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Abstract
This purpose of the research is to determine the financial expansion index effect on renew-
able electricity production for Brazil, Russia, India, China, and South Africa (BRICS coun-
tries) from 1995 to 2015. Principal component analysis is applied to generate a bank-based 
and stock market-based index of financial expansion. The article uses three recently devel-
oped estimators, namely Mean Group, Augmented Mean Group, and Common Correlated 
Effects Mean Group Estimators. The empirical results showed that there is no evidence of 
inverse U-shaped impacts of financial expansion index on renewable electricity produc-
tion. The results demonstrate that the financial expansion index has a positive influence on 
renewable electricity production in total, including and excluding the hydroelectricity for 
the panel of BRICS countries; a larger effect was observed when non-hydropower renewa-
ble electricity was considered. The Dumitrescu–Hurlin (DH) causality test outcomes repre-
sent that there are one-way causalities running from the financial expansion index to hydro-
electricity and the financial expansion index to the production of sustainable electricity in 
total. Therefore, the production of renewable electricity in total and hydroelectricity are 
driven by financial expansion. However, there is a one-way causation moving from the pro-
duction of renewable electricity from non-hydropower to financial expansion, which shows 
that the latter is driven by an increase in renewable non-hydroelectricity. Policy implica-
tions are provided at the end of this study.

Keywords  BRICS · Renewable electricity production · Financial expansion index · AMG · 
CCEMG

1  Introduction

There is a vast amount of literature that has examined the association between finan-
cial expansion and energy demand (Sadorsky 2010; Coban and Topcu 2013); however, 
the effect of financial expansion on renewable electricity production (hydropower, wind 
energy, solar power, biomass power, geothermal power, marine power, etc.) is an area that 
has not received sufficient consideration in the literature.
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Financial expansion plays an important role as it can raise the effectiveness of the finan-
cial system of a region and the demand for renewable electricity. It allows for the promo-
tion of activities such as raising the banking transactions or raising stock market expansion. 
If it is found that financial expansion affects the production of renewable electricity, then it 
becomes important for energy policy planning and strategies for carbon emissions.

Financial expansion is also important for the economy due to various reasons: It reduces 
the financial exposure and the credit cost; it contributes to greater clarity among lenders 
and borrowers, higher capital; and the possibility to access energy-efficient technologies 
and cutting-edge products, which might increase the energy demand through increased 
consumption. Individual investors and businesses can also benefit from improved financial 
expansion because it provides less costly access to capital.

Being a component of financial expansion, the stock market is an important economic 
indicator and it can be employed as a signal of the expansion of the economy as well as the 
economic confidence of both individual investors and businesses. This confidence might 
lead to expanded demand for renewable electricity products. The stock market expan-
sion brings benefits for businesses because it provides entry to another origin of funding, 
namely equity, and it can be employed to expand the business. The stock market expansion 
also raises the risk of diversity for both individual investors and businesses; it is an essen-
tial factor for achieving prosperity throughout the whole economy.

On the other hand, financing of renewable energy has emerged very rapidly. Sustain-
able power installations in 2012 outstripped non-renewables, and it represented approxi-
mately 60% of the new global power-producing capacity in 2016 (IRENA 2017a). Simi-
larly, renewable power technologies in 2015 brought more funds than non-sustainable ones 
(Buchner et al. 2017).

The BRICS region has a powerful effect on regional and global affairs. All BRICS 
members are representatives of the G20 and they have a total populace of over 3 billion, 
which accounts for 40% of the world’s populace. Moreover, according to the International 
Monetary Fund (IMF), these countries’ nominal GDP is US$18.6 trillion, which represents 
about 23.2% of the gross world product.

As demonstrated in Fig. 1 and Table 1, the conventional electricity production in the 
BRICS countries, which is mainly generated from large coal-fired and nuclear-powered 
generating facilities, is very high. For example, in total, the BRICS countries generated 
37.44% of the total world electricity production (BP World energy statistical review 2018). 
The highest amount of electricity was generated by China with 24% and the lowest by 
South Africa with 1% in 2015.
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Fig. 1   Electricity production in the BRICS countries
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However, when the total renewable energy capacity in the BRICS region is analyzed, 
as illustrated in Fig. 2 and Table 2, it is found that the BRICS countries contribute 39.22% 
of the total world capacity of renewable energy. Once again, China is the highest capac-
ity country for renewable energy with almost 26% and South Africa has the lowest with 
0.19%.

Renewable electricity is an important source of energy since it decreases the inefficient 
consumption of fuel. Renewable electricity can reduce the intensity of carbon emissions 
by almost 90%. In this respect, it is significant to underline that one of the major goals of 

Table 1   Electricity generation in the BRICS. Source: IRENA, Renewable capacity statistics (2018)

Countries (Terawatt-hours) in numbers

2009 2010 2011 2012 2013 2014 2015 Share of 
2015%

Brazil 466.20 515.80 531.80 552.50 570.80 590.50 581.50 2.40
Russia 993.10 1035.70 1050.20 1064.10 1050.70 1058.70 1063.40 4.39
India 879.70 935.30 1031.10 1088.20 1141.40 1252.00 1308.40 5.40
China 3714.70 4207.20 4713.00 4987.60 5431.60 5649.60 5814.60 24.01
South 

Africa
249.60 259.60 262.50 257.90 256.10 254.70 249.70 1.03

World 
total

20,261.40 21,561.70 22,242.40 22,797.30 23,402.90 23,844.00 24,215.50 100.00
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Fig. 2   Total renewable energy capacity (MW) in BRICS countries

Table 2   Total sustainable energy capacity (gigawatts) in the BRICS countries in numbers. Source: IRENA, 
Renewable capacity statistics (2018)

2009 2010 2011 2012 2013 2014 2015 Share of 
2015%

Brazil 84.929 89.558 92.912 96.112 99.827 106.439 112.616 6.09
Russia 47.292 47.435 47.418 49.384 50.041 50.959 51.304 2.78
India 48.304 52.329 58.127 60.489 63.421 71.742 78.407 4.24
China 205.232 233.260 267.903 302.108 359.519 414.653 479.106 25.92
South Africa 0.975 0.993 0.997 1.003 1.500 2.710 3.429 0.19
World total 1136.226 1224.050 1329.202 1441.393 1563.122 1693.254 1848.157 100.00
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the Paris Agreement (IRENA 2017b) was to set the limit for the increase in average tem-
peratures to “less than 2 °C” and an optimal goal of 1.5 °C. It was reported by the IRENA 
(2017) that to meet the objectives of the Paris Agreement, it would be necessary to raise 
energy efficiency and the electrification pathway for all sectors along with increase in the 
percentage of renewables in the total energy production. Therefore, the proportion of sus-
tainable energy in the power sector should raise to 86% by 2050.

This research aims to test the relation between financial expansion and sustainable elec-
tricity production for the BRICS region for the span of 1995–2015. The BRICS case is an 
important and attractive setting to investigate as they represent different degrees of produc-
tion of renewable electricity and financial expansion. Furthermore, the Renewable Energy 
Attractiveness Index (2019) showed that China and India occupy 1st and 3rd positions, 
respectively.

This article’s contribution to the existing literature can be listed as the following:

1.	 The majority of papers have focused on the combination of financial expansion and the 
consumption of energy, whereas this research tries to increase awareness of the financial 
expansion impact on the production of renewable electricity. It is essential to increase 
the usage of renewable electricity to deal with environmental issues.

2.	 This study included GDP and the square of GDP to test whether there is an inverted 
U-shaped relation between renewable electricity production in total, excluding and 
including hydroelectricity.

3.	 This study combines seven indicators of bank performance and stock market perfor-
mance to create a financial expansion index to study the financial industry’s effect on 
the production of renewable electricity.

4.	 Moreover, previous studies have considered renewable electricity including hydroelec-
tricity, which might lead to misleading results. We have examined the effect of financial 
expansion on renewable electricity production in total, both including and excluding 
hydroelectricity.

5.	 The findings of previous studies were inconclusive regarding the direction of the asso-
ciation between financial expansion and renewable electricity production. This research 
uses the Dumitrescu–Hurlin causality to find the causation direction among the series, 
not only for renewable electricity in total but also including and excluding hydroelectric-
ity.

6.	 We also concentrated on the production of renewable electricity and financial index 
by using a sample of BRICS countries, as well as by examining the relationship using 
second-generation tests, particularly Augmented Mean Group estimator (AMG) (Eber-
hardt and Teal 2010, 2011) Common Correlated Effects Mean Group (CCEMG) (Pesa-
ran 2006; Kapetanios et al. 2011), and the Dumitrescu–Hurlin causality test.

The initial tests are important because macroeconomic series income and financial 
expansion might have endogeneity issues (Shahbaz et al. 2013), while they were also justi-
fied by recent diagnostic tests. The justification for using AMG and CCEMG is that they 
have several advantages over the other traditional tests; they do not consider cross-sectional 
dependence and problems of heterogeneity. The CCEMG method considers the existence 
of an unobserved common factor, and it includes dependent and independent series cross-
sectional averages. Both approaches are robust to non-stationarity, structural breaks, serial 
correlation, and deal with cross-sectional correlation.
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The remaining part of the research is structured as follows: Section 2 is a detailed lit-
erature review on financial expansion and the demand for conventional and sustainable 
energy; Sect. 3 covers the data, model, and the methodology that is employed throughout 
the research. The results are considered in Sect. 4, and Sect. 5 is the conclusion.

2 � Literature review

Numerous studies exist on the relation between financial expansion and energy utilization. 
All these studies have demonstrated the nature of the financial expansion variables’ influ-
ence on the need for energy. Most of them also have shown that in both developing and 
developed countries, financial expansion positively affects energy demand.

In terms of developing regions in the Middle East and Africa, Al-Mulali and Sab 
(2012) considered the effect of the use of power and CO2 emissions on GDP and financial 
advancement in 30 Sub-Saharan African Countries. Both cointegration and causality panel 
tests were used for the period from 1980 to 2008. The findings indicated that the consump-
tion of energy increased both GDP and financial expansion, but it damaged the environ-
ment. They stated that it is crucial to raise the efficiency of energy and power infrastructure 
outsourcing to obtain the desired financial expansion.

Aslan et  al. (2014) investigated seven Middle Eastern regions for the period from 
1980–2011 by employing FMOLS and causality tests. Their findings were that bank 
expansion positively impacted the use of energy and a bidirectional feedback association 
was found. The authors stated that since bank expansion affects energy use, especially in 
the long-term, policymakers should advance the efficiency of energy in these countries by 
including the bank expansion factor.

Sadorsky (2010) used the GMM technique to estimate the relationships among finan-
cial expansion and energy utilization by employing data from 22 emerging regions for the 
period from 1990 to 2006. He found the existence of a positive and significant association 
among stock market expansion and the consumption of energy. He stated that emerging 
markets that remain to advance their stock markets will have a higher demand for energy, 
which is related to increases in income. Therefore, he indicated that emerging economies’ 
energy demand projects should include stock market expansion variables in order not to 
underestimate their energy demands.

Islam et al. (2013) tested the consumption of energy, financial improvement, and popu-
lation in Malaysia for the period of 1971–2009 by using the vector error correction model 
(VECM) and ARDL test. The researchers stated that energy utilization is influenced by 
economic expansion and financial expansion; financial expansion increases the consump-
tion of energy. It was stated that loans will trigger a rise in energy demand.

Samour et al. (2019) tested the influence of the banking sector expansion on the emis-
sions of Turkey during the 1980–2014 period by applying ARDL, FMOLS, and CCR tech-
niques. Their findings stated that bank expansion could lead to an increase in the utilization 
of energy; therefore, it raises emission.

Xu et al. (2018) assessed the effect of financial expansion on energy utilization for the 
N-11 countries. They used dynamic seemingly unrelated regression (DSUR) and DH cau-
sality tests for the time of 1990–2014. Their findings suggested that financial expansion 
stimulates the utilization of energy. They also inferred that the authorities to establish pro-
jects that are energy efficient should assure the introduction of borrowings with low-inter-
est rates.
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Ziaei (2015) also investigated the impact of credit and stock market shocks on the use 
of energy and CO2. The panel vector autoregression (PVAR) approach was used to test the 
association for the group of European, East Asian, and Oceania economies for the period 
of 1989 to 2011. It was found that the effect of energy utilization and CO2 shocks on pri-
vate sector credit was not very significant for all the regions, but the effect of the use of 
power shock on stock returns in European regions was higher in comparison with East 
Asian and Oceania regions.

Sadorsky (2011) also investigated the relationship among financial expansion and 
energy utilization for nine frontier markets for the period of 1996–2006 by using the GMM 
model. The author found the existence of a positive and statistically significant association 
between bank expansion and the use of energy. Furthermore, it was also found that Central 
and Eastern European countries that forecast the need for energy without including finan-
cial expansion variables might underestimate the real energy demand.

The demand for energy for financial expansion is also evidenced in the comparatively 
richer and more developed countries. For instance, Furuoka (2015) investigated the asso-
ciation among financial advancement and energy utilization in Asia from 1980 to 2012 
by employing the DH test of causality. The causality test showed one-way causation from 
energy utilization to financial advancement. These findings implied that an increase in the 
usage of power could become a leading force for financial progress in Asia. They stated 
that a stable supply of energy is a crucial factor for attracting investors to the sector of 
finance and enhancing the supply of energy is essential for financial expansion in Asia.

Similarly, Coban and Topcu (2013) tested the association among financial improvement 
and energy utilization in the European Union (EU) for the period 1990–2011 by employ-
ing the GMM approach. They demonstrated the effect of financial expansion on the con-
sumption of energy among the founding members of the EU. Their findings indicated that 
improvements in the banking and stock market sectors increased the use of energy.

Balsalobre-Lorente et al. (2019) investigated the association among carbon emissions, 
the use of energy, the openness of trade, and mobile use during the 1990 to 2014 period 
by employing DOLS (dynamic ordinary least squares) and FMOLS (fully modified ordi-
nary least squares) techniques. It was found that the consumption of the electricity made an 
unfriendly influence on emissions, and it was recommended to raise foreign investment in 
high tech.

Adedoyin et  al. (2020) tested the association between the expansion of the economy, 
emissions, coal rents, and regulatory quality for the BRICS region for the period 1990 to 
2014. It was found that regulations on coal rents as the costs of the damage of the carbon 
costs make a significant and positive influence on emissions. It was suggested to reduce the 
emissions’ level was crucial to include stringent environment energy regulations and the 
necessity to BRICS to shift to sustainable energy sources.

The other strand of researchers found mixed results and a negative association between 
consumption of energy and financial expansion. Yue et  al. (2019) examined data for 21 
transitional regions for the span of 2006–2015 by employing Panel Smooth Transition 
Regression (PSTR) and Fixed Effect models. They also proposed that the ratio of financial 
systems deposits to GDP positively influenced the consumption of energy in all the studied 
countries, while stock market expansion only decreased the use of energy in China and 
Poland. This article demonstrated that an advanced stock market will decline the consump-
tion of energy. Stock market expansion lowers costs of borrowing and costs of financing, 
and there is more capital to use for energy-saving technologies. Thus, the authors stated 
that transitional economies should pay more attention to stock market expansion to lower 
the use of energy.
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Ahmad et  al. (2019) studied the impact mechanisms between the consumption of 
energy, financial expansion, expansion of the economy, and climate for Chinese provinces 
from 1997 to 2016 by using the augmented growth model. Their findings indicated that 
financial expansion based on the banking sector increases energy utilization, and financial 
expansion based on the stock market decreases the utilization of energy and improves the 
quality of the environment.

In terms of comparative studies between developing and developed countries, Chang 
(2015) studied the financial advancement impact on energy utilization where private loans, 
host credit, traded stocks’ value, and turnover of the stock market represented financial 
advancement for 53 countries for the time of 1999–2008, by employing a panel threshold 
model. He found different results such as that in non-high-income countries, the energy uti-
lization increased with private and domestic credits. The value of traded stocks and turno-
ver of the stock market slightly declined the use of energy in high-income economies.

Assi et al. (2020) explored the interconnection between financial expansion, economic 
freedom, and the consumption of gasoline for twenty-eight states during 1996–2017. The 
ARDL and Dumitrescu–Hurlin panel causality techniques were used. The outcomes pre-
sented that financial advancement reduced the consumption of gasoline; thus, these states 
advised to reinforce financial advancement to achieve green innovations.

Topcu and Payne (2017) evaluated the impact of financial advancement on the use of 
energy for 32 high-income countries for 1990–2014. Their research incorporated the equity 
market, the banking division, and the bond sector to define financial expansion, and het-
erogeneity panel estimation techniques were applied. The results showed that there were 
no statistically significant relationships among the overall financial expansion and energy 
utilization. The authors found that an expansion in the stock index led to a slight decrease 
in energy utilization.

Similarly, Ouyang and Li (2018) tested the relation among financial advancement, 
energy utilization, and expansion of the economy in China by employing the GMM panel 
VAR method for the period 1996Q1–2015Q4. They stated that financial advancement 
could significantly lessen the use of energy for all regions of China.

Another strand of research tested the relation between renewable energy and finan-
cial expansion. Most of the researchers found that financial expansion positively affects 
renewable energy. In terms of the BRICS countries, Eren et al. (2019) studied the finan-
cial expansion effect and the expansion of the economy on the use of sustainable energy 
in India for the period 1971–2015 by employing the Maki (2012) and dynamic ordinary 
least squares (DOLS) techniques. Their findings stated that the expansion of the economy 
and financial expansion had an affirmative and significant effect on the use of sustainable 
energy. The Granger causality approach suggested that renewable energy utilization and 
expansion of the economy are driven by financial improvement. They suggested that finan-
cial markets should be the main driver for the use of renewable energy.

Anton and Nucu (2020) studied the financial expansion effect on the use of renewa-
ble energy for European Union members from 1990 to 2015 by using fixed-effect models. 
They found that the bond market, banking sector, and capital market positively affected the 
renewable energy share. However, they found that the improvement of the capital market 
had no significant effect on renewable energy.

Wu and Broadstock (2015) studied 22 emerging countries from 1990 to 2010 and found 
that financial expansion and the quality of institutions had an affirmative effect on the 
utilization of sustainable energy. Best (2017) employed 137 countries’ data for the time 
of 1998–2013 and found that financial capital bank credits and domestic securities from 
domestic private debt had an affirmative impact on the utilization of sustainable energy.
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Kutan et al. (2017) tested the equity market expansion impact on the consumption of 
renewable energy for the BRICS region for the span of 1990–2012 by using fully modified 
ordinary least squares. They stated that stock market expansion is an essential driver of 
sustainable energy.

Brunnschweiler (2010) studied the financial sector expansion effect on sustainable 
energy resources for the panel of 119 non-OECD regions for the span of 1980–2006 by 
using the GMM technique. They stated that banking had an affirmative effect on the pro-
duced RE, and the effect was larger when non-hydro power RE was considered.

Liddle and Sadorsky (2017) used a dataset of 93 countries and applied AMG and 
CCEMG estimators to test the association between the consumption of non-fossil elec-
tricity and CO2 emissions. They found that electricity generated from non-fossil fuels 
decreases CO2 emissions, and this effect is higher for the non-OECD region than for the 
OECD region.

Burakov and Freidun (2017) tested the causality among financial expansion, expansion 
of the economy, and sustainable energy for the span of 1990–2014 and used the vector 
error correction (VEC) model. They found that there was no causal relation between finan-
cial expansion and sustainable energy for Russia.

The expenditure for renewable electricity is greater in comparison with the traditional 
sources of energy, and greater use of financial instruments (borrowing and equity) is det-
rimental for the expansion of this sector. The expectation is that there is a positive relation 
among financial expansion index and the production of renewable electricity. Therefore, 
we test the following hypothesis:

Hypothesis  There is a positive association among the financial expansion index and sus-
tainable electricity production.

3 � Data and analysis

The structure for the methodology used for this research is presented in Fig. 3:

Data
Sources and series 
definiton
P.C.A. 
construction

Observational 
Literature

Review of 
Literature

Panel data model
M.G.
A.M.G.
C.C.E.M.G.
Panel cointegration 
test of Westerlund
D.H  causality test

Fig. 3   Structural layout of methodology
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4 � Methodology and data

In this study, we used the GDP per capita, square of GDP per capita, financial expansion 
index, and production of renewable electricity variables kWh per capita for the BRICS 
countries.

We made three different measures of renewable electricity production. The first depend-
ent variable is LREO, which includes all biofuels, solar power, hydropower geothermal, 
biomass, tides, wind energy, and is measured in kWh per capita; the second one is LHY, 
which only considers hydroelectric power generation, and is also in kWh per capita; and 
the third one is LNHY, which takes into account electricity produced from geothermal, 
solar, tides, wind, biomass, and biofuels, excluding hydroelectricity, is also in kWh per 
capita. The series included yearly observed data from 1995 to 2015. The beginning and 
end of the data were selected based on availability. All the series are in logarithm form, so 
the coefficients show elasticities.

The empirical approach of this research followed the specifications by Adom (2016) 
and Shahbaz et  al. (2013) with some modifications. Renewable electricity production 
(LREO) in this paper is shown as a linear function of the growth of the economy (LNY), 
the square of the growth of the economy (LYS), and a vector of financial expansion 
index (LFD). Equation (1) represents the mathematical association, where a is the inter-
cept, �1,�2,�3 are long-term coefficients, which refer to the period, and � is the stochastic 
term, which is counted as white noise.

where LREO, LFD, LNY, and LYS represent the natural logarithms of renewable electric-
ity output, natural log of financial expansion index, and the natural log of growth of the 
economy, respectively. Information on the variables and sources can be found in Table 3.

This study will follow Sadorsky (2010) to create a financial index for the financial 
expansion variables that comprise the banking field and the equity market.

In the form of panel data, we can express the model as follows:

where 
i = 1, 2,3, …N and t = 1, 2,3…T.
LREOit stands for the ith country’s total renewable electricity production at time 

t,LHYit stands for the ith count’s renewable electricity production from hydroelectricity 
at time t, LNHYit stands for the ith country’s renewable electricity production at time t 
from geothermal, solar, tides, wind, biomass, and biofuels, excluding hydroelectricity. 
LNYt is the BRICS countries real GDP per capita, LYSt is the square of real GDP per 
capita, and LFDt is the financial expansion index for the ith country and the subscripts 
t and i represent time and individuals (countries). In Eqs.  (2), (3), (4), dt represents 
observed common effects, where ft represents unobserved common effects. The cross-
sectional dependence is estimated by the existence of the unobserved common aspect 
effect (ft) , and the effect is different across countries.

(1)LREO = a0 + �1LNY + �2LYS + �3LFD + �

(2)LREOit = �idt + �1iLNYt + �2iLYS + �3iLFDt + uit

(3)LHYit = �idt + �1iLNYt + �2iLYS + �3iLFDt + uit

(4)LNHYit = �idt + �1iLNYt + �2iLYS + �3iLFDt + uit
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It is first assumed that the unexpected shocks have an impact on the cross-sectional 
units, and secondly, all of them are affected differently. This study follows Sadorsky (2010) 
to create a financial index for the financial expansion variables that comprise the bank-
ing field and the equity market, which consists of seven indexes that are shown in Table 4 
which were obtained from Beck et al.(2000).

Therefore, to run principle component analysis (PCA), the factorability of the data 
should be determined to confirm that FD is suitable (Table 4). For this reason, in this paper, 
we employ the test of Bartlett (1950) and Kaiser–Meyer–Olkin (KMO) (Kaiser 1970) to 
evaluate the adequacy of sampling, which examines the appropriateness of the sample size 
to construct PCA.

KMO and Bartlett’s test outcomes are presented in Tables 5, 6. These tests are crucial 
to confirm the adequacy of the sample. The regular range of KMO is between 0 and 1. To 
be appropriate for principal component analysis, the KMO should not be less than 0.60 
(Kaiser 1970). Also, the corresponding p value of Bartlett’s test should not be more than 5 
percent to recommend the principal components’ suitability. The KMO result from Table 5 
is 0.691, which indicates that the variables’ correlation is strong and shows that the PCA 
is appropriate since the KMO value is above 0.6. The statistical significance of Bartlett’s 
test outcome is 1%, and it reinforces the KMO results and rejects the null hypothesis sug-
gesting that the correlation matrix is the identity matrix. Thus, the components of finan-
cial expansion can be employed in this article to create PCA. The results for the financial 
expansion index are shown in Tables 5, 6. 

4.1 � Slope homogeneity tests

When using panel data methods, testing for cross-sectional dependence (CSD) is essen-
tial, since ignoring this could lead to over elimination of the null hypothesis of the unit root 

Table 4   Variables and principal component analysis

Variable Definition

Definition of financial development sector variables
SMTO Stock market turnover ratio to GDP
SMC Capitalization of the stock market to GDP
SMT Total value traded of the stock market to GDP
PC Private finance by deposit money banks to GDP
LL Liquid liabilities to GDP
FS Financial system deposits to GDP
DM Money banks’ deposit assets to GDP

Table 5   KMO test and Bartlett’s 
test for financial expansion index

Bartlett test Chi-square 808.129

Degrees of freedom 21
p value 0.000

KMO 0.691
Parameter 7
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(O’Connell 1998). If it is not considered, the findings could be misleading. The CSD was 
tested by Breusch and Pagan (1980), and Pesaran (2004) tests.

Additionally, it was investigated whether the cross-sectional units are heterogeneous, then 
it is tested by the tests of slope homogeneity such as 

∼

Δ and 
∼

Δadj introduced by Pesaran and 
Yamagata (2008). The authors derived the assessment statistics by introducing the test of 
Swamy (1970).

The assessment statistic named 
∼

Δ is shown below:

where 
∼

S is the Swamy model, 
∼

Δ can represent better characteristics with normally distrib-
uted errors as follows:

The null hypothesis is homogeneous slopes, which is checked against the heterogeneous 
slopes hypothesis.

(5)�Δ = N1∕2
2k−1∕2(N−1S̃ − k)

(6)�Δadj =
√
N

⎛
⎜⎜⎜⎝

N−1S̃ − E
�
z̃it
�

�
var

�
z̃it
�

⎞⎟⎟⎟⎠

Table 6   Composite index of financial expansion

All variables are defined in Table 5
P1: 1st principal component (PC), P2: 2nd PC, P3: 3rd PC, P4: 4th PC, P5: 5th PC, P6: 6 s PC, P7: 7 PC

No Eigen-value Diff Prob C value

Eigen value: S = 7, a = 1
P1 4.34717 2.77359 0.621 0.621
P2 1.57357 1.0688 0.2248 0.8458
P3 0.504769 0.155025 0.0721 0.9179
P4 0.349744 0.227546 0.05 0.9679
P5 0.122197 0.051209 0.0175 0.9853
P6 0.070989 0.039427 0.0101 0.9955
P7 0.031562 0.049428 0.0045 1.000

Eve P1 P2 P3 P4 P5 P6 P7

SMTO 0.4114 − 0.3584 − 0.1683 − 0.0129 0.0035 0.8205 0.0239
SMC 0.4529 − 0.0823 − 0.3686 − 0.0896 − 0.0964 − 0.3603 0.7107
SMT 0.4473 − 0.0532 − 0.2927 − 0.3747 0.3634 − 0.2977 − 0.5919
PC 0.3815 0.2913 − 0.1604 0.7755 − 0.2549 − 0.0759 − 0.2679
LL 0.2401 0.6503 0.2712 − 0.0085 0.5838 0.2094 0.2473
FS 0.2487 − 0.5602 0.6104 0.3096 0.3078 − 0.2421 0.0512
DM 0.4007 0.201 0.5275 − 0.3926 − 0.5984 − 0.0059 − 0.0921
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4.2 � Panel cointegration tests

Westerlund (2008) improved the error correction model (ECM) panel cointegration test. It 
checks whether cointegration does not exist if there is error correction for both individual 
countries and the whole panel.

The error correction (EC) approach of Westerlund (2008) is shown below:

� in Eq. 7 represents the error correction parameter, while dt = (1, t) is the deterministic 
factors.

Based on the above equation, Westerlund developed four tests, where group mean statis-
tics which are two tests and are shown below:

CSE
(
�̂i
)
 represents the conventional standard error for �̂i , where 

(
�̂i
)
 represents the 

semi-parametric kernel estimator of �̂i(1) and the different assumption of the methods is 
that the whole panel is cointegrated. Two other tests, which are proposed in the paper, are 
as follows:

The different assumption of these two methods is that there would be one individual 
unit that is cointegrated.

4.3 � MG, AMG and CCEMG estimators

In this study, the MG, AMG, and CCEMG approaches are employed to assess the model 
indicated in Eq. (1). Pesaran and Smith (1995) popularized the MG technique. After find-
ing the cointegrating association, the MG approach measures heterogeneous coefficients 
for every cross section and collects their unweighted averages. However, the MG approach 
only considers heterogeneous parameters and it does not consider CSD. Therefore, the 
AMG technique was introduced to consider CSD.

The advantage of AMG is that it takes into account the CSD by combining the “com-
mon dynamic effect” (ft) and it is a two-step approach used to obtain a common dynamic 
effect that is unobserved. As an initial step, the considered regression is augmented with 

(7)yit = �idt + �iyit−1 + �ixit−1 + �iyΔit−1 +

P∑
J=1

�iXΔit−1 + �it

(8)Gttest =
1

N

N∑
i=1

𝛼̂i

CSE
(
𝛼̂i
) .

(9)G𝛼 =
1

N

N∑
i=1

T𝛼̂i(
𝛼̂i
)
(1)

.

(10)Pt.test =
�̂i

CSE
(
�̂i
)

(11)P�. =
T�̂i(
�̂i
)
(1)
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dummies; thus, the time dummies’ coefficients are collected. As a second step, the time 
dummies’ estimated coefficients replace the unobserved common effect and OLS estimates 
the individual regressions.

Once the equation is estimated by OLS, (ft) can be substituted by the collected 𝜃̂t for 
every period and the estimates of AMG can be collected by OLS for every cross section.

Thus, the mean group measure is then collected.

B̃i is the OLS measure of country-specific coefficients in Eq. (15).
Pesaran (2006) introduced the CCEMG approach, and it was subsequently modified 

by Kapetanios et al. (2011). The parameter heterogeneity, CSD, and structural breaks are 
allowed by this estimator. The AMG approach introduced by Eberhardt and Teal (2010, 
2011) and Eberhardt and Bond (2009) also take CSD and parameter heterogeneity into 
account. The difference is the unobserved common factor’s approximation.

To use the CCEMG approach, the CS means of the dependent and independent series 
are augmented in Eq. (1):

Afterward, every CS is measured by OLS. However, it should be noted that in cases 
where the residuals have heteroskedasticity and autocorrelation, White (1980) and Newey 
and West (1987) can be applied instead of using OLS. The CCEMG approach is the arith-
metic mean of every coefficient for every regression.

B̂i ’s are estimates of OLS for every country’s coefficient in Eq. (19).

4.4 � Dumitrescu–Hurlin Granger causality test

Checking for cointegration only tests the long-run association; however, it does not show 
the direction of causality between the series. Thus, we employed the Dumitrescu–Hurlin 
(DH) panel Granger causality (Dumitrescu and Hurlin 2012) to determine the causation 
between the variables. The basis for this test is the Granger non-causality individual Wald 

(12)LREOit = �i + �1iLNYt + �2iLYS + �3iLFDt + �i�t + cit + uit

(13)LHYit = �i + �1iLNYt + �2iLYS + �3iLFDt + �i�t + cit + uit

(14)LNHYit = �i + �1iLNYt + �2iLYS + �3iLFDt + �i�t + cit + uit

(15)AMG = N−1

N∑
i=1

B̃i

(16)
LREOit = �i + �1iLNYt + �2iLYSt + �3iLFDt + �1iLNYt + �2iLYSt + �3iLFDt + uit

(17)
LHYit = �i + �1iLNYt + �2iLYSt + �3iLFDt + �1iLNYt + �2iLYSt + �3iLFDt + uit

(18)
LNHYit = �i + �1iLNYt + �2iLYSt + �3iLFDt + �1iLNYt + �2iLYSt + �3iLFDt + uit

(19)CCEMG = N−1

N∑
i=1

B̂i
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statistics. It is different from the normal Granger causality test in the way it evaluates that 
coefficients would not be the same between cross sections and takes into account the het-
erogeneity of the model. The test statistics calculation of this method is appropriate for the 
small data by employing the simulation of Monte Carlo.

5 � Empirical results

The CSD results and slope homogeneity (SH) test outcomes are indicated in Table  1. 
CDBP and CDLM reject the assumption of cross-sectional independence. Therefore, 
there is CSD in all the series. The assumption of homogeneity is rejected by the Delta test 
results, and the units’ coefficients are heterogeneous (Table 7).

Table 8 represents the outcomes of the CADF unit root test. All the outcomes imply 
that the series are not stationary at level. However, the series are stationary at their first 
differences, thus they are I(1). Table 9 (A, B, C) represents the outcomes of Westerlund 
ECM. We used this cointegration test because the variables have CSD. Table 9 (A, B, C) 
outcomes reinforce the presence of an association between the variables, as they imply the 
existence of a long-term relation among these series. The values for Gt and Pt, Pa statistics 
imply that the assumption of no cointegration can be rejected (in the case of renewable 

Table 7   CD statistics test

***Refers that there is significance at 1% level

Variable CDBP CDLM

LREO 32.79*** 5.10***
LHY 34.81*** 5.55***
LNHY 106.18*** 21.51***
LNY 198.66*** 42.19***
LFD 95.18*** 19.05***

Table 8   Panel unit root test

**and ***refers that there is significance at 5% and 1% level of sig-
nificance

Variable CADF (intercept)

LREO − 1.05
LHY − 0.39
LNHY − 1.77
LNY − 1.47
LYS − 1.82
LFD − 1.19
∆LREO − 3.33***
∆LHY − 5.2***
∆LNHY − 3.8**
∆LNY − 3.04***
∆LYS − 2.76***
∆LFD − 2.61***
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electricity including hydroelectricity, Gt and Pa statistics’ values indicate cointegration). 
Thus, there is a long-term relation among the series.

The outcomes for MG, AMG, and CCEMG are given in Table 10. The growth of the 
economy has a positive effect and the square of the expansion of the economy asserts a 
negative impact, although they are insignificant in all the models except MG. The differ-
ence in MG and AMG and CCEMG results could be the fact that MG does not consider 
the CSD. Therefore, these results imply that an inverted U-shaped association among 

Table 9   A Cointegration of 
Westerlund test results for 
hydroelectricity, B. Cointegration 
of Westerlund test results 
for renewable electricity 
(excluding hydroelectricity). C. 
Cointegration of Westerlund test 
results for renewable electricity 
(including hydroelectricity)

***, **and *refers that there is significance at the 10%, 5%, and 1% 
levels

Statistic Value Z value P value

A
 Gt − 3.714* − 4.378 0
 Ga − 5.077 0.979 0.836
 Pt − 6.771* − 2.919 0.002
 Pa − 15.517* − 3.982 0

B
 Gt − 3.55* 4.019 0
 Ga − 2.258 1.988 0.977
 Pt − 7.94* 3.811 0
 Pa − 7.9*** 1.302 0.096

C
 Gt − 2.5** 1.726 0.042
 Ga − 6.201 0.576 0.718
 Pt − 4.545 1.221 0.111
 Pa − 10.2** 2.113 0.017

Table 10   Long-run elasticity estimates based on MG, AMG and CCEMG estimators

***, **, and *indicate that stats are significant at the 10%, 5%, and 1% levels

Countries

Model I: LREO Model II: LHY Model III: LNHY
Panel I: MG
 LNY 43.485 40.035 − 61.020
 LYS − 5.918** − 5.449* 7.871
 LFD 0.117** 0.080 0.563***

Panel II: AMG
 LNY 37.607 2.221 67.266
 LYS − 4.797 − 0.165 − 8.930
 LFD 0.043 0.025 0.289**

Panel III: CCEMG
 LNY 49.249 37.160 − 33.681
 LYS − 6.455 − 4.945 4.363
 LFD 0.079** 0.047** 0.725***
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renewable energy in all the cases and growth of the economy does not exist for the panel of 
BRICS countries. Thus, these results mean that growth of the economy does not contribute 
to the mitigation of renewable energy after reaching the threshold, and at higher levels of 
development, the existence of technology and the need to provide sustainable energy to 
people at a cheaper cost will drive the need to develop the renewable electricity sector.

It is striking that in all three models, the financial expansion index has a positive effect, 
and in most of them, it is significant. However, the impact of financial expansion is greater 
when we only look at LNHY—non-hydro electricity production. It can be noted from the 
results that a 1% increment in the financial expansion index increases the production of 
renewable electricity from non-hydro resources by 0.29–0.73%. The results reinforce the 
concept that financial expansion encourages the expansion of the renewable electricity pro-
duction, especially when the non-hydro resources are used, and these findings are similar to 
Brunnschweiler (2010) and Anton and Nucu (2020). These results indicate that the finan-
cial industry supports the investments in renewable electricity production, and it is also 
inclined to invest in the renewable sector with increased R&D activities that are related 
to higher enterprise-wide sustainable-energy resources. Thus, well-developed banks can 
facilitate lower-cost financing, which provides liquidity and enhances technological inno-
vation in renewable electricity production industries. Also, stock markets can promote 
efficient business investments and control the risk of renewable electricity projects. Firms 
and companies have an opportunity to raise funds for technological innovation and clean 
energy use with higher efficiency and lower borrowing costs if they directly borrow from 
banks. Therefore, this will reduce problems of asymmetric information, because there will 
be transparency between borrowers and lenders. Thus, indirect finance in the form of credit 
from the bank and stock issuance, which are the components of the financial expansion 
index, have positive and significant effects on the production of renewable electricity in all 
three models. These findings confirm our hypothesis.

The outcomes of the DH causality tests are given in Table 11 (A, B, C). Unidirectional 
causalities are running from the expansion of the economy to the financial expansion index 
in all three models. These results confirm the finding of Apergis and Payne (2012) and 
Shahbaz et al. (2016). Thus, the increase/decrease in the expansion of the economy will 
increase/decrease direct and indirect financing. Therefore, the expansion of the economy 
enlarges the need for investments in clean energy within the BRICS region.

There is one-way causation, which runs from the expansion of the economy to renewa-
ble energy in total (LNY → LREO) and from the growth of the economy to hydroelectricity 
(LNY → LHY). Therefore, any increase in the expansion of the economy would increase 
the progress of sustainable electricity production in total and hydroelectricity. This implies 
that countries can achieve sustainable energy resources and raise economic activities while 
simultaneously protecting the environment. These findings are in line with Dogan (2016) 
for Turkey.

It is striking that there is one-way causation which runs from financial expansion 
to hydroelectricity (LFD → LHY) and financial expansion to the production of sustain-
able electricity in total (LFD → LREO). This is identical to the outcomes of Eren et al. 
(2019) and Amuakwa-Mensah et al. (2018). It means that the production of renewable 
electricity in total and hydroelectricity are driven by financial expansion, and financial 
expansion increases energy efficiency. Therefore, any change in financial expansion will 
lead to changes in the production of renewable electricity in total and hydroelectricity. 
Thus, sustainable financial expansion is important for increasing renewable electricity 
production in total and for hydroelectricity. This result shows that there are significant 
motivations in the financial markets of the BRICS region to make massive investments 
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in sustainable energy. This case can be elucidated by the sense that the lower production 
costs and transmission to environmentally favorable sources of energy are important, 
and financial expansion increases the clean energy investment projects.

Moreover, in the case of electricity produced from non-hydro resources, the causality 
is running from renewable electricity from non-hydro resources to financial develop-
ment (LNHY → LFD). Indeed, non-hydro sustainable advancement is taking an essen-
tial role. Since 2008, the role of non-hydro sustainable energy has greatly increased. 
Thus, we must test how well econometric systems can be sustained without hydropower. 
Also, it is important because hydro-power projects might have negative externalities. 
Thus, the increase in non-hydro electricity leads to higher financial expansion, implying 

Table 11   A DH causality test 
for LHY, B DH causality test for 
LNHY. CDH causality test for 
LREO

Null hypothesis W-Stat Zbar-Stat Prob

A
LNY → LHY 6.04964 3.00993 0.0026
LHY ≠ LNY 1.85831 − 0.38473 0.7004
LYS → LHY 6.17113 3.10832 0.0019
LHY ≠ LYS 1.85053 − 0.39103 0.6958
LFD → LHY 4.89501 2.07476 0.0380
LHY ≠ LFD 2.28231 − 0.04133 0.9670
LFD ≠ LNY 2.20807 − 0.10146 0.9192
LNY → LFD 19.7032 14.0683 0.0000
LFD ≠ LYS 2.17582 − 0.12758 0.8985
LYS → LFD 20.2869 14.541 0.0000
B
LNY ≠ LNHY 3.87389 1.24773 0.2121
LNHY ≠ LNY 4.0194 1.36559 0.1721
LYS ≠ LNHY 3.79941 1.18741 0.2351
LNHY ≠ LYS 3.83059 1.21267 0.2253
LFD ≠ LNHY 3.55628 0.99049 0.3219
LNHY → LFD 6.92953 3.72257 0.0002
LFD ≠ LNY 2.20807 − 0.10146 0.9192
LNY → LFD 19.7032 14.0683 0.0000
LFD ≠ LYS 2.17582 − 0.12758 0.8985
LYS → LFD 20.2869 14.541 0.0000
C
LNY → LREO 5.67489 2.7064 0.0068
LREO ≠ LNY 2.10124 − 0.18798 0.8509
LYS → LREO 5.8007 2.80831 0.005
LREO ≠ LYS 2.07018 − 0.21313 0.8312
LFD → LREO 4.66925 1.89191 0.0585
LREO ≠ LFD 3.97813 1.33216 0.1828
LFD ≠ LNY 2.20807 − 0.10146 0.9192
LNY → LFD 19.7032 14.0683 0.0000
LFD ≠ LYS 2.17582 − 0.12758 0.8985
LYS → LFD 20.2869 14.541 0.0000
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that the financial expansion is driven by non-hydro electricity. Therefore, the expan-
sion in the degree of non-hydro electricity will drive higher access to indirect financing 
and equity financing. This unidirectional causation moving from renewable electricity 
production from non-hydro electricity to the financial expansion index is driven by the 
increase in renewable energy investments in this sector, which triggers effects through-
out the economy. Moreover, a large proportion of the growth of the economy is influ-
enced by the high capital need for renewable electricity investment and some of these 
investments are financed using bank lending and equity financing. Therefore, we expect 
a spillover effect from economic growth to financial development through renewable 
non-hydro electricity for the BRICS region.

6 � Conclusion

This study aimed to test the relation among the financial expansion index, expansion of 
the economy, and sustainable electricity production in total, including and excluding the 
production of hydroelectricity in the BRICS. region. The panel techniques such as MG, 
AMG, and CCEMG were used for a panel of BRICS countries employing annual obser-
vations from 1995 to 2015. The cointegration of Westerlund test outcomes showed that 
there is a long-term association among financial expansion index, expansion of the econ-
omy, and renewable electricity production in total as well as both including and excluding 
hydroelectricity.

Long-term elasticities for the panel of BRICS countries indicated that financial expan-
sion positively affects renewable electricity production in all three cases. In particular, it 
has a greater effect when hydroelectricity is excluded. These results imply that the finan-
cial industry supports the investments in renewable electricity production in all three cases, 
and it is also inclined to invest in the renewable sector with the increased R&D actions 
that are related to higher sustainable-energy resources. Thus, an expansion in the size of 
the financial institutions and an expansion in the financial services’ provision increases 
RE production, while the expansion of the banking division and the equity market in this 
region increases the confidence of investors, decreases the borrowing cost and cost of 
financing, and increases the investment project funds related to the production of sustain-
able electricity.

The results implied that inverted U-shaped associations among renewable energy in all 
the cases and growth of the economy do not exist for the BRICS region. These results 
imply that growth of the economy does not contribute to the mitigation of renewable elec-
tricity production after reaching the threshold, and at higher levels of development, the 
existence of technology and the need to provide sustainable energy to people at a cheaper 
cost will drive the need to develop renewable electricity sector. Additionally, any increase 
in the expansion of the economy would increase the progress of sustainable electricity pro-
duction in total as well as hydroelectricity. It implies that countries can achieve sustain-
able energy resources and raise economic activities while simultaneously preserving the 
environment.

The DH results show that there is one-way causation, which runs from the financial 
expansion index to hydroelectricity and the financial expansion index to the production 
of renewable electricity in total. Therefore, the production of sustainable electricity in 
total and hydroelectricity are driven by financial expansion. Thus, any change in finan-
cial expansion will cause changes in the production of renewable electricity. The positive 



9048	 A. Zhakanova Isiksal 

1 3

unidirectional causation moving from renewable electricity production from non-hydro 
electricity to the financial expansion index is driven by the increase in renewable non-hydro 
electricity, which increases the effects throughout the economy. The rise in non-hydro 
electricity leads to higher financial expansion, implying that financial expansion is driven 
by non-hydro electricity. Therefore, the expansion in the degree of non-hydro electricity 
will drive higher access to indirect financing and equity financing. Financial expansion is 
triggered by the capital-intensive nature of the non-hydro renewable energy technologies. 
Moreover, a large proportion of the growth of the economy is impacted by the huge need 
for capital for investments in sustainable energy, and the financing of these investments is 
done by using bank lending and equity financing. Thus, there is a spillover effect from the 
growth of the economy to financial expansion through renewable non-hydro electricity for 
the BRICS countries.

Based on these findings, a beneficial method for financing sustainable electricity pro-
jects can be achieved by both indirect financings through bank credit and direct financing 
such as via the issuance of stocks. Renewable electricity projects where financial expansion 
and the major types of renewable electricity are not considered may undervalue the real 
need for renewables in the BRICS region.

These empirical findings lead us to several policy implications:

•	 To increase the production of sustainable electricity, investors can be granted tax cred-
its during installation and production stages.

•	 The imposition of carbon-related taxes on non-renewable energy projects, as well as 
the exemption of fuels like biomass from taxes will give an advantage to non-hydro 
electricity production.

•	 Financial leasing can be increased. This approach allows corporations to avoid the 
burden of building infrastructure for sustainable energy; rather they will pay leases to 
financial leasing companies.

•	 Commercial banks should be encouraged by the authorities to offer loans to enterprises 
of small and medium-size, which will subsequently provide a good investment climate.

•	 A regional reserve ratio monetary policy is proposed as a measure for advancing the 
production of sustainable electricity. If countries with the ability to progress using sus-
tainable power can access the loans more smoothly, the shortages of sustainable energy 
companies can be resolved.

•	 Policies related to R&D departments in the area of production of renewable electricity, 
including and excluding hydroelectricity should be increased.

Thus, policymakers should propose mechanisms that will provide firms easier access to 
financing for renewable energy projects. As a future study, it is suggested that the prices of 
conventional fuels should be included to investigate their possible impact on the production 
of sustainable electricity in total, including and excluding hydroelectricity on a global level 
or comparing developed and developing regions.
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