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Abstract
As much as energy supply remains a major challenge in most of the African countries, the compounding environmental effect of
energy consumption has continued to be a serious concern to policymakers and environmental stakeholders. On this note, this
study seeks to investigate the coal-led growth hypothesis for South Africa by incorporating employment as a control variable for
the first time. The incorporation of the employment in investigating the coal-led growth hypothesis especially for the case of
South Africa is novel given that the World Coal Association (2016) reported that the country is the sixth largest exporter and
seventh largest producer of coal globally. The study implemented an Autoregressive Distributed Lag (ARDL) bound testing to
cointegration for the data spanning from 1970 to 2017. As such, the empirical result revealed that coal usage is the highest emitter
of carbon, suggesting that a 1% increase in coal consumption account for about 68% emission in the short run, and 56% in the
long run, respectively. On the other hand, foreign direct investment (FDI) inflow discourages carbon emission in the short-run
and long run so that a 1% increase in FDI inflow causes a reduction in CO2 by about 0.003% and 001%. The novelty of this study
is proven in the estimation of the interaction between employment and coal consumption. However, employment induced by
economic growth and coal consumption both have significant tendencies of inflicting adverse environmental impacts in the short-
run and long run. Thus, this study put forward relevant policy and for onward recommendation for the government to woo new
foreign investors and to switch to renewable energy as an alternative sources as a possible approach of energy efficiency and
environmental sustainability with a view to achieving sustainable development goals.
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Introduction

The debate on the relationship between coal consumption
and economic growth has sparked a serious concern in
recent time arising from the importance of the contribution

of coal usage to economic growth, especially of the coal-
intensive economies. These economies derive most of their
source of power from coal consumption because it is
cheaper and more economical. The implication is that if
coal usage is not properly managed, it could pose environ-
mental degradation through emission. Report has it that in
2005 about 25.1% of the world’s total energy generation is
sourced from coal consumption only beaten by oil which
constitutes 34.3% (World Energy Council, WEC, 2016). It
is worthy to note that this achievement is never static but
keeps increasing significantly year by year with potentials
to overtake other sources in the nearest future due to its
availability at a cheaper cost. The above description is not
different from the case of South Africa at micro level.
South Africa is known to be the largest producer of coal
in Africa and 6th in the world energy council (WEC,
2016). However, it is imperative to state clearly that the
need to carry out more research on the subject matter is
born out of the fact that the topic is still subject to empirical
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debate because of the conflicting interest and views from
the previous studies. Moreover, the United States energy
information administration (EIA, 2010) submits that South
Africa account for the highest emission in the Africa con-
tinent. Importantly, coal sector is significantly contributing
to the economic growth or expansion of South Africa.
Precisely, no less than 70% of the primary energy demand
and more than 90% of domestic electricity output in South
Africa are achieved from the coal sector (World Coal
Association, 2016). Accordingly, the multiplier effect of
the coal industry in South Africa is that it generates hun-
dreds of thousands of employment opportunities for the
citizens, thus reducing unemployment and aiding econom-
ic growth (Beg et al., 2002; Saint Akadiri et al., 2019a).
Therefore, the current study seeks to revisit the aforemen-
tioned hypothesis by incorporating employment as an in-
tervening variable in a novel approach thereby closing a
relevant gap in the literature. In essence, this study objec-
tively hypothesized whether coal consumption as induced
by employment drives environmental degradation in a sig-
nificant manner. The incorporation of employment, foreign
direct investment inflow, and total resource rent in the
functional model defines the uniqueness of this study from
the previous studies. In essence, the findings from this
study is expected to exceptionally contribute to the ongo-
ing debates, thus providing policy direction to the South
African government, stakeholders, and the concerned
counterpart around the world. The other part of this study
is arranged as follows: The upcoming section (Sect. 2) pre-
sents the theoretical underpinning of coal, foreign direct
investment, and environmental sustainability nexus in a
stylized pattern. The data and methodological approach
are presented in Sect. 3. Subsequently, Sect. 4 presents
the result, interpretation, and discussion of the study. In
conclusion, the concluding remarks as well as policy rec-
ommendation are also illustrated in Sect. 5.

Relevant studies

Coal-led growth and environmental degradation

Many previous studies assert that coal consumption
drives economic advancement accordingly, while others
hold the opposite view. Some studies maintained neutral
observations, while others support the idea of a feedback
relationship between the variables. For instance, the re-
cent study of Joshua et al. (2020) examined the relation
between coal consumption and economic growth in
South Africa using the dynamic ARDL bound test. The
findings confirmed the existence of cointegration be-
tween the variables of interest as well as coal-induced
growth hypo thes i s . The s tudy conc ludes tha t

conservation policy is not healthy for the South Africa
economy. Adedoyin et al. (2020) examine the relation-
ship between coal rent, carbon emission, and economic
expansion in the BRICS economies. The findings
revealed that coal rent exhibits significantly negative
impact on carbon emission, while control on coal rent
demonstrates significant and positive impact on carbon
emission. In the same circumstance, Jinke et al. (2008)
opines that coal usage is a consequence of economic
advancement. The study observed that when an economy
expands, the demand for coal as source of power will
follow naturally as noted empirically in China and
India. The case is the same in the former Soviet Union
according to Reynolds and Kolodziej (2008) and
Govindaraju and Tang (2013) for India. Similarly, the
work of Fatai et al. (2004) submits that economic expan-
sion will drive the demand for coal consumption normal-
ly in Australia. This assertion is equally supported by the
works of Jinke et al. (2008) and Wolde-Rufael (2010) in
the case of China, as well as the work of in Italy, and for
the Malawian economy. Also, the submissions of Wolde-
Rufael (2010) show that the economies of India and
Japan are driven in part by coal consumption, similar
to the study of Wolde-Rufael (2010). These studies (see
Shiu and Lam, 2004; Yuan et al. 2007) found the causal
effect of electricity consumption on economic progress
of China, different from the work of Destek and
Sarkodie (2019). Wolde-Rufael (2010) carried out an em-
pirical study and found that coal consumption is a pro-
moter of economic advancement in line with the work of
Ziramba (2009). Additionally, the study of Ewing et al.
(2007) supports the contribution of coal usage to the
industrial productivity in the US as supported by Sari
et al. (2008). Other studies that support the coal-led
growth and related energy hypothesis include (see:
Thomas, 2004; Erol and Yu, 1987; Bekun et al., 2019a;
Bekun et al., 2019b and Narayan and Smyth, 2005).
Furthermore, Bekun et al. (2019b) employed the dynamic
ARDL bound test and posited that energy consumption is
one of the driving force behind the economic prosperity
of South Afr ica in par t i cu la r. They found an
unidirectional interaction only from coal usage to
economic expansion. This is consistent with the work
of Saint Akadiri et al. (2019b) for the case of South
Africa that opined that coal consumption serves as a
key driver for economic prosperity of South Africa.
The ARDL bound testing to cointegration reveals that
the series under investigation converged in the long
run, while the Granger causality test revealed a one
way causal effect running from coal consumption to eco-
nomic advancement as supported by the work of
Shahbaz et al. (2013a) in the case of China. This is
similar to the work of Bekun et al. 2019a for 16 EU
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economies as well as the studies of Alola et al. (2019a),
Alola et al. (2019b), Akadiri et al. (2019), Wang et al.
(2018), and Sarkodie and Adams (2018) that considered
the environmental sustainability in the concept of energy
consumption varieties.

FDI and environmental degradation

Shahbaz et al. (2019) examined the interaction between FDI
inflow and carbon emission couple with other relevant vari-
ables for the MENA region from 1990 to 2015. The GMM
method was adopted which validated both the pollution heav-
en hypothesis and the N-shape link between FDI inflow and
carbon emission. The causality flow was found running from
FDI inflow to carbon emission suggesting that the former is an
emitter, while a two way interaction was found between
economic expansion and carbon emission in support of
growth hypothesis. The suggested policies targeted at
cleaner energy production and pure trade free from
pollution. Zafar et al. (2019) which is consistent with the work
of Zafar et al. (2018). Emir and Bekun (2019) examine the
relationship between energy intensity, carbon emission, re-
newable energy, and economic expansion in Romania
adopting ARDL bound test. The study revealed a future co-
movement between the variables of interest. The findings fur-
ther revealed a feedback link between energy intensity and
economic prosperity and a unidirectional causal flow running
from renewable energy consumption to economic expansion
which applies that the later depends on former for acceleration
in support of the energy-induced growth. Furthermore, the
study of Balsalobre-Lorente et al. (2018) for the European
Union 5 (EU-5). The study revealed an N-shape connection
between carbon emission and economic acceleration.
Findings from the study indicate that the environmental
quality of the case study is improved by renewable
electricity consumption, natural resources, and energy
innovation, while trade openness and the interaction between
economic expansion and renewable electricity consumption
exhibits positively influence on carbon emission. In a related
study, Bekun and Agboola (2019) investigate the relationship
between electricity consumption, real gross domestic product
per capital, and carbon emission in Nigeria using the dynamic
ordinary least square and the fully modified ordinary least
square. The study confirmed a long run cointegration between
the variables incorporated in the model. The TY Granger re-
vealed the energy-induced growth for the economy of Nigeria
implying that energy is a driving force behind economic ex-
pansion in Nigeria. Saidi et al. (2018) investigated the effect of
transport energy and transport infrastructure on economic
expansion in the MENA region. Using the GMM method,
the findings revealed the positive impact of transport energy
and transport infrastructure on economic advancement in the
studied area on the overall. In like manner, the work of

Shahbaz and Rahman (2012) examine the relationship be-
tween financial development, import, FDI, and economic ex-
pansion in Pakistan using quarterly data from 1990 to 2008.
The dynamic ARDL bound test revealed the presence of
cointegration among the variables as well as a bidirectional
link connecting the series. Further revelation shows that finan-
cial development, import, and FDI promote economic expan-
sion positively and significantly. Alvarez-Herranz et al. (2017)
carried out a similar study in 17 OECD economies which
confirmed the same shape of EKC as revealed by
Balsalobre-Lorente et al. (2018). The study submits that ener-
gy innovation process is of great benefits to the ecosystem of
the study area and that renewable energy promotes air quality.
In other investigations in the literature, the impact of economic
growth, tourism development, energy consumption, and other
socio-economic factors such as fertility have been considered
in recent time (Alola & Alola, 2018; Alola, 2019a; Alola,
Alola & Saint Akadiri, 2019a; Alola & Kirikkaleli, 2019;
Alola, 2019b; Alola et al., 2019a; Alola et al., 2019d; Alola,
Bekun & Sarkodie, 2019b; Saint Akadiri, Alola, Akadiri, and
Alola, 2019b; Saint Akadiri et al., 2019a).

Theoretical insight: coal-led growth
hypothesis

There are four hypotheses put forth as basis to support the
investigation of traditional coal-led hypothesis. The first one
is the growth hypothesis which claimed that a conservative
policy that is targeted at the reducing coal usage will subse-
quently hinder economic expansion especially in a coal-
intensive economy. This is because the hypothesis asserts that
coal is a key driving force behind economic prosperity. This
asserts the reason to the study of Joshua and Bekun (2020)
which revealed a two way interaction between coal usage and
economic expansion in South Africa, thus predicting the
potential harm of the regulatory policy to the economy.
Thus, the study recommended an efficient energy mix policy
for the economy. Similarly, Adedoyin et al. (2020) investigat-
ed the link between coal rent, economic expansion, and car-
bon emission in the BRICS economies where a cointegration
was found between the series. The study further indicates that
coal rent exerts a significant negative influence on carbon
emission. On the contrary, control on coal rent triggered sig-
nificant positive impact on carbon emission. The study of
Balsalobre-Lorente et al. (2018) aligned with the above stud-
ies as well as the followings studies (see Akadiri et al. 2019;
Alola, 2019a; Bekun et al., 2019a; Saint Akadiri et al., 2019c;
Wang et al. 2018; Sarkodie and Adams 2018; Ulucak and
Bilgili, 2018). Other studies in support of this hypothesis in-
clude Shahbaz et al., 2013b; Wolde-Rufael, 2010; Erol and
Yu, 1987. The second hypothesis holds the opposite view,
claiming that economic growth derives the demand for coal
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usage; thus, conservation policy cannot cause a breakdown on
the path of economic progress. This is also backed by some
empirical findings which include the work of Reynolds and
Kolodziej (2008). The study revealed that economic expan-
sion is the cause of coal consumption in the case of the former
Soviet Union which is similar to Govindaraju and Tang
(2013). Govindaraju and Tang (2013) examine the same case
for India and found that the economic expansion of India is
responsible for the drive demand for coal consumption.
Studies such as Jinke et al. (2008), Wolde-Rufael (2010),
and Yuan et al. (2007) also confirmed the conservative policy.
The feedback hypothesis on the other hand formed the third
view which established a bidirectional link between the vari-
ables of interest. This hypothesis opined that these variables of
interest drive each other such that the conservation policy
would rather pose a danger to the path of economic prosperity
as opined by Joshua and Bekun (2020). This was closely sup-
ported by Wolde-Rufael, 2010; Yuan et al., 2007. Finally, the
fourth hypothesis remains uncertain or neutral in regard to the
impact of coal consumption on economic progress implying
that conservation policy would be healthy for economic expan-
sion. Some studies also lent their supports to this hypothesis
which includes Wolde-Rufael (2010), Ziramba (2009), Jinke
et al. (2008), and Fatai et al. (2004). Furthermore, Wolde-
Rufael (2010) examines the said relationship and found that
the impact of coal consumption on economic expansion is not
feasible in China and South Korea. While the Granger causality
test revealed a non-causal effect between coal usage and eco-
nomic progress in South Africa which is consistence with the
work of Yuan et al. (2007). The study revealed that coal con-
sumption does not in any way drive economic expansion in the
Chinese economy. Fatai et al. (2004) carried out similar
research and submits that there is no causal effect between
coal consumption and economic expansion in New Zealand.
The work of Jinke et al. (2008) proves no causal effect other-
wise, stressing the existence of no causal effect between coal
usage and productivity for South Africa. Ziramba (2009) exam-
ines the hypothesis for the case of South Africa and discovered
that there is no causal direction between the series as supported
by the work of Payne (2011). Stern (1993) examines the rela-
tion between coal consumption and economic expansion and
found non-causal effect between series for the US economy.

Research data and procedures

This study investigates the relationship between economic
expansion, coal consumption, FDI inflow employment, pol-
lutant emissions, and total natural resource rent (TNR). The
time series data of the employed variables all but one were
retrieved from the World Development Indicator of the World
Bank database (World Bank, 2019). However, data for coal
consumption were generated from the British petroleum (BP,

2019) database ranging from 1970–2017. The variables under
investigation includes real GDP which represents economic
expansion (constant 2010, US$), total natural resource rent
(%GDP) in US dollars, FDI inflow, employment, coal con-
sumption (Mtoe), and CO2 in (Kt) emissions. Thus, achieving
the growth effect was possible by converting the variables into
natural log form. The modification of the environmental deg-
radation function to suite the current study takes the form of

CO2

¼ f coal energy consumption;GDP; FDI;Employment;TNRð Þ
ð1Þ

The above expression (eq. 1) mimics several recent empir-
ical studies in the literature that have incorporated economic
growth (GDP), the FDI, and TNR such as Adedoyin, Alola &
Bekun (2020), Asongu et al. (2020), and Eluwole et al.
(2020).

Stationary Tests

It is no longer news that in most cases time series data cannot
be estimated in their raw form due to their inability to be
stationary until they are subjected to stationarity test Gujarati
(2009). Until proven otherwise, time series data in its natural
form will always result to spurious regression if estimated
empirically. To this end this study resorts to adopting the
widely known ADF and PP proposed by Dickey and Fuller
(1981) and Phillips and Perron (1988), and the result indicates
a mixed order of integration for the series under investigation.
This suggests the application of the ARDL bound test as the
most suitable method of estimation. The generalized expres-
sion is presented as follows:

ΔY t ¼ β1 þ β2 þ δY t−1 þ ∑
m

i¼1
αiΔY t−i þ εt ð2Þ

Where, Gaussians white noise that is assumed to have a
mean value of zero is represented byεt, and possible autocor-
relation represents series to be regressed on the time t.

ARDL bounds testing

As earlier stated above, the outcome of the stationarity test
which indicates a mixed order of integration informed the
adoption of the ARDL bound test as developed by Pesaran
et al. (2001). The advantage and the superiority of this method
over the traditional method is the ability of the method to
estimate both the short and long run relationship between
the variables at the same time. Secondly, its can still be applied
for estimation irrespective of the order of integration, whether
a mixed order of integration or otherwise. The method is ma-
jorly adopted to determine the co-movement of the variables
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of interest. The equation is stated as follow:

ΔZ ¼ ε0 þ ε1t þ λ1δt−1 þ ∑
k

i−1
ϕ1νit−1 þ ∑

n

j−1
φ jΔZt− j

þ ∑
k

i−1
∑
n

j−1
ωijΔVit− j þ ϒDt

þ μt
H0 : φ1 ¼ φ2 ¼ …: ¼ φnþ2 ¼ 0
H1 : φ1≠φ2≠…:≠φnþ2≠0

ð3Þ

Where the rejection of H0 indicates a proof that the series
converged in the long run to correct any initial short-run
disturbance.

Empirical result, interpretation and discussion

This section presents the findings and the discussion of this
study. It begins with the time series plot of the examined
variables (see Fig. 1) which shows the trend of the variables
of interest. This is followed by the summary statistics (see
Table 1) which illustrated that employment has the largest
relative mean. The findings further prove that the variables
are highly dispersed from their mean as indicated by the stan-
dard deviation and that the variables are negatively skewed
except for GDP and the TNR. The probability of the Jargue-
Bera indicates that exactly half of the series demonstrate nor-
mality in their distribution, while half are not. This is not a
serious issue as there are still other empirical tests to confirm
the normalcy of the series. The correlation coefficient (see
Table 2) indicates an overall result of a strong connection
between the series. However, all series except for TNR
are strongly correlated with the CO2 which further suggests
the possibility of a co-movement between the series of inter-
est, thus paving way for the investigation of an empirical
evidence that coal usage causes carbon emission. The connec-
tion between FDI inflow and employment is empirically
valid especially for the case of South Africa where FDI is
believed to significantly contribute to the country’s employ-
ment history.

Most time series data are not stationary at their level which
necessitated the need to carry out stationarity test in others to
establish the order of integration of the series (Gujarati, 2009).
This is a critical step especially as a way of avoiding spurious
regress which is capable of yielding to a misleading result.
The second benefit of stationarity test is to determine which
method would be suitable for the study at hand. Thus, this
study leverages on the ADF and PP unit root tests for the
stationarity test and the results presented in Table 3 below.
For the PP unit root test, only CO2, FDI, and TNR were
stationary at level. However, all variables turn out to be sta-
tionary at the first difference. Similarly, except for GDP all
other variables were stationary at level in the case of the ADF

unit root test. But at first difference, all variables with the
exception of EMP turn out to be stationary. The overall result
shows a mixed order of integration of the variables in the
model which suggests the adoption of the dynamic ARDL
bound testing to cointegration to determine the long term re-
lationship between the variables. Furthermore, the model was
subjected to diagnostic test which prove that the functional
model of this study is normally distributed as reported by the
normality test. The result also proves that the model of this
study is free from variable omission error and is homoscedas-
tic in form, therefore, satisfied to be applied as an instrument
for policy guide. The stability test of CUSUM and
CUSUMSQ presented in Figs. 2 and 3 shows clearly that
the fitted model is stable since the blue line fall within the
critical box through the period of interest. This claim is sup-
ported by (Emir & Bekun 2019; Okunola, 2016).

Following the mixed order of integration of the series, this
study adopted the ARDL bound test to determine whether or
not the series co-move in the long run. The result as presented
in the Table 4 and 5 below show that the variables of interest
converged in the distant future. On the other hand, the ECT
which determined the speed of adjustment proves that the
series of interest corrected the short run-disequilibrium to
co-move in the future with a high speed of about 96%. This
implies that it take little time for the short-run disequilibrium
to be corrected between the variable as an important feature of
a working economic system like that of South Africa. More
importantly, the results further revealed that coal consumption
exerts positive and significant impact on CO2 both in the short
run and in the long run. About 68% increase in the carbon
emission is cause by the a 1% change in coal consumption,
while 56% account for the long run which is significant as
well. Interestingly, the result also revealed that in the last pre-
vious year, the impact of coal consumption on the CO2

remained positive and significant accounting for about 53%
of the increase that occurred in the dependent variable. On the
other hand, GDP contributes to carbon emission significantly
only in the short run. About 37% of the increase in carbon
emission is caused by economic expansion in South Africa. In
the long run, the tide turned out to be insignificant though
positive. In the long run, GDP causes about 5% change in
carbon emission. This means that on the average, coal usage
and economic advancement are the key contributors to carbon
emission in the economy of South Africa which suggest that a
suitable policy mixed must be put in place to avoid a reversal
reaction through environmental degradation caused by emis-
sion in a bid to achieving economic progress. This is instruc-
tive to the authority concern. Interestingly, the result revealed
that FDI inflow to South Africa is anti-carbon emission in
nature. About 3% of the reduction in carbon emission is
brought about by FDI inflow in the short run and 1% for the
long run significantly in both terms. Additionally, the impact
of employment on the carbon emission is observed to be

Environ Sci Pollut Res (2020) 27:17706–1771617710



4.8

5.2

5.6

6.0

6.4

70 75 80 85 90 95 00 05 10 15

LNCO2

3.2

3.6

4.0

4.4

4.8

70 75 80 85 90 95 00 05 10 15

LNCOAL

8.6

8.7

8.8

8.9

9.0

70 75 80 85 90 95 00 05 10 15

LNGDP

-8

-6

-4

-2

0

2

70 75 80 85 90 95 00 05 10 15

LNFDI

16.8

17.0

17.2

17.4

17.6

17.8

18.0

70 75 80 85 90 95 00 05 10 15

LNEMP

0.5

1.0

1.5

2.0

2.5

3.0

70 75 80 85 90 95 00 05 10 15

LNTNR

Fig. 1 The time series plot of the examined variables (carbon
emissions,CO2; coal consumption,coal; gross domestic product.GDP;

foreign direct investment,FDI; employment.emp; and total resources
rent.TNR)

Table 1 Summary statistic
Observations LNCO2 LNCOAL LNGDP LNFDI LNEMP LNTNR

Mean 5.728704 4.167526 8.781534 − 0.676924 17.49432 1.583096

Median 5.821883 4.282794 8.775257 − 0.526894 17.59245 1.588895

Maximum 6.107774 4.541417 8.933624 1.788230 17.85857 2.560044

Minimum 4.896834 3.308790 8.615685 − 5.993135 16.90972 0.650280

Std. Dev. 0.368005 0.370087 0.103445 1.585520 0.293341 0.449369

Skewness − 1.024367 − 1.205243 0.057322 − 1.364664 − 0.719036 0.158483

Kurtosis 2.846857 3.122840 1.755786 5.297031 2.191567 2.697408

Jarque-Bera 6.858735 9.466494 2.536968 20.67908 4.422622 0.312048

Probability 0.032407 0.008798 0.281258 0.000032 0.109557 0.855538

Sum 223.4195 162.5335 342.4798 − 26.40005 682.2784 61.74076

Sum Sq. Dev. 5.146245 5.204650 0.406631 95.52715 3.269871 7.673426

Observations 39 39 39 39 39 39

Note: Series are converted to natural logarithmic values
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elastic and significant. About 123% increase in CO2 is caused
by employment in the short distance, time while 54% occurs
in the long run. This implies that the labor force activity in the
various sector of the economy contributes significantly to car-
bon emission. The result added that natural resources (TNR)
contribute significantly to the carbon emission in South Africa
only in the last two previous years both in the short and long
run. The impact is insignificant in the current year. In the last 2
years, about 3% of the increase in the carbon emission is
caused by the TNR, while 3% account the past immediate
year both in the short run. In the long run, TNR is responsible
for the 3% increase in the CO2. This means that the extraction
of the natural resources in South Africa is contributing to the
environmental degradation through emission. The attention of
the authority concern must be drawn to this reality for appro-
priate action to be taken otherwise the natural resources which
supposed to be a blessing to the nation may turn out to be a
curse through environmental degradation occasioned by car-
bon emission.

Moreover, this study went further to apply the block
exogeneity Granger causality test to ascertain which variable
drives which. The result is presented in Table 6 below shows a
feedback link between coal usage and CO2 which is consistent
with our apriori expectation and closely supported by the
work of Bekun et al. (2018&2019). This implies that the con-
sumption of coal as a source of power generation has its con-
sequences which if not properly managed could result to

environmental degradation. The findings also revealed a one
way interaction flowing from GDP to CO2 suggesting that
carbon emission in South Africa is in part the consequences
of economic expansion which is worthy to note by the gov-
ernment and the stakeholders. This further implies that some
key economic factors that influence the economic expansion
of South Africa are emitters for which their usage or extraction
process must be subjected to efficient and effective manage-
ment control; otherwise in the long term, their negative effects
are capable to reverse economic progress through environ-
mental degradation occasioned by incessant carbon emission.
The result further found a bidirectional interaction between
employment generation and CO2. The economic intuition be-
hind this is that employment generation which means the sup-
plies or engagement of human labor informs is responsible in
part to promoting carbon emission in South Africa. This im-
plies that the labor force contributes indirectly to carbon emis-
sion through the involvement in the economic activities that
promote emission. Interestingly, the findings revealed a bidi-
rectional interaction between employment generation and coal
consumption as earlier expected and as backed by the claim
made by Beg et al. (2002). According to him coal consump-
tion contributes significantly to employment generation to the
citizens of South Africa at least by 250,000 equivalents. This
implies that coal consumption is not without economic bene-
fits despite its negative contribution to carbon emission which
is presumed to be a threat to the healthy environment in the

Table 2 Correlation coefficient results

Observations CO2 COAL GDP FDI EMP TNR

CO2 1.000

COAL 0.993*** 1.000

GDP 0.456*** 0.369*** 1.000

FDI 0.365** 0.348** 0.229 1.000

EMP 0.973*** 0.952*** 0.458*** 0.383*** 1.000

TNR 0.101 0.099 0.452*** − 0.078 − 0.009 1.000

No of Obs. 48 48 48 48 48 48

Note: Series are in their natural form and the *** is the 1% statistical significant level

Table 3 ADF and Phillips-Perron unit root tests

PP level 1st- Diff ADF

Variable I (0) I (1) Integration level 1st Diff. Integration

CO2 − 3.321** − 6.975*** I (0), I (1) − 3.159** − 6.961*** I(0), I(1)

COAL − 3.321 − 6.903*** I (1) 3.165** − 6.867*** I(0), I(1)

RGDP − 6.605 − 4.301*** I (1) − 0.874 − 4.355*** I(1)

FDI − 3.475** − 8.458*** I (0), I (1) − 3.303*** − 4.524*** I(0), I(1)

EMP − 5.798** − 1.739 I (0) − 2.433*** − 2.665 I(0)

TNR − 2.927** 8.139*** I (0), I (1) − 2.955** − 8.139*** I(0), I(1)

Note: * , ** , and *** denote 1%, 5%, and 10% significant levels, respectively

Environ Sci Pollut Res (2020) 27:17706–1771617712



nearest future. The findings from this study indicate a mutual
benefit between employment (labor force) and economic
growth confirming the traditional stand which asserts that hu-
man capital is a fundamental factor needed by any economy to
facilitate growth process. This call for the attention of the
South Africa’s economic managers to device the means of
harnessing the surplus human capital by revitalizing the edu-
cational system to a minimum threshold in an attempt to im-
proving human capital development. The well-trained labor
force could then be properly engage in the gainful and pro-
ductive sector of the economy to contribute their quotas for the
achievement of the overall desire and goal of economic ex-
pansion. This study revealed that FDI inflow does not drive
economic expansion which is consistent with the work of
Joshua (2019). This study also provides an interesting revela-
tion which proves that all the series but for TNR drive em-
ployment generation, respectively. Thismeans that coal usage,
economic expansion, and FDI inflow are contributors to the
fight against the well-known menace of unemployment in
South Africa. The policy implication is that the way to in-
crease employment opportunity is to achieve economic

advancement, attraction of more foreign investor into the
economy, and to expand the consumption of coal. Finally, this
study revealed a one way link only from GDP and employ-
ment to natural resources. This implies that well-developed
workforces coupled with economic progress are crucial factor
needed to properly harness the natural resources of the nation.

Concluding remark

This study primarily sets out to investigate the coal-led growth
hypothesis by incorporating employment as an intervening var-
iable for the first time to ascertain whether or not coal consump-
tion significantly drives employment generation in South
Africa as submitted by Beg et al. (2002). The revelation proves
that coal is not a drive of economic expansion in South Africa
rather it is the later that determine the demand for the former as
supported by conservation hypothesis and further backed by
empirical evidence such as Govindaraju and Tang (2013).
Thus, since coal usage does not drive economic expansion
but drive CO2which is capable of posing environmental danger
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in the future, it is adviced that the authority concern should
subscribe for conservation policy to reduce the consumption
of coal. Alternatively, the economy would resort more to the
alternative sources of renewable energy like the solar energy
which is believed to be cleaner than the traditional source from
coal consumption and could promotes economic expansion
without causing harm to the quality of environment as submit-
ted by Emir and Bekun (2019). Putting it differently, this study
recommends the replacement of the traditional energy source
with the renewables as a way of maintaining environmental

sanity. More effectively, the economy could as well adopt en-
ergy innovation process as a modern way of increasing the
efficiency of energy which will transcend to economic expan-
sion while maintaining a pure ecosystem as supported by the

Table 4 The ARDL results model: CO2 = f(COAL, RGDP,
FDI,EMP,TNR)

Variables Coefficient S.E t-
statistic

P Value

Short run

COAL-1 0.531** 0.172 3.083 0.027

COAL 0.689*** 0.026 25.988 0.000

RGDP 0.372*** 0.086 4.288 0.007

FDI − 0.003** 0.000 − 3.502 0.017

EMP 23.774** 8.757 2.715 0.042

TNR-1 − 0.035** 0.010 − 3.382 0.019

TNR-2 − 0.031** 0.007 − 4.237 0.008

ECT − 0.936*** 0.079 − 11.727 0.0001

Long run

LNCOAL 0.567*** 0.082 6.899 0.0010

LNGDP 0.005 0.082 0.062 0.9529

LNFDI − 0.010*** 0.002 − 4.567 0.0060

LNEMP 0.546*** 0.105 5.202 0.0035

LNTNR 0.037** 0.017 2.217 0.0774

C − 6.333*** 0.859 − 7.366 0.0007

Diagnostic tests

Tests F-statistic Prob. Value

Normality 1.242 0.537

χ2 SERIAL 0.109 0.757 F(1,4)

χ2 WHITE 0.477 0.905 F(22,6)

χ2 RAMSEY 6.016 0.146 F(3,2)

Note: Note: *, **, *** indicate 1%, 5% and 10% level respectively

Table 5 ARDL Bounds test

Test stat. Value K

F-stat 8.931 5

Critical Value Bounds

Significance I(0) Bounds I(1) Bounds

10% 2.08 3

5% 2.39 3.38

2.5% 2.7 3.73

1% 3.06 4.15

Source: Author computation, 2018

Table 6 Granger block exogeneity results

Excluded Chi-sq df Prob.

Dependent variable: LNCO2

LNCOAL 2.938261 1 0.0865

LNGDP 15.73705 1 0.0001

LNFDI 0.032727 1 0.8564

LNEMP 16.84534 1 0.0000

LNTNR 0.072235 1 0.7881

All 315.3081 5 0.0000

Dependent variable: LNCOAL

LNCO2 3.437491 1 0.0637

LNGDP 5.522011 1 0.0188

LNFDI 0.051552 1 0.8204

LNEMP 8.845275 1 0.0029

LNTNR 0.012291 1 0.9117

All 291.2573 5 0.0000

Dependent variable: LNGDP

LNCO2 0.163292 1 0.6861

LNCOAL 0.001739 1 0.9667

LNFDI 0.712734 1 0.3985

LNEMP 27.14312 1 0.0000

LNTNR 2.044311 1 0.1528

All 1432.417 5 0.0000

Dependent variable: LNFDI

LNCO2 0.000229 1 0.9879

LNCOAL 0.004856 1 0.9444

LNGDP 0.036166 1 0.8492

LNEMP 0.002816 1 0.9577

LNTNR 0.000122 1 0.9912

All 10.39920 5 0.0647

Dependent variable: LNEMP

LNCO2 6.343249 1 0.0118

LNCOAL 6.161309 1 0.0131

LNGDP 176.8990 1 0.0000

LNFDI 13.37385 1 0.0003

LNTNR 0.377405 1 0.5390

All 2607.827 5 0.0000

Dependent variable: LNTNR

LNCO2 0.730022 1 0.3929

LNCOAL 0.344462 1 0.5573

LNGDP 17.73461 1 0.0000

LNFDI 1.219903 1 0.2694

LNEMP 5.527255 1 0.0187

All 211.7475 5 0.0000

Note: significance at ***0.01 and **0.05
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work of Alvarez-Herranz et al. (2017). This may be done grad-
ually over time through policymixedwhich is perceived to save
the nation from the pending danger of environment degradation
degenerated from incessant emission. The alternative source is
preferred to be cleaner, safer, and less emission inherent rela-
tively, thus, suitable for building a dynamic and healthy eco-
nomic rather than developing a vibrant but environmental prone
economic where the economic earnings may turn out to be
spend on environmental cleansing, therefore, causing a reversal
outcome along the path of economic progress. The findings
from both Granger causality and the short/long run estimation
shows that FDI inflow to South Africa is pure and free from
emission a development that prove to be healthy for the econ-
omy of South Africa. Thus, the one way drive from FDI inflow
to employment generation is a great lesson to the government of
South Africa. This implies that the government must do every-
thing possible within its ambit to woo new investors into the
economy through macroeconomic policies such as tax holi-
days, ensuring a stable economic and political environment.
In essence, openness and business incentives are keys to gen-
erating economic expansion in South Africa as it will allow free
flow of FDI which in turn will generate employment opportu-
nity to the citizens through it spillover effect. On the domestic
scene, a direct mutual interaction exists between employment
generation and economic growth which suggest that the quest
for economic expansion is not an option for the South African
government if the nation must be liberated from one of the
economic chief evils called unemployment. Furthermore, the
economic managers should ensure that the hard earnings of
the nation must be reinjected into the productive sector of the
economic where it generates high returns. The idea is that re-
circling the resources in this unique pattern will automatically
generate employment for the country’s labor force, thus, reduc-
ing unemployment in the country appropriately. There are pol-
icy implications associated with the current study. Since the
result indicates a two-way drive between CO2 and employment
which suggests that human labor (human economic activities)
contributes significantly to CO2, thus it is essential that the
South African economy shifts from labor-intensive form of
production to a capital-intensive mode of production in an at-
tempt to mitigate carbon emission (and curbing future environ-
mental degradation). However, this must be done with care as
employment is reported by this study to be a key driver of
economic expansion. Adequate strategy such as entrepreneur-
ship skill development center must be put in place to avoid high
rate of unemployment that may result from the process of
switching to capital-intensive form of production; otherwise
the economy will suffer setback in future. Alternatively, gov-
ernment should further put in place strategic policies such spe-
cial social security and retirement scheme to capture affected
workforce in an attempt to avoid adding to the current challenge
of unemployment which could transcend to a wide spread eco-
nomic distress for the citizens.
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