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Abstract This study examines the relation between CO2 emis-
sions, income, non-renewable, and renewable energy consump-
tion in Algeria during the period extending from 1980 to 2011.
Our work gives particular attention to the validity of environ-
mental Kuznets curve (EKC) hypothesis. The autoregressive
distributed lag (ARDL) with break point method outcome dem-
onstrates the positive effect of non-renewable type of energy on
CO2 emissions consumption. On the contrary, the results reveal
an insignificant effect of renewable energy on environment
improvement. Moreover, the results accept the existence of
EKC hypothesis but the highest gross domestic product value
in logarithm scale of our data is inferior to the estimated turning
point. Consequently, policy-makers in Algeria should expand
the ratio of renewable energy and should decrease the quota of
non-renewable energy consumption.
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consumption . Non-renewable energy consumption .
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Introduction

The last few decades havewitnessed an increased awareness of
environmental problems. The accumulation of environmental

problems caused by human activity has raised the question of
the possibility of economic growth that respects the environ-
ment and the achievement of a sustainable development that
would not be harmful for the future generation. Since the
Kyoto Protocol, the substitution of the energy category for
fossil fuels by renewable energy one is seen as a response to
reduce CO2 emissions. In 2015, 164 countries have adopted at
least one class of renewable energy target (International
Renewable Energy Agency). The primary aim of this paper
is to look at the link among renewable sort of energy consump-
tion, non-renewable energy consumption, CO2 emissions, and
output in Algeria. The choice of Algeria is explained by dif-
ferent reasons. First, Algeria is highly dependent on fossil fuel
energy. According to the World Bank, natural gas rents, oil
rents, and total natural resource rents contributed by 6.11,
23.65, and 30.17%, respectively, to gross domestic product
(GDP) in 2012. Its consumption of oil and natural gas tripled
during the 1980–2012 period. Oil consumption increased from
120 to 371 in thousand barrels per day and natural gas con-
sumption jumped from 11.4 to 31 in billion cubic meters (see
Table 1).

Second, the dependence on fossil fuel energy has been
accompanied by a decrease in its production in recent years.
Oil production (in thousand barrels per day) decreased from
1689 in 2010 to 1537 in 2012. Natural gas production (in
billion cubic meters) declined from 84.4 in 2000 to 81.5 in
2012 (see Table 1).

Third, the evolution of the consumption of non-
renewable energy leads to the degradation of the environ-
ment by increasing CO2 emissions. As indicated by US
Energy Information Administration, the carbon dioxide
emissions (in million metric tons) doubled during the pe-
riod from 1980 to 2012, jumping from 67 to 134.
Fu r the rmore , acco rd ing to the Env i ronmen t a l
Performance Index (http://epi.yale.edu/country-rankings),
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Algeria was ranked 86 on the list of 132 nations for their
ecological result. Fourth, aware of this environmental
problem, Algeria has drawn some programs to reduce
CO2 emissions by 7–22% by 2030 (United Nations Paris
Climate Agreement). Algeria has adopted a national
program to raise its portion of the use of renewable
energy consumption. This share was lower than 1% over
the period 1990–2012. Algeria hopes to integrate a
renewable capacity of 22,000 MW into its energy mix
by 2030 and to minimize energy consumption by 9% by
2030.

The linkage among energy consumption, CO2 emission,
and output has been the research topic of several papers, but
only a few of them have differentiated between renewable and
non-renewable energy consumption. In the literature, this top-
ic has attracted little attention from researchers interested in
the relationship between energy consumption, CO2 emissions,
and economic growth. Moreover, these previous studies have
given contradictory results.

To the best of the author’s knowledge, our review is
the first to inspect the connection among carbon dioxide
emissions, income, and energy consumption in Algeria by
disaggregating electricity consumption into both sources,
i.e., non-renewable and renewable sources over 1980–
2012 period. Moreover, our study is the first to inspect
the environmental Kuznets curve (EKC) hypothesis in
Algeria by using the ARDL model with break points. In
addition, we apply unit root tests with one break-point
and with two-break points. Furthermore, our review ex-
pands the writing related to the oil-exporting countries for
which there are still few reviews.

This document is orchestrated as follows. Section 2
gives a brief literature review. Section 3 describes meth-
odology and analysis. Section 4 provides the main results
and debates, and Section 5 integrates conclusions and
policy implications.

A brief literature review

The literature that scrutinizes the connections among CO2

emissions, output, and energy consumption can be summed
up into three topics.

The first topic focuses on the linkage between output and
energy consumption (Ozturk 2010; Payne 2010; Magazzino

2014a, 2014b, 2016). In this case, the majority of studies have
considered the non-renewable category of energy as a proxy
of energy consumption (Alshehry and Belloumi 2015;
Caraiani et al. 2015; Tang et al. 2016). Other types of studies
have been interested in the linkage among renewable category
of energy consumption and output (Omri et al. 2015;
Bhattacharya et al. 2016; Wesseh and Lin 2016; Amri 2017).
More recent studies have shed the light on the same link by
integrating the two categories of energy consumption as de-
terminants of economic growth (Amri 2016; Dogan 2016).
Four distinguishable hypotheses are deduced from this topic
of studies: the feedback hypothesis, the growth hypothesis, the
neutrality hypothesis, and the conservation hypothesis
(Magazzino 2014a, b, 2016). The studies that looked into
the link among output and energy consumption in Algeria
are limited (see Table 2). Belaid and Abderrahmani (2013)
and Fuinhas and Marques (2013) demonstrated the presence
of the first hypothesis. Wolde-Rufael (2009) showed the pres-
ence of the second one. Wolde-Rufael (2006) accepted the
third one. Wolde-Rufael (2005) and Cherfi and Kourbali
(2012) confirmed the fourth hypothesis.

The second topic focuses on the veracity of environmental
Kuznets curve hypothesis (EKC) (Bo 2011; Magazzino
2014a, b, 2016). The EKC hypothesis is confirmed by Jalil
and Mahmud (2009), Apergis and Payne (2010), Nasir and
Rehman (2011), Hamit-Haggar (2012), Babu and Datta
(2013), Shahbaz et al. (2013), Apergis and Ozturk (2015),
Baek (2015), and Tutulmaz (2015). Yet, the EKC hypothesis
is rejected by Pao et al. (2011), Wang (2012), Ozcan (2013),
Robalino-López et al. (2014), and Ozturk and Al-Mulali
(2015). In the case of Algeria, the mentioned hypothesis is
confirmed by Saboori et al. (2016) who are interested in a
study on the Organization of Petroleum Exporting Countries
between 1977 and 2008, and by Lematouch et al. (2014) be-
tween 1965 and 2009. Whereas Lacheheb et al. (2015) dem-
onstrates the absence of the EKC assumption by estimating an
ARDL model.

The third topic investigates the linkage among carbon foot-
print, output, and energy consumption. This literature is inter-
ested not only in the validity of EKC hypothesis but also fo-
cuses on the possible relationship between all the variables such
as causality relationship, short-run, and long-run relationship.
These studies produce mixed results (Alshehry and Belloumi
2015; Begum et al. 2015).With regard to the Algerian case (see
Table 2), Bouznit and Pablo-Romero (2016) considered gross

Table 1 The evolution of energy
indicators (BP statistical review of
world energy 2015)

1980 1990 2000 2010 2012

Oil production (thousand barrels daily) 1139 1347 1549 1689 1537

Oil consumption (thousand barrels daily) 120 213 191 327 371

Natural gas: production (billion cubic metres) 14.2 49.3 84.4 80.4 81.5

Natural gas consumption (billion cubic metres) 11.4 20.3 19.8 26.3 31
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domestic product, gross domestic product squared, imports,
exports, and energy use as determinants of CO2 emissions.
The ARDL (Autoregressive Distributed Lag) model outcome
indicates the presence of Environmental Kuznets Curve as-
sumption although the rupture outcome level was not reached
between 1970 and 2010. Furthermore, pollution is affected
positively by the energy use and import variables while nega-
tively affected by the export one.

Within the third topic, there are a few papers which have
integrated the renewable energy as additional variable by ex-
amining the nexus among economic growth, CO2 emissions,
and non-renewable and renewable categories of energy con-
sumption (Al-Mulali et al. 2015a; Ben Jebli and Ben Youssef
2015; Bento and Moutinho 2016; Ben Jebli et al. 2016). From
the abovementioned studies, there is no study that has
assessed the linkage among energy consumption by sources,
economic growth, and CO2 emissions in Algeria.

Methodology and analysis

Model

Forourpurpose,weusemodel1which is introducedbydifferent
studies such asFarhani et al. (2014) andDogan andSeke (2016).
This model has the advantage to test the EKC hypothesis by
comparing the signsof the coefficient ofGDPand the coefficient
of square of gross domestic product. The EKC is acceptedwhen
the first parameter is positive, and the second one is negative.
Moreover, it allows detecting the impact of the two categories
of energy consumption on dioxide carbon emissions.

ln CO2t ¼ α0 þ α1 ln GDPt þ α2 ln GDP2t þ α3 ln NREt þ α3 ln REt þ εt

ð1Þ

Where CO2 is the dioxide carbon emissions, GDP is the
gross domestic product per capita, GDP2 is the square of gross
domestic product per capita, RE is the renewable energy use
per capita, NRE is the non-renewable one expressed in per
capita form, ε denotes the statistical error element, and
αi(i = 1, … , 4) denotes the parameters of each variable.

Methodology

In this paper, we adopt the following steps: firstly, we look into
the stationarity proprieties of the time series variables.We utilize
the traditional unit root tests, i.e., augmented Dickey–Fuller
(ADF)(Dickey and Fuller 1979), Dickey–Fuller GLS (DF-
GLS), Elliott-Rothenberg-Stock (ERS), Phillips–Perron
(PP)(Phillips and Perron 1988), and Kwiatkowski-Phillips-
Schmidt-Shin (KPSS)(Kwiatkowski et al. 1992). In addition,
we exploit the unit root tests with one structural break such asT
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Zivot and Andrews (1992) and Perron (1997). Moreover, we
perform theClemente et al. (1998) unit root test with two breaks.

Secondly, to uncover the long-run connections among the
variables, we carry out the technique developed by Pesaran

et al. (2001) to test the cointegration, namely, ARDL
(autoregressive distributed lag). This methodology is appro-
priate for time series data which are stationary in levels or in
first differences.

ΔlnCO2t ¼ ω0 þ ∑
j¼1

n1

ω1 jΔlnCO2t− j þ ∑
j¼1

n2

ω2 jΔlnGDPt− j þ ∑
j¼1

n3

ω3 jΔlnGDP2t− j þ ∑
j¼1

n4

ω4 jΔlnREt− jþ

∑
j¼1

n5

ω5 jΔlnNREt− j þ ϕ1lnCO2t−1 þ ϕ2lnGDPt−1 þ ϕ3lnGDP2t−1 þ ϕ4lnREt−1 þ ϕ5lnNREt−1 þ ϕ6breakt þ εt

ð2Þ

Whither Δ constitutes the first-difference of series, ε rep-
resents the error term, ω0 represents the constant coefficient,
break represents the dummy variable, n1 – n5 represent the lag
length which is selected by the Akaike criteria (AIC).

The no cointegration assumption (H0:ϕ1 = ϕ2 = ϕ3 = ϕ4 =
ϕ5 = 0) which is tested against the alternative assumption of
cointegration (H1:ϕ1 = ϕ2 = ϕ3 = ϕ4 = ϕ5 = 0).

Pesaran et al. (2001) developed two critical bound values
(lower and upper bound values). By comparing these values to
the computed F-statistic, Pesaran et al. (2001) identified three
situations. The first one is the presence of the cointegration link-
age and realized when the upper value is weaker than the com-
puted F-statistic. The second one is the absence of cointegration
linkage and realized when the computed F-statistic is weaker
than the lower value. The third one is the inconclusive relation-
ship between the variables and realized when the computed F-
statistic is between the two levels of values.

Thirdly, some diagnostic tests (heteroscedasticity, normal-
ity, serial correlation) are used to ascertain the validity of the
ARDL model. In addition to this, we control the model stabil-
ity by employing two tests related to recursive residuals. The
first one is the cumulative sum (CUSUM). The second one is
the cumulative sum of square (CUSUMQ).

Data

We concentrate on Algerian annual data between 1980 and
2011 which is the longest period of series data of all the
variables collected. CO2 is dioxide carbon emissions in
metric tons. GDP is in US dollars (2005 the base year),
RE is electricity consumption from renewable sources in
billions of kilowatt-hours. NRE is electricity consumption
from non-renewable sources in billion of kilowatt-hours.
The CO2 and GDP statistics are gathered from the World
Bank Indicators (World development indicators 2015).
The RE and NRE are gathered from the US Energy
Information Administration.

The description will be made in three steps. First, we ex-
amine the evolution of data by a visual presentation. As seen
in Fig. 1, gross domestic product, non-renewable energy con-
sumption, and CO2 emissions underwent a comparable trend
between 1980 and 2011.

Second, we are interested in presenting the correlation ma-
trix of the data. As shown in Table 3, the non-renewable en-
ergy has the higher correlation with GDP. Moreover, the result
proves that non-renewable energy and output have a signifi-
cant role in damaging the environment.

-25
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10
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REN

NREN

Fig. 1 Evolution of gross
domestic product, CO2 emission,
renewable energy consumption,
and non-renewable energy
consumption in Algeria (1980–
2011, log-scale) (World Bank
Indicators and US Energy
Information Administration)

14570 Environ Sci Pollut Res (2017) 24:14567–14578



Third, we focus on some descriptive statistics of the four
variables such as the values of mean, median, inter-quartile
range, skewness, kurtosis, standard deviation, maximum,
minimum, and range. As presented in Table 4, CO2 emissions
and output have positive averages. Themean andmedian have
comparable values for all variables; this holds true for stan-
dard deviation and pseudo-standard deviation statistics. The
negative values of skewness for both CO2 emission and re-
newable energy consumption variables prove the presence of
left-skewed distributions. The inter-quartile range (IQR) dem-
onstrates the lack of outliers in the considered data.

Results and discussions

Integration process

The results of traditional unit root tests (see Table 5) reveal
that except Co2 emission variable which is I(0), all other series
are non-stationary at the level form, but become stationary at
their first difference.

Moreover, the stationary of each variable is detected by
Zivot and Andrews (1992) unit root test (Ben Jebli and Ben
Youssef 2015; Dogan 2015; Iyke 2015). Themain advantage of
this test is to comprise the presence of break point in the data.

The Zivot and Andrews (1992) unit root test is founded on
the following models:

Δyt ¼ α0 þ α1yt−1 þ α2t þ α3DIt þ ∑
k

j¼1
d jΔyt− j þ εt model1ð Þ ð3Þ

Δyt ¼ α0 þ α1yt−1 þ α2t þ α4DTt þ ∑
k

j¼1
d jΔyt− j þ εt model2ð Þ ð4Þ

Δyt ¼ α0 þ α1yt−1 þ α2t þ α3DIt þ α4DTt þ ∑
k

j¼1
d jΔyt− j þ εt model3ð Þ

ð5Þ

Where DIt reflects a mean shift dummy variable coming
from every prospective break date (TB), DTt reflects trend
shift dummy variable. Models 1, 2, and 3 are with intercept
change, with trend change, and with both intercept and trend
changes, respectively.

ΔDUt ¼ 1::::ift≻TB
0::::ift≺TB

�
and ΔDUt ¼ t−TB::::ift≻TB

0::::ift≺TB

�

ð6Þ

Zivot and Andrews (1992) tested the unit root test hypoth-
esis against the one-break hypothesis. The outcome of Zivot
and Andrews (1992) unit root test, which is given in Table 6,
indicated that our series are integrated I(0) or I(1). The vari-
ables which are integrated at I(0) mean that they are stationary
at their level whereas integrated I(1) series are stationary at
first difference. The result of Zivot and Andrews (1992) unit
root test indicated different break points for CO2 emissions
variable. This period encompasses the 1986 oil shock and
the structural reforms adopted by Algeria in 1988. This
result is confirmed by applying Perron (1997) (Table 7) unit
root tests with one-break point and Clemente et al. (1998) with
two-break points (Table 8).

These outcomes allow looking into the long-run relation-
ship among explored variables by using the ARDL method.

ARDL cointegration process

We used the break dates recovered after applying the Zivot
and Andrews (1992), Perron (1997) and Clemente et al.
(1998) unit root tests on dioxide carbon emissions variable.
We integrated a dummy variable (BREAK) assuming the val-
ue one throughout the period 1985–1989 and zero elsewhere.
The real GDP growth was −0.2, −0.7, and −1.9 in 1986, 1987,
and 1988, respectively.

The ARDL cointegration test with a break is applied to
look into the long-run linkage between the variables. The ob-
tained F-statistic (Table 9) exceeds the upper critical bound

Table 3 Correlation matrix

Variable CO2 GDP NREN REN

CO2 1.000

GDP 0.392* 1.000

NREN 0.256* 0.623* 1.000

REN −0.007 0.231 −0.362 1.000

*** 1% symbolizes the significance at 1% level. ** symbolizes the sig-
nificance at 5%. * symbolizes the significance at 10%

Table 4 Summary staistics

Variable Mean Median Maximum Minimum Standard deviation Skewness Kurtosis Pseudo standard
deviation

IQR

ln CO2 1.109 1.135 1.261 0.646 0.128 −1.752 2.686 0.088 0.119

ln GDP 7.905 7.883 8.090 7.739 0.104 0.314 1.968 0.110 0.149

ln RE −18.643 −18.669 −17. 379 −20. 192 0.716 −0.438 2.914 0.522 0.704

ln NRE −14.390 −14.479 −13.777 −15.000 0.308 0.147 2.260 0.316 0.426

Environ Sci Pollut Res (2017) 24:14567–14578 14571



mentioned by Pesaran et al. (2001). Consequently, we accept
the cointegration hypothesis among the series. This result does
not confirm the finding of Magazzino (2014a) which demon-
strates the absence of cointegration among CO2 emissions,
energy use, and gross domestic product in Italy in the period
stretching from 1970 to 2006. Moreover, this outcome
confirms the result of Magazzino (2016) in the case of Oman.

Short-run and long-run results

The outcome of ARDL model (Table 10) can be summarized
as follows:

firstly, contrary to Magazzino (2014a, 2016) we are inter-
ested in the EKC relationship by focusing on the signs of
parameters related to GDP and GDP2 variables. In both

short- and long-run analyses, the results indicate a positive
sign of GDP and a negative sign of GDP2. This means that
EKC hypothesis is accepted in the case of Algeria’s economy.
But, this latter has not yet reached the turning point output that
allowed it to get environmental benefits. The highest value of
ln GDP (8.09) is less than the turning point (9.275 in the long
run or 10.27 in the short run) which has been computed by the
ratio of GDP parameter to the absolute value of the double of
the estimate GDP2 parameter. This conclusion implies that
Algerian economy remains a creator of pollution. This results
from the low real GDP per capita growth (1.10%) recorded
during the considered period. The slow growth in Algeria is
related to the lack of growth of total factor productivity growth
and to the accumulation of capital (IMF 2013). This implies
that Algerian policy-makers must promote economic growth

Table 5 Result for unit root tests

Variables Augmented Dickey–Fuller test
statistic

Phillips–Perron test statistic Dickey–Fuller-GLS Test
statistic

Kwiatkowski- Phillips-
Schmidt-Shin tests

Intercept Intercept and
trend

intercept Intercept and
trend

Intercept Intercept and
trend

intercept Intercept and
trend

ln CO2 −3.079**(0) −3.359***(0) −3.317**(2) −3.359***(0) −2.841* (0) −3.221* (0) 0.173 (1) 0.091(1)

ln GDP −0.655 (1) −3.198(7) −0.420(4) −0.918(3) −0.791(1) −1.314(1) 0.550**(4) 0.174** (4)

ln GDP2 −0.643(1) −3.169 (7) −0.403(4) −0.911(3) −0.781(1) −1.311(1) 0.533** (4) 0.174** (4)

ln RE −2.519(0) −3.173(0) −2.539 (1) −3.165(1) −1.604 (0) −2.428 (0) 0.377 *(4) 0.166** (4)

ln NRE −0.432(0) −2.203(0) −0.424(3) −2.408(3) 1.133 (0) −2.055(0) 0.748* (4) 0.128 ***(4)

Δ ln CO2 −6.002*(0) −5.839*(0) −6.427*(2) −6.399* (2) −1.621***(3) −4.403* (0) 0.291(15) 0.117 (13)

Δ ln GDP −2.926***(0) −3.661**(0) −2.985**(3) −3.127(3) −2.952*(0) −3.202**(0) 0.259 (4) 0.103(3)

Δ ln GDP −2.919***(0) −3.592** (0) −2.978**(3) −3.623**(3) −2.945*(0) −3.198**(0) 0.261(4) 0.103(3)

Δ ln RE −8.746*(0) −8.665*(0) −11.217*(13) −18.652*(21) −7.776*(0) −8.709*(0) 0.332(30) 0.103 (30)

Δ ln NRE −6.006*(0) −5.870*(0) −6.023*(2) −5.887*(2) −1.685*** (2) −5.843*(0) 0.130 (3) 0.118 (3)

*** 1% symbolizes the significance at 1% level. ** symbolizes the significance at 5%. * symbolizes the significance at 10%. The values in parentheses
symbolize the lag order. Lag selection via AIC

Table 6 Zivot and Andrews Unit
Root test with break point Variables Zivot and Andrews unit root test

Intercept Break
year

Trend Break
year

Intercept and
trend

Break
year

ln CO2 −4.399(0) 1985 −5.852***(0) 1986 −5.755***(0) 1989

ln GDP −2.740(1) 1990 −4.788**(1) 1995 −4.683(1) 1993

ln GDP2 −2.729(1) 1990 −4.782**(1) 1995 −4.672(1) 1993

ln RE −4.641*(1) 2003 −3.991(1) 2002 −4.786(1) 2003

ln NRE −3.972(0) 1993 −3.670(0) 1998 −3.785(0) 1993

Δ ln CO2 −6.061***(0) 1988 −5.839**(0) 2001 −5.848***(0) 2005

Δ ln GDP −4.605*(0) 1995 −4.621**(0) 1987 −5.050*(0) 1995

Δ ln GDP2 −4.766*(0) 1995 −4.523**(0) 1987 −5.001*(0) 1995

Δ ln RE −9.313***(0) 2003 −8.711***(0) 1989 −9.520***(0) 2003

Δ ln NRE −6.832***(0) 1998 −6.991***(0) 1991 −7.217***(0) 1998

*** 1% symbolizes the significance at 1% level. ** symbolizes the significance at 5%. * symbolizes the signif-
icance at 10%. The values in parentheses symbolize the lag order. Lag selection via AIC
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in order to achieve a reduction in CO2 emissions. A higher
growth can be realized by enhancing the accumulations of
capital and knowledge (IMF 2013).

This outcome is in accordance with the Algerian studies
about environmental Kuznets curve, for example, Bouznit and
Pablo-Romero (2016) who indicated the presence of EKC hy-
pothesis, but the threshold level of income per capita has not
been reached yet by applying an ARDLmodel with break point
during the period between 1970 and 2010. Their model
considered GDP, GDP square, and energy consumption as
determinants of CO2 emissions. This result does not conform
to the findings of Lacheheb et al. (2015) which demonstrate the
absence of EKC assumption in Algerian data between 1971 and
2009. The comparison between the short- and long-run GDP
parameters is used to test the EKC hypothesis. The model inte-
grated GDP and energy use as factors of CO2 emissions.

This outcome is in accordance with the paper of Bölük and
Mert (2015) in Turkey, which is interested in the impact of
renewable energy, GDP, and GDP square on CO2 emissions.

This result is consistent with that of Halicioglu (2009),
Kohler (2013), Farhani and Shahbaz (2014), Shafiei and
Salim (2014), and Al-Mulali et al. (2016) in Turkey, South
Africa, MENA countries, OECD countries, and Kenya,
respectively.

This result does not conform to the study of Balaguer and
Cantavella (2016) in the case of Spain, which supported the
EKC hypothesis, and the turning point is reached.

This result does not conform with the findings of past stud-
ies for other countries which rejected the EKC hypothesis, for
example, Begum et al. (2015) in Malaysia, Robalino-López
et al. (2014) in Ecuador, Ozturk and Al-Mulali (2015) in
Cambodia, and Ben Jebli and Ben Youssef (2015) in
Tunisia. This discrepancy is due to different reasons. First,
the method used to test the cointegration relationship.
Begum et al. (2015) applied the ARDLmethod without break-
ing point. Ozturk and Al-Mulali (2015) used the Generalized
Method of Moments and the Two-stage Least Squares
methods. Second, the data used. Robalino-López et al.
(2014) considered the period from 1980 to 2025. Third, the
groups of countries investigated. Narayan et al. (2016) dem-
onstrated that EKC hypothesis is more displayed in developed
countries compared to less developed ones. Yang et al. (2015)

Table 7 Perron (1997) unit root
test with break point Variables Innovative outlier Additive outlier

break in intercept Break in trend and
intercept

Break in
intercept

Break in trend and
intercept

ln CO2 −4.904** (1989) −7.219** (1990) −5.938* (1987) −6.333* (1987)
ln GDP −4.507 (1990) −4.307 (1991) −4.562 (1990) −4.883*** (1990)
ln GDP2 −4.333(1990) −4.676(1991) −4.561(1990) −4.376 (1990)

ln RE −4.202 (1990) −4.733 (2001) −4.557(2002) −4.235 (2002)

ln NRE −4.052 (1992) −4.608 (2008) −4.182 (1992) −4.015 (1993)

Δ ln CO2 −5.844*(1995) −7.044*(1988) −5.892*(1992) −5.894*(1994)
Δ ln GDP −5.262*(1994) −5.307*(1991) −5.841*(1994) −5.179**(1994)
Δ ln GDP2 −5.826*(1994) −5.854*(1994) −5.444*(1994) −5.137***(1994)
Δ ln RE −8.880*(1997) −8.644*(1997) −8.813*(2000) −9.825*(2002)
Δ ln NRE −7.540*(2009) −7.702*(2008) −7.064*(1997) −7.561*(1997)

*** 1% symbolizes the significance at 1% level. ** symbolizes the significance at 5%. * symbolizes the signif-
icance at 10%. The values in parentheses symbolize the break year

Table 8 Clemente, Montanes, and Reyes unit root tests with two
structural breaks

Variables Innovative outlier Additive outlier

ln CO2 −6.487** (1987, 2005) −5.781** (1986, 2004)

ln GDP 1.468 (1984, 2000) −3.829 (1989, 2004)

ln GDP2 1.403 (1984, 2000) −3.843 (1989, 2004)

ln RE −5.169 (1993, 2001) −5.271 (1991, 2000)

ln NRE −2.282(1997, 2001) −2.906(1989, 2000)
Δ ln CO2 −5.686** (1986, 2000) −5.779** (1986, 1999)

Δ ln GDP −6.906** (1984, 1993) −5.695** (1995, 2005)

Δ ln GDP2 −5.875** (1984, 1993) −5.638** (1995, 2005)

Δ ln RE −4.572** (2001, 2004) −9.280** (2000, 2003)

Δ ln NRE −6.242** (1996, 2004) −6.245** (1995, 2003)

*** 1% symbolizes the significance at 1% level. ** symbolizes the sig-
nificance at 5%. * symbolizes the significance at 10%. The values in
parentheses symbolize the break year

Table 9 Bound test cointegration results

lnCO2t = f(lnGDPt, lnGDP2,t ln NREt, lnREt)

Bound test F-statistic 5.690

Significance 1%

Lower I(0) bound 3.24

Upper I(1) bound 5.06
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demonstrated the presence ofM-shaped and N-shaped models
in the case of highly developed countries while the presence of
inverted U-shaped curves, inverted N-shaped, and monotoni-
cally increasing curve in the developing countries.

Secondly, we focus on the impact of non-renewable energy
on CO2 emissions. An increase at the rate of 1% in non-
renewable energy consumption per capita will inflate CO2

emissions per capita by 0.347% in the long run against
0.204% in the short run. This means that intensification in
non-renewable energy consumption gives a reason for the in-
crease in CO2 emissions. This is likely to occur in light of the
fact that Algeria is highly dependent on fossil fuel energies that
have affected negatively the environment during extraction and
consumption. The Algerian fossil fuels energy consumption
accounted for more than 99% of the total energy consumption
in 2012 (US Energy Information Administration 2015). This
big share is dedicated to residential and transportation sector.
Consequently, to reduce CO2 emissions, Algeria should
implement an energy saving program. Mirzaei and Bekri
(2017) demonstrated that 10% of energy reduction would de-
crease CO2 emissions by 17.8% from 2010 to 2025 in Iran.

This outcome is in accordancewith Al-mulali et al. (2015b)
by using GMM panel data in the case of four groups of coun-
tries differing by their income classes (high, upper middle,
lower middle, and low). It is also in conformity with Ben
Jebli et al. (2016) by performing panel cointegration methods
in OECD countries from 1980 to 2010. It is in line with
Ertugrul et al. (2016) by exploiting cointegration and VECM
causality techniques in some developing countries between
1971 and 2011, and with Begum et al. (2015) by utilizing
ARDL and dynamic ordinary least square estimators in the
case of Malaysia between 1970 and 2009.

Moreover, this result is in line with those of Bento and
Moutinho (2016) by using ARDL model in Italy during the
1960–2011 period, Ozturk and Al-Mulali (2015) by using
Two-stage least squares and GMM techniques in the case of
Cambodia from 1996 to 2012, Farhani et al. (2014) by
exploiting panel data methods in the case of ten MENA coun-
tries between 1990 and 2010, and Shahbaz et al. (2013) by
applying panel cointegration tests in a Romanian study.

This is likely to occur in light of the fact that fossil fuel
consumption accounts for more than 67% total energy con-
sumption worldwide.

Thirdly, we shed the light on the effect of renewable energy
consumption on CO2 emissions. The short- and long-run pa-
rameters of renewable category of energy are positive and
statistically insignificant. This means its inability to affect
the CO2 emissions. This is prone to happen on the grounds
that the share of renewable energy consumption is very small,
representing only 0.1% from total energy consumption which
is weak compared to the total primary energy worldwide ac-
counting for 13.2% in 2012 recorded (US Energy Information
Administration 2015). This implies that renewable energy can
be a solution to reduce CO2 emissions by enhancing its level
contribution of total energy consumption. It represented
25.4% in 2014 in the case of European Union. According to
Chiu and Chang (2009), to reduce CO2 emissions, the share of
renewable energies should be greater than 8.3889%. For this
reason, Algeria has adopted a program to boost its production
in renewable energy by 25% between 2015 and 2030.
Bonneuil and Boucekkine (2016) demonstrated that the adop-
tion of renewable energy program must be gradual over time.

The results from this work are in line with the result of Bilgili
et al. (2016) in the case of Italy in the long term. However, there
are mixed associations (positive or negative) between renew-
able energy and CO2 emissions in 16 other countries.

This outcome is in line with Ben Jebli and Ben Youssef
(2015) who demonstrate an insignificant impact of renewable
kind of energy consumption on pollution variable in Tunisia
from 1980 to 2009. This conformity is due to the weak pro-
portion of renewable energy use in Algeria and Tunisia.

Our result is in conformity with Al-Mulali et al. (2015a)
who show the incapacity of renewable energy in reducing the
level of pollution in Vietnam between 1981 and 2011. This

Table 10 Long- and short-run estimates. Selected model: ARDL (1, 1,
1,0,0)

Long-run analysis

Variables Coeff. Std. error T-ratio Prob.

Constant −10.933*** 1.513 −7.223 0.000

GDP 2.523*** 0.552 4.563 0.000

GDP2 −0.136*** 0.030 −4.472 0.000

REN 0.075 0.073 1.019 0.317

NREN 0.347*** 0.061 5.672 0.000

BREAK −0.134*** 0.029 −4.604 0.000

Short-run analysis

Variables Coeff. Std.error T-statistic Prob.

ΔGDP 2.487*** 0.399 6.202 0.000

ΔGDP2 −0.121*** 0.019 −6.113 0.000

ΔREN 0.075 0.043 1.028 0.313

ΔNREN 0.204** 0.093 2.171 0.027

ECT(_1) −0.589*** 0.169 −3481 0.001

ΔBREAK −0.104*** 0.019 −5.321 0.000

R2 0.999

Adjusted R2 0.999

F-statistic 6.196 0.000

DW-statistic 2.293

Diagnostic tests

Tests

Serial corr. 0.998 0.386

Normality 1.257 0.533

Heteroscedasticity 0.524 0.835

*** 1% symbolizes the significance at 1% level. ** symbolizes the sig-
nificance at 5%. * symbolizes the significance at 10%
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affirmation is correlated to the Vietnam weakness in renew-
able energy consumption which accounts for 1% in the total
energy consumption.

This long-term result is inconsistent with the finding of
Bölük and Mert (2015) which proves the importance of the
types of renewable energy in reducing pollution in Turkey
between 1961 and 2010. In the short-term, our results are in
contradiction with the latter study which indicates a positive
effect of renewable energy on CO2 emissions. Furthermore,
this outcome is in contradiction with the study about Italy by
Bento and Moutinho (2016) which establishes a negative im-
pact of renewable energy in CO2 emissions on both short and
long terms. This difference is attributed to the high share of
renewable energy in Italy which represents more than a
quarter of the total energy. Our findings are in contradiction
with the results of Dogan and Seke (2016) in the case of 40

countries indicating a positive contribution of renewable en-
ergy to the environmental protection in the long time. These
countries are figured from the highest renewable energy ones.
Our outcome is in contradiction with the study of Ben Jebli
et al. (2016) which illustrates an environment improvement
after renewable energy enhancement.

The value of equilibrium correction mechanism parameter
(ECM) is greater than −1 and less than 0. The outcome indi-
cates that the adjustment from the short- to the long-run equi-
librium is equal to 5.89% during one-time period.

The results at the bottom of Table 10 have validated the
hypothesis of no serial correlation, the absence of
heteroscedasticity, and the normality presence of the error
term. The CUSUM and CUSUMQ statistics which are present-
ed in Fig. 2 demonstrate the stability of coefficients of error
correction model given that they are inside the limits of 5%.

-15

-10

-5

0

5

10

15

90 92 94 96 98 00 02 04 06 08 10

CUSUM 5% Significance

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

90 92 94 96 98 00 02 04 06 08 10

CUSUM of Squares 5% Significance

Fig. 2 CUSUM and CUSUM of
square plots of recursive residual
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Conclusion and policy implications

The objective of our work is to examine the linkage between
non-renewable energy consumption, renewable energy con-
sumption, economic growth, and Co2 emissions in Algeria
during the period stretching from 1980 to 2011.

The outcomes from this review suggest a variety of results
and policy implications:

First, the ARDL results indicate the validity of EKC hy-
pothesis since we obtain a positive sign of GDP parameter and
a negative sign of GDP square parameter. But, the estimated
GDP turning point is not inside the 1980–2011 period. This
suggests that CO2 emissions could begin with the increase in
the Algerian GDP.

Second, the increase of non-renewable energy consumption
in Algeria contributes to the environment deterioration. It im-
plicates that Algeria ought to make attempts to lessen its con-
sumption from non-renewable energy category with a specific
end goal; to diminish CO2 outflows. In this context, Algerian
authorities should establish an energy strategy based on energy
saving and energy efficiency. This strategy will focus on the
energy-intensive sectors; namely, transport, households, and
tertiary, whose energy consumption represents 80% in Algeria
nationwide. This model will reduce internal energy through the
modernization of infrastructures, the integration of technologi-
cal innovations, and the organization of campaigns to sensitize
the people to reduce the consumption of energy. Moreover, this
strategy should be accompanied by different actions. Firstly, the
implementation of energy rationalization programs through ap-
plying technical regulations for equipment and vehicles which
consume a lot of energy. According to the International Energy
Agency, this type of program launched in OECD countries
would have saved 60% of energy.

Secondly, the gradual revision of energy prices would be
suggested by focusing on energy-intensive sectors that have a
significant impact on energy demand. Thirdly, over-production
and unnecessary consumption should be avoided, and the pace
of growth in demand ought to be controlled in order to better
conserve energy and to benefit from improved energy efficien-
cy. Fourthly, authorities should adopt new legislations and in-
centives in order to reduce consumption of fossil fuels.

Third, the results related to the ARDL estimates reveal an
insignificant impact of renewable energy consumption on Co2
emissions. To reduce CO2 emissions, Algerian authorities
should invest in renewable energy consumption and should
adopt measures to encourage the consumption of renewable
energy. Therefore, it is important to initiate a strategy based on
the implementation of related investments, the modification of
production standards, and the training of necessary human
capital. The development of renewable energies faces an enor-
mous high-cost challenge. Thus, seeing the high costs, renew-
able energies can only be developed through subsidies granted
by the government.

Moreover, policy-makers should promote the attraction of
foreign direct investment by removing the obstacles linked to
the weakness of governance, the bureaucratic procedures, and
the lack of tax incentives.
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