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Abstract  Today, many countries in the world pay 
special attention to energy efficiency to improve envi-
ronmental quality and reduce the waste of energy 
resources. For this purpose, this research has inves-
tigated the economic complexity of energy intensity 
(EI) from 1995 to 2019 using club convergence and 
panel quantile regression (PQR) models. The club 
convergence results showed that out of 62 countries, 
42 converged in energy intensity during the period. 
Then, using the PQR model, the determining factors 
of EI for these 42 countries were evaluated: economic 
complexity, urbanization, trade openness, indus-
trial production, foreign direct investment, oil price, 
and economic growth. The result of the PQR model 
confirmed that economic complexity has an inverted 
U-shaped relationship with EI. Urbanization and 

foreign direct investment have a positive and increas-
ing effect on EI. In addition, trade openness positively 
affects EI, mainly in the 10th and 25th quantiles. 
On the other hand, economic growth has a decreas-
ing effect on EI. Moreover, industrialization and oil 
prices can reduce EI, particularly in the 90th quan-
tile. Given the inverted U-shaped effect of the energy 
complexity on energy intensity, where the lower and 
higher quantiles are negative, it is advised that poli-
cymakers ought to promote the leap from lower levels 
of economic complexity to higher levels by reducing 
intermediate levels as much as possible. Policymak-
ers should also be conscious that promoting the diffu-
sion of economic complexity also mitigates noxious 
gas emissions.
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Introduction

Climate change is associated with long-term shifts 
in weather patterns and temperatures. Despite these 
variations that may be natural, human activities 
have been identified as the significant drivers of cli-
mate change, mainly because of fossil fuels burning, 
which yield heat-trapping gases (Adedoyin et  al., 
2022). Due to the demographic and economic tran-
sitions, the pollution mix has switched from green-
house gas emissions to solid waste and effluents, 
concluding that the total waste is still high and pollu-
tion per capita has not decreased (Sinha et al., 2020). 
In this regard, environmental degradation, pollu-
tion, and loss of biodiversity are discussed as the 
major improper outcomes of the world’s economic 
growth (Mealy & Teytelboym, 2020). The Inter-
national Energy Agency (World Energy Outlook, 
2018) reported that economic growth–related efforts 
and energy intensity concerning carbon-based fuel 
portfolios have contributed to intensifying climate 
change in developing and developed countries. On 
the other hand, due to technological advancements, 
enforcement of environmental terms and regula-
tions, and environmental sustainability, the level of 
environmental pollution against economic output has 
declined in developed countries (Shahzad, 2020).

It is also pointed out that energy consumption 
structure affects economic growth and is a major 
cause of environmental degradation (e.g., Mealy & 
Teytelboym, 2020; and Hanif et al., 2019). Notably, 
the role of developed energy technologies and inno-
vation in resource diversity, affordable energies, and 
climate change (Weiss et al., 2021) has strengthened 
in recent years. This process decreases fossil fuel 
usage and changes the structure of energy consump-
tion and energy intensity (Wu et al., 2021) and port-
folio decisions of primary energy sources (Shirazi & 
Fuinhas, 2023) throughout the energy systems, which 
lowers environmental degradation. Energy intensity 
is mentioned as a proxy to measure energy efficiency 
and is characterized by various determinants based 
on the structural features of each economy (e.g., 
Filipović et al., 2015; and Gonzales et al., 2013). The 

concept of energy intensity, defined as the ratio of 
energy consumption to economic output (Guo et al., 
2020), covers a range of aspects regarding energy 
security, energy conservation, and production costs 
(Ang, 2006), which reflects the energy efficiency 
level of the energy system. Hence, this research 
strictly aims to assess the impact of the synergies 
of technology innovation, structural changes, diver-
sity, and knowledge on energy intensity, which helps 
countries to adopt comprehensive dynamic energy 
policies, develop their energy systems, and, there-
fore, facilitate sustainable economic development.

Earlier articles have not yet explicitly studied all 
determinants of energy intensity, especially in the 
context of innovation and structural changes within 
the energy systems. That is to say, urbanization, eco-
nomic growth, industrial structure, foreign direct 
investment, and technological progress are almost 
investigated throughout the previous related litera-
ture to explore the determinants of energy intensity. 
Notably, economic growth (e.g., Levinson, 2021; 
Fang et al., 2021; and Antonietti & Fontini, 2019), oil 
prices, industry value added, urbanization, and the net 
inflow of foreign direct investment (Antonietti & Fon-
tini, 2019), as well as trade openness and technologi-
cal advances (e.g., Adom, 2015a; Adom & Kwakwa, 
2014; Zheng et al., 2011; and Cole, 2006), have been 
studied as factors affecting energy intensity. Fur-
thermore, by increasing the suggested determinants, 
energy intensity’s scale, composition, and technique 
effects require investigation through knowledge-based 
and innovation activities (Adedoyin et al., 2022).

However, to lower energy trilemma concerns, 
the global economy needs to focus on internation-
ally determined contributions to form an image of 
dynamic behavioral characteristics of the structure 
of energy consumption and energy intensity (Shirazi, 
2022). Specifically, the structural development poli-
cies, e.g., technological improvements and environ-
mental sustainability (e.g., Shahzad, 2020; and Golpîra 
et  al., 2018), relative to energy intensity and energy 
transition, are committed by the economies to reduce 
emissions (Shahzad et al., 2021). Accordingly, it is no 
doubt necessary for governments to devise their energy 
policies to decrease energy intensity and, therefore, 
increase energy efficiency, primarily through economic 
complexity as it relates to the medium- and high-tech 
economies, which researchers do not explicitly focus 
on as one of the determinants of energy intensity. 
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Specifically, and based on Hidalgo and Hausmann 
(2009), economic complexity is defined as the combi-
nation of knowledge, innovation, productive structure, 
structural changes, diversity, and capabilities of the 
economic system that shapes the patterns of the sector 
and source-based energy consumption of the econo-
mies. Laverde-Rojas et  al. (2021) mention economic 
complexity as the quality of the gross domestic product 
(GDP). Also, economic complexity in the energy sys-
tem is explained through the theoretical connectedness 
channel between energy consumption and economic 
growth, where productivity plays an intermediate role 
regarding the innovation process and technological 
improvements (Alvarez et al., 2017).

Nevertheless, to focus on how economic com-
plexity influences energy intensity, it is suggested 
that economic complexity is affected by an inverted 
U-shaped pattern due to the scale, composition, and 
technique effects. Scholars have markedly under-
scored that economic growth requires much input; 
hence, more energy sources are applied in the pro-
duction process. Especially in the first phase and 
due to the inefficient industrialization process, 
energy intensity is expected to rise in response to the 
increase in economic complexity. In this stage, more 
energy resources are used by underdeveloped and 
developing technologies, while their environmen-
tal consequences are neglected, which leads to scale 
effects and large energy intensity (Zafar et al., 2019). 
However, as economic growth increases, the struc-
ture of the economies tends to change, called com-
position effects. Higher knowledge and greater tech-
nological and economic progress in this phase lead 
to cleaner activities and less energy intensity (Dinda, 
2004). At high levels of income, underdeveloped and 
developing technologies are replaced with developed 
technologies, called technique effects. The technique 
effects lead to greater productivity, energy efficiency, 
and energy savings (Bano et al., 2018); hence, lower 
energy intensity occurs in this stage.

Consequently, the major contribution of this 
research is to explicitly focus on the impact of eco-
nomic complexity on low, median, and high quan-
tiles of energy intensity. In detail, this article studies 
the potential existence of an inverted U-shaped pat-
tern through the relationship between energy inten-
sity and economic complexity via the panel quan-
tile regression from 1995 to 2019. The importance 
of this novelty is to shed light on the heterogeneous 

effect of economic complexity on energy efficiency: 
a small number of works implicitly suggest a positive 
relationship between energy intensity and economic 
complexity (e.g., Shahzad et  al., 2021; Sarkodie & 
Strezov, 2018), and of course, the opposite around 
is found by the other related works (e.g., Fang et al., 
2021; and Antonietti & Fontini, 2019).

Also, urbanization, trade openness, industry value 
added, gross domestic product per capita, net inflow 
of foreign direct investment, and oil price are other 
energy intensity determinants considered in this 
paper. Specifically, it is suggested that energy inten-
sity decreases in response to the rise of GDP per 
capita (e.g., Levinson, 2021; Fang et  al., 2021; and 
Antonietti & Fontini, 2019). Particularly, economies 
with higher technological and economic progress face 
greater energy efficiency. Therefore, lower energy 
intensity occurs (Antonietti & Fontini, 2019). It is 
also expected that energy prices negatively affect 
energy demand and hence, lower energy intensity 
(Fang et al., 2021). Also, the lower opportunity costs 
of used oil are why energy intensity shows decreasing 
changes in reaction to oil price changes.

Moreover, the energy intensity of a country 
decreases as urbanization increases since greater 
population density causes higher levels of energy 
efficiency (Antonietti & Fontini, 2019). Furthermore, 
the energy efficiency of a country develops when 
the motivations are increased for the country’s capi-
tal inflow. As a result of trade openness, a country’s 
domestic industries are motivated to participate in the 
formed competition through technological progress, 
innovations, and foreign direct investment that leads 
to energy intensity declines (Adom, 2015b).1

This paper makes four major steps to follow the 
aim of our research. First, the nonlinear time-varying 
factor convergence club model, proposed by Phil-
lips and Sul (2007, 2009), is used to study the con-
vergence between countries. In the second step, after 
checking the abnormal distribution of the data, we 
assess the cross-sectional dependence between coun-
tries (Belsley et al., 2005). Then, a long-run relation-
ship between energy intensity and the explanatory 

1  On the other hand, Levinson (2021) shows there is no sys-
tematic correlation between energy intensity as the depend-
ent variable and deindustrialization, regulations, and price of 
energy resources as the potential determinants.
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variables should be satisfied to avoid spurious regres-
sion (e.g., Antonietti & Fontini, 2019; Wang et  al., 
2018; and Al-Mulali & Ozturk, 2016). Finally, the 
panel quantile regression (e.g., Koenker & Xiao, 
2002; and Koenker & Bassett, 1978) is applied to 
analyze how the explanatory variables affect the 
energy intensity’s low, median, and high quantiles 
(e.g., Sevillano & Jareno, 2018; and Jareno et  al., 
2016).

The remainder of this paper is organized as fol-
lows. The literature review is presented in the “Litera-
ture review” section. The “Data and method” section 
provides data and methods. The “Empirical results” 
section presents the results, while the “Discussion 
and policy implications” section discusses them and 
assesses the policy implications. Finally, the conclu-
sions are covered in the “Conclusions” section.

Literature review

The literature does not explore the relationship 
between energy intensity and economic complexity. 
A gap in the literature regarding this topic needs to 
be filled and investigated. Most studies that approach 
economic complexity are focused on issues related 
to environmental degradation, ecological footprint, 
global warming, and energy consumption (e.g., fos-
sil and renewable), leaving aside issues related to 
energy intensity, as shown in Fig. 1 below that indi-
cates a wordnet of publications related to economic 

complexity through bibliometric mapping with data 
from Scopus and Google Scholar.

This bibliometric mapping was realized through 
VOSviewer software 1.16.18. In addition, some 
authors, such as Eck and Waltman (2010) and Koeng-
kan and Fuinhas (2022a, b), used this software to 
realize bibliometric mapping. From the analysis, one 
can conclude that (i) ten studies have approached 
the relationship between economic complexity and 
energy consumption/energy use/energy utilization, 
(ii) six studies have approached the relationship 
between economic complexity and environmental 
degradation/environmental quality, (iii) four studies 
have approached the relationship between economic 
complexity and renewable energy/alternative energy, 
(iv) three studies have approached the relationship 
between economic complexity and CO2 emissions, 
(v) two studies have approached the relationship 
between economic complexity and fossil fuels, (vi) 
one study has approached the relationship between 
economic complexity and global warming, (vii) one 
study has approached the relationship between eco-
nomic complexity and Kuznets curve, and (viii) one 
study has approached the relationship between eco-
nomic complexity and energy.

This bibliometric analysis did not identify any 
literature on economic complexity and energy inten-
sity. For this reason, this empirical research has cho-
sen to use similar studies, i.e., investigations that 
have approached the relationship between economic 
complexity and energy consumption (e.g., Can 

Fig. 1   Wordnet of publica-
tions related to economic 
complexity. The authors 
created this bibliometric 
map using VOSviewer 
software
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et  al., 2022; Can & Ahmed, 2022; Shahzad et  al., 
2021; Liu et  al., 2021; Rafique et  al., 2021; Azizi, 
2020; Fang et  al., 2021; Can et  al., 2021; Neagu & 
Teodoru, 2019; and Bond, 2015). For example, Can 
et  al. (2022) studied the relationship between eco-
nomic complexity and total energy consumption in 21 
developed and 44 developing countries for the period 
between 1971 and 2014. Indeed, these authors used 
as method the Durbin-H panel cointegration tech-
nique. The empirical results indicated that economic 
complexity increases energy consumption in develop-
ing countries while it decreases energy consumption 
in developed countries.

Can and Ahmed (2022) explored the effect of eco-
nomic complexity on the consumption of non-renew-
able and renewable energy sources for a group of 14 
European Union countries in the period between 1990 
to 2014. The authors used the stochastic impacts by 
regression on population, affluence, and technology 
(STIRPAT) framework to conduct their investiga-
tion. Their empirical results indicated that economic 
complexity increases renewable energy and decreases 
non-renewable energy use.

Shahzad et al. (2021) investigated the relationship 
between economic complexity, consumption of fos-
sil fuels, and ecological footprint in the USA. The 
authors used quantile autoregressive distributed lag 
(QARDL) and quantile Granger causality tests for 
the period between 1965Q1 to 2017Q4. The empiri-
cal results indicated that economic complexity and 
fossil fuel energy consumption significantly enhance 
the ecological footprint in the USA. Furthermore, 
the quantile causality empirics suggested causal rela-
tionships between economic complexity and energy 
consumption with the ecological footprint. Liu et al. 
(2021) studied the correlation between energy con-
sumption (e.g., renewable and fossil fuels energy 
sources) and economic complexity. This investiga-
tion used the Lancang-Mekong Cooperation countries 
between 1990 to 2017. The authors used a panel vec-
tor autoregression (PVAR). Their analysis’s empiri-
cal result shows a unidirectional relationship between 
energy consumption and the economic complex-
ity index. Furthermore, they verified that renewable 
energy usage is a possible alternative to traditional 
energy and can increase economic complexity.

Rafique et  al. (2021) examined the heterogene-
ous impacts of economic complexity on renewable 
energy demand within a panel of G7 countries (e.g., 

Canada, France, Germany, Italy, Japan, the UK, and 
the USA) and E7 countries (e.g., China, India, Bra-
zil, Turkey, Russia, Mexico, and Indonesia). The 
authors used the feasible generalized least squares 
(FGLS), system Gaussian mixture model (GMM), 
fully modified ordinary least squares (FMOLS), 
and dynamic ordinary least squares (DOLS). The 
results indicated that economic complexity affects 
renewable energy demand from G7 and E7 coun-
tries. Therefore, economic complexity is a policy 
factor for overall energy transformation and greener 
energy demand. Moreover, the authors recommend 
that complexity and structural change policies be 
observed for cleaner and greener growth and over-
all greener energy promotion. Azizi (2020) used 
a smooth transition regression model to identify 
the effect of economic complexity on energy con-
sumption in Iran from 1971 to 2013. The model 
estimation results confirm a nonlinear relation-
ship between per capita income, real energy price 
index, and the economy’s complexity with per cap-
ita energy consumption. Also, economic complex-
ity leads to a two-regime structure with a threshold 
of − 1.15. So in the first regime, which is related to 
the low levels of economic complexity, the effect 
of this variable on energy consumption was posi-
tive, which could be due to the rebound effects of 
technology on energy consumption. However, in the 
second regime, which is related to higher levels of 
complexity, the relationship was negative. There-
fore, improving the complexity level in the second 
regime can help save energy. On the other hand, the 
elasticity of income and price in both regimes was 
less than one. As the complexity passes the thresh-
old, the elasticity increases concerning price, which 
indicates that with the increase of technology and 
knowledge of the country, the power of consumers’ 
reaction to the price changes will increase.

Fang et  al. (2021) explored the role of economic 
complexity on energy demand using a panel dataset 
of 25 of the Organization for Economic Co-opera-
tion and Development (OECD) countries from 1978 
to 2016. Moreover, the results from using the aug-
mented mean group (AMG) estimations illustrate that 
real per capita income level positively affects energy 
demand while real energy price and economic com-
plexity negatively influence it. The authors suggested 
that increasing technological innovation (i.e., higher 
economic complexity) will reduce energy demand. 
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Reducing massive energy usage may benefit the natu-
ral environment’s health in the OECD countries.

Can et  al. (2021) investigate the composition 
impact of the trade by using export product diversi-
fication, extensive margin, and intensive margin on 
energy use and environment in ten newly industrial-
ized countries (NICs) from 1970 to 2014. The authors 
used the STIRPAT framework to conduct their empir-
ical investigation. The empirical results showed that 
the composition of export products, income, urbani-
zation, and economic complexity promotes energy 
use and CO2 emissions.

Neagu and Teodoru (2019) examined the long-
term relationship between economic complexity, 
energy consumption structure, and greenhouse gas 
emission within a panel of European Union coun-
tries and two subpanels: (i) European economies 
with higher economic complexity and (ii) European 
economies with a lower level of economic complex-
ity. The authors used the FMOLS and DOLS. The 
empirical findings indicate a long-term equilibrium 
relationship between economic complexity, energy 
consumption structure, and greenhouse gas emission 
within all three panels. Moreover, economic com-
plexity and energy consumption structure statistically 
impact greenhouse gas emissions within all panels. 
Still, the influence is bigger within the subpanel of 
countries with lower economic complexity, suggest-
ing a higher risk of pollution as the economic com-
plexity grows and the energy balance inclines in favor 
of non-renewable energy consumption. Finally, Bond 
(2015) investigated the effect of economic complex-
ity on energy consumption in a panel of 40 countries 
between 1995 and 2011. The author identified the 
existence of the positive impact of economic com-
plexity on the consumption of energy.

In this section, we realize a brief literature review 
indicating the main authors that studied economic 
complexity’s effect on energy consumption. However, 
this literature review identified the existence of dif-
ferent conclusions by using different methodologies, 
variables, periods, and countries or regions, leading 
to a non-consensus about the impact of economic 
complexity on energy consumption. Indeed, due to 
this, it is essential the realization of more studies on 
this topic.

Moreover, in this literature review, we found some 
gaps which need to be filled. The first and the most 
significant is the absence of studies investigating the 

impact of economic complexity on energy intensity. 
All reviewed studies solely explored this impact on 
energy consumption, as shown in Fig. 1 above. This 
scenario shows that the relationship between energy 
intensity and economic complexity is unexplored and 
calls for further investigation. Another gap found is 
the non-use of club convergence and panel quantile 
models together, which will bring some advantages 
to the study of this topic. Most studies that investi-
gated the impact of economic complexity on energy 
consumption used the quantile model regression and 
ordinary least squares or method of moments (see 
Fig. 2 below).

In the next section, we will present/explain the 
data and method used in this article.

Data and method

In this section, we exposed the data used and the 
methodology followed in this research. The first sub-
section, “Data,” contains the database/variables, and 
the second subsection, “Method approach,” includes 
the research method.

Data

This study explores the determinants of (i) energy 
intensity, e.g., economic complexity (Adedoyin et al., 
2022); (ii) GDP per capita (e.g., Levinson, 2021; Fang 
et al., 2021; and Antonietti & Fontini, 2019); (iii) oil 
prices; (iv) industry value added (Antonietti & Fon-
tini, 2019); (v) urbanization; and (vi) the net inflow 
of foreign direct investment (Antonietti & Fontini, 
2019), as well as (vii) trade openness (e.g., Adom, 
2015a; Adom & Kwakwa, 2014; Zheng et al., 2011; 
and Cole, 2006), that may lead to fewer economic 
costs of transforming energy sources into production, 
and therefore, sustainable economic development can 
be accelerated (Adom & Amuakwa-Mensah, 2016). 
The period in this study is from 1995 to 2019. The 
reason for using this period is the availability of data 
in this period. The variables used in this research are 
listed below:

•	 Energy intensity (EI).
•	 Economic complexity index (ECI).
•	 Urbanization (URB).
•	 Trade openness (TO).
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•	 Industry value added (% GDP) (IND).
•	 Gross domestic product per capita (GDP) based 

on constant 2010$ (USD).
•	 Foreign direct investment, net inflow (% GDP) 

(FDI).
•	 Oil price constant 2010$ (OILP).

This section defines the variables and databases 
(see Table 1 below), and more about statistic speci-
fications is provided in the experimental results. 
In addition, the entire countries list is available in 
the Appendix. Because first, using the club conver-
gence among 62 countries, convergent countries 
are selected in energy intensity, and then we con-
tinue to analyze those countries using quantile panel 
regression.

Method approach

In this study, two methods have been used. The 
first subsection, “Club convergence,” includes the 
club convergence method, and the second subsec-
tion, “Panel quantile regression (PQR),” indicates 
the panel quantile regression. Indeed, in order to 
identify the possible effect of economic complex-
ity on energy intensity, the subsequent methodology 
framework will be followed (see Fig. 3 below).

Club convergence

The Phillips and Sul (2007, 2009) convergence test is 
based on a time-varying nonlinear factor model that 
examines the convergence between countries/regions 
using stationary or non-stationary data. The relative 
advantage of this method is that it does not rely on any 
assumptions about the fix of variables, such as random 
convergence tests (e.g., Apergis et al., 2012; and Payne 
& Apergis, 2020). In this model, a common time-vary-
ing component is used (see Eq. 1 below):

where EI indicates the energy intensity in country i at 
time t. �t is a permanent component, and �it is an idi-
osyncratic component and time-varying. The �it com-
ponent measures the deviation between EI and the 
common component �t . Since �it is not directly esti-
mated from Eq. (1) above due to the over-parameter-
ization, Phillips and Sul (2007, 2009) use the relative 
transfer parameter, hit, as follows (see Eq. 2 below):

hit considers the relative transition path according to the 
panel average, where �it measures the average relative 
panel. Thus, the transition path for EI in country i is 

(1)EIit = �it�t,

(2)hit =
EIit

1

N

∑N

i=1
ECIit

=
�it

1

N

∑N

i=1
�it

Fig. 2   Wordnet of publica-
tions related to economic 
complexity. The authors 
created this bibliometric 
map using VOSviewer 
software
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relative to the panel average. When �it converges to the 
constant δ, then the relative transition path for country i, 
hit converges to 1 (t → ∞), as follows (see Eq. 3 below):

(3)Ht =
1

N

N∑

i=1

(hit − 1)2 → 0

Formal econometric tests such as convergence club 
require the assumption of a semi-parametric form of 
the time-varying �it as follows (see Eq. 4 below):

(4)�it = �i +
�i�it

L(t)t∝
,

Table 1   Variable acronyms, definitions, and sources

Abbreviation Variables Sources QR Codes

EI
Energy intensity (kg of oil 
equivalent/GDP 2010$)

British Petroleum (BP)
(2022a)

ECI Economic Complexity Index
Observatory of

Economic Complexity 
(OEC) (2022)

TO Total economic openness (% GDP)
World Bank Data
(WBD) (2022a)

GDP
Gross domestic product (GDP) per 
capita (constant= 2010 $)

WBD (2022b)

IND Industry value added (%GDP) WBD (2022c)

FDI
Foreign direct investment, net inflow
(% GDP)

WBD (2022d)

URB
Urban population = % of the total 
population

WBD (2022e)

OILP Oil Price constant 2010$ BP (2022b)

All data are annual from 1995 to 2019; economic complexity data comprise values from − 2.5 to 2.5; the value 3 was added to all 
observations of economic complexity to allow logarithms; the authors created this table
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where �i is constant; �it ~ iid (0,1) is varies in countries 
i = 1, 2, …, N; �i is a specific scale parameter; L(t) is a 
slowly varying function, and when t → ∞, L(t) is infi-
nitely divergent; ∝ shows convergence speed. Equa-
tion 4 above shows that �it converges to �i when ∝  ≥ 0. 
Hence, the null convergence hypothesis is as follows 
(see Eq. 5 below):

Phillips and Sul (2007, 2009) state that log t 
regression can be used to test convergence, and the 
clustering algorithm can be used to identify conver-
gence clubs as follows (see Eq. 6 below):

For t = rT, rT + 1, …, T where r > 0 is set in the 
range (0.2, 0.3). For b̂ = 2a , the null hypothesis 
for the one-way test considers b̂ ≥ 0 versus �b < 0 . 

(5)
{

H0 ∶ 𝛿i = 𝛿 and ∝≥ 0

HA ∶ 𝛿i ≠ 𝛿 or ∝< 0

(6)log

(
H1

H2

)
− 2 log L (t) = â + b̂ log t + �t

The t-test statistic follows the standard normal dis-
tribution asymptotically and is constructed using 
a standard error consistent with heteroscedasticity 
and autocorrelation. Phillips and Sul (2007) call 
the one-way t-test based on tb , the “log t-test” in 
Eq. (6) above.

Phillips and Sul (2007, 2009) club convergence step 
to identify convergent groups proceeds as follows:

1.	 Arrange the countries in descending order of the 
value of the last period of the time series

2.	 The next step is to select k to form each club 
using Eq. 6 (2 < k < N); k is the number of club 
members. The criterion for choosing the size 
of the main group k∗ is that k∗ = argmaxk{tk} 
for min

{
tk
}
> −1.65 for k = 2, 3, …, N.

3.	 Add one country to the core club each time from 
the remaining countries, recalculate Eq. (6), and 
test convergence with the log t-test.

4.	 Repeat the above steps for the remaining coun-
tries (if any) until other clubs do not converge. 

Fig. 3   Methodology framework. The authors created this figure
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Finally, countries whose convergence is not con-
firmed are considered non-convergent.

Panel quantile regression (PQR)

Quantile regression was introduced by Koenker 
and Bassett (1978). This model is used when the 
data distribution is abnormal because the OLS 
model assumes a normal data distribution at all 
points and therefore does not provide a reliable 
estimate. The quantile panel regression provides 
a reliable model by estimating different quantiles 
(Koenker, 2004).

Therefore, this study uses the quantile panel 
regression method to evaluate the effect of economic 
complexity on energy intensity. The mathematical 
formula of this model is given in Eq. (7) below.

where x and y represent the vector of independent 
variables and dependent variable, respectively; μ is 
a random error whose conditional quantile distribu-
tion is zero; Quant i�(yi∕xi) is the �th quantile of the 

(7)
yi = xib𝜃i + 𝜇𝜃i. 0 < 𝜃 < 1

Quant i𝜃(yi∕xi) = xi𝛽𝜃 ,

explanatory variable; the βθ estimate shows the quan-
tile regression θth and solves Eq. (8) below:

As θ is equal to different values, different parame-
ter estimations are obtained. The median regression is 
a particular case of quantile regression under θ = 0.5 
(Xu & Lin, 2018).

According to econometric theories, a logarithmic 
model of variables has been used to exclude possible 
heterogeneity phenomena (see Eq. 9 below):

(8)
min

∑

yi≥x
�

i
𝛽

𝜃|yt − x
�

i
𝛽| +

∑

yi<x
�

i
𝛽

(1 − 𝜃)|yt − x
�

i
𝛽|

Table 2   Results of the energy intensity based on club convergence (62 countries)

For testing the one-sided null hypothesis: b ≥ 0 against b < 0, we use the critical value: t0.05 =  − 1.651 in all cases; statistical signifi-
cance at the 5% level is denoted by **, rejecting the null hypothesis of convergence

Panel A: club convergence tests b̂ coef t
b̂

Full sample convergence  − 0.2685  − 49.2599**

1st club Algeria, Argentina, Australia, Azerbaijan, Bangladesh, Belarus, Belgium, 
Bulgaria, Chile, China, Cyprus, Czech Republic, Ecuador, Egypt, Hun-
gary, India, Indonesia, Iran, Kazakhstan, Malaysia, Mexico, Morocco, 
New Zealand, Oman, Pakistan, the Philippines, Poland, Romania, Rus-
sian Federation, Saudi Arabia, Singapore, South Africa, South Korea, 
Spain, Sri Lanka, Thailand, Turkey, Turkmenistan, Ukraine, the USA, 
Uzbekistan, and Vietnam

 − 0.003  − 0.432

2nd club Austria, Brazil, Colombia, Finland, Greece, Italy, the Netherlands, Nor-
way, Peru, Portugal, Slovakia, and Sweden

0.553 15.799

3rd club France and Germany  − 1.194  − 0.662
4th club Japan and the UK  − 1.881  − 1.187
5th club Denmark, Ireland, Luxembourg, and Switzerland  − 0.009  − 0.270
Panel B: club merging analysis b̂ coef t

b̂

New club I Merging club1 + 2  − 0.0981  − 8.967**

New club II Merging club2 + 3 0.3815 8.231
New club III Merging club3 + 4  − 1.5929  − 6.993**

New club IV Merging club4 + 5  − 0.6710  − 45.994**

Fig. 4   Energy intensity of 42 selected countries. The authors 
created this figure
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where EI represents energy intensity, ECI is the 
economic complexity index, GDP is gross domestic 
product per capita (constant = 2010$), TO is trade 
openness, IND denotes industry value added (% 
GDP), URB is urbanization, FDI indicates foreign 
direct investment (net inflow), and OILP is oil price 
(constant = 2010$).

Given that in this study, we used panel quantile 
regression to assess the effects of the covariates on 
energy intensity, Eq. (9) above is converted to the fol-
lowing form:

In this regard, Qr means the estimation of the 
quantile regression �th in the energy intensity (EI) 
and (la)r is the constant component. The coefficients 
�1� .�2� .�3� .�4� .�5� .�6� .�7� are the quantile regression 
parameters and show the influencing factors.

Empirical results

This section consists of three sub-sections: the first 
sub-section, “Club convergence results,” indicates 
the club convergence results. The second sub-section, 
“Preliminary tests,” includes preliminary tests, and 
the third subsection, “Panel quantile results,” shows 
the quantile panel regression results.

Club convergence results

In this section, we present the convergence model of 
the convergent countries club. These model groups 
countries that converge over time. In this study, we 
used energy intensity to examine club convergence 
between 62 countries. The results of the club conver-
gence in panel A (see Table 2 below) show that since 
the T-statistic is t

b̂
= −49.2599, and it is less than 

( t�b < −1.651 ), it can be stated that there is no full 
sample convergence between all countries. However, 
the lack of overall convergence between all countries 
does not mean they lack convergence in subgroups. 
Preliminary results of these subgroups (panel A) 
show that there are five subgroups, and because their 

(9)
LEI

it
= La + �1LECIit + �2LGDPit + �3LTOit

+ �4LINDIT

+ �5LURBit
+ �6LFDIit + �7LOILPit + �

it.

(10)

Q�

(
EI

it

)
= (La)� + �

1�LECIi� + �
2�LGDPi� + �

3�LTOi� + �
4�LINDi� + �

5
LURB

it

�
6�LFDIi� + �

7�LOILPi� + �
i�

t-statistic is higher than − 1.651, the convergence of 
all subgroups is confirmed. The club convergence 
model merges these subgroups in the next step, which 
is outlined in panel B. The merger results of the sub-
groups indicate that only clubs 2 + 3 can be merged, 
and the rest cannot.

In panel C, the results are given after merging the 
subgroups. The final convergence shows that there are 
four subgroups. For this purpose, in our research, we 
used club 1 with 42 countries for analysis. The final 
club compositions are available in the Appendix.

After the club convergence results and selecting 
club 1, the following is a graph of the energy intensity 
convergence of these countries during the period (see 
Fig. 4 below). As can be seen, the energy intensity of 
these countries converges over time.

Preliminary tests

In this section, after selecting the convergent coun-
tries using the club convergence model, the following 
(see Table 3 below) displays the statistical specifica-
tions for the variables. Then, we perform prelimi-
nary tests before estimating panel quantile regression 
(Koengkan & Fuinhas, 2022a). The first important 
test in this field is the normality test because one of 
the main assumptions of using panel quantile regres-
sion is the abnormal data distribution. Then, multi-
collinearity tests, cross-sectional dependence, unit 
root, and cointegration are given, respectively.

Table  3 below shows the statistical characteris-
tics of the variables, including the number of obser-
vations, mean, standard deviation, minimum, and 
maximum.

After introducing the statistical specifications of data, 
we examine its distribution. When data is abnormally 
distributed, using OLS regression is inefficient because 
it cannot accurately estimate the data at the beginning, 
middle, and end points (Koengkan et  al., 2022a). For 
this purpose, quantile panel regression is used (e.g., 
Koengkan et  al., 2022b; and Koenker & Xiao, 2002). 
This study examines the data for normality using Shap-
iro–Wilk (Royston, 1992) and Shapiro-France (Royston, 
1983) tests. The results of both tests (see Table 4 below) 
indicate that all variables are significant at a 1% level, 
which indicates the abnormal distribution of variables. 
Due to the confirmation of the data abnormality, the 
quantile panel regression can be used.
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In Table  5 below, we examine the multilinear-
ity of variables and cross-sectional dependencies. 
This study used the variance inflation factor (VIF) 
to examine multilinearity (e.g., Kazemzadeh et al., 
2022; and Belsley et al., 2005). Given that the VIF 
values for all variables are less than the standard 
value of 10 and the average VIF is 1.82, and it is 
less than the accepted value of 6, it can be said that 
there is no multilinearity serious problem (Koeng-
kan & Fuinhas, 2022b). The Pesaran CSD test was 
used to examine the cross-sectional dependence 
(Pesaran, 2004). The null hypothesis in this test is 
the absence of cross-sectional dependence. As seen 
(see Table 5 below), the null hypothesis is rejected 
for all variables.

Since the existence of cross-sectional depend-
ence was confirmed, the panel unit root test 
(CIPS) by Pesaran (2007) is used (see Table  6 

below). Therefore, the null hypothesis in this test 
is the existence of a unit root. As can be seen, 
the results of the unit root test (CIPS) show that 
the EI is stationary at a 5% (with trend) signifi-
cance level. Furthermore, ECI and FDI are station-
ary (with and without trend) at a 1% significance 
level. Therefore, the natural logs of the unit root 
test show that the variables are stationary (Koeng-
kan et al., 2022c).

Considering the stationary of all variables in the 
natural logs, in the following, the existence of a long-
term relationship in the variables is investigated 
using the cointegration test. Westerlund’s (2007) test 
was used to examine cointegration in this study. The 
null hypothesis states the absence of cointegration. 
The results of this test (see Table 7 below) show the 

Table 3   Descriptive 
statistics

Obs. is the number of observations in the model, Std.-dev. is the standard deviation, and Min. and 
Max. are the minimum and maximum, respectively

Variables Descriptive statistics

Obs Mean Std.-dev Min Max

EI 1050 0.3323259 0.2939503 0.0850153 2.215527
ECI 1050 3.247131 0.8448326 1.1446 5.1606
URB 1050 62.9817 19.62373 18.196 100
TO 1050 82.34119 57.88526 19.77142 437.3267
IND 1050 32.54355 10.31824 9.984704 71.50491
FDI 1050 5.32792 17.14838  − 40.32993 280.1318
GDP 1050 12,329.27 13,638.36 459.6134 59,374.44
OILP 1050 56.10115 27.98344 17.03899 107.9179

Table 4   Normal distribution test

The prefix “L” denotes variables in the natural logarithms; *** 
denotes statistical significance at a 1% level

Variables Shapiro–Wilk test Shapiro-Francia test Obs

Statistic Statistic

LEI 0.95554 *** 0.95614 *** 1050
LECI 0.97736 *** 0.97788 *** 1050
LURB 0.90763 *** 0.90934 *** 1050
LTO 0.98037 *** 0.98083 *** 1050
LIND 0.98716 *** 0.98720 *** 1050
LFDI 0.90467 *** 0.90107 *** 1050
LGDP 0.98208 *** 0.98322 *** 1050
LOILP 0.96636 *** 0.96675 *** 1050

Table 5   VIF and CSD test

The prefix “L” denotes variables in the natural logarithms; *** 
denotes statistical significance at 1% levels; n.a. denotes not 
available

Variables VIF-test Cross-sectional dependence 
(CSD-test)

VIF Mean 
VIF

CD test Mean ρ Mean abs 
(ρ)

LEI n.a 1.82 46.516*** 0.32 0.68
LECI 1.55 24.347*** 0.179 0.460
LURB 2.76 79.313*** 0.54 0.77
LTO 1.56 25.622*** 0.17 0.44
LIND 1.24 28.052*** 0.19 0.41
LFDI 1.40 13.867*** 0.10 0.25
LGDP 3.17 125.735*** 0.86 0.88
LOILP 1.05 147.613*** 0.90 0.96
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rejection of the null hypothesis and the existence of a 
long-run relationship.

Panel quantile results

After conducting preliminary tests, we divided 
the 42 selected countries into six groups based on 

the average energy intensity for each country (see 
Table  8 below). Then, quantiles 10th, 25th, 50th, 
75th, and 90th are used to estimate quantile panel 
regression.

Table 9 below shows the results of the panel quan-
tile regression estimations. Furthermore, a fixed-
effects panel is also used to evaluate the robustness 
of the model results. As can be seen, the results of 
the fixed effects panel show that the LECI, LURB, 
LIND, and LTO have positive and significant effects 

on energy intensity. On the other hand, LGDP and 
LOILP have negative and significant effects on 
energy intensity. This result confirms the panel quan-
tile regression estimates.

In this section (see Table 9 above), we evaluate the 
results of quantile panel regression. As can be seen, 
economic complexity (LECI) in the quantile 50th 

Table 6   Panel unit root test 
(CIPS)

The prefix “L” denotes variables in the natural logarithms; ***, **, and * denote statistical 
significance at 1%, 5%, and 10% levels, respectively; panel unit root test (CIPS) assumes that cross-
sectional dependence is in the form of a single unobserved common factor and H0: series is I(1)

Variables CIPS (Zt-bar) Variables CIPS (Zt-bar)

Without trend With trend Without trend With trend

EI  − 2.029** 0.233 LEI  − 3.030***  − 2.519***

ECI  − 2.440***  − 2.503*** LECI  − 3.317***  − 3.266***

URB 2.376 1.032 LURB  − 2.837***  − 1.054
TO 1.607 0.655 LTO  − 1.918*  − 2.593***

IND 0.055  − 0.511 LIND  − 2.398***  − 3.210***

FDI  − 3.257***  − 3.514*** LFDI  − 4.898***  − 4.012***

GDP 1.117 2.153 LGDP  − 2.279**  − 1.121
OILP 1.197 0.944 LOILP  − 1.197  − 2.944***

Table 7   Westerlund cointegration tests

Ga and Gt denote mean group tests. Pt and Pa are panel tests. * 
denotes statistical significance at the 10% level

Statistic Value Z-value P-value

Gt  − 3.211 0.332 0.039*

Ga  − 0.625  − 0.617 0.000*

Pt  − 12.386  − 2.129 0.086*

Pa  − 1.736 5.625 0.763

Table 8   Country distribution of energy intensity

According to the level of energy intensity, we divided the panel of 42 countries into six grades

Quantile Country

The lower 10th quantile group Spain, Sri Lanka, Australia, Cyprus, and Turkey
The 10th–25th quantile group Belgium, New Zealand, Mexico, the USA, Chile, and the Philippines
The 25th–50th quantile group Morocco, Bangladesh, Ecuador, Hungary, Argentina, Indonesia, 

Czech Republic, Poland, South Korea, and Algeria
The 50th–75th quantile group Romania, Singapore, Thailand, Malaysia, Oman, India, Saudi Ara-

bia, South Africa, Pakistan, and Egypt
The 75th–90th quantile group Vietnam, Iran, China, Bulgaria, Kazakhstan, and Russian Federation
The upper 90th quantile group Azerbaijan, Belarus, Turkmenistan, Ukraine, and Uzbekistan
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Table 9   Estimation results from panel quantile regression model and panel fixed effects

*** , **, * denote statistically significant at the 1%, 5%, and 10% levels, respectively; the prefix “L” denotes variables in natural 
logarithms

Independent variables Dependent variable: LEI

Quantiles OLS

10th 25th 50th 75th 90th Fixed effects

LECI  − 0.09207 * 0.12419 0.3187 *** 0.09221  − 0.36117 *** 0.30987 ***

LURB 0.47868 *** 0.60271 *** 1.0803 *** 1.3739 *** 1.6286 *** 1.5849 ***

LTO 0.17742 *** 0.26447 *** 0.06814 0.07547 0.0398 *** 0.0560 **

LIND 0.4077 *** 0.45100 *** 0.49771 *** 0.5542 *** 0.19007 ** 0.223 ***

LFDI 0.01530 0.02321 0.03784 0.05295 ** 0.06861 *** 0.0059
LGDP  − 0.2267 ***  − 0.3487 ***  − 0.5670  − 0.6419 ***  − 0.68160 ***  − 0.8227 ***

LOILP  − 0.03103  − 0.0858 *  − 0.0555 ***  − 0.05706  − 0.13051 ***  − 0.02167 **

Constant  − 3.7878 ***  − 3.5948 ***  − 2.8692 ***  − 3.17972 ***  − 1.3453 ***  − 1.5177 ***

Pseudo R2 0.5856 0.5329 0.5871 0.5251 0.7219 0.69

Fig. 5   Quantile estimates: Shaded areas are 95% confidence 
bands for the quantile regression estimates. The vertical axis 
shows the elasticities of the explanatory variables. The red hor-

izontal lines depict the conventional 95% confidence intervals 
for the OLS coefficients
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has a significant positive effect on energy intensity 
(LEI), but in the quantiles 10th and 90th, economic 
complexity reduces energy intensity. According to the 
quantile coefficients and Fig. 5 below, it is well con-
firmed that the economic complexity has an inverted-
U relationship with energy intensity. Thus, when the 
LECI level rises, energy intensity increases; after 
quantile 50th, when the LECI level increases, it 
gradually reduces the energy intensity rate. Finally, 
energy intensity decreases in countries with the high-
est economic complexity levels (above 90th). As can 
be seen, urbanization (LURB) at all quantile levels 
has positive and significant effects on energy intensity 
(LEI). As the coefficients show, this effect is greater 
at higher quantiles. The results show that increasing 
urbanization is one of the most important reasons for 
increasing energy intensity. Furthermore, the results 
show that trade openness (LTO) in quantiles 10th, 
25th, and 90th has increasing positive and signifi-
cant effects on energy intensity (LEI). Besides, these 
effects are greater on the energy intensity (LEI) at 
quantiles 10th and 25th than at other levels.

As seen in Table  9 above, industrialization 
(LIND) has positive and significant effects on 
energy intensity (LEI) at all quantiles. Initially, 
the energy intensity increases from quantiles 10th 
to 75th with increasing countries’ industrializa-
tion levels, and then this effect decreases. It can be 
said that industrialization has a U-inverse relation-
ship with energy intensity, and in developed indus-
trial countries, energy intensity is less than in other 
countries. Foreign direct investment (LFDI) has 
a slight positive and significant effect on energy 
intensity only in quantiles 75th and 90th. In other 
quantiles, this effect is not significant. The results 
show that economic growth (LGDP) in all quantiles 
except the 50th has significant negative effects on 
energy intensity (LEI), and these effects are greater 
at high levels of economic growth. The results show 
that oil prices (LOILP) in the 25th, 50th, and 90th 
quantiles significantly negatively affect energy 
intensity (LEI). These results also confirm that 
rising oil prices have a greater impact on reducing 
energy intensity.

Fig. 6   Summary of the effect of independent variables on the dependent ones. The authors created this figure

Page 15 of 22 29



Energy Efficiency (2023) 16:29	

1 3
Vol:. (1234567890)

Moreover, Fig. 6 below summarizes the effect of 
independent variables on the dependent ones. This 
figure was based on results from Table 9 above.

Discussion and policy implications

Discussion

Energy intensity varies widely across countries and 
over time. Countries’ economic structure, access to 
energy sources, and climate are among the many fac-
tors that influence their energy consumption. Thus, to 
study the determinants of energy intensity, it is crucial 
to consider a homogeneous group of countries and 
exclude those with specific idiosyncratic conditions 
which may contaminate the estimation results. First, 
we grouped the countries according to their energy 
intensity using the Phillips and Sul (2007, 2009) club 
convergence test to achieve this goal. Then, we chose 
the countries in the first club, which share a decreas-
ing trend in energy intensity, and analyzed the factors 
that explain its evolution.

Economic complexity indicates a country’s capa-
bility to produce diverse goods and services (Hidalgo 
& Hausmann, 2009). Often, it is seen as a proxy for 
technological innovation. Thus, complex econo-
mies possess environmentally friendly technolo-
gies which may decrease energy intensity. However, 
this improvement in energy efficiency may increase 
energy services usage (rebound effect) and increase 
the purchasing power directed to the consumption 
of other goods and services (Ghosh & Blackhurst, 
2014), counteracting the direct effect of better tech-
nology on energy intensity. Thus, the impact of eco-
nomic complexity on energy intensity is, eminently, 
an empirical matter. However, Table 9 above reveals 
that the former effect prevails on the lowest and high-
est quantiles, while the latter dominates on the mid-
dle ones. This result is consistent with Azizi (2020), 
who finds a nonlinear relationship between economic 
complexity and per capita energy consumption.

Our results reveal that urbanization increases 
energy intensity. It agrees with prior studies (e.g., 
Adom & Kwakwa, 2014; Sadorsky, 2013) but con-
trasts with Antonietti and Fontini (2019), who report 
that urbanization reduces energy intensity. Further-
more, it is more severely felt in the least energy-effi-
cient countries (highest quantiles).

An increase in the trade may have differing effects 
on energy intensity, depending on the export structure 
of each country. Those whose export sector is tilted 
towards highly polluting and energy-intensive sectors 
may experience a deterioration of energy efficiency, 
as trade openness stimulates production in these sec-
tors. In contrast, those that export energy-light prod-
ucts may benefit. Table 9 above also shows that trade 
openness increases energy intensity, suggesting that 
these countries export mostly energy-intensive goods. 
In this study, the former effect prevails, which cor-
roborates the conclusions reached by Zheng et  al. 
(2011), but is at odds with Adom (2015a) and Adom 
and Kwakwa (2014).

Countries that rely markedly on industrial production 
to generate income are expected to show a high energy 
consumption, as this sector considerably depends on 
this production factor. Our results confirm this conjec-
ture, as do Adom (2015a) and Antonietti and Fontini 
(2019). The elasticity of energy efficiency to the value-
added industry share fluctuates around 0.5 in the lowest 
quantiles and decreases to 0.19 in the highest one.

Foreign direct investment is often seen as a blessing, 
as it creates jobs, increases wealth, and promotes tech-
nological transfer, leading to higher energy efficiency 
in the receiving country. However, unfortunately, the 
foreign investment of rich countries’ firms sometimes 
aims to escape strict environmental regulations in their 
home countries and is directed towards highly pollut-
ing and energy-intensive sectors (the pollution haven 
hypothesis). Our results show that the latter hypothesis 
prevails, and foreign direct investment increases the 
energy intensity of the recipient countries. This result 
contrasts with Adom (2015a), Adom and Kwakwa 
(2014), and Zheng et  al. (2011), who report that for-
eign direct investment enhances energy efficiency.

Oil price increases stimulate the adoption of energy-
efficient technologies and energy conservation (Fang 
et al., 2021). Consequently, countries with higher energy 
intensity are the most affected by price increases and 
stand to benefit the most from the technological transi-
tion to energy-light processes and energy savings. Thus, 
the rise in energy prices should positively impact these 
countries, as our results confirm (see Table 9 above).

Finally, economic growth has a twofold impact 
on energy intensity. Firstly, wealthy economies have 
access to advanced energy-efficient technologies, and 
the share of services in GDP is high. Secondly, as 
people experience improved material well-being, they 
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begin demanding stricter environmental regulations 
that promote energy savings and efficiency. Both 
these channels contribute to the decrease in energy 
intensity, which finds support in our results, Levinson 
(2021), Fang et al. (2021), and Antonietti and Fontini 
(2019).

Policy implications

This study raises several questions that have pol-
icy implications. First, reducing energy intensity 
implies efficiency gains in using energy to pro-
duce goods and services. However, policymakers 
should beware that the rebound effects can ham-
per improving efficiency. Consequently, other 
policy measures must be taken to mitigate the 
undesired effects of efficiency gains on the envi-
ronment. Second, given the inverted U shape of 
the energy complexity on energy intensity, where 
the lower and higher quantiles are negative, it is 
advised that policymakers ought to promote the 
leap from lower levels of economic complexity 
to higher levels by reducing intermediate levels 
as much as possible. Third, policymakers should 
be conscious that promoting the diffusion of eco-
nomic complexity also mitigates noxious gas 
emissions. Fourth, urbanization increases energy 
intensity. Thus, policymakers must intervene to 
reduce transportation congestion and promote 
less energy-intensive lifestyles. They should also 
design construction codes that enhance the energy 
efficiency of buildings. Fifth, foreign direct 
investment is sometimes used to transfer undesired 
industries from rich and highly regulated countries 
to less regulated ones. Given that we have only 
one Earth, international policymakers must fight 
these destructive practices and attempt to attract 
environmentally friendly investments. Sixth, trade 
openness increases energy intensity, especially in 
lower quantiles. This result recommends policy 
measures to reduce energy in the distribution sec-
tor. Policymakers should also support energy-light 
and high-value-added industries to avoid being 
locked in an export pattern that relies on energy-
intensive products. Seventh, the industry is a huge 
energy consumer. That contributes to increasing 
the energy intensity, mainly in the higher quan-
tiles. This supports that policymakers should 
invest in research and development of energy 

efficiency in industries that are high consumers of 
energy. They should also subsidize the adoption of 
energy-efficient technologies. Finally, increases in 
oil prices stimulate energy efficiency, particularly 
in the higher quantiles. This finding supports that 
policymakers can use the price of energy to pro-
voke improvements in energy efficiency.

Conclusions

Understanding the drivers of energy intensity is 
central to the transition effort to a decarbonized 
economy. Indeed, energy intensity differs broadly 
among countries and periods under analysis. Dif-
ferences can result from several factors, for exam-
ple, the structure of their economies, the kind of 
energy used, or even the climate. Economic com-
plexity is significant in how economies can handle 
energy transition and environmental challenges. 
Oddly, a link between economic complexity and 
energy intensity is almost absent in the energy 
economics literature. Thus, the major contribution 
of this research is to explicitly focus on the direct 
impact of the quantiles of economic complex-
ity on energy intensity. Our study also tries to fill 
another gap found in the literature, the non-use of 
club convergence and panel quantile models simul-
taneously. This combination of techniques brings 
advantages to this topic’s study, namely allowing 
the selection of more homogenous panels and cop-
ing with non-linearities.

Our research focuses on a panel of countries 
that share convergent features in their energy 
intensity to reduce the lack of homogeneity. To 
limit the arbitrariness of the choice of countries, 
we chose to use the club convergence technique. 
Since energy intensity is a ratio, its relationship 
with the explanatory variables is expected to be 
nonlinear. The panel quantiles technique was used 
to cope with no linearity of energy intensity. The 
main factors driving a worldwide panel of energy 
intensity club convergent of forty-two countries 
were analyzed from 1995 to 2019, using club con-
vergence tests and panel quantile estimations.

Multiple channels influence energy intensity. 
Therefore, the energy intensity determinants, eco-
nomic complexity, urbanization, trade openness, 
industrial production, foreign direct investment, oil 
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prices, and economic growth were assessed. Panel 
quantile confirmed that the economic complex-
ity has U-inverse related to the energy intensity. 
Urbanization and foreign direct investment have a 
positive and increasing effect on energy intensity. 
Trade openness positively affects energy intensity, 
mainly in the 10th and 25th quantiles. On the other 
hand, economic growth has a decreasing effect on 
energy intensity. Furthermore, industrialization 
and oil prices have a noticeable capacity to reduce 
energy intensity, particularly in the 90th quantile.

Some possible limitations of this study should 
be stressed. First, the study of the link between 
economic complexity and energy intensity is in its 
infancy. It probably requires more time to capture 
the long-run trends in this link than possible with 
the short period from 1995 to 2019 we have avail-
able. Second, it is far from obvious what economet-
ric techniques should be used and the control vari-
ables required to achieve a well-specified model. 
Third, the annual data frequency is likely too long 
to catch the dynamics of equilibrium among vari-
ables. Finally, we use only proxies of the concrete 
variables required to assess the relationship between 
economic complexity and energy intensity.

This research put several questions to the link-
age between economic complexity and energy 
intensity that will require further investigation. 
For example, the particularities of macroeconomic 
data operating via means possibly mask diver-
gent behaviors in economic agents. Indeed, means 
eludes diversity, and improving the analysis with 
more detail (microeconomic approaches) will 
allow refined conclusions to use in policymak-
ing. On the other hand, the study process to handle 
the countries’ heterogeneity given procedures to 
select more homogeneous countries is necessary to 
improve the empirical analysis.

The more obvious way to expand this research 
is to explore other forms of economic complex-
ity and energy intensity to assess the regularity of 
found results. Another possibility is to look at how 
countries’ specific characteristics (e.g., climate, 
demographics) influence the relationship between 
economic complexity and energy intensity. Finally, 
this topic must be mixed with pressing problems 
facing humanity, such as economic development, 
energy transition, global warming, and population 
growth.
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Appendix

Countries list: Algeria, Argentina, Australia, Aus-
tria, Azerbaijan, Bangladesh, Belarus, Belgium, 
Brazil, Bulgaria, Chile, China, Colombia, Cyprus, 
Czech Republic, Denmark, Ecuador, Egypt, Finland, 
France, Germany, Greece, Hungary, India, Indonesia, 
Iran, Ireland, Italy, Japan, Kazakhstan, Luxembourg, 

Malaysia, Mexico, Morocco, New Zealand, Norway, 
Oman, Pakistan, Peru, Poland, Portugal, Romania, 
Russian Federation, Saudi Arabia, Singapore, Slo-
vakia, South Africa, South Korea, Spain, Sri Lanka, 
Sweden, Switzerland, Thailand, the Netherlands, the 
Philippines, the UK, the USA, Turkey, Turkmenistan, 
Ukraine, Uzbekistan, and Vietnam.

Table 10

Table 10   Final club 
classifications

For testing the one-sided null hypothesis: b ≥ 0 against b < 0, we use the critical value: 
t0.05 =  − 1.651 in all cases

Final club classifications b̂ coef t
b̂

Club 1 Algeria, Argentina, Australia, Azerbaijan, Bangladesh, 
Belarus, Belgium, Bulgaria, Chile, China, Cyprus, 
Czech Republic, Ecuador, Egypt, Hungary, India, 
Indonesia, Iran, Kazakhstan, Malaysia, Mexico, 
Morocco, New Zealand, Oman, Pakistan, Philippines, 
Poland, Romania, Russian Federation, Saudi Arabia, 
Singapore, South Africa, South Korea, Spain, Sri 
Lanka, Thailand, Turkey, Turkmenistan, Ukraine, the 
USA, Uzbekistan, and Vietnam

 − 0.003  − 0.432

Club 2 Austria, Brazil, Colombia, Finland, France, Germany, 
Greece, Italy, Netherlands, Norway, Peru, Portugal, 
Slovakia, and Sweden

0.062 1.215

Club 3 Japan and the UK  − 0.005  − 0.346
Club 4 Denmark, Ireland, Luxembourg, and Switzerland  − 0.009  − 0.270
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