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ABSTRACT
The global temperature has been on the rise in recent times. Due
to the worsening environmental quality and greenhouse gas
emissions, countries around the globe are looking for energy
productivity. Various countries have successfully promoted cleaner
technologies. This study empirically examines the determinants of
energy productivity for the panel of seven emerging economies
during 2004–2019 to understand why some countries are more
energy productive compared to others. This study contributes to
the previous literature by identifying the new influencing factors
for a selected set of emerging countries that help import univer-
sal suggestions for improving energy productivity, green growth,
and sustainable development. Using an Augmented Mean Group
(A.M.G.) approach, the results suggest that financial inclusion
(F.I.N.I.N.C.), globalisation (G.L.B.), human capital index (H.C.I.),
composite risk index (C.R.I.) and income are important factors
contributing to energy productivity in sample countries.
Specifically, an increase in one unit’s F.I.N.I.N.C. brings about a 3%
increase in the value of energy productivity. Hence, we conclude
that a well-functioning financial system is important in achieving
sustainable development goals (S.D.G.s).
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1. Introduction

Continuous industrialisation and rapid output growth have harmed the world’s envir-
onmental sustainability. The Earth’s heat balance has become unbalanced as a result
of the emission of high-temperature gases (Su et al., 2020). Various countries have
successfully promoted energy saving technologies to combat environmental chal-
lenges. To increase the output with sustainable environment, countries use the con-
cept of energy productivity, which means using less energy to perform the same task
(Li et al., 2020). Recently, attaining energy productivity has been given global import-
ance due to its significant connotation for green growth and sustainable development.
However, measuring energy productivity is a debatable issue. The issue of gauging

CONTACT Zhe Zhu zhuzhe580922@126.com
� 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA
2022, VOL. 35, NO. 1, 5739–5756
https://doi.org/10.1080/1331677X.2022.2035245

http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2035245&domain=pdf&date_stamp=2022-10-14
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1331677X.2022.2035245
http://www.tandfonline.com


energy productivity has received much attention from environmentalists and policy-
makers over the years. The issue has received even more attention in recent years
due to its widespread implications for energy, economic, and environmental security.

Energy productivity plays a vital role in improving environmental performance
(Huang et al., 2017; Ji et al., 2021). Nevertheless, several authors argue that focusing
on energy productivity may not inevitably lead to abating carbon emissions due to
the fact that improvement in energy productivity may decrease the energy prices,
which in turn increase energy consumption (Hanley et al., 2009). To gauge energy
productivity, researchers used energy intensity for many years, which is the reciprocal
of energy productivity. Nevertheless, one of the limitations of using energy intensity
is that it does not capture the real change in the sectoral energy productivity. The
debate regarding the concerning factors of energy productivity is still going on. A
bulk of research is carried out to identify the potential determinants of energy prod-
uctivity (Bloch et al., 2015; Carvalho, 2016; Lee & Chien, 2010; Shahbaz & Feridun,
2012; Sineviciene et al., 2016; Zhang, 2013). Fisher-Vanden et al. (2004) and Shahbaz
et al. (2013) identified two main channels through which energy productivity changes.
The first is a sectoral effect, which is the changes in the sectoral energy productivity
due to changes in technological methods, behavioural changes, and changes in prod-
uct mix. The second is the structural effect, which is the aggregate energy productiv-
ity changes due to the structural shift of the economy from less productive sectors to
more productive sectors such as financial services.

There is a dire need to address the problem of climate change and provide access to
affordable, clean energy services. However, a low carbon energy system transition
requires enough financial resource. A well-functioning financial system is important in
achieving sustainable development goals (S.D.G.s). Countries with a better financial sys-
tem can get funds and offer innovative financing. Financial inclusion (F.I.N.I.N.C.) rep-
resents the accessibility of households to a range of financial services (Kim & Park,
2016). F.I.N.I.N.C. aims to increase the accessibility of businesses and individuals to
financial products and services at an affordable and sustainable cost. An increase in
F.I.N.I.N.C. leads to increased saving and investment, promoting economic growth.
Economic growth is generally linked with high energy demand. Hence, there is a posi-
tive linkage between F.I.N.I.N.C. and energy consumption (Zhang, 2013). However,
Ziolo et al. (2019) argue that financial development can achieve the social, economic
and environmental aspects of sustainable development. Shahbaz et al. (2015) argue that
financial development can reduce energy demand through energy efficiency if funds
received from financial institutions are invested in low energy intensive technologies.
On the same analogy, it can be argued that F.I.N.I.N.C., an integral dimension of finan-
cial development, is linked with improved energy efficiency, less energy intensity and
high energy productivity. Moreover, financial deepness supports businesses in increas-
ing their R&D expenditures and producing less energy saving commodities, which
reduce energy demand (Kim & Park, 2016). Due to different opinions regarding the
nexus between F.I.N.I.N.C. and energy productivity, it is imperative to analyze the
impact of F.I.N.I.N.C. on energy productivity, which is the main concern of this study.

Therefore, this endeavour empirically examines the deep determinants of energy
productivity for the panel of seven emerging economies during 2004–2019 to
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understand why some countries are more energy productive compared to others.
Identifying the determinants of energy productivity is important in two meaningful
ways; first, countries worldwide are setting the targets of doubling energy productiv-
ity in the upcoming years. Hence, to achieve the target of doubling energy product-
ivity, it is imperative to identify the influential factors of energy productivity.
Second, it is widely accepted that energy productivity has implications for global
environmental sustainability and hence, identifying the factors is of significant
importance for policymakers. We include F.I.N.I.N.C. (F.I.N.I.N.C.), globalisation
(G.L.B.), composite risk index (C.R.I.), human capital and G.D.P. as important
explanatory variables in the model due to their strong linkage with aggregate energy
productivity.

The emerging seven (E7) countries are in the process of transitioning their indus-
trial structures to more sustainable energies. These seven countries are investing in
cost-saving technologies to achieve this goal. China, Russia, and Turkey outperform
the other E7 countries in terms of energy productivity because they have more
resources to upgrade their technologies. Other E7 countries, such as India, Brazil,
Mexico, and Indonesia, have not achieved impressive levels of energy productivity.
The financial system of the E7 countries could be one of the reasons for their dispar-
ity in achieving energy productivity. A well-functioning financial system is critical to
accomplishing long-term development goals (S.D.G.s). If monies obtained from finan-
cial institutions are invested in low energy intensive technology, a robust financial
system can reduce energy demand through energy productivity (Shahbaz et al., 2015).
The socioeconomic situations of the E7 countries varied greatly as well. In terms of
growth, China and India account for the majority of the E7’s growth. Hence, different
factors might be responsible for energy productivity in these countries. The E7 coun-
tries clearly exceed the developing countries in terms of productivity growth.
However, it is debatable whether the higher productivity and income development in
the E7 countries can be linked to greater F.I.N.I.N.C.. Furthermore, the E7 countries
invest billions of dollars each year in cost-cutting technologies. As a result, it is crit-
ical to investigate the relationship between F.I.N.I.N.C. and energy productivity. This
study empirically investigates the impact of F.I.N.I.N.C. on energy productivity across
E7 countries (such as China, India, Brazil, Mexico, Russia, Indonesia and Turkey)
from 1990 to 2017. This study adds to the previous literature by investigating a new
set of potential energy productivity variables such as F.I.N.I.N.C., G.L.B., risk, and
human capital. Income, R&D investment, energy prices, and growth are all seen as
key factors of technological innovation in the extant research. However, F.I.N.I.N.C.
has never been studied as a driver of energy productivity. Furthermore, this study
uses G.L.B., human capital, and risk as novel determinants of energy production.
Furthermore, this initiative employs advanced econometric techniques that outper-
form traditional econometric methods.

The next section presents the review of previous studies on the responsible factors
of energy productivity. Section three presents the theoretical background, data, mod-
els and analytical strategy to estimate the models. Section four presents the results
and corresponding discussions. The last section concludes the findings and
import policies.
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2. Literature review

The issue of energy productivity is well explained in the literature. The literature well
documented that energy productivity is linked with green growth and sustainable
development (Hao et al., 2021; Rodr�ıguez et al., 2018). Moreover, the literature on
the possible influencing factors of energy productivity is also rich (Bloch et al., 2015;
Haggar, 2012; Hwang & Yoo, 2014; Lee, 2006; Lee & Chien, 2010; Metcalf, 2008;
Shahbaz et al., 2013; Shahbaz & Feridun, 2012; Sineviciene et al., 2016; Soytas & Sari,
2003; Zhang, 2013). The literature examining the determinants of energy productivity
can be categorised into three groups. The first group studies the effect of economic
growth in the form of per capita income and energy prices on energy productivity
(Bloch et al., 2015; Haggar, 2012; Hang & Tu, 2007; Hwang & Yoo, 2014; Metcalf,
2008). The second group considers the impact of multiple arrays of control variables
on energy productivity (Carvalho, 2016; Cornillie & Fankhauser, 2004; Fisher-Vanden
et al., 2004; Lee & Chien, 2010; Nepal et al., 2014; Shahbaz & Feridun, 2012; Shahbaz
et al., 2013; Sineviciene et al., 2016; Soytas & Sari, 2003; Zhang, 2013). Among others,
energy prices, structural and technological changes, institutional reforms are identified
as the most important determinants of energy productivity. In the literature, two
main proxies are used to capture energy efficiency; energy intensity and energy prod-
uctivity. Energy productivity has received much importance in recent years as it is
directly linked with sustainable development.

The research is scant on the role of F.I.N.I.N.C. in affecting energy productivity.
Studies so far, have investigated the impact of financial development on energy con-
sumption (Baloch et al., 2019; Danish et al., 2018), on energy intensity (Canh et al.,
2020), on economic development (Ohene-Asare et al., 2020). Moreover, studies are
carried out to investigate several variables’ impact on F.I.N.I.N.C.. In the literature,
F.I.N.I.N.C. is linked with financial efficiency (Charfeddine & Kahia, 2019; Demirg€uç-
Kunt et al., 2017), economic growth (Kim et al., 2018; Sharma, 2016) and environ-
mental degradation (Tamazian et al., 2009). Further, studies have also been carried
out to examine the impact of F.I.N.I.N.C. on energy poverty (Bruhn & Love, 2014;
Koomson & Ibrahim, 2018; Koomson et al., 2020). The main argument behind the
nexus between F.I.N.I.N.C. and energy poverty is that an increase in F.I.N.I.N.C. leads
to accessibility of households to a wide range of financial services such as credit and
insurance, which leads to an increase in income the households. An increase in
income ultimately leads to a decrease in energy poverty. Hence, larger F.I.N.I.N.C.
has the potential of achieving more inclusive growth (larger F.I.N.I.N.C. has the
potential of achieving more inclusive growth (UNDP, 2016) and can lower energy
poverty (Koomson et al., 2020). In the literature, financial development is widely rec-
ognised as the influencing factor of energy consumption (Sadorsky, 2010; Zhang,
2011). A well-functioning financial system enables households to acquire funds for
businesses at a low cost, which helps them increase the production scale and, hence,
increase energy consumption. Moreover, Kim and Park (2016) argue that the intro-
duction of renewable energies diversifies the energy mix, leading to an increase in
energy security. However, a deep financial system is a pre-requisite to deploying
renewable energies. Providing easier bank loans and equity financing is an effective
way to promote renewable energies. Moreover, F.I.N.I.N.C. increases households’
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access to credit, enabling them to increase energy demand by purchasing more energy
commodities. Contrary to the above argument, Tamazian et al. (2009), Kim and Park
(2016) and Hermes and Lensink (2003) argue that a deep financial system reduces
energy demand as it lessens the financial constraints on businesses which enable
them to deploy advanced technologies, which in turn improve energy efficiency. The
deployment of low-carbon advanced energy technologies is generally linked with low
energy intensity and high energy productivity (International Renewable Energy
Agency [IRENA] and Copenhagen Centre of Energy Efficiency [C2E2], 2015).

In the existing literature, globalisation (G.L.B.) is generally linked with economic
growth (Ali & Malik, 2021), environmental quality (Shahbaz et al., 2015), techno-
logical changes (Chang & Lu, 2012; Filippaios & Kottaridi, 2013; Keller, 2010;
Miremadi et al., 2019) and sustainable development (Tang et al., 2020). However, its
link with energy productivity is missing. Few studies are conducted to establish the
link between G.L.B. and energy consumption and sustainable development. Rees
(2002) investigated the relationship between G.L.B.and sustainable development and
found that G.L.B. has increased the exploitation of natural resources on a large scale
for production of industrial goods and, hence, leads to unsustainable development.
Soytas et al. (2007) investigated the relationship between G.L.B. and energy consump-
tion and found that G.L.B. boosts F.D.I. and leads to an increase in output as well as
a spillover of technologies across the borders, which causes higher energy consump-
tion. However, Shahbaz et al. (2016) argue that G.L.B. causes a decline in energy
demand because G.L.B. improves investment in energy saving technologies with strict
regulations, which lead to an increase in energy efficiency. This study hypothesises
that ‘globalization improves energy productivity. On the role of globalization in
affecting energy efficiency, the research is rich’ (Boqiang & Hongxun, 2015; Farrow
et al., 2018; Meng et al., 2015; Moreau & Vuille, 2018; Pan et al., 2019; Shah et al.,
2019; Xing et al., 2021; Yao et al., 2020; Zhang et al., 2017; Zhao & Lin, 2019). It is
widely accepted that advanced energy-saving technologies can be transformed across
borders through international trade and F.D.I. Hence, the process of G.L.B., on the
one hand, causes fewer carbon emissions by exposure to eco-innovative technologies
and, on the other hand, leads to improvement in energy efficiency due to the adapta-
tion of advanced energy saving technologies. Xing et al. (2021) argue that trade along
with technological progress is an effective way to improve energy efficiency. Hence,
the existing literature is agreed on the positive impact of G.L.B. on energy efficiency.
However, the major limitation of the previous studies is that these studies used
energy intensity and total energy efficiency factors (Dan, 2002; Wu & Shao, 2016).
Moreover, most of these studies used the relationship between G.L.B. and energy effi-
ciency for the industrial sectors of different countries. However, G.L.B. contributes to
improved energy productivity is a topic of great concern, which is missing in the pre-
vious literature.

To sum up, there is a gap in the literature on the role of F.I.N.I.N.C., G.L.B.,
C.R.I., and human capital in affecting energy productivity. The main contribution of
this study is the identification of new influencing factors for a selected set of emerg-
ing countries that helps to import universal suggestions for the improvement of
energy efficiency, green growth and sustainable development. This is the first attempt
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to investigate the potential relationship between energy productivity and F.I.N.I.N.C.,
G.L.B., the C.R.I., and human capital to the best of our knowledge. Until recently, no
study has examined the influence of the C.R.I. and human capital on energy produc-
tion. Even though energy productivity and energy intensity are equal metrics from a
different perspective, earlier research focused more on the influence of energy effi-
ciency on environmental sustainability. Furthermore, previous research has used
energy intensity as an indicator of energy efficiency. However, because energy prod-
uctivity offers a better route forward, this study uses energy productivity to capture
energy efficiency.

3. Methodology

3.1. Theoretical background

The theoretical foundation for the relationship between energy productivity and
its determinants such as F.I.N.I.N.C., G.L.B., risk, G.D.P. and H.C.I. is depicted in
Figure 1. Energy productivity, which is G.D.P. per unit of total primary energy sup-
ply. Hence, it is an energy-adjusted estimate that considers output and energy supply
simultaneously. Energy productivity is a more accurate indicator to represent energy
efficiency and is considered a more reliable metric to represent a country’s energy

Figure 1. The theoretical framework.
Source: Author.
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efficiency. It is argued that energy productivity is more aligned with the generally
understood idea of energy efficiency, as both calculate output divided by input.
Energy productivity, which is the ratio of output per unit of energy use, is a measure
that depicts the country’s relative performance in terms of economic and environ-
mental issues. Hence, energy productivity measures the amount of energy consumed
for producing one unit of output (Atalla & Bean, 2017; Wurlod & Noailly, 2018).

F.I.N.I.N.C. suggests more financial products and services are available to a broad
range of people. F.I.N.I.N.C., which is an integral dimension of financial develop-
ment, is generally linked with improved energy efficiency. The theoretical underpin-
ning behind the positive impact of F.I.N.I.N.C. on energy productivity is that with
the increase in the availability of funds, the probability of investment of these funds
in low energy intensive technologies increase. The increased investment in low energy
intensive technologies further improved energy productivity. Moreover, it is also
argued that increased F.I.N.I.N.C. also increases the R&D investment, which has
implications for energy efficiency and energy productivity. Hence, improved
F.I.N.I.N.C. means deepening the financial system and improved energy productivity.

It is expected that G.L.B. is positively related to energy productivity. The process
of G.L.B. enables countries to transfer modern energy saving technologies through
imports and F.D.I. More output can be produced by adopting these technologies
from consuming less energy (improvement in energy productivity). Hence, following
Xing et al. (2021), Yao et al. (2020), Pan et al. (2019) and Zhao and Lin (2019), we
expect a positive impact of G.L.B. on energy productivity. Due to the high political,
economic and financial risks, firms barely meet their requirement of paying back the
loans. Hence, financial institutions are reluctant to finance costly energy-saving,
technologically innovative projects. Improving the composite risk may bring a posi-
tive spillover effect and hence, helps improve energy productivity. Therefore,
improved political, economic and financial risks (improved C.R.I.) are positively
related to energy productivity.

Based on the theoretical framework, the model specification is given as:

EP, i, t ¼ b1FININCi, t þ b2GLBi, t þ b3CRIi, t þ ei, t (1)

The set of panel data comprising of seven cross-sections ‘i’, i.e., seven emerging
economies including Russia, India, Indonesia, China, Mexico, Turkey and Brazil,
from 2004 to 2019. We investigate the impact of F.I.N.I.N.C., G.L.B., and C.R.I. on
energy productivity in the initial stage. Here, EP, i, t is for energy productivity, which
is G.D.P. per unit of Total primary energy supply. The data is acquired from OECD
(2020). F.I.N.I.N.C. is an index calculated by using variables such as institutions of
commercial banks, branches, bank deposits and loans, and numbers of A.T.M.S.
C.R.I. covers all three political, economic and financial risk indices. The data on
F.I.N.I.N.C. and C.R.I. are from IMF (2020). G.L.B., which is a composite index of
three sub-indices.

The data is obtained from Gygli et al. (2019). In the next stage, we extend the
model by including:

EP, i, t ¼ b1FININCi, t þ b2GLBi, t þ b3CRIi, t þ b4HCIi, t þ ei, t (2)
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where, H.C.I. represents Human Capital Index and is obtained from Penn World
Table 10.0.

Finally, we extend the model by including the variable G.D.P. Improved human
capital implies more awareness of the general masses regarding efficient energy use.
Hence, improved human capital is positively related with increased energy productiv-
ity b4 ¼ oEP

oHCI > 0
� �

:

EP, i, t ¼ b1FININCi, t þ b2GLBi, t þ b3CRIi, t þ b4HCIi, t þþb5GDPi, t þ ei, t (3)

Next, we include G.D.P. as a new explanatory variable in the model. The increase
in output (increased G.D.P.) may enable countries to invest in cost saving technolo-
gies ad shift their industrial structure to more sustainable energies. It is widely
accepted that rich countries are more able to improve their energy efficiency because
they have more resources to improve their technologies. Hence, high income level is
positively related to increased energy productivity.

3.2. Analytical techniques

3.2.1. Slope heterogeneity and cross-section dependence
The conventional panel data methods assume the panel members to be cross-
Sectionally independent, which raises several econometric problems (Ali & Malik,
2021). The introduction of second-generation methods explicitly considers the correl-
ation across members of the panel (Pesaran, 2007). Hence, testing C.S.D. is an
important step to further employing unit root and cointegration methods. The
increasing interaction of countries and a policy shock in one series in one country
may have severe consequences for other countries (Khan et al., 2020). Ignoring
C.S.D. and slope heterogeneity lead to inconsistent estimates; hence, it is crucial to
check the C.S.D. and slope heterogeneity (Sarafidis & Wansbeek, 2012). For that rea-
son, to obtain some consistent estimates, this study employs C.D. test developed by
Pesaran (2021). Moreover, the study uses slope heterogeneity introduced by Pesaran
and Yamagata (2008).

3.2.2. Unit root tests
In the literature, several panel unit root tests have been used, taking into account the
assumption of C.S.D. This study uses the Cross Sectionally Augmented IPS (C.I.P.S.)
test, popularised by Pesaran (2007). The test allows C.S.D. and also deals with S.H.
The general form for the regression is given below as:

DVI, t ¼ ai þ aiXI, t�1 þ aiVt�1 þ
Xp
l¼0

ailDVt�l þ
Xp
l¼1

ailDVI, t�l þ lit (4)

where, V represents the cross-section averages. The t-ratio of the coefficient of Xi, t-1

in Equation (7). is the ADF for the i-th cross sectional unit and that is supposed to
be CDFi. Using CDF values, we get the CIPS statistic:
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dCSAIPS ¼ 1
N

Xn
i¼1

CADFi (5)

3.2.3. Westerlund (2007) cointegration
To examine the relationship between energy productivity (E.P.) and its determinants
such as F.I.N.I.N.C., G.L.B., C.R.I., H.C.I. and income (proxied by G.D.P.), for the E7
countries, this endeavour employs Westerlund (2007) test. The test came as a
response to identifying cointegration by taking into account structural dynamics
instead of residual dynamics, thus, eliminating any common factor restriction.
Westerlund (2007) method is vital as it provides consistent results in the wake of SH
and CSD (Kapetanios et al., 2011). The test uses the following group-mean and panel
statistics:

Gs ¼ 1
N

XN
i¼1

âi

SE âið Þ (6)

Ga ¼ 1
N

XN
i¼1

Tâi

âi 1ð Þ (7)

Ps ¼ â

SE âð Þ (8)

Pa ¼ Tâ (9)

Where SE âið Þ represents the standard error of âi . Westerlund (2007) test can cal-
culate the speed at which long run equilibrium is restored.

3.2.4. Augmented mean group (A.M.G.)
The next step is to find out the cointegration vector in order to examine the role of
F.I.N.I.C., G.L.B., C.R.I., H.C.I. and G.D.P. in determining energy productivity in E7
countries. To do so, this study uses the augmented mean group (A.M.G.) by
Eberhardt (2012). The test offers consistent results in the presence of endogeneity
and C.S.D. The first generation cointegration techniques consider the cross sections
independent of each other (Khan et al., 2021). But, factors such as G.L.B.,
F.I.N.I.N.C., F.D.I., etc. may cause a strong correlation between cross sections error
terms, which may let the assumption of cross-sectional independency by conventional
cointegration techniques face solid criticism. Since this study explores the relationship
between energy productivity, F.I.N.I.N.C., and G.L.B. in the E7 countries, any global
shock will affect these factors interdependently. Such unseen common factors can
affect energy productivity. The A.M.G. equations for all three models are given as:

EPi, t ¼ a1FININC
i, t þ a2GLB

i, t þ a3CRl
i, t þ ki þWi, t þ ei, t (10)
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EPi, t ¼ a1FININC
i, t þ a2GLB

i, t þ a3CRl
i, t þ a4HCI

i, t þ ki þWi, t þ ei, t (11)

EPi, t ¼ a1FININC
i, t þ a2GLB

i, t þ a3CRl
i, t þ a4HCI

i, t þ a5GDP
i, t þ ki þWi, t þ ei, t

(12)

The cross-sectional averages are denoted by as.

3.2.5. Panel causality test
The causal relationship among energy productivity with F.I.N.I.N.C, G.L.B., C.R.I.,
H.C.I. and G.D.P. has been found by employing the panel granger causality test of
Dumitrescu and Hurlin (2012). These techniques have received much consideration
for variables having both cross sectional (N) and time series dimensions (T). The test
provides consistent results in the presence of C.S.D. and SH. The test’s equation is
given as:

Yi, t ¼ bi þ
Xp

j¼1
k
i

jYi, t�j þ
Xp

j¼1
a
i

jTi, t�j (13)

The autoregressive parameters are shown by ki j:

4. Results and discussions

Table 1 presents the results of C.S.D. and S.H. tests. It is evident from the upper part
of the table that all three models suffer from S.H. problem. The significant delta and
adjusted delta statistics confirm our claim. Moreover, the significant C.S.D. statistics
confirm the dependency of variables across countries, i.e., any shock observed in any
of the E7 economies will be propagating to the other countries. Hence, we find that
all E7 countries are interconnected and depend on each other.

Table 3 presents the C.I.P.S. results. It is evident that null hypothesis of non-statio-
narity is rejected for all variable E.P., F.I.N.I.N.C., G.L.B., H.C.I., and G.D.P. at a 5%
level of significance. Hence, the results of same order of integration of variables lead
us to employ Westerlund (2007) and A.M.G. methods (Table 2).

Table 3 presents the results of Westerlund (2007) test. It is confirmed that the
variable energy productivity (E.P.) is cointegrated with its determinants such as

Table 1. Slope heterogeneity and cross-section dependence.
Slope heterogeneity

Model � D �DAdjusted

EPit ¼ f FININCit ,GLBit ,CRIitð Þ 8.464��� 10.208���
EPit ¼ f FININCit ,GLBit ,CRIit ,HCI itð Þ 6.725��� 8.506���
EPit ¼ f FININCit ,GLBit ,CRIit ,HCI it ,GDPitð Þ 5.552��� 7.403���

Cross� Section Dependence
EP FININC HCI GLOB
7.469��� 15.023��� 13.361��� 16.239���
CRI GDP – –
4.163��� 17.103��� – –
���is for 1% significance level.
Source: Author.
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F.I.N.I.C., G.L.B., C.R.I., H.C.I. and G.D.P. for the E7 countries. The long run rela-
tionship is evident in all three models. Hence, adding an additional variable of HCI
in model 2 and further by G.D.P. in model 3 does not accept the null hypothesis of
no cointegration. The group mean statistics Gs and Ga and presented in the first two
columns of Table 4, whereas the next two columns represent the panel statistics Ps
and Pa. It is, therefore, summarised that any temporary disequilibrium in the short
run in all three models of energy productivity is adjusted back in the long run.

After confirmation of the long run equilibrium, the next step is to find out the
long run estimates. The A.M.G. method is employed to serve this purpose. Table 4
presents the results of the A.M.G. for the F.I.N.I.N.C.-energy productivity nexus. The
A.M.G. estimates of model 1 are given in the second column of Table 4. Column two
(Model 1) presents the impact of F.I.N.I.N.C., G.L.B. and C.R.I. on energy productiv-
ity, whereas column 3 (model 2) represents the impact of H.C.I. (along with the

Table 3. Westerlund (2007) cointegration.
Model Gt Ga Pt Pa

EPit ¼ f FININCit ,GLBit ,CRIitð Þ �4.62��� �11.20��� �8.88��� �11.75���
EPit ¼ f FININCit ,GLBit ,CRIit ,HCI itð Þ �4.60��� �11.04��� �8.40��� �12.72���
EPit ¼ f FININCit ,GLBit ,CRIit ,HCI it ,GDPitð Þ �4.01��� �10.72��� �9.32��� �13.71���
��� means significant at 10% level.
Source: Author.

Table 2. Pesaran (2007) unit root test.
Variables Level First difference

EP �2.034 �2.992��
FININC �1.713 �2.960��
HCI �1.347 �2.984��
GLOB �2.052 �3.973���
CRI �2.300 �3.426���
GDP �1.557 �2.951��
Note: All the variables are tested with trend and intercept.���and ��is for 1% and 5% level of significance.
Source: Author.

Table 4. AMG results.

Variables
Model� 1

Coefficients Std:Error½ �
Model� 2

Coefficients Std:Error½ �
Model� 3

Coefficients Std:Error½ �
FININC 0.038���

[0.0069]
0.028���
[0.0045]

0.0234���
[0.0041]

GLOB 0.499���
[0.1458]

0.430��
[0.2037]

0.371���
[0.0871]

CRI 0.369���
[0.0970]

0.340��
[0.1364]

0.291���
[0.0611]

HCI – 0.1028���
[0.0261]

0.156��
[0.0775]

GDP – – 1.150���
[0.5775]

Constant 2.345���
[0.2944]

2.790���
[0.2614]

2.006���
[0.1523]

Wald� Test 27.01��� 60.43��� 117.73���
RMSE 0.0076 0.0067 0.0062

Note: All the models are tested with trend and intercept.���and ��means significant at 1%, and 5% level. RMSE is for root mean squared error.
Source: Author.
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explanatory variables of model 1) on energy productivity. Column 4 (model 3) repre-
sents the impact of G.D.P. (along with the explanatory variables of model 2) on energy
productivity. The results confirm that F.I.N.I.N.C. positively and significantly impacts
energy productivity in all three models. According to model 1, a one-unit increase in
F.I.N.I.N.C. brings about a 0.03 unit increase in the value of energy productivity. The
magnitude of the coefficient of F.I.N.I.N.C. is greater in model 1 as compared to other
2 models. According to current estimates, F.I.N.I.N.C. is positively related to energy
productivity in the E7 countries, supporting the argument that F.I.N.I.N.C. can be used
as an important tool to successfully improve energy productivity by reducing energy
demand and investing in energy-saving efficient technologies. As an inherent compo-
nent of financial development, F.I.N.I.N.C. enables firms and people to invest in green
technologies and purchase energy-efficient products, resulting in increased energy prod-
uctivity and sustainability. As a result of increased F.I.N.I.N.C., businesses and house-
holds behave more sustainably. According to the World Bank, F.I.N.I.N.C. is a critical
facilitator of the United Nations S.D.G.s’ ‘Affordable and Clean Energy’ aim. The posi-
tive impact of financial deepening on energy productivity can also be seen in the stud-
ies of Kim and Park (2016), Danish et al. (2018) and Demirg€uç-Kunt et al. (2017).

The results further show that G.L.B. is positively related to energy productivity in
all three models. Similar to the coefficient of F.I.N.I.N.C., the size of the parameter of
G.L.B. is also greater in model 1 as compared to other 2 models (0.499���>
0.430��> 0.371���). It implies that adding additional variables in the model decrease
the impact of G.L.B. on energy productivity. A one-unit increase in G.L.B. brings
about a 0.49, 0.43 and 0.37 unit increase in the value of energy productivity in model
1, 2 and 3, respectively. The positive impact of G.L.B. on energy productivity in E7
countries needs an explanation. Since, E7 countries are actively involved in trade with
other countries; they may import energy-saving efficient technologies from other
countries, which contribute to energy productivity. These findings agree with those of
Xing et al. (2021), Pan et al. (2019) and Zhao and Lin (2019). Since imports and
FDI are two fundamental parts of G.L.B., governments can obtain energy-saving tech-
nology from other countries and substitute them for inefficient domestic energy tech-
nologies. More output can be produced using less energy by implementing these
energy-saving technologies.

The results further show that energy productivity is stimulated by improving C.R.I.
in all three models. Similar to the coefficient of C.R.I., the magnitude of the

Table 4. Dumitrescu Hurlin panel causality.
H0 Wald� Stats �Z � Stats p-value(s)

FININC-EP 2.506� 1.737 0.082
EP-FININC 5.984��� 6.361 0.000
GLOB-EP 2.795�� 2.120 0.033
EP-GLOB 4.310��� 3.146 0.000
CRI – EP 3.635��� 2.579 0.005
EP – CRI 4.151��� 3.924 0.000
HCI – EP 4.374��� 4.220 0.000
EP – HCI 2.865�� 2.213 0.0268
GDP – EP 2.613� 1.879 0.0602
EP – GDP 3.387�� 2.578 0.0143

Note: ���, �� and � is for 1%, 5% and 10% significance level.
Source: Author.
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coefficient of C.R.I. is also greater in model 1 than the other two models. It implies
that adding additional variables in the model decrease the impact of C.R.I. on energy
productivity. A one-unit increase in F.I.N.I.N.C. brings about a 0.36 unit increase in
the value of energy productivity in model 1. The positive impact of the C.R.I. on
energy productivity in E7 countries needs an explanation. The C.R.I. comprises indi-
cators for political, economic, and financial concerns. High composite risk makes it
difficult for enterprises to repay their debts, and as a result, banks are hesitant to
finance high-cost projects. A reduction in these hazards has a positive spillover effect,
and so energy productivity can be increased.

The results further show that the H.C.I. is positively related to energy productivity
in models 2 and 3. A one unit increase in H.C.I. causes 0.10 unit and 0.15 unit
increase in energy productivity in models 2 and 3, respectively. The H.C.I. enhances
energy productivity by raising knowledge among residents and entrepreneurs about
the efficient use of energy. As a result, productivity can be boosted by swapping
energy-saving technology for inefficient energy technologies. According to current
estimations, human capital development may be used as an effective technique to suc-
cessfully improve energy productivity by reducing energy consumption and investing
in energy-efficient equipment.

The results further show that G.D.P. is positively related to energy productivity
(model 3). A one unit increase in G.D.P. leads to 1.15 unit increase in energy prod-
uctivity. The positive impact of G.D.P. on energy productivity suggests that rich
countries are better equipped to invest in energy-saving technologies and greater
energy efficiency. Overall, the study concludes that E7 countries may enhance their
energy productivity by improving F.I.N.I.N.C., G.L.B., the C.R.I., the H.C.I.,
and G.D.P.

To check the causal relationship between E.P. and its determinants such as
F.I.N.I.C., G.L.B., C.R.I., H.C.I. and G.D.P., we employ the Dumitrescu Hurlin panel
causality test. The results show that energy productivity is bi-directionally related to
F.I.N.I.C., G.L.B., C.R.I., H.C.I. and G.D.P. Any change in energy productivity in E7
countries has policy implications for F.I.N.I.C., G.L.B., C.R.I., H.C.I. and G.D.P.
Moreover, any policy change in the variables F.I.N.I.C., G.L.B., C.R.I., H.C.I. and
G.D.P. has will have consequences for energy productivity in E7 countries. These
findings suggest that F.I.N.I.N.C., G.L.B., C.R.I., H.C.I. and G.D.P. are important fac-
tors causing changes in energy productivity in E7 countries. Nonetheless, any
improvement in energy productivity has important implications for F.I.N.I.N.C.,
G.L.B., C.R.I., H.C.I. and G.D.P.

5. Conclusions and policy implications

Due to the worsening environmental quality and greenhouse gas emissions, countries
around the globe are looking for energy efficiency. Energy productivity is a more
accurate indicator to represent energy efficiency. The debate regarding the concerning
factors of energy productivity is still going on. This study investigates the determi-
nants of energy productivity for the panel of seven emerging economies during
2004–2019 to understand why some countries are more energy productive compared
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to others. The study uses advanced panel econometric methods, which deal with cross
sectional dependency and heterogeneity. The econometric results offer robust results;
(1) all variables are dependent across countries, i.e.. C.S.D.; (2) all three models suffer
from slope heterogeneity; (3) all variables are integrated of same order one; (4) in the
long run, energy productivity is cointegrated with F.I.N.I.N.C., G.L.B., C.R.I., H.C.I.
and G.D.P.; (5) the variables F.I.N.I.N.C., G.L.B., C.R.I., H.C.I. and G.D.P. positively
affect energy productivity in the long run; (6) any change in variables F.I.N.I.N.C.,
G.L.B., C.R.I., H.C.I. and G.D.P. has consequences for energy productivity; and (7)
any policy change in variable energy productivity has consequences for F.I.N.I.N.C.,
G.L.B., C.R.I., H.C.I. and G.D.P. This finding suggested that E7 countries have bene-
fited from F.I.N.I.N.C., G.L.B., improvement in C.R.I., human capital development
and income by either increasing productivity or reducing energy consumption.

This study suggests that E7 countries should design policies that aim to combat
climate change and provide cheap, sustainable energy services in terms of policy
implications. However, transitioning to a low-carbon energy system necessitates suffi-
cient financial resources. These seven emerging countries need to transfer funds from
projects that emphasise on inefficient energy technologies to projects that use energy
saving technologies, i.e., renewable. Hence, through F.I.N.I.N.C., countries can shift
the structure of their economies towards more energy productive sectors. Moreover,
these seven countries need to minimise the risk. Because of the risks, enterprises
rarely achieve their loan repayment requirements, making financial institutions hesi-
tant to finance costly energy-saving technologically advanced initiatives. Improving
the composite risk may have a positive spillover effect and so aids in increasing
energy productivity. Moreover, our findings imply that E7 countries should use
G.L.B. as an effective tool to transfer energy saving technologies from other parts of
the world. Further, through creating awareness, E7 countries can opt for energy sav-
ing new environmental protection technologies to transform their economies to sus-
tainable energy sources smoothly. Our findings imply that E7 countries should
improve their C.R.I. by focusing on economic, financial and political dimensions. An
improvement in C.R.I. will enable E7 countries to improve energy productivity.
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