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Abstract 

Gross Domestic Product is regarded as the major indicator which determines the standards of living in a country. Con-
sequently, energy use is far regarded as one of the major determinants of economic growth in an economy. However, 
fossil fuel energy greatly contributes to environmental degradation, global warming and the spread of various dis-
eases. The present-day research is aimed at examining the effect of energy efficiency, renewable energy and effective 
capital on Gross Domestic Product in the emerging seven countries (Brazil, Russia, Mexico, Turkiye, Indonesia, China 
and India), during the period 1990 to 2019. The main novelty of the research is that it examines the effect of effec-
tive capital on Gross Domestic Product, a study which has not been done. Effective capital which is the combined 
effect of energy and physical capital in the production process is inevitable in raising economic growth. Additionally, 
the effect of energy efficiency on economic growth in the emerging seven countries has been partially investigated. 
The findings of this research are robust and unique to those of past researches, because Cross-sectional Augmented 
Autoregressive Distributive Lag technique which is strong in the presence of cross-sectional dependence, heteroge-
neity and dynamics is employed. The outcomes provided in this research shows that, energy efficiency and effective 
capital significantly promotes economic growth, while non-renewable energy provides significant positive effect 
in the short-run, with no significant effect in the long-run. This study recommends the efficient utilization of energy, 
ensuring that each single unit of energy employed produces the highest possible output.

Keywords Gross domestic product, Energy efficiency, Effective capital, Renewable energy

Introduction
Economic growth remains one of the most crucial eco-
nomic indicators for measuring the success of a nation, as 
well as its ability to ensure citizens enjoy the best quality 
of life. Due to this reason each and every nation strives 
toward raising the growth of their economies, and the 
emerging nations are not an exceptional. In the past years 

emerging nations have strived toward raising economic 
growth of their nations, hence enabling them to move 
from being developing to emerging countries. Thus, it 
is vital to investigate on the various factors that raises 
economic growth of a nation for correct policy mak-
ing. Energy has been identified as a main and substantial 
driving force of Gross Domestic Product (GDP) growth 
[47]. The traditional theories of production indicate the 
importance of capital, together with labor, knowledge 
and technology, in raising the output level in an economy 
[32, 51, 52], while recent studies have emphasized on the 
importance of energy in raising the level of output pro-
duction in a nation, Zweifel, et al. [57]. Capital, physical 
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capital, such as machinery to be specific, and energy are 
complements. Machinery requires energy as a source 
of fuel to function. However, despite that energy and 
machinery are complements, studies that have exam-
ined the effect of energy and capital on economic growth 
have not specified these factors as such in the model [57]. 
Therefore, it is crucial to consider that these factors are 
complements and specify them as a single factor, show-
ing the combined effect of the two in raising output. 
The present research attempts to examine the combined 
effect of energy and capital, that is, effective capital, on 
the economic growth of the emerging seven nations.

The present-day research is aimed at examining the 
effect of energy efficiency, renewable energy (RE) and 
effective capital on GDP in the emerging seven coun-
tries (E7), during the period 1990 to 2019. The efficient 
utilization of energy (energy efficiency), producing the 
maximum possible level of output from each single unit 
of energy used, is very crucial for the purpose of gen-
erating the highest output level per each unit of energy 
used. Moreover, effective capital, the interaction between 
capital and energy, is crucial in the production process. 
The research on how energy efficiency impacts GDP has 
been partially done in the emerging seven countries. 
Moreover, the research on how effective capital affect 
GDP, has not been done, hence the major novelty of the 
research. The present research uses the Cross-sectional 
Augmented Autoregressive Distributive Lag (CS-ARDL) 
technique which is strong in the presence of cross-sec-
tional dependence (CD), dynamics and heterogeneity 
[31], thus robust and crucial results for policy making are 
produced. The cointegration regressions of Fully Modi-
fied Ordinary Least Square (FMOLS) and Dynamic Ordi-
nary Least Square (DOLS) are used to verify the long-run 
outcomes of the CS-ARDL technique. The following 
research questions are sort to be answered: what is the 
role of energy efficiency and effective capital in enhanc-
ing economic growth among the seven emerging coun-
tries? What is the link between the major types of energy, 
that is, non-renewable energy (NRE) and RE on eco-
nomic growth among the seven emerging nations? What 
is the role of labor force in encouraging GDP growth 
among the seven emerging nations?

Literature review
Energy, economic growth and the environment
The connection between energy and GDP growth is 
essential because energy, like other elements of the pro-
duction function (labor, capital, technology and human 
capital [32, 51, 52], is a crucial element in raising the out-
put level of a nation. Researchers have advocated for a 
strong association between the utilization of energy and 
GDP increase [5, 10, 29, 42, 45, 47], among many others. 

As an instance [5] in China, discovered a bilateral causal 
link among gross regional product increase and energy 
investment. Furthermore, a significant link, in the long-
run, between GDP growth and energy intake among top 
10 nations of CE is discovered [10]. Consistent with Bulut 
and Apergis [29] in a research carried out within the US, 
GDP is found to be positively associated with intake of 
solar power. Adebayo [1], in a research carried out in 
Japan, articulates that power use triggers GDP boom, 
while a further causality from power use to GDP increase 
is found. The findings of Ben  [23] in Tunisia, concurs 
with the above postulations, since it presents for the pres-
ence of a substantial unidirectional causal association 
from electricity use to GDP growth, within the short-
run. In the BRIs countries, the consumption of electricity 
invigorates GDP increase, Ashraf et al. [10]. In a research 
of the European-28, Balsalobre-Lorente and Leitao [18] 
additionally alludes that GDP boom is improved with the 
aid of power use. Accordingly, GDP increase is supported 
with the aid of energy intake, Aslan et al. [13].

Similar outcomes on the effect of energy efficiency on 
GDP growth are also discovered within the emerging 
economies. As an example, Bayar and Gavriletea [20] 
discovered that in the end, GDP growth is positively 
impacted by energy efficiency. One-way causality is dis-
covered from energy efficiency to GDP boom, Bayar and 
Gavriletea [20]. Within the BRICS nations, power effi-
cient fosters GDP boom, Akram et al. [8]. The results of 
Akram et al. [8] indicates that the impact of energy effi-
ciency throughout all quantiles is positive and substan-
tial. Within the fifty-one African nations, Adom et al. [3] 
additionally presents that energy efficiency development 
induces GDP growth. Energy efficiency overall impact 
on GDP boom is low in nations which have excessive 
income equality, in comparison with low-income equal-
ity nations, Adom et  al. [3]. Different researchers addi-
tionally present a no significant link among energy intake 
and GDP growth. Consistent with Ahmad et al. [6] in a 
research in Myanmar, general electricity use is found not 
to offer a great effect on GDP increase. Consequently, the 
postulations of Asif et al. [16], depicts that the variations 
on the connection of GDP increase and the explanatory 
variables is because of earnings, in addition to regional 
classifications, is supported.

On the link between energy intake and carbon emission 
(CE), the research of Bekhet et al. [22], Li et al. [42], Deka 
et al. [34], Wang et al. [54], Banga et al. [19] observed that 
the growth of GDP among nations encourages CE. Spe-
cifically, Li et al. [42], Wang et al. [54] depicts that eco-
nomic growth presents a significant positive effect on CE. 
China is among the biggest emitters of CE, because of its 
wide use of fossil gasoline to attain GDP growth, Ahmad 
et al. [5]. In line with Ahmad et al. [5] in the research of 
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China, investment in power induces the impact of emis-
sion merchandising. Power intake enhance CE, which 
additionally degrades the surroundings [46]. Ali et al. [9] 
postulates that, environmental degradation is enhanced 
by energy innovation. Ahmad et  al. [5] additionally 
alludes that, power investment and pollutant emissions 
have substantial bilateral causality, while pollutant emis-
sions and power investment have a negative bidirec-
tional causal connection. Asiedu et al. [15] in a research 
of 26 EU nations gives that, power and CE have a uni-
directional causality. Apeaning [11] in a research of 134 
nations, depicts that power system in developing nations 
is discovered to be carbonizing at a quicker rate, in con-
trast to developed nations. A revolutionary transition in 
the direction of vulnerable decoupling is found in emerg-
ing economies. In contrast to developed nations, devel-
oping countries have very low signs of de-carbonization 
and decoupling, Apeaning [11]. Wang et  al. [53], Wang 
et  al. [23] depict that RE is vital for reducing the emis-
sions of carbon to the environment. As a result, it is vital 
for countries to adopt power sources that does not offer 
dangerous consequences to the surroundings.

To this end, we observed that energy use is essen-
tial in fostering the growth of economies by raising 
GDP, though it is associated with the degradation of the 
environment. We also observed that due to the signifi-
cant positive effects of energy in raising output level of 
a nation, therefore, it is a significant factor of produc-
tion, just like other factors provided in the traditional 
theories of production. We also observe that energy 
and capital (physical capital) are separately specified in 
the models presented in the past studies, yet these fac-
tors are complements. Energy on its own in the absence 
machinery cannot help in the production of goods and 
services. Machinery too, requires the energy for them 
to be effective in the production of goods and services. 
Therefore, specifying energy and capital separately in a 
model is somewhat not applicable in the real world con-
sidering that these factors are complements. Therefore, it 
is essential to come up with a model that considers the 
complementarity between energy and capital. The pre-
sent research attempts to cover the research gap exist-
ing in the literature by combining energy and capital in a 
model which examines their effect on economic growth. 
Such a model is more applicable to real life consider-
ing that energy and capital are complements. The com-
bined effects of capital and energy in the present research 
is termed “effective capital” and is a product of the two 
variables.

The RE and NRE on economic growth
The postulations in the above sections indicate the pres-
ence of a trade-off among GDP boom and environmental 

improvement. Raising GDP through the use of power 
results in environmental degradation, as this in flip results 
in global warming. As a result, a dilemma is arrived at 
wherein governments need to select a single aim and 
forgo the other; either raising GDP at the expense of the 
surroundings or guard the surroundings at the cost of low 
GDP increase. It’s far possible to obtain both goals via 
the usage of clean power. Many researchers offer for the 
presence of a superb link between RE and GDP growth 
[15, 17, 30, 38, 56], alludes that RE and GDP boom have 
bidirectional causality. A long-term association among 
GDP growth, renewable electricity engineering and RE 
is discovered, Asiedu et  al. [15]. A bidirectional causal 
impact among GDP increases and RE intake is found, 
Akram et al. [8]. Further to that, Ben Youssef [24] in the 
United States of America, discovered the presence of a 
longer-term unidirectional causality from intake of RE 
to GDP growth. Thus, in line with Ahmad et al. [6], RE 
use notably promotes GDP growth. Furthermore, Afroz 
and Muhibbullah [4] in Malaysia alludes that within 
the short-run and longer term the uneven impact of RE 
on GDP growth is shown. Superb shocks, in the short 
and longer term of RE are much less than that of NRE. 
Bouyghrissi et al. [27] alludes that RE positively impacts 
GDP growth. A substantial causality from intake of RE 
to GDP increase is discovered, Bouyghrissi et  al. [27]. 
Another research done in the European-28 depicts that 
GDP growth is fostered by means of renewable electric-
ity, Balsalobre-Lorente and Leitao (2020). Furthermore, 
Bayar and Gavriletea [20] in emerging economies discov-
ered a one-way causality from RE to GDP growth.

Asif et al. [16] in a research carried out in ninety-nine 
nations, RE is determined to affect GDP growth undoubt-
edly. RE is taken into consideration as the great source 
of energy that promotes GDP growth without inflicting 
damage to the surroundings, Asif et al. [16]. Arain et al. 
[12] in a research in China additionally alludes that GDP 
growth is improved by means of the intake of RE. The 
findings affirm the presence of RE led boom proposi-
tion, Ali et al. [9]. Moreover, Ahmed et al. [7] within the 
South Asian international locations additionally confirms 
that green GDP increase is positively impacted by means 
of the manufacturing of green innovation safe power 
and green trade. However, different research offers for 
an insignificant link between GDP growth and RE, de 
Oliveira and Moutinho [37]. Bayar and Gavriletea [20] 
found that in the emerging economies, GDP growth is 
not substantially impacted by RE in the long-run, at the 
same time Bhat [25] within the BRICS observes that the 
effect of RE on GDP growth is insignificant. Different 
researchers additionally allude for a significant negative 
link among GDP growth and RE, see Akram et al. [8] who 
alludes that RE intake is determined to decrease GDP 
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drastically within the BRICS. Bilgili et al. [26] within the 
US alludes that, because of a rise of GDP, the increase in 
RE rises at a diminishing rate. GDP growth in Malaysia 
relies less on RE intake in comparison with NRE, and a 
decrease in RE intake improves GDP increase, Afroz and 
Muhibbullah [4].

The intake of NRE source of power within the globe has 
been discovered to raise GDP growth, no matter its ter-
rible results to the environment [2, 37, 41]. Boukhelkhal 
[28] within the 35 African international locations, dis-
covered a two-way directional association between GDP 
growth and the intake of NRE. Alternatively, Afroz and 
Muhibbullah [4] discovered that, in the case of Malaysia, 
the uneven impact of NRE intake on GDP is shown, in 
both short- and long-run. According to Afroz and Muhib-
bullah [4], shocks from NRE that are positive are greater 
than the positive shocks of RE in both short- and long-
run. GDP growth in Malaysia depends more on NRE than 
RE intake. Ben Youssef [24], provides that fossil gasoline 
energy cause a significant influence on GDP increase in 
the long-run. Inside the G7 international locations, the 
intake of NRE causes GDP increase in short-run, Behera 
and Mishra [21]. NRE is also found to positively impact 
GDP growth among the BRICS nations, Bhat [25]. Asif 
et al. [16] among the selected world nations determined 
that NRE offer a huge positive impact on GDP increase. 
However, different research verifies the negative impact 
on GDP growth. Ahmad et  al. [6] in a research carried 
out in Myanmar, discovered that NRE offers a negative 
effect on GDP increase.

Methodology and data
Model
The traditional production function gives labor and 
capital, together with technological advancement as 
the major drivers of output production [32, 51, 52],for 
review see, [44]. One of the most famous models of 
production is the Cobb Douglas production function 
[32], which gives that labor, capital and technology are 
the major factors that determines output production. 
On top of including capital and labor in modeling GDP, 
Zweifel et al. [57] also included energy use and materi-
als. To this day, energy has been regarded as the major 
factor that improves economic growth of a nation. 
Various studies have been undertaken to ascertain this 
proposition and it has been observed as a valid asser-
tion, Bulut and Apergis [29], Namahoro, et  al. [47], 
Alper et  al. [10], Ahmad et  al. [5]. Balsalobre-Lorente 
and Leitao (2020), on top of the above-mentioned 
determinants of GDP, added CE, trade and tourism, 
while Adebayo [1] also added globalization, trade open-
ness, urban population and CE in modeling GDP. The 
current research considers energy efficiency, NREC, 

REC and labor in modeling GD, and adds effective capi-
tal which is the complementary effect of energy and 
capital. This is shown in the mathematical model given 
in Eq. 1.

where GDP is short for Gross Domestic Product, LF is 
labor force, REC is the intake of renewable energy, NREC 
is the intake of non-renewable power, EU is the energy 
use, while CAP is the physical capital used in the produc-
tion process. It also follows that, GDP ÷ EU represents 
the energy efficiency indicator, while EU × CAP is the 
effective capital indicator. Consequently, the statistical 
representation of this model is illustrated in Eq. 2.

In Eq. 2, EE is energy efficiency, EC is effective capital, 
ln represents the log value of a variable, β0 is the constant 
value, while β0 to β0 are the coefficient of the independ-
ent variables, and et is the white noise error term.

Data
The data employed is panel data of the E7, Turkiye, Rus-
sia, Mexico, Indonesia, India, China and Brazil, for the 
time frame which ranges from 1990 through to 2019. The 
data are obtained from World Bank, https:// data. world 
bank. org and includes the indicators, GDP, labor force, 
REC, energy efficiency, effective capital and NREC. GDP 
is the total market value of goods and services that are 
produced in an economy in a specific given time period, 
Mankiw [44]. The GDP value used in this research is 
measured as a total value per year in US dollars. Labor 
force refers to the number of people that are able and 
willing to work, it involves the total of the employed and 
unemployed [44]. REC is the use of energy sources that 
are clean, which can be used over and over again [33, 35]. 
NREC is the use of sources of energy that diminishes with 
use and generally pollutes the surroundings [36]. Energy 
efficiency refers to the amount of output produced from 
each unit of energy used [40]. It is obtained by dividing 
GDP with energy use. Effective capital is the complemen-
tary effect of capital and energy in the production pro-
cess. Effective capital is paramount, since capital goods, 
such as machinery used in the production industry are 
complementary goods. They are used together to pro-
duce goods and services. The value of effective capital 
in this research is a product of energy use and capital. 
Table  1 of this research gives a summary of the mean, 
median, standard deviation and maximum of all variables 
used.

(1)
GDP = f (LF , REC , NREC , GDP ÷ EU , EU × CAP)

(2)

lnGDPt =β0 + β1 ln LFt + β2 ln RECt

+ β3NRECt + β4 ln EEt + β5 ln ECt + et

https://data.worldbank.org
https://data.worldbank.org
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Method
The methodology of this research, starts by running the 
preliminary testing of cross-sectional dependence (CD), 
slope heterogeneity, unit root test and cointegration 
test, to identify the best model to employ for data analy-
sis. The Pesaran [48] CD test is employed to investigate 
the presence of CD in each panel variable. If there exist 
CD, then unit root test techniques and models that over-
comes CD can be used. To test the integration order of 
the indicators, the second-generation (SG) techniques, 
Levin-Lin-Chu and Im-Pesaran-Shin, which overcomes 
CD problems are used. Checking the order of integration 
is very crucial since other models require all variables 
to be stationary, for the purpose of avoiding the occur-
rence of spurious regressions. Other models, such as the 
ARDL technique accept factors that have mixed order 
of integration, that is, zero or one, Pesaran et  al. [49], 
while cointegration regressions requires all indicators 
to have one order of integration [39]. The third prelimi-
nary test employed is the Kao SG test of cointegration. 
Therefore, the findings of the Kao test of cointegration in 

this research helps in understanding if the indicators are 
cointegrated and hence select the best model.

Due to the presence of CD problems in the model, 
as well as the existence of cointegration, this research 
employs the CS-ARDL model, which overcomes CD 
problems and gives the short- and long-run coefficients. 
The CS-ARDL model is attributed to the work of Chudik 
and Pesaran [31] and is a modification of the traditional 
ARDL model, which is structured to overcome CD, 
dynamics and heterogeneity problems. It is observed that 
many panel datasets exhibit for CD and a model that cor-
rects this problem, such as the CS-ARDL technique is 
required. Moreover, the CS-ARDL technique overcomes 
heterogeneity problems and dynamics, hence gives the 
best outcomes. To verify the findings of the CS-ARDL 
technique the cointegration regression techniques are 
employed. Cointegration regression models are para-
mount in giving long-run outcomes that are essential for 
making policies. The FMOLS and DOLS techniques are 
cointegration regression models which requires indica-
tors to be integrated of order one and to be cointegrated.

Table 1 Results of descriptive statistics

EC EE GGP NREC LF REC

Mean 4.89E+14 7.10 E+08 1.39 E+12 63.932 2.13E+08 25.811

Median 1.45E+14 4.53E+08 7.75E+11 71.878 81061019 22.962

Maximum 1.02E+16 4.71E+09 1.43E+13 93.396 8.00E+08 58.652

Std. Dev 1.32E+15 8.62E+08 2.25E+12 30.554 2.52E+08 17.933

Observations 210 210 210 210 210 210

Table 2 CD test and Slope heterogeneity test results

*Is significant at 10%

**Is significant at 5%

***Is significant at 1%

CD test p-value

CD Test results

 lnGDP 22.86*** 0.000

 lnLF 19.77*** 0.000

 lnREC 17.10*** 0.000

 NREC 22.24*** 0.000

 lnEE 20.31*** 0.000

 lnEC 19.80*** 0.000

Delta p-value

Slope heterogeneity test results

10.860*** 0.000

 adj 12.771*** 0.000
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Results of the study
The findings in Table 2 are the outcomes of the CD test 
and the slope heterogeneity test results of the model. The 
outcomes in Table 2, shows that, all the panel indicators 
in this research have CD problems. This depicts that all 
the variables have CD problems, hence the SG unit root 
tests are employed, since they overcome CD problems. 
Moreover, the slope heterogeneity test results in Table 2 
depicts that, the model expressed in this research suf-
fers from heterogeneity problems. Therefore, this study 
employs the CS-ARDL technique which is strong in the 
presence of CD, heterogeneity and dynamics.

Due to the presence of CD among factors, as shown in 
Table  2, this study employs the Levin-Lin-Chu and Im-
Pesaran-Shin test examining unit root in variables. The 
findings of the Levin-Lin-Chu and Im-Pesaran-Shin tests 
are provided in Table 3 and they show that, the log of GDP, 
log of REC, NREC, log of energy efficiency and the log of 
effective capital are not stationary at level, however at first 
difference they are stationary. These findings depict that 
the variables under study are integrated of order one. The 
variable log of labor force, according to the Levin-Lin-Chu 
test of unit root is stationary at level. However, the findings 
provided for by Im-Pesaran-Shin test of unit root shows 
that log of labor force is not stationary at first-difference. 
Therefore, log of labor force is also integrated of order one. 
Thus, we conclude that all the variables employed in the 
model of this research are integrated of order one.

The findings of the test of cointegration in this research 
are presented in Table 4. The Kao test results of cointegra-
tion show that the factors expressed have significant cointe-
gration. Therefore, we conclude that the factors employed, 
have a significant long-run association and as a result 
these variables can be expressed in a short- and long-run 

CS-ARDL technique, while the cointegration regression 
techniques are used to verify the findings of the CS-ARDL.

The findings of the CS-ARDL technique in Table  5 
depicts that labor force and REC exhibit for no significant 
effect on GDP of the E7 countries, both in the short- and 
long-run. These outcomes imply that, any change from 
labor force and REC, will not have any influence on GDP. 
In essence labor and REC are regarded as the main fac-
tors influencing economic growth, but in this case, it is 
not so. NREC is observed to exhibit for a significant posi-
tive link with GDP in the short-run, while the long-run 
outcomes of the CS-ARDL technique shows that NREC 
do not significantly impact GDP. A rise in NREC by 1% in 
the short-run, will tend to increase GDP by 0.012%, see 
Table 5. On the other hand, Effective capital and energy 
efficiency are observed to exhibit for a significant positive 
effect on GDP of the E7 countries, both in the short-run 
and long-run. A 1% increase in energy efficiency has the 
effect of raising GDP by 0.856% in the short-run and by 
0.852% in the long-run. A 1% increase in effective capital 
in the E7 countries is found to significantly raise GDP by 
0.176% in the short-run and by 0.176% in the long-run, 
see Table 5. These findings give that energy efficiency and 

Table 3 Results of Unit root

*Is significant at 10%

**Is significant at 5%

***Is significant at 1%

Levin, Lin & Chu Im, Pesaran and Shin

lnGDP 0.907 0.553

lnREC 1.512 2.851

NREC 0.894 2.114

lnLF − 1.727** 0.530

lnEE − 0.187 2.129

lnEC − 0.561 2.244

ΔlnGDP − 2.999*** − 4.171***

ΔlnREC − 4.029*** − 6.239***

ΔNREC − 5.201*** − 4.435***

ΔlnLF − 2.895*** − 3.638***

ΔlnEE − 4.814*** − 5.136***

ΔlnEC − 2.487*** − 4.035***

Table 4 Cointegration test

*Is significant at 10%

**Is significant at 5%

***Is significant at 1%

t-Statistic

Kao cointegration test

 Modified Dickey-Fuller − 2.191**

 Dickey-Fuller − 1.533*

 ADF − 1.642*

 Unadjusted Modified Dickey-Fuller − 1.919**

 Unadjusted Dickey-Fuller − 1.424*

Table 5 CS-ARDL technique results

*Is significant at 10%

**Is significant at 5%

***Is significant at 1%

Coefficient z-Statistics Coefficient z-Statistics
Short-term estimations Long-term estimations

ECT(-1) − 1.003 − 43.80***

L.lnGDP − 0.003 − 0.14

lnLF 0.218 0.84 0.199 0.78

lnREC 0.014 0.13 0.018 0.17

NREC 0.012 1.81* 0.012 1.80

lnEE 0.856 15.18*** 0.852 16.88***

lnEC 0.176 5.07*** 0.176 4.89***
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effective capital are the major factors which promote eco-
nomic growth in the E7 countries.

The findings of the FMOLS and DOLS techniques pro-
vided for in Table 6, depicts that NREC, energy efficiency 
and effective capital have a significant positive impact on 
GDP in the E7 economies. The coefficient values of NRE, 
effective capital and energy efficiency for both FMOLS 
and DOLS techniques show positive coefficients that 
are statistically significant, see Table 6. This depicts that, 
in the emerging 7 economies, in order to improve GDP, 
NREC, energy efficiency and effective capital should be 
enhanced. An increase in NREC by 1% results causes an 
increase in GDP by 0.00066% and 0.01%, as depicted by 
FMOLS and the DOLS techniques respectively. Moreo-
ver, an increase by 1% of energy efficiency has the effect 
of increasing GDP by 0.6% or 0.59%, as depicted by 
FMOLS and the DOLS techniques respectively. The find-
ings in Table 6 also shows that an increase in 1% of effec-
tive capital has the tendency of increasing GDP by 0.36% 
or 0.32%, as depicted by FMOLS and DOLS techniques 
respectively. In addition to that, the FMOLS technique 
outcomes show that the indicator labor force provides a 
significant positive impact on GDP, while the findings of 
the DOLS technique shows that the relationship is insig-
nificant. A rise by 1% in labor force has the tendency of 
increasing GDP by 0.08%, as per FMOLS results. Moreo-
ver, REC according to the findings of the FMOLS tech-
nique has a significant negative impact on GDP, while the 
findings of the DOLS technique show that REC does not 
significantly impact GDP in the emerging 7 economies. 
An increase in REC by 1%, according to the FMOLS 
results, reduces GDP by 0.14%. The findings of the 
FMOLS techniques do not concur with the postulations 
of many past studies, which alludes that REC positively 

impacts GDP, thus great care has to be taken when mak-
ing policies.

Discussion
This research provides that effective capital and energy 
efficiency in the E7 countries significantly enhance 
GDP. The CS-ARDL, DOLS and FMOLS techniques 
employed concurs that energy efficiency and effective 
capital, indeed gives a strong positive effect on GDP. The 
postulations of this research which shows that energy 
efficiency positively impacts GDP supports the results 
of past studies of Bayar and Gavriletea [20] within the 
emerging economies, Akram et al. [8] within the BRICS 
nations, Adom et al. [3] in Africa and Kadir et al. [40] in 
the E7 countries, who alludes that energy efficiency posi-
tively affects GDP. Therefore, energy should be efficiently 
utilized to produce the highest level of output per each 
energy unit employed, as well as avoiding wastage of 
energy. Effective capital’s positive impact on GDP in this 
research shows that the complementary effect of physical 
capital and energy significantly promotes GDP. Effective 
capital is vital and significant in the production industry, 
since machinery and energy are complementary goods, 
that are used together. Energy is used to fuel machinery 
used in the production process. The research outcomes 
support the postulations of studies done prior to this, 
Bulut and Apergis [29], Namahoro et al. [47], Alper et al. 
[10], Ahmad et al. [5], which provide for a positive associ-
ation among energy intake and GDP increase. The theo-
ries of production, such as the Cobb Douglas production 
function, which gives capital as the major determinant of 
output are also supported.

The positive effect of NREC on GDP in the E7 coun-
tries supports the postulations of previous researches 
[2, 37, 41] which offers for a strong positive impact of 
NREC on GDP. The findings of the CS-ARDL technique 
gives that NREC positively affects GDP in the short-run, 
while in the long-run, no significant effect is observed. 
However, the FMOLS and DOLS techniques concurs 
that NREC, in the long-run positively impacts GDP. 
Generally speaking, NREC positively impacts GDP, in 
as much as it is not encouraged because of its negative 
consequences to the environment. In this study we show 
that CS-ARDL and DOLS techniques concur that, REC 
and labor force in the E7 countries, do not significantly 
affect GDP. However, FMOLS technique shows that REC 
negatively affects GDP, while labor force is observed to 
positively affect GDP. Generally speaking, REC and labor 
force ought to promote GDP growth. The findings given 
in this research on the insignificant effect of REC on 
GDP, as per CS-ARDL and DOLS techniques and signifi-
cant negative, as per FMOLS technique, differs from the 

Table 6 Results of the Cointegration regression

*Is significant at 10%

**Is significant at 5%

***Is significant at 1%

Independent 
variables

FMOLS DOLS

Coefficient t-Statistic Coefficient t-Statistic

lnGDP is dependent variable

 lnLF 0.080367 4.027*** 0.259374 1.229

 lnREC − 0.142932 − 9.270*** − 0.022568 − 0.189

 NREC 0.000659 2.907*** 0.010812 2.436**

 lnEE 0.600696 53.246*** 0.598286 9.939***

 lnEC 0.361799 45.998*** 0.316956 8.051***

 R2 0.998 0.999

 Adjusted R2 0.998 0.999

 Jarque–Bera 1.626 7.601**
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postulations of past different researches, Eicke and Weko 
[38], Zhang et al. [56], Chen et al. [10], Rahman and Sul-
tana [50], Kadir et  al. [40], Namaharo et  al. [6], Aydin 
[17], who gives that REC promotes GDP. Therefore, great 
care should be observed when making policies. REC does 
not only encourage economic growth,it also reduces the 
emission of carbon in the air. Therefore, the consumption 
of RE must be promoted.

Conclusion
The present research adds theoretically to the growing 
body of literature by providing the importance of effec-
tive capital and energy efficiency in fostering economic 
growth of the E7 countries, that is, Russia, Turkiye, India, 
China, Indonesia, Brazil and Mexico. The findings of the 
CS-ARDL, DOLS and FMOLS techniques are also com-
pared. In this research we give that energy efficiency 
and effective capital are the major determinants of GDP 
in the E7 economies, as per the findings of all the tech-
niques used. Labor force is also observed to be a major 
driver of GDP in the E7 countries, as per the FMOLS out-
comes. The outcomes presented in the present research 
are robust because it employs the CS-ARDL technique, 
which is strong in the presence of heterogeneity, dynam-
ics and CD. The CS-ARDL technique is also capable of 
providing the model’s short- and long-run coefficients 
which are used to understand the asymmetric effects of 
the explanatory factors on GDP. In addition to that, the 
DOLS and FMOLS techniques which gives robust long-
run outcomes, that are crucial for policy making, are also 
employed. The policy implications of this study are as fol-
lows: energy should be efficiently used in the production 
process, avoiding any wastage, to obtain the highest level 
of output per each unit of energy employed. Effective 
capital and human capital should be enhanced. NREC 
in as much as it positively impacts GDP, it should be 
discouraged because of its positive effect on CE. Future 
studies are recommended to further explore the effect of 
effective capital on economic growth of various nations, 
since this topic is yet to be investigated well.
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