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This note reviews the indexes used in academic studies and official reports to quantify
energy security levels. With the enrichment of energy security connotation, the
dimension and organization of such indexes have undergone changes, such as the index
becoming much more complex and the indicators considering more environmental,
technological, and social issues. Though official reports have preferred projections more
than journal papers, projections are still not a main focus of the energy security index.

I. Introduction

Regarded as the lifeblood of economic development, en-
ergy is an important guarantee for national economic de-
velopment and daily life. According to the World Energy
Balances by the International Energy Agency, industrial,
transportation, and residential activities account for nearly
80 percent of the final energy consumption. In other words,
modern life is entirely based on energy. In the face of the
COVID-19 pandemic, it is particularly important to revisit
the issue of energy security. International trade has been
restricted, and the volume of trade has fallen sharply.
Transportation interruptions and shrinking storage space
has put the supply security of energy-importing countries
at risk. Besides, the global commodity market has witnessed
large shocks, and commodity prices have fluctuated greatly.
Thus, energy-importing countries are facing risks in the in-
ternational market and the risk of supply chain disruption.
For them, ensuring an adequate, reliable, and environmen-
tally friendly energy supply has become the primary goal
and challenge.

Energy security is a multifaceted issue involving national
security and foreign strategy. It is also a global issue related
to international energy supply and energy geopolitics.
Globally, the distributions of energy production and energy
consumption do not have similar patterns. Therefore, it is
impossible for most countries to leave international cooper-
ation and obtain energy security guarantees. Since the first
oil crisis in the 1970s, the issue of energy security has been
recognized worldwide. The conflicts in the Middle East have
led to global oil shortages and soaring oil prices, triggering
the most serious global economic crisis since World War II.
Since then, the concept of energy security centered on sta-
bilizing the supply and price of crude oil has been formally
put forward, and Western countries have formulated energy

policies focused on energy supply security.

Under certain conditions, the possibility of global short-
term oil supply interruption or oil crisis still exists. With the
accelerated process of globalization and concerns about en-
vironmental issues at the end of the 20th century, the is-
sue of energy security has taken ecological environmental
and sustainable development strategies into account. En-
ergy security is not only about energy supply, but also com-
prehensive risks, including energy transportation and en-
ergy use. Moreover, global warming has prompted the
international community to re-examine the issue of sus-
tainable development and pay more attention to the issue
of climate change caused by energy use. The definition of
energy security has been expanded to ensure adequate and
reliable energy supply by increasing economic competitive-
ness and reducing environmental degradation.

To cope with the newly emerged risks, we need an ap-
propriate index to evaluate the energy security level of each
country. A significant amount of theoretical work has been
conducted to investigate and quantify the energy security
level in different countries and regions. These apply various
dimensions and construction methodologies. Therefore,
this note aims to briefly review the recent research.

II. Literature overview

In the discussion of energy security, most of the litera-
ture tries to use a general methodology to formalize its de-
finition and clarify the questions. The use of quantitative
methods has become mainstream in energy security stud-
ies, especially in cross-country comparisons and long-term
research. We choose eight research studies in energy secu-
rity as an example to give a brief overview of the recent
trend in this area (see Table 1).
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Table 1. List of typical energy security index studies.
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Typical Publication Geographical Number N . . Themes in energy security
o of projections Dimensions o
publication type coverage i definition
indicators
Le Coq & A
1 Paltseva Journal EU 2 No Oil; gas; coal Energy availability,
paper infrastructure, energy prices
(2009)
Lefévre Official OECD . . AT Energy availability, energy
2 (2007) report countries 2 Yes Energy price; physical availability prices
Availability; dependency; diversification; innovation; investment;
Sovacool Journal Asia-pacific trade; production, price stability; affordability; governance; access; Energy availability, energy
3 X 200 No PN L . K - . !
(2011) paper countries reliability; literacy; resilience; pollution; efficiency; greenhouse gas prices, environment, efficiency.
emissions
. . Energy availability,
. . . Energy supply; demand management; efficiency; economic, . .
Vivoda Journal Asia-pacific . . o ! . . infrastructure, energy price,
4 I 44 No environmental; human security; military security; domestic socio- A N
(2010) paper countries .. . . h ! societal effects, environment,
cultural-political; technological; international policy .
governance and efficiency
Zhanget al. Journal . External dependence; supply stability; trade economy; Energy availability, energy
5 China 8 No - .
(2013) paper transportation safety prices
Boccauthor Official Economic growth and development; environmental sustainability; !Energy availability, .
6 & Hanna report Global 18 No eneray access and securit infrastructure, energy price,
(2016) P 34 Y environment, efficiency
\é\:]c;:ld Official Energy availability,
7 Coung;I report Global 35 No Energy security; energy equity; environmental sustainability infrastructure, energy price,
P environment
(2018)
Energy availability,
Songet al. Journal . L . . . infrastructure, energy price,
8 (2019) paper China 18 No Energy supply; environmental; economic-technical environment, governance and
efficiency
Energy availability,
lyke et al. affordability, accessibility,
(2021) Journal uUs 10 No Energy supply, demand, development acceptability, and

developability
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After reading these studies, we collected their main in-
dex organization information. Specifically, we consider the
studies’ publication type, geographical coverage, number of
indicators, whether they use their own index in the projec-
tions, the main dimensions of the index, and the definitions
of the themes.

The publication type mainly considers the impact of the
different research types. Journal papers mainly focus on
academic problems whose analysis requires an index,
whereas official reports have the generally goal of regional
or global policy making. Therefore, the publication type re-
veals the different preferences in generating an energy se-
curity index.

Geographical coverage shows the energy security indexes
generated by researchers for different regions, indicating
the spatial ranges to which those indexes can be applied.
Generally, there are three types of geographical coverage:
a) global coverage, which includes most countries of the
world; b) regional coverage, focusing on particular regions,
for example, Asian countries, the European Union, or coun-
tries in the Organisation for Economic Co-operation and
Development; and c) that of specific countries, analyzing
only a single country’s energy security situation. Different
regions would lead to different analysis foci.

The number of indicators mainly focuses on the com-
plexity of the index. The more indicators an index uses, the
greater the difficulty in collecting the data and conducting
comparisons. A simple indicator generally focuses on a nar-
row aspect of energy security, while compound indicators
cover more relative considerations in terms of analysis.

Whether studies use their own index in projections
mainly considers their use of the index. Energy security fo-
cuses on recent situations and general trends, which means
that it only has an effect under very strict conditions in the
future. Such indexes cannot capture unexpected events.

The main dimension of the index comprises the main
part of analysis. Since the meaning of energy security has
changed over the years, energy security indexes also now
contain more dimensions in terms of their organization.
These dimensions could shed light on the main concerns in
the index organization.

Last are the themes of the definition of energy security.
Because of the complexity of energy security, its definition
varies across studies. We follow the research of Ang et al.
(2015) and focus on seven aspects of themes: energy avail-
ability, infrastructure, energy prices, societal effects, the
environment, governance, and energy efficiency. Energy
availability focuses on the energy supply and transport
route diversity. Infrastructure focuses on the stabilization
of energy supply. Energy prices mainly consider price
volatility, since most of the energy trade uses U.S. dollars
and largely depends on the global energy market. Societal
effects relate to living standards. The environment repre-
sents pollution and carbon emission problems. Governance
focuses on governmental policymaking, the provision of in-
formation, and diplomacy. Energy efficiency is linked to
technology, because high efficiency can reduce energy re-
quirements and thus relatively enhance energy security at
certain available energy levels.

II1. Discussion

Generally, the energy security index has become much
more complex in recent studies. We can see in recent stud-
ies 6 to 8 that the number of indicators is around 20-30,
which is a relatively plausible number. In the early studies 1
and 2, the indicator is simply relative to the energy supply
and prices, the most direct aspects of energy security,
namely, whether the energy, including oil, gas, and coal, are
accessible and whether the energy price is stable and fore-
seeable. Although these two considerations are the most
basic aspect of energy security, they are not sufficient to
cover the problems of energy security. However, research
such as studies 3 and 4 use quite a few indicators in their
measurements. Study 3, with 200 indicators in the index,
could be an extreme example of index organization. More
indicators could cover more relevant impact factors in en-
ergy security. Although studies 3 and 4 consider more di-
mensions, too many indicators would require more work in
terms of data collection. In addition, such complexity would
make it harder to conduct cross-country analyses, because
there is no guarantee the same number of indicators can be
found for each country.

Another feature is relative to the indicator. Recent en-
ergy security studies consider larger numbers of relative
factors, and environmental problems thus play an impor-
tant role. Carbon emissions and clean energy usage are two
main concerns. If traditional fossil energy is not sustainable
and causes global warming, energy security should consider
the problem of its replacement and the extreme event
shock. A great example is the growing solar power industry
and the COVID-19 pandemic shock to the global energy
market in 2020.

Beside the environment, technological and social issues
have also become an essential part of energy security index
organization. Technology is mainly linked to the environ-
ment and energy efficiency. New technological processes
can lead to greater energy supply and create new energy
demand. The shale oil industry is a good example of new
technology creating new energy supply. New technology
also creates new energy types, such as solar power and hy-
dropower. So-called green energy can become more con-
trollable for countries, allowing them to stop having to de-
pend on energy imports from energy-exporting countries.
Such a trend would reshape the future energy market and
change the focus of energy security. Therefore, the indexes
in studies 3, 4, and 6 to 8 all consider technological issues.

Social issues mainly involve the relative influence of en-
ergy use. For example, the index in study 6 considers the
economic growth dimension. In study 4, the index also con-
siders human and military security. All those considerations
could be categorized as social issues. This trend in recent
analysis is mainly because the scope of energy security has
gradually grown beyond a simple energy supply and de-
mand problem. Energy plays a fundamental role in the
economy, and hence energy security cannot be excluded
from political analysis and debates. Governments aim to
protect energy security to keep the economy stable and
growth steady. Therefore, social issues must be considered
in organizing the energy security index.

As for the index effectiveness problem, we can see that
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most journal papers do not use their own index in projec-
tions. It is plausible that journal papers do not focus on
predictions, partly because of the technical difficulties and
partly because of the unpredictable event shocks. Only the
International Energy Agency’s report contains a projection
section. However, this kind of projection does not concern
detailed predictions of future events, but is more similar to
macro trend projections. Overall, the projection is not the
main focus of the energy security index, whose function is
to provide a brief picture of energy vulnerability in differ-
ent sectors and to guide the researcher and policymaker in
delving deeper in future studies.

IV. Conclusion

The energy security problem is an old but important is-
sue in energy economics. We provide a brief overview of the
energy security index’s dimensions and organization in re-
cent research. We focus on the main topic covered by the
index and how recent research treats real-world issues in
the index organization. Energy security indexes have clearly
become more complex, and the focus broader, from simple
energy market issues to environmental, technological, and
social issues. Journal papers do not provide as many projec-
tions as official reports do, but the latter are mainly used to
predict trends, where the aim is still to provide guidance for
future research and policymaking.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-sa/4.0/legalcode for more information.
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