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This paper investigates trends in energy intensity over the last 40 years. Based on a sample of 75 countries, it
applies the Fisher Ideal Index to decompose the energy intensity into the relative contributions of energy efficien-
cy and economic structure. Then, the determinants of these energy indexes are examined through panel data
regression techniques. Special attention is lent to Latin American countries (LAC) by comparing its performance
to that of a similar set of countries chosen through the synthetic controlmethod.When analyzed by income level,
energy intensity has decreased in a range between40 and 54% in low andmedium income countries respectively.
Efficiency improvements drive these changes, while the structural effect does not represent a clear source of
change. The regression analysis shows that per capita income, petroleum prices, fuel-energy mix, and GDP
growth are main determinants of energy intensity and efficiency, while there are no clear correlations with the
activity component. In the case of LAC the energy intensity decreased around 20% which could be interpreted
as anunder-performance. However, the counterfactual exercise suggests that LAC has closed the gapwith respect
to its synthetic control.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

As both energy prices and concerns about global warming continue
to increase, measures to improve the energy use have become impor-
tant components of public policy agenda. In particular, there is a focus
on identifying factors that influence change in energy intensity and
distinguishing the contribution of energy efficiency from other relevant
factors. This information is useful as it provides a basis for policy deci-
sions and evaluation. Further, energy efficiency represents a cost-
effective strategy to address crosscutting issues such as energy security,
climate change and competitiveness.

In this context, this paper aims to investigate trends in energy inten-
sity based on a sample of 75 countries with annual data during the pe-
riod 1971–2010. To this end, three specific objectives are addressed.

First, analyze the evolution of the aggregate energy intensity and its
main components. Then, identify the main determinants of these ener-
gy indexes. Finally, the article lends special interest to the Latin
American region by evaluating its relative performance in termsof ener-
gy intensity and efficiency.

Following the World Energy Outlook (IEA, 2012) energy intensity
would have decreased about 20% in the World and 35% in OECD coun-
tries between 1980 and 2010. Accordantly, empirical literature suggests
a downward trend in energy intensity, with the efficiency effect as its
most important source of variation. However, the magnitudes of those
improvements tend to be heterogeneous depending on the case and
period analyzed. Previous studies could be divided in two groups. One
with a rich and large body decomposing and examining trends in
energy intensity within a specific sector, where the manufacture has
received great attention. The other group has been less explored and
bases its analysis on more aggregate data mainly at multi-sector level
within a country.

With respect to previous research in the industrial sector, some rel-
evant figures emerge of the well-studied cases as China, India and
United States. China represents a notable case of improvement decreas-
ing its level of energy intensity more than 70% between 1980 and 2010.
Sinton and Levine (1994), Zhang (2003), andMaand Stern (2008) show
that this wasmostly a sustained decrease in industrial energy intensity,
with efficiency explainingmost of this variation. As reported by Ke et al.
(2012), during the period 1996–2010, the efficiency effect explains 30%
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of the energy savings in industrial energy consumption. Another
remarkable fact occurring in the industrial sector is that intensity actu-
ally increases in the period 2003 to 2005, related to a notably increase in
the levels of energy consumption. Still, the industrial energy intensity
continued to decrease.

In contrast, studies of the Indian industrial sector found mixed
results from 1981 to 2005, showing only slight improvement in energy
intensity (see Reddy and Ray, 2011). Interesting cases where both
efficiency and activity have played a role in reducing the overall energy
intensity index are found in studies of the United States. Hasanbeigi
et al. (2012) show that in California, from 1997 to 2008, the energy in-
tensity ratio decreased 43% is mainly explained by two events: (i) a
shift in value added participation from the oil and gas extraction sector
to the electric and electronic manufacturing sector, which uses less en-
ergy per value added; and (ii) an escalation in energy prices that led the
industries to improve efficiency in order to reduce energy costs. Over a
similar period, Huntington (2010) analyzes 65 U.S. industries in the
commercial, industrial, and transportation sectors, showing that an
estimated 40% of reduction in aggregate energy intensity was due to
structural change.

In one of the first studies available on energy intensity at the state/
country level, Metcalf (2008) performs a decomposition exercise at
state level in the United States for the period between 1970 and 2001.
Hefinds a reduction in energy intensity of approximately 75% as a result
of efficiency improvements. Further, through a panel data analysis, he
shows that rising per capita income and higher energy prices play an
important part in lowering energy intensity. Bernstein et al. (2003)
analyze a similar period using a sample of 48 states in the U.S., finding
that population, energy prices, climate temperatures, and indicators of
sector activities, are strongly correlated with energy intensity. In a re-
cent study, Voigt et al. (2014) perform a decomposition analysis finding
that intensity decreased by 18% on a sample of 40major economies over
the period 1995 and 2007. The results also suggest that this improve-
ment is largely attributable to technological change.

Using a similar approach, Bhattacharya and Shyamal (2001) decom-
pose the aggregate energy intensity of India into pure intensity or effi-
ciency and the economic activity composition effect. They take broad
sectors including agriculture, industry, and transport for the period
between 1980 and 1986, finding that the efficiency effect contributed
significantly to energy conservation.

This paper focuses on energy intensity indicators at broad end-use
sectors at the country level. This implies the observation of (aggregate)
energy indexes (i.e., the indicators of energy intensity and its decompo-
sition into efficiency and the activity mix) at the country level. For this
purpose, we adopt the monetary-based definition, where energy effi-
ciency improvement generally means using less energy to produce the
same amount (value added) of services or output (Ang, 2004; Nanduri
et al., 2002).

In this context, the paper has three main contributions. Strengthen
the literature by analyzing a greater sample over a longer period than
previous studies. A further step is provided by the analysis of the deter-
minants of energy intensity and its components. Second, the paper
shows results by income level set of countries with a focus in Latin
American region, where appears to be lacking of evidence. Finally, a
methodological contribution to this specific literature is the comparison
analysis using the synthetic control method in order to overcome
heterogeneity issues in a benchmark exercise.

The paper is structured as follows. Next section provides methodo-
logical strategies for (i) the decomposition of aggregate energy intensity
into activity and pure intensity, which is interpreted as efficiency,
(ii) the specification of the panel data analysis in order to evaluate the
determinant of those three indexes (intensity, efficiency and activity),
and (iii) the synthetic control method used to construct a comparison
set of countries to evaluate the relative performance of Latin America.
Section 3 presents the empirical results of these methodologies, and
Section 4 concludes.

2. Empirical strategies

2.1. Decomposition through the Fisher Ideal Index

A key limitation in empirical analysis is related with availability of
data. Based on different levels of data disaggregation, methodological
contributions have been made in order to estimate energy efficiency
measures. Those methods are mostly based on decomposing energy in-
tensity into different factors, including energy efficiency, economic
structure, production levels, and/or fuel sources. Themore disaggregate
the data, the more accurate the efficiency contribution estimations
would be. The election of the specific method to be used depends on
the objectives and data availability. Some extensive methodological
studies and surveys on decomposition methods can be found in Boyd
et al. (1988), Ang and Lee (1994), Ang and Liu (2003), Ang (2004),
Boyd and Roop (2004), and Ang et al. (2009). They suggest a certain de-
gree of academic consensus that using price index numbers is preferred
when dealing with aggregate data at the country level.

Following those recommendations, the method applied herein to
perform the decomposition is the Fisher Ideal Index. Its main advantage
is that it does not have residual term, referring to a portion of the change
in intensitywhich is not assigned to a particular source; that is, a portion
of energy intensity that remains unexplained (Boyd and Roop, 2004).
The presence of residual term makes it difficult to interpret the relative
importance of factors being evaluated. Specifically, Ang et al. (2010)
emphasize that the perfect decomposition methods should be adopted
in the case of cross-country/region studies. In addition, as mentioned
by Ang (2004; 2006), Boyd and Roop (2004), and Ang and Liu (2003),
these methods are also preferred in the case of two-factor decomposi-
tion due to their theoretical foundation and their adaptability, as well
as the ease in interpreting their results. In our case, energy intensity is
decomposed into its efficiency and activity components. Besides the
references above Ang and Lee (1994), Greening et al. (1997), and Ang
et al. (2010) provide a compressive review and applications of alterna-
tive decomposition methods.

In this context, the problem is set in terms of total energy consump-
tion (E) and total production (Y), as well as sub-indexes for economic
sector (i) and years (t). In our application i refers to the agricultural,
industrial, services, and residential sectors. Thus, the aggregate energy
intensity (e) can be written as:

et ¼
Et
Yt

¼
Xn

i

Eit
Yit

Yit

Yt
¼

Xn

i

eitsit : ð1Þ

Expression 1 indicates that a change in et may be due to changes in
the sector energy intensity (eit) and/or the product mix or composition-
al effect (sit). By construction, the energy uses in the different sectors
need to form a partition (i.e., they must not overlap), but the measures
of economic activities do not need to satisfy this condition. The last rep-
resents one of themain operative/practical advantages of this approach.
What ismore, they do not even need to be in the same units, facilitating
the identification of good indicators to account for the activity mix (sit).

Following the index number theory, we proceed to derive the two
components of the Fischer index. Dividing Eq. (1) by the aggregate

energy intensity for a base year (e0 ¼ ∑
n

i
ei0si0 ), and factorizing by

∑n
i ei0si0

∑n
i ei0si0

and ∑n
i eitsit

∑n
i eitsit

, it obtained the Laspeyres and Paasche indexes,

respectively.

Laspeyres indexes : Lactt ¼
Xn

i
ei0sitXn

i
ei0si0

Lefft ¼
Xn

i
eitsi0Xn

i
ei0si0

Paasche indexes : Pact
t ¼

Xn
i
eitsitXn

i
eitsi0

Peff
t ¼

Xn
i
eitsitXn

i
ei0sit
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