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Abstract: This paper examines the effect of energy consumption, globalization, and economic growth
on the CO2 emission of the BRICS (Brazil, Russian Federation, India, China and South Africa) region.
Using annual data from 1989 to 2019, this research applies a panel cointegration approach. In this
framework, we use Fully Modified Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least
Squares (DOLS) methods to examine the long-run relationship between the selected variables. This
empirical investigation reveals that there is a long-run association between these variables, and
energy consumption positively and significantly affects the carbon emission in these countries. These
results indicate that energy consumption is the primary source of environmental degradation in the
region. In contrast, the globalization (KOF Index of Globalization) negatively and significantly affects
the carbon emission, implying the improvement of environmental quality. Further, this research
could not find the presence of environmental Kuznets curve in the region. Policy guidelines are
suggested in the line of findings.

Keywords: energy consumption; economic growth; globalization; CO2 emission; FMOLS and DOLS

1. Introduction

Over the last few decades, the challenges of global warming have increased due to
couple of factors including (1) growing levels of industrialization, (2) increasing global
population, (3) lifestyle changes and (4) rising levels of energy consumption [1]. Almost
half of the global greenhouse gas emissions came from the five BRICS (Brazil, Russian
Federation, India, China and South Africa) countries and these countries have observed
the costly consequences of this massive emission (John Kirton, Co-director, BRICS Research
Group reveals these estimates in the paper “BRICS Climate governance in 2020” prepared
for presentation at Gaider Forum, RANEPA, Moscow at 15th day of January 2020. See
section “The Current Climate Crisis” for the details on the country-wise consequences of the
climate crisis). Contemporaneously, the BRICS paradigm has become increasingly prevalent
in both the public and academic media due to the significant common characteristics such
as (1) less-developed yet fast-growing economies, (2) large populations, (3) powerful
governments, and (4) readiness to take up global markets [2]. On this vein, different
researchers have compared the economic performance of BRICS with the G7 counties (The
seven developed countries including, Canada, France, Germany, Italy, Japan, the United
States of America and the United Kingdom). Even Pao and Tsai [3] estimated that the GDP
of the BRICS region would be higher than the G7 countries by 2050. This rapid growth
in the BRICS region can bring positive changes, such as low unemployment and higher
per capita income. Hence, the recent and parallel developments in the BRICS economies
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cannot be ignored. To keep the pace of this rapid economic growth, the BRICS countries
are required to use significant quantities of fossil fuels to produce energy. Resultantly, these
emissions are expected to contribute significantly to global warming [1].

Despite the global pledge to address climate change and strive for carbon neutrality,
the carbon emission is unavoidable for the BRCIS region to maintain its higher economic
growth. On this trade-off, many policy makers and researchers are of the view that carbon
emission should be reduced to maintain environmental quality [4]. Conversely, another
stand of researchers and policy makers are of the view that the immediate implementation
of carbon emission-reducing policies will deteriorate the growth and development aspects
of the BRICS region [4]. The existing empirical evidence suggests that the aggressive
reduction in the level of carbon emission does not help to achieve the objective of sus-
tainable economic growth. Therefore, the effective policies are required for the carbon
emission [5,6] (For instance, policy makers should recommend energy-efficient technolo-
gies if energy consumption contributes significantly to environmental degradation. Further,
the policy makers should devise supportive globalization policies in the region if the global-
ization deteriorates environmental degradation (Dasgupta, Hamilton, Pandey and Wheeler,
2006)). The global regulative bodies reveal that the developing, emerging, and developed
economies should sacrifice economic growth to reduce the carbon emission (This is the
message by (1) Kyoto Protocol 1997, (2) Paris Agreement 2015, and (3) Copenhagen Summit
2009). Alternatively, these countries should achieve higher economic growth goals to boost
environmental quality. The most recent empirical environmental literature suggests that
globalization in the missing determinant of the carbon emission [5,7]. In particular, glob-
alization deteriorates the environmental quality through depletion of the limited natural
recourses to meet the rising global demand for goods and services. Conversely, some
environmentalists argue that globalization helps in improving the environmental quality
since the efficient environmental technologies are available to the developing countries.
Consequently, the globalization should be included in the carbon emission analysis which
has received growing attention [8–10].

Considering these arguments, this study empirically investigates the role of energy
consumption, economic growth, and globalization in the carbon emission (a proxy for the
environmental degradation) of the BRICS region. This study also checks the validity of
the Environmental Kuznets Curve (EKC) hypothesis in the region. Shahbaz and Sinha [11]
reveals that the absence of EKC is possible in the developing economies if these countries
have not achieved the level of economic growth where the environmental degradation
starts. We empirically validate this theoretical justification. Further, this study contributes
to the existing literature in different ways. There is substantial lack of empirical literature
on the globalization-carbon emission [12,13] which is particularly important for the case of
carbon emission analysis of the BRICS region. This inclusion of this variable is expected
to contribute to the empirical literature by reducing the omitted variable bias [5]. Further,
this study contributes to the existing empirical literature by applying the appropriate
methodology that addresses the issue of autocorrelation and endogeneity. We also include
the policy discussion in the context of growth-energy-emission nexus, which will provide
with the useful insights to the policy makers of the BRICS region.

The rest of the paper is organized as follows. Section 2 presents the relevant literature
on the topic. Section 3 elaborates the model, data and empirical strategy. Section 4 presents
the empirical results and discussion. This research is concluded in the last section of
this paper.

2. Literature Review

For the last few decades, the existing literature has explored the possible determinants
of environmental degradation using the bivariate framework and country-specific studies.
However, there are a few panel empirical investigations on this exploration in a multi-
variate system [1,5,14]. The literature on the potential determinants of the environmental
degradation can be categorized into four stands, including (1) energy consumption and
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economic growth nexus, (2) the linkage between economic growth and carbon emissions,
(3) energy consumption, economic growth and carbon emissions, and (4) globalization and
carbon emissions. The rest of this section synthesizes these four strands of literature.

2.1. Energy Consumption and Economic Growth Nexus

Kraft and Kraft [15] is the pioneer empirical study on the nexus between energy and
growth. After that, there is a plethora of empirical studies on this nexus. However, these
evidences are inconclusive based on variable selection, econometric methodology, and
the data set [16,17]. To summarize these unconvincing pieces of evidence, some studies
provide an excellent review of this nexus [18–20]. Notably, Ozturk [20] provides four types
of possible hypotheses on the linkage between energy consumption and economic growth,
including (1) growth hypothesis, (2) conservation hypothesis, (3) feedback hypothesis, and
(4) neutrality hypothesis.

A wide range of empirical studies favours the growth hypothesis indicating that
energy consumption affects the level of economic growth [21–32]. Besides, this line of
literature argues that the restriction on energy consumption is likely to affect the process
of economic growth. Conversely, the second line of literature argues in favor of the
conservation hypothesis, which indicates that economic growth is driving energy use in
the economy [29,33–38]. The third strand of literature favors the feedback hypothesis that
economic development and energy consumption are mutually conclusive [25,29,39–42].
Interestingly, the last strand of empirical literature could not find any linkage between the
energy use and economic growth favoring the neutrality hypothesis. They further reveal
that the energy-growing nexus is an over-taxed term [32,43–46].

2.2. Economic Growth and CO2 Emissions

The existing literature has widely tested the existence of an EKC hypothesis to analyze
the nexus between economic growth and carbon emission. The EKC explains the inverted
U-shaped relationship between the quality of the environment and economic growth. In
particular, this hypothesis reveals that the initial level of economic growth enhances the
carbon emission in an economy up to a certain level. However, the further increase in
economic growth deteriorates the level of carbon emission since the country can afford
efficient technologies. The existing empirical literature is inconclusive on the empirical
pieces of evidence of the EKC hypothesis [47–49]. For instance, He and Richard (2010) do
not find any association between economic growth and carbon emission for the case of
Canada. Similarly, Ozokcu and Ozdemir [48] do not find any association between these
variables for the case of 26 OECD economies. Conversely, Tunc et al. [49] report a long-run
linear positive association between economic growth and carbon emission for the case of
Turkey. For further details, see Arango Miranda et al. [50].

2.3. Energy Consumption, Economic Growth and CO2 Emissions

Integrating Sections 2.1 and 2.2, the third strand of literature presents the empiri-
cal pieces of evidence on the dynamic linkages between energy consumption, economic
growth and carbon emission. Interestingly, this literature is also inconsistent. One strand
of empirical literature reveals bidirectional causalities in the case of Bangladesh [51], In-
dia, [52] and Tunisia [53] between energy consumption and environmental degradation.
Conversely, Cowan et al. [1] report the mixed evidence on the causality between electricity
consumption and carbon emission for the BRICS region. Some studies reveal the causality
from economic growth to (1) energy consumption, and (2) carbon emission for the case
of Bangladesh [54], Indonesia [55], Japan [56], six Central American countries [57], and a
panel of selected countries [58] (This panel includes the new EU member along with its
candidate countries). Second, some empirical studies reveal the unidirectional causality
between these variables. Soytas, Sari, and Ewing [8], for example, reveal a unidirectional
causality for the USA from energy consumption to carbon emissions.
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Comparably, in the case of five ASEAN countries, Lean and Smyth [59] indicate a
unidirectional causality for economic growth from electricity consumption and carbon
emissions. For the case of Bangladesh, Alam et al. [51] report unidirectional casualties
ranging from carbon emissions to economic growth. In the case of India, however, Alam
et al. [52] reported no causality between economic growth and carbon emissions. Sim-
ilarly, some empirical studies reveal no casual linkage between the income and energy
consumption, and income and carbon emission for the case of India [60] and Turkey [45].

2.4. Globalization and CO2 Emissions

Globalization affects environmental quality through income effect [61], technique
effect [62], and composition effect [63]. Income-effect reveals that globalization increases
the production and trade level of an economy which reduces the environmental quality
through the higher level of carbon emission. The technique effect suggests that countries
have better access to energy-efficient technologies due to globalization. The use of energy-
efficient technologies enhances environmental quality by reducing carbon emission. The
composition effect reveals that globalization affects the ratio between capital and labour,
which changes the structure of an economy. Resultantly, it is highly likely that an economy
moves from agriculture to industrial and service sectors. Interestingly, the environmental
effects of these sectoral shifts are different. The sectoral shift from agriculture to industry
deteriorates environmental quality through a higher level of carbon emission. Conversely,
the sectoral shift from agriculture to services sector enhances the environmental quality
through the lower level of carbon emission. The empirical literature on the nexus between
globalization and carbon emission is inconclusive. One strand of the literature reveals that
globalization improves the environmental quality for the case of Australia [64], the United
States of America [65], and the global economy [66]. Another strand of the literature reveals
that globalization deteriorates the environmental quality for the case of 98 economies [67],
63 developed economies [68], and 105 different countries [69].

There can be a couple of reasons for this disagreement between these pieces of evi-
dence, including the omitted variable biases, lack of data, the variable choices, and the
econometrics methods. Consequently, the empirical researchers are required to investigate
further the role of energy consumption, economic growth and globalization on the environ-
mental degradation by selecting the appropriate variables and using the appropriate data
and econometric methods which is expected to provide useful information to the policy
makers.

3. Model, Data and Empirical Strategy
3.1. Model and Data

Following the methodologies adopted by the recent empirical studies [5,14,59,70,71], this
study analyses the effects of economic growth, energy consumption and the globalization
on the environmental degradation for the BRICS counties. In this framework, Equation (1)
below specifies the association between the selected variables in the long run.

CO2,it = δ1 + δ2GDPi,t + δ3GDP2
i,t + δ4EUSi,t + δ5GLOi,t + εi,t (1)

where, CO2, GDP, GDP2, EUS and GLO are the per capita carbon dioxide emissions
measured in the metric tons, per capita real gross domestic product, the square of GDP,
per capita energy use measured in the kg of oil equivalent, and the KOF globalization
index, respectively. We use per capita carbon dioxide emission, and the real gross domestic
product as the proxies for the environmental quality and economic growth, respectively.
The KOF globalization index covers the different dimensions of globalization, consisting of
economic, social and political aspects. In this panel setting, the I and t subscriptions show
the country and time. All variables are included after taking their natural logs. In this panel
framework, δ2, δ3, δ4, and δ5, indicate the long-term elasticity of gross environmental
degradation in relation to economic growth, the square of economic growth, energy use and
globalization, respectively. We collect annual data from 1989 to 2019 for the BRICS region
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from World Development Indicators (WDI, 2020) (The world development indicators
are available at https://databank.worldbank.org/source/world-development-indicators
(accessed on 5 February 2021)) for all variables except the KOF Globalization Index. The
index of globalization is the average of the de facto and the de jure index of globalization
and is available at [72]. Panel data increases the efficiency of estimation across a wide range
of information, variability, and independence.

3.2. Empirical Strategy

Before the estimation, we test the stationarity properties of this panel data by applying
the panel unit root tests. The existing empirical literature suggests a range of panel unit
root tests. However, almost all the available tests are subject to some statistical shortcoming
regarding (1) the power of the test and (2) the properties of sample size [58]. Considering
the robustness of the estimated results, we select three-panel unit root tests, including
Breitung test [73], lm, Pesaran and Shin test [74], and Hadri [75]. Breitung panel unit root
test applies the following equation.

Yit = βit

p+1

∑
k+1

δitXit−1 + εit (2)

The null hypothesis for Breitung [73] panel unit root test is that the variables are
non-stationary. Conversely, the alternative hypothesis is that the variables are stationary.
Hlouskova and Wagner [76] reveal that the null and alternative hypotheses of Breitung [73]
panel unit root test restricts the autoregressive coefficients to be identical across the coun-
tries. However, the higher power with the smaller sample size distortion is the main
advantage of using Breitung [73]. lm, Pesaran and Shin test [74] uses the same null and
alternative hypotheses.

However, lm, Pesaran, and Shin test [74] uses the following t-bar test.

t− bar =
√

N(t∝ − kt)√
vt

(3)

The letters and symbols used in Equation (3) are elaborated below. N = the panel
size; tα = the average of ADF t-statistics; kt = the mean of each test statistics; and vt: = the
variance of each test statistics.

This test has some advantages over Breitung [73] in terms of restrictions assuming the
same speed of convergence towards equilibrium under the alternative hypothesis. The
third test applied in our study is the Hadri [75] which applies the following equation.

Yit = rit + βit + εit (4)

This test applies the econometrical procedures to test the null hypothesis that there
is no unit root in the tested series. Conversely, the alternative hypothesis of Hadri test
is that the series has a unit root. Applying the Breitung test [73], lm, Pesaran and Shin
test [74], and Hadri [75] panel unit root test for the preliminary data analysis reveals that
the variables are non-stationary. Following Rahman [14], we extend our data analysis
to examine the degree of integration among the variables used in Equation (1). For this
purpose, we apply two cointegration tests, including Pedroni [77,78] and Kao [79].

Pedroni [77,78] residual cointegration test suggests seven Philips-Perron type panel
cointegration tests, including the panel and group tests. The panel test and group tests
apply within the dimension and between dimension methods, respectively. The panel
test applying within dimensions uses four tests, including (1) panel v-Statistics, (2) panel
rho-statistics, (3) panel PP-statistics, and (4) panel ADF-statistics. The group test applying
between dimension method uses three tests, including (1) group rho-statistics, (2) group
pp-statistics, and (3) group ADF-statistics. Pedroni [77,78] and Kao [79] tests are based on

https://databank.worldbank.org/source/world-development-indicators
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the Engle and Granger [80] two steps residual-based cointegration tests. In particular, the
above mentioned seven tests use the following long-run model.

Yit = ϕi + γi +
m

∑
j=1

β jiXjit + εi (5)

The estimated residuals from Equation (4) are used as the bases for the Pedroni
cointegration test statistics where the residuals follow the following structure.

εit = piεit−1 + µit (6)

For the panel data, Pedroni cointegration test applies the cointegration structure of
[Yit = ϕi + βXit + εit]. The null hypothesis for Pedroni [77,78] is that there is no cointegra-
tion between the variables. For the hypothesis testing purposes, the seven test statistics are
compared with the panel cointegration statistics (These panel cointegration statistics are
based on maximum likelihood). Kao [79] proposed the biased corrects panel cointegration
tests with the constant variance of innovation in all cross-sections. Kao Augmented Dicky
Fuller type test estimates homogenous cointegration relationship between the variables
using the following regression.

ε̂it = ρε̂it−1 +
p

∑
j=1

vj∆ε̂it−j + vitp (7)

In this procedure, the Augmented Dicky Fuller test statistics are calculated as fol-
lows [79].

ADF =
tADF +

√
6N σ̂v
2σ̂0v√

σ̂2
0v

2σ̂2
v
+ 3σ̂2

v
10σ̂2

0v

(8)

In Equation (8), tADF is the test statistics of ρ, and

σ̂2
v = ˆ∑yy −

ˆ∑yx −
ˆ∑
−1

xx (9)

σ̂2
0v = Ω̂yy − Ω̂yx − Ω̂−1

xx (10)

In Equation (9), Ω is the long-run variance of the residuals? The null hypothesis for
Kao [79] residual cointegration test is that there is no cointegration between the variables.
The above-mentioned residual-based cointegration tests enable us to establish the panel
cointegration between the carbon emission, economic growth, energy consumption and
globalization. We further explore the long-run association between these variables by
applying FMOLS proposed by Pedroni [81] and Phillips and Moon [82]. The OLS estimator
is corrected for the endogeneity and serial correlation. As a robustness test, we apply DOLS.
Kao and Chiang [83] reveal that DOLS has comparatively better sampling properties and
is less biased than FMOLS.

4. Empirical Results and Analysis

Table 1 presents the descriptive statistics of the variables used in the study. A critical
analysis of Table 1 reveals that Brazil and India have the highest and the lowest mean values
of GDP per capita of 9680.93 and 1018.80, respectively. Further, Table 1 indicates that the
Russian Federation has the highest mean values of carbon emission, energy consumption
and globalization index of 12.43, 4712.69 and 63.96, respectively. The highest variation
in carbon emission and economic growth is also observed for the case of the Russian
Federation. Conversely, India has the lowest mean values of carbon emission, energy
consumption and globalization index of 1.12, 464.42 and 49.45, respectively. Table 1 further
reveals the highest level of variation in the economic growth and globalization index for



Sustainability 2021, 13, 1924 7 of 16

the case of China and South Africa, respectively. Further analysis of Table 1 reveals that all
the data series are approximately normally distributed. The results of three-panel unit root
tests, including the Breitung test [73], the lm, Pesaran, and Shin test [74], and the Hadri
test [75] are presented in Table 2. In particular, columns 1 to 3 and Column 4 to 5 present
the results of three-panel root test units at the level and the first difference, respectively.
For the Breitung and lm, Pesaran and Shin measures, null assumptions suggest that the
variables are non-stationary. Conversely, the null hypothesis for the Hadri panel unit test
indicates that there is no root unit in the variables. Breitung and lm, Pesaran and Shin unit
root test results show that we are unable to fail null unit root hypotheses at one percent
significance level (see column one and two). Additionally, the Hadri panel root test results
indicate sufficient evidence to reject the null non-stationarity hypothesis. In short, a root
unit panel analysis reveals that there is a root unit in the variables.

Table 1. Summary statistics.

Mean Maximum Minimum SD Skew Kurt JB (Prob)

CO2_B 1.91 2.63 1.40 0.34 0.34 2.39 0.60
EUS_B 1162.71 1495.54 935.75 181.28 0.49 1.92 0.29
GDP_B 9680.93 11,993.48 7791.76 1390.20 0.32 1.60 0.23
KOF_B 53.73 60.88 42.81 6.13 −0.39 1.76 0.27
CO2_R 12.43 24.40 10.13 3.43 2.91 10.23 0.00
EUS_R 4712.69 5928.66 3981.50 497.85 0.79 3.23 0.24
GDP_R 8703.75 11,731.38 5505.70 2215.08 −0.04 1.47 0.27
KOF_R 63.96 72.60 44.82 7.57 −0.97 3.04 0.12
CO2_I 1.12 1.82 0.68 0.35 0.68 2.20 0.24
EUS_I 464.42 670.93 342.70 101.08 0.70 2.16 0.21
GDP_I 1018.80 1875.73 562.30 390.79 0.65 2.26 0.28
KOF_I 49.45 62.24 32.14 11.06 −0.28 1.59 0.26
CO2_C 4.30 7.56 2.15 2.03 0.53 1.66 0.18
EUS_C 1276.62 2244.25 720.34 554.06 0.65 1.84 0.17
GDP_C 2861.53 6907.96 712.12 1943.18 0.71 2.18 0.21
KOF_C 53.80 64.87 32.62 10.27 −0.53 1.89 0.25
CO2_S 8.77 9.98 7.73 0.57 0.40 2.78 0.66
EUS_S 2576.57 2950.15 2290.67 152.79 0.49 2.83 0.56
GDP_S 6517.09 7582.70 5517.53 778.44 0.20 1.36 0.19
KOF_S 58.02 70.64 37.11 12.55 −0.61 1.74 0.17

Note. _B, _R, _I, _C, and _S indicate Brazil, Russia, India, China and South Africa. For instance, CO2_B indicates
the carbon emission for the case of Brazil. All the variables are defined in the Section 3.1 Model and Data.

Table 2. Panel unit root tests.

Breitung IPS Hardi Breitung IPS Hardi

(1) (2) (3) (4) (5) (6)

At Level At First Difference

lnCO2 0.2894 −0.2564 4.8211 *** −3.3935 *** −2.4553 *** 0.1524
(0.6139) (0.3988) (0.0000) (0.0003) (0.0070) (0.4394)

lnEUS 1.0122 −0.3300 4.0421 *** −3.8821 *** −5.9932 *** 1.4452 *
(0.8443) (0.3707) (0.0000) (0.0001) (0.0000) (0.0742)

lnGDP 1.6275 1.8822 6.8425 *** −2.1546 ** −3.1946 *** 1.1991
(0.9482) (0.9701) (0.0000) (0.0156) (0.0007) (0.1152)

lnGDP2 1.3024 −0.8573 2.9652 *** −2.3230 ** −2.1205 ** 1.2084
(0.9036) (0.1957) (0.0015) (0.0101) (0.0170) (0.1135)

lnKOF 1.8476 2.0845 22.3601 *** −2.5619 *** −4.2866 *** 1.9803 **
(0.9677) (0.9814) (0.0000) (0.0052) (0.0000) (0.0238)

Note. The null hypothesis for the case of Hardi is “Stationarity”. And the Heteroscedastic Consistent Z-stat are
reported against Hardi panel unit root test. ***, **, and * denote significance level at 1%, 5% and 10% respectively.
p-values are given in the parentheses.
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Then we extend our analysis to analyze the panel cointegration between the variables.
For this purpose, we apply Pedroni [77,78] and Kao [79] panel cointegration tests. Table 3
presents the results of these panel cointegration tests. The null hypothesis for Pedroni [77,78]
test indicates that there is no cointegration between the variables. The column 1 and 2
reveals that the test statistics of three-panel tests (first, third and fourth) and two group
panel tests (second and third) falls in the rejection region at 1 percent level of significance
except for the panel v-statistics (The test statistics of panel v-statistics falls in the rejection
region at 10 percent level of significance). Column 3 and 4 presents the weighted statistics
for four-panel statistics tests. These results indicate that the weighted statistics for the third
and fourth-panel statistics fall in the rejection region at one percent level of significance.
Overall, these results of Pedroni [77,78] residual cointegration tests reveal that there is
cointegration between the variables. Column 5 and 6 present the results of Kao [79] residual
cointegration tests where the null hypothesis is that there is no cointegration between the
variables. The test statistics of Kao Augmented Dicky Fuller type test falls in the rejection
region at 1 percent level of significance indicating that there is the long-run association
between the energy consumption, economic growth, globalization, and carbon emission.

Table 3. The results of panel cointegration tests.

(1) (2) (3) (4) (5) (6)

Pedroni [77,78] Residual Co-Integration Test Kao [79] Residual
Cointegration TestWithin-Dimension

Statistics p-Value Weighted
Statistics p-Value Statistics p-Value

PS (v) 1.3357 * 0.0908 0.4367 0.3312
PS (rho) −0.4915 0.3115 −0.3822 0.3512
PS (PP) −2.4188 *** 0.0078 −3.1331 *** 0.0009

PS (ADF) −3.3542 *** 0.0004 −2.6501 *** 0.0040

Between-dimension

Statistics p-value

GS (rho) 0.5193 0.6982
GS (PP) −3.3358 *** 0.0004

GS (ADF) −3.3593 *** 0.0004
ADF −6.358 *** 0.000

Note: Each test uses the null hypotheses of no co-integration between the variables. Trend assumption: No
deterministic trend. The above estimate uses the SIC criterion along with the maximum lags of five and six for the
Pedroni and Kar tests, respectively. Further, these tests use the automatic bandwidth selection of Newey-West
and Bartlett kernel. PS indicates panel statistics and GS indicates group statistics. ***, **, and * denote significant
level at 1%, 5%, and 10%, respectively.

In the presence of cointegration, we extend our analysis to explore the long-run asso-
ciation between the variables by applying FMOLS [81,83]. One of the main advantages of
FMOLS method is that the OLS estimator under this method is corrected for the endogene-
ity and serial correlation. Column 1 of Table 4 presents the results of panel FOMLS. Column
1 reveals that there is a positive and significant relationship between energy consumption
and carbon emission. These results indicate that a higher level of energy consumption
leads to a higher level of carbon emission. These results further reveal that one percent
increase in energy consumption enhances the per capita carbon emission 0.36 percent on
average. These results are consistent with the existing literature [8,14,51–53]. Therefore,
the energy consumption is the primary source of carbon emissions in the regions.
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Table 4. Panel FMOLS and DOLS estimates.

(1) (2)

Panel FMO Panel DOLS

lnEUS 0.3675 *** 1.2588 ***
(4.1797) (9.2487)

lnGDP −0.4311 −2.8087
(−0.2149) (−0.1357)

lnGDP2 0.3471 1.1063
(0.3462) (0.1069)

lnKOF −0.7182 *** −0.6211 *
(−8.1071) (−1.8032)

Note: ***, **, and * denote significance level at 1%, 5% and 10% respectively. The values given in the parentheses
are t-statistics.

The first distinct part of the analysis reveals the presence of cointegration between
the variables. Therefore, we extend our analysis to explore the long-run association
between the variables by applying FMOLS. One of the main advantages of the FMOLS
method is the correction of the endogeneity and serial correlation of the OLS estimator
under this method. Therefore, we use FMOLS method to explore the long-run association
between these variables. The results of Panel FOMLS are presented in Column 1 of Table 4.
Column 1 reveals that the relationship between energy consumption and carbon emissions
is positive and significant. These findings show that higher energy consumption results
in higher levels of carbon emissions. These results further show that an increase of one
percent in energy consumption increases per capita carbon emissions by an average of
0.36 percent. These findings are consistent with the current literature [8,13,14,51–53].
Energy consumption is, therefore, the primary source of environmental degradation in
this region.

Turning now towards economic growth, the results indicate that the relationship
between the per capita GDP and carbon emissions is negative and insignificant. Conversely,
the relationship between the square of per capita GDP and carbon emissions is positive
and significant (see Column 1). Interestingly, each association is insignificant. Contrary to
expectations, we could not find any evidence in the BRICS region of the Environmental
Kuznets Curve. These findings are consistent with the He and Richard [47], Ozokcu
and Ozdemir [48] and Shahbaz and Sinha [11]. These nations are more concerned about
achieving the economic growth rather than environmental quality due to the low levels
of income elasticity of environmental demand and environmental awareness [11]. These
findings are expected to support the neutrality hypothesis [32,43–46,84–90]. However, these
findings contrast with Tunc et al. [49] and Haseeb et al. [12] (For further details, see Arango
Miranda et al. (2020)). Further analysis reveals that there is a negative and significant
relationship between globalization and the carbon emission indicating that the region with
the higher level of globalization experience the less environmental pollution. In particular,
one percent increase in the level of globalization reduces the carbon emission by 0.71 percent
on average. These results are consistent with one strand of the empirical literature [64–66].
However, these results are in contrast with another strand of the empirical literature [67–69].
These findings are in support of the technique effects [58]. The possible reason is the fact
that the BRICS countries have better access to energy-efficient technologies due to the
globalization. The use of energy-efficient technologies enhances environmental quality by
reducing carbon emission.

Further, we apply DOLS to test the robustness of our results. Kao and Chiang [83]
reveal that DOLS has comparatively better sampling properties and is less biased than
FMOLS. The results of the DOLS panel are presented in Table 4, Column 2. These results
from DOLS also show that the energy consumption per capita increases the carbon emission
rate per capita. Per capita economic growth has a negative and insignificant relationship
with per capita carbon emissions. On the other hand, the per capita economic growth
square has a positive and insignificant relationship to per capita carbon emissions. The
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DOLS results do not support the existence of the EKC in the BRICS region. These results
are consistent with the findings of the FMOLS. Finally, the results of DOLS on globalization
reveal a negative and significant link between globalization and carbon emissions. Overall,
the DOLS findings are consistent with our FMOLS results.

In the presence of heterogeneity of parameters, the existing empirical literature [14,91]
recommend estimating the separate FMOLS for each country. Therefore, this study esti-
mates the long-run parameters for each country applying FMOLS. Table 5 presents the
country-wise results of FMOLS. Looking at the long-term estimates of energy consumption,
column 1, 2 and 5 indicates that there is a positive and significant relationship between the
per capita energy consumption and the per capita carbon emission for the case of Brazil,
Russian Federation, and South Africa. These results are consistent with the panel estimates
of FMOLS and DOLS (See the discussion on the panel FMOLS above for the detailed
comparison of these results with the existing empirical literature). These results indicate
that energy consumption is the primary source of carbon emissions in Brazil, the Russian
Federation and South Africa. Looking at the Brazil energy-emission nexus, this analysis
reveals that per capita energy consumption is the higher source of carbon emissions in
Brazil where one percent increase in the per capita energy consumption enhances the per
capita carbon emission by 2.88 percent, on average. The results of the Russian Federation
and South Africa contrast with the Cowan et al. [1] and this might be due to the use of
fossil fuel and non-renewable energy. For the case of South Africa, most sources depend
upon the coal-burning, which enhance the level of carbon emission [92].

Table 5. The results of FMOLS estimation (country wise).

(1) (2) (3) (4) (5)

Brazil Russia India China South Africa

lnEUS 2.8805 *** 0.5811 *** −2.2004 *** 0.0636 0.4784 **
(8.1376) (11.1702) (−41.1480) (0.4050) (2.2731)

lnGDP 4.7398 5.0421 −9.9627 *** 1.1450 −0.7636
(1.2269) (1.6595) (−5.7727) (0.1555) (−0.2595)

lnGDP2 −3.5028 * −2.3580 6.0510 *** −0.0768 0.2713
(−1.7920) (−1.5489) (7.0659) (−0.0209) (0.1829)

lnKOF 0.2726 −1.2935 *** −0.2884 *** −3.2171 *** 0.0038
(0.9278) (−13.0279) (18.5564) (−8.1342) (1.1034)

Note. ***, **, and * denote significance level at 1%, 5% and 10% respectively. The values given in the parentheses
are t-statistics.

However, the coefficient estimates of column 3 reveal that there is a negative and
significant relationship between the per capita energy consumption and the per capita
carbon emission for the case of India. These findings are consistent with the Ghosh [60]
(Gosh (2010) reveals no causal linkage between income and energy consumption, and
income and carbon emission for the case of India). However, these results contrast with
the panel FMOLS and panel DOLS results. The estimates in column 3 of Table 5 further
reveals that one percent increase in the per capita energy consumption deteriorates the per
capita carbon emission by 2.20 percent, on average. One of the possible reasons for this
association can be the efforts of the Indian government to generate the electricity from the
non-fossil fuel sources. One these lines, the Indian government has promised to ensure that
40 percent of the electricity generation capacity comes from the non-fossil fuel sources. It is
somewhat surprising that there is a positive but insignificant relationship between the per
capita energy consumption and the per capita carbon emission for the case of China. These
findings are inconsistent with the Cowan et al. [1]. This might be due to the tremendous
progress China is making in terms of using alternative and clean energy sources. China has
Three Gorges Dam (a hydroelectric gravity dam) which has the largest installed capacity.
Further, China holds over half of the world wind turbine industry and nuclear capacity
being built (For further details, see [93]).
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The next section of Table 5 reveals the long-run association between the per capita
economic growth and the per capita carbon emission. The coefficients for the case of Brazil,
the Russian Federation and China indicate the inverted U-shaped EKC. However, these
relationships are insignificant since the test-statistics falls in the non-rejection regions. For
the case of Brazil, the square of per capita economic growth is negative and significant
which might be since Brazil has the second and the third largest hydropower plants in
the world on the Panama River and the Belo Monte projects in the Amazon Basin [93].
Looking at the Russian results, the policy makers of Russian federation should focus
on the infrastructure spending to boost their energy efficiency to reduce the level of
carbon emission in the country ultimately. Turning now towards China, the insignificant
relationship between the per capita economic growth and per capita carbon emission is
consistent with the Cowan et al. [1]. The possible reason for these results is the fact that the
total energy intensity of China has reduced significantly. Further, China is on track to meet
the targets set by the Twelfth Five Year Plan [94] (Also see China, Energy Efficiency Report
available on the www.abb.com).

Turning now towards India and South Africa, column 3 of Table 5 reveals that there is
a presence of U-shaped EKC for the case of India. These results are in line with Ozcan [91]
and Wang et al. [6]. However, these results are in contrast to many studies [59,94–96].
On these lines, Ozcan [91] reveals that one of the possible reasons of U-shaped EKC
for the developing countries can be fact that these economies might ignore using eco-
friendly technologies in their growth processes. Another possible reasons can be the fact
Indian economy shift to the industrial sector. Therefore, carbon emission starts to increase.
These findings suggest that India still needs efficient technologies to keep the pace of
its existing economic growth since the current level of economic growth is enhancing
the carbon emission. The coefficients for the case of South Africa indicate the U-shaped
EKC. However, these relationships are insignificant since the test-statistics falls in the
non-rejection regions. These findings can be elaborated through the composition effect.
One of the possible reasons can be the fact the South African economy relies on the energy
sector; therefore, the carbon emission starts to increase [1]. Overall, the results validate the
existence of U-shaped EKC for the case of India.

The last section of Table 5 presents the results on the long-run association between the
KOF globalization index and the per capita carbon emission. Column 2, 3 and 4 of Table 5
reveal that there is a negative and significant association between the globalization index
and the per capita carbon emission for the case of the Russian Federation, India and China.
It is encouraging to compare these results with the panel FMOLS and DOLS. Furthermore,
interestingly, these results are consistent with each other. The country-wise results further
indicate that one percent increase in the globalization index deteriorates the per capita
carbon emission by 1.29 percent, 0.29 percent and 3.22 percent for the case of Russian
Federation, India and China, respectively. These results are consistent with Shahbaz, Bhat-
tacharya and Ahmed [64], Dogan and Turkekul [65], Lee and Min [66], Ahmed et al. [97]
and other establishing that globalization deteriorates the carbon emissions via income,
scale and technology effect. On these lines, Shahbaz, Bhattacharya and Ahmed [64] re-
veals that globalization is one the main sources of economic growth and environmental
quality through reducing the carbon emission. They further indicate that the intermediate
effects of technology are more evident when an economy has achieved a higher level of
globalization. The transmission mechanism of globalization to reduce carbon emission
is the availability of technology. India and China observed the fast annual growth in the
globalization index during last couple of decades. This higher level of globalization along
with the investment opportunities are expected to bring attract foreign direct investment
by multinational enterprises (MNE). Resultantly, these MNEs will bring the latest and
energy-efficient technologies in these emerging economies [66].

Column 1 and 5 reveals that there is a positive and insignificant relationship between
the globalization index and the per capita carbon emission for the case of Brazil and
South Africa. Overall, our results indicate that higher level of globalization improves

www.abb.com
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the quality of environment through reducing the level of carbon emission. And these
results are consistent with one strand of the empirical literature [12,64–66]. However, these
results are in contrast with another strand of the empirical literature [67–69]. Looking
at the transmission mechanisms, these findings for the case of the Russian Federation,
India and China are supported by the technique effect where countries have better access
to the energy-efficient technologies due to the globalization. The use of energy-efficient
technologies enhances environmental quality by reducing carbon emission.

5. Conclusions

Applying a panel cointegration approach on the annual data from 1989 to 2019, this
paper examines the effect of energy consumption, globalization, and economic growth
on the CO2 emission of the BRICS region. The results of panel unit root tests reveal that
there is a unit root in the variables. We, therefore, broaden our research to evaluate the
inter-variables panel cointegration. For this purpose, we apply Pedroni [77,78] and Kao [79]
panel cointegration tests. The results of tests of panel cointegration demonstrate that the
variables are co-integrated. We extend our analysis in the presence of cointegration to
investigate the long-term interaction of variables by applying FMOLS. The results of the
FMOLS panel showed a positive and significant association between energy consump-
tion and carbon emissions, indicating energy consumption as the fundamental cause of
carbon emissions. The policy makers of BRICS economies should design the policies
to improve energy efficiency through: (1) subsidizing new and well-developed raw ma-
terial; (2) developing energy infrastructure; (3) supporting energy-saving projects; and
(4) implementing energy-conservative policies. We could not find any evidence of the
Environmental Kuznets Curve during the panel analysis of BRICS region. Further, research
shows that the relationship between globalization and carbon emissions is negative and
significant and that the region with the highest level of globalization is experiencing the
lowest pollution of the atmosphere. When we look at the transmission pathways, these
results confirm the technical effects [62]. The explanation is possible because the BRICS
countries have greater access to energy-efficient technologies due to the globalization. By
reducing carbon emissions, the use of energy-efficient technology increases environmental
efficiency. These results indicate that government of these countries should pay attention
to improve globalization.

The country-specific study has shown that energy consumption is the fundamental
cause of environmental degradation in Brazil, the Russian Federation and South Africa.
However, the per capita energy consumption and per capita carbon emissions in India
are negatively and significantly related. Looking at the economic growth, the square of
per capita economic growth is negative and significant for the case of Brazil which might
be since Brazil has the second and the third largest hydropower plants in the world on
the Panama River and the Belo Monte projects in the Amazon Basin [93]. For the case
of India, there is a U-shaped EKC presence. The fact that Indian economies shift from
agriculture to the industrial sector can be one of the possible factors. The carbon emission is,
therefore beginning to increase. These results indicate that India needs effective technology
to keep pace with its current economic development, as current growth raises carbon
emissions. The globalization index and the per capita carbon dioxide emissions for the
Russian Federation, India, and China have been significantly and negatively related.
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