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Abstract: This study aims to evaluate the effect of electricity production on industrial development
and sustainable economic growth. In this context, Brazil, Russia, India, China, and South Africa
(BRICS), countries which have the highest increase in electricity production in the period of 2000–2018,
are included in the scope of this study. Annual data of these variables in the period of 1991–2018 are
used and three different models are created by using Vector Auto Regression (VAR) methodology.
The findings state that electricity production in BRICS countries has a positive effect on both industrial
production and sustainable economic growth. Hence, electricity production needs to be increased
for them. For this purpose, it is important to encourage investors with tax advantages, location
orientation and financing. Moreover, BRICS countries should give importance to renewable energy
investments in order to increase electricity production. These issues have a contributing effect to
sustainable economic growth.
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1. Introduction

Energy has been an important part of human life for centuries. The main reason for this is that
energy is used in all areas of life such as heating, cooling and transportation. Furthermore, energy is
vital for the development of a country [1]. Considering the above, it is not possible to give up energy
consumption. Energy can be obtained from non-renewable sources such as oil, coal and natural gas.
In addition, renewable energy sources such as wind, solar and geothermal are also considered as
alternative sources in energy production [2–4]. Therefore, countries aim to provide the energy they
have to consume at the lowest possible cost [5,6]. In order to achieve this goal, a significant majority of
countries have energy policies in order to provide sustainability in their economic growth.

Electrical energy has an important role in progress in both social and economic terms. It is
considered as one of the important inputs of industrial production. In this context, it is thought
that electricity generation plays a vital role in increasing the industrial volume [7]. In addition to its
contribution to industry, electrical energy is also very important in order to meet the daily needs of
citizens. Taking these issues into consideration, electricity generation is expected to increase sustainable
economic growth. Moreover, if the generated electricity cannot be used effectively in the country, it
will not contribute to sustainable economic growth [8].
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According to statistics published by the World Bank, there is an increase of approximately 3% in
electricity production worldwide in the period of 2000–2018. While this ratio is approximately 0.8%
for The Organization for Economic Co-operation and Development (OECD), electricity production
has increased by 0.4% in the Group of Seven (G7) countries, which constitute the world’s seven
largest economies. On the other hand, this ratio is only 0.4% in European Union countries. As can
be understood from these issues, all of these countries produce electricity at a rate below the world
average. On the other hand, in Brazil, Russia, India, China, and South Africa (BRICS) economies,
electricity production went up by 6.7% in the related period. If electricity is used effectively, it is
thought that this situation will positively affect sustainable economic growth.

In this study, it is investigated whether electricity production in BRICS countries has an effect
on industrial production and sustainable economic growth. Annual data of these variables in the
period of 1991–2018 are taken into consideration. Additionally, a Vector Auto Regression (VAR)
model was established by considering these three variables. As mentioned earlier, BRICS countries
have the highest increase in electricity production in the period of 2000–2018. Therefore, it will be
possible to determine the role of electricity production on industrial development and sustainable
economic growth.

This study is thought to contribute to the literature in many respects. Firstly, there are limited
studies examining the impact of electricity generation on industry and sustainable economic growth
together. Studies generally focus on the relationship between electricity generation and one of these
variables. In addition, the effect of electricity generation on these two variables was taken into
consideration for the first time in BRICS countries. On the other hand, taking into account the VAR
method in the analysis process of this study, the bidirectional relationship between the variables could
be measured.

This study consists of five different sections. This section, where general information about the
subject is shared, constitutes the first part of this study. In the second part, current studies in the
literature examining the relationship between electricity production, sustainable economic growth and
industrial development are shared. On the other hand, theoretical information about the VAR model
is included in the third part of this study. In addition, in the fourth section, the details of the model
established by the VAR method are given. Finally, analysis results and recommendations are shared.

2. Literature Review

The effects of electrical energy on different factors were frequently studied. In the majority of
studies, the effect of electricity consumption on economic growth was examined. In these studies,
it is generally emphasized that electricity consumption increases economic growth. As an example,
Salahuddin and Alam [9] examined Gulf Cooperation Council (GCC) countries with the dynamic
ordinary least squares method and emphasized that electricity consumption has an important influence
on economic growth. Kahouli [10], Afzal et al. [11] and Asumadu-Sarkodie and Owusu [12] applied
the same method for different countries and reached similar results. On the other hand, Liu et al. [13]
also reported that a causal relationship is identified between these factors using Granger and Toda
Yamamoto causality analyzes. In addition, Iyke [14], Mezghani and Haddad [15], Sbia et al. [16] and
Ibrahiem [17] also took this issue into consideration using different methods such as the Vector Error
Correction Model (VECM), Johansen Cointegration and the Autoregressive Distributed Lag Bound
Test (ARDL). As a result, they concluded that there is a positive and long-term relationship among
these variables.

In addition to the aforementioned studies, in some studies, there is a two-way relationship between
electricity consumption and economic growth. For instance, Churchill and Ivanovski [18] conducted
an analysis of the consumption of electricity in Australia using the ARDL method. According to the
results of the analysis, it was determined that there is a two-way causality between economic growth
and electricity consumption. In parallel with this study, Shahbaz et al. [19] examined 157 different
countries with the help of Pedroni cointegration analysis. As a result, they claimed that there was a
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two-way relationship between electricity consumption and Gross Domestic Product (GDP). On the
other hand, Al-Mulali and Che Sab [20] conducted a study on GCC and Middle East countries with
different methods. In these studies, a two-way causality was found between economic development
and electricity consumption.

However, in some studies, it was concluded that electricity consumption did not affect economic
growth. As an example, Karanfil and Li [21] tried to evaluate this relationship for 160 different
countries. In the analysis process, VECM methodology was considered. As a result, for some of them,
it is concluded that there is no relationship between economic growth and electricity consumption.
This result is also identified by Zhang et al. [22] for China. On the other hand, Sarwar et al. [23]
conducted a study on 210 different countries using the panel VAR method. It was found that electricity
consumption of countries that use non-renewable resources such as coal and oil to produce electricity has
a negative relationship with economic growth. In parallel with the mentioned studies, Cowan et al. [24]
also took into account different countries such as Albania and South Africa in their studies. They
determined that there was no causality between electricity consumption and economic growth.

In the literature, there are also some studies on electricity generation. Some of them have analyzed
the relationship between electricity production and economic growth. Bento and Moutinho [25]
examined the efficiency of electricity generation in Italy. In this study using Granger causality analysis,
it was concluded that there is a positive relationship between electricity production and economic
growth. In addition, Dyrstad et al. [26], Awad and Yossof [27] and Magalie and Pacific [28] also analyzed
different countries such as OECD, Sudan and Cameroon. In these studies, they stated that electricity
production in the short term increases economic growth, but this effect is not bi-directional. On the
other hand, Vera and Kristjanpoller [29] examined Latin American countries with panel cointegration
analysis. In this study, it has been determined that electricity production affects GDP in the long run,
but not in the short term.

Some researchers have focused on the impact of electricity generation on industrial development.
These studies are quite limited in the literature and similar results have been reached in general.
For example, Sgobba and Meskell [30] conducted a study of this relationship on Ireland. In the analysis
stage of this study, simulation technique was used. As a result, it has been determined that the increase
in electricity production contributes very positively to industrial development. On the other hand,
Forsberg et al. [31], Mata-Torres et al. [32] and Morakabatchiankar et al. [33] also reached similar results
by taking into account the optimization method in their studies.

This shows that there are many studies about electrical energy. While most of these studies
take energy consumption into consideration, energy production is emphasized in fewer studies.
One-way relationship was taken into consideration in the majority of studies. It is thought that an
analysis that considers the two-way relationship will contribute to the literature. Additionally, it is
also understood that there is a need for a new evaluation which uses energy production instead of
energy consumption. Hence, this study focuses on the relationship between energy production with
sustainable economic growth and industrial production. Additionally, by creating three different
models with VAR methodology, a two-way relationship can be considered. Therefore, it is believed
that this work will complete this deficiency mentioned in the literature.

3. VAR Method

The VAR method aims to determine the relationship between two or more variables. Similar
models in the literature only examine a one-way relationship. Therefore, the biggest difference of this
model from other approaches is that it takes into account the bi-directional relationship. In addition, it
also includes aspects such as effect–response functions and a variance separation table. With the help
of these issues, it is possible to make a more detailed analysis while finding the relationship between
the variables. The standard state of a two-variable VAR model is given in the Equations (1) and (2).
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yt = a1 +

p∑
i=1

b1iyt−i +

p∑
i=1

b2ixt−i + v1t (1)

xt = c1 +

p∑
i=1

d1iyt−i +

p∑
i=1

d2ixt−i + v2t (2)

In the above equations, xt and yt show the variables that are subject to the relationship.
In Equation (1), yt is dependent and xt is independent, which is the opposite for Equation (2).
On the other hand, b1, b2, d1 and d2 also express the coefficients of the independent variables.
In addition, v1 and v2 represent error terms. The value p represents the ideal length of the model’s
delays. Additionally, a1 and c1 indicate constant terms.

There are some steps in the process of establishing a VAR model. First, the variables subject to
the analysis should be stationary. For this purpose, in the first instance, the variables are subjected to
stationary analysis. In this process, stationary forms of the variables are used [34]. After stationarity
analysis, it is necessary to examine whether the variables are autocorrelated or equal variances.
After successful completion of this stage, the appropriate lag length needs to be determined. In this
process, information criteria are taken into consideration. The final step in the VAR analysis established
according to the determined lag length is the interpretation of the obtained models [35]. There are lots
of studies in the literature in which VAR analysis was taken into consideration. For example, Afonso
et al. [36], Jasper [37] and Gnimassoun and Mignon [38] considered this methodology for financial
and economic issues. On the other hand, Pardon et al. [39] conducted a study with VAR methodology
to make an analysis about the health industry. In addition to them, Charfeddine [40] used the VAR
method to identify some issues in energy industry.

4. An Application on BRICS Countries

In this study, the effect of electricity production in BRICS countries on industrial production
and sustainable economic growth is examined. According to the World Bank data, BRICS are the
countries that increased their electricity production the most in the period of 2000–2018. In order to
achieve the aim of this study, three different variables are considered. With respect to the variable of
sustainable economic growth, the annual increase in GDP level is taken into consideration. On the
other hand, regarding industrial production variable, industry volume data including construction is
used. In addition, as for electricity production variable, the increase rate is considered.

For all three variables, the total values of the BRICS countries are calculated first. Then, the
increase rates of these variables compared to the previous period are determined and these values are
used in the analysis. On the other hand, annual data for the period of 1991–2018, which is the largest
range of data available for these variables, is considered.

In the process of constructing the VAR model, firstly, a unit root test was performed for three
different variables. In this process, the Augmented Dickey Fuller (ADF) unit root test was considered.
The results of the analysis are shared in Table 1.

Table 1. Augmented Dickey Fuller (ADF) Test Results.

Variable ADF Test Level P Value Result

Electricity Production 0-Level 0.1031 It is stationary in its first difference
1-Level 0.0000

Industrial Production
0-Level 0.0541 It is stationary in its first difference
1-Level 0.0003

Economic Growth
0-Level 0.0880 It is stationary in its first difference
1-Level 0.0000
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When p values are lower than 0.05, it means that the variables are stationary. Table 1 indicates
that all variables are not stationary on their level values because their values are greater than 0.05.
On the other hand, p values of the first differences of these variables are lower than 0.05 so that it is
understood that these variables become stationary in their first differences. In the VAR model, the
stationary forms of these variables are used. After stationarity analysis, it is necessary to examine
whether there is autocorrelation in the variables. In this context, Lagrange multiplier (LM) statistics
were used. The results are shared in Table 2.

Table 2. Lagrange multiplier (LM) Test Results.

Lags LM Stat Probability

1 7.234300 0.6127

2 7.123986 0.6242

3 8.121445 0.5220

4 13.64941 0.1354

5 7.885205 0.5458

6 11.94059 0.2167

7 4.659839 0.8629

8 3.886649 0.9187

9 6.095947 0.7303

10 10.24229 0.3312

11 7.059946 0.6309

12 10.05900 0.3457

When the probability values are greater than 0.05, it gives information that there is no
autocorrelation. Hence, Table 2 indicates that this VAR model has no autocorrelation problem
because probability values of 12 different lags are greater than 0.05. Another important condition of
VAR methodology is that there should not be heteroscedasticity. For this purpose, the White test is
taken into consideration. The results of this test are illustrated in Table 3.

Table 3. White Test Results.

Chi-Square Test Degree of Freedom Probability

73.25190 72 0.4367

Because the probability value stated in Table 3 is greater than 0.05, it is shown that this model
does not have any heteroscedasticity problem. Another precondition of VAR methodology is that there
should be normality. In this context, the Jarque–Bera test is used and the results are given on Table 4.

Table 4. Analysis Results of Normality.

Component Jarque–Bera df Probability

1 1.825265 2 0.4015

2 1.246925 2 0.5361

3 0.892260 2 0.6401

Joint 3.964450 6 0.6815

The probability values in Table 4 are greater than 0.05, so it is concluded that this VAR model
satisfies the normality condition. First of all, optimal lag length is defined in the generation of the VAR
model. For this purpose, different information criteria are used, such as Akaike Information Criterion
(AIC), Schwarz Criterion (SC), Lag Ratio (LR), Final Prediction Error (FPE) and Hannan Quinn (HQ).
The results are demonstrated in Table 5.
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Table 5. Vector Auto Regression (VAR) Lag Length Determination Criteria.

Lag LR FPE AIC SC HQ

0 NA 3.59 × 10−10 −13.23341 −13.08530 −13.19616

1 32.71376* 1.42 × 10−10 −14.17258 −13.58015* −14.02358

2 16.84383 1.14 × 10−10 −14.44271* −13.40595 −14.18197*

3 5.395191 1.86 × 10−10 −14.07512 −12.59404 −13.70263

4 8.829809 2.20× 10−10 −14.17549 −12.25008 −13.69125

*It defines optimal lag length.

Table 5 defines that most of the information criteria (FPE, AIC, HQ) show that the optimal lag
length is 2. After determining the ideal lag length, the VAR model is constructed. According to the
results of this model, which variables affect each other can be determined. In this study, since there
are three different variables (electricity generation, industrial production and sustainable economic
growth), three different models have been formed. On the other hand, since the ideal delay length is
determined as 2, the maximum second delay value of each variable is included in the model as an
independent variable. The details of these three models are summarized in Table 6.

Table 6. The Details of Three Different VAR Models.

Variables
Model 1 Model 2 Model 3

Electricity
Production (EP)

Economic Growth
(EG)

Industrial
Production (IP)

Electricity Production
(-1)

Coefficient 0.107452 0.427427 2.234936

Standard Error (0.27760) (0.20852) (0.98274)

t statistics [0.38708] [2.04985] [2.27418]

Electricity Production
(-2)

Coefficient −0.612204 −0.230908 −0.615853

Standard Error (0.32148) (0.24148) (1.13809)

t statistics [−1.90433] [−0.95623] [−0.54113]

Economic Growth (-1)
Coefficient −0.646485 −0.334810 0.572310

Standard Error (0.46765) (0.35127) (1.65555)

t statistics [−1.38241] [−0.95314] [0.34569]

Economic Growth (-2)
Coefficient −0.569922 0.088008 −1.769981

Standard Error (0.49853) (0.37447) (1.76488)

t statistics [−1.14320] [0.23502] [−1.00289]

Industrial Production (-1)
Coefficient 0.074637 −0.045868 −0.359703

Standard Error (0.09027) (0.06781) (0.31958)

t statistics [0.82680] [−0.67644] [−1.12556]

Industrial Production (-2)
Coefficient 0.131344 0.027548 0.145997

Standard Error (0.07946) (0.05969) (0.28130)

t statistics [1.65293] [0.46155] [0.51900]

Constant
Coefficient 0.003954 0.001731 0.005062

Standard Error (0.00430) (0.00323) (0.01523)

t statistics [0.91924] [0.53564] [0.33242]

R-square 0.482764 0.372919 0.612397

Adjusted R-square 0.310352 0.163892 0.483196

Durbin Watson Statistic 1.90 1.97 1.85

F Statistics (probability) 0.00 0.00 0.00

On the other hand, the equations of these three different models are given in the Equations (3)–(5).
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EPt = C1 ∗ EPt−1 + C2 ∗ EPt−2 + C3 ∗ EGt−1 + C4 ∗ EGt−2 + C5 ∗ IPt−1 + C6 ∗ IPt−2 + C7 (3)

EGt = C8 ∗ EPt−1 + C9 ∗ EPt−2 + C10 ∗ EGt−1 + C11 ∗ EGt−2 + C12 ∗ IPt−1 + C13 ∗ IPt−2 + C14 (4)

IPt = C15 ∗ EPt−1 + C16 ∗ EPt−2 + C17 ∗ EGt−1 + C18 ∗ EGt−2 + C19 ∗ IPt−1 + C20 ∗ IPt−2 + C21 (5)

All probability values of F statistics in Table 6 are lower than 0.05. This situation gives information
that all these three VAR models are statistically significant. After the significance test of the model, it is
necessary to determine whether the variables in the models are significant. In this context, probability
values of coefficients are considered. Table 7 shows the statistical results of the variables.

Table 7. Coefficients Statistics of VAR Models.

Model Dependent
Variables

Independent
Variables

Symbol of
Independent

Variables
Coefficient Probability

Model 1 EP

EP (−1) C (1) 0.107452 0.7002

EP (−2) C (2) −0.612204 0.0622

EG (−1) C (3) −0.646485 0.1725

EG (−2) C (4) −0.569922 0.2580

IP (−1) C (5) 0.074637 0.4120

IP (−2) C (6) 0.131344 0.1041

Constant Term 1 C (7) 0.003954 0.3621

Model 2 EG

EP (−1) C (8) 0.427427 0.0452

EP (−2) C (9) −0.230908 0.3432

EG (−1) C (10) −0.334810 0.3448

EG (−2) C (11) 0.088008 0.8151

IP (−1) C (12) −0.045868 0.5016

IP (−2) C (13) 0.027548 0.6463

Constant Term 2 C (14) 0.001731 0.5944

Model 3 IP

EP (−1) C (15) 2.234936 0.0270

EP (−2) C (16) −0.615853 0.5906

EG (−1) C (17) 0.572310 0.7309

EG (−2) C (18) −1.769981 0.3204

IP (−1) C (19) −0.359703 0.2653

IP (−2) C (20) 0.145997 0.6059

Constant Term 3 C (21) 0.005062 0.7409

In order for a variable to be statistically significant, probability values should be lower than 0.05.
Table 7 indicates that for the model 1, no variables can satisfy this condition. In addition to this issue,
with respect to the model 2, the probability value of the variable EP (−1) is lower than 0.05. In this
model, the dependent variable is EG and the coefficient of EP (−1) is 0.427427. This situation gives
information that the increase in electricity production will contribute to sustainable economic growth
in the following period. On the other hand, in model 3, IP is the dependent variable. In this model,
only the probability value of the independent variable EP (−1) is lower than 0.05. This issue identifies
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that this variable is statistically significant. Because the coefficient of this variable is 2.234936, it is
concluded that an increase in electricity production will have a positive effect on industrial production
in the following period.

Following the establishment of the VAR model, another issue that needs to be tested is whether
this model is stationary or not. In this context, for the model to be stationary, the eigenvalues of the
coefficient matrix of this model must remain within the unit circle. Figure 1 illustrates this situation. 8 of 13 
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Figure 1 shows that the eigenvalues of the model remain within the unit circle. This indicates
that the VAR model is stationary. In a more detailed interpretation of the variables in the VAR model,
impulse–response graphs should be examined. With the help of these functions of VAR models, the
effect of a standard error shock on another variable can be seen. Impulse–response graphs are stated
in Appendix A. While evaluating these graphs, it is identified that economic growth and industrial
production give significant responses to the changes in electricity production.

Once the VAR model is established, another issue to consider is the periodic separation of the
variances of the variables. For this purpose, variance decomposition tables are created for all three
different variables. Table 8 gives information about the variance decomposition table for the variable
of electricity production.



Sustainability 2019, 11, 5895 9 of 13

Table 8. Variance Decomposition Table for EP.

Period EP EG IP

1 100.0000 0.000000 0.000000

2 95.77333 1.542738 2.683929

3 90.14635 1.675937 8.177714

4 88.66761 1.635394 9.697000

5 86.41934 3.248721 10.33194

6 85.08541 3.387580 11.52701

7 84.93269 3.566776 11.50053

8 84.42381 3.720599 11.85560

9 84.36638 3.718579 11.91504

10 84.23517 3.800070 11.96476

Table 8 demonstrates that the variable of electricity production is basically explained by
itself. On the other hand, Table 9 indicates the variance decomposition table for the variable of
economic growth.

Table 9. Variance Decomposition Table for EG.

Period EP EG IP

1 70.39180 29.60820 0.000000

2 64.56056 33.74607 1.693377

3 64.13027 29.10670 6.763027

4 63.90133 29.10961 6.989052

5 63.79256 28.11563 8.091814

6 63.74214 27.68483 8.573025

7 63.58844 27.75450 8.657061

8 63.51788 27.52714 8.954982

9 63.49857 27.54639 8.955041

10 63.47139 27.49484 9.033773

Table 9 states that economic growth is mainly explained by electricity production. Hence, it
is understood that for BRICS countries, electricity production has a very important influence on
sustainable economic growth. Moreover, Table 10 gives information about the variance decomposition
table for the variable of industrial production.

Table 10 demonstrates that electricity production is the most important variable to explain industrial
production. In other words, electricity production in BRICS countries leads to industrial production.
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Table 10. Variance Decomposition Table for IP.

Period EP EG IP

1 32.50868 26.45660 41.03472

2 44.86773 20.70473 34.42755

3 55.20351 16.77596 28.02053

4 53.47852 19.41293 27.10856

5 53.69435 18.69059 27.61506

6 53.59788 18.69126 27.71086

7 53.78758 18.54912 27.66331

8 53.85252 18.37414 27.77334

9 53.81098 18.46101 27.72801

10 53.83560 18.39542 27.76897

5. Discussion and Conclusion

In this study, the effect of electricity production on sustainable economic growth and industrial
production is analyzed. In this context, BRICS countries are included in the scope of the review.
They are the countries with the highest increase in electricity production in the period of 2000–2018.
In the analysis process of this study, three different models were established by using the VAR method.
For this purpose, annual data of these variables in the period of 1991–2018 are taken into consideration.

According to the results of the analysis, the increase in electricity production will contribute to
the sustainable economic growth in the following period. On the other hand, it is also identified that
higher electricity production will have a positive effect on industrial production in the following period.
In summary, it is concluded that electricity production has a significant impact on both sustainable
economic growth and industrial production for BRICS countries.

As can be seen from the results of this study, electricity generation is vital for both industrial
production and sustainable economic growth. Therefore, electricity production needs to be increased
especially for BRICS countries. The main reason for this is that they have the status of developing
countries. The most important objective for them is to reach the level of developed countries, since
economic development, among other factors, can improve population health status [41–43]. Hence,
electricity generation is thought to serve this purpose seriously. Within this framework, it is thought
that the most significant duty belongs to the governments in these countries. For example, it would be
appropriate to give the necessary incentives for the construction of the dam. For this purpose, it is
important to encourage investors with tax advantages, location orientation and financing. By increasing
the number of the dams, it can be possible to increase electricity production, which has a positive
contribution to sustainable growth.

In addition to these issues, it is also important that these countries turn to alternative energy
sources in order to increase electricity production. For instance, renewable energy sources such as solar,
wind and geothermal energy have gained importance especially in recent years [44,45]. These energy
alternatives have an inexhaustible structure because they take their resources from nature. On the
other hand, these alternative energy sources have no negative impact on the environment [46]. Because
of these issues, BRICS countries should turn to renewable energy investments. For this purpose, it is
important to provide financial support to investors, such as tax advantage and providing loans. Thus,
it will be possible to achieve sustainable electricity production and sustainable economic growth by
using renewable energy sources.

It is also recommended that countries should give importance to electricity production. Another
important point is that a detailed plan should be designed by the authorities with the aim of using this
electricity effectively. This situation is essential especially for developing countries. Because they aim
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to improve their economies in order to reach the status of a developed economy, they should mainly
focus on electricity production and use it effectively. In this study, BRICS countries are selected because
they have the highest ratio in electricity production. The most important limitation of this study is the
scope because of the data availability problem. However, in future studies, if all necessary data can be
provided, different countries or country groups can be considered, such as G7, E7 or European Union.
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