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Abstract 

This study analyses the cointegration and the causal relationship between 
energy consumption, economic growth and carbon emissions, using aggre-
gate and disaggregate measures of energy consumption for Algeria, Egypt and 
South Africa over the period 1971-2015. Based on the ARDL, our results 
show that aggregate energy consumption and economic growth have positive 
and significant impacts on carbon dioxide (CO2) both in the long and short 
run in those countries. At the disaggregated level, the main energy-related 
drives of carbon emissions are oil, electricity and coal consumption in Alge-
ria, Egypt and South Africa, respectively. In addition, the implementation of 
the Toda-Yamamoto test for causality reveals the existence of several types of 
relationship between CO2 emissions, economic growth and energy consump-
tion. 
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1. Introduction 

According to Intergovernmental Panel on Climate Change [1] [2], climate 
change will have adverse impacts on the ecosystem, food security, water and 
human health. The negative impacts on climate change will be particularly se-
vere in developing countries, due to their limited capacity to cope with the 
problem generated by climate change. For instance, Nordhaus and Boyer [3] es-
timate that the rise of average temperatures to 2˚C would reduce the per capita 
annual consumption by 4% to 5% in Africa and Asia respectively. Hope [4] es-
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timates that developing countries would bear 75% to 80% of the total costs of 
climate change. 

Since the seminal works of Grossman and Krueger [5], Shafik and Bandyo-
padhyay [6] and Panayotou [7] on the environmental effects of economic 
growth that led to the existence of an Environmental Kuznets Curve (EKC)1 [8] 
which postulates an inverted U-shaped relationship between economic growth 
and environmental degradation [7], there is an increasing emphasis on the de-
terminants of environmental degradation.  

In addition to economic growth, energy generation and consumption are 
listed as key determinants of environmental degradation. The International 
Energy Agency [11] estimates that the energy sector accounts for 68% of the to-
tal greenhouse gases (GHG) emitted around the world. Specifically, from the late 
1980s to the early 2000s, coal and oil were each responsible for approximately 
40% of global CO2 emissions. Moreover, the IPCC [1] predicts that ener-
gy-related CO2 emissions in 2030 would have increased by 40% - 110%. This is 
linked to the fact that the world-wide energy consumption will, on average, con-
tinue to increase to 56% by 2040 [12]. 

At the empirical level, authors have introduced energy consumption in the 
EKC model as an additional determinant of environmental quality based on the 
study of Ang [13] who finds a positive and significant effect of energy consump-
tion on carbon emissions in France. The literature on the topic can be summa-
rized into two main strands. The first strand uses aggregate measures of energy 
consumption. For example, Boutabba [14], Heidari et al. [15], Saboori et al. [16] 
find that energy consumption has a positive and significant effect on CO2 emis-
sions. Authors of the second strand use disaggregated measures of primary 
energy consumption. Halicioglu [17] finds that commercial energy consumption 
has a positive effect on carbon emissions in Turkey between 1965 and 2005 pe-
riod. Shafiei and Salim [18] show that an increase in non-renewable energy con-
sumption increases CO2 emissions, while renewable energy reduces them in a 
panel of OECD countries from 1981 to 2011. 

In African economies, there is a growing debate on the effects of economic 
growth and energy consumption on carbon emissions. Some studies devoted to 
these countries include Akpan and Akpan [19] in Nigeria, Shahbaz et al. [20] in 
South Africa, Jebli et al. [21] on a panel of 24 Sub-Saharan African countries, 
Nkengfack and Kaffo [22] in Cameroon, Gabon, Congo and Democratic Repub-
lic of Congo, Bouznit and Pablo-Romero [23] in Algeria. Several reasons justify 
the choice of these countries. Firstly, they accounted for 66.34% of CO2 emitted 
by African countries in 2015 [11]. This represents 130.4 million tons for Algeria, 
198.6 million tons for Egypt and 427.6 million tons of CO2 for South Africa on 
the over 1140.4 million tons of carbon emitted by African countries in 2015 (see 
Appendix 1 for carbon profile in Africa in 2015). Secondly, data suggests that 
these countries recorded positive average growth rates of GDP of approximately 

 

 

1It is derived from the Income-inequality relation developed by Simon Kuznets in1955 [8]. Accord-
ing to Kuznets, there is an inverted relationship between economic growth and inequality. Dinda 
[9]; and Kaika and Zervas [10] proposed a comprehensive literature survey on the EKC hypothesis. 
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3% since 2000 (calculated using World Development Indicators, 2017). Thirdly, 
they highly depend on conventional energy sources which are highly polluting. 
For instance, the South African energy sector is dominated by coal and crude oil 
production with respectively 69.39% and 23.20% of primary energy production 
in 2015. Algerian and Egyptian primary energy supply is mainly covered by nat-
ural gas and crude oil, with respective proportions of 64.33% and 35.31% for Al-
geria, and 49.65% and 47.72% for Egypt in 2015 (computed from the BP World 
Statistic Review on energy, 2017).  

In addition, we investigate the inter-relationship between economic growth, 
energy consumption and CO2 emissions. To do this, we use the Toda-Yamamoto 
[24] Granger non-causality approach to check the causal relationship between 
our variables. The main reason for this method is that it is valid regardless of 
whether a series is I(0), I(1) or I(2), cointegrated or not-cointegrated [25]. 

To the best of our knowledge, the only serious empirical study that focuses 
particularly on the link between carbon emissions, energy consumption and 
economic growth is that of Ahmad et al. [26]. These authors analyze the long 
and short run relationship between carbon emissions, energy consumption and 
economic growth in India at the aggregated and disaggregated levels over the 
period 1971-2014. The long-run results show that energy (primary energy, gas, 
oil, electricity and coal) consumption has a positive impact on carbon emissions. 
Other studies were more interested, at the methodological level, in checking the 
cointegration and causal relationships between economic growth, energy con-
sumption and carbon emissions [14] [17] [27] [28] [29] [30] [31]. These studies 
however produce mixed results on the relationship between economic growth, 
energy consumption and carbon emissions. The present paper is therefore re-
lated to Ahmad et al. [26]. It is added to the existing literature on the relation-
ship between economic growth, energy consumption and carbon emissions in 
Africa by investigating the effects of energy consumption and economic growth 
on carbon emissions in the top three emitters in Africa (Algeria, Egypt and 
South Africa), using aggregated and disaggregated measures of energy consump-
tion. The disaggregation helps to eliminate the potential aggregation bias and 
shows a picture of the effect of different sources of energy on carbon emission. 
In addition, we implement the Toda-Yamamoto Granger non causality test in 
order to capture the types of relationship between economic growth, energy 
consumption and energy consumption.  

After the introduction, the remainder of this paper is structured as follows. 
Section two presents the data, the modeling approach and the estimation tech-
nique. Section three presents and discusses the main results. Section 4 deals with 
conclusion and policy implications. 

2. Data, Modeling and Estimation Technique 

2.1. Data, Descriptive Statistics and Correlations 

To assess the effect of economic growth and carbon emissions in Algeria, Egypt 
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and South Africa, we use annual time series data covering the 1971-2015 period, 
period during which data were available. Data on aggregated energy consump-
tion (primary energy consumption) and disaggregated energy consumption 
(coal, electricity, oil and natural gas) are taken from the BP Statistical Review of 
World Energy [32]. The data on per capita CO2emissions is extracted from the 
2017 version of the International Energy Agency database while data on per ca-
pita GDP, trade openness, urbanization and share of industrial value (added as a 
percentage of GDP) are obtained from World Development Indicators issued by 
the World Bank [33]. The descriptive statistics and the correlation coefficients 
between the variables are presented in Appendix 2.  

2.2. Modeling Approach 

In order to empirically evaluate the effects of energy consumption and economic 
growth on CO2 emissions, we adopt the STIRPAT2 (Stochastic Impact by Re-
gression on Population, Affluence and Technology) developed by Dietz and Ro-
sa [35]. The standard STIRPAT model is expressed as follows: 

b c d
t t t t tI aP A T e=                           (1) 

In Equation (1), the environmental impact (I) is a function of the size of the 
population (P), Affluence (A) and Technology (T). a is a constant term, while b, 
c and d are the parameters associated to P, A and T respectively. e is the error 
term. The subscript t (t = 1971 … 2015) stands for time period. 

Considering the variables of the previous equation in logarithms, we have: 

ln ln ln ln lnt t t t tI a b P c A d T e= + + + +                 (2) 

In the log form, b, c and d are interpreted as elasticity of carbon with respect 
to population, Affluence and Technology, respectively. 

However, the standard equation can be reformulated in other to account for 
the impact of additional variables on environmental degradation [36]. Hence, we 
formulate the following modified STIRPAT model, adding urbanization and 
trade as additional variables. These variables have been widely used as determi-
nants of environmental degradation [16] [17]. The estimated equation is speci-
fied as follows: 

2 0 1 2 3 4ln CO ln ln ln lnt t t t t tgdpc pener urb tradα α α α α ε= + + + + +    (3) 

where, CO2t is the per capita carbon emissions at time t, gdpc is the per capita 
real income (in constant 2010 US$), pener is primary energy consumption used 
as the aggregated measure of energy consumption, urb stands for the percentage 
of urban population in the total population and is used as proxy of urbanization, 
Trad is the openness ratio, used as a proxy for foreign trade. εt is the error term. 

From Equation (3), primary energy consumption is segmented into four sub-
components: coal, oil, electricity and natural gas to account for any potential ag-
gregation bias. 

In Equation (4), coal consumption is used as energy consumption: 

 

 

2The STIRPAT model is derived from the IPAT model formulated by Ehrlich and Holdren [34]. 
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2 0 1 2 3 4ln CO ln ln ln lnt t t t t tgdpc coal urb tradα α α α α ε= + + + + +     (4) 

In Equation (5), oil consumption is used as energy consumption: 

2 0 1 2 3 4ln CO ln ln ln lnt t t t t tgdpc oil urb tradα α α α α ε= + + + + +      (5) 

In Equation (6), electric power consumption is used as energy consumption: 

2 0 1 2 3 4ln CO ln ln ln lnt t t t t tgdpc elec urb tradα α α α α ε= + + + + +     (6) 

In Equation (7), natural gas consumption is used as energy consumption: 

2 0 1 2 3 4ln CO ln ln ln lnt t t t t tgdpc natgas urb tradα α α α α ε= + + + + +   (7) 

2.3. Estimation Technique 

1) Unit root test 
As a starting point of the analysis, we test the stationary of our variables in 

order to avoid the problems of spurious regressions and time-variant estimates. 
Traditionally, the Augmented Dickey-Fuller and the Phillips-Perron tests are 
used to test for the present of unit root when time series data are considered. 
However, the principal limitation is that they do not account for structural 
breaks in time series [37]. In fact, it is recognized that the presence of structural 
breaks in the time series may bias the results toward non rejection of the null 
hypothesis of unit root when there is none. To overcome such an issue, we use 
unit root tests of Zivot and Andrews [38] which allows an endogenous break in 
time series data. The null hypothesis admits that the series have a unit root while 
the alternative hypothesis assumes that they are stationary with one break. 

2) Cointegration analysis 
This paper applies the ARDL bound testing approach to cointegration devel-

oped by Pesaran and Shin [39] and Pesaran et al. [40]. Contrary to traditional 
unit root tests (Engle and Granger, Johansen test, Johansen and Juselius test), the 
bound testing approach is applicable if variables are integrated of different or-
ders: I(0), I(1) or fractionally integrated. In addition, the bound testing approach 
is relatively more efficient in the case of small and finite data samples. Lastly, by 
applying the bound testing approach, we obtain unbiased estimates of the long 
run model [41]. 

The cointegration test is carried out on the following Unrestricted Error cor-
rection Models (UECM) for primary energy consumption, coal consumption, oil 
consumption, electric power consumption and natural gas consumption: 

2 0 1 2 3 4 1
1

2 3 4 5
0 0 0 0

ln CO ln ln ln ln ln CO2

                 ln ln ln ln  

p

t t t t t i t i
i

q q q q

i t i i t i i t i i t i t
i i i i

gdpc ener urb trad

gdpc ener urb trad

α α α α α β

β β β β ε

−
=

− − − −
= = = =

∆ = + + + + + ∆

+ ∆ + ∆ + ∆ + ∆ +

∑

∑ ∑ ∑ ∑
(8) 

In Equation (8), the terms at level capture the long run dynamics while the 
terms with the sum (∑) and difference (Δ) operators capture the short run dy-
namics. p and q indicate the optimal lag lengths, determined by the Akaike In-
formation Criteria (AIC) and Schwarz Information Criteria (SIC). Other va-
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riables remain unchanged. 
The null hypothesis of absence of cointegration  

( 0 1 2 3 4H : 0α α α α= = = = ) is tested against the alternative hypothesis 
of cointegration ( 1 1 2 3 4H : 0α α α α≠ ≠ ≠ ≠ ). The F-statistics resulting 
from the estimation of equation (8) is compared to the theoretical bounds tabu-
lated by Pesaran et al. [40]. The lower critical bound (LCB) assumes that all the 
variables of the model are I(0) while the upper critical bound (UCB) assumes 
that all the variables of the model are I(1). If the computed F-statistic exceeds the 
UCB, the null hypothesis of no cointegration is rejected. If the F-statistic is lower 
than the LCB, the alternative hypothesis of cointegration is rejected. Finally, if 
the F-stat lies between LCB and UCB, the result is inconclusive. In this case, the 
error correction term is a useful way of establishing cointegration. 

Once long run relationship has been established, the Error correction Models 
(ECM) is estimated by using the ordinary least squares method and the AIC and 
SIC to select the lag order of the ARDL model. In this study, ECM associated to 
Equation (8) is formulated as follows: 

2 0 1 2 2 3
1 0 0

4 5 1
0 0

ln CO ln CO ln ln

                  ln ln ECT

p q q

t i t i i t i i t i
i i i

q q

i t i i t i t t
i i

gdpc ener

urb trad

β β β β

β β η ε

− − −
= = =

− − −
= =

∆ = + ∆ + ∆ + ∆

+ ∆ + ∆ + +

∑ ∑ ∑

∑ ∑
 (9) 

where η measures the speed of adjustment to obtain equilibrium in the event of 
shock(s) to the system and ECTt-1 is the error correction term obtained from the 
estimation of the long run equations. Other variables remain unchanged. 

In order to ensure the suitability of the model, diagnostic and stability test will 
be conducted. Diagnostic tests include tests for normality, serial correlation and 
heteroskedasticity for the different models. Then the cumulative sum (CUSUM) 
and cumulative sum of squares (CUSUMSQ) tests have been applied in order to 
ensure the stability of the models. 

3) Toda Yamamoto test of non-causality 
Next to the ARDL, we test the causal relationship between energy consump-

tion, economic growth and carbon emission through the Toda and Yamamoto 
[21] which is modified version of the Granger causality test. Implementing the 
Toda and Yamamoto test involves estimating the following Vector Auto Re-
gressive (VAR) model, where the optimal lags p are determined by the AIC or 
SIC: 
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where d is the maximum order of integration of our variable, εit (i = 1, …, 5) are 
the error terms, other variables remain unchanged. 
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3. Results and Discussions 

3.1. Unit Root Tests 

According to the results of Zivot and Andrews [38] unit root test provided in 
Table 1, the maximum order of integration of our variables is I(1) for Algeria, 
Egypt and South Africa. In addition, our variables present structural break dates. 

3.2. Cointegration Test Results 

Table 2 reports the results of the bound test for cointegration when primary 
energy, coal consumption, oil consumption, electric power consumption and 
natural gas consumption are used as proxies of energy consumption. The result 
for the electric power consumption model for Egypt, oil and natural gas models 
for South Africa are inconclusive, indicating that it is not possible to choose be-
tween the null hypothesis of nocointegration and the alternative hypothesis of 
cointegration. In fact, the calculated F-statistic for those models lies between the 
LCB and the UBC. For these models, the decision about the presence or absence 
of cointegration depends on the sign and significance of the error correction 
term. 

The bound test is conclusive for the remaining models, implying the presence 
of both short and long-run relationship between our variables. In fact, the calcu-
lated F-statistic is greater than the UCB. 
 
Table 1. Zivot and Andrews [38] unit test. 

 Algeria Egypt South Africa 

 Level 1st diff. Level 1st diff. Level 1st diff. 

lnco2 −4.436 (2009) 
−6.525*** 

(1986) 
−6.21*** (2006)  −4.13 (2000) 

−6.35*** 
(2001) 

Lngdpc −4.904* (2007)  4.74 (2006) 5.62** (1985) 4.27 (1990) 
−5.08* 
(1994) 

Lnpener −5.79*** (2004)  −6.45*** (2011)  −4.00 (1987) 
−6.61*** 
(1988) 

Lncoal −3.90 (1987) 
−9.03*** 
(1985) 

−3.42 (1999) −9.16*** (2008) −4.01 (1988) 
−6.64*** 
(2008) 

Lnoil −2.94 (2007) 
−6.41*** 
(2001) 

−4.71 (2006) −5.522** (2002) −3.65 (2002) 
−5.90*** 
(1987) 

Lnelec −4.61 (2008) 
−8.09*** 
(1987) 

4.81 (1985) −6.66*** (1996) −2.27 (2008) 
−5.87*** 
(2001) 

lnnatgas −8.43*** (2009)  −4.69 (1984) −6.91*** (1985) 
−7.43*** 
(2001) 

 

Lnurb −3.44 (1986) 
−10.33*** 

(2007) 
−7.21*** (1986)  −3.67 (2002) 

−11.86*** 
(1985) 

Lntrad −5.36**(1985)  −6.07*** (2003)  −5.63** (1989)  

Note: Values in brackets are structural break dates for each variable. ***, ** and * indicate significance at 
1%, 5% and 10% levels respectively.  
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Table 2. Bound test of cointegration. 

Estimated equation Computed F-stat for : Algeria Egypt South Africa 

CO2 = f(gdpc, pener, urb, trad) 7.506*** 4.510* 3.791* 

CO2 = f(gdpc, coal, urb, trad) 13.00*** 7.996*** 3.959* 

CO2 = f(gdpc, oil, urb, trad) 9.12*** 6.415*** 2.65inc 

CO2 = f(gdpc, elec, urb, trad) 10.527*** 3.926inc 6.027*** 

CO2 = f(gdpc, natgas, urb, trad) 9.929*** 7.166*** 4.056inc 

Critical bound values Lower bound Upper bound 

1% 3.74 5.06 

5% 2.86 4.01 

10% 2.45 3.52 

Note: *** and * indicate significance at 1% and 10% levels respectively. incindicates that the cointegration 
test result is inconclusive. In this case, the decision will depend on the sign and significance of the error 
correction term associated to the respective equations. 

3.3. Empirical Result Based on Aggregated Measures of Energy  
Consumption 

Table 3 provides the results when primary energy consumption is used. Based 
on the AIC and the SIC, the optimal models are ARDL (2,0,0,0,0), ARDL 
(1,0,1,1,0) and ARDL (2,0,1,0,0), respectively for Algeria, Egypt and South Africa. 
In addition, our results provided in Table 3 passed the tests for non-normality, 
serial correlation, and heteroskedasticity. To ensure the short-run and long run 
stability of our models, the CUSUM and CUSUMSQ tests were carried out. Re-
sults show that the short run parameters are stable for Algeria and Egypt, while 
only the short run parameter are unstable in South Africa (CUSUM).The esti-
mated coefficients of the error correction terms (ECTt-1) are significant with the 
appropriate signs at the 1% level, supporting the evidence of a long run rela-
tionship among variables. 

Economic growth has a positive and significant impact on carbon emissions 
both in the long and short run. In the long-run, a 1% increase in per capita GDP 
will increase per capita carbon emissions by 0.451, 0.290 and 0.513 in Algeria, 
Egypt and South Africa, respectively. This finding is in line with Lin et al. [42], 
Liu et al. [30], and Chen and Lei [43] whose studies do not include a quadratic 
term of per capita GDP in their environmental impact model. However, the elas-
ticity of carbon emissions with respect to income is lower than the value ob-
tained by the above-mentioned authors. This result could be explained by the 
structure or composition of production in these countries. In fact, structural 
transformation in these countries is accompanied by a shift from the industrial 
to the service sector, which is generally considered as less pollutant intensive, 
than the industrial sector [7]. 

Results in Table 4 also show that the elasticity with respect to primary energy 
is positive and statistically significant in the long-run and short-run. For in-
stance, a 1% increase in primary energy consumption will lead to a 0.558, 0.901  
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Table 3. Primary energy consumption, economic growth and carbon emissions. 

 
Algeria 

ARDL (2,0,0,0,0) 
Egypt 

ARDL (1,0,1,1,0) 
South Africa 

ARDL (2,0,1,0,0) 

 Coef. Std. error Coef. Std. error Coef. Std. error 

Long run coefficients 

Lngdpc 0.451*** 0.054 0.290*** 0.023 0.513*** 0.145 

Lnpener 0.528*** 0.016 0.549*** 0.119 0.101* 0.052 

Lnurb 0.023 0.047 2.762*** 0.665 0.270 0.206 

Lntrad −0.051* 0.026 0.015 0.031 0.214** 0.084 

constant −4.642*** 0.399 −12.33*** 2.887 −4.013*** 0.923 

Adj-R2 0.996  0.988  0.739  

J-B (Prob) 2.497 (0.286)  1.135 (0.566)  0.969 (0.658)  

B-G (Prob) 0.496 (0.563)  0.948 (0.768)  0.020 (0.968)  

B-P (Prob) 0.149 (0.216)  0.315 (0.667)  0.500 (0.853)  

Short run coefficients 

ECT(−1) −0.834*** 0.152 −0.684*** 0.118 −0.615*** 0.125 

Δ(lngdpc) 0.320*** 0.107 0.198 0,220 0.475*** 0.030 

Δ(lnpener) 0.558*** 0.050 0.901*** 0.147 0.288* 0.157 

Δ(lnurb) 0.075 0.0913 0.558 1.512 1.205 1.825 

Δ(lntrad) −0.086** 0.036 −0.002 0.032 0.104 0.083 

constant −0.001 0.013 −0.0133* 0.007 −0.015 0.0154 

Adj-R2 0.808  0.654  0.341  

J-B (Prob) 0.739 (0.690)  4.27 (0.071)  0.023 (0.988)  

B-G (Prob) 0.980 (0.976)  0.958 (0.949)  0.446 (0.381)  

B-P (Prob) 0.214 (0.252)  0.975 (0.969)  0.269 (0.432)  

CUSUM Stable  Stable  Unstable  

CUSUMSQ Stable  Stable  Stable  

Note: ***, ** and * indicate significance at 1%, 5% and 10% levels respectively; J-B is the Jarque-Bera test for 
normality; B-G is the Breusch-Godfrey serial correlation LM Test; B-P is the Breusch-Pagan-Godfrey hete-
roskedasticity Test, Prob are the associated p-values. 

 
and 0.228% increase in carbon emissions in Algeria, Egypt and South Africa in 
the short run. The corresponding effects in the long run are 0.528, 0549 and 
0.101%. The results are in line with those of most studies in the literature such as 
Shahbaz et al. [20], Farhani et al. [27], Heidari et al. [15], Inglesi-Lotz and Dogan 
[44] who find that energy consumption increases environmental degradation. 
Our result is attributed to the fact that the Algerian, Egyptian and South African 
economies are primarily based on the exploitation and the exports of fossil ener-
gies. Furthermore, fossil energy is still the main energy source in these econo-
mies. 

Concerning the control variables, the elasticity of CO2 emissions with respect  
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Table 4. Estimation for disaggregated proxies of energy. 

 Algeria Egypt  South Africa 

Energy variable: 
Corresponding 

ARDL: 

Coal 
(2,0,2,1,0) 

Oil 
(1,0,2,1,1) 

Elec 
(1,0,0,2,1) 

Natgas 
(1,0,0,00) 

Coal 
(2,0,0,2,0) 

Oil 
(2,0,0,1,0) 

Elec 
(2,0,2,2,0) 

Natgas 
(2,0,0,1,0) 

Coal 
(2,0,10,1,0) 

Oil 
(1,2,1,0,0) 

Elec 
(2,0,2,1,2) 

Natgas 
(1,2,1,0,2) 

Long run coefficients    

Lngdpc 
1.361*** 
(0.176) 

0.036 
(0.210) 

0.012 
(0.150) 

0.667*** 
(0.069) 

1.086*** 
(0.039) 

0.750*** 
(0.093) 

0.366** 
(0.193) 

0.987*** 
(0.097) 

0.528*** 
(0.143) 

0.529*** 
(0.177) 

0.475*** 
(0.150) 

0.537*** 
(0.123) 

Lnener 
0.093*** 
(0.019) 

0.953*** 
(0.105) 

0.201** 
(0.089) 

0.328*** 
(0.014) 

0.039 
(0.027) 

0.253** 
(0.067) 

0.409** 
(0.155) 

0.019 
(0.017) 

0.889* 
(0.445) 

0.553** 
(0.232) 

0.134** 
(0.056) 

0.039** 
(0.017) 

Lnurb 
0.869*** 
(0.143) 

0.468** 
(0.205) 

1.688** 
(0.226) 

0.341*** 
(0.056) 

2.913*** 
(0.804) 

1.482* 
(0.818) 

3.940** 
(0.811) 

2.714*** 
(0.850) 

0.206 
(0.174) 

0.090 
(0.444) 

0.185 
(0.142) 

0.082 
(0.296) 

Lntrad 
−0.246** 
(0.107) 

−0.152* 
(0.076) 

−1.193*** 
(0.053) 

−0.128*** 
(0.034) 

0.004 
(0.040) 

0.047 
(0.034) 

0.001 
(0.037) 

0.020 
(0.038) 

0.210** 
(0.084) 

0.242*** 
(0.087) 

0.240*** 
0.082) 

0.176** 
(0.076) 

C 
−12.940*** 

(1.077) 
0.790 

(1.872) 
0.473 

(1.286) 
−0.572 
(0.490) 

−18.705 
(2.980) 

−11.78*** 
(3.291) 

−19.94*** 
(2.809) 

−17.44*** 
(3.427) 

−3.947 
(0.913) 

−3.832*** 
(1.096) 

−2.774*** 
(1.011) 

−3.782*** 
(1.347) 

Adj-R2 0.937 0.967 0.981 0.993 0.983 0.987 0.986 0.983 0.740 0.716 0.750 0.856 

J-B (Prob) 
0.196 

(0.906) 
1.974 

(0.372) 
1.491 

(0.164) 
1.165 

(0.558) 
1.739 

(0.419) 
0.356 

(0.836) 
0.294 

(0.863) 
1.417 

(0.492) 
1.226  

(0.568) 
0.954 

(0.854) 
2.651 

(0.354) 
1.298 

(0.304) 

B-G (Prob) 
1.230 

(0.228) 
1.029 

(0.195) 
1.141 

(0.091) 
2.025 

(0.145) 
1.405 

(0.092) 
1.806 

(0.086) 
1.103 

(0.061) 
1.224 

(0.817) 
2.198  

(0.103) 
1.766 

(0.486) 
0.601 

(0.401) 
0.371 

(0.851) 

B-P (Prob) 
1.191 

(0.237) 
0.674 

(0.776) 
1.878 

(0.133) 
1.345 

(0.060) 
1.427 

(0.387) 
0.150 

(0.980) 
0.402 

(0.580) 
1.633 

(0.184) 
0.823  

(0.518) 
0.534 

(0.711) 
1.090 

(0.374) 
1.040 

(0.402) 

Short run coefficients    

ECT (−1) 
−0.149* 

(0.087) 
−0.328*** 

(0.104) 
−0.498*** 

(0.122) 
−0.615*** 

(0.137) 
−0.399*** 

(0.127) 
−0.344*** 

(0.119) 
−0.417*** 

(0.143) 
−0.381*** 

(0.127) 
−0.389*** 

(0.124) 
−0.374*** 

(0.129) 
−0.463*** 

(0.128) 
−0.618*** 

(0.174) 

Δ(lngdpc) 
0.501** 

(0.200) 
0.330* 
(0.182) 

0.195 
(0.180) 

0.385*** 
(0.129) 

0.706*** 
(0.236) 

0.258 
(0.218) 

0.421*** 
(0.162) 

0.662** 
(0.284) 

0.487*** 
(0.129) 

0.653** 
(0.318) 

0.733** 
(0.305) 

0.991*** 
(0.292) 

Δ(lnener) 
0.040*** 
(0.014) 

0.644*** 
(0.137) 

0.590*** 
(0.127) 

0.306**** 
(0.038) 

0.014 
(0.043) 

0.480*** 
(0.106) 

0.275*** 
(0.064) 

0.012 
(0.023) 

0.252** 
(0.123) 

0.880*** 
(0.178) 

0.192** 
(0.082) 

0.431*** 
(0.089) 

Δ(lnurb) 
0.977 

(1.975) 
4.068** 
(1.841) 

0.566 
(1.515) 

0.289 
(1.119) 

3.101 
(1.968) 

1.655 
(1.678) 

2.758 
(1.920) 

3.011 
(1.956) 

1.328 
(1.798) 

−0.718 
(1.838) 

−1.164 
(2.056) 

−0.115 
(2.815) 

Δ(lntrad) 
−0.10*** 
(0.073) 

−0.070 
(0.061) 

−0.116* 
(0.059) 

−0.136*** 
(0.045) 

0.039 
(0.046) 

0.044 
(0.034) 

0.021 
(0.043) 

0.047 
(0.042) 

0.107 
(0.082) 

0.088 
(0.088) 

0.071 
(0.084) 

0.026 
(0.077) 

C 
0.017 

(0.028) 
−0.049* 
(0.027) 

0.00002 
(0.022) 

0.013 
(0.016) 

0.009 
(0.008) 

0.002 
(0007) 

0.004 
(0.010) 

0.008 
(0.008) 

−0.014 
(0.0147) 

0.002 
(0.015) 

0.011 
(0.016) 

−0.004 
(0.023) 

Adj-R2 0.245 0.458 0.503 0.706 0.349 0.566 0.397 0.355 0.357 0.234 0.309 0.407 

J-B (Prob) 
4.479 

(0.106) 
0.999 

(0.606) 
3.518 

(0.172) 
0.449 

(0.798) 
2.580 

(0.275) 
0.021 

(0.989) 
0.572 

(0.479) 
2.408 

(0.299) 
0.026  

(0.987) 
0.288  

(0.865) 
0.213 

(0.213) 
0.222 

(0.894) 

B-G (Prob) 
1.942 

(0.126) 
0.120 

(0.864) 
2.268 

(0.084) 
0.309 

(0.689) 
0.310 

(0.688) 
0.034 

(0.959) 
0.494 

(0.250) 
0.267 

(0.766) 
0.976  

(0.386) 
1.057 

(0.358) 
1.427 

(0.253) 
0.332 

(0.719) 

B-P (Prob) 
1.861 

(0.266) 
1.842 

(0.136) 
0.579 

(0.764) 
1.345 

(0.305) 
1.284 

(0.310) 
9.016 

(0.108) 
2.200 

(0.089) 
1.503 

(0.211) 
1.329  

(0.272) 
1.880 

(0.120) 
1.714 

(0.831) 
0.483 

(0.785) 

CUSUM Unstable Stable Stable Stable Stable Stable Stable Stable Stable Stable Stable Stable 

CUSUMSQ Stable Unstable Unstable Stable Stable Stable Stable Stable Stable Stable Stable unstable 

Note: (.) are standard errors; ***, ** and * indicate significance at 1%, 5% and 10%, respectively, J-B is the Jarque-Bera test for normality; B-G is the 
Breusch-Godfrey serial correlation LM Test; B-P is the Breusch-Pagan-Godfrey heteroskedasticity Test, Prob are the associated p-values. 
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to rate of urbanization is positive in the selected countries, although a significant 
impact is recorded only in Egypt. This result is consistent with Hooi and Smyth 
[29], Halicioglu [17], Akpan and Akpan [19] who find that urbanization has a 
positive impact on carbon emissions. However, it is important to note that the 
debate on the effect of economic growth on environmental degradation is still 
growing, since He et al. [45] find that above a certain development level, urba-
nization is not necessarily associated to the increase in CO2 emissions.  

Trade openness has a negative and significant impact on CO2 emissions in 
Algeria in the long and short run, while the opposite effect is observed in South 
Africa in the long run. The effect of trade openness in Egypt is not significant 
both in the long and short run. This clearly indicates that the determinants of 
environmental degradation may differ across countries of the same region. 

3.4. Empirical Results Based on Disaggregated Measures of  
Energy Consumption  

The long and short run outcomes are reported in Table 4. The negative and sig-
nificant coefficients associated to the error correction term (ECTt−1) confirm the 
cointegration hypothesis among the variables for the sub equations. Diagnostic 
tests indicate that the residual in the estimated equations are homoscedastic and 
non autocorrelated. The equations also pass the normality test. Cumulative sum 
(CUSUM) and cumulative sum of squared (CUSUMSQ) recursive residual tests 
indicate that some models are stable while others are not. 

As it is the case for aggregate energy, economic growth has a positive and sig-
nificant impact on carbon emissions in the short and long-run. In addition, ur-
banization has a positive and significant impact on CO2 emissions in Algeria and 
Egypt, and a non-significant impact in South Africa. Trade openness plays an 
ambiguous role in explaining carbon emissions in these countries. In Algeria, 
increase in the trade openness ratio has a negative effect on carbon emissions in 
the short-run and the long run. The effect of trade openness is positive and sta-
tistical significant only in the long term in South Africa, while the effect of this 
variable is positive but non-significant in Egypt. These results suggest that in-
crease in the openness of Algeria is coupled with increase in the imports of less 
pollution-intensive goods and services. However, our result confirms the ab-
sence of consensus on the effects of trade openness on the environment; since 
the net effect is positive or negative depending on the level of development of 
countries [17], the factor endowment according to which as openness proceeds, 
developing countries would change to net exporters of pollution-intensive goods 
and deteriorate their environmental quality [16]. 

The most important result concerns the effects of disaggregated energy con-
sumption (coal, oil, electricity and natural gas) on carbon emissions. The elastic-
ity of per capita carbon emissions with respect to coal, oil, electricity and natural 
gas are positive and significant both in the long and short run in the selected 
countries. However, the magnitude of the coefficient differs between the proxies 
of energy consumption. In fact, oil consumption is the main energy source of 
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CO2 emissions in Algeria, while power electric consumption and coal consump-
tion are the major sources of CO2 emissions in Egypt and South Africa respec-
tively. All thing being equal, 1% increase in oil, natural gas, electricity and coal 
consumption in Algeria leads to an increase in CO2 emissions by 0.953, 0.328, 
0.201 and 0.093, respectively. In Egypt, a unit increase in per capita electric 
power consumption and oil consumption generates 0.409 and 0.253 units in per 
capita carbon emission, while the effects of coal and natural gas are insignificant. 
In South Africa, the respective elasticities are 0.889, 0.553, 0.134 and 0.039 for 
coal, oil, electricity and natural gas consumption. 

3.5. Toda Yamamoto Non-Causality Results 

The results of Toda Yamamoto test for no-causality are reported in Table 5. As 
we are relatively more interested in the interrelationships between economic 
growth, energy consumption and carbon emissions, we concentrate on results 
relating to those variables.  

The results on the direction of the causality are summarized in Table 6, where 
the source and the direction of causality between the variables are also reported.  
 
Table 5. Toda-Yamamoto Granger non-causality test.  

 Algeria Egypt South Africa 

Panel A: Total primary energy  
consumption 

   

ENER does not Granger cause CO2 19.240*** (0.0002) 9.527*** (0.0085) 15.260*** (0.0024) 

CO2 does cause ENER 1.236 (0.7443) 8.589** (0.0113) 3.968 (0.1375) 

GDPC does not Granger cause CO2 22.202*** (0.0001) 11.41*** (0.0033) 7.649** (0.0218) 

CO2 does not cause Granger GDPC 3.497 (0.3211) 10.161*** (0.0062) 4.430* (0.0863) 

ENER does not Granger cause GDPC 9.381** (0.0246) 10.122*** (0.0063) 9.550*** (0.0093) 

GDPC does not Granger cause ENER 73.386*** (0.0000) 7.542** (0.0230) 5.191* (0.746) 

Panel B: Coal consumption    

Coal does not Granger cause CO2 41.141*** (0.0000) 5.651*** (0.0039) 6.077** (0.0479) 

CO2 does not Granger cause Coal 10.370** (0.0157) 0.009 (0.9953) 0.704 (0.7031) 

GDPC does not Granger cause CO2 16.655*** (0.0008) 11.113*** (0.0003) 7.675** (0.0215) 

CO2 does not Granger cause GDPC 5.944 (0.114) 6.781** (0.0337) 12.346*** (0.0007) 

Coal does not Granger cause GDPC 1.828 (0.607) 8.747** (0.0126) 28.572*** (0.0000) 

GDPC does not Granger cause coal 3.429 (0.3300) 7.637** (0.0220) 5.101* (0.0780) 

Panel C: Oil consumption    

Oil does not Granger cause CO2 17.199*** (0.0018) 4.809* (0.0903) 6.433** (0.0401) 

CO2 does not Granger cause oil 12.836** (0.0121) 2.304 (0.3160) 2.229 (0.3279) 

GDPC does not Granger cause CO2 8.474* (0.0757) 6.648** (0.0360) 7.276** (0.0263) 

CO2 does not Granger cause GDPC 7.718 (0.1025) 6.759** (0.0341) 1.833 (0.3998) 

Oil does not Granger cause GDPC 18.447*** (0.0010) 13.258*** (0.0013) 5.188* (0.0747) 
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Continued 

GDPC does not Granger cause oil 30.988*** (0.0000) 3.478 (0.1757) 5.266* (0.0718) 

Panel D: electric power consumption    

Elec does not Granger cause CO2 13.939*** (0.0030) 7.920** (0.0191) 17.530** (0.0036) 

CO2 does not Granger cause elec 6.444* (0.0919) 3.514 (0.1725) 16.185*** (0.0063) 

GDPC does not Granger cause CO2 9.565** (0.0226) 14.155*** (0.0023) 14.548** (0.0125) 

CO2 does not Granger cause GDPC 6.621* (0.0850) 4.886* (0.0869) 38.446*** (0.0000) 

Elec does not Granger cause GDPC 14.069** (0.04642) 6.798** (0.0274) 13.929** (0.0161) 

GDPC does not Granger cause elec 15.033** (0.0131) 6.516** (0.0385) 11.359** (0.0447) 

Panel E: Natural gas consumption    

Nat gas does not Granger cause CO2 25.361*** (0.0012) 8.308** (0.0157) 9.004** (0.0111) 

CO2 does not Granger cause nat gas 27.875*** (0.0000) 6.048** (0.0486) 6.073** (0.0480) 

GDPC does not Granger cause CO2 6.607* (0.0855) 4.806* (0.0904) 13.137*** (0.0014) 

CO2 does not Granger cause GDPC 17.53*** (0085) 7.380** (0.0250) 0.195 (0.9067) 

Nat gas does not Granger cause GDPC 14.754** (0.0247) 6.629** (0.0363) 6.865** (0.0387) 

GDPC does not Granger cause nat gas 4.076 (0.2533) 7.901** (0.0192) 8.561** (0.0138) 

Note: (.) are p-values; ***, ** and * indicate the rejection of null hypothesis at 1%, 5% and 10% significance, 
respectively. 

 
Table 6. Summary of direction of causality between variables. 

Energy variables Countries CO2 ↔ Energy CO2 ↔ GDPC Energy ↔ GDPC 

Prim. energy 
cons. 

Algeria Energy to CO2 GDPC to CO2 Bi-directional 

Egypt Bi-directional Bi-directional Bi-directional 

S. Africa Energy to CO2 Bi-directional Bi-directional 

Coal cons. 

Algeria Unidirectional GDPC to CO2 No relationship 

Egypt Coal to CO2 Bi-directional Bi-directional 

S. Africa Coal to CO2 Bi-directional Bi-directional 

Oil cons. 

Algeria Bi-directional GDPC to CO2 Bi-directional 

Egypt Oil to CO2 Bi-directional Oil to GDPC 

S. Africa Oil to CO2 GDPC to CO2 Bi-directional 

Power electric 
cons. 

Algeria Bi-directional Bi-directional Bi-directional 

Egypt Electricity to CO2 Bi-directional Bi-directional 

S. Africa Bi-directional Bi-directional Bi-directional 

Natural gas cons. 

Algeria Bi-directional Bi-directional Nat gas to GDPC 

Egypt Bi-directional Bi-directional Bi-directional 

S. Africa Bi-directional GDPC to CO2 Bi-directional 

Note: ***, ** and * indicate the rejection of null hypothesis of no-causality at 1%, 5% and 10% significance, 
respectively.  
 

As we can notice on the above table, the following relations are established 
among the variables: unidirectional causality, bi-direction causality or feedback 
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relationship and no causality among the variables. At the aggregated level, there 
is an unidirectional relationship running from primary energy consumption to 
CO2 emissions in Algeria and South Africa, and a feedback or bi-directional re-
lationship between primary energy consumption and CO2 emissions in Egypt. 
Bi-directional causality is also found between carbon emissions and GDP per 
capita is Egypt and South Africa, and a unidirectional relationship running from 
economic growth to CO2 emissions in Algeria. Finally, there is a feedback rela-
tionship between energy consumption and GDP per capita in Algeria, Egypt and 
South Africa. Overall, these results indicate that the reduction in primary energy 
consumption will have cut down carbon emissions and slow down economic 
growth since there is a feedback relationship between energy and economic 
growth. At the disaggregated level, except the case of Algeria where there is no 
relationship between economic growth and coal consumption, other result show 
several forms of causal relationship between disaggregated energy variables, 
economic growth and energy consumption. 

4. Conclusions and Policy Implications 

This paper investigated the effect and the causal relationship between economic 
growth, energy consumption and carbon emissions in the top three emitters in 
Africa over the period from 1971 to 2015. The Zivot and Andrews [38] unit root 
tests were applied in order to endogenously control for any structural breaks in 
the time series, and the bounds testing approach to cointegration helped to 
check for the existence of long run relationship between our variables. The em-
pirical results show that economic growth and aggregate energy consumption, 
measured by primary energy consumption, have a positive and significant im-
pact on CO2 emissions both in the long and short run. At the disaggregated level, 
we find that results oil, electric power consumption and coal consumption are 
the more polluting energy sources in Algeria, Egypt and South Africa, respec-
tively. Furthermore, the results show that urbanization has a positive impact on 
carbon emissions; even if the impact is not significant in all the countries. Lastly, 
the role of trade openness is mixed, depending on the country. In addition, the 
Toda-Yamamoto [24] Granger non-causality test showed several relationships 
among economic growth, energy consumption and carbon emissions, each one 
affecting other. 

As policy recommendations, we suggest to governments of Algeria, Egypt and 
South Africa that they should implement and/or reinforce existing policies re-
lated to energy efficiency (existing policies include the National Programme for 
the promotion of renewable energy until 2020 in Algeria, the Renewable Energy 
Strategy in Egypt, the Integrated Resource Plan in South Africa). It is also rec-
ommended to develop integrated energy plans with the aim to substantially in-
crease the contribution of renewable energy production and consumption in the 
energy mix. In addition, population growth and urbanization will require addi-
tional investments to improve energy efficiency in the public transport networks, 
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building and industrial sector. Such measures could generate a double dividend 
phenomenon, by firstly sustaining the long run economic growth rate; and 
secondly by mitigating the adverse effect of energy consumption on CO2 emis-
sions. An interesting way to extend this study would consist of analyzing the 
impact of other renewable energy consumption (wind, solar and biomass) on 
carbon emissions in these countries. Presently, there are very limited data on 
these variables. 
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List of Appendices 

 
Appendix 1. Carbon emissions profile in Africa in 2015. Source: Authors, from IEA [8]. 
 
Appendix 2. Descriptive statistics and correlation matrix.  

Country 1: Algeria 

 CO2 Gdpc Pener Coal Oil Elect Natgas Urb Trad 

Mean 1.902 3689.097 25.422 0.483 8.775 590.556 16.096 53.981 58.538 

Median 1.970 3614.581 27.140 0.573 8.325 546.552 18.081 54.048 60.528 

Maximum 3.162 4675.885 51.644 1.058 17.66 1356.265 33.748 70.129 76.684 

Minimum 0.574 2321.350 3.418 0.019 2.288 133.087 1.0330 39.665 32.684 

Std. Dev. 0.642 526.465 11.881 0.326 4.018 310.932 7.9039 9.901 11.215 

Observations 44 44 44 44 44 44 44 44 44 

CO2 1         

Gdpc 0.862 1        

Pener 0.991 0.822 1       

Coal 0.466 0.263 0.429 1      

Oil 0.962 0.871 0.635 0.285 1     

Elec 0.939 0.849 0.953 0.227 0.976 1    

Natgas 0.982 0.783 0.994 0.459 0.938 0.929 1   

Urb 0.910 0.754 0.934 0.323 0.9313 0.960 0.919 1  

Trad 0.083 0.394 0.075 −0.450 0.216 0.262 0.021 0.22 1 

Country 2: Egypt 

Mean 1.398 1666.358 40.584 0.688 22.280 805.942 15.083 43.205 52.238 

Median 1.357 1581.288 34.928 0.727 23.095 690.243 9.499 43.063 52.217 

Maximum 2.206 2608.375 86.524 1.037 38.322 1658.96 47.349 43.954 82.176 

Minimum 0.558 787.289 7.8411 0.276 6.264 194.248 0.0450 41.838 32.481 

Std. Dev. 0.498 562.045 24.144 0.185 8.873 465.703 15.3179 0.5116 12.400 

Observations 44 44 44 44 44 44 44 44 44 

CO2 1         

Gdpc 0.986 1        

Pener 0.978 0.692 1       

Coal 0.135 0.099 0.010 1      

11%

17%

38%

34% Algeria

Egypt

South Africa

other Africa
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Continued 

Oil 0.976 0.776 0.955 0.193 1     

Elec 0.974 0.589 0.998 0.006 0.947 1    

Natgas 0.934 0.655 0.982 −0.1182 0.883 0.985 1   

Urb −0.133 −0.217 −0.259 0.222 −0.153 −0.270 −0.315 1  

Trad −0.076 −0.138 −0.1629 0.263 −0.157 −0.159 −0.167 0.564 1 

Country 3: South Africa 

Mean 7.128 6289.629 86.834 65.209 18.320 3905.829 1.167 54.098 52.146 

Median 7.021 6134.965 88.123 68.036 17.639 4122.705 0.783 53.279 51.538 

Maximum 8.541 7571.876 125.26 93.823 27.262 4777.059 4.464 64.298 72.865 

Minimum 6.090 5423.588 38.658 29.249 9.388 2161.922 0.0000 47.869 37.487 

Std. Dev. 0.680 604.643 27.269 19.490 5.656 730.400 1.386 5.4326 7.7134 

Observations 44 44 44 44 44 44 44 44 44 

CO2 1         

Gdpc 0.814 1        

Pener 0.228 0.445 1       

Coal 0.186 0.416 0.995 1      

Oil 0.316 0.476 0.965 0.936 1     

Elec 0.022 0.179 0.911 0.927 0.839 1    

Natgas 0.556 0.781 0.840 0.803 0.877 0.594 1   

Urb 0.396 0.579 0.944 0.910 0.983 0.7602 0.933 1  

Trad 0.691 0.807 0.288 0.248 0.363 0.127 0.572 0.432 1 

 
 

https://doi.org/10.4236/me.2019.101004

	Energy Consumption, Economic Growth and Carbon Emissions: Evidence from the Top Three Emitters in Africa
	Abstract
	Keywords
	1. Introduction
	2. Data, Modeling and Estimation Technique
	2.1. Data, Descriptive Statistics and Correlations
	2.2. Modeling Approach
	2.3. Estimation Technique

	3. Results and Discussions
	3.1. Unit Root Tests
	3.2. Cointegration Test Results
	3.3. Empirical Result Based on Aggregated Measures of Energy Consumption
	3.4. Empirical Results Based on Disaggregated Measures of Energy Consumption 
	3.5. Toda Yamamoto Non-Causality Results

	4. Conclusions and Policy Implications
	Conflicts of Interest
	References
	List of Appendices

