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Abstract Energy is an important geopolitical driver, and energy security is an emerging field with growing interest
in its measurement. This Chapter is a guide to energy security research that aims to estimate a quantitative
energy security index with a geopolitical focus, by providing an in-depth dynamic geopolitical look into
the history, evolution, dimensions, data, estimation, taxonomy, and forecasts of energy security.
Discussion is complemented with examples from the area of the Southeastern Mediterranean and the
Middle East. The Chapter commences with documenting the state of the art of the research literature on
energy security. In particular, the definitions, the dimensions, the associated geopolitical issues, the
policies, and the quantitative simple indicators and complex indexes of energy security are examined. An
alternative to a full panel data approach for research that aims to calculate a quantitative energy security
index would be to focus on specific milestone time periods such as the first oil crisis of the 1970s, the first
Gulf War of 1990–91, the Russian-Ukrainian disputes (2005–09), and the present time. The Chapter
discusses how empirical geographical, energy, socioeconomic, environmental and geopolitical data could
be collected, and a novel geopolitical energy security index could be developed with reference to
appropriate statistical techniques. A Cluster Analysis of the data and security index values of each
milestone time period could provide a dynamic taxonomy of countries, based on their energy security
profile, which could be depicted on geopolitical maps. Of particular interest would be to see how countries
shifted from one cluster to another over time. Following Cluster Analysis, it is suggested that a case study
analysis of the energy security profile of key countries (such as Germany, Russia, Iran, Iraq, Saudi Arabia,
the United States, Canada, Venezuela, China, India, and Japan) could complement the quantitative
approach, and provide an in-depth appreciation of countries, the energy security issues they face, the
policies they adopt to address them, and how well the obtained clustering and energy security values
capture this knowledge. It is also proposed that any energy security index research include a small number
of interviews with energy experts from the government, the academia, and the professional arena. It is
advised that these interviews include open-ended questions on the concept of energy security, its evolution
through the milestone time periods, the energy security index, the clusters, the geopolitical maps, and
energy security policies. Finally, it is proposed that any energy security index research be complemented
with forecasts that take into account socioeconomic and geopolitical data, the energy security index values,
the dynamic taxonomy, as well as information gleaned from the interviews.
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Conceptualizing and Measuring Energy
Security: Geopolitical Dimensions, Data
Availability, Quantitative and Qualitative
Methods

John A. Paravantis, Athanasios Ballis, Nikoletta Kontoulis
and Vasilios Dourmas

It is even probable that the supremacy of nations may be
determined by the possession of available petroleum and its
products.

—Calvin Coolidge, US President (1872–1933)
…“patterns of oil peace” would be drawn up by governments
because oil was too serious an affair to be left to oilmen…

—Frankel [24]
Without data, you’re just another person with an opinion.

—W. Edwards Deming (1900–1993)

Abstract Energy is an important geopolitical driver, and energy security is an emerg-1

ing field with growing interest in its measurement. This Chapter is a guide to energy2

security research that aims to estimate a quantitative energy security index with3

a geopolitical focus, by providing an in-depth dynamic geopolitical look into the4

history, evolution, dimensions, data, estimation, taxonomy, and forecasts of energy5

security. Discussion is complemented with examples from the area of the Southeast-6

ern Mediterranean and the Middle East. The Chapter commences with documenting7

the state of the art of the research literature on energy security. In particular, the8

definitions, the dimensions, the associated geopolitical issues, the policies, and the9

quantitative simple indicators and complex indexes of energy security are exam-10

ined. An alternative to a full panel data approach for research that aims to calculate11

a quantitative energy security index would be to focus on specific milestone time12

periods such as the first oil crisis of the 1970s, the first Gulf War of 1990–91, the13
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2 J. A. Paravantis et al.

Russian-Ukrainian disputes (2005–09), and the present time. The Chapter discusses14

how empirical geographical, energy, socioeconomic, environmental and geopoliti-15

cal data could be collected, and a novel geopolitical energy security index could be16

developed with reference to appropriate statistical techniques. A Cluster Analysis17

of the data and security index values of each milestone time period could provide a18

dynamic taxonomy of countries, based on their energy security profile, which could19

be depicted on geopolitical maps. Of particular interest would be to see how coun-20

tries shifted from one cluster to another over time. Following Cluster Analysis, it21

is suggested that a case study analysis of the energy security profile of key coun-22

tries (such as Germany, Russia, Iran, Iraq, Saudi Arabia, the United States, Canada,23

Venezuela, China, India, and Japan) could complement the quantitative approach,24

and provide an in-depth appreciation of countries, the energy security issues they25

face, the policies they adopt to address them, and how well the obtained cluster-26

ing and energy security values capture this knowledge. It is also proposed that any27

energy security index research include a small number of interviews with energy28

experts from the government, the academia, and the professional arena. It is advised29

that these interviews include open-ended questions on the concept of energy secu-30

rity, its evolution through the milestone time periods, the energy security index, the31

clusters, the geopolitical maps, and energy security policies. Finally, it is proposed32

that any energy security index research be complemented with forecasts that take33

into account socioeconomic and geopolitical data, the energy security index values,34

the dynamic taxonomy, as well as information gleaned from the interviews.35

1 Preamble36

Energy has been essential throughout human history, crucial for economic develop-37

ment and human security. According to the latest BP Statistical Review of World38

Energy [8], global primary energy consumption increased by 1% in 2016, follow-39

ing a growth of 0.9% in 2015 and 1% in 2014. Yet, energy is an economic, ill-40

distributed and expensive good, subject to price fluctuations, with repercussions41

in many domains of life. With energy being the “precondition of all commodities,42

a basic factor equal with air, water, and earth” (E. F. Schumacher, Nobel laure-43

ate economist, 1977), energy security is paramount to human security [77], and44

has become an increasingly popular concept for policy makers, entrepreneurs and45

academics. Energy security can be viewed as a public good for societies, and its46

insufficient provision may be associated with disruptions of the supply of oil, gas47

and electricity, and severe consequences for societies, economies and individuals.48

Consequently, energy security is a political issue combining the concepts of high and49

low politics.50

Concerns about energy security first arose in the early 1970s in Europe, Japan and51

the US, as the first oil crises uncovered the vulnerability of developed economies52

to oil price shocks. The International Energy Agency (IEA) was created in 197453

by the countries of the Organization for Economic Cooperation and Development54
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Conceptualizing and Measuring Energy Security … 3

(OECD), so as to promote energy security among its member countries, through55

collective response to physical disruptions of energy supplies (e.g. by holding stocks56

equivalent to at least 90 days of net oil imports). Energy security became a matter of57

national security for many developed countries in the aftermath of the oil shocks of58

1973. The late and great International Relations theorist Kenneth Waltz argued that59

there is a continuity of strategies of the major western states in energy geopolitics,60

and he predicted that the oil shocks, provoked by the Arab export embargo, would61

not cause a change of power in the West [83]. The current global attention to energy62

security is mostly explained by the new emerging giants of the world economy and63

their rising energy demand.64

Energy security is a field dominated by a traditional approach to security, and65

means different things to different countries. The differentiation is based on their66

geographical location, their natural resource endowment, the status of their inter-67

national relations, their political system, their economic disposition [55], and their68

ideological views and perceptions [58]. Approaches to energy security may differ69

between countries, depending on the structure of the energy system and historical70

experiences. This is observed in the various strategies chosen by the different mem-71

ber states within the European Union (EU), e.g. the degree of reliance on Russian gas72

and the diverse historical experiences from the Cold War that have led to different73

approaches to energy security ([51], as cited by Johansson [40]).74

Energy security is argued to be part and parcel of security, and thus it should be75

high on the policy agenda of countries across the world. The Copenhagen School76

of security studies has described a four-level approach to international politics: the77

international (system), the regional (sub-system), the national (unit), and the internal78

(sub-unit) [16]. Energy security needs to be investigated at these four levels: globally,79

to ensure adequacy of resources; regionally, to ensure that networking and trade can80

take place; at a country level, to ensure national security of supply; and finally at a81

consumer level, to ensure that consumer demand is satisfied.82

Yet, as it will become evident in the rest of this Chapter, part of the challenge is (1)83

to conceptualize energy security in a concrete way, and (2) measure it and formulate84

a quantitative energy security index that would be helpful in solving geopolitical85

problems. In this respect, this Chapter aims to be of use as an in-depth guide to:86

conceptualizing energy security; collecting data on various energy indicators; syn-87

thesizing a wide array of energy related variables and indicators into a geopolitical88

energy security index; using such an index to develop a dynamic geopolitical taxon-89

omy of countries over time; examining key countries in depth; utilizing experts to90

assess gained knowledge; and compiling energy security forecasts.91

Some of the background research leading to this Chapter has been published [67].92

1.1 Structure of Chapter93

The rest of this Chapter is structured as follows:94
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4 J. A. Paravantis et al.

• Section 2 reviews the energy security research literature, with subsections covering95

the definitions, the history, the geopolitics, the dimensions, and the indexes of96

energy security.97

• Section 3 presents in an organized manner a number of important research ques-98

tions that were extracted from the energy security literature; these research ques-99

tions could guide research aiming to develop an energy security index as well as100

suggest specific tasks that could be achieved with its use.101

• Section 4 achieves a number of objectives, while at the same time outlining appro-102

priate statistical techniques for addressing the research questions presented pre-103

viously, and presenting examples from the Southeastern Mediterranean and the104

Middle East. Some of these tasks are: list sources for collecting data on a wide105

variety of energy security indicators; discuss historical time periods that could be106

focused upon; dissect energy security into components that should be accounted107

for in any attempt to measure it; discuss the role of Cluster Analysis (CA) in108

establishing groups of countries with a similar energy security level, and observe109

how countries change from one group to another, and how regional hotspots are110

formed and moved over time; examine case studies of key countries, to comple-111

ment a quantitative with a qualitative approach; conduct (a small number of) key112

interviews with energy (security) experts to firm up the concept of any new geopo-113

litical energy security index; and use all these tools to develop energy security114

forecasts.115

• Finally, Sect. 5 wraps up the Chapter by presenting a few closing comments.116

2 Review of Energy Security Literature117

The research literature on energy security is organized around the concept of security,118

which, whether approached from a realist or a liberalist standpoint, is based on119

similar ontological and epistemological assumptions. Energy security is understood120

to be closely linked with national security, and greatly influenced by fossil fuels,121

particularly oil. It is also closely related to microeconomic and macroeconomic122

developments [15].123

Energy security may be divided into security of supply, and security of demand124

[55] or into physical security (uninterrupted supply), price security, and geopolitical125

security. Much of the literature relates the term energy security to the security of126

supply. According to Kruyt et al. [47], energy security is often used as a synonym127

for the security of energy supply, particularly by researchers adopting an economic128

perspective [38, 40, 42, 49]. According to IEA [33], energy security is related to129

the security of supply and its physical availability. Even if energy security is a term130

which includes the economic competitiveness of energy, its environmental sustain-131

ability and a wide variety of geopolitical issues, the literature usually focuses on the132

uninterrupted physical availability of energy at an affordable price [64].133
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Conceptualizing and Measuring Energy Security … 5

2.1 Brief History of Energy Security134

Energy security has played an important role in the 20th century. According to Yergin135

[90], Winston Churchill believed that oil supply security was essential to fuel his army136

during the First World War, and was an important concern for Germany and Japan137

as they invaded the Soviet Union (USSR) and Indonesia during the Second World138

War. During these wars, energy security was often implicitly used as a synonym for139

national security.140

According to 2013 United Nations (UN) energy statistics, the world energy141

demand increased from 1676 million tons of oil equivalent (Mtoe) in 1950 to 4197142

Mtoe in 1969 [18]. The dominance of oil was assured by its liquid form, which made143

it the only viable fuel for transportation and the emerging automobile market: solid144

fuels had to be burned to raise steam, and only then could they drive an engine [24].145

Globally, economic growth, improved living standards, motorization, and electrifica-146

tion pushed energy demand in all sectors, and the international energy trade increased147

from 331 Mtoe in 1950 to 1513 Mtoe in 1969. Oil exporting countries formed the148

Organization of Petroleum Exporting Countries (OPEC) in part to address the distri-149

bution of wealth derived from oil exports. In that period, security of energy supply150

was not a priority in many developing countries because companies supplied cheap151

oil and, thus, stability. At the same time, in many developing countries the majority of152

the population did not have access to modern energy. In 1969, 72% of the electricity153

was consumed in OECD countries that had only 20% of the world total population.154

It was during the 1970s that energy security arose as a problem in the research155

literature. In the first oil crisis of 1973, oil embargoes by the Organization of Arab156

Petroleum Countries (OAPEC) shook the oil importing countries to the core, while157

the second oil crisis shot up international oil prices above $30 per barrel, which158

amounted to $100 per barrel in 2015 values [18]. The year 1974 was a milestone for159

the energy security concept, and as a response to the 1973 oil embargo, the OECD160

established the IEA. During that period, international energy security still largely161

meant oil security. According to IEA [36], in 1979 oil shared as much as 86% of the162

world energy trade, and the Middle East supplied 58% of the internationally traded163

oil. Consequently, by the end of 1970, energy security was a high priority issue on164

the policy agenda, in view of its significance for the entire economy.165

The concern for energy security was somewhat reduced in the 1980s, as a result of166

the supply expansion and lower demand for energy. Global oil imports decreased by167

25% during the first half of the decade [19]. Oil was in part replaced by natural gas168

and nuclear energy, especially for power generation. According to IEA [36], while169

the world energy demand increased by 20% per year during the 1980s, the share of170

oil shrank from 42 in 1980 to 37% in 1989 for primary energy supply, and from 20171

in 1980 to 12% in 1989 for power generation.172

The early 1990s were marked by the First Gulf War (https://history.state.gov/173

departmenthistory/short-history/firstgulf) and the collapse of the Soviet Union174

(https://history.state.gov/milestones/1989-1992/collapse-soviet-union). Energy175

security gained momentum after that, when global resources became scarce, in the176
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face of a growing global demand for energy. At the time of the First Gulf War177

(1990–1991) and the dissolution of the Soviet Union (1991), new concepts emerged,178

and the concern for energy security began to gain prominence in global discourse179

[90]. According to 2013 UN energy statistics (https://unstats.un.org/unsd/energy/180

yearbook/2013.htm), power demand in non-OECD countries grew much faster than181

that of the OECD countries, although 63% of electricity was still consumed within182

OECD. Global warming issues became gradually institutionalized throughout the183

decade. The Kyoto Protocol was signed in 1997, and was the first international treaty184

to outline emission targets for combating global climate change. Implementation185

required participating members to create policies and measures to reduce and offset186

domestic emissions, and increase absorption of greenhouse gases.187

As mentioned by Yergin [91] and Hancock and Vivoda [31], the energy security188

issue re-emerged in the 2000s, driven by the rising demand in Asia, disruptions of189

gas supplies in Europe, and the pressure to decarbonize energy systems. In 2005190

the Russian federation cut down the supply of gas to Ukraine on the premise that191

they were not ready to accept the new prices. As a result, the supply of gas towards192

western European was also shortened. The Russian-Ukrainian crises of 2006 and193

2009 showed that the main supplier of the EU was not only unreliable, but capable194

of using energy resources as a geopolitical weapon as well. A more recent revival of195

interest in energy security was stirred by high oil prices (in the period up to 2008), as196

well as geopolitical supply tensions [33]. At the same time, terror attacks led to the197

wars in Afghanistan and Iraq. The Arab Spring and the Islamic State created further198

tensions and instability. Finally, in 2011 the Fukushima nuclear accident revived199

important questions about the safety of nuclear energy.200

So, the meaning of energy security expanded over time. Deviating gradually from201

the origin of the wording that suggested stable energy flow, the fair price element was202

added in the 1970s and 1980s. Recently, energy security became closely entangled203

with other energy policy problems, such as providing equitable access to modern204

energy, and mitigating climate change [27].205

2.2 Defining Security and Energy Security206

When one tries to define energy security, the question of what the term security207

means in general emerges. The Walzian notion of security asserts that the issue of208

security stems from the anarchical structure of society [83]. Neoclassical realism, as209

expressed by Morgenthau [63] and Klare [44], considers energy as a geopolitical tool210

to pursue state goals, and adds an element of hard power with overlapping military,211

political and economic dimensions.212

According to Winzer [84], the attempts to define energy security have varied over213

time because of challenges in the realm of energy policy. Different countries may214

define energy security differently, in relevance to their own energy situation, and their215

vulnerability to energy supply disruptions. Countries not only differ in their definition216

of energy security, but also in the way they address energy security challenges [55].217
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Conceptualizing and Measuring Energy Security … 7

Some authors [91]; IEA [33] point out that the term of energy security is not clearly218

defined; consequently there is no universal concept of energy security. Taking into219

consideration the absence of a clear definition [47]; APERC [4], energy security has220

become an umbrella term for different policy goals [84]. A multiplicity of concepts221

and dimensions enter the realm of energy security. Chester [12] aptly described222

energy security as “slippery” and “polysemic”. The diversity of definitions is shaped223

by the perspective and nature of different countries, and their place in the energy224

chain and the complex global energy system.225

Countries may be divided into three groups: producers/exporters, who wish to226

ensure reliable demand for their commodities; consumers, who commonly aim227

towards diversity of energy supply to maximize their security; and transit states,228

who are the essential bridges connecting producers/exporters with their markets [55].229

Given the above differentiation among countries, there are two important concepts230

for energy security: security of supply (for the consumers), and security of demand231

(for the exporters). For energy exporting countries, the security of demand is equally232

important to the security of supply [40].233

According to Sovacool [74], there are at least 45 different definitions of energy234

security that share a great deal of similarity among them, and lead to difficulties235

in terms of the operationality of the concept. Ang et al. [3] identified 83 energy236

security definitions in the literature. As pointed out by Cherp and Jewell [11], a237

classic definition of energy security is provided by Yergin [89], who visualized energy238

security as the assurance of “adequate, reliable supplies of energy at reasonable239

prices,” adding a geopolitical component by qualifying that this assurance must be240

provided “in ways that do not jeopardize national values or objectives”. Yergin’s241

definition identifies “national values and objectives” as the assets that safeguard242

energy security.243

The IEA, a pioneer institution in energy security and the most important multina-244

tional platform, defines energy security as the “uninterrupted availability of energy245

sources at an affordable price,” and considers it to have a long-term and a short-term246

aspect. The IEA has restated the definition through the years to characterize energy247

security as the adequate, affordable and reliable supply of energy. Long-term energy248

security relates to “timely investments to supply energy in line with economic devel-249

opments and environmental needs”. Short-term energy security relates to “the ability250

of the energy system to react promptly to sudden changes in the supply-demand251

balance” [35, 39, 43].252

In 2000, the European Commission [21] referred to energy supply security as “the253

uninterrupted physical availability of energy products on the market, at a price that is254

affordable for all (private and industrial) consumers, while respecting environmental255

concerns and looking towards sustainable development”. This was an extension of256

the IEA definition, involving the inclusion of environmental and sustainability issues.257

Definitions of energy security [4, 21, 33, 91] mainly use the term availability to258

imply stable and uninterrupted supply of energy. Other authors [41, 85] use the term259

reliability for energy infrastructure. Accessibility has been at the center of the energy260

security debates and policy approaches into the 21st century [45]. So, as an extension261

to the original IEA definition of energy security, the Asia Pacific Energy Research262
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Centre (APERC [4] highlighted the four As of availability, affordability, accessibil-263

ity (to all), and acceptability (from a sustainability standpoint), and defined energy264

security as “the ability of an economy to guarantee the availability of the supply of265

energy resources in a sustainable and timely manner with the energy price being266

at a level that will not adversely affect the economic performance of the economy”.267

Cherp and Jewell [11] compared the 4 As to the five As of access to health care (avail-268

ability, accessibility, accommodation, affordability and acceptability). The first two269

As (availability and affordability) constitute the classic approach to energy security270

(20th century), while the latter two (accessibility and acceptability) reflect certain271

contemporary concerns (21st century) e.g. fuel poverty and global climate change.272

2.3 Energy Security Since the 20th Century273

Chester [12] and Vivoda [82] highlight the polysemic and multi-dimensional nature274

of energy security. Chester suggested that the term has risen highly on the policy275

agenda of governments because there is a complex system of global markets, a vast276

cross-border infrastructure network, and a small group of primary energy suppliers.277

Manson et al. [57] have described the energy security as a dynamic concept, with a278

perspective that depends on the time frame analyzed.279

Energy security studies have changed in scope and focus over time, evolving from280

classic political economy studies of oil supplies for industrialized democracies, to a281

research field addressing a much wider range of energy sectors and energy security282

challenges [11]. The sources that Cherp and Jewell cite show that, in the 1970s and283

1980s, energy security signified the stable supply of cheap oil, and threats to energy284

security included threats of embargoes, and price manipulation by exporters. Con-285

temporary energy security studies: go beyond OECD oil importers; include nations286

at all levels of developments (that extract, import and export); address perspectives287

on energy security of non-state actors, including, individual regions, utilities, con-288

sumers, and global production networks; examine a variety of energy sources and289

carriers; address environmental issues such as climate change; address equity issues,290

mainly providing equitable access to energy; and address a wider range of threats.291

Chester [12] described the energy regime after the Second World War, highlighting292

some important characteristics. During that time, there was a growing dominance293

of fossil fuels, particularly of Middle Eastern oil, which in 2008 accounted for one294

third of world energy use. Oil was cheap until the oil shocks of the 1970s, effectively295

triggered by the OPEC. As a consequence, energy security became synonymous with296

the need to reduce dependence on oil consumption.297

The 1970s economic crisis took place at a time when production was international-298

ized against a backdrop of rampant inflation, persistently high unemployment, grow-299

ing government expenditures, declining productivity, shrinking revenues, and smaller300

profits margins. Accepted management strategies failed to restore the growth of the301

1950s and 1960s. In the 1980s, the need for the introduction of greater competition302

and less government involvement was strongly advocated for the electricity, telecom-303
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Conceptualizing and Measuring Energy Security … 9

munications, and gas grids, so the energy markets took the path towards restructur-304

ing and liberalization. Monopolies were broken up, and new pricing schemes were305

introduced. This restructuring was promoted by the OECD, the World Bank, the306

International Monetary Fund (IMF), and international trading agreements.307

In the meantime, nuclear energy was developed rapidly. By the end of the 1970s, 25308

countries were generating electricity from nuclear power (including the US, the UK,309

France, Germany, and the former Soviet Union). The public acceptance of nuclear310

energy was hit by the Three Mile Island (USA 1979) and the Chernobyl (USSR311

1986) accidents. The growth of nuclear energy was slowed down by high capital312

costs, lengthy construction times, problems with decommissioning older nuclear313

plants and disposing their radioactive waste, reactor safety, and concerns about the314

potential use to produce nuclear weapons [54]. By 2006, nuclear energy accounted315

for around 15% of the world’s electricity generation, compared to 41% for coal, and316

20% for gas. Interestingly, the current climate change debate has rekindled interest317

in nuclear energy as an energy source that is low in carbon dioxide emissions (more318

concerns will be discussed in Sect. 4.3.4 of this Chapter).319

Consequently, the emergence of nuclear power reduced the role and geopolitical320

significance of coal. While oil had become the dominant fuel by 1930 mainly due to321

its importance in transport, it replaced coal as the industry’s primary energy source322

in the 1950s. It is worth pointing out that these two energy sources are very different323

economically [24]: on the one hand, while locating coal seams is relatively easy (i.e.324

cheap), bringing coal to the surface is very costly; on the other hand, while locating325

oil is very difficult (with one fourth to 95% of exploratory holes failing to yield oil),326

once located oil rises to the surface under its own steam. In the meantime, the advent327

of supertankers and the development of pipeline networks lowered the price of oil328

and natural gas. Gas accounts for about a quarter of global energy consumption [86],329

a dominance which has been catalyzed by the development of a global market for330

Liquefied Natural Gas (LNG). The geopolitical problem is that natural gas resources331

are concentrated in a handful of countries, with the former Soviet Union and the332

Middle East holding about three quarters of known world reserves [8].333

Presently, developing nations are characterized by escalating energy demands. Of334

these, China and India (“Chindia”) have emerged as major geopolitical players, key335

energy consumers, and major energy producers. Interestingly, China’s growth has336

taken place hand in hand with a rapid growth in China’s coal consumption, and an337

increase in its share of coal in world energy use. As of 2017, the cost of coal was338

comparatively low, as oil and natural gas prices had escalated and remained high. The339

political instability in supplier countries, rapidly increasing oil prices, the increasing340

frequency of disruptions to gas supplied from Russia to Europe, terrorist attacks,341

and extreme weather events (e.g. the Hurricane Katrina that hit the Gulf coast of342

the US in 2005) often followed by electricity blackouts, constitute additional energy343

security risks.344
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2.4 Energy Security and Geopolitics345

The consequences of the two oil crises of the 1970s uncovered the degree of vulner-346

ability and dependence on fossil fuels of the industrialized Western world. Conant347

and Gold [13] made the first systematic study of energy issues, from a geopolitical348

perspective, asserting that “the country having control over resources will control349

those who rely on the resources, which will lead to a profound transformation of350

International Relations”.351

Energy geopolitics gained momentum after the 1990s, when global resources352

(mainly fossil fuels) became scarce in the face of a growing world demand for353

energy. These changes in the global energy geopolitical situation after the Cold War354

were documented by Mitchell et al. [61]. The term “new geopolitics” was used to355

reflect factors such as the end of the Cold War, the transformation of the international356

energy trade by the Russian oil and gas resources, and the increase of the importance357

of natural gas and related technology developments.358

Despite the fact that the concept of energy security has varied across different359

time periods, it remains central to the study of geopolitics and the global agenda.360

Esakova [20] presented the relationships in the energy sector, as interdependencies361

between energy producers and energy importers. Due to the interdependence of362

energy markets and energy prices, energy producers are also highly interconnected363

among themselves [40]. The same applies to energy importers, who are often forced to364

cooperate in order to ensure collectively their energy security. Exporting and energy365

importing states normally have contradictory interests: the first group is interested366

in the security of energy demand, while the latter seek the security of energy supply.367

The concept of energy security is central to the study of geopolitics. Vivoda [82]368

pointed out the following issues that have made energy security an emerging area369

of focus in international relations: high energy prices; the increasing demand for370

geographically concentrated resources; the threat of resource scarcity and depletion371

in the foreseeable future; and concern for the likely social and political effects of372

climate change.373

Citing several literature sources, Johansson [40] suggested that ongoing or poten-374

tial conflicts over small islands or water areas (such as the South China Sea and375

the Arctic Region) may be attributed to the existence of valuable energy resources.376

Furthermore, it is pointed out that US military activities in the Middle East (such as377

in Iraq) may be motivated by the Carter Doctrine, enunciated by President Jimmy378

Carter on January 23rd, 1980: “An attempt by any outside force to gain control of the379

Persian Gulf region will be regarded as an assault on the vital interests of the United380

States of America, and such an assault will be repelled by any means necessary,381

including military force.” (http://www.presidency.ucsb.edu/ws/?pid=33079).382

Johansson [40] has also argued that the development of large-scale solar power383

in North Africa for import to the EU, may create dependencies with security policy384

implications for Europe. Furthermore, Johansson has suggested that the presence385

of abundant energy and natural resources in poor countries may create regional386

insecurity, a phenomenon known as the resource curse.387
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Citing 2009 BP data, Vivoda [82] argued that the following 10 largest regional388

economies consume 61% of the world’s energy, producing 54% of the world’s Gross389

Domestic Product (GDP), and emitting 66% of the world’s carbon dioxide (CO2):390

United States, Canada, Mexico, Russia, China, India, South Korea, Japan, Australia391

and Indonesia. These data show a major geopolitical disconnect: the world’s top392

four oil consumers (China, Japan, India and the US) account for 42% of the world’s393

oil demand, but control only 4% of global oil reserves. Vivoda asserted that energy394

security concerns among these four major powers have the potential to cause power395

competition so intense that may translate into open confrontation, especially in the396

Asia-Pacific region, the world’s fastest growing energy consumer and a strategically397

vulnerable region of paramount importance for global stability and development.398

Vivoda also observed that the world’s top ten regional economies are characterized399

by very different energy efficiency and carbon intensity values, citing as examples:400

Japan being four times as efficient as Russia, and four times as efficient as China;401

the economies of Russia, China and India being five to six times as carbon intensive402

as Japan; and the inefficient use of energy (with a high carbon intensity), creating403

energy-related pollution in Russia, China and India. Consequently, the growth of404

energy use in the Asia-Pacific region, particularly in China and India, is likely to405

have profound impacts on the energy landscape, and may have major geopolitical406

consequences.407

2.5 Dimensions of Energy Security408

The historical discourse on energy security has shown that it encompasses a number409

of dimensions. According to Kruyt et al. [47], the bulk of the recent literature on410

energy security seeks to classify energy security concerns into dimensions, even if411

this classification has been criticized for lacking transparency, being systemically412

unjustified, and arbitrary [10].413

The IEA considers energy security to have three components: reliable and uninter-414

rupted supply; affordable and competitive supply; and accessible or available supply415

(http://www.iea.org/topics/energysecurity/subtopics/whatisenergysecurity). Fur-416

thermore, the IEA has proposed the following characteristics for energy security417

measurement: physical availability that accounts for geopolitical energy security;418

pipe-based import dependence; power system reliability; and market power [12].419

A study by the U.S. Chamber of Commerce [81] presented four dimensions of420

energy security: geopolitical (energy imports, particularly from politically unstable421

regions); economic (high energy intensity and trade imbalances); reliability (ade-422

quacy and reliability of infrastructure); and environmental (related to the carbon423

intensity of energy systems).424

In the words of Cherp and Jewell [10]: “there are three perspectives on energy425

security, namely those of sovereignty, robustness and resilience”. Alhajji [1] differen-426

tiated between six dimensions of energy security: economic, environmental, social,427

foreign policy, technical and security. Vivoda [82] listed seven salient energy secu-428
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rity dimensions (environment, technology, demand side management, socio-cultural429

or political factors, human security, international elements like geopolitics, and the430

formulation of energy security policy) and 44 attributes of energy security.431

Sovacool and Mukherjee [77] considered energy security to comprise five dimen-432

sions that may be broken down into 20 components, as follows:433

• availability: security of supply and production, dependency, and diversification;434

• affordability: price stability, access and equity, decentralization, and low prices;435

• technology development: innovation and research, safety and reliability, resilience,436

energy efficiency, and investment;437

• sustainability (i.e. environmental component): land use, water, climate change,438

and air pollution;439

• regulation: governance, trade, competition, and knowledge of sound regulation.440

To this end, Sovacool and Mukherjee have assembled 320 simple indicators and441

52 complex indexes of energy security.442

In a study for the evaluation of energy security in the Asia-Pacific region, Sovacool443

[74] listed 20 dimensions of energy security identified by experts. For each dimension444

(availability, dependency, diversification, decentralization, innovation, investment,445

trade, production, price stability, affordability, governance, access, reliability, liter-446

acy, resilience, land use, water, pollution, efficiency, and greenhouse gas emissions)447

a number of metrics and indicators was presented.448

Putting energy security dimensions into perspective, Radovanović et al. [69]449

pointed out that it is not possible to develop a unique methodology of assessing450

energy security because each country has a different wealth of energy resources. The451

use of these resources differs in: the type and intensity at different points of develop-452

ment; climate; geopolitical position; demographic indicators; economic growth; and453

strategic priorities, which depend on the historical, social and political social condi-454

tions [12]. Furthermore, Radovanović et al. argued that all countries try to improve455

their energy security by increasing energy efficiency, improving the stability of energy456

systems, reducing energy vulnerability, and increasing self-sufficiency.457

Key energy security models, indicators and indexes are reviewed next.458

2.5.1 Energy Security Models459

The IEA Model of Short-Term Energy Security (MOSES) [39] is designed to analyze460

short-term energy security in IEA member countries, and it functions as a tool to461

understand the energy security profiles, and identify energy policy priorities. The462

MOSES model looks at resource adequacy, diversity, flexibility, asset performance,463

and sustained emergency events [43]. MOSES uses 35 indicators each of which464

relates to one of the dimensions and is meant to indicate a “level of risk” or the465

“adequacy of resilience” of the energy sources under investigation [35, 39].466

MOSES has produced some interesting results. Energy security, in terms of diver-467

sity of supply of crude oil and oil products, is the highest in Denmark, Estonia, France468

and Italy. In terms of natural gas, Hungary, Ireland, Finland and Sweden are at the469
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greatest risk. Relatively lower risk is reported for Austria, Luxembourg, Greece, Slo-470

vakia and Czech Republic, and the lowest for Denmark, Italy, Estonia, France and471

the United Kingdom. When it comes to natural gas, the same research took storage472

capacities (expressed as a percentage of annual demand) into account for the assess-473

ment of energy security. Results indicated that Estonia, Switzerland, Luxembourg,474

Norway, Finland and Sweden are at the greatest risk in this respect. Medium level of475

risk was reported by the United Kingdom, the Netherlands, Germany, Italy, Spain,476

France and Czech Republic. The lowest risk is reported by Austria, Hungary and477

Slovakia. When it comes to coal, not a single European Union country has more478

than 60% of coal from its own reserves, so the risk was determined indirectly, by479

considering the adequacy of importing infrastructure. The highest level of risk in this480

regard is reported by Finland and Switzerland [69].481

The Risk of Energy Availability: Common Corridors for Europe Supply Secu-482

rity model (REACCESS) [71] is a unique world model that links three sub-models:483

the Pan European TIMES multi-regional model (PET36); the global multi-regional484

TIMES Integrated Assessment Model (TIAM-World); and the REACCESS Corridor485

(RECOR) model, representing the technical-economic details of all energy corridors,486

which bring energy from all resource-rich locations to consuming regions. REAC-487

CESS is a large partial equilibrium model of the global energy system representing488

51 regions: the 36 countries of PET36 plus the 15 regions of TIAM-World remaining489

after the EU region is excluded from consideration.490

2.5.2 Energy Security Indicators and Indexes491

The conceptualization and formulation of energy security dimensions is the first492

step for an analysis of energy security. These dimensions must be complemented by493

indicators which should relate to the dimensions, and seek to quantify the identified494

energy security risks and concerns [10]. The aggregation of indicators into composite495

indexes allows a comparison between energy security risks and policy trade-offs.496

The interest in measuring energy security results not only from its rising promi-497

nence, but also from its increasing complexity. Many indicators are available in the498

literature, based on the perspective of the user [64]. The literature on the indicators499

of energy security is quite extensive [28, 33, 49, 53, 78] and may be a useful tool500

for monitoring, measuring, and evaluating the current and future effects of energy501

security on the economy, the society, and the environment. Indicators for energy502

security are necessary to link the concept with model-based scenario analyses in the503

context of addressing policy issues related to affordable energy and climate change504

[47].505

Chester [12] suggested that there are quantitative and qualitative approaches to506

the measurement of energy security. Threats to energy security are short-term (oper-507

ational), and long-term (related to adequacy of sources, transit, storage and delivery).508

The literature reviewed by Chester suggests that the quantifiable energy security indi-509

cators have the potential of being analytically helpful, and are necessary to assess510

the consequences of alternative development scenarios.511
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Various studies [43, 69, 77, 78] have proposed a wide variety of energy security512

indexes, either to compare performance among countries or to track changes in a513

country’s performance over time. In these studies, some indicators are first identified514

based on specific considerations or theoretical framework. This is followed by data515

collection, normalization, weighting, and aggregation of the chosen indicators to give516

one or more composite energy security indexes. A quick review of these studies has517

shown that there are large variations in the choice of indicators [3]. Radovanović et al.518

[69] applied Principal Component Analysis (PCA) to assess the impact of individual519

indicators on an energy security index and found energy intensity, GDP per capita,520

and carbon intensity to have the greatest impact on energy security (more on this in521

Sect. 4.4).522

Sovacool [74] defined an index with 20 dimensions and 200 attributes. In a sub-523

sequent work, Sovacool and Mukherjee [77] reduced the number of dimensions to524

five and the number of attributes to 20. Sovacool et al. [78] applied the index to a set525

of countries, and found that Japan had the highest energy security index among the526

18 countries considered. The impact of the Fukushima nuclear accident on Japan’s527

energy system and economy, hints at the (often unexpected) difficulties that may be528

encountered when attempting to construct robust energy security indexes.529

Ang et al. [3] reviewed 53 studies that dealt with energy security indicators,530

and found the number of indicators examined to vary from a few to more than 60.531

About two-thirds of the studies employed no more than 20 indicators. Their research532

identified that there are two major types of studies that use energy security indicators:533

those that deal with performance over time, and those that compare performance534

among countries, with no significant difference in the number of indicators used.535

Turning to specific indexes, the Herfindahl-Hirschmann Index determines the536

degree of a certain country’s dependence on a certain supplier, and may be used537

as an indicator that indirectly points to the energy security of a country [69]. The538

Supply/Demand Index for the long-term security of supply (SD Index) [73] has been539

designed on the basis of expert assessments on all possible relevant aspects of the540

security of supply, and covers demand, supply, conversion, and transport of energy541

in the medium to long-term [47]. It is a composite indicator (i.e. an index) that542

comprises 30 individual indicators, and considers the characteristics of demand,543

supply and transport [69]. According to Kruyt et al. [47], the basic difference with544

other indicators, is that the SD Index attempts to grasp the entire energy spectrum,545

including conversion, transport, and demand (taking into account that a decrease in546

energy use lowers the overall impact of supply disruptions).547

The Oil Vulnerability Index (OVI) [30] is an aggregated index of oil vulnerability,548

based on seven indicators: ratio of value of oil imports to GDP; oil consumption549

per unit of GDP; GDP per capita; oil share in total energy supply; ratio of domestic550

reserves to oil consumption; and exposure to geopolitical oil supply concentration551

risks, measured by net oil import dependence, diversification of supply sources, polit-552

ical risk in oil-supplying countries, and market liquidity. According to Radovanović553

et al. [69], the OVI is a comprehensive composite indicator that manages to consider554

economic indicators, import dependence, and political stability.555
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The Vulnerability Index [26] is a composite indicator which considers five indi-556

cators: energy intensity; energy import dependency; ratio of energy-related carbon557

emissions to the total primary energy supply (TPES); electricity supply vulnerability;558

and lack of diversity in transport fuels [69]. The six-factor Risky External Energy559

Supply [49] is entirely supply-oriented, and considers solely the level of diversifica-560

tion, with particular emphasis given to the assessment of transport safety of energy561

generating products [69].562

The Aggregated Energy Security Performance Indicator (AESPI) [59] has been563

developed by considering 25 individual indicators representing social, economic, and564

environmental dimensions. The indicator (essentially an index) ranges from zero to565

10, and requires time series data for its estimation. The advantages of AESPI is that,566

it not only assists in knowing the past energy security status of a country, but also567

helps in assessing the future status considering the energy policies and plans, thus568

enabling monitoring the impacts of policies.569

The Socio-economic Energy Risk is a composite index that considers the following570

indicators: energy source diversification, energy resource availability and feasibil-571

ity, energy intensity, energy transport, energy dependence, political stability, market572

liquidity, and the GDP [69].573

The US Energy Security Risk Index [81] is an index based on 83 individual indi-574

cators assessing geopolitical indicators, economic development, environmental con-575

cerns and reliability [69].576

The Energy Development Index (EDI) [39] is composed of four indicators, each of577

which captures a specific aspect of potential energy poverty: per capita commercial578

energy consumption (which serves as an indicator of the overall economic develop-579

ment of a country); per capita electricity consumption in the residential sector (which580

serves as an indicator of the reliability of, and consumer’s ability to pay for, electricity581

services); share of modern fuels in total residential sector energy use (which serves582

as an indicator of the level of access to clean cooking facilities); and the share of583

population with access to electricity. This index was intended as a simple composite584

measure of the progress of a country or region in its transition to modern fuels, and585

of the degree of maturity of its energy end use [32].586

The Energy Security Index is composed of two indicators (ESIprice, ESIvolume)587

that measure the energy security implications of resource concentration, from the588

viewpoint of both price and physical availability [33]. ESIprice is a composite measure589

of the diversification of energy sources and suppliers, and the political stability of590

exporting countries, while ESIvolume is a measure of the level of dependence of natural591

gas imports.592

In what constitutes an interesting concept, the “energy trilemma” is defined as593

balancing the trade-offs between three major energy goals, namely energy security,594

economic competitiveness, and environmental sustainability [3]. The dimensions of595

energy trilemma are defined by WEC [85] as follows:596

• Energy security: Effective management of primary energy supply from domestic597

and external sources, reliability of energy infrastructure, and ability of energy598

providers to meet current and future demand.599
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• Energy equity: Accessibility and affordability of energy supply across the popu-600

lation.601

• Environmental sustainability: Encompasses the achievement of supply and602

demand-side energy efficiency, and the development of energy supply from renew-603

able and other low-carbon sources.604

The Energy Trilemma Index, formerly known as the Energy Sustainability Index,605

was first introduced in 2009, ranking close to 90 countries. This ranking has been606

expanded to include 130 countries and greater detail about the performance of coun-607

tries on the specific trilemma dimensions by adding a balance score, and an index608

watch list to indicate countries that are expected to display trend changes in the next609

few years [3]. The Index 2.0 methodology uses a set of 34 indicators and approxi-610

mately 100 data sets to rank countries on their trilemma performance (compared to611

23 indicators and 60 data sets in the previous index methodology; WEC [85]).612

Finally, the Energy Architecture Performance Index (EAPI) was proposed in 2010613

by the World Economic Forum (WEF), and was modified the next year into the Energy614

Sustainability Index [87]. EAPI is a composite index based on a set of indicators615

divided into three basic categories (energy security, energy equity, and environmental616

sustainability), the so-called Energy Trilemma Index [69].617

More on some of these indexes this will be graphed and discussed in Sect. 4.4.618

3 Methodology619

In a seminal work, O’Neill [65] discusses social scientist authors setting up game620

theoretic models, but failing to follow through with the mathematics, thus failing621

to use game theoretic tools to advance their research. O’Neill calls this approach622

“proto-game theory”. In a similar vein, much energy security research addresses the623

development of energy security indexes, but fails to achieve much with them (beyond624

e.g. sorting countries according to the value of some energy security index) in way625

of solving real geopolitical problems.626

According to Ang et al. [3], research on energy security may follow either a qual-627

itative or a quantitative approach, with the former relying on theory and geopolitical628

considerations, and the latter focusing on the analysis of mostly numerical indicators629

[92]. This Chapter explains how these two approaches may be combined by outlin-630

ing methods that would allow the formulation and estimation of an energy security631

index (with a geopolitical slant) by: analyzing various types of data; resorting to CA632

and tracking clusters of countries over time; analyzing case studies; and incorporat-633

ing the opinions of energy experts through interviews. Such approaches would help634

solve geopolitical problems and develop forecasts, taking into account the diversity635

of country interests over space and time, and the polysemic nature of energy security636

that has risen near the top of the agenda of the international community.637
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3.1 Research Questions638

The tasks that a researcher would have to pursue in an endeavor to develop and use639

a geopolitical energy security index are formulated and presented below in the form640

of grouped research questions.641

1. Literature: What is the state of the art of the research literature on the topic of642

energy security? How has the definition of energy security changed over time?643

What are the dimensions of energy security? What has the role of energy security644

been in the foreign policy of energy-exporting, energy-importing, and energy-645

transition countries? What geopolitical issues has it been mostly associated with?646

Are there important aspects related to energy security that current research meth-647

ods have failed to capture?648

2. Milestones: Which specific time periods could be regarded as important mile-649

stones in the history of energy security? What were the socioeconomic and geopo-650

litical characteristics at these times? How was energy security conceptualized at651

each milestone time period, and what specific data should be taken into account?652

While continuous annual data could be collected for the estimation of an energy653

security index (which would be quite demanding), the authors of this Chapter654

believe that the establishment of a few distinct milestones that were associated655

with important geopolitical events would be more fruitful, for better calibration656

of the results and a more focused (and thus efficient) utilization of the energy657

security index.658

3. Data: What (online) sources may be used for collecting data for the development659

of an energy security index? What kind of data are contained in these sources?660

What data types may be collected? Which areas of the world or specific countries661

appear to not be well covered, and at which time periods? What kind of analyses662

may be run with these different types of data? What problems should one be663

aware of? What statistical software is suggested for these analyses?664

4. Index: How may an energy security index be formulated and estimated, based665

on the data collected in the context of the previous research question? Based on666

the published literature, what issues might hinder the development of an energy667

security index geared towards geopolitical considerations, and how can they668

be overcome? What socioeconomic and geopolitical data would be required to669

estimate an energy security index? How may different types of data be of use670

in addressing specific types of research questions? What would the values of671

an energy security index (annual or at the milestone time periods) be for most672

countries of the world? How have they changed over time? Beyond observing673

how energy security is associated (perhaps causally) to major geopolitical events,674

how could the milestone time periods be used otherwise to bring added value to675

the research? How do other energy indicators and indexes compare, e.g. which676

aspects are better covered, and which aspects are not well addressed by them?677

5. Clusters: Having formulated and estimated an energy security index, it is pro-678

posed that one of the most useful things that could be done with it, would be to679

cluster analyze the countries of the world across different time periods according680
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to the values of the energy security index and possibly some complementary681

socioeconomic and geopolitical indicators that were left out of the index; this,682

to the knowledge of the authors of this Chapter, has not been attempted in the683

published literature. Related questions might include: Could the countries of the684

world be organized fruitfully into similar groups, based on various socioeco-685

nomic, geopolitical characteristics, and the values of the energy security index?686

How many such groups exist at each milestone time period (or annual time687

series)? Have countries moved from one group to another over time? Depicting688

these findings on a dynamic map (that would involve the use of a Geographical689

Information System or GIS software tool), which were the geopolitical hotspots690

from an energy security perspective (at each milestone or time period), and how691

have they changed and moved over time? Which energy policies have been pur-692

sued by energy import countries, energy export countries, and energy-transition693

countries, to address the issues of the energy security challenges they face? How694

are such energy policies related to the foreign policy of these countries? Can any695

insights be drawn as to why countries under comparable international conditions696

prioritize energy security differently (as observed in Sect. 2)?697

6. Cases: The results of any quantitative analysis could be complemented with the698

study of individual cases. To this end, selected key countries could be analyzed699

as case studies that could showcase the application of the entire approach in700

geopolitical issues. Different countries could be selected at different milestones,701

in part aided by the clustering of countries, and other specifics of the statistical702

analyses. A full longitudinal statistical analysis could also be employed, although703

this would be more demanding in data (as will be seen in Sect. 4.2). Questions704

that could be addressed during the examination of case studies include: How has705

the participation of these key countries in energy security clusters changed from706

one milestone time period to another, i.e. have they shifted from one group to707

another over time? Have the energy security related policies of these countries708

changed over time? Does the involvement of an energy security index shed light709

on the analysis of these policies, and does it help determine the efficacy of energy710

security policies over the milestone time periods (or a complete time series)?711

7. Experts: To add more perspective from a qualitative approach, an energy security712

researcher could turn to a group of energy experts in order to seek answers to713

questions such as: How may a small group of energy security experts be defined714

(i.e. what is an “energy security” expert)? What criteria should be used for select-715

ing and including individuals to the group? What would the resulting identity716

of these experts (including government officials, academics and professionals)717

be? What would their opinion be of the concept of energy security, perhaps with718

emphasis on the milestone time periods (which would be easier to poll compared719

to registering their view for a complete time series)? How would they judge the720

energy security policies that the case-study countries have followed over time?721

Finally, what would their opinion of the energy security index be, and would they722

agree with the findings that would have resulted from its usage?723

8. Forecasts: The final issue to address in an energy security research could be the724

issue of forecasts. A research work that would have developed an energy security725
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index and responded to the previous questions, would probably want to address726

the following issues: How may energy security forecasts be developed? How are727

the energy security index values expected to vary in the foreseeable future, and728

what are the corresponding geopolitical implications? How may such forecasts729

take into account global climate change, and any surrounding uncertainties?730

Attention now shifts to a detailed discussion of the research tasks that would have731

to be undertaken to answer some of the aforementioned questions.732

4 Analyses and Results733

This section details the analyses that would have to be run to address the research734

questions outlined in the previous section.735

Research question 1 (Literature) has been addressed in Sect. 2 of this Chapter,736

so this section commences with research question 2 (Milestones), i.e. the task of737

defining appropriate key time periods for energy security research.738

4.1 Milestone Time Periods739

Vivoda [82] has argued that the definition and dimensions of energy security are740

dynamic and evolve as circumstances change over time. Furthermore, energy security741

regimes tend to be transformed or even weaken over a period of time. Therefore,742

taking time into account is important in energy security research.743

To address the second research question (Milestones), it is recommended that744

an energy security researcher focus on a small number of distinct and well defined745

milestones that were characterized by important energy events in the post-1970s746

world (the energy world before 1970 was vastly different; [24]). An examination747

and analysis of such milestones should look at the socioeconomic and geopolitical748

dynamics that culminated at those times.749

Four such milestones are proposed and described in the following sections: the750

first oil crisis of 1973–74, the Gulf War of 1990–91, the period of the Russia–Ukraine751

gas disputes, and the present (2018, at the time of writing).752

4.1.1 Milestone 1: First Oil Crisis (1973–74)753

The first oil crisis was caused by a number of measures that were coordinated by754

the members of the Organization of Arab Petroleum Exporting Countries (OAPEC),755

and were directed at the countries that had supported Israel in the Yom Kippur War756

(1973).757
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The year 1974 has been a milestone for the energy security concept. As a response758

to the 1973 oil embargo, the Organization for Economic Cooperation and Develop-759

ment (OECD) established the IEA. During that period, the concept of international760

energy security still largely meant oil security. Back then, it was all Middle Eastern761

oil: IEA [36] data show that oil shared as much as 86% of the world energy trade in762

1979, while the Middle East supplied 58% of the internationally traded oil.763

This is, without doubt, a very important first milestone that should be taken into764

consideration in energy security research that aims to develop a geopolitical energy765

security index.766

4.1.2 Milestone 2: Gulf War (1990–91)767

Energy geopolitics and the concept of energy security gained momentum after the768

1990s, when global resources became scarce in the face of a growing world demand769

for energy. Concurrently, the first Gulf War (1990–1991) and the dissolution of the770

Soviet Union (1991) took place (as mentioned previously), new concepts emerged,771

and concern for energy security began to gain prominence in the world’s discourse772

[90].773

As mentioned, global warming issues were gradually institutionalized throughout774

the decade, while the signing of the Kyoto Protocol in 1997 marked the starting point775

of countries considering the concept of energy security coupled with environmental776

protection and sustainable development.777

4.1.3 Milestone 3: Russia–Ukraine Gas Dispute (2005–9)778

The Russia-Ukraine gas disputes refer to a number of periods of tension that occurred779

around the beginning of the 21st century, against a constant backdrop of rather780

complicated intergovernmental relations between Russia and Ukraine.781

Energy security has played an important role in Russian-Ukrainian relations since782

Ukraine became independent in 1991. The two major crises that stick out in the783

bilateral gas relationship occurred in 2006 and 2009. During both of these disputes,784

Russia halted the supply of gas through Ukraine, which is the basic energy-transition785

country between Russian gas and the EU.786

Ukraine is a key factor in the global energy arena because half of Russia’s total787

gas exported to Europe is transmitted through the Ukrainian pipeline system [37].788

As a result of the above disputes, several European countries lost gas supplies, and789

the matter of diversifying the energy sources and transportation routes emerged790

as an important concern in the EU. The most severely affected countries were in791

Southeastern Europe, most of which relied completely on Russia for gas, and at the792

time did not have sufficient alternative energy sources [68].793

The 2009 dispute is considered the most serious of all. The crisis of 2009 became794

a battle of self-image for both Russia and Ukraine in Europe; Russia’s reputation795

as a supplier to Europe and Ukraine’s reputation as a transit country were seriously796
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damaged. The 2009 dispute ended with an agreement, where the heads of Gazprom797

and Naftogaz (the national oil and gas company of Ukraine) signed supply and transit798

contracts covering the ten-year period 2009–19.799

The milestone of Russia-Ukraine gas disputes is important from an energy security800

perspective. The security of gas supply has a totally different meaning than the secu-801

rity of supply of oil. Gas is mainly sold on the basis of long-term bilateral contracts,802

and shipped through dedicated pipelines, which often cross several countries; with803

oil, the main issue is that there is no global market for an interchangeable product804

[50].805

4.1.4 Milestone 4: Present (2018)806

Presently, energy technologies keep advancing, the awareness of climate change and807

sustainability issues are on the increase, and the facets of energy security are being808

reshaped (as evidenced by the review of the literature). The global attention to energy809

security may be explained by the new emerging giants of the world economy (China810

and India included) and their rapidly rising energy demand.811

As the geopolitical changes that commenced in the 20th century continue in the812

21st century, and constitute a basic dynamic component of the concept of energy813

security, the present time (2018) is proposed as an appropriate final milestone that814

should be considered.815

4.2 Data816

To adopt a marketing approach to data science (as it bears to research in the field817

of energy security), there are primary data, secondary data, and marketing intelli-818

gence [56]. Primary data are originated by a researcher for the specific purposes of819

a particular research task, may require a longer time frame to collect, and are often820

more expensive to generate. Secondary data are usually of a quantitative nature, are821

collected for purposes other than those of the researcher that accesses them, and822

are oftentimes used by many researchers. Marketing intelligence may be defined as823

“qualified observation of events and developments in the marketing environment”824

[56] and may, for instance, refer to expert opinions in the case of energy security.825

Such marketing intelligence usually is of a qualitative nature, suffers from poor struc-826

ture, and since it is opinion based may be characterized by varying credibility. It is827

much easier to evaluate the accuracy of secondary data than marketing intelligence828

[29], i.e. the opinion of experts. While marketing intelligence is used systematically829

by companies such as Microsoft, IBM and Coca Cola, it is also employed by com-830

panies in the field of energy, such as General Electric [56]. The rest of this section is831

devoted to secondary data, although mention of primary data will be made later on832

(when discussing expert interviews in Sect. 4.7).833
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Secondary data are easily accessible (usually online), and may be obtained quickly834

and inexpensively. Yet, with secondary data, a researcher may not be aware or infor-835

mation such as the margin of error or the response rate (in cases where secondary data836

were collected with a survey). In fact, a variety of accuracy issues plague all types of837

secondary data [29]: observational errors; approximations and roundoffs; selectivity838

bias created by nonresponse (for data that were collected by survey); biases created839

by different sampling methods; a high level of aggregation (often due to confiden-840

tiality). Therefore, the reliability, dependability and generalizability of data may be841

questionable [56]. Furthermore, secondary data may not be current enough (for the842

purposes of the research at hand). Nevertheless Malhotra and Birks [56] advise that843

secondary data be examined as an option before deciding where primary data must844

be generated and collected. Accuracy may be a particular concern with dynamic845

global phenomena that affect geopolitics and energy security. Multiple sources of846

secondary data may be sought and compared, to overcome issues of accuracy and847

possibly fill in missing cases.848

Sources of secondary data include published materials, online and offline (elec-849

tronic) databases, and syndicated services [56]. Researchers should try to obtain850

secondary data from original rather than acquired (surrogate) sources (i.e. sources851

that reproduce data obtained from other secondary sources). Many variables may be852

included in such databases, and it is very important to be clear on their definition853

and units of measurement. Occasionally, a researcher may need to convert a variable854

from one system of units to another, or change its time frame (which may not always855

be feasible).856

There is an accelerating tendency for secondary data to be available in elec-857

tronic format including the Internet and offline electronic sources such as CD or858

DVD-ROMS [56], with physical media perhaps being phased out over time. The859

Internet in particular has emerged as the most extensive source of secondary data.860

While not all online secondary data are free, the Internet is replete with such collec-861

tions that include diverse energy related data, including supranational entities (like862

the European Union), national and government sources (like the Hellenic Statis-863

tical Authority), international organizations (like the International Energy Agency864

or the United Nations), national organizations (like the CIA) and businesses (like865

British Petroleum). There are even thematic lists, directories and indexes of sec-866

ondary sources, including reputable periodical publications and newspapers, e.g.867

The Financial Times Index or the Foreign Affairs list of energy related articles868

(https://www.foreignaffairs.com/topics/energy?cid=int-gna&pgtype=hpg).869

International trade, national accounts, demography, population, socioeconomic870

data, industry, energy, environment, and other information are all available to an871

energy security researcher, in a variety of online secondary sources [56]. All an872

energy security researcher has to do is locate and select the data required, taking into873

consideration the expertise, credibility, reputation and trustworthiness of the data874

provider. Such a list of reputable and inclusive list of free online sources of global875

secondary data related to the many dimensions of energy security is displayed in876

Table 1, sorted alphabetically (with the exception of Eurostat, as a source of predom-877

inantly regional data, i.e. on European Union member and affiliated countries).878

479075_1_En_6_Chapter � TYPESET DISK LE � CP Disp.:26/3/2019 Pages: 55 Layout: T1-Standard

A
u

th
o

r 
P

ro
o

f

https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg
https://www.foreignaffairs.com/topics/energy?cid=int-gna&amp;pgtype=hpg


U
N

C
O

R
R

E
C

T
E

D
 P

R
O

O
F

Conceptualizing and Measuring Energy Security … 23

Table 1 Online sources of energy data

Source Contents Link

British Petroleum
(BP)

The BP Statistical Review of World
Energy contains data on: primary energy;
oil; natural gas; coal; nuclear energy;
hydroelectricity; renewable energy;
electricity and CO2 emissions

https://www.bp.com/en/
global/corporate/energy-
economics/statistical-
review-of-world-energy.
html

Central Intelligence
Agency (CIA)

The CIA World Factbook contains data
on: geography; people and society;
government; economy; communications;
transportation; military and security;
terrorism and transnational issues.
Especially on energy issues, it contains
data on: electricity; crude oil; refined
petroleum; natural gas; and CO2
emissions from energy consumption.
Country information much qualitative
information in each category, so this
source would be a good complement to
case studies

https://www.cia.gov/
library/publications/the-
world-factbook/

International Energy
Agency (IEA)

The IEA Atlas of Energy contains data
on: CO2 emissions from fuel combustion;
electricity; oil; coal; natural gas and
renewables. In addition, it contains
energy indicators and energy balance data

http://energyatlas.iea.org/#!
/topic/DEFAULT

Organisation for
Economic
Co-operation and
Development
(OECD)

The OECD database contains data on:
agriculture; development; economy;
education; energy; environment; finance;
government; health; innovation and
technology; jobs and society. Energy data
include: CO2 emissions; natural gas; oil;
coal; renewables; electricity; energy
prices and taxes; and world energy
statistics

http://www.oecd.org/
statistics/
listofoecddatabases.htm;
https://data.oecd.org/
searchresults/?r=%2Bf%
2Ftype%2Findicators&r=
%2Bf%2Ftopics_en%
2Fenergy

United Nations
Development
Program (UNDP)

The Human Development Reports
contains data on: health; education;
income/composition of resources;
inequality; gender; poverty; work;
employment and vulnerability; human
security; trade and financial flows;
mobility and communication;
environmental sustainability and
demography. The Human Development
Report Office releases five indices each
year: the Human Development Index
(HDI), the Inequality-Adjusted Human
Development Index (IHDI), the Gender
Development Index (GDI), the Gender
Inequality Index (GII), and the
Multidimensional Poverty Index (MPI)

http://hdr.undp.org/en/
countries

(continued)
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Table 1 (continued)

Source Contents Link

United Nations
(UN) Data

Contains data on most countries of the
world, including: general information;
economic indicators; major trading
partners; social indicators; environment
and infrastructure indicators; and some
energy data

http://data.un.org/en/index.
html;
https://unstats.un.org/unsd/
energy/default.htm

World Bank Open
Data

Contains many development data sets on:
agriculture and rural development; aid
effectiveness; climate change; economy
and growth; education; environment;
energy and mining; external debt;
financial sector; gender; health;
infrastructure; poverty; private sector;
public sector; science and technology;
social development; social protection and
labor; and trade and urban development

https://data.worldbank.org;
https://data.worldbank.org/
indicator?tab=all;
https://data.worldbank.org/
country

World Data Atlas These data contain data on: agriculture;
climate statistics; demographics;
economy; education; environment; food
security; foreign trade; health; land use;
national defense; poverty; research and
development; telecommunication;
tourism; transportation; water and world
rankings. Data include indicators on total
energy, electricity, renewables, oil; gas
and coal

https://knoema.com/atlas;
https://knoema.com/atlas/
topics/Energy

World Nuclear
Association

Contains profiles on countries that use
nuclear power, including: energy policy;
nuclear facilities; research and
development; regulatory framework and
non-proliferation. Profiles include much
textual and qualitative information, so
this source would be a great complement
to case studies

http://www.world-nuclear.
org/information-library/
country-profiles.aspx

The majority of the data to be used for the estimation of an energy security index879

is expected to be of a secondary nature, although some primary (mostly qualitative)880

data may be of use as well (as in the case of case study and energy expert approaches881

that will be discussed in Sects. 4.6 and 4.7).882

Turning to the types of data, three major categories are generally used in various883

statistical and econometric analyses: (1) cross-sectional, (2) time series, and (3)884

pooled data, including balanced and unbalanced panel or longitudinal data [29].885

Cross-sectional data are data that are collected at the same time, e.g. a survey886

of households in an area, a census of the population in a country, or a Gallup poll887

among the countries of the European Union. As Gujarati and Porter [29] mention,888
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cross-sectional data may suffer from heterogeneity, and may require appropriate889

mathematical transformations to correct.890

Time-series data may be collected daily (e.g. stock prices), weekly (e.g. various891

economic figures such as the money supply), monthly (e.g. the inflation rate, the892

unemployment rate or the Consumer Price Index), quarterly (e.g. the Gross Domestic893

Product or GDP of a country), annually (e.g. the government budget), every five years894

(such as the census of manufacturers) or even every 10 years (such as the population895

census in a country) [29]. Some data may be available both quarterly and annually,896

such as the GDP or consumer expenditure. The analysis of time-series data presents897

special problems in econometric analyses, mostly because time series must be tested898

for stationarity (i.e. no upward or downward trending and steady variance over time)899

prior to any analysis such as regression modeling; if found to be nonstationary, they900

must be corrected with appropriate mathematical techniques, depending on the type901

of nonstationarity established (for a practical example, see [66]).902

Pooled data combine the characteristics of cross-sectional and time-series data,903

as for every time unit there is an entire cross-sectional data set (instead of a single904

observation), e.g. the annual GDP of European Union countries over the last 10 years.905

If the same cross-sectional units are surveyed over time, the pooled data are called906

panel data; if all the units have the same number of observations, the panel data907

are balanced, otherwise the panel data are unbalanced [29]. The terms panel and908

longitudinal data are used interchangeably, although it may be argued that the concept909

of panel data analysis is broader [25].910

Variables used in econometric research (like most related to energy security),911

belong to the following four broad measurement scales (in decreasing amount of912

useful information contained in them: ratio, interval, ordinal and nominal [29]):913

1. With ratio scale data, both the ratio of two values, and the distance between914

them are meaningful. Such data may be ordered (in an ascending or descending)915

manner, so comparisons between their values may be made, while the value of916

zero denotes the absence of any quantity of such data meaningfully. All in all,917

ratio-scaled data are numeric data that contain the most information. Personal or918

family income or GDP are examples of ratio scaled data.919

2. Interval scaled data are also numeric data with values that may be ordered (in an920

ascending or descending manner), but while the distance between two of their921

values is meaningful, their ratio is not, i.e. they lack a meaningful definition of922

the location of the value of zero. Time is such a data type, and taking years as an923

example, it would be meaningless to claim that 2000 AD is twice as big as 1000924

AD. Temperature scales also belong to this data type, and it is easy to realize925

that different scales (such as Celsius, Fahrenheit and Kelvin) place the location926

of zero degrees at a rather arbitrary point.927

3. Although ordinal data may not necessarily be numeric, they can certainly be928

ordered (in an ascending or descending manner) but this is pretty much all one929

can do with them. Age classes (e.g. 0–17, 17–35, 35–50, over 50 years of age),930

income classes (e.g. low, medium and high) or grading systems (such as A, B,931

C, D, and F for fail in the US grading system).932
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4. Finally, nominal scale data contain the least amount of information, and just933

represent different values of a variable that cannot even be ordered in a meaning-934

ful manner. Gender (e.g. male, female) and marital status (e.g. single, married,935

divorced, separated) are examples of nominal scaled data.936

It is worth making a special mention to dummy variables that are used in statistical937

and econometric analyses to indicate the presence or absence of a certain quality or938

characteristic. In the case of energy security research, one may use a dummy variable939

to indicate, for instance, the membership of a country in OPEC or the IEA, with the940

value of one indicating membership, and the value of zero indicating nonmembership.941

Dummy variables may also be employed to represent a nominal variable with more942

than one categories. For instance, if a researcher has arrived at a clustering scheme943

that groups countries into three energy security clusters, then one may employ two944

(i.e. one less than the number of clusters or categories) dummy variables to indicate945

the membership of each observation into a cluster. Assuming that these two dummy946

variables were named D2 and D3, here is how it would work: if both D2 and D3947

were zero, the corresponding observation would belong to the first cluster; if D2948

was equal to one, and D3 was equal to zero, then the corresponding observation949

would belong to the second cluster; finally, if D2 equalled zero and D3 equalled950

one, the corresponding observation would belong to the third cluster. It is important951

to remember that if the number of categories of a nominal variable equals N, then952

one need only define N − 1 dummy variables to represent them; in fact, if all N953

dummy variables were defined and included in a multiple regression model, perfect954

multicollinearity would prevent the model from being estimated.955

Although the issue of which software tools to use in energy security research (that956

includes analysis of secondary data with the aim of estimating an energy security957

index) is rather subjective, some advice may be useful. The authors of this Chapter958

use Microsoft Excel exclusively for data entry and manipulation, and find Excel959

great because almost all statistical packages may open Excel files. Minitab, in the960

opinion of the authors, is hard to beat for graphing, basic statistical analyses and961

multiple regression modeling (http://www.minitab.com). The freely available SAS962

University Edition (https://www.sas.com/en_us/software/university-edition.html) is963

outstanding for carrying out specific analyses, such as Poisson and Negative Bino-964

mial regression of count data [2]. Finally, IBM SPSS (https://www.ibm.com/analyt-965

ics/spss-statistics-software) is a great tool for many types of multivariate statistical966

analysis, including Two-Step Cluster Analysis that can accommodate a mixture of967

quantitative and qualitative data [62].968

4.3 Measuring Energy Security969

Having discussed the data that are usually involved in energy security research,970

attention now turns to the specific socioeconomic and geopolitical data that should971

be collected, in order to compute an energy security index.972
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As it has probably become evident from the literature review, the measurement973

of energy security is not a straightforward issue, as there is uncertainty over the974

definition of the concept [92]. Different approaches to measuring energy security975

have been developed in the literature [69], although even the simplest definition976

(“the uninterrupted availability of energy sources at an affordable price” by the IEA)977

illustrates how complex can any attempt of measurement be. Despite the multitude978

of dimensions, indicators, and models, the concept of energy security (especially979

its geopolitical role) is relatively novel, and there are no well-replicated scales for980

measuring it [14].981

Measuring energy security helps remove ambiguity, but encounters numerous982

complications. As an example, energy security oftentimes focuses on specific energy983

sources, and talk is made of oil security or coal security. In fact, if one centers on984

certain aspects of energy supply (such as electricity supply, nuclear power, or gaso-985

line powered automobiles), developing and least developed countries are automati-986

cally excluded from consideration since they have poor electricity networks, limited987

nuclear power units, and non-motorized forms of transport. Another way to go about988

it, is to consider isolated quantitative variables (such as electricity supply, percent of989

population with access to electricity, or energy intensity) that are often sectoral in990

nature, e.g. household energy consumption or share of commercial energy in total991

energy use. Alternatively, one may estimate composite indicators, such as indus-992

trial efficiency, transportation productivity, and environmental quality [77], although993

these are nontrivial to estimate in a meaningful and accurate way.994

Cherp and Jewell [11] have suggested that energy security be conceptualized as995

an instance of a more general construct of security. A good basis for approaching996

security has been provided by the seminal work of Baldwin [5], who argued that997

military, economic, social and environmental instances of security constitute different998

forms of security, not fundamentally different concepts. Cherp and Jewell suggested999

that Baldwin makes a distinction between “acquiring new values,” which is not1000

related to security, and “protecting existing values,” which lies at the heart of the1001

concept of security. The latter approach in the literature focuses on the dynamics of1002

separate indicators, and offers a rather limited possibility for comparative assessment1003

of multiple countries in term of energy security through quantitative analysis [92].1004

Secondary literature sources are used typically for the estimation of an energy1005

security index. Collected socioeconomic and geopolitical data at a country (or region)1006

level and each milestone time period may be entered in a single Excel file that will1007

essentially be a flat database. Further to socioeconomic and geopolitical data, this1008

flat database may include simple indicators, functions and combinations of simple1009

indicators, and composite indexes collected from the Internet or the literature (even1010

by direct communication with the authors of the original source, if necessary). A1011

composite index is formed when individual indicators are compiled into a single1012

index, on the basis of an underlying model of energy security. The analysis of these1013

empirical data must commence with graphical depiction and numeric measures of1014

location and dispersion. Such a descriptive analysis of the collected data will help1015

concretize the theoretical framework and provide a wealth of information for case1016

studies.1017
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Table 2 Countries (and
regions with a state-like
status) of the Southeast
Mediterranean and the
Middle East

Country Label

Bahrain Bah

Cyprus Cyp

Djibouti Dji

Egypt Egy

Eritrea Eri

Greece Gre

Iran Irn

Iraq Irq

Israel Isr

Jordan Jor

Kuwait Kuw

Lebanon Leb

Libya Lib

Oman Oma

Qatar Qat

Saudi Arabia Sau

Somalia Som

Sudan Sud

Syria Syr

Turkey Tur

United Arab Emirates UAE

West Bank WB

Yemen Yem

In the next sections, an attempt is made to organize and discuss briefly thoughts1018

and notions, mostly drawn from literature findings, as to the nature of the data that1019

need to be collected and organized as a researcher tries to measure the concep-1020

tual components of an energy security index. Some examples from the area of the1021

Southeast Mediterranean and Middle East are included, with country (and region)1022

abbreviations used for labeling points on graphs as in Table 2.1023

4.3.1 Geographical Components1024

According to Correlje and van der Linde [15], the geographic distribution of oil, gas1025

and coal reserves should be considered in energy security research. Furthermore, the1026

location of a country in an oil producing area such as the Middle East, Russia, the1027

Caspian, the Persian Gulf, and Africa, should be represented (possibly by dummy1028

variables). Considering that even though the Middle East has vast gas resources,1029
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its political climate is not much better than Russia and the Caspian Sea as far as1030

investments are concerned, it could be that interaction terms of location and political1031

climate may be useful in energy security research.1032

Variables that are of a geographic nature, may be found in the sources of Table 1,1033

and may be of use in energy security research include: area of a country, broken down1034

into land and sea parts (in km2); land boundary and coastline of a country (in km);1035

percent of the area of a country that is agricultural or forestry; and dummy variables1036

indicating the location of a country, e.g. in the Middle East or Africa.1037

To look at a few examples, Fig. 1 shows that the area of Southeast Mediterranean1038

and the Middle East contains four large countries that appear to the left of the chart:1039

Saudi Arabia, Sudan, Libya, and Iran. The area also contains quite a few very small1040

countries such as Djibouti, Israel, Kuwait, Qatar, Lebanon, Cyprus, the region of the1041

West Bank, and Bahrain.1042

Looking at the coastline of countries in the Southeast Mediterranean and the1043

Middle East affords an entirely different picture, as shown in Fig. 2. Greece and1044

Turkey have the longest coastlines by far, while Jordan and the West Bank are entirely1045

landlocked. The length of a coastline may act as a surrogate variable for access to1046

marine resources, so it may prove to be important in energy security research.1047

Figure 3 charts the percent of the area of a country in Southeast Mediterranean and1048

the Middle East that is agricultural land. It may be seen that Sudan is an exclusively1049

agricultural country; 70–80% of the area of Saudi Arabia, Syria, Eritrea, Djibouti1050

and Somalia is agricultural; and Greece and Lebanon are very similar in that just over1051

63% of their area is agricultural land. The rest of the countries have less than half of1052
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Fig. 1 Bar chart of the area of countries in the Southeast Mediterranean and the Middle East
(AREA3km2: area in thousand km2)
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Fig. 2 Bar chart of the coastline of countries in the Southeast Mediterranean and the Middle East
(COASTLINkm: length of coastline in km)
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Fig. 3 Bar chart of the percent of agricultural land of countries in the Southeast Mediterranean and
the Middle East (AGRICLANDpc: agricultural land in percent of total area)
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Fig. 4 Scatterplot of the land boundary of countries in the Southeast Mediterranean and the Middle
East as a function of their area (LANDBOUNDkm: land boundary of a country in km; lnAREAkm2:
natural logarithm of the area of a country in km2)

their area devoted to agriculture, with some energy resource rich countries (such as1053

Kuwait, Qatar, Oman, and the United Arab Emirates) having very little agricultural1054

land.1055

Finally, a look at data transformations that may have to be carried out is presented1056

in Fig. 4, where the size of the land boundary in km (LANDBOUNDkm) is shown1057

to be nonlinearly related to the natural logarithm of the area of a country in km2
1058

(lnAREAkm2). The natural logarithm is preferred to decimal logarithms because it1059

allows a more natural interpretation of the coefficients in regression models in terms1060

of percentage changes and elasticities [79].1061

While some of the variables that were examined graphically in this section may not1062

be strongly related to the concept of an energy security index, they could be useful in1063

a case study approach to energy security (which is discussed in Sect. 4.6). The graphs1064

also hint at possible clusters of countries with similar geographical characteristics1065

[22], and in this respect may guide (in part) a Cluster Analysis.1066

4.3.2 Socioeconomic Components1067

Thinking hard about economic variables that should be taken into account in an1068

energy security index should be an important part of such research.1069

Turning to literature findings on socioeconomic characteristics, Corner et al. [14]1070

argue that high concern about energy security (as a foreign policy issue) was found1071
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in a summary of international public opinion (by the World Council on Foreign Rela-1072

tions), with significant support for energy conservation and investment in renewable1073

energy sources. The same authors cited a UK national survey that indicated a high1074

degree of support for government subsidies of renewable energy technologies as well1075

as attaining energy independence. Of the renewable energy sources, solar and wind1076

power appear to be perceived as being able to deliver reliable and secure energy [72].1077

Probably the most important element that is included in all definitions of energy1078

security is the availability of energy to the economy [47]. As a consequence, many1079

countries consider energy security to be a major priority of their energy policies.1080

Energy security is often used implicitly as a synonym for the security of supply,1081

particularly by researchers adopting an economic perspective, such as Kruyt et al.1082

[47] and Johansson [40]. So, energy security is closely related to micro and macroe-1083

conomic developments [15].1084

A minimum supply of energy is essential for the functioning of the economy,1085

thus energy security is and will continue to be an issue [48]. The cost of energy1086

is an important factor in the inflation rate as well as in the competitive position1087

of the economy of a country [15]. On the relationship between energy prices and1088

energy consumption, Radovanović et al. [69] have argued that when energy prices1089

increase, the consumption does not decline, while when energy prices decrease,1090

energy consumption increases significantly. On the affordability of energy prices,1091

Deese [17], as cited by Cherp and Jewell [11], writes that affordable prices do not1092

cause “severe disruptions of normal social and economic activity”.1093

Consuming countries wish to keep energy prices low, as long as this does not1094

remove incentives for the development of supply); producing countries gain when1095

prices are high, as long as they do not cause big reductions in demand [40]. Imports1096

from OECD and non-OECD countries could be tallied and involved in the economic1097

components of the energy security index [15]. Investments as well as Foreign Direct1098

Investments (FDS) in the oil, gas and coal industry could also be taken into account1099

[15].1100

The existence and number of independent bilateral agreements with producer1101

countries could be indicated by a dummy or other quantitative variables [15], possibly1102

including quantitative measures of economic instability. As a related thought, in1103

countries like Nigeria, there are conflicts over economic rents and oil exploitation,1104

which in turn cause political and social rivalry [15] that should be accounted for in1105

energy security research.1106

Socioeconomic variables that could be found at a country level in the sources1107

of Table 1 include: population and percent of urban population; life expectancy;1108

health expenses, physicians, and hospital beds; education expenses and literacy rate;1109

unemployment and inflation rate; GDP and GDP per capita, in current or Purchasing1110

Power Parity (PPP) terms; house and government consumption as percent of GDP;1111

imports and exports as percent of GDP; the contribution of agriculture, industry and1112

services to the GDP (as percentages); size of labor force; percent of the population1113

that is below the poverty line; as well as taxes and public debt as percent of the GDP.1114

To consider some examples, do bigger countries tend to have a larger popula-1115

tion? It turns out that, to get a near linear relationship for countries in the Southeast1116
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Mediterranean and the Middle East, one has to take the natural logarithm of both1117

variables, as shown in Fig. 5. The physical meaning of such a log-log relationship1118

is this: the slope of a regression line passing through the points of the scatterplot of1119

Fig. 5 (not shown) would be equal to the percentage change in population (expressed1120

in thousands) every time the area (expressed in km2) was increased by one percentage1121

point [79]. Incidentally, Fig. 5 shows the three largest and most populated countries1122

in the area at the top right of the scatterplot: Egypt, Turkey, and Iran. Similarly,1123

the scatterplot reveals that Israel, Lebanon, Kuwait, West Bank, Qatar, Cyprus and1124

Djibouti are countries that have relatively similar area and population characteristics1125

(although it should be kept in mind that the axes are in logarithm units, so points that1126

appear near may in fact have very different numerical values).1127

Figure 6 shows the percentage of the population living in urban areas for countries1128

in the Southeast Mediterranean and the Middle East. It is shown that Kuwait and1129

Oman are almost exclusive urbanized, many countries have an urban population1130

ranging from about two thirds to 90%, while countries like Somalia, Egypt, Eritrea,1131

Yemen and Sudan have an urban population that is less than 50% of the total.1132

As another example, the level of taxation in countries in the Southeast Mediter-1133

ranean and the Middle East is graphed in Fig. 7. It may be concluded that Libya,1134

Greece and Kuwait draw 45–50% of their GDP from taxes, which one may argue1135

constitutes a hindrance to investment and innovation. Cyprus, Djibouti, Eritrea, Iraq1136

and Oman draw around 30–35% of their GDP from taxation. Israel, Saudi Arabia1137
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Fig. 5 Scatterplot of the population of countries in the Southeast Mediterranean and the Middle
East as a function of their area (lnPOP3: natural logarithm of population in thousands; lnAREAkm2:
natural logarithm of area in km2)
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Fig. 6 Bar chart of percent of population residing in urban areas of countries in the Southeast
Mediterranean and the Middle East (URBANPOPpc)
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Fig. 7 Bar chart of taxation as percentage of GDP of countries in the Southeast Mediterranean and
the Middle East (TAXESpcGDP)
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and Qatar draw around one quarter of their GDP from taxation. One could go making1138

analogous observations about groups of countries with similar levels of taxation.1139

Exports minus imports expressed as percent of GDP is graphed in the bar chart1140

of Fig. 8. Interestingly, oil and gas rich countries (such as the United Arab Emirates,1141

Bahrain, Iraq, Qatar, Saudi Arabia, Kuwait and Oman) are characterized by a surplus1142

of exports. On the other hand, one sees countries struggling with their economies1143

and political situation (such as the West Bank, Yemen and Djibouti) to have a large1144

deficit of exports (compared to their imports). So, this particular indicator may be an1145

interesting metric in the sense as it appears to be associated with energy exports of1146

countries in the Southeast Mediterranean and the Middle East.1147

How is average life expectancy (of countries of Southeast Mediterranean and the1148

Middle East) related to the number of physicians per population? An answer is given1149

in Fig. 9, which shows that: Somalia has the lowest life expectancy (below 55 years1150

of age); Yemen, Djibouti and Sudan have a life expectancy of about 65 years of age1151

(although Sudan has a much larger number of physicians per population); and most1152

other countries are clustered together, with a life expectancy ranging from below 751153

to less than 85 years of age. Israel has the highest life expectancy, and it achieves1154

this without the near double number of doctors per population that Greece has.1155

Turning to technology diffusion, as a last example in the socioeconomic section,1156

Fig. 10 shows that there is a rather weak linear relationship between the Internet1157

users per 1000 inhabitants and the cellular phone subscribers per 1000 inhabitants1158

of the countries in Southeast Mediterranean and the Middle East. It is interesting to1159

note that energy rich countries, such as Kuwait, the United Arab Emirates, Bahrain,1160

W
B

Ye
mD
ji

Jo
r

Le
b

Sy
r

Er
i

Eg
y

Cy
p

Tu
r

Su
d

G
re

So
mLi
bIrnIs
r

O
m
a

Ku
w

Sa
u

Q
atIrqBa
h

U
AE

20

15

10

5

0

-5

-10

-15

-20

-25

-30

-35

-40

-45

EX
Pm

IM
Pp
cG
D
P

Fig. 8 Bar chart of exports minus imports as a percentage of the Gross Domestic Product (GDP)
of countries in the Southeast Mediterranean and the Middle East
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Fig. 9 Scatterplot of the life expectancy of countries in Southeast Mediterranean and the Mid-
dle East as a function of the number of physicians per population (LIFEXPECyrs: average life
expectancy in years for the entire population, including both genders; PHYSpPOP3: physicians per
1000 inhabitants)
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Fig. 10 Scatterplot of the number of internet users of countries in Southeast Mediterranean and the
Middle East as a function of the number of mobile/cellular phone subscribers (INTERNUSERp100:
Internet users per 100 inhabitants; MOBCELLp100: mobile/cellular phone subscribers 1000 inhab-
itants)
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Oman, Qatar and Saudi Arabia have over 1.5 cellular subscriptions per individual—in1161

fact Kuwait has over two. Bahrain, Qatar and the United Arab Emirates have over1162

90 Internet users per 100 people. At the other end, countries like Djibouti, Soma-1163

lia and Eritrea have very low usage of Internet. As a general observation though,1164

cellular phone diffusion is (much) bigger than Internet usage, so perhaps a (large)1165

part of Internet access is now carried via cellular connections (especially in certain1166

countries).1167

4.3.3 Institutional and Political Components1168

Turning to institutional and political components, organizations that should be con-1169

sidered in the context of energy security include the World Trade Organization1170

(WTO), IEA, OPEC, and IMF. Relevant regional free trade organizations include1171

the European Union (EU), the North American Free Trade Agreement (NAFTA),1172

the Southern Common Market (MERCOSUR), and the Southern African Develop-1173

ment Community (SADC) [15].1174

Although the US maintains a transatlantic relationship with the EU, cooperating1175

on issues of energy security, at the same time it discourages independent EU energy1176

initiatives, e.g. the Euro-Arab dialog that took place in the 1970s. Therefore, political1177

difficulties should be taken into account in the development of an energy security1178

index, with possible interactions with oil producing country [15].1179

The ability of a country to develop its own means of deterrence, and the actual1180

deterrence capacity both relate to energy security. The case of Iraq, a central player1181

in the global energy landscape, makes one think that an indicator variable showing1182

whether a country is a fragile or failed state, could be incorporated in the political1183

component of energy security research. Competition for scarce resources between1184

consumer countries could cause conflict, so there is a risk that key producing regions1185

slip into chaos—this should also be accounted for.1186

Delving deeper to the political component of an energy security index, the pres-1187

ence of a centralist political structure, lack of effective political institutions, and a1188

weak civil society are also indicator variables that could be considered. The presence1189

of elites, and the concentration of bigger amounts of wealth in smaller portions of1190

the society (measured by the corresponding Gini coefficient), should also be consid-1191

ered. Taking corruption into account is important because large oil and gas revenues1192

generate political pressures and corruption [15].1193

Institutional and political variables that could be found at a country level in the1194

sources of Table 1 include: type of government; years of being an independent state;1195

and the Gini coefficient for family income, which along with the percent of house-1196

holds with income at the lowest and highest 10% could act of surrogate variables for1197

the effectiveness of democratic institutions.1198

For countries in the Southeast Mediterranean and the Middle East the type of1199

government is tabulated in Table 3.1200

One could pool similar categories and come up with a more summary description,1201

such as 10 republics and democracies, seven monarchies, one theocratic republic, and1202
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Table 3 Type of government in countries of the Southeast Mediterranean and the Middle East
(CIA Word Factbook characterization)

Type of government Number of countries Average years
independent

Absolute monarchy 3 168

Parliamentary republic 3 120.3

Presidential republic 3 62

Federal parliamentary republic 2 73

In transition 2 48.5

Constitutional monarchy 1 48

Constitutional monarchy (emirate) 1 58

Federation of monarchies 1 48

Parliamentary constitutional monarchy 1 73

Parliamentary democracy 1 71

Presidential republic (highly
authoritarian)

1 73

Semi-presidential republic 1 42

Theocratic republic 1 40

one authoritarian state presenting as a presidential republic. Looking at the years of1203

independence per government type (rightmost column of Table 3), one may conclude1204

that absolute monarchies and republics tend to be the countries enjoying the longest1205

status as independent states; on the other hand, there are countries that have been in1206

transition for decades.1207

4.3.4 Energy Components1208

Coming to potential energy components of an energy security index, clean coal and1209

safe nuclear power will continue to play an important transitional role in the energy1210

mix [9] and help offset dependence on imported gas [15]. So the contribution of1211

each energy source to the energy mix of each country should be taken into account.1212

Strategic coal, oil and gas reserves [6] as well as the ratio of reserves to production1213

of the present and near future, should also be taken into consideration. In particular,1214

the oil and gas consumption growth, and the investments to construct new or replace1215

existing production capacity should be considered in the analysis.1216

Given that the US purchases crude oil from over 60 different countries [15],1217

a work researching energy security should keep track of the number of countries1218

that a country purchases oil, gas, and coal from. This adds a significant degree1219

of complexity, but (together with the fact that much of the global oil production1220

originates in countries that are characterized by internal instability) hints at the need1221

of possibly defining and using energy fragility variables.1222
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The incorporation of a nuclear energy component in an energy security index1223

seems obvious since nuclear power can be an economical and reliable way of gener-1224

ating large amounts of base load electricity without producing CO2 emissions. With1225

nuclear power, the marginal cost of electricity is low, but construction, decommis-1226

sioning, and waste disposal costs are high [85]. A total of 31 countries already have1227

nuclear power and a number of them, including India and China, are looking to build1228

new nuclear power units, while 20 countries are reported to be looking to develop1229

nuclear power [88].1230

As pointed out by Corner et al. [14], the long-time association of nuclear energy1231

with destroying power and world-making, sets nuclear apart from other technological1232

systems in the mind of the public, what Masco [60] called the “nuclear uncanny”. In1233

the words of Winzer [84]: “For some people the goal of energy security is the reliable1234

provision of fuels and the role of nuclear energy is one of enhancing security. For1235

others, energy security is concerned with a reduction of hazards from accidents and1236

proliferation and the expansion of the nuclear industry is a potential threat to energy1237

security”.1238

Corner et al. [14] argue that public attitudes towards nuclear energy constitute a1239

reluctant acceptance [7] that should be interpreted against the following background:1240

(a) high levels of awareness and concern about climate change, coupled with (b) an1241

emerging concern about energy security (which remains poorly defined). Nuclear1242

energy has been viewed as a potential method of addressing these two issues since1243

the late 1990s [80], yet there is a clear preference for renewable energy over fossil1244

fuels, as sources for electricity generation.1245

A comprehensive summary of up-to-date objections to nuclear power was made1246

by Levite [52]. In his informed opinion, one could cite the following reasons for1247

supporting nuclear power: ubiquity of fuel; exceptional form of energy for use as1248

a base loader of the electrical grid; environmental benefits (mainly reduction of1249

CO2 emissions); manageable proliferation risks; improving operational performance1250

record; safety standards improving since Chernobyl; and alternative energy sources1251

also plagued by limitations and risks. Yet, Levite asserts that nuclear power is now in1252

free fall, mainly due to the following shortcomings: lack of standardization; absence1253

of harmony in (the update of) core regulatory requirements; cost management and1254

financing challenges; enduring challenges of handling spent fuel; proliferation risks,1255

to be added to safety and security issues; decommissioning overhang; and industry1256

mentality and corporate myopia. Levite furthers his arguments against nuclear power1257

by arguing that the problems that plague nuclear power now occur against a backdrop1258

of: abundance of alternative energy supplies (such as shale, wind and solar); rapidly1259

declining costs of the renewables (especially wind turbines and solar panels) that1260

also possess better political appeal; significant improvements in storage capacity1261

and affordability; daunting nuclear decommissioning overhang; political paralysis1262

in confronting the storage challenge; a meltdown in the US nuclear leadership; and1263

failure to come up with working industry solutions.1264

As expected, a wide variety of energy variables may be found in the sources of1265

Table 1. These include: crude oil exports and imports (in barrels per day or bpd);1266

refined oil production and consumption (in bpd); refined oil exports and imports (in1267
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bpd); gas production and consumption (in m3); gas exports and imports (in m3);1268

electricity production and consumption (in kWh); electricity exports and imports1269

(in kWh); installed capacity for electricity production (in kW); the contribution of1270

each energy source (including coal, oil, gas, nuclear, hydro, solar, wind, geothermal,1271

biofuel, and waste) expressed in GWh as well as percentage of the energy mix.1272

Energy infrastructure variables may be found as well, such as gas and oil pipeline1273

network (in km), although in general these data are incomplete and not up to date.1274

Finally, pertinent socioeconomic variables such as population without electricity,1275

and percent of electrification at urban centers, rural areas, and country average, may1276

also be found in those sources.1277

The electricity energy mix of most countries in the Southeast Mediterranean and1278

the Middle East is presented in Table 4. Quite a few observations may be made on1279

the data presented there. For one, it may be argued that countries with a more var-1280

ied energy mix (such as Greece and Turkey) would tend to be more energy secure.1281

Also, there are unlikely countries whose energy resource endowment is such that1282

energy security would appear to be easy to achieve, such as Sudan (with two thirds1283

of its energy coming from hydro sources). Countries that use a single energy source1284

predominantly (such as Cyprus, Eritrea, and Lebanon, all of which use oil almost1285

exclusively) would have an energy security that would depend strongly on the avail-1286

ability of oil imports (and their own production of oil). In particular, countries that1287

use (imported) natural gas almost exclusively would clearly have an energy security1288

that would also depend strongly on its continued physical availability and afford-1289

ability. Naturally, one should be careful with the data, e.g. countries like Qatar or1290

Oman use natural gas almost exclusively because they have an abundance of it, and1291

are exporting countries.1292

In the case of many EU countries (not shown on the table) that import the majority1293

of the natural gas from Russia, this would mean that they would remain energy secure1294

as long as Russia continues to supply its European market smoothly. Situations1295

such as the Ukrainian crises (that were discussed in Sect. 4.1.3) or other unforeseen1296

geopolitical considerations that would affect Russia, would also affect its European1297

(and other) gas customers, more so in the case of small countries (like Greece) and1298

less so in the case of bigger players (such as Germany) that are able to secure better1299

terms. It is this very concern that the EU is currently trying to address with its much1300

touted project of Energy Union, in a manner that would safeguard the energy security1301

of its members and combat climate change, which the EU regards as a priority.1302

A final look at an energy variable is given by Fig. 11, which charts the energy self-1303

sufficiency of the countries of the Southeast Mediterranean and the Middle East. On1304

the one hand, countries that appear very secure from a self sufficiency point of view1305

include: Qatar and Kuwait (with a self sufficiency between 450 and 500%); Iraq (with1306

a self sufficiency between 350 and 400%); and the UAE, Oman and Saudi Arabia1307

(with a self sufficiency around 300%). On the other hand, countries that appear quite1308

insecure from a self sufficiency point of view include: Lebanon, Jordan, and Cyprus1309

(with a near zero self-sufficiency); Greece, Turkey and Israel (with a self sufficiency1310

less than 50%); and Syria (with a self-sufficiency of around 50%).1311
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Fig. 11 Bar chart of energy self sufficiency expressed as a percentage for countries of the Southeast
Mediterranean and the Middle East (reference line drawn at 100% energy self sufficiency)

Part of the challenge in defining (and calculating the values of) an energy security1312

index is exactly this: how does one put together these opposing influences, e.g. variety1313

in the energy mix versus self-sufficiency, in order to construct an index that would1314

be a useful tool in analyzing geopolitical situations.1315

4.3.5 Environmental Components1316

Turning to environmental variables, although air pollution became a big concern1317

in industrialized countries during the 1950s, 1960s and 1970s, global warming and1318

awareness of climate change remained low. In the 1980s, the World Health Organi-1319

zation (WHO) established the Intergovernmental Panel on Climate Change (IPCC)1320

to provide a scientific view of climate change. In 1997, the Kyoto Protocol was1321

signed to set binding obligations on industrialized countries to reduce emissions of1322

greenhouse gases. In 2011 a new value was included in the basic definition of energy1323

security by IEA, the “respect for environmental concerns”.1324

Although there is little doubt that environmental concerns should be accounted for,1325

in a definition of energy security, the way to formalize their inclusion is not as obvious1326

and may, in fact, be fruitful to address this task via qualitative approaches (e.g. with1327

case studies and expert interviews, mentioned in Sects. 4.6 and 4.7 correspondingly).1328

Environmental (including geomorphological and ecological) variables that are1329

found in the sources of Table 1 include: land and water area of a country (in km2);1330

land boundary and coastline of a country (in km); agricultural and forest land in a1331
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Fig. 12 Carbon dioxide (CO2) emissions per capita in metric tons (CO2EMISpercapT) for coun-
tries of the Southeast Mediterranean and the Middle East

country (in percentages); contribution of fossil fuels and renewable energy sources1332

to electrification in a country (in percentage); and CO2 emissions of a country (in1333

metric tons).1334

This last variable, CO2 emissions per capita (in metric tons), is depicted in Fig. 12.1335

It may be concluded that fossil-fuel producing countries such as the United Arab1336

Emirates, Qatar and Kuwait, are major producers of CO2 emissions on a per capita1337

basis (between 35 and 50 tons per capita). Libya, Iran, Israel, Cyprus, and Greece are1338

remarkably similar in their CO2 emissions per capita (between five and 10 tons per1339

capita). Finally, poor countries such as Somalia, Eritrea and Sudan have near zero1340

CO2 emissions per capita.1341

4.4 Creating a Geopolitical Energy Security Index1342

According to Sovacool [74], creating an energy security index involves: conceptual-1343

izing energy security; putting the existing definitions in the proper frame; collecting1344

and consolidating data on previous energy security metrics; and scoring the results,1345

so that a better index is obtained. The evaluation of such a new index may be based1346

on the following criteria:1347

• Suitability: How well does the index measure the relevant aspects of the energy1348

security framework?1349
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• Transparency: How transparent and objective is the index? Is expert judgment1350

required?1351

• Availability of data: Are sufficient and robust data available to compile the index?1352

• Ability of forecast (self-evident).1353

Common shortcomings of indices include [76]:1354

• Topical focus, i.e. studies centering on pressing concerns (such as electricity supply,1355

nuclear power, and automobiles) instead of striving to be applicable not only in1356

developed countries, but also in developing or least developed countries (with1357

patchy and incomplete electricity networks, limited nuclear power units, and non-1358

motorized forms of transport).1359

• Scope and coverage as many indices are sector-specific, and focus on security of1360

supply rather than security of demand.1361

• Continuity, as very few studies have assessed energy security performance over1362

time.1363

Motivated by the above observations, an energy security index should attempt to1364

include as many countries as possible, certainly all member states of the UN, taking1365

into account the full complexity of the global environment, where energy decisions1366

are taken at the political level [24] and global geopolitical consequences unfold. Such1367

an energy security index should take into consideration both security of supply and1368

demand, and it should attempt to measure energy security across a range of political1369

systems and geopolitical priorities. Finally, an energy security index should provide1370

the element of continuity by assessing energy security during the milestone time1371

periods (if not along a complete time series).1372

Turning to the scope and nature of an energy security index, such research should1373

strive to address Sovacool’s [75] remark that “metrics for energy security will always1374

have this tension between comprehensiveness and understandability, but the most1375

important aspect of any energy security index is for it to be simple, meaningful, and1376

accessible – usability is better than perfectibility.”1377

The creation of a composite energy security index would normally include the1378

following activities [3]: the energy security definition is framed; any specific focus1379

areas are set; the appropriate simple indicators and selected; the required data are col-1380

lected; the simple indicators are normalized; the normalized indicators are weighted;1381

and the weighted and normalized simple indicators are aggregated into a (compos-1382

ite) index. The normalization step may resort to a minimum-maximum scale, the1383

distance to a reference, or other standardization techniques; the weighting may use1384

equal weights, recognize the relative importance of different fuel types, use PCA to1385

sort out overlapping information, obtain expert opinions, or resort to Data Envelop-1386

ment Analysis.1387

Further to what has been presented in previous sections, common simple indicators1388

for developing an energy security index have included [46]: the reserve/production1389

ratio, which shows the remaining amount of unexploited resources a country pos-1390

sesses; the Total Primary Energy Supply (TPES), which accounts for the indige-1391

nous production from primary sources, the import/export balance, the availability in1392
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international marine bunkers, and any stock changes; the reserve/consumption ratio,1393

which provides an indication of how much energy a country may use, if in a pinch;1394

and the reserve margin of generation capacity.1395

The development of a new quantitative energy security index with an emphasis on1396

geopolitical considerations could be done by collecting quantitative data, categori-1397

cal data, and qualitative data and indicators that highlight the causative connection1398

between energy security and geopolitical events. The steps of normalization, weight-1399

ing, and aggregation should take into consideration the (previously outlined) state of1400

the art in the research literature. A significant contribution would be achieved if such1401

an energy security indicator reflected—in a novel way—the energy security realities1402

across time, geopolitical priorities, and political systems.1403

An example of such a research work is provided by Radovanović et al. [69], who1404

used the following indicators to construct an energy security index (ESI): energy1405

intensity (EI); final energy consumption (FEC); Gross Domestic Product per capita1406

(GDPpc); share of nuclear and renewable energy (SRN); energy dependence (ED);1407

and carbon intensity (CI). PCA was used to determine the coefficients in the following1408

final equation of their energy security index:1409

ESI = 20 × (EI) + 20 × (FEC) + 10 × (GDPpc) + 20 × (SRN) − 20 × (ED) − 10 × (CI)14101411

In a newer effort, Radovanović et al. [70] used an expanded list of variables (adding1412

energy dependence, electricity prices, and sovereign credit rating) to estimate values1413

of a Geo-Economic Energy Security Index for many European countries from 20041414

to 2013. Such panel data may be used for further statistical analysis, especially in1415

reference to case studies and expert opinions.1416

Turning to specific energy and environment-related indexes, the 2018 Environ-1417

mental Performance Index (EPI, a collaborative effort of the Yale Center for Envi-1418

ronmental Law and Policy, the Center for International Earth Science Information1419

Network of Columbia University, and the World Economic Forum) was used to1420

rank 180 countries on 24 performance indicators across ten issue categories cov-1421

ering “environmental health and ecosystem vitality” (https://epi.envirocenter.yale.1422

edu/downloads/epi2018policymakerssummaryv01.pdf). The EPI has been touted as1423

a scorecard highlighting “leaders and laggards in environmental performance”. Low1424

scores of the EPI may indicative a need for, e.g. cleaning up air quality, protecting1425

biodiversity, or reducing greenhouse gas emissions.1426

Values of the 2018 EPI for the countries of the Southeast Mediterranean and the1427

Middle East are plotted against the United Nations Human Development Index in1428

Fig. 13. It may be seen that countries like Eritrea, Djibouti and Sudan score low1429

on both indexes. On the other hand, countries like Israel, Greece, Cyprus and Qatar1430

appear to be clustered together at the highest value range of both indexes. Quite a1431

few other countries are located in the middle range of both indexes, with countries1432

like Iraq doing relatively well on the HDI, but poorly on the EPI.1433

Another index of interest is the INFORM global risk index, a tool for under-1434

standing the risk of humanitarian crises and disasters (http://www.inform-index.1435

org/Portals/0/InfoRM/2018/INFORM2018-WithCovers.pdf). It is composed of three1436
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Fig. 13 Scatterplot showing the Environmental Performance Index (EnvPerfINDEX) as a function
of the Human Development Index (HDI) for countries of the Southeast Mediterranean and the
Middle East

dimensions: hazards and people’s exposure to them; vulnerability; and lack of coping1437

capacity (i.e. lack of resources to help people cope with the hazards). INFORM uses1438

50 different indicators to create a risk profile for every country, ranging from zero to1439

10, where: values less than two indicate very low risk; values from 2 to 3.5 indicate1440

low risk; values from 3.5 to 5 indicate medium risk; values from five to 6.5 indicate1441

high risk; and values over 6.5 (and less than 10, its maximum) indicate very high1442

risk.1443

The Environmental Performance Index is plotted against the INFORM index1444

for countries of the Southeast Mediterranean and the Middle East in Fig. 14. As1445

expected, they appear to be negatively correlated: high values of the Environmental1446

Performance Index appear to be associated with low values of the INFORM index and1447

vice versa. Quite a few interesting observations may be made. First, Israel, Greece and1448

Cyprus are clustered together at the top and middle-left of the figure, indicating that1449

these three countries are similar in having a good level of environmental performance1450

and relatively low global risk. On the other hand, countries like Djibouti, Eritrea, Iraq,1451

Libya and Sudan, combine high levels of global risk with low levels of environmental1452

performance. Energy producing countries such as Qatar, Kuwait, the United Arab1453

Emirates, Saudi Arabia, Bahrain and Oman have reasonably low global risk and1454

relatively average environmental performance.1455

A last look is shown by Fig. 15, where energy self-sufficiency (expressed as a1456

percentage) is plotted against carbon dioxide emissions per capita. The data exhibit1457

a moderately linear relationship, with more countries clustering at the lower left of1458
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Fig. 14 Scatterplot showing the Environmental Performance Index (EnvPerfINDEX) as a function
of the Inform Global Risk Index (InfGlobRiskINDEX) for countries of the Southeast Mediterranean
and the Middle East
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Fig. 15 Scatterplot showing the energy self-sufficiency as a percentage (ENERSELFSUFFpc) as
a function of carbon dioxide (CO2) emissions per capita in metric tons (CO2EMISpercapMt) for
countries of the Southeast Mediterranean and the Middle East
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the scatterplot. It is evident that countries with a very high self sufficiency, such as1459

Qatar and Kuwait, are also characterized by high CO2 emissions per capita. On the1460

other hand, there is a very wide variation of CO2 emissions for countries that are the1461

mid range of self sufficiency, e.g. the United Arab Emirates, Saudi Arabia, Oman,1462

and Iraq. Poor countries such as Eritrea and Sudan have near zero emissions of CO21463

per capita.1464

4.5 Using Cluster Analysis1465

The aim of this important step of the analysis in an energy security research work will1466

be to produce country classifications by: forming groups of similar countries at each1467

milestone time period; examining how countries change classification by moving1468

from one group to another over time; and observing how energy security profiles of1469

entire regions (and hotspots) have changed from the 1970s until today.1470

To formulate the groups, CA [22] may be run on a variety of socioeconomic1471

and geopolitical variables as well as values of the formulated energy security index.1472

Although it is expected that empirical degrees of freedom considerations, such as1473

those proposed by Formann [23], as cited by Mooi and Sarstedt [62], will limit1474

the number of variables that may be employed by CA, the aim would be to derive1475

well-defined cluster solutions, which will constitute an innovative energy security1476

taxonomy of countries over time. PCA may be employed to extract a small number1477

of Principal Components out of (significantly more) well correlated variables, and1478

thus manage to have more variables represented (even indirectly) during CA. Fuzzy1479

clustering techniques or complexity dynamics may also be taken into consideration.1480

Data quality and missing data consideration along with a priori expectations (as to1481

which variables should characterize the profile of a country) could be taken into1482

consideration, and may help with the final selection of variables to be used for1483

clustering.1484

The classification that will result from the CA will provide information from which1485

insight and knowledge may be gained as to: (a) the significance of the energy security1486

index; (b) the factors that put a country in a specific cluster; and (c) the policies1487

that are correlated with any changes in the classification of a country. Qualitative1488

information that were left out of the CA (e.g. by not being represented by dummy1489

variables) may also be associated with the classification, in an effort to gain additional1490

understanding of the components of energy security over time. The clusters of each1491

milestone time period may also be depicted on global or regional maps of energy1492

security (also proposed by Vivoda [82]), the configuration and dynamics which, may1493

generate additional geopolitical insight and highlight the location and movement of1494

energy security hotspots over time.1495

Vivoda [82] has stressed the importance of constructing energy security typolo-1496

gies, i.e. clusters, which (it is asserted) are better than lists of variables and complex1497

interrelations. The construction of typologies allows for the classification of coun-1498

tries, e.g. developing countries that are net energy importers, such as China and1499
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India, have a significant degree of similarity across many dimensions and attributes1500

of energy security, and are structurally different from developed energy importers1501

(such as Japan and South Korea) and energy exporters (such as Russia and Australia).1502

4.6 Looking at Case Studies of Key Countries1503

The estimation of an energy security index and the results of CA could be com-1504

plemented usefully by a case study analysis of a relatively small number of key1505

countries, possibly including: Germany, Russia, Iran, Iraq, Saudi Arabia, the United1506

States, Canada, Venezuela, Nigeria, China, India and Japan. If a researcher decided1507

to concentrate one’s efforts on the Southeast Mediterranean and the Middle East,1508

plenty of ideas are present in the material present in previous sections; in particular,1509

examining Turkey, Israel, Greece and Cyprus would be very important.1510

Different countries may be examined at different milestones, if this is recom-1511

mended by the produced classification or grouping of countries, especially the cal-1512

culated values of the energy security index at the milestone time periods. Since such1513

key countries would be analyzed in depth, it would be interesting to see if they1514

moved from one energy security cluster to another over time, and what policies were1515

associated with such moves.1516

Since case studies may examine a broad spectrum of (quantitative and qualitative)1517

energy security concerns, they may help explain why countries under comparable1518

international conditions prioritize energy security differently. In this fashion, a case1519

study approach would complement nicely the quantitative methods discussed in1520

previous sections.1521

4.7 Carrying Out Interviews of Energy Experts1522

Conducting interviews with energy experts is a research method that has been com-1523

bined with other methods in the field of energy security [77].1524

The interviewees could range from academic and policy experts on energy secu-1525

rity to public officials from different government departments and bodies. Snowball1526

sampling could be employed to augment the set of experts selected initially, i.e. at the1527

end of each interview, experts could be asked to nominate other potential interviewees1528

(and help provide contacts and access).1529

The interviews could be based on a questionnaire of open-ended questions, and1530

would be used to complement quantitative data analyses, and provide more texture1531

and depth to the knowledge that will have been gained thus far. The qualitative1532

data produced by the interviews could be of use both from a theoretical and an1533

empirical perspective. By construction, the theoretical approach will have a normative1534

ambition, and will strengthen the comprehension of the main issues at stake. In1535

particular, the interviewees could be polled on their opinion of the concept of energy1536
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security, with emphasis on the milestone time periods. The interviewees could also1537

be asked to critique the energy security index and judge the classification, energy1538

security policies, and geopolitical energy hotspots depicted on the dynamic maps1539

throughout the milestone time periods.1540

The degree of involvement of expert opinions in the developed index would help1541

provide a reality check and ensure its transparency [74].1542

4.8 Forecasting Energy Security1543

An energy security index research could be complemented by energy security fore-1544

casts.1545

The use of formal statistical methods would be contingent on data availability. If1546

the socioeconomic and geopolitical energy security data were available on a yearly1547

basis (which, at this point and with the experience gained in collecting such data1548

by the authors of this Chapter, appears nontrivial) then formal modes (such as time1549

series regression combined with atheoretical methods such as ARIMA) could be1550

used to produce forecasts. If only data for the examined milestone time periods were1551

available, forecasts would have to be developed based on a qualitative approach (and1552

with a greater involvement of the experts).1553

Taking into account global climate change and energy mix transitions would be1554

of particular importance in developing robust energy security forecasts. It would be1555

particularly interesting to see how the energy security index values affect the fore-1556

casts, see how the state of energy security affairs is forecast to vary in the foreseeable1557

future, and gain an understanding as to what geopolitical implications are likely to1558

occur.1559

Importantly, energy security could be examined in the context of storylines, such1560

as the Markets and Institutions (idealistic scenario) and the Regions and Empires1561

(realistic scenario) examined by Correlje and van der Linde [15]: in a Markets and1562

Institutions world, Russia becomes integrated in the EU market, while in a Regions1563

and Empires world, Russia develops its own empire. Depending on which storyline1564

prevails, the EU may need to transform itself [15] from an economically driven1565

project into a project that is driven by geopolitics and the strategic use of state and1566

economic power (possibly at the cost of significant political hardship and internal1567

conflict).1568

5 Closing Comments1569

An extensive examination of the current energy security indicators and indexes in1570

the literature has shown the differentiation among studies, and the need to integrate1571

additional indexes in the framework for the analysis of geopolitical problems.1572
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Many previous studies on energy security have focused on the security of supply.1573

This Chapter has shown how future energy security research could add to the state1574

of the art by combining quantitative and qualitative approaches in a way that is1575

innovative and characterized by a more holistic geopolitical perspective.1576

The outcomes of such research could, in the long run, help address the issues of1577

energy security in the years to come that may be characterized by energy transition,1578

economic uncertainty and environmental hardship.1579
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(As above)

(As above)

(As above)

(As above)

(As above)

(As above)

linking characters

through character    or

where required

between characters or

words affected

through character    or

where required

or

indicated in the margin

Delete

Substitute character or

substitute part of one or

more word(s)
Change to italics

Change to capitals

Change to small capitals

Change to bold type

Change to bold italic

Change to lower case

Change italic to upright type

Change bold to non-bold type

Insert ‘superior’ character

Insert ‘inferior’ character

Insert full stop

Insert comma

Insert single quotation marks

Insert double quotation marks

Insert hyphen

Start new paragraph

No new paragraph

Transpose

Close up

Insert or substitute space

between characters or words

Reduce space between
characters or words

Insert in text the matter

Textual mark Marginal mark

Please use the proof correction marks shown below for all alterations and corrections. If you  

in dark ink and are made well within the page margins.

wish to return your proof by fax you should ensure that all amendments are written clearly


