern transformation processes, such as globalization and the global technological revolution, against the backdrop of the post-Cold War paradigm shift.

			In this book, modern alternative energy developments are defined as a trend composed of a group of evolving and converging socio-political and techno-economic drivers set in a socio-cultural context. The book posits that these drivers propel the trend and determine its future evolution. 

			More than any other phenomena, the alternative energy megatrend could be analyzed as a socially constructed phenomenon.2 It is a consequence of the convergence of knowledge and actions by diverse participants of global society, which in isolation could not create such a phenomenon, but in the aggregate provide it with ongoing momentum and presence.

			Arguably, the trajectory of the alternative energy megatrend foreshadows the future global security landscape. The book explains the new and upcoming security context by positing the notion of universal securitization which corresponds to the broadening range of multiplying and mutually interacting threats and actors in a profoundly transforming world. 

			In the following chapters these elements are intentionally presented as static, which facilitates their understanding. In reality they are dynamic, chaotic and fluid in an anarchic environment.

			I. Setting the stage—how is the 21st century world becoming universally securitized?

			The analysis of the security trajectory of the alternative energy megatrend in the following chapters will draw the likely shapes of the future global security landscape. The following chapters explain this context by positing the notion of universal securitization.

			As mentioned, the notion of universal securitization tries to grasp the 21st century’s increasingly interconnected and mutually influenced globalized world in transition. This interconnectedness includes ever multiplying actors with ever multiplying agendas, competition, confrontations, and alliances in a new security context. At the same time, this interconnectedness implies that securitizing a single issue is impossible without creating spill-over into other issues, sectors and processes. 

			1. Exploring and mastering the new security contexts.

			The new security context follows a transition from the previously dominant Westphalian system of relations between states to a post-Westphalian order governed by new ideas, notions, ambitions, and priorities that allows for virtually any theme to be labeled as a security issue. Domains of security are no longer restricted by “a spatial demarcation between those places in which the attainment of universal principles might be possible and those in which they are not.”3

			The notion of a world that became de facto universally securitized is reinforced by the evolution of the notion of security, which is growing to incorporate an expanding field of threats and actors. This has led to the broadening of the concept of security, which is typically expressed through the demarcations of narrow and broad security.

			The concept of narrow, or core, security considerations—which in classical international relations theory involves the defense of a state and its resources4—focuses predominantly on actions undertaken by one actor in relation to another. These actions form dynamic interactions with the ultimate outcome of military confrontation. Core security focuses on the high politics of inter-state relationships that rely on maintaining equilibrium by striking a balance between the major powers. The equilibrium is also maintained by emphasizing actors’ perceived strategic interests and the means, particularly military ones, to achieve them.5 Narrow security threats thus predominantly include hostile actions taken by a specific state toward another nation-state.6 These threats continue to be identified with the need to ensure “the integrity of the nation’s territory, of its political institutions and of its culture.”7

			After the end of the Cold War, the more traditional, narrow definition of security expanded to include issues beyond threats to the survival of the state, resulting in the concept of broader security.8 Security considerations now increasingly incorporate not just the need for survival of nations and society as territorially distinguished groups, but also the preservation of certain expectations of welfare—social, economic, cultural, and physical—for individuals and communities. Broader security thus comprises fields such as the environment,9 the economy,10 demographic pressure and immigration, transnational crime, water security, human rights, justice, and anti-organized crime collaboration.11 These and other security threats fall within the paradigm of human security, which integrates what was traditionally considered to represent sub-national threats to state legitimacy and civilian populations. 

			Energy touches on most, if not all, of the broader security fields. As Henry Kissinger noted “[a]t its core the energy system is again on an unsustainable path, threatening the political, economic, and social stability necessary for continued world progress. Energy security endures as a central and concerning feature of the current landscape.”12 

			With this in mind, this study approaches the analysis of the modern and emergent security environment through the prism of the alternative energy megatrend by utilizing key elements of securitization theory, in particular the securitization actors, the referent objects to be securitized, and the audiences that acquiesce to the securitization action.

			An increasing number of actors are claiming a legitimate place in security interactions. This dynamic field of securitization actors influences cross-border agendas and establishes power structures that augment pressures toward regionalization.13 They have the power and legitimacy to convince pertinent audiences that addressing existential threats is a vital priority. Through their actions, these actors impose a shared understanding of what constitutes a threat and an appropriate response.

			Securitization theory holds that securitization is a process of socio-political discourse. As an issue moves from the realm of politics toward the security sphere, it becomes associated with an implied need for resources and attention beyond what it would normally enjoy in daily politics. In other words, the securitizing actor is “talking security.”14

			During the Cold War, the bipolar hegemony of the two major powers—the United States and the Soviet Union—limited the range of actors capable of undertaking independent securitization measures. However, in the 21st century, there is a growing plethora of actors capable of undertaking securitization actions. This increasing number of securitization actors results in a gradual convergence of national security agendas and emerging regional security agendas.15 It also widens the scope of security considerations that form these agendas. States distinguish between internal and external threats, and respond alone or form regional alliances that modify existing security perceptions and measures.16 In this security operating environment, the repercussions of human activities are no longer limited by geographical distance or boundaries; changes in one field or sector inevitably affect other fields, even those that may appear unrelated.17

			The new powers emerging onto the global scene include a range of non-state actors, such as international organizations, political and social movements, and interest groups. These are further altering the way actors interact, and how inter-state conflict and security are perceived and managed. Non-state actors influence the security debate by designating security resources as existentially threatened. Threats and responses therefore are determined by the perspectives of the relevant actors, resulting in an evolution of existing security notions and approaches that are at the heart of universal securitization.

			Despite the growing influence of non-state actors, states will likely remain the dominant actors in the security field. However, they will be so with a modified and, arguably, diminished ability to exert their power through securitization.18 With the balance of power between states as a mechanism of peace and security becoming less relevant, the result is that “there are too many powers to permit any of them to draw clear and fixed lines between allies and adversaries.”19

			Securitization in this context is also made more complex by the exponential growth of objects to be securitized. This phenomenon places new demands on actors and poses new difficult security choices in applying limited resources. Determining which objects to securitize first is therefore less clear, as harm to one object, e.g., infrastructure, international trade, the environment, or energy supplies, can affect others, e.g., economic wellbeing, health, or military power.

			This poses a dilemma for securitization. It requires an evaluation of whether or not a threat exists objectively or subjectively, what the anticipated impact of the threat is, whether or not an ability to securitize the threat exists, and whether securitizing such a threat would have positive or negative repercussions for a wider set of referent objects.20 As a result, core national security considerations have been joined on the security agenda by a number of broader security issues that tend to be described sometimes as “low politics,”21 such as the environment, poverty, financial markets, and economic development. As security threats to referent objects “transcend national borders [and] are already beginning to break down the sacred boundaries of national sovereignty,”22 security policies generate ripples that cross into different fields and induce unanticipated outcomes.

			Further, there is an increasing number of securitization audiences, which includes individuals, business and political elites, military leaders, opinion-makers, communities, national populations, and broader civil society. These audiences are presented with actors’ positions on a given threat and a respective action to securitize this threat. In this context, a useful simplification of the securitization audience is to consider it as a global community of individuals, groups, and entities, whose interests, values, and goals intersect. Successful securitization requires that, by accepting the proposed designation of security threats, the audience also accepts the implications of the proposed action.

			With the conditional removal of the geography-based authority and restrictions that determined past interests, security is evolving beyond the spatial orientation of discursive practices.23 In order for a securitization act to be considered legitimate, it must be framed in terms that are not only understandable but also approved by the growing, often global, target audience.24 The corollary is that the legitimacy of securitization actions will reflect the expanded notions of insecurity held by the target audience, resulting in the multiplicity of objects to be securitized.

			The security context is increasingly “universalized” by a notable blurring of the distinction between securitization actors and audiences. Audiences are becoming less passive, pointing to the growing importance of societal pressure for policymaking. Audiences present their own position on threats, referent objects, and securitization actions, and can project their own values onto securitization processes. The threats audiences wish to be protected against are dynamically interconnected, with the added complexity that some actors’ securitization actions represent security threats for others, such as the interrogation of suspected terrorists, which is perceived by some audiences as a threat against the object of human rights protection. Constituencies approving securitization actions thus do not merely accept them but can sometimes influence the shape and implementation of the securitization process, as well as impact the security of other constituencies.25

			Modern securitization audiences are also evolving. Some represent specific ideas that transcend national identities and borders, driven by diverse agendas to actively exert pressure on state actors on issues ranging from climate change to immigration. The new audiences also include political groups, parties, and organizations that are themselves agents of the main securitization actor, the state. Universal securitization may thus be viewed not just as a relationship between institutions, but also as an emancipation of the securitization audiences—the ability to achieve security that is linked to people and not confined to states.26

			The dynamic between the securitization actors, objects, and audiences shapes and is in turn affected by an increasingly universalized security context. Simply put, a confluence of conditions dictates the extent to which a given object is perceived to be existentially threatened and enables securitization actors to assess the threat and determine whether audiences accept, or even demand, that the object be securitized.27 The security context is shaped by both established and new notions of what threatens security. The complex 21st century security environment is thus characterized by conflicting practical securitization approaches as “strategy chasms [that grow] at a worrying pace…because these material and ideological differences reinforce one another.”28

			The evolving global security environment necessitates universal securitization. Threats and their mitigation in the new environment are more context-driven and dependent on myriad circumstances, including socio-political pressures, requirements imposed on actors and a pre-history of existing practices. Universal securitization represents an evolution of practical means and approaches that is beyond a socio-political process designating issues as security referent objects and determining the existence of risk. Instead, it creates the foundation for a transition to a new set of methods and practices that not only move security issues outside traditional frameworks of governance and political processes of debate but changes the rules of the game.29 In a universally securitized world, it would be fully viable to replace traditional defense with terms like the economy, health, the environment, or international law, making security an all-inclusive matter.30

			2. How is securitization possible and enacted in a universally securitized world?

			Mitigating the continuously broadening scope of threats requires a deeper understanding and integration of all elements of the securitization process. The universally securitized world thus exacerbates the Hobbesian security dilemma, which holds that the choice of an actor to act preemptively and inimically against other actors is the most rational one. The multiplicity of actors, threats, and referent objects makes it more difficult to anticipate securitization outcomes.31

			In this universally securitized world, it may behoove a state to act against another under a widening spectrum of circumstances. Securitization actors still act on behalf of themselves and their audiences to achieve specific outcomes. However, they increasingly use tools that modify rules and institutions to alter anticipated outcomes and prevent perceived threats. This is how cross-border securitization policies emerge.32

			When suggesting universal securitization, broadening the concept of security too far risks making the term meaningless, potentially obstructing the ability of securitization actors to formulate actual policy and distinguish vital risks from non-threatening occurrences.33 In order to address the inability to securitize everything, securitization theory attempts to posit that desecuritization could often lead to more beneficial outcomes. However, this approach provides relatively limited application.34

			The process of making rational choices in a universally securitized world is affected by merging goals that multiple actors pursue.35 This merging creates a pattern that constitutes the global security architecture. The analysis of the alternative energy megatrend thus highlights the security context of a universally securitized world, where fewer choices with measurable outcomes are available for actors to make in pursuit of rational security goals. In other words, the universally securitized world makes it more problematic to achieve order in society.36 The alternative energy megatrend will be used as a prism through which the issue of how securitization is enacted in a universally securitized world could be fully addressed.

			3. The alternative energy megatrend’s multiple security connotations.

			Currently, the presence of renewables in the energy mix is limited; therefore, the direct security repercussions of alternative energy technologies and resources are narrow. The contention of this book, however, is that having emerged as a 21st century socio-political, techno-economic, and ideological megatrend, alternative energy creates security resonances that have their own security trajectory. Furthermore, assessing the evolution of alternative energy developments provides a useful frame of reference for assessing the growing complexities of 21st century security considerations.

			Alternative energy developments have intrinsic direct security implications. Alternative energy itself is not simply a referent object that can be securitized, but also a potential source of threats that requires securitization. Making alternative energy the subject of security analysis entails mitigating the immediate security concerns arising from the introduction of alternative energy technologies, securing the resulting energy system from harm and interference, and preventing adverse effects on the ability to produce and distribute renewable energy. Although not currently part of national security agendas, the following chapters demonstrate that the megatrend has a security imprint that is immediately felt in sectors such as geopolitics, energy, defense, the environment, and the global economy.

			When actors securitize the megatrend, they exercise power with inevitable consequences for the security of other actors in multiple realms, including environmental, economic, and technological. A number of these security repercussions prompt policy reaction, as they can be destabilizers. The securitization of the megatrend’s drivers, attributes, and their socio-political and socio-economic effects provides a fuller picture of the security impact of the megatrend and allows for the creation of securitization imperatives. In a sense, the megatrend itself is securitized almost by default, as it progresses within the security context of the universally securitized world.

			The following analysis is premised on the understanding that the alternative energy megatrend’s security impact creates its own socio-political framework that is more than the sum of the security threats emanating from it. Modern scientific and technological advances are replacing established policy imperatives, determined as much by the practical benefits technologies provide as by the knowledge they engender. The trajectory of the megatrend illustrates the increasingly complex terrain that policymakers must navigate to cope with expanding security threats, proving the utility of the framework of universal securitization as a strategic tool with tangible applications.

			The alternative energy megatrend can be considered a symptom of a revolution in global strategic relations. The analysis of the megatrend demonstrates how security complexities will be significantly affected by the world system, which is in a state of disequilibrium. With the conclusion of the last hegemonic cycle after the end of the Cold War, the transition to a new cycle is in full swing. But hegemons have been unable to establish a clear-cut dominance. The previous hegemons are facing competition from new powers, the inertia of institutional rigidity, the erosion of their own economic and production base, and the rising cost of global rule enforcement.

			Competitive geopolitical struggles traditionally mark the transition from one paradigm to another; they bring about and are sometimes presaged by the emergence of global trends. Historically, such transitions from one hegemonic cycle to another have been accompanied by war. While it will inevitably play a role in reshaping the future world order, this does not imply that the current transition will also engender violence. In a post-Westphalian decentralized world order, global approaches to securitization will require a gradual transition of focus onto selected security fields and sectors, such as geopolitics, energy, defense, the environment, and the economy.

			II. The grand entrance—modern alternative energy assuming the mantle of a socio-political, techno-economic, and ideological megatrend.

			Why and how have modern alternative energy technologies and their mutually reinforcing drivers coalesced into a 21st century socio-political, techno-economic, and ideological megatrend?

			A megatrend can be defined as a confluence of processes and events that interact and generate a “general shift in thinking or approach affecting countries, industries, and organizations.”37 Trends are an integration of changes in societal relations and structure brought on by the aggregate actions of social groups, communities, and political agents. They are the result of actors converging to pressure those in positions of influence to action. Trends involve several drivers—events, actions, objects, relations, and developments—that, by way of their interaction, result in a new phenomenon.

			Alternative energy developments have coalesced into a trend exhibiting specific attributes that characterize them as a 21st century megatrend: a global scope that transcends geographical borders; demonstrated impacts on the actions of state and non-state actors, as well as on wider society; and a progression that alludes to longevity and has acquired an aura of permanence. Following a brief overview of existing technologies with their proven achievements and limitations, this chapter focuses on the converging and mutually reinforcing drivers that propel and constitute the megatrend and charts the development of alternative energy from ancient times through the Middle Ages, European Enlightenment, and Industrial Age.

			The transformation of renewables into a trend has been influenced by society’s changing understanding of energy sources since their emergence as an “alternative” to fossil fuels following World War II and during the Cold War. The processes that shaped societal perceptions and engendered the trend include globalization, fragmentation tendencies, the emergence of a multi-centric world system, and the momentum of the global technological revolution.

			The themes explored here chart the lines for analyzing the alternative energy megatrend through the evolving notion of security. In later chapters, this will serve as a benchmark for determining how to approach security in the rapidly changing 21st century global security context.

			1. The promise of alternative energy technologies: turning dreams and visions into reality?

			The renewable energy technologies at the heart of the megatrend—hydropower, wind, solar, and biomass—are already impacting energy balances; and a range of experimental technologies—tidal, wave, hydrogen, Earth’s magnetic field, and solar-from-orbit—capture the imagination as the shape of things to come. The ongoing technological revolution bolsters expectations of turning alternative energy from a dream of clean, limitless, and affordable energy into a technologically feasible, commercially viable, and environmentally friendly solution. A brief overview of the available technologies provides a glimpse into the reality behind this dream, shedding light on their proven achievements and on the issues inhibiting their wider practical uptake, as well as on their most obvious security implications.

			(1) Hydropower: the ancient renewable competitor to fossil fuels.

			Large-scale hydropower is a proven energy source with over 16% share of global electric power generation and 71% of all renewable electricity.38 Hydropower has changed the energy fortunes of some countries. In Norway, an impoverished nation a century ago, hydropower plants were built on a vast scale. Today they furnish virtually all of the country’s electricity and are largely responsible for—along with its sizeable oil production—Norway’s energy independence. Hydroelectric resources offer obvious advantages to the countries that benefit from them.

			The extent to which large-scale hydropower can help address environmental threats and mitigate climate change is controversial. Many large-scale dam projects have been criticized for altering wildlife habitats, obstructing fish migration, and affecting water quality and flow patterns. Some hydropower plants have turned out to be outright failures and environmental disasters. The Three Gorges Dam, for example, built on the Yangtze River in China drew widespread concerns around environmental and social impacts, including social tensions due to the relocation of masses of people.39

			Large-scale hydropower’s social and environmental challenges, and its potential to generate geopolitical conflict, prevent the technology from being a one-stop solution to global energy shortages. Its expansion capacity is also limited by natural restrictions, such as the availability of water resources. Additionally, developing hydroelectric resources can be prohibitively expensive.40 Despite these drawbacks, countries like Canada, China, India, Brazil, and other emerging and developing countries are still undertaking ambitious large-scale hydropower projects, many of them funded by the World Bank and other international institutions.

			Another type of hydropower project, called “run of the river,” does not require large impoundment dams, and is therefore used to minimize environmental impacts. Although “run of the river” is less harmful to the environment, the system is less efficient as it relies on river flows that fluctuate. Small-capacity hydropower41 is another option for some countries. Even though smaller plants tend to be less economically competitive than larger plants, interest in developing small hydropower remains high in China, the United States, and several countries in Southern and Eastern Europe. Developing small-capacity hydropower can involve building new structures or attaching power plants to existing dams, as is being done in the United States.

			From a traditional security standpoint, the development of hydroelectric infrastructure across large rivers that cross several countries has created geopolitical tensions.42 This is clearly evident in the strained ties between downstream Uzbekistan and the upstream countries of Tajikistan and Kyrgyzstan. Another salient example is the Three Gorges Dam in China, which threatens water access in many neighboring countries, including India, Bangladesh, Myanmar, Laos, Thailand, Cambodia, and Vietnam. Resolving such disputes is increasingly difficult as upstream countries seek to rectify their energy deficits by constructing hydropower stations and plants that downstream countries fear could deprive them of water.

			(2) Wind, solar, biofuels, geothermal: established technologies that must pass the test of modern times.

			In addition to hydropower, there are several renewable energy sources that are considered “established,” which are currently at the heart of the megatrend. Leading the list are wind, solar power, biofuels, and geothermal.

			Wind energy harnesses the power of the wind to propel the blades of wind turbines,43 a well-known procedure that possibly originated in Persia and was brought to Europe by 12th century Crusaders.44 Wind energy capacity is continuously growing and, in certain countries, growth is rapid.45 Countries with high wind energy production are therefore able to reduce their dependency on fossil fuels. In 2016, wind energy covered an estimated 10.4% of EU demand and equal or higher shares in at least 11 EU member states, as well as in Uruguay and Costa Rica.46

			Nevertheless, there are several well-documented challenges associated with wind power. These include lack of transmission infrastructure, delays in grid connection, and lack of public acceptance. Curtailment regulations and current management systems make it difficult to integrate large amounts of wind power into the renewables energy mix.47 Wind power is also subject to intermittency. It becomes unviable for consistent use when capacity reaches a certain level which, together with low power density, can limit its widespread application. In addition, skeptics of wind energy raise concerns about its repercussions on human health, including possible auditory and behavioral effects, and its possible interference with other infrastructure. However, health warnings and other hazards related to wind turbines largely remain unsubstantiated and the problems of variable output may be addressed, for example, by widespread geographical output from wind farms, such as those in the North Sea.

			Financially, wind energy is often capable of competing with traditional sources without state subsidies, and in some cases, has achieved grid parity. In 2016, onshore wind was already the most cost-effective option for new grid-based power in many markets, including Brazil, Canada, Chile, Mexico, Morocco, South Africa, Turkey, China, Europe, the United States and parts of Australia.48 Still, wind energy needs a quantum leap in technological development to overcome intermittency issues in order to truly compete with fossil fuels.

			Both wind power’s successes and drawbacks have geopolitical implications. While companies such as General Electric in the United States are developing new turbine technologies that are designed for use in low-wind areas, broader application of wind energy technologies will ultimately favor the stakeholders that have access to the geographical spaces where wind conditions are optimal. This raises two separate issues. First, wind energy will benefit only certain countries, which, like the geographic spread of fossil resources, could lead to perceptions of inequity and exploitation in the long run. Second, offshore wind energy in particular could unleash disputes over international water jurisdictions and their use, despite successful examples of cross-border transmission in Europe.

			Solar power has the highest theoretical power generation capacity of all renewables.49 It is only limited in principle by the sun’s lifetime. It has generated interest throughout history. In 1931, shortly before he died, Thomas Edison told his friends Henry Ford and Harvey Firestone: “I’d put my money on the sun and solar energy. What a source of power! I hope we don’t have to wait ’til oil and coal run out before we tackle that.”50 Despite this early enthusiasm, current solar power technologies still face a number of challenges, making it difficult to harness extensive solar output efficiently. There are two main types of solar energy: Photovoltaic (PV) and Concentrating Solar Thermal Power (CSP) technologies.51 While both remain relatively costly methods of generating power in comparison to fossil fuels and other renewables, the cost of PV equipment has dropped substantially in recent years. Solar PV module prices have declined around 80% since 2007 (from approximately US$4 per watt in 2007 to approximately US$1.8 per watt in 2015).52 In the Mediterranean and other climates with high levels of solar irradiation, PV is rapidly approaching retail grid parity, meaning that the cost of PV-generated electricity is nearly the same as power obtained from conventional fuels. The cost is expected to be further reduced as new technologies are approaching commercialization, such as perovskite cells (cells that include perovskite (crystal) structured compounds that are simple to manufacture and relatively inexpensive to produce).53 Despite PV’s popularity, CSP has a few advantages: dispatchability and generating electricity while the sun is down. Significant installed CSP capacity is found in the United States and in Spain. Israel, Morocco, and South Africa are also taking steps to apply the technology. China brought online its first CSP facility, Shouhang Dunhuang, in 2016.54 While there has been continuous improvement in the conversion efficiency of PV cells, concentrated photovoltaics (CPV)55 may hold the key in enabling rapid increases in solar energy efficiency, recently reaching 46% for solar cells. The advantage of CPV is its ability to be easily integrated into existing electric utility grids.

			With more widespread use of solar power, the political geography of electric power could directly and indirectly affect geo-economic and geopolitical dynamics between states. Solar exposure could become a valuable resource for less developed countries. Solar energy technologies are widespread and can provide geopolitical advantages to countries that have large amounts of solar irradiation. However, for countries to employ solar power as a geopolitical tool, they will need to make extensive investments. Advanced economies are more likely to achieve technological advances in solar power because they have relatively superior financing capabilities.

			Biomass energy refers to living and non-living biological materials such as plant matter, abiotic trees and branches, yard clippings, and wood chips that can be used to fuel industrial production or generate electricity.56

			Biofuels have long been touted as a feasible energy source.57 Rudolf Diesel, the inventor of the diesel engine, indicated in 1893: “The use of plant oil as fuel may seem insignificant today. But such products can in time become just as important as kerosene and these coal-tar-products of today.”58 The technology itself is mature and the fuels can be used as direct replacements for fossil fuels. While production has increased steadily overall, fluctuations in producing countries’ climates, harvest conditions, and exogenous economic factors, such as food prices and fossil fuel prices, can impede the sector’s growth. The bioenergy share in total global primary energy consumption has remained relatively steady from 2005 to 2017 at around 10.5%, despite a 21% increase in overall global energy demand over the past 10 years.59

			While many bioenergy technologies are well established and fully commercial, biomass energy suffers from numerous supply and application challenges.60 At present, it can replace only a small portion of fossil fuels. It is used in transportation by being added to petrol at no greater than 10% of the fuel mix and diesel at no greater than 20%.61 Transportation, plant construction, and high maintenance costs are also limiting factors.

			In addition, the full production cycle and use of biofuels raise questions about their environmental impact and effect on deforestation, food prices, water, and other essential resources. For example, the production of ethanol and other cereal-based fuels directly competes with, and reduces, the supply of commodities like corn. Moreover, regulatory regimes driving biofuels production in various countries more closely resemble subsidy programs rather than innovative incubators aimed at scaling the technology. The spill-over of biofuels into a number of sectors such as food, farming, and the environment are complicating policymaking, and restricting biofuels’ development as an industry.

			Biofuels can offer geopolitical and energy security advantages to states that perceive themselves as dependent on energy from hostile countries or aspiring rivals. Even though their production and export has already led to tensions, as in the case of the U.S.-Brazil bioethanol trade dispute,62 biofuels can be a direct source of energy security and add to the diversification of the energy mix. Biofuels can therefore be both a practical consideration and a policy option that can enhance geopolitical power.

			The pursuit of geothermal energy63 illustrates the considerations and challenges of modern technological development. Deep-underground geothermal energy capacity is still in the early stages of development, despite first being proven on a commercial scale more than a century ago. The construction and maintenance of a geothermal plant requires heavy capital investment and inflexible siting primarily concentrated on geological plate boundaries. Currently, the United States is a leading producer of geothermal power, though there is large growth potential in East Africa, Central America, and Asia.

			Natural conditions, such as steam, hot water, and reservoir productivity, influence the number of wells that must be drilled for a given plant capacity. Geothermal energy is more costly than fossil fuels and most other renewables because suitable locations are usually far from energy markets, which increases the cost of transmission.

			As such, geothermal energy has not yet reached a stage of technological development that enables it to compete with fossil fuels or even other renewables. Such a prospect appears unlikely in the short or medium term. Additionally, geothermal energy development can lead to possible tectonic movements, resonance amplifications, and damage to ecological systems, raising costs and externalities.

			However, extensive research and development efforts are being undertaken to make geothermal production commercially competitive. The government-funded FORGE initiative in the United States,64 for instance, focused on developing and testing technologies for Enhanced Geothermal Systems (ESG), and geothermal systems research was undertaken in the UK in regions such as Cornwall, which were until recently deemed unfeasible for development.65 In contrast to deep-underground geothermal, near-surface geothermal involving heat exchange is a widely used technology. Iceland obtains almost all its heating from near-surface geothermal systems.

			(3) Tidal, wave, hydrogen, nuclear fusion, Earth’s magnetic field, and solar-from-orbit: experimental precursors of upcoming linear advancements.

			Potential benefits from the alternative energy megatrend are expanded by the prospect for truly “alternative,” or more far-fetched, energy sources. Options that currently appear unviable, such as tidal, wave, hydrogen, Earth’s magnetic field, and solar-from-orbit, may be developed during the megatrend’s evolution and could reshape global energy security balances. For these technologies to contribute to energy security, their theoretical capabilities would need to be converted into practical applications.

			Tidal power comes from the relative motions of Earth and the Moon, and of Earth within the solar system. Tides are more predictable than wind, which suffers from intermittencies, and solar energy, which fluctuates depending on irradiation levels and weather. The earliest applications date from the Middle Ages and some sources suggest it was used as early as in the Roman era. In the words of author, inventor, and futurist Arthur C. Clarke: “How inappropriate to call this planet ‘Earth,’ when clearly it is ‘Ocean.’”66 Tidal energy can be generated in three ways: by tidal streams, barrages (low dams), and tidal lagoons.67 Power created through tidal stream generators is generally more environmentally friendly and causes less impact upon established ecosystems. Akin to a wind turbine, many tidal stream generators rotate underwater and are driven by the swiftly moving dense water.

			There is growing recognition that tidal power may be viable, and numerous projects have been designed to feed into national electricity grids, increasing their widespread utility and commercial application. Several pilot and demonstration projects around the world, including in Spain, Sweden, the United States, the Republic of Korea, and China, are under way.68 Tidal power also has disadvantages. There has been limited testing of the technology and many questions relating to its use remain unanswered. Obstacles primarily involve particularly high start-up costs and the need for energy storage technologies that match the timing of tides. Furthermore, there is uncertainty regarding the efficiency and environmental impact of tidal power’s large-scale deployment.

			Wave generation technologies capture and transport energy generated by ocean surface waves. This energy is used for electricity generation, desalination of water, and pumping water into reservoirs. Wave energy is difficult to harness because the ocean and wave directions are unpredictable. Wave energy is therefore rarely generated on a practical scale since the technology and its infrastructure are at a very early stage of development and the costs of technology are high.69 However, a number of projects are exploring building systems that are survivable and serviceable such as the large commercial wave energy facility being constructed in Sweden.70

			The advantages that tidal and wave technologies could convey to specific stakeholders are difficult to ascertain. Since they are not available to all countries and actors, these technologies could lead to confrontations over access, particularly in territories and seas in which borders are disputed.

			At first glance, hydrogen is an energy panacea with its high energy content and minimal pollution.71 This resource, however, is an anomalous renewable. It is not a primary source of energy, but rather an energy vector because it is obtained using energy from another source. There is no free hydrogen in Earth’s atmosphere or anywhere else on the planet—it needs to be extracted, usually from water or hydrocarbons. Although it is difficult to predict their long-term development, hydrogen fuel cells are deemed a promising technology. They could furnish heat and electricity for buildings and power electric motors that propel vehicles.72 Despite its potential, hydrogen remains a costly and difficult-to-implement technology. Yet, the viable application of hydrogen technology could modify current geopolitical calculations.

			Producing vast amounts of energy from nuclear fusion has been a long-held dream of physicists. The prospect of fusion emerged following World War II when physicists began to reproduce the reaction that occurs in the sun and stars. Fusion reactions normally combine two isotopes of hydrogen—deuterium and tritium. When combined under high pressure and temperature, they fuse together to become plasma. During this reaction, neutrons and energy are released. Nuclear fusion seeks to capture this energy and produce electricity through conventional methods (e.g., steam).

			Many experimental devices around the world can produce fusion for a short period of time, but these reactors require the use of far more energy than they generate. To demonstrate the viability of this form of energy production on a vast scale, several countries have undertaken the International Thermonuclear Experimental Reactor (ITER) project. The ITER partners have built an experimental fusion reactor in Cadarache in southern France. It is currently the world’s largest scientific partnership with the aim of demonstrating the scientific and technological feasibility of fusion as an energy source.73 The cost of the project is currently estimated at 20 billion euros.74

			The European Fusion Development Agreement, the agency responsible for the EU’s contribution of 45% to ITER,75 published the EU’s roadmap toward the realization of fusion energy, though it recognizes that sweeping efforts still have to be carried out in order to make fusion reactors viable.76 In addition, China is developing its own fusion device commonly known as “artificial sun,” which will be an important testing device during the development of ITER. Given that its fuel and application are inexhaustible, clean, and secure, fusion energy could play an important role in the future energy mix. However, along with technical and political challenges, it will also face competition from other, more cost-effective renewables.77 

			Power generation using Earth’s magnetic field is an experimental technology which generates electricity by using Earth’s magnetic field through electrodynamic tethers or similar devices.78 It is currently only at a theoretical stage and there are no known efforts to implement it. Its geopolitical impact is therefore difficult to predict.

			Another example of a revolutionary energy source is orbital power. Scientists are currently conducting experiments using satellites to beam solar energy down to Earth as a radio frequency. These satellites, which are equipped with photovoltaic panels, could greatly transform global security realities. In the absence of a filtering atmosphere, the PV panels have longer direct exposure to sunlight, significantly increasing their energy absorption capacity.79

			Other innovative technologies include “Atmospheric Vortex Engines” that generate electricity from the troposphere and nanotech-enabled solar panels. There are also far-fetched theories regarding Helium-3 (He3) mining on the moon. While most of these experiments may not become viable technologies, “alternatives” can nevertheless generate non-linear leaps. An outstanding example of this is the effort by American scientists at the Lawrence Berkeley National Laboratory to develop a virus-based piezoelectric generator.80

			The path toward practical deployment of these visionary technologies has yet to come into full focus. Experimental technologies like geothermal, tidal, and wave energy remain largely unviable and limited mostly to pilot projects. Options such as hydrogen cells, magnetic field generation, and solar-from-orbit need even more investment and time for their feasibility to be determined.

			These technologies of the future hold undetected potential to transform human life. The development and large-scale deployment of alternative technologies could help form new civilization paradigms, along the lines of Freeman Dyson’s civilization “Types,” with far-reaching implications for global security.81

			The primary renewables technologies currently in use are relatively insulated from competition and their development appears restricted to a linear progression. However, the drivers of the alternative energy megatrend are acting as a catalyst for significant techno-economic, and sociopolitical changes that endow them with the potential for non-linear advances.

			2. The trend’s emerging identity as a factor in the Grand Energy Game: the mutually reinforcing and converging drivers behind the trend. 

			To understand why alternative energy developments represent a modern socio-political, techno-economic, and ideological megatrend, it is important to examine the driving forces that propel them. These driving forces include the increasing global energy demand as a material force that substantiates the megatrend, as well as a number of other critical drivers: growing environmental concerns, pursuit of economic growth, modern technological advances, the impact of energy on defense, society’s changing ethical imperatives, the exploration of new paths toward empowerment, and the growing worldwide framework of associated policies and regulations.82

			These driving forces are the essence of this trend; they actually constitute the alternative energy trend itself.83 Their interactions shape the trend and their convergence makes it more than the sum of different, disparate parts. These drivers are a series of converging quantitative and qualitative transitions that accrue gradually and are often imperceptible over time. Collectively, these evolving forces find an expression in the visions, policies, and societal responses that define the trend and establish its new identity.

			This identity is particularly relevant to the alternative energy megatrend’s security trajectory. In a universally securitized world, the broad array of drivers propelling the trend act as the key focal points for its significance in terms of security. Through the securitization of these drivers, the megatrend assumes a meta-securitization with a connotation greater than the sum of its parts.84 The megatrend and its components form a gestalt, and are in a symbiotic, mutually reinforcing relationship.

			The megatrend’s meta-securitization has vast and powerful potential. When the megatrend’s drivers converge, they create the alternative energy phenomenon’s own far-reaching security impact. The contradiction of immediate and long-term considerations is particularly pertinent, as the urgent is often dictated by societal pressure on policymakers. As a result, the process by which actors evaluate and deal with threats is distorted due to internal political pressures and considerations, potentially resulting in counter-productive and deficient actions in the longer term. This meta-securitization, however, enables the analysis of the 21st century security complexities that alternative energy generates.

			(1) The insatiable demand for energy: coalescence of demand-supply calculations into a future energy vision.

			Undoubtedly, a leading driver of the alternative energy trend is increasing global energy demand. Energy security approaches, such as independence, diversification, and interdependence, focus on the search for new reliable local alternatives to fossil fuels. Alternative energy developments have become an expression of the need to find options beyond carbon-emitting fossil fuels.

			They are, more or less, the realization of futurist ambitions for uninterrupted affordable and controllable energy, a hedge against price fluctuations, manipulations, and restrictions of supply. The integration of renewables into energy security policies and strategies has been met with widespread support. Within the EU, for example, Europeans overwhelmingly support the enhanced use of renewable energies in order to reduce current energy dependency and strengthen the economy.85 In the United States, the polls show that “across the political spectrum, large majorities support expansion of solar panel and wind turbine farms.”86
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			Figure 1: Global Energy Consumption by Fuel, Billion Tons Oil Equivalent87

			 

			The current and future uptake of renewables correlates with the fluctuating demand and supply of fossil fuels, and to an extent, nuclear energy. Of concern for actors is the ability to ensure sufficient supplies to meet domestic demand, which prompts calls for energy independence, supply diversification, and energy interdependence. Energy shocks, like supply disruptions or restrictions, cause price fluctuations and supply misallocations that are regarded as a failure of the current energy paradigm.

			Naturally, when demand for fossil energy outstrips supply, states seek ways of redressing the balance and avoiding dependence on external sources. They also endeavor to expand the array of suppliers, and re-focus on the search for new resources. When there is oversupply of fossil energy, the situation is reversed. For example, many view the decrease in oil prices following the resolution of the 1973 oil crisis and 1979 OPEC oil embargo as the key factor that slowed the development of renewable energy in the 20th century.88 At the same time, the impact of these crises stressed the need for shock-resistant energy policies and less dependence on fossil fuels.

			It is perceived that a shift away from fossil-based energy to alternatives would also prevent some actors from manipulating access to energy. Support for their development can “help insulate alternative liquid fuels from OPEC market manipulation designed to cripple oil’s competitors.”89

			In that context, oil and gas dependence have cast alternative energy as the dominant means of protection from energy manipulation by hostile actors, and thereby as the preeminent local solution to global problems.

			Of particular significance is the value ascribed to renewables as an energy security solution. Doomsday scenarios, such as the prediction that energy demand could double by 2030, have in turn provoked gloomy projections of scarcity.90 These forecasts might foster a long-term commitment to alternative energy. However, doomsday scenarios have existed for some time only to be averted by new technologies, sources of energy, and approaches to energy efficiency.91 The limitations and aspirations embodied in renewable energy are a key component of the trend.

			(2) The expansion of dominant environmental concerns: the imperatives for a “new habitat” here and now.

			The alternative energy megatrend is driven by growing aspirations to protect the environment and human habitat.92 Extensive studies that point to the immediacy of man-made environmental threats are transforming alternative energy into a major instrument for mitigating threats such as climate change. President Richard Nixon’s establishment of the U.S. Environmental Protection Agency marks a major milestone on the road to greater government involvement in energy affairs.93 The global environmental summits, although their practical outcomes may be limited, are steadily promoting worldwide policies to mitigate climate change risks. Public and political pressure to halt climate change sooner persists and influences the development of policies that bolster renewable energy.

			Beyond environmental security, alternative energy is becoming a focal point of demands for a new eco-system which reconciles human existence and wellbeing with nature. Renewables are not simply expected to clean up the world we live in; their use is seen by some to presage a reconstitution of the global habitat in a new, green, and unquestionably beneficial manner. A prominent example of this mindset is the “smart cities” concept aligning economic viability, environmental sustainability, and high quality of life based on the application of new technologies and a participatory public administration model.94

			Overall, a broadening “green agenda” is accelerating support for renewable energy. Alternative energy might yield advantages beyond a cleaner environment, including improved quality of public health and efficient use of resources, thus becoming the solution of choice for proponents of sustainable development models.

			Advances in renewable energy technologies also allow states to put forward claims of political and technological leadership under the banner of a new “green economy.” Environmental considerations are blended with foreign policy and loftier goals, such as human wellbeing and civil liberties. A range of actors see alternative energy as capable of moving the world toward a greener and more prosperous stage, prompting almost clichéd comparisons to “Archimedes lever.”95

			(3) The economic growth dictum: alternative energy as a stabilizer against economic risks.

			Another critical driver of the alternative energy megatrend is the imperative for economic stability and growth. Economic security is a dominant consideration in human endeavors. It entails the pursuit of stable growth, economic diversity and independence, job creation, and resilience to volatility and economic shocks. It also includes predatory economic behavior, economic power projection and cooperation.

			Alternative energy is seen as capable of contributing to current and future economic growth as its technologies have the potential to produce gradual capacity improvements and cost reductions with beneficial implications for local, regional, and global economies. Renewables offer new options for economic diversification and can act as a springboard for the development of new industries. As public goods, renewables are relatively abundant and viewed as immune from price and supply volatility that plagues other industries and commodities. Introducing renewable energy technologies could offer new ways of creating wealth and boosting economic development.

			Alternative energy is increasingly associated with the capacity to address problems of cyclicality. For instance, renewables are expected to reduce the volatility of national output and price levels by, according to Lord Peter Truscott, “opening up markets to competition and interconnection, thereby promoting investment in power generating capacity and transmission networks, whilst at the same time allowing for greater solidarity…in the event of supply disruptions.”96

			Ultimately, the alternative energy megatrend’s projected outcomes allow economies to produce new competitive advantages, prompting policymakers to embrace the trend’s promised outcomes. This is particularly important for post-industrial developed economies, where technological transformation furnishes one of the few options beyond service-oriented growth.

			(4) The global technological revolution: a precondition and challenge.

			The new technological capabilities arising during the global technological revolution are not only drivers, but also preconditions of the alternative energy megatrend. The ongoing Fourth Industrial Revolution is bringing together physical and digital technologies to create cyber-physical systems where data collected from physical systems is used to drive intelligent action back in the physical world.97 Artificial intelligence, cognitive technologies, the Internet of Things, 3D printing, blockchain, mobile devices, and other breakthrough technologies98 are transforming manufacturing and logistics, reshaping markets, changing business models, regulations, and lifestyles.  Nevertheless, in the energy sector, it is undeniable that “Artificial intelligence has a huge potential for the drastic modernization of…the energy sector.”99

			The advances in connectivity, intelligence, and flexible automation will propel the alternative energy megatrend by providing solutions which will make generation and distribution of energy from renewable sources technically feasible and commercially viable—lowering capital expenditures and operating and maintenance costs as well as supporting sustainable grid integration of decentralized renewable power generation units. A broad array of new technologies—battery storage, micro-grids, analytics software, and intelligent substations—are expected to be integrated into the “retailized” power grid, while new home and office electric power installations may become “gateway hubs,” providing not just energy, but security and telecommunications links.100

			Technological advancements in alternative energy fit seamlessly within the technological revolution: they are subjected to systematic observation, measurement, and experimentation. As new horizons open up in the course of this revolution, alternative energy is achieving a level of acceptance that is successfully withstanding the initial disbelief and resistance that is usual “when a new invention is first propounded,” where “in the beginning every man objects, and the poor inventor runs the gauntloop of all petulant wits.”101

			The ongoing, yet relatively quiet global technological revolution is establishing the framework of knowledge, capabilities, and needs for the alternative energy megatrend. In other words, the global technological revolution is providing a foundation that supports the megatrend’s ongoing evolution. Without this knowledge base, many of the inventions necessary for the commercialization and wide-scale use of alternatives—smart grids, energy storage, new materials, and physiochemical applications—would not only be impossible, but also inconceivable.

			Further, renewables are entrenched in the positive connotations of the very “idea of progress”102 since they are viewed as one of the precursors of the next technological breakthrough. Alternative energy developments therefore acquire momentum even when they merely advance technological understanding and lack economic justification. Advances in alternative energy developments are therefore labelled as “progressive” and “beneficial,” regardless of whether they are embraced by broader society.

			Technological advancements are not limited to civilian applications; the military is both a major consumer and source of technological developments. In this regard, the exchange between military and civilian applications is increasing the pace of technological developments. Technology is a significant factor in security and is “beginning to transform the cultural and political codes of security—civil and military.”103 From this perspective, alternative energy benefits from a long line of previous advances and disciplines that have found practical applications.

			Alternative energy developments are tied to the expectation of rapid growth associated with the modern technological revolution. This understanding of technological progress has underpinned global advances over the last 700 years. The resulting improvements in human wellbeing are uncontested. Malthus,104 for example, would be disturbed by the fact that Earth’s resources are managing to support a population that exceeds seven billion. Alternative energy technologies, wrapped up in this expectation of rapid change, are thus seen as reshaping society.105 The pursuit of new renewable energy technologies can have outcomes with widespread repercussions not limited just to the energy sector. Renewable technologies are thus supported by expectations of technological leaps and non-linear advances.

			The techno-scientific essence of the alternative energy megatrend has added to its socio-political momentum, seemingly providing the missing piece in its make-up. The technological advances of the 21st century appear to be answering Auguste Comte’s contention that “now that the human mind has founded celestial physics, terrestrial physics (mechanical and chemical), and organic physics (vegetable and animal), it only remains to complete the system of observational sciences by the foundation of social physics.”106 Adding alternative energy developments to advances in biotechnology, nanotechnology, materials technology, and information technology bolsters the ability of technology to act as a catalyst for social change.107

			As a factor that affects political and economic outcomes, technology goes beyond the ability to create goods, move objects and people across distances, or provide cures for diseases. It spurs a broader dissemination of knowledge that in turn generates new visions and ideas of what can be achieved, creating new hopes, aspirations, and promises.

			(5) The quest for new military capabilities: reshaping strategic and tactical approaches and practices in line with the emerging security context.

			Another significant driver is the integration of renewables into the 21st century defense sector. This integration is happening against the backdrop of the new Great Power Competition and the Fourth Industrial Revolution. Indeed, “Artificial intelligence, quantum computing, autonomy [] are the technologies that are going to define how our societies are structured, how our militaries are structured.”108

			The defense sector’s continuous search for new energy solutions entails the pursuit of operational advantages, cost savings, and efficiency improvements. It is motivated by strategic considerations, the need to free resources, and the need to alleviate the burden of protecting fossil fuel infrastructure and supply lines in operational theatres.

			New geopolitical changes and technological solutions are prompting a transformation in the defense sector. New technological capabilities are becoming integrated into existing military concepts and planning, in turn leading to a transition to a new level of military organization, strategy, and tactics. The alternative energy megatrend reflects and influences the parameters of inter-state competition and protection of vital national interests, reshaping defense approaches and practices.

			The U.S. and other defense establishments are investigating the future benefits of alternative energy. The unforeseen military capabilities that alternative energy might deliver could be far greater than a mere replacement of fossil fuels, and could offer the means to attain a new defense paradigm. Modern military roles and missions that face asymmetric violence, unpredictability, frozen conflicts, and failed states109 are further contributing to the imperative to integrate renewables development into the global security architecture.

			Beyond direct defense benefits, the defense community is expected to serve as a source of technological advances, adding momentum to the spread of renewables. In the early 20th century, the combination of the internal combustion engine and the machine gun resulted in the invention of armored vehicles and aircraft that revolutionized warfare. In the same manner, alternative energy’s role in defense-led advances can grow considerably and generate mass-market applications that could propel alternatives to new heights. Yet just as the military application of aircraft technologies took some time to materialize at the start of World War I, so too will the application of renewables in military operations.

			(6) The new empowerment for the new times: state, community, and individual aspirations.

			Renewables promise new powers for individuals, communities, states, and non-governmental entities as they seek to resolve pressing challenges. They point to the possibility of independence from the outside world, and the infrastructure and environment that surround us. For state and non-state actors, renewable energy grants the ability to transform balances and provide new abilities to promote their cause.

			The trend promises state actors new levels of energy independence, geopolitical positioning, power-projection capabilities, insurance against volatility and shocks, and, more broadly, opportunities for assuming new stances in their strategies and policies. As “the political aspirations and projects of geopolitical agents are won and lost within a structure of geographic scales,”110 alternative energy can help states leverage power, endowing them with greater capabilities.

			Alternative energy developments can also play a role in empowering civil society in the global policymaking process. Renewables enable society to challenge states and influence domestic and foreign agendas. Momentum is even growing behind alternative energy as a symbol of collective empowerment with a capacity to overcome obstacles and achieve social change in many areas of global concern. This has led to an alignment of the technological community and environmental movements, such as Greenpeace and Friends of the Earth, behind the development of renewables. This is an unprecedented feat given the actors’ sometimes mutually exclusive positions on biotech and other technological developments.

			The megatrend also empowers communities to be independent and develop sustainably in line with a new “green agenda.” There are concerns about the fate of global common resources prompting groups and communities to seek ways of contributing to environmental safety and security. Renewables are an easy “do-it-yourself” option for being more environmentally conscious at home and work, making previously contentious policies more acceptable. For instance, solar panels can easily be installed on residential and commercial buildings, enabling consumers to control their energy source and potentially receive a financial benefit from the surplus delivered back to the central utility grid.

			The megatrend is propelled by individuals’ quest for new, “natural” ways of achieving prosperity, self-reliance, and self-governance. As science and technological development becomes increasingly participatory, it becomes an effective tool for individual influence on politics and policymaking. Renewables have particularly empowered individuals to participate in policy debates in the areas of environmental security and health, economic security, and, increasingly, energy security. Although still limited, the broadening of constituencies that participate in the scientific development process has resulted in their accrual of power and influence.

			In effect, the rise of the alternative energy megatrend reflects a developing ecosphere of socio-material factors111 that are forming specific new societal structures and power relations among actors, institutions, and individuals. This 21st century ecosphere is subjected to strategic manipulations. In the process of these manipulations, modern phenomena, such as the alternative energy megatrend, are engendered and transformed to serve new purposes. These transformations demonstrate the emerging ability of actors to influence greater society, reversing the historical top-down process of policymaking in exchange for a society shaped by grassroots efforts.

			(7) The ethical imperative: the moral impetus driving the trend as a “morally superior” form of energy.

			Beside pragmatic calculations, the alternative energy megatrend is provided with added momentum by increasingly powerful moral imperatives in society. Alternative energy embodies an inherent “goodness” and “moral superiority” by establishing a harmonious relationship between humanity and nature. As such, history has witnessed an evolution in ethics associated with energy production and consumption—a moral position that is affecting behavior and social order.

			Renewables are caught in an almost Manichean vision of good and evil112 that interpolates the distinct divisions of this age-old contest into societal interpretations of the megatrend. For many segments of society, renewables embody a force for good, in the unwavering morality of “ultimate good” and “ultimate evil” rooted in Judeo-Christian principles.

			Alternative energy presents itself as “intrinsically good;” a path to a good life and good society. Advocates of renewables argue that “renewables [are] cheaper, safer, and an altogether more sensible energy choice….”113 based on an ethical response to climate change and sustainability challenges. The trend is thus positioned by members of society, the mass media, and even by some states as morally superior to other sources of energy.

			The moral superiority ascribed to alternative energy permits and sometimes prompts new policy choices. This phenomena is best ontologically captured in the following: “though man (or the state) is initially motivated into action through the dynamism of interests (both material and ideal), it is his mental construct or ‘image’ of the external world which determines the nature or direction of this movement.”114 In this binary framework, those that deny the imminence of climate change and other environmental threats are included in the “evil” camp.

			However, viewed more closely, the moral values attached to alternative energy developments have inherent inconsistencies. This is especially true regarding the costs associated with the deployment of new technologies. Because “energy is considered a commodity which is indispensably necessary for the support of life,” one of the largest ethical issues is the impact alternative energy initiatives have on the poor.115 Given current market realities, adoption of renewables is highly dependent on the financial resources that can be spared—once again making prosperity the realm of the rich, and unobtainable by the poor. This reflects a gap in the alternative energy trend between an optimal system and what is ideal for humans, “a bridge of excuses between the system and the individual, [which] spans the abyss between the aims of the system and the aims of life.”116

			In addition, renewables have unaddressed vulnerabilities and practical problems. For example, the rapid development of biofuels presents its own ethical conundrums. Increasing the proportion of biofuels in the energy mix has resulted in deforestation and rising food prices as crops envisioned for food consumption have been diverted to biofuel production. Solar and wind farms present ethical issues related to land use.

			Alternative energy technologies form a reality that may not be fully tangible in the same space and time as the observer, but regardless are influential and actionable to such a degree that “the framework of former ethics can no longer contain them.”117 In a sense, as society increasingly ascribes ethical values to the political and economic sphere, the alternative energy technologies offer policy options that fall firmly in the moral high ground, or the “right side of history.”

			(8) The policies and regulations: integrating the drivers into a trend and transforming them into a phenomenon vastly surpassing its own drivers.

			The crucial set of factors that not only propels the megatrend but also integrates all of its drivers is the coalescing domestic and international regulatory frameworks. To sufficiently promote the megatrend, these frameworks need to reflect three unavoidable 21st century realities. First, humanity is dependent on energy. Second, we are in the midst of the Fourth Industrial Revolution which will transform the way humanity interacts with energy. Third, these exponential technologies will disrupt individuals, businesses, governments, and societies in ways we can barely imagine today.

			Policymakers are often driven by discreet near-term imperatives such as the pollution imperative, the technology competition/profit imperative, and the climate change imperative. That leaves an important question: are national and global governance bodies able to create the holistic forward-thinking policies to manage the technological disruption that will characterize the energy landscape of the future? This encompasses the minutiae of creating new regulatory paradigms, managing the positive and negative impacts on labor markets, upgrading infrastructure, and broader challenges such as effectively managing the vast geopolitical and security implications.

			Proactive government policies to clarify an emerging technology’s regulatory environment can facilitate a new advancement’s development or implementation as well as identify and persistently remove the roadblocks in front of human creativity and entrepreneurship. Energy policies dedicated specifically to renewables remain relatively rare, with the majority primarily focused on fossil fuels. However, removal of fossil fuel subsidies, for example, may not be prompted by, but will inevitably affect, renewables. Such policies are often a compilation of unrelated measures, and sometimes pursue contrary goals. Nonetheless, this indirect framework is a backdrop and unifier for the drivers explored above.

			National laws and regulations directly spur alternative energy developments. Some policies directly incentivize renewables, while others offset competitive advantages of other forms of energy.118 The alternative energy megatrend is thus path-dependent and institutionally situated by the processes of decision-making and policy implementation. Although policies guide development, they can sometimes backfire.119 There is a growing call to harmonize domestic policies under international frameworks to hasten the alternative energy trend.

			As Henry Kissinger and George Shultz argued, “[c]limate change and energy equally demand a cooperative global approach. We must not be diverted from these tasks by an avoidable policy of confrontation.”120 The emerging regulatory infrastructure can be seen in international institutions, practices, and organizations that have gradually established themselves as important producers of “soft law,” or so-called secondary international law regimes, which are non-binding and focus on recommendations, guidelines, and standards.121 Adopted in 2015, the UN’s Global Sustainable Development Goals are a step towards synchronization of various states policies into an overarching international framework.122 International trade in renewable energy is currently governed by existing international law and the rules of the World Trade Organization.123 However, aligning domestic policies and international frameworks remains a challenging task since states are intrinsically linked to the particular socio-cultural context from which they emerged.

			The convergence of alternative energy-related commitments, initiatives, and regulations into a global regulatory framework could result in a set of fiscal mechanisms, augmented by restrictive measures on the energy industry. Such regulatory policies, as Richard Haass has posited, “…will be the principal means of discouraging demand and encouraging the development of alternative energy sources and technologies.”124 They carry an implicit intent to create a market niche for renewables through cap-and-trade and carbon offset measures, as well as by providing greater access to renewables financing.125

			In sum, the alternative energy megatrend is represented by, and goes beyond, its converging and mutually reinforcing drivers. In their interaction, they are not stand-alone events or phenomena, but are bundled together by ideas, notions, and visions that result in pragmatic and moral choices. These drivers are reinforced and channeled by a framework of local, regional, and international regulations. When combined, the drivers form the identity of the alternative energy megatrend.

			(9) The ever-continuing social construction of the megatrend: impact, invention, and reinvention.

			The alternative energy megatrend is a typical socially constructed phenomenon.126 It is a consequence of the convergence of knowledge and actions by society, which in isolation could not instigate the creation of such a phenomenon, but together provide it with ongoing momentum and tangible presence. This does not preclude the megatrend’s ability to exert influence on society, as “any stable pattern of rules, institutions and unintended consequences gives society a structure, recognizable as such to any observer.”127

			Human environments are shaped by human interaction, not just with nature but within and between individuals, social groups, and communities. The interaction between elements of society is a two-way process. In the same way that social relations construct people as individuals, individuals acting in concert modify the world in which they live. In this context, there is no distinction between natural and socially constructed objects—the reality within which we operate is the same product of form given to it.

			In the words of Aristotle, “having form, the things of the world produce other things by giving form to them.”128 This interaction is characterized by individual choices being made in pursuit of a specific goal, and the effect that these choices have, whether intended or unintended. Alternative energy developments are no exception—they are formed by the interaction between individuals and the environment. They reveal societal priorities, which materialize into future organizational approaches and social institutions.

			The perception of the alternative energy megatrend is determined by both systemic and intrinsic factors. Systemic factors include overall technological development, along with infrastructure compatibility and flexibility. Intrinsic factors include the readiness to be deployed, cost, and resource sufficiency. These factors are all formed by an interactive process between society and the technology itself.

			The attitudes and ideas behind the alternative energy megatrend reflect efforts to address and securitize threats to human wellbeing and standards of living. These ideas affect relations within and between communities and change the direction of human efforts—from neighborhood movements to political parties, and from specific personal choices to actions by states or groups of states.129 The alternative energy megatrend is also underwriting renewed approaches toward global governance.

			The alternative energy megatrend’s overt and subtle impacts can be equated with a societal Rorschach test—a reaffirmation of diverse self-interests and a litmus test for specific actions. The megatrend is judged on a cost-benefit basis that determines its acceptance or negation by different audiences with different foci—environmental, economic, energy, defense, and political. Within the reality and promise of renewables, individuals, state and non-state actors identify their own needs, see what they want to see, and associate with the aspects of the megatrend that are closest to their visions and ideas.

			III. A very brief history of alternative energy’s future—contemporary constructions charting alternative energy’s progress.

			What are now commonly referred to as alternative sources of energy have, in fact, been primary energy sources throughout the history of human civilization. Historical examples of alternative energy reveal prior transformations in societal customs, practices, and knowledge and provide insight into possible influences on the megatrend’s future trajectory.

			While knowing the past is not always a guarantee that its lessons are learned, history provides a view of the patterns of human behavior that are likely to dictate future actions. One of the most important and instructive lessons is the way humanity tends to discover and invent its own past.

			1. The historicity: how the modern construction of alternative energy, its past and future have been shaped.

			The first observation is that renewable energy sources are nothing new, though they have only recently, in historical terms, been recast as an “alternative” to fossil fuels. In fact, there was no record of a purposeful human endeavor to develop alternatives to fossil-based energy until the middle of the 20th century, when societies actively started pursuing alternative energy as part of a general energy mix that would enable them to sustain their rapidly industrializing economies without excessive dependency on fossil fuels. Recent alternative energy developments are viewed in light of their application as a complement, or antidote, to fossil fuels.

			The history of renewable energy is “reconstructed” in that it is comprised of selective legends, facts, and conjecture that paint an optimistic picture of humanity’s ability to overcome nature’s challenges, in which it both masters and lives in harmony with the environment. It spans heroic deeds and scientific discoveries—from the myth of Prometheus’ fire to the use of hydropower in Greece over 2,000 years ago, and from Socrates’ advocacy of passive solar design to the development and use of the solar furnace by French chemist Antoine Lavoisier in 1774.

			The past examples of alternative energy use demonstrate at least that, while game-changing inventions with far-reaching applications are few and far between, once such technologies become available, they enter daily use and become customary. Throughout history the introduction of a few inventive renewable energy technologies has had far-reaching applications. This selective history creates a modern perception of alternative energy and inspires its conception as a new “Golden Age” in energy use where nature is not only harnessed but a new pattern of co-existence between humanity and its habitat is achieved. Starting from a world lit by fire, alternative energy’s ancient roots stake their claim to serve humanity well in times to come.

			This reconstruction of alternative energy, defined as the selective extraction of experiments, applications, and achievements, has created a unique historicity. This historicity has been constructed with the hindsight of contemporary understanding, whereby historical occurrences and achievements provide a key understanding of alternative energy’s contemporary presence and the means to define the future of the megatrend.130 Such a reconstruction endows renewables’ modern evolution with a significance that is more than the sum of its historical parts. In other words, despite being nothing new, when understood from the perspective provided by this reconstructed past, alternative energy assumes a grander scope and significance.

			The emergence of the alternative energy megatrend does not stem from a single breakthrough or discovery, but from precisely this changing perspective about the significance of energy for the security and future development of humanity. The megatrend’s history encapsulates modern concerns about resource depletion and environmental degradation, positioning renewables as a tangible and practical complement to the energy mix, a viable, large-scale option beyond fossil fuels, and a valid path toward future human development. In essence, the modern understanding of alternative energy’s past informs its future.

			2. The “Golden Age” redux: envisaging alternative energy’s “glorious past” from antiquity to the Age of Enlightenment.

			Modern societal visions about the development of alternative energy have spurred a desire to trace renewables to the deep roots of human civilization. Moreover, these snippets of historical fact, conjecture, and reinterpretation are recast as a reflection of a seeming longing by humanity to return to a “Golden Age” where the interaction between humans and nature did not hold the connotations of exploitation and despoliation with which modern resource use is often associated.

			These examples from the Classical era, the Middle Ages, and through the Age of Enlightenment can in no way be construed to prove that modern renewables have a long and established history. Rather, these examples are drawn up as a means of associating today’s alternative energy technologies and their use with a potential return to a glorious past without giving up the technological advantages incurred in the interim.

			The modern sense of the historical longevity and widespread utility of renewables across sectors in society underpins today’s confidence in their future application. The use of renewables dates all the way back to antiquity. Hydropower, solar, wind, and biofuel technologies represented the dominant source of energy in ancient Persia, Greece, and Rome. These resources were used by empires as far flung as China, the Mayans, and the Aztecs.

			In the 6th century BC, Cyrus the Great of Persia had an ingenious system of underground aqueducts designed to bring run-off water from the snow melts into the heart of Persia for irrigation, enabling the creation of the legendary Persian Gardens. Archaeological evidence suggests that windmills were used to irrigate these same gardens in the 7th century AD.131 Indeed, water was used as a source of energy as early as 200 BC in order to power food production and manufacturing.

			Harnessing the sun’s power also dates back to antiquity: the Chinese, Greeks, and Romans experimented with curved mirrors to concentrate the sun’s rays. There are fascinating—though still insufficiently proven—instances of their attempted military use by Archimedes in the Siege of Syracuse.132 The ancient Greek and Roman civilizations also employed passive solar design in their homes, using glass to trap solar heat.133

			These snapshots of the past demonstrate renewables’ ability to serve humanity effectively on a long-term basis, by fulfilling a range of purposes including economic and military roles. Renewables were widely accepted as complements for human and animal labor and shaped the human imperative to master nature in pursuit of independence from the elements and the environment. Modern alternative energy sources are endowed with an aura akin to this ancient pursuit of new forms of independence and paths to advancement.

			The use of renewables throughout the Middle Ages provides a sense of empowerment arising from the application of technology. The precursors of today’s alternative energy megatrend augmented humanity’s power to change its environment from the upheavals surrounding the turn of the first millennium. The use of renewables freed populations to pursue new activities and removed constraints that had locked people into a daily life of drudgery.

			Water and wind power were applied toward a wide range of economic activities, including the use of waterwheels in mills to crush grain, weave cloth, tan leather, smelt iron, and saw wood. Ingenious uses of wind and the continued refinement of sails allowed a succession of European countries to dominate sea-lanes worldwide, opening global trade routes. Renewables’ broadening utilization through the Middle Ages informs today’s perception of their reliability and transformative potential. In the medieval era, alternative energy proved its capacity to reshape societies by engendering new ways of powering human activity.

			During the Age of Enlightenment, renewable energy joined forces with the scientific revolution, which, equipped with rationality and reason, transformed the societal landscape.134 The Enlightenment conferred scientific advances which demonstrated science’s emerging role in improving humanity. With the Enlightenment’s intense pursuit of knowledge, exploitation of energy firmly began to incorporate scientific precision while also encompassing technological and economic paradigms. In fact, the scientific method, a chief accomplishment of the era, reshaped humanity’s ontological orientation toward the natural environment, empowering civilizations to pursue new achievements.

			Europe’s advancements were particularly significant. As the epicenter of the Enlightenment, Europe had an advantage in the use of energy for power projection. This power directly impacted the formation of the modern global world order.135 Modern imagery of alternative energy as an empowering enabler and solution to societal ills stems from this era, and the technological progress made in the field illustrates the transformational potential of alternative energy today.

			However, before it started using fossil fuels, humanity had confronted the same problems that mankind faces today in applying alternatives: systemic limitations in flexibility, mobility, location, and infrastructure. How the alternative energy megatrend evolves, and whether it will prove long lasting, will be determined by how renewables integrate themselves in humanity’s energy-intensive culture.

			3. The re-conceptualization: the juxtaposition with fossil fuels enabling the envisioning of practical alternative energy applications from the Industrial Revolution to the latter half of the 20th century.

			Renewables became a true alternative source of energy only after fossil fuels became the dominant energy source for humanity. The re-conceptualization of renewable energy developments as a distinct trend took place after the Industrial Revolution and intensified over the course of the early 20th century, with their perceived significance increasing after the end of World War II.136 In the course of this re-conceptualization, renewable sources of energy gradually emerged as a technological development balanced against fossil fuels—coal, and subsequently oil and gas. Renewables acquired the aura of a novel development only after they could be put in juxtaposition with, and become alternatives to, fossil-based energy. Thus, alternative energy could only emerge when it became an option comparable with a proven source of energy.

			The capacity for alternative energy to meet the expanding consumption needs of intensifying industrial and economic activity became evident during the Industrial Age. Developments in water and wind power during the early phases of industrialization inspired experimentation. They were fostered by deep-rooted innovative traditions that were at the heart of the Industrial Revolution and stemmed from new developments in physics, chemistry, and engineering. Renewables were a major source of energy throughout most of the Industrial Revolution and remained part of the energy mix even after coal became the preferred source of energy. For example, by the late 1830s, alcohol blends had replaced increasingly expensive whale oil as a source of light and heat,137 as well as other forms of fuel.138 The first hydrogen fuel cell was developed to generate electricity in 1838.139 In 1892, the world’s first geothermal district heating system was built in Boise, Idaho.140 Even before the use of oil became widespread, scientists like Augustin Mouchot were seeking ways to harness solar power to generate heat.
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			Figure 2: Engraving of Mouchot’s Solar Power Collector at the Universal Exposition in Paris in 1878141

			 

			Nonetheless, the advent of coal, oil, and gas as the main energy sources during the Industrial era dislodged solar, wind, water, and biomass and consigned them to the category of “alternatives.” But the emergence of fossil fuels as the dominant form of energy did not mean that renewables were entirely discarded. Renewable energy use reflected an ongoing desire to achieve political solutions that were sometimes emotionally driven, a goal that often ran counter to the reality of concurrent financial commitments and cost factors that were disproportionate to short- or medium-term benefits. In a way, renewable energy assumed the role of a technical means for achieving social ends.

			The history of alternative energy in the Industrial era offers insight into the evolution of Post-Industrial culture. The era of industrialization, with the advent of economies of scale, marked a transition in economic approaches that spread from Europe to the rest of the world and encouraged new practical applications and means of energy use.

			During the re-conceptualization process, renewables became more than novel experiments and expressions of humanity’s pursuit of new knowledge. In the 20th century, they represented an intentional endeavor to develop new methods for harvesting energy and challenging the dominance of coal, oil, and gas. In this process, renewables were associated with new capabilities in the eyes of both policymakers and society, expanding humanity’s energy options to include sunlight or wind. Renewable energy was repositioned as a viable and practical solution to energy needs, and as a development path that does not rely on depleting fossil fuels. This re-conceptualization can be notionally divided into two distinct periods: pre- and post-World War II.

			Despite fossil fuels’ dominance of the energy mix before World War II, interest in renewables persisted. The first electric cars were developed in the 1880s and Henry Ford’s Model T was initially designed to run on a mix of ethanol and gasoline.142 In one of the first examples of biofuel use, “at the Paris exposition of 1900, a Diesel engine, built by the French Otto Company, ran wholly on peanut oil.”143 By 1938, one alcohol plant in the U.S. state of Kansas was producing 18 million gallons of ethanol as fuel for transportation, following President Theodore Roosevelt’s lifting of the spirit tax in 1906.144 The first geothermal power plant was built in California in 1922.145

			New applications and, more importantly, new directions of thinking about energy use increased the prospects of powering human development beyond fossil fuels. The increasingly evident transformative potential of alternative energy thus offered a modern version of the age-old vision that nature is both perfectible and exploitable.

			Post-World War II energy alternatives to fossil fuels became increasingly subjected to policy considerations as they became practical energy solutions for fueling development. The forces that prompted a greater focus on renewables included the growing need of industrialized economies to expand their energy options, the intensification of the defense sector’s energy needs, the emergence of new technological requirements and intensity of technology use, and a rise in the price of fossil-based energy sources.

			The introduction of nuclear energy as a by-product of military advances after World War II provided a vivid demonstration of the breakthrough impact of technological developments in the energy field. The war also gave rise to a range of new practical applications. For example, in 1958 the United States powered one of its satellites with solar energy for the first time.146 During the Carter administration, even the White House installed solar panels.147 These technological achievements prompted their gradual acceptance by society and policymakers alike as a viable unified energy option. This acceptance was a testament to the human capacity to believe and to adapt, which throughout history has created seeds that eventually become reality.

			In the latter half of the 20th century, despite the lack of a strong commercialization potential, interest in alternative energy technologies increased due to global energy supply concerns after the oil shocks of the ’70s. Endeavors to reduce U.S. and European hydrocarbon reliance featured renewables. By 1973, Dr. Henry Kissinger called for “a massive effort to provide producers with an incentive to increase their supply, to encourage consumers to use existing supplies more rationally, and to develop alternative energy sources.”148 The 1970s oil crisis could have provided the momentum to foster the development of the alternative energy sector, but as the price of oil diminished in subsequent years, fossil fuels became affordable again and the pressure on policymakers to find alternatives dissipated.

			Technology’s rising prominence also has influenced policy decisions, reflecting the notion advanced by Jacques Ellul that “the conjunction of state and [technology] is not a neutral fact.”149 In this view, investing in new alternative energy technologies becomes an issue of political will rather than of scientific ability.150 While the practicality of renewables as a dominant fuel has fluctuated in the public’s mind, ebbing and flowing according to the supply and demand of fossil fuels, the image of a society empowered by renewable sources of energy has meant that renewables have not lost their public appeal.

			4. The transformation: the post-Cold War paradigm shift in the context of globalization and the global technological revolution.

			Renewables were rebranded as an alternative to fossil fuels during the 20th century. Society perceived renewable energy developments through the lens of modern socio-material environments,151 and they increasingly became associated with an ideal future. In effect, the re-conceptualization was not so much tangible, but rather a transformation of how renewables were perceived and accepted by society.

			The post-Cold War paradigm shift played a critical role in the transformation of renewables, which changed numerous conditions related to global politics, social order, and the political economy.152 This paradigm shift grew global demand for energy, freed a wide range of resources that were previously relegated to the bipolar standoff of the Cold War, and introduced new actors capable of exerting their influence in pursuit of new forms of power. Moreover, it enabled the emergence of new societal attitudes and changed political, economic, and cultural practices.

			The post-Cold War paradigm shift created a critical mass that altered societal understanding and visions of how humanity should interact with nature and use energy. It was the outcome of a prolonged and sustained accumulation of diverse aspirations, approaches, and methods—“a process of generating and exploiting knowledge so deeply engraved into our society that all its citizens are profoundly affected.”153 This unique confluence of factors created a situation similar to what Ludwig von Mises described on the eve of the Age of Enlightenment, where “only in the climate of huge capital accumulation could experimentalization develop from a pastime of geniuses like Archimedes and Leonardo da Vinci into a well-organized systematic pursuit of knowledge.”154 The new and rapidly increasing demands, mounting techno-scientific knowledge, and novel forms of socio-political interactions and power manifestations further focused attention on alternative energy developments.

			The post-Cold War paradigm shift also freed military and economic resources, making them available for investment and consumption elsewhere. Significantly, the growing global demand for energy could no longer be addressed through the prism of Cold War polarity. It now became a primary concern for a growing number of state and non-state actors alike, as well as for global civil society. The post-Cold War era move from a bipolar to unipolar to multi-centric world introduced unprecedented societal demands for energy, giving rise to the conditions that form the megatrend. The massive demographic shift and migration that occurred at the end of the 20th and beginning of the 21st century also contributed to the rise of global energy demand and to new patterns of energy supply and utilization.155

			In the post-Cold War era, globalization played an extraordinary role in defining the conditions of the new international system. Globalization modified alternative energy’s propagation by impacting human populations and their environment, and triggering resource-related demographic, ecological, and technological changes.156 Globalization is also viewed critically as a predominantly Western “model of development.”157

			Globalization ensured that the demands prompting the need for an alternative energy transformation were disseminated across the world. It provided the channels through which the megatrend spread and reinforced the acceptance of renewables.158

			As globalization makes the world smaller, and its processes “speed up the flow of history,”159 it forces changes in policies and traditional power structures. It has endowed the alternative energy megatrend with a new meta-geography, or “spatial structures through which people order their knowledge of the world.”160 The compression of geopolitical space combined with the hastening of geopolitical time has increased interdependence among state and non-state actors.161 It has ensured that localized political events engender worldwide concern, and that territorial boundaries are no longer a barrier to political influence. It has also led to new rules, practices, and institutions through which power is projected and received, transforming the policies, strategies, and stances that imbue alternative energy developments with a redefined identity.

			The ongoing global technological revolution162 allows renewables to achieve new levels of acceptability and viability. Today, technology is increasingly instrumental in the formation and shaping of human values,163 thus furnishing another important set of conditions for the transformation of alternative energy developments into a modern trend.

			The evolution of the alternative energy megatrend has also been impacted by the rise of new actors of consequence on the global scene that have exerted new forms of power. This “geopolitical transition”164 created new economic powerhouses and political power centers that interacted according to shifting patterns of organizations, international relations, policies, and regulations, along with new ideological constructs, intellectual assumptions, modes of rationale, and logic.165

			The end of the Cold War saw the rise of hegemonic U.S. power in global affairs. Now, other nations such as China influence global relations. Although the United States remains dominant in military and economic affairs, it no longer exerts absolute dominance, in part because the logistical costs outweigh its benefits. Meanwhile, an increasing number of actors are on the threshold of acquiring and projecting greater geopolitical power. In this context, alternative energy, as a local solution to global problems, takes on an increased level of importance for actors wishing to enhance their power endowments. Moreover, the growing number of power centers that affect cross-border agendas has coalesced into a network that propagates and accelerates the alternative energy trend, channeling and directing the intent, strategies, and actions of actors that influence its evolution. The emergence of the alternative energy megatrend can be considered the result of a series of profound changes in global affairs from the Cold War to Post-Cold War eras in which new rules and opportunities to wield influence emerged.

			5. Achieving the impossible: The impact of the Fourth Industrial Revolution and Artificial Intelligence on the alternative energy megatrend.

			The Fourth Industrial Revolution is characterized by an unprecedented rate of technological change. This exponential change impacts our physical and digital worlds and creates fundamental shifts in the industrial paradigm. It encompasses ultra-automatized production, and the growing role of robotics and artificial intelligence in economics, business, politics, management and private life. What we now call “AI” is going to be the central driver of future changes.

			Massive machine-type communications will aid in the development of the “Internet of Things,” the network of interconnected devices embedded in everyday objects that share data, as well as smart devices, sensors and industrial equipment that use mobile networks. 5G mobile communications will hold together many of the technological innovations that will define the world in the decade to come. It will provide services across all key disruptive technologies, including alternative energy technologies. The ability to develop, control and access 5G technologies could play a critical role in the Great Power Competition.

			Unlocking the full potential of today’s alternative energy technologies largely rests on energy storage solutions and advancement in the digital grid.166 An energy storage revolution will have tremendous implications across the electricity value chain because energy storage can replace peaking plants, alter future transmission and distribution investments, restructure power markets and help digitize the electricity ecosystem. 

			The Fourth Industrial Revolution is also transforming the digital grid architecture. Technological advances in the energy grid such as visibility at the grid edge; integration of sensors and data analytics for distributed generation; smart contracts for energy management; flexible demand; and intelligent control systems will propel the alternative energy megatrend. 

			The changes engendered by the Fourth Industrial Revolution are propelling the possibilities of alternative energy. Bold ideas and technologies that even a decade ago were the realm of science fiction are now a reality. The synergies between the Fourth Industrial Revolution and alternative energy require that societies reimagine the relationships between the land, energy, infrastructure, technologies and global-local economies. Exponential solutions in the field of alternative energy are already altering humanities’ relationship with energy.167

			The momentum of the Fourth Industrial Revolution facilitates the megatrend’s ability to generate intersecting vulnerabilities and cascading consequences. Furthermore, the forces unleashed by the Fourth Industrial Revolution and its unaddressed impacts on inequality, energy security, economic security, and defense reinforces the need to find a way to govern the new technological world order. The question of how it will be governed and how the Grand Energy Game will unfold remain elusive and current political trends towards nationalism, protectionism, and zero-sum relations does not bode well for its impacts on global security. As Lionel Barber aptly put it when asked if we now understand this new world that we are dealing with, “we haven’t even begun to see what machine learning and artificial intelligence is going to do…[there is] more disruption to come…[however]…the human mind cannot be replicated.”168

			6. The delayed arrival of the future: assuring the marvelous prospects of alternative energy.

			There is a relative impatience with the alternative energy phenomenon. This has been prompted by expectations of greater technological advancements, which have already been demonstrated by renewables. This urgency will not go away, as the heightened societal anticipation of technological advances today is creating a persistent sense that alternative energy developments have lagged behind their rightful position.169

			At the height of the Industrial Revolution, technological progress and thirst for innovation inspired imagination and vision of the likes of Jules Verne. Similarly, alternative energy’s potential has captured modern-day public imagination. That said, counter to Alvin Toffler’s view of technological advancements as a development that exceeds societal expectations, the alternative energy megatrend does not represent a “premature arrival of the future.”170 Rather, the anticipation of the delayed arrival of alternative energy’s future is actually making this future more assured by fostering the achievement of a certain level of “preparedness” for the upcoming progress. This is exemplified by the vision of Arthur Clarke’s 2001: A Space Odyssey, and many other futuristic and science fiction ideas.

			The intensity and urgency that underpin support for renewables reinforce this impatience with the seeming postponement of the promised energy future, creating societal pressure that suggests, and sometimes dictates, the actions of policymakers. Reminiscent of the literary rendering of the intensity of popular support for Galileo’s confrontation with the medieval church in the 17th century,171 a number of external and intrinsic societal factors and global socio-political changes have propelled and shaped renewable energy developments, or, rather, their expected impacts.

			Modern audiences and constituencies are no longer passive spectators; they participate and interact, assuming the role of active agents in the creation of the reality projected by the megatrend. Idealized visions of alternative energy are factored into expectations before the technologies have even been invented, let alone applied. The post-WWII generations in the West are perhaps the ones most surprised, or even disappointed, with the current state of technological affairs—there are no Back to the Future Part II-style fusion-powered flying cars, or The Jetsons-esque personal jet-packs and robot maids.

			To conclude, specific 21st century circumstances and conditions have transformed the contemporary perspective of alternative energy, creating the foundations of a modern megatrend. It represents a conceptual rebirth, akin to Ovid’s Metamorphoses, stories of bodies changed into new forms.172 This phenomenon has been enabled by a reconstruction of its history and a set of modern conditions that provided for its critical mass. The transformation of this critical mass has been catalyzed by globalization, the emergence of the multi-centric world system, and the ongoing global technological revolution. It is this linkage to real-world affairs that prompts the megatrend’s claim to longevity.

			The alternative energy megatrend is driven by events and processes that inform and underpin everyday life and are often socially constructed, giving rise to the consensus theory of truth, where what is “true” is what is perceived by the respective community—the family, the hamlet, the town, the city, the country, or global society.173 It includes a number of practical imperatives that propel it and is itself shaped by societal notions, visions, and idea constructs.174 The evolution of global affairs and societal attitudes has resulted in driving forces that comprise the megatrend. These drivers, such as new economic powerhouses and increased demand for energy, created the modern perception of alternative energy and, thus, the megatrend itself.

			In conclusion: How have alternative energy developments in the 21st century evolved into a socio-political, techno-economic, and ideological megatrend in a universally securitized world?

			· Alternative energy developments are a global phenomenon that constitutes a 21st century megatrend. Renewable sources of energy such as solar, wind, biofuels, hydro, geothermal, tidal, and wave have undergone a process of transformation that promises to provide practical answers to energy supply and demand issues and charts the future path of human energy use and overall interaction with nature.

			· The transformation of renewables has been facilitated by the process of globalization propelled by the ongoing technological revolution and turbulent 21st century multi-centric world system. They were further propelled by the dynamic of the international system in flux and the emergence of a post-Cold War global rivalry. The emergence of the megatrend is also a response to the changing view of the availability, accessibility, and security of supply of traditional energy sources, as well as the shocks stemming from fluctuating energy prices. Beyond bottom-line energy supply and demand imperatives, the alternative energy megatrend has been invigorated by symbolic moral values and modern ideologies. These values have reinforced modern societal perception and quasi-ideological visions related to energy use in the upcoming world.

			· The emergence of the alternative energy megatrend is promoted by a retrospective rationalization of alternative energy’s history. In other words, its history is reimagined and rearranged. The interpretation of the history of alternative energy reflects contemporary perceptions and serves as a prism through which to view the present and future of the trend. The reconstruction of renewables’ history runs parallel with modern post-industrial culture, linking modes of human energy consumption with a return to the morality and traditions of the past, promising a new “Golden Age,” as well as other benefits.

			· This socio-political, techno-economic, and ideological phenomenon is a modern megatrend with distinct features. Most dominant among them are: innovative responses to 21st century geopolitical, social, and economic challenges; a broad geographical footprint; an expanding socio-political and techno-economic impact; and a projected longevity. The megatrend has already achieved a global scope and, although the use of alternative energy is still negligible when compared to the use of fossil fuels, it has pronounced political, economic, and socio-cultural implications.

			· The drivers that propel the alternative energy megatrend highlight a growing spectrum of energy, consumption, environmental, military, technological, and political imperatives, as well as a broad spectrum of ideological values. A leading driver of the alternative energy megatrend, and a material force that substantiates it, is the increasing global energy demand. Other critical drivers include: growing environmental concerns, pursuit of economic growth, modern technological advances, the impact of energy on defense, society’s changing ethical imperatives, the exploration of new paths toward empowerment, and the growing worldwide framework of associated policies and regulations.

			· The trend is endowed with added momentum by alternative energy’s promise of empowerment of individuals, state actors, and non-state actors. These drivers mutually influence each other to form a global phenomenon, unified and reinforced by alternative energy’s perceived claim to be a force for good in the age-old morality play between good and evil. The trend is also propelled by the evolving matrix of grandiose domestic and international plans, policies, and regulations that meld the drivers into a cohesive whole.

			· The alternative energy megatrend is formed by the interaction between individuals and the environment in a profoundly and rapidly changing world. It has become an integral element of the Grand Energy Game. The attitudes and ideas behind the alternative energy megatrend reflect efforts to address and securitize threats to human wellbeing and standards of living. These ideas affect relations within and between communities and change the direction of human efforts—from neighborhood movements to political parties, and from specific personal choices to actions by states or groups of states. The alternative energy megatrend is also underwriting renewed approaches toward global governance that still need to live up to their promise.
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