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Abstract

How well are industrialized nations doing in terms of their energy se-
curity? Without a standardized set of metrics, it is difficult to determine
the extent to which countries are properly responding to the emerging
energy security challenges related to climate change: a growing depen-
dency on fossil fuels, population growth, and economic development.
In response, this article first surveys the academic literature on energy
security and concludes that it is composed of availability, affordability,
efficiency, and environmental stewardship. It then analyzes the rela-
tive energy security performance, based on these four dimensions, of
the United States and 21 other member countries of the Organisation
for Economic Co-operation and Development (OECD) from 1970 to
2007. Four countries are examined in greater detail: one of the strongest
(Denmark), one of the most improved in terms of energy security
(Japan), one with weak and stagnant energy security (United States), and
one with deteriorating energy security (Spain). The article concludes
by offering implications for public policy.
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1. INTRODUCTION

On January 23, 1980, President Jimmy Carter
issued a famous declaration that any effort by a
hostile power to block the flow of oil from the
Persian Gulf would be viewed as an assault on
the “vital interests” of the United States, and
would be repelled by “any means necessary,
including military force” (1, p. 144). In addi-
tion to proposing to Congress that the coun-
try establish an Energy Security Corporation
to invest in alternative sources of fuel, Presi-
dent Carter also created a Rapid Deployment
Joint Task Force to protect the shipping lanes
through which Middle Eastern oil flowed to
American shores (2). In a policy later strength-
ened by the creation of the U.S. Central Com-
mand in the early 1980s and since termed the
Carter Doctrine, the administrations of Pres-
idents Ronald Reagan, George H. Bush, Bill
Clinton, and George W. Bush have each re-
lied on the threat of military force to deter and
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prevent major disruption in world oil supply.!
The price of these military activities in the
Persian Gulf is expected to cost the country
between $29 billion to $80 billion per year.?
Every presidential administration since Carter,
in other words, has viewed national security and
energy supply as inexorably intertwined.

The deepening of the Carter Doctrine,
however, is not convincing proof that a military
approach to energy security is optimal. Nor
does it tell us how the United States has per-
formed relative to other countries at improving
energy security. This article therefore measures
and assesses energy security for 22 countries
from 1970 to 2007. The first section, much like
other reviews in this journal, surveys the schol-
arly literature on energy security from 2003 to
2008 and argues that the concept should in-
clude accessibility, affordability, efficiency, and
environmental stewardship. Because these four
components are multidimensional, however,
the second section goes above and beyond
the standard literature review approach. It
discusses 10 metrics that constitute an Energy
Security Index and synthesizes published data
and trends related to energy security across a
variety of industrialized countries. The section

"The Carter Doctrine has significantly expanded since the
1970s. When Iranian forces began to attack Kuwaiti oil
tankers traveling through the Persian Gulf in an attempt
to discourage Kuwait from supplying loans to Iraq for arms
procurement at the height of the Iran-Iraq war of 1980 to
1988, President Reagan authorized the reflagging of Kuwaiti
tankers with the U.S. ensign to afford them naval protection.
The Clinton administration and both Bush administrations
have funneled billions of dollars into protecting the Persian
Gulf and other oil-based assets. U.S. Southern Command
now promotes security cooperation activities to grow U.S.
influence and dissuade potential adversaries in oil-producing
regions of South America, especially Colombia, including
training, equipping, and developing security forces to pro-
tect refineries and offshore oil and gas platforms. In central
Asia, the U.S. operates military and training programs to train
and equip Georgian and Uzbek security forces to maintain
the free flow of oil essential to the American and world econ-
omy. In western Africa, military aid and training have flowed
to Nigeria to help bolster the security of their oil infrastruc-
ture (1-5).

’Researchers at the Oak Ridge National Laboratory esti-
mated that from 1970 to 2004 American dependency on for-

eign supplies of oil has cost the country $5.6 to $14.6 trillion
6, 7).
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relies on this Energy Security Index to measure
and track progress on energy security between
the United States and 21 Organisation for
Economic Co-operation and Development
(OECD) countries. The third section surveys
the academic literature yet again to analyze the
relative performance of two top-performing
countries, Denmark (with high energy security)
and Japan (with improving energy security),
and two poorer performing countries, the
United States (with weak and stagnant energy
security) and Spain (with declining energy
security). The article concludes by offering
implications for policy.

In attempting to tackle a concept as compli-
cated as energy security, we could have analyzed
almost any scale and any group of countries. In-
stead of emphasizing smaller scales (such as in-
dividuals and firms) or international organiza-
tions (such as the World Bank or Organization
of Petroleum Exporting Countries), we have fo-
cused exclusively on nation states. And instead
of looking at countries in a single region, such
as the European Union, Asia, the Caspian Sea,
or the Black Sea, we have investigated energy
security for 22 geographically dispersed coun-
tries that belong to the OECD. The first reason
for this focus is practical: Data on patterns of
energy production and use have been collected
and compiled for OECD countries since the
1950s, and these countries are powerful mem-
bers of a number of multilateral organizations
dealing with energy issues, such as the United
Nations and the International Energy Agency.
The next reason is more theoretical: OECD
countries have different types of energy markets
and cultures. The United Kingdom and New
Zealand are examples of liberalized and priva-
tized energy markets, whereas other countries,
such as Denmark and parts of the United States,
remain highly regulated. The OECD countries
we selected also include cultures as diverse as
Australia, Greece, Japan, and Turkey. The final
reason is pragmatic: Because OECD countries
are the most industrialized in the world, they
also possess the technical and financial capacity
to implement policy changes that can improve
their energy security. The OECD countries

include many of the world’s largest consumers
of energy, so their decisions also affect the
global energy marketplace.

The importance of such an exploration is
threefold. First, energy security is arguably one
of the most important forms of human security.
Energy services are a ubiquitous component of
modern lifestyles, needed to power modes of
transport, light factories and workplaces, culti-
vate food, manufacture and distribute products,
and cool and warm residences. Economist E. F.
Schumacher once noted that energy services in
modern society are “not just another commod-
ity, but the precondition of all commodities, a
basic factor equal with air, water, and earth”
(8, pp- 1-2). They are used by almost every liv-
ing person, which means assessing how securely
they are provided is a crucial concern.

Second, perhaps because of its ubiquity, no-
tions of energy security are either so narrow
that they tell us little about comprehensive en-
ergy challenges or so broad that they lack pre-
cision and coherence. Trying to measure en-
ergy security by using contemporary methods
in isolation—such as energy intensity or elec-
tricity consumption—is akin to trying to drive a
car with only a fuel gauge or to seeing a doctor
who only checks your cholesterol. This study
provides precision, breadth, and standardiza-
tion to the often ambiguous concept. Without
such criteria, it is difficult to determine the ex-
tent that policy decisions, private investments,
new technologies, and research and develop-
ment are keeping pace with the challenges fac-
ing the growing global economy in a carbon-
constrained world. Though considerable effort
has been dedicated by energy and environmen-
tal groups to the development of composite
indicators of transportation productivity and
environmental quality, there are no standard
composite metrics to evaluate energy security.
Thus, the enduring question—“Are our en-
ergy systems becoming more or less secure?”—
remains difficult to answer.

Third, international comparisons of energy
security highlight the interdependence of coun-
tries, enmeshed in larger relationships between
and within producers and consumers. Global
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trade in energy fuels and services amounted to
$900 billion in 2006, and almost two-thirds of
the oil produced in 2007 was traded on the
global market (9). Of the hundreds of coun-
tries in the world, none is truly energy indepen-
dent. Saudi Arabia exports crude oil but must
import refined gasoline. Russia exports natu-
ral gas but must import uranium. The United
States exports coal but imports oil and natu-
ral gas. This interdependence explains why our
assessment of energy security examines the in-
teractions between countries as much as within
them and serves as a useful reminder that en-
ergy security does not stand abstractly by itself;
rather, it is most meaningful in a comparative
context.

2. CONCEPTUALIZING
ENERGY SECURITY

Notions of energy security frequently differ by
personal and institutional perspectives, national
styles, geology, geography, and time. Scientists
and engineers sometimes characterize energy
security as a function of energy research and de-
velopment, innovation, and technology trans-
fer systems (10, 11). The World Bank, by con-
trast, tells us that energy security is based on
the three pillars of energy efficiency, diversi-
fication of supply, and minimization of price
volatility (12). Consumer advocates and users
view energy security as reasonably priced en-
ergy services without disruption. Major oil and
gas producers focus on the security of their ac-
cess to new reserves as well as the security of de-
mand for their product, whereas electric utility
companies emphasize the integrity of the elec-
tricity grid. Finally, politicians dwell on secur-
ing energy resources and infrastructure from
terrorism and war.

Distinct national styles, geology, and geog-
raphy also influence conceptions of energy se-
curity. In the United States, energy security
has generally meant the availability of sufficient
supplies at affordable prices, protecting Middle
East suppliers and shipping lanes against piracy
and attack, maintaining a strategic petroleum
reserve, and reducing physical threats to energy
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infrastructure (13-15). Russia appears to pursue
an energy security strategy of asserting state
influence over strategic resources to gain pri-
mary control over the infrastructure through
which it ships its hydrocarbons to international
markets. Restricting foreign investment in do-
mestic oil and gas fields is an important ele-
ment of this strategy (16). China has viewed
energy security as an ability to rapidly adjust
to its new dependency on global markets and
engage in energy diplomacy, shifting from its
former commitments to self-reliance and suffi-
ciency (“zili gensheng”) to a new desire to build
a well-off society (“Xiaokang Shebui”). Buying
stakes in foreign oil fields, militarily protecting
vulnerable shipping lanes, and an all-out “en-
ergy scramble” for resources are key features
of China’s current approach to energy security
(17-20). Japan envisions energy security as off-
setting its stark scarcity of domestic resources
through diversification, trade, and investment,
as well as selective engagement with neighbor-
ing Asian countries to jointly develop energy
resources (21, 22). Saudi Arabia pursues energy
security as maintaining a security of demand for
its oil and gas exports, while Australia cultivates
a strong demand for uranium, natural gas, and
coal exports (23-26). Venezuela and Colombia,
in contrast, focus on minimizing attacks on oil,
gas, and electric infrastructure (27).

Further complicating matters, conceptions
of energy security change over time. The mod-
ern notion of energy security emerged in the
early nineteenth century as the mechanization
of warfare accelerated the energy requirements
for coal-powered warships and vehicles. Global
concerns about energy security became more
prominent during the World Wars, the en-
ergy crises of the 1970s, and both invasions
of Iraq. In the United States, depending on
the presidential administration, energy secu-
rity has meant ending all oil imports, eliminat-
ing imports only from the Middle East, merely
reducing dependency on foreign imports, and
entirely weaning the country off oil (28).
Following the emergence of nuclear power in
the 1970s, energy security expanded to include
nuclear nonproliferation.
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None of this, however, tells us which in-
stitutional, national, or temporal form of en-
ergy security is preferable. The contradictions
and tensions among the various national ap-
proaches and meanings of energy security, and
their differentiation over time, do not address
the deeper question as to which is the preferred
or most beneficial form. We argue, based on an
extensive assessment of 91 peer-reviewed aca-
demic articles on energy security from Septem-
ber 2003 to September 2008, that energy se-
curity should be based on the interconnected
factors of availability, affordability, efficiency,
and environmental stewardship.

2.1. Energy Security as Availability

The classic conception of energy security ad-
dresses the relative safety and source diversifica-
tion of energy fuels and services (29). More than
80% of the academic literature we examined
noted the importance of availability, a compo-
nent often predicated on promoting indepen-
dence and diversification.

Part of ensuring availability entails procur-
ing a sufficient and uninterrupted supply and
minimizing foreign dependency on fuels (1).
Dependence can be costly, most recently illus-
trated with Russian efforts to negotiate natu-
ral gas prices in Europe. Russia was able to
successfully triple the price of natural gas ex-
ported to Belarus and Ukraine because these
countries were completely dependent on Rus-
sian supply. In more serious cases, growing de-
pendency or perceived scarcity of domestic en-
ergy supply has precipitated international con-
flict (30). Energy supplies had a significant role
to play in provoking the American Revolution-
ary War (30). In World War 1, both Entente
and Central powers believed control of coal, oil,

3The authors searched for the two words energy and se-
curity in the titles of articles compiled in seven separate
academic databases: JSTOR, Science Direct, Project Muse,
LexisNexis, SpringerLink, Taylor & Francis, and Hein On-
line. Two hundred and thirteen articles were collected, but
only 91 dealt with energy security directly. For the sake of
brevity, not all 91 articles are cited in this article but are on
file with the authors and available by request.

and gas resources were a key to victory. During
World War II, Japan, suffering from a dearth
of available raw materials, invaded Manchuria
in 1931 to acquire their coal reserves. In re-
sponse to Japan’s later invasion of China in
1937, the United States cut off oil exportsin July
1941 (30). Without domestic resources, Japan
invaded the oil-rich Indonesian islands, and the
resulting tensions were a direct contributor to
the Japanese decision to attack Pearl Harbor.
That same year, Adolf Hitler declared war on
the Soviet Union in part to secure oil for his
war machine, and he launched Operation Blau
to protect German oil fields in Romania while
securing new ones in the central Caucasus (30).
The Soviet Union attempted to invade north-
ern Iran in 1945 and 1946 to acquire control of
its oil resources precisely to reduce its own de-
pendency. During the Gulf War of 1990-1991,
Iraq invaded Kuwait explicitly to enhance its
control of energy reserves. Lessening depen-
dency on foreign supplies of energy fuels, there-
fore, is an important component of ensuring
availability and improving energy security.
Related aspects of availability are diversi-
fication and preventing the sabotage or at-
tack of critical infrastructure, such as power
plants, pipelines, dams, and transmission and
distribution networks so that the services they
provide are uninterruptible. Diversification en-
compasses three dimensions: (#) source diver-
sification requires utilizing a mix of different
energy sources, fuel types, fuel cycles (i.e., rely-
ing not just on nuclear power or natural gas but
also on coal, oil, wind, biomass, geothermal, and
others); (b) supplier diversification refers to de-
veloping multiple points of energy production
so that no single company or provider has con-
trol over the market (i.e., purchasing oil from
not just one or two companies but a diversified
mix of dozens of energy firms); and (¢) spatial
diversification means dispersing the locations
of individual facilities so that they cannot be
disrupted by a single attack, event, malfunc-
tion, or failure (i.e., building one oil refinery
in every state instead of placing all of them in
the Gulf Coast). The principle of diversification
is rooted in ecology (natural ecosystems reveal
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thata diversity of flora and fauna are best able to
prevent spread of disease and pests); finance (a
diversified investment strategy is the best way to
balance returns and risk in a way that offers the
best likelihood of large profits in exchange for
low risk); and politics (democracy can be viewed
as a form of diversification of the idea of consen-
sus building, decision making, and accountabil-
ity in governance) (31-33). Multiplying one’s
supply sources by investing in multiple alter-
natives serves the interests of both consumers
and producers because it ensures that the en-
ergy supply chain is not dependent on any sin-
gle fuel source. The geographical dispersion of
energy facilities not only improves their over-
all reliability, but it also makes the entire dis-
tribution network more secure and resilient to
accidental disruption, systems failure, or inten-
tional attack. Geographical dispersion creates
multiple targets, all of which would have to be
disrupted at the same time to elicit total systems
collapse (34).

Diversification, too, has historical impor-
tance, for a variety of actors, saboteurs, ter-
rorists, and insurgents have targeted energy
infrastructure. Starting with North America,
in 1975, the New World Liberation Front
bombed pipelines of the Pacific Gas and Elec-
tric Company in California more than 10 times,
and members of the Ku Klux Klan and San
Joaquin Militia have been convicted of attempt-
ing to attack natural gas infrastructure through-
out Mexico and the United States (35). In 1997
in Texas, police prevented the bombing of nat-
ural gas storage tanks at a processing plant by
Ku Klux Klan members seeking to create a di-
version for a robbery (36). In 1999, Vancouver
police arrested a man for planning to blow up
the trans-Alaskan pipeline for personal profit
in oil futures (36). In 2001, an attack on the
trans-Alaska pipeline with a high-powered ri-
fle forced a two-day shutdown and caused ex-
tensive economic and environmental damage—
all apparently part of a hunting trip gone
awry.

Beyond North America, in the 1970s dur-
ing the Russian invasion of Afghanistan, the
mujahideen conducted so many attacks on
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Soviet oil and gas pipelines that the Russians
lost more than 500 tons of petroleum every
day. A few decades later in the midst of the
Russian-Chechen conflict, both sides exploited
pipelines as a way to intensify their military
campaign, with the Chechens even tapping the
Baku-Grozny-Novorossiysk pipeline hundreds
of times to draw away oil to hidden refineries
where it could be processed into cheap gasoline
and then sold in Grozny to purchase weapons
(37). The government of Saudi Arabia, which
manages more than 11,000 miles of gas and
oil pipelines, has repelled at least 30 attempts
in the past four years to destroy or damage its
pipelines by insurgents from nearby Iraq (38).
Nextdoor, in Iraq, more than 150 attacks on the
country’s 4,000-mile pipeline system occurred
over the course of 12 months (36, 39). Suicide
bombers have attacked the natural gas infra-
structure in Nigeria, Sri Lanka, and Yemen, and
in Pakistan, gunmen have frequently stormed
Pakistan Petroleum Limited natural gas facil-
ities, fired rockets at pipelines, and kidnapped
employees of the Water and Power Develop-
ment Authority (40). In Colombia, the 480-mile
Cano Limon-Covenas pipeline has had so many
holes blown in it that the locals jokingly refer
to it as “the flute.” In the Sudan, Arakis En-
ergy Corporation and Greater Nile Petroleum
Company sometimes have to repel daily attacks
on their oil and gas pipelines (41). London
Police also foiled a plot by the Irish Republi-
can Army in 1996 to bomb gas pipelines and
other utilities across the city with 36 explosive
devices. Recently, pirates in the Gulf of Aden
between Somalia and Yemen, and in the Straits
of Malacca between Indonesia, Malaysia, and
Singapore, have also begun targeting oil and
liquefied natural gas tankers for kidnappings
and hijackings. There are many precedents
for diversification becoming a more significant
component of energy security.

2.2. Energy Security as Affordability

A second component of energy security extends
beyond availability to include the basic afford-
ability and equitable access of energy services.
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Slightly more than 50% of the examined lit-
erature suggested affordability as an important
principle. Less affluent families in the devel-
oped world spend a larger proportion of their
income on energy services (12% of household
income, for instance, for the poorest quintile
of households in the United States), so en-
suring that energy is affordable can be central
to meeting their basic needs (42). Moreover,
people living below the international poverty
line pay proportionally more for energy, hin-
dering the accumulation of wealth needed to
make investments to escape their poverty. The
United Nations has warned that energy pol-
lution has an often ignored class dimension:
Infant mortality rates are more than 5 times
higher among the poor, the proportion of chil-
dren below the age of five who are malnour-
ished is 8 times higher, and maternal mortality
rates are 14 times higher (43). One study, look-
ing at the effects of increases in energy prices in
four developing Asian economies from 2002 to
2005, found that poorer households paid 171%
more of their income for cooking fuels and
120% more for transportation, 67% more for
electricity, and 33% more for fertilizers when
compared to the expenditures on energy from
middle- and upper-class houscholds (44). Indi-
rectly, higher energy prices tend to inflate the
price of almost all other goods and services be-
cause energy can account for up to 15% of the
total cost of food processing, textiles, lumber,
paper processing, chemical manufacturing, and
cement production (45).

Indeed, even within highly industrialized
countries, access to energy services is often un-
equal. The poor must expend a larger propor-
tion of their income on energy services despite
using less energy than the rich. Using a metric
known as a Gini coefficient or Lorenz curve,
which looks at the degree of income concen-
tration related to energy (varying between 0
for perfect equality and 1 for maximum in-
equality), one study looked at the equity of en-
ergy use in El Salvador, Kenya, Norway, Thai-
land, and the United States (46). The study
found that no country was truly equitable in
its energy use. The best country was Norway

(where half of residential electricity was used by
38% of household customers with the highest-
incomes), followed by the United States (25%),
El Salvador (15%), Thailand (13%), and Kenya
(6%) where the percentages shown represent
the highest-income households using half of the
residential electricity.

Energy fuels and services must not only be
affordable, but their prices should be stable.
When energy prices swing wildly, suppliers find
it difficult to plan prudent investments. The
enormous price spikes for natural gas seen over
the past decade in the United States, for ex-
ample, made natural gas-fired plants costly to
operate, and resulted in significant increases in
electricity prices in several areas, much to the
consternation of utility executives (47, 48). At
the same time, the energy affordability compo-
nent of energy security can conflict with other
energy security criteria. For instance, energy
price controls in developing countries have re-
sulted in artificially low prices, which thwartin-
vestments in energy-efficient and clean energy
technologies (49).

A final dimension of affordability relates to
quality. Even if the price is low and stable rela-
tive to household income, consumers and firms
need access to a broad range of high-quality
energy fuels and services. The World Health
Organization and United Nations Develop-
ment Program generally categorize access ac-
cording to an “energy ladder” of different sets
of fuels and technologies:

B Access to electricity, measured as the per-
cent of people that have a household elec-
tricity connection, is at the top of the
ladder;

B Access to modern fuels, such as liquefied
petroleum gas, natural gas, kerosene, and
ethanol, is on the next rung; and

B Access to traditional fuels, such as fuel-
wood, charcoal, dung, crop residues, and
coal, is on the bottom rung (50).

High levels of access and fuel diversity of-
ten correlate with higher levels of energy con-
sumption and lower rates of energy poverty,
and lower levels of access and minimal choice
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correlate with low levels of use, reliance on
biomass, and lack of efficient equipment (51).

2.3. Energy Security as Energy
and Economic Efficiency

A third component, mentioned by about
one-third of the literature, relates to energy
efficiency, or the improved performance
and increased deployment of more efficient
equipment and conservation. Energy efficiency
enables the most economically efficient use of
energy to perform a certain task (such as light,
torque, or heat) by minimizing the units of
resources per unit of output. Energy efficiency
can include substituting resource inputs or
fuels, changing habits and preferences, or
altering the mix of goods and services to
demand less energy.

A key part of improving the efficiency of
energy technologies and services relates to
innovation, research, and development. Energy
technology innovation is the process of leading
to new or improved energy technologies that
enhance the quality of energy services and
reduce the negative externalities and costs
associated with energy supply and use (52). As
advanced societies grow their dependence on
electric services with increasing automation,
air-conditioning, and home entertainment sys-
tems, managing demand through load control
devices and time-of-use pricing will become in-
creasingly critical to grid stability. Another part
of efficiency includes consumer demand for en-
ergy services and consumer behavior, ensuring
that energy fuels and carriers are matched in
scale and quality to end uses and that consumers
use only as much energy as they truly need.

2.4. Energy Security as
Environmental Stewardship

The final component, promoted by about
one-fourth of the examined articles, relates to
environmental stewardship, and it emphasizes
the importance of sustainability. In its classic
sense, the concept encompasses the notion
of balancing current resource consumption
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with the resource requirements of future
generations. For example, the landmark 1987
Brundtland report (published under the title
Our Common Future: World Commission on En-
vironment and Development) defined sustainable
development as meeting “the needs of the
present without compromising the ability of
future generations to meet their own needs”
(53, pp- 11, 12). When applied to energy policy,
sustainability has usually meant pursuing three
rules simultaneously: ensuring that the harvest
rates of renewable resources do not exceed
regeneration rates; making sure that waste
emissions do not exceed relevant assimilative
capacities of ecosystems; and guaranteeing that
nonrenewable resources are depleted only at
a rate equal to the creation of renewable ones
(54). Even groups, such as the International
Energy Agency, and former American defense
secretaries John Deutch and James Schlesinger
have noted that mitigating and adapting to
climate change must be considered a part of
any attempt to create energy security (55, 56).
The acceleration of global climate change,
along with related water, waste, agriculture and
deforestation challenges, act as “threat multi-
pliers” impinging on energy security worldwide
(57). The Deepwater Horizon spill in the Gulf
of Mexico, with its deleterious impacts on local
communities dependent on fisheries, wetlands,
and tourism for their livelihoods, underscores
all too well the nexus between environmental
degradation and socioeconomic well-being.

2.5. All Together Now

A number of examples illustrate the neces-
sity of meeting all four criteria—availability,
affordability, efficiency, and environmental
stewardship—holistically. Protecting the ship-
ping lanes used by oil tankers with military
force secures supply, meeting the criterion of
availability, but diverts attention and resources
from pursuing alternatives to petroleum, fail-
ing to meet the criterion of stewardship. In-
creasing energy crops to produce biofuels and
reduce petroleum dependency in the transport
sector could adversely affect environmental
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stewardship through the widespread use of fer-
tilizers, destructive farming practices, and the
replacement of biologically diverse ecosystems
with monocultures. Stockpiling petroleum and
natural gas through strategic reserves can serve
as a buffer against price shocks, but also offers
just the kind of centralized targets that terror-
ists and saboteurs find attractive. Figure 1 il-
lustrates some of the conflicts between com-
ponents of energy security. Trade-offs often
occur between options that are effective along
one dimension but adversely impact other as-
pects of security. Given the abundant illustra-
tions of such conflicts, it would appear that most
countries overtly or inadvertently pursued tech-
nologies and policies that involve accomplish-
ing progress in one energy security domain only
by eroding another.

Consider a few examples from around the
world of how some countries pursue one of
the four criteria even at the expense of each of
the other three. A study of large-scale energy
projects in Thailand, Myanmar, and Laos found
that, although the construction of regional in-
terstate natural gas pipelines and hydroelec-
tric projects enhanced the availability of energy
supply, such projects exacerbated social tension,
worsened the gap between rich and poor, has-
tened environmental degradation, and intensi-
fied various manifestations of human insecurity,
ultimately making electricity and energy more
expensive (58). International funding by the
European Union on a coal-to-liquids project
has helped some countries reduce dependency
on foreign sources of oil, but this strategy con-
flicts with efforts to fight climate change (59).
The United States has started shifting from the
use of coal to natural gas in the power sector to
reduce greenhouse gas emissions, but this has
exacerbated dependency on foreign sources of
liquefied natural gas (60).

3. QUANTIFYING ENERGY
SECURITY AND EVALUATING
PERFORMANCE

These examples, and the countless more
that we have not mentioned, underscore the

importance of pursuing a comprehensive no-
tion of energy security, one that does not
achieve secure supply and affordable prices
at the expense of stewardship and efficiency,
or vice versa. Recognizing that each crite-
rion does not exist in a vacuum and that
each is of comparable importance, we have
developed 10 indicators that constitute an
Energy Security Index (see Table 1). Note that,
in each case, the metric is an inverse measure
of security; that is, the higher the value is, the
lower energy security is.

To reflect availability, oil import depen-
dency, natural gas import dependency, and de-
pendency on petroleum transport fuels serve as
useful indicators (6-7, 61). Oil import depen-
dency and natural gas import dependency re-
flect how reliant a country is on foreign supplies
of petroleum (mostly used in transport) and nat-
ural gas (a feedstock for industrial activity and
electricity) and also document changes in the
supply mix for the world’s first and third most-
used fuels (the second is coal). The presence of
alternative fuels, such as ethanol and biodiesel,
also reveals how far countries have moved away
from dependency on petroleum (33). To re-
flect affordability, the prices of electricity and
gasoline at the retail level serve as important
metrics. We decided to track residential prices
for electricity and gasoline consumption rather
than diesel or jet fuel because homes and pas-
senger vehicles account for a majority of the
energy used by ordinary people (62, 63). We
elected not to use Gini coefficients and other
metrics associated with equitable access owing
to concerns over data quality and availability as
well as the fact that our sample of countries is
from the OECD, and therefore highly industri-
alized, making access to energy less of an issue
than for emerging economies and developing
countries. To reflect energy and economic ef-
ficiency, metrics such as energy intensity, per
capita electricity use, and on-road fuel inten-
sity of passenger vehicles show different but
important dimensions. Perhaps the most im-
portant of these is energy intensity, a measure
indicating the amount of energy used to pro-
duce a unit of gross domestic product (GDP)

www.annualreviews.org o Competing Dimensions of Energy Security
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Table 1 Defining and measuring energy security

Criteria Underlying values Explanation of criterion Indicators of energy security
Availability Independence, Diversifying the fuels used to provide Oil import dependency, natural
diversification, energy services as well as the location of gas import dependency,
reliability facilities using those fuels, promoting dependence on petroleum
energy systems that can recover quickly transport fuels
from attack or disruption, and minimizing
dependency on foreign suppliers
Affordability Equity Providing energy services that are affordable | Retail electricity prices, retail

for consumers and minimizing price
volatility

gasoline/petrol prices

Energy and economic Innovation, resource Improving the performance of energy Energy intensity, per capita

efficiency custodianship, equipment and altering consumer attitudes electricity use, on-road fuel
minimization of waste intensity of passenger vehicles
Environmental Sustainability Protecting the natural environment and SO, and CO; emissions
stewardship future generations

(64, 65).* By correlating energy use with eco- B Reliable data for energy intensity was
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nomic output, the measure thus encompasses
patterns of consumption and use for industries,
government facilities, consumers, and multiple
sectors all at once. Per capita electricity con-
sumption and on-road fuel economy for passen-
ger vehicles also show how efficient individual
technologies have become at the end-user level.
To reflect environmental stewardship, aggre-
gate sulfur dioxide (SO,) emissions and carbon
dioxide (CO,) emissions reveal how far coun-
tries have gone toward mitigating greenhouse
gas emissions, acid rain, and noxious air pollu-
tion (66, 67). These indicators also help show
relative progress in how governments have im-
plemented national climate change programs.

We collected data on these 10 indicators
and metrics for 22 OECD countries from 1970
to 2007, with a few exceptions and caveats as
follows:

+We also analyzed energy intensity in terms of energy use per
unit of purchase power parity (PPP), which involves equal-
izing the purchasing power of different currencies based on
a given basket of goods. Because the results were essentially
identical between the two metrics, we elected to use the more
common GDP measure. To those wishing to replicate our
approach to non-OECD countries, converting from GDP
based on exchange rate to GDP based on PPP produces
roughly the same results because our dataset is limited to
OECD countries. This would not be the case for countries
that have large socioeconomic disparities between them.

only available for 1980 and 2005; fuel
economy data was available for 2005 in-
stead 0of 2007; and SO, emissions data was
available for 2000 instead of 2007.

® QOur index is not meant to imply that
quantitative measures of energy security
are perfect or that reducing complex sit-
uations to numbers is without problems.
Numerical indices often highlight not
what is most significant or meaningful
but merely what is measurable. Quan-
titative measurements, especially those
taken out of context, can also conceal
important nuances and variability. Does
a reduction in the energy intensity of
a given country mean that its economy
is becoming more energy efficient, for
instance, or that instead more energy-
intense products are being imported from
elsewhere and energy-intensive jobs out-
sourced? (See Reference 68.)

®  Collecting data for this study was tedious
and difficult. Most of it was not avail-
able online, and the data for 1970 in-
volved much digging through libraries.
Historical data from International En-
ergy Agency publications and archives are
inconsistent, and discrepancies found in
data and reports published by different
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405

1.0
3.2

0.56
0.74

6.6
10.7

24

3,351

4,257

9.4

10.1

0.045

0.049

97.5

97.2

99
87

Median

Mean

Data for energy intensity starts at 1980 instead of 1970 (70-79).

bAj remaining figures come from the International Energy Agency (IEA) (78, 79).

€Specific values for on-road fuel intensity for Austria, Canada, Denmark, France, Germany, Italy, Japan, Netherlands, Spain, Sweden, United Kingdom, and the United States are from Schipper & Fulton (70).

40On-road fuel intensity values for remaining countries are from OECD averages (74). Abbreviation: gpm, gallons per mile.

€Values for population figures and gross domestic product are from the U.S. Economic Research Service (71).

fFigures for energy intensity are from 1980 data compiled by the U.S. Energy Information Administration (72) and presume market exchange rates adjusted for 2007 U.S. dollars.

gFigures for electricity consumption per capita exclude electricity exports and are calculated by dividing IEA data (83) into the total national consumption (in GWh) by the reported national population (71).
hValues for retail electricity prices, adjusted to 2007 U.S. dollars, are from the IEA (75) and are adjusted according to the Organisation of Economic Co-operation and Development (OECD) (74).

Values for retail gasoline prices presume premium gasoline, exclude taxes, are adjusted to 2007 U.S. dollars, are from Bentzen (73), and are adjusted according to the OECD (74).

JSome SO; emissions come from Spiro et al. (76, pp. 6023-36) and Lefohn et al. (77).

agencies (e.g., the Energy Information
Administration, World Resources Insti-
tute, United Nations, and the World
Bank) are troubling.

B Our study weighted the different compo-
nents of energy security and their indica-
tors equally, rather than assigning greater
value to particular dimensions.

® The unit of analysis for our index was the
nation state, which may gloss over the im-
portance of energy policy decisions being
made at different scales (i.e., multilateral
organizations, such as the International
Energy Agency, or substate actors, such as
electric utilities, energy companies, non-
governmental organizations, and individ-
uals).

That said, we do believe that these 10
indicators are valid representations of how
well countries have provided energy services
and promoted energy security, and the results
may be surprising to some. Tables 2 and 3
show the data for each of the 10 indicators for
the 22 selected countries in 1970 and 2007.
Note that the two environmental indicators
are not normalized for economic activity or
population. As a result, countries with large
and proportionately increasing SO, and CO,
emissions perform poorly. From the vantage
point of the environment, this is appropriate
because environmental damage is directly pro-
portionate to total emissions. By contrast, one
could argue that it is appropriate to normalize
these trends to account for growing popula-
tions or economic activity. We have, therefore,
presented per capita indicators for these two
measures alongside aggregate numbers.

We then assessed the relative progress of
each country according to each indicator. This
was done first by assigning a value of —1 if
the indicator worsened over time, 0 if it stayed
the same, and +1 if it improved, something
we call the “simple scoring exercise.” All in-
dicators were weighed equally, with the results
presented in Table 4 and Figure 2. This ap-
proach prevents large changes in any one indi-
cator from dominating the measure of relative
progress. However, the approach also means
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that a minute change in one indicator has the
same influence as a large change in another in-
dicator. Of course, to the extent that most of the
countries are responding to global trends (such
as the increasing share of oil reserves located
in non-OECD countries), the indicators could
reflect “common cause variation” (69).

To account for “special cause variation,”
which occurs when a country departs from the
norm as the result of particular characteris-
tics, such as energy policies or resource en-
dowments, we evaluated relative magnitudes of
change using z-scores. Z-scores are deployed
as a method for normalizing indicators that use
diverse units of measurement. The resultis a di-
mensionless quantity that indicates how many
standard deviations a country is above or be-
low the mean of the 22 OECD countries. To
complete our comparative scoring, we created
z-scores for each of the 10 indicators in 1970
and 2007 by subtracting the mean value for each
data point and dividing by the indicator’s stan-
dard deviation. We first did this for the 10 indi-
cators shown in Table 2, and then we repeated
the process using the two per capita environ-
mental indicators (along with the other eight
indicators). By comparing z-scores, we can as-
sess how a country has performed relative to the
performance of other countries. The results of
this z-scoring exercise are shown in Figure 3
and Tables 5 and 6. Figure 34 indicates that
the United States has the lowest energy secu-
rity of all 22 countries, both in 1970 and still
in 2007. Although four of its indicators deteri-
orated over this time period, the difference be-
tween its z-scores over time was close to zero,
placing the United States right on the diago-
nal line in Figure 34. Countries to the right
of the diagonal line have worsened in terms of
their energy security relative to the z-scores of
other countries, e.g, Spain, France, and Ireland,

whereas Japan and Denmark are both above the
line.

When emissions are normalized for popu-
lation, Figure 35 shows that the United States
still exhibits a lower-than-average energy se-
curity, but it no longer has the worst scores
in 1970 and 2007 (Belgium moves into that
position). The adjustment occurs because the
large absolute SO, and CO, emissions of the
United States are not as extreme compared to
other countries when normalized by popula-
tion. Japan and Denmark continued to have
improving scores over the nearly four decades.
However, Japan’s energy security in 2007 be-
comes more comparable to that of the United
States when per capita indicators are used, re-
flecting a strong improvement by Japan.

4. DISCUSSION OF RESULTS

The results of our simple scoring exercise sug-
gest that Denmark, Belgium, the United King-
dom, and Japan have experienced the great-
est improvement in energy security; Canada,
Finland, France, Italy, and Sweden have
stagnated; Germany, the Netherlands, New
Zealand, Switzerland, Turkey, Australia, Nor-
way, Austria, Ireland, and the United States
have done poorly; and Greece, Portugal, and
Spain have experienced the worst declines in
energy security.

A few additional trends are worth noting.
First, scores are highly variable within the
OECD, implying that the countries examined
have taken diverse and divergent paths to-
ward energy policy and security as well as re-
flecting different natural resource endowments.
Second, no country scored perfectly, meaning
that none improved in all categories. Denmark,
with one of the best scores, led the pack with
an improvement on three indicators of energy

Figure 2

Most to least improved energy security rankings, based on 1970-2007 trends. The relative progress of each country according to each
of the 10 indicators described above is shown as follows: by assigning a value of —1 if the indicator worsened over time, 0 if it
stayed the same, and +1 if it improved.
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Z-scores of energy security in 1970 and 2007: (#) unadjusted and (/) adjusted using per capita emission
values. Countries to the right of the diagonal line have deteriorated in energy security.

security—more than any other country—and a
high z-score. Third, a majority of countries did
poorly, with 13 countries experiencing a “net”
deterioration on two to six indicators between
1970 and 2007, implying that their energy secu-
rity has worsened. Fourth, some metrics, such
as energy intensity and on-road fuel inten-
sity for passenger vehicles, have almost univer-
sally improved, whereas others, such as electric-
ity consumption per capita, electricity prices,
and gasoline prices have almost universally
deteriorated.

Using the same statistical data, supple-
mented by a review of the published literature,
we explore four countries in greater detail, fo-
cusing on their energy security scores and the
strategic actions that have led to them. The
four countries represent one of the strongest
(Denmark), one of the most improved in terms

Sovacool o Brown

of energy security (Japan), one with weak and
stagnant energy security (United States), and
one with deteriorating energy security (Spain)
(see Figures 2 and 3). We explore each of
these cases in detail in the following four sub-
sections, which provide results from a deeper
review of country-specific literature for poli-
cies and energy-related datasets (64, 84, 85-95).
Figure 4 profiles each of the 10 energy security
indicators for these four countries from 1970

through 2007.

4.1. Denmark

Denmark has exhibited considerable success
in improving its energy security compared to
the other countries analyzed. Since 1970, Den-
mark has transitioned from being 99% depen-
dent on foreign energy sources, such as oil



Annu. Rev. Environ. Resourc. 2010.35:77-108. Downloaded from www.annualreviews.org
by Stanford University - Main Campus - Lane Medical Library on 07/24/12. For persona use only.

b 8
S Y%
& i
£ @ United Kingdom #

2 7
5 d
2 New Zealand
® [ % Turkey
= Denmark ,'A i ®
) -7 Austria
'g Switzerland ® /./
L O : Italy
o - France o ®
= E Greece
= ' Portugal ® Spain
United States -~ Ireland

& Belgium /'/ .
" Finland

Low Energy Security in 2007

Japan @ Sweden /_.,- Germany @ Australia

® Canada /'/ @ Netherlands
x
@ ® Norway

Low Energy Security in 1970

Figure 3

High Energy Security in 1970

(Continued)

and coal, to becoming a net exporter of nat-
ural gas, oil, and electricity today. Over the
same period, Denmark has improved its re-
liance on nonpetroleum transportation fuel, de-
creased its energy intensity by almost a fac-
tor of two, and lowered its aggregate CO, and
SO, emissions. The only areas where Den-
mark did not improve were in electricity use
per capita, electricity prices, and gasoline prices,
and these were areas where almost no country
improved.

Denmark is now the unchallenged world
leader in terms of wind energy, exporting $8 bil-
lion in wind turbine technology and equip-
ment per year, and Denmark also boasts one of
the lowest energy intensities in the European
Union (96). Primary energy consumption na-
tionally grew just 4% from 1980 to 2004, even
though the economy grew more than 64% in
fixed prices. At the same time, more renewable

energy replaced fossil fuels, and total CO; emis-
sions decreased by 16%. Therefore, the CO,
emission intensity—the amount of CO, emit-
ted per unit of GDP—was 48% lower in 2004
than it was in 1980.

The most obvious factor responsible for
such improvement is strong political leader-
ship and well-designed, consistent policy mech-
anisms aimed at improving energy efficiency
and promoting renewable energy. Denmark
implemented energy taxes in 1974 as a response
to the energy crises and used the billions in
dollars of revenue to invest in wind power,
biomass, and small-scale combined heat and
power units. Furthermore, the taxes sent price
signals that encouraged voluntary energy effi-
ciency measures. Denmark mandated energy
efficiency standards for new buildings and tight-
ened them over a period of 30 years. Danish reg-
ulators also designed investment subsidies and
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Table 5 Unadjusted energy security performance z-scores 1970 to 2007

Energy security index®
Country 1970 2007 Difference
United Kingdom 0.716 —6.261 6.977
Belgium 5.884 2.178 3.706
Japan 6.278 3.013 3.265
Switzerland 1.603 —1.093 2.696
Canada 2.329 0.761 1.568
New Zealand —2.790 —4.225 1.436
Denmark —2.199 —3.046 0.847
Norway 2.350 2.050 0.300
United States 7.183 7.154 0.029
Austria -3.339 -2.516 —0.823
Greece —3.291 —2.411 —0.880
Germany 0.985 1.964 —0.979
Portugal —0.671 0.367 —1.039
Finland 1.907 3.035 —1.128
Australia -3.777 -2.317 —1.460
Netherlands 0.554 2.042 —1.488
Turkey —3.723 —2.109 —1.614
Spain -2.276 —0.181 —2.095
Sweden 0.198 2.317 —2.119
Ttaly —2.763 —0.465 —2.297
France —2.166 0.228 —2.394
Ireland —2.993 —0.485 —2.508

aLarger indexes indicate lower energy security; positive differences therefore indicate improved energy security.
3 8y P 34

feed-in tariffs, forcing utilities to buy all power
produced from renewable energy technologies
at a rate equal to 70% to 85% the consumer
retail price of electricity in a given distribution
area, and they later regulated that all renew-
able power providers be given priority access to
the grid (97). The government levied a general
carbon tax on all forms of energy, set strict ve-
hicle fuel economy standards, and later adopted
European standards pledging to decrease CO,
emissions from automobiles to 140 g of CO,
emitted per kilometer driven by 2008, which
help explain Denmark’s lowered emissions of
greenhouse gases.

Although these efforts have improved many
aspects of energy security, they have also made
energy more expensive. Denmark’s taxes do
mean that electricity prices are the highest in
the European Union atabout 38 cents per kWh,
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and the price of petrol is more expensive than
that of 13 other OECD countries. Denmark’s
experience does suggest that improving avail-
ability, efficiency, and stewardship can trade off
with affordability, but overall the country ap-
pears to be one of the most energy secure in the
OECD.

4.2. Japan

A similar pattern of strong government sup-
port for energy security exists in Japan, which
has seen improvements to five of our energy
security indicators, offset by deterioration in
only four. Since 1970, Japan has lessened its
dependency on oil and has improved vehicle
fuel economy slightly but has increased its de-
pendency on natural gas and has significantly
increased its SO, and CO; emissions despite
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Table 6 Energy security performance z-scores 1970 to 2007 adjusted with per capita emissions

Energy security index?
Country 1970 2007 Difference
United Kingdom 1.762 —6.975 8.737
Belgium 8.278 4.781 3.498
Japan 4.739 1.520 3.220
Switzerland 0.752 —2.183 2.935
Canada 6.034 3.434 2.600
Denmark —0.949 -3.054 2.105
United States 2.654 1.072 1.582
New Zealand —3.532 —4.219 0.687
Sweden 2.108 1.654 0.453
Germany 1.392 1.129 0.263
Austria —3.441 —2.669 -0.772
Netherlands 2.125 3.276 —1.151
France —2.454 —1.095 —1.359
Turkey —5.643 —3.874 —1.769
Finland 2.887 4.722 —1.835
Portugal —2.581 —0.586 —1.995
Norway 2.353 4.561 —2.208
Ttaly —3.807 —1.404 —2.404
ITreland —2.794 —0.121 —2.673
Spain —3.662 —0.535 —3.127
Greece —4.571 —1.294 —3.276
Australia —1.651 1.859 —3.510

*Larger indexes indicate lower energy security; positive differences therefore indicate improved energy security.

its promises under the Kyoto Protocol. Elec-
tricity use per capita more than doubled, and
gasoline prices rose. But Japan was also one of
only three countries where electricity prices de-
creased, and its energy intensity also improved.

Opverall, Japan recorded unprecedented lev-
els of economic growth between 1970 and 2007,
closing the gap in per capita income, raising
standards of living, and improving labor pro-
ductivity compared to Western Europe and
North America while drastically improving en-
ergy efficiency (98). Devastated after World
War II, Japan’s immediate problem was secur-
ing an adequate supply of energy to fuel recon-
struction and industrial growth, and the coun-
try’s energy needs were met predominately by
imported oil and domestic coal. Population
density in major cities, such as Tokyo, how-
ever, made the mounting costs of air and water

pollution visible, and environmental awareness
was starting to rise at the same time the Arab
oil embargo hit. By 1973, the time of the oil
crisis, petroleum accounted for nearly 80% of
total energy demand, and the crisis precipitated
nothing less than panic (99).

Energy security was given highest priority,
and from 1973 to 1975, the government
announced a formal energy security strat-
egy that consisted of reducing dependency
on petroleum, diversifying domestic en-
ergy supply, aggressively promoting energy
conservation, and pushing research and
development on solar energy, geothermal
technologies, hydrogen, and coal gasification
under its Sunshine Project (100). Japan’s
Ministry of International Trade and Industry
(MITT) began their Moonlight Project in 1978
to develop more efficient power technologies
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Figure 4

Energy security progress for Denmark, Japan, United States, and Spain, 1970 to 2007. Because each of the indicators is inversely

related to energy security, rising lines represent worsening trends.

and early fuel cells. In addition, the government
offered free energy audits for smaller firms
and issued standards for combustion and
heating devices in industry to improve energy
efficiency. These standards applied to more
than 3,500 factories in the manufacturing,
mining, and energy supply sectors, and the
government also required these facilities to
hire a certified energy manager and to publicly
disclose their energy consumption annually.
The 1980s saw Japan pass its Alternative En-
ergy Law with provisions forcing suppliers to
adopt natural gas and renewable power sources,
along with the creation of tax incentives and
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low-interest loans for industrial energy effi-
ciency measures, emphasizing the petrochem-
icals, refining, cement, and paper industries
(101). The first minimum energy performance
standards came in 1983 for refrigerators and air
conditioners, and such standards were later ex-
panded to virtually all appliances, including the
underrated electric toilet seat warmer. The ap-
pliance standards were very successful at reduc-
ing electricity consumption. Average electricity
use for refrigerators, for example, declined
by 15% from 1979 to 1997 while the average
refrigerator size increased by 90%. Japanese
regulators also applied their performance



Annu. Rev. Environ. Resourc. 2010.35:77-108. Downloaded from www.annualreviews.org
by Stanford University - Main Campus - Lane Medical Library on 07/24/12. For persona use only.

Denmark
1970 2007

Natural gas
import
dependence (%)

Nominal
electricity
retail prices
(US$/kWh)

e

9.5

Nominal
gasoline
prices

(US$/liter)
0.42

SO, emissions
(million tons)

0.3 0.1

CO, emissions
(million tons)

56 50

Figure 4

32 40 \

United States
1970 2007

Japan

1970 2007

1970

Spain

93
85

32 17

17.8

I
7 58

\

127L—1146
0.82

0.37

17.8

S b—
2.6 ‘I "I

5,725
4,2004

1,227
743 |

121

2007

100

18.7

1.64

2.1

346

(Continued)

standards to imported technology, ranging
from automobiles and televisions to air con-
ditioners and computers, and demanded that
the efficiency level of new products meet the
best-performing product in the market, in
some cases requiring energy efficiency im-
provements of more than 50% (95). Japanese
regulators used a combination of net metering
guidelines, ambitious targets, direct subsidies,
and a solar roofs initiative to grow the installed
capacity of solar photovoltaics from 19 MW in
1992 to 887 MW in 2003 (and expect capacity
to surpass 4,820 MW by 2010) (102). With
far less land area and about half the solar
insolation of California, Japan has about three

times as much solar PV capacity as the entire
United States and is the world’s second largest
producer and user of solar PV (102).

Japanese progress, however, has been more
tempered than that of Denmark. Energy use
per capita increased from 1973 to 2005 for both
Japanese households and passenger travel. Al-
though the government promoted strict per-
formance standards for appliances, it set only
voluntary standards for buildings and did not
ramp up financial incentives until the late 1990s.
Japan did require efficiency standards and effi-
ciency labeling for automobiles, and these led
to a 12% increase in fuel economy from 1979
to 1985 and another 8.5% increase from 1990

www.annualreviews.org o Competing Dimensions of Energy Security

99



Annu. Rev. Environ. Resourc. 2010.35:77-108. Downloaded from www.annualreviews.org
by Stanford University - Main Campus - Lane Medical Library on 07/24/12. For persona use only.

to 2000. Such improvement, however, was off-
set by a doubling of transport energy use be-
tween 1973 and 2001 owing to the growth in
vehicle ownership and increases in vehicle size.
Private automobile travel rose in Japan from a
modest 42.5% in 1970 to 55.9% in 1987 (84).
Moreover, cheap oil prices in the mid-1980s en-
couraged energy consumption. Energy demand
growth as a whole averaged only 0.2% between
1973 and 1986, butjumped to 4% between 1987
and 1991 (99).

4.3. United States

Based on the simple directional change of our
10 energy security indicators, the United States
fared poorly compared to most of the other
21 countries—with only Greece, Portugal, and
Spain performing worse. The country has im-
proved in only three of the indicators from 1970
to 2007—energy intensity, fuel economy, and
SO; emissions. In contrast, the country has be-
come significantly more dependent on foreign
supplies of natural gas and oil and remains the
world’s leading emitter of greenhouse gases.
From 1990 to 2008, the United States
expanded its economic output by nearly 65%
and per capita incomes grew 35%, yet demand
for energy and power resources grew by only
23%, demonstrating that economic growth
need not always grow in lock-step with energy
consumption (103). Although progress in the
adoption of more energy-efficient technologies
has saved billions of dollars throughout the
economy, most other indicators of energy
autonomy demonstrate that the country has
become less energy secure over time. Even
though energy efficiency has taken rootin some
sectors of the economy, it has not compensated
for the growth in energy consumption that
has occurred since 1973, nor will it (if current
trends continue) accommodate the growth
that forecasters anticipate in coming decades.
Moreover, America’s dependency on oil from
insecure and politically unstable countries has
required extensive diplomatic and military ef-
forts thatincur huge costs borne by energy users
and taxpayers. The country’s information econ-
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omy also remains inextricably tied to reliable
power and to just-in-time manufacturing and
distribution processes that depend on fleets of
petroleum-guzzling trucks and airplanes (104).

The United States remains more suscepti-
ble today to oil supply disruptions and price
spikes than at any time in the recent past. It
has grown to become the world’s largest oil
consumer by a considerable margin while, at
the same time, its domestic oil production has
plummeted. Oil imports have filled the expand-
ing gap, accounting for 59% of total U.S. oil
consumption in 2007—up from 22% in 1970.
The United States has so many automobiles
that the number of cars exceeds the number of
people with driver’s licenses (84).

The United States also continues to see in-
creasing demand for electricity in a way that
threatens its ability to meet customer load
requirements. The country consumed about
170% more electricity in 2007 than it did in
1970, with electrical power usage growing from
25% of the nation’s total energy use in 1970
to 40% today. Efforts resulting from three
decades of clean air legislation have decreased
SO, emissions from electric generators in the
United States. Nevertheless, air pollution re-
mains a serious threat to human and ecosys-
tem health. Americans have experienced a rise
in respiratory illnesses, and visibility continues
to degrade in formerly pristine areas as a re-
sult of pollution from vehicles and coal-burning
power plants. Beyond air pollution issues, cur-
rent energy trends will lead to expanded emis-
sions of greenhouse gases, which appear to be
contributing to increased global temperatures,
recession of glaciers, and more frequent and
powerful weather events such as hurricanes.

Because of its huge dependency on imported
oil to fuel a transportation sector that has seen
little improvement in energy efficiency, the
nation could be ravaged by disruptions to oil
supplies caused by weather, war, or terrorist at-
tacks. At the same time, growing electricity con-
sumption and reliance on power plants employ-
ing natural gas (which increasingly comes from
foreign sources) make the electric utility infra-
structure more vulnerable to  service
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disruptions. And, although efficiency ef-
forts have successfully stemmed the growth
rate of fuel consumption in the past few
decades, population increases and economic
expansion have forced up the nation’s overall
use of energy, exacerbating the country’s
environmental problems.

4.4. Spain

Tied for last in terms of the directional change
of our 10 energy security indicators, Spain has
shown improvement in only two indicators: a
meager reduction in dependency on foreign
sources of oil from 99% to 98% and a modest
improvement in on-road fuel economy from 27
to 31 miles per gallon. Spain has worsened in
every other metric, including energy intensity.
Total primary energy use per unit of GDP has
fallen for 19 other OECD countries (the two
other exceptions are Greece and Portugal), and
overall, major OECD economies used a third
less primary energy to generate a unit of GDP
in 2006 than in the 1970s (95).

Spain has defied this trend. The country
lacks sufficient supplies of domestic coal, oil,
gas, and uranium; it has experienced ongoing
industrialization but has made little improve-
ment in energy efficiency. Thus, the Spanish
energy sector is currently suffering from diffi-
culty in controlling greenhouse gas emissions,
high prices, increasing reliance on imported
fuels, rising levels of growth in energy demand,
and stagnating energy efficiency and energy in-
tensity, culminating in a situation even Spanish
analysts consider unsustainable (85). Spain’s
gradual transition to democracy left intact the
prevailing economic structures that existed
during the Franco regime. Unlike the compar-
atively progressive governments implementing
energy reforms in other OECD countries dur-
ing the 1970s, bankers and industrial managers
continued to play the primary role in Spanish
energy policy making (86). Rather than pro-
mote energy efficiency or diversification, these
stakeholders sought ways to ensure a smooth
political transition, maintain economic growth,
and retain their political power. These leaders

also sought to make Spain itself an island with
very little energy exchange with France and
Portugal, meaning that improvements in other
European markets had little impact on Spain.
From 1975 to 1982, alternative sources of
policy, such as left-wing parties, environmental
groups, trade unions, and consumer advocates,
were able to exert little influence over Spanish
energy policy. The country thus remained
committed to developing conventional forms
of supply and strengthening agreements to
import energy fuels, but neglected energy
efficiency and alternative energy (82, 87, 88).
When the Spanish Socialist Workers Party
came to power in 1982, energy policy did not
break significantly with past patterns.

Whereas energy intensity declined in
almost every other OECD country, the late
1980s and most of the 1990s saw sustained
growth in energy consumption per unit of
GDP in Spain, which increased at an annual
rate of 0.75% from 1990 to 1997. Per capita
electricity consumption and CO; emissions
also increased at rates between 2.3% and 2.8%
annually over the same period (89). Spanish
regulators focused heavily on building nuclear
plants in the early 1980s, but their plans were
threatened by high costs and the Chernobyl
disaster in 1986. Despite a few early policy
documents and royal decrees, the country did
not seriously consider energy efficiency and
conservation until the early 1990s (90, 91). At
this time, however, Spanish regulators restruc-
tured and liberalized the Spanish electricity
market. Although it is often assumed that
liberalization improves energy governance and
competition, in the case of Spain, it served
to only further enhance previous elements
of state and corporate control. Regulators
abandoned the notion of public service and
enabled the privatization of national electricity
resources into the hands of a small number of
companies. A significant number of mergers
and acquisitions occurred in the energy sector,
creating massive levels of concentration. The
newly integrated energy companies, rather
than focusing on the domestic Spanish market,
initiated plans for international expansion,
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attempting to privatize and invest in emerging
markets in Latin America (92, 93). Spanish
companies established production, refining,
and manufacturing centers in Argentina,
Brazil, Colombia, and Mexico. The Spanish oil
company REPSOL-YPF, the seventh largestin
the world, expanded exploration and produc-
tion to four Latin American countries. Endesa
and Iberdrola, some of the world’s largest
electricity companies, became leading power
suppliers for seven countries in South America
and Central America. The Spanish company
Gas Natural Group also became the largest
single investor in Latin American gas markets.

The consolidation and concentration of
Spanish energy companies, coupled with com-
paratively weak political oversight, lack of com-
petition, and a focus on global markets, leftlittle
space for consumer advocacy or environmen-
tal policy. Throughout the late 1990s, Span-
ish customers had some of the highest elec-
tricity prices in all of Europe, and most con-
sumers generally believed that such high prices
reflected a proindustry bias that allowed large
cash flows to be funneled into the international
expansion of Spanish firms. The consequence
has been a deterioration of energy security in
almost every metric. Spanish energy intensity
increased from 1990 to 2000 by 5% while Eu-
ropean intensity decreased by 10.4% (94). The
Spanish economy continues to be highly de-
pendent on high-carbon fossil fuels such as oil
and coal, which accounted for roughly 60%
of energy use in 2007. The situation is fur-
ther compounded by the mismatch between
state, territorial, and national energy policy,
which has been very sporadic and irregular, with
some regions aggressively pursuing renewables,
such as wind and solar, whereas other regions
have little penetration of renewable power
supplies.

5. CONCLUSIONS

Contemporary notions of energy security are
indeed diffuse. Our analysis of more than 90
academic articles on the topic revealed many
dimensions, from the security of supply and
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the affordability of energy services to the effi-
ciency of economic output and the well-being of
humans and the natural environment. Although
its multidimensional nature does create chal-
lenges for measurement and evaluation, energy
security is too important a concept to be inco-
herently defined and poorly measured. In re-
sponse, we have created an Energy Security
Index, utilizing 10 indicators that encompass
economic, social, political, and environmental
aspects of energy security, and analyzed the sta-
tus of energy conditions in 22 OECD countries
from 1970 to 2007. At least four interconnected
conclusions can be drawn from our exercise.

First, our Energy Security Index shows
that a majority of countries analyzed have re-
gressed in terms of their energy security. This
conclusion is discouraging, especially consider-
ing that the oil shocks of 1973 and 1974 cul-
minated in the establishment of the Interna-
tional Energy Agency, the creation of strategic
petroleum reserves among its members, and the
diversification of the fuel base for electricity. In
the United States, the crisis forced sweeping
energy legislation through Congress, resulted
in the establishment of the Department of En-
ergy, and even provoked President Carter to
cite the energy challenge as “the moral equiv-
alent of war” (105). Since that time, the inter-
national community has seen advances in low-
income energy services, efficiency and demand
reduction programs, renewable resources ini-
tiatives, and market restructuring of the vari-
ous energy industries. Many individual states in
Europe and the United States have imple-
mented aggressive renewable portfolio stan-
dards, feed-in tariffs, and systems benefits
funds; started emissions trading schemes; and
invested heavily in alternative fuels such as hy-
drogen, ethanol, and biodiesel. Despite all of
this effort, our index reveals that most coun-
tries have regressed in their efforts to improve
energy security.

Second, notwithstanding the near universal
deterioration of energy security, a great dispar-
ity exists between countries. Some clear leaders,
such as Denmark and Japan, stand above the
restand offer many lessons. Neither country left
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improving energy security to the marketplace,
and their experience underscores the impor-
tance of government intervention through a
progression of energy policy mechanisms. Per-
haps equally important, the overarching expla-
nation for the success of Danish and Japanese
energy policy lies in coordinated and consistent
political support and policy. Unlike the United
States and Spain, where lack of synchroniza-
tion between state and federal policy, constant
changes in authorization and appropriations, a
focus on other priorities, and expiration of pro-
grams has impeded energy policy, Japan and
Denmark stand as testaments to the importance
of consistency.

Third, contrary to the progress made by
Japan and Denmark (as well as Belgium and
the United Kingdom), no nation scored per-
fectly. Thisis because efforts to promote energy
security, even for the most successful nations,
have tended to focus on meeting the demands
of consumers. Strategies have involved increas-
ing the energy efficiency of buildings, appli-
ances, industrial operations, and vehicles, but
not on changing consumer patterns, encour-
aging them to drive less, buy fewer vehicles,
or own fewer appliances. Virtually none of the
countries examined tax urban sprawl, heavily
promote mass transit and limited personal ve-
hicle ownership, attempt to change consumer
awareness, provide feedback on energy con-
sumption in the form of real-time prices, or

SUMMARY POINTS

change underlying values by encouraging peo-
ple to value nature, community involvement,
and conservation (95). Thus, no country was
able to completely promote availability and af-
fordability alongside efficiency and steward-
ship. Trade-offs have often been involved be-
tween them, and most countries have seemingly
pursued one or two of the criteria at the expense
of the others.

Fourth and finally, the relative success of
Denmark and Japan and the relative failure of
the United States and Spain serve as an impor-
tant reminder that creating energy security is
as much a matter of policy from within as it
is from without. Policy makers need not fo-
cus only on geopolitical power structures in
energy resource-producing states or on draft-
ing new contracts with Nigeria and Russia for
oil and gas supply. It is not sufficient to build
trade alliances and share intellectual property,
send more troops to the Middle East, or bol-
ster naval deployments throughout the world’s
shipping lanes. Equally effective and important
can be coordinated and robust domestic pol-
icy changes directed at altering consumer be-
havior, promoting energy efficiency, and low-
ering greenhouse gas emissions. Tools such as
research and development expenditures, subsi-
dies, tariffs, and standards can be just as impor-
tant, possibly more, for achieving available, de-
pendable, affordable, efficient, and responsible
forms of energy supply and use.

1. The dominant conceptualization of energy security focuses on the availability of energy
fuels, with source, supplier, and spatial diversification seen as key strategies for improve-

ment. However, affordability, efficiency, and environmental stewardship are emerging

as important additional energy security dimensions.

2. Trade-offs often occur between technologies and policies that are effective along one

dimension but adversely impact other aspects of energy security. Countries often choose

options that involve progress in one energy security domain by eroding another.

3. Little scholarship so far has attempted to compare energy security dimensions or the

relative strength and weaknesses of different national approaches to energy security to

identify progress or regression.
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4. To fill this void the article develops an Energy Security Index consisting of 10 metrics
related to each of the four dimensions of energy security iterated above, and it then tests
this index on 22 countries belonging to the OECD.

5. Despite the near universal deterioration of energy security among the 22 countries stud-
ied, a great disparity exists between them. Top performers, such as Denmark and Japan,
did not rely on the market alone, implementing a progression of consistent policies.

FUTURE ISSUES

1. Our Energy Security Index focused only on 22 countries belonging to the OECD. One
relatively simple extension of our research would be to apply such an index to other
geographic areas, such as Asia or South America.

2. The energy security challenges facing countries within the OECD may differ starkly from
other categories of countries, such as those in the developing world, energy exporters,
small island states, or states recently plagued by social, political, or military conflict.
These countries may necessitate a new index that better matches their unique energy
security issues.

3. Our scoring technique was relatively crude: indicators of energy security were weighted
equally and the scoring was limited to either directional changes or z-scores. More so-
phisticated multivariate statistical analysis could yield promising (and different) results.

4. Not all components of energy security were included in our index. Reflecting the ubiq-
uitous and pervasive nature of energy services, fruitful additions might include energy
accidents, electricity blackouts, community cohesion and welfare, reserve to production
ratios, other fuels (such as coal, uranium, biofuels, and renewable electricity sources),
other pollutants (such as mercury, particulate matter, lead, benzene, ozone, and others),
and water and land consumed for energy production.
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