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ABSTRACT

The impact of renewable energy consumption on the carbon dioxide emissions was analyzed for
a panel of ten South American countries in a period from 1980 to 2012. The Autoregressive
Distributed Lag Methodology was used in order to decompose the total effect of renewable
energy consumption on the carbon dioxide emissions in its short- and long-run components. The
results indicate that the consumption of renewable energy reduce the carbon dioxide emissions in
-0.0420 % when the consumption of alternative sources increases in 1% in short-run. The
empirical evidence shows that the renewable consumption plays an important role in reducing
CO. emissions and that the economic growth and energy consumption in the South American
countries are still based on fossil fuels.
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O IMPACTO DO CONSUMO DE ENERGIAS RENOVAVEIS NAS EMISSOES DE
DIOXIDO DE CARBONO - O CASO DOS PAISES DA AMERICA DO SUL

RESUMO

O impacto do consumo de energias renovaveis sobre as emissfes de didxido de carbono foi
analisado em um painel de dez paises da América do Sul, durante o periodo compreendido entre
1980 e 2012. Neste sentido, foi utilizada a metodologia Autoregressive Distributed Lag Panel de
forma a decompor o efeito total do consumo de energias alternativas sobre as emissdes em seus
componentes de curto e longo prazo. Os resultados indicam que o0 consumo de energia renovavel
reduz as emissdes de dioxido de carbono em -0,0420% quando o consumo de fontes alternativas
aumenta em 1% no curto prazo. A evidéncia empirica mostra que o consumo de energias
renovaveis desempenha um papel importante na reducdo das emissdes de CO2, e que 0
crescimento econdémico e 0 consumo de energia nos paises sul-americanos ainda sdo baseados em
combustiveis fosseis.

Palavras-chave: Meio-ambiente, Economia da energia, Econometria.

INTRODUCTION

The consequent increase in the level of carbon dioxide emissions (COz) caused by fossil
fuels consumption has set off an alarm signal worldwide. Additionally, almost all greenhouse gas
emissions in the world come from coal 44 %, oil 36 % and 20 % natural gas (IRENA, 2014). The
Latin America region according to Vergara et al. (2013) saw the CO2 emissions more than
doubling in last three decades, where the region contributes 11% of global CO2> emissions.
Indeed, the region is a small contributor to the world (SCHIPPER et al., 2011). Additionally, an
intuitively appealing way to address the challenge of increase of CO2 emissions is to expand the
use of either renewable energy sources (RES) from the wind, solar, geothermal, biomass, and
hydro to reduce reliance on fossil fuels, and hence the level of CO2 emissions.

The aim of this study is to answer the following question: Does the renewable energy
consumption upsetting the carbon dioxide emissions? To this question be answered, renewable

energy impact will be analyzed the impact of RES consumption on the CO, emissions in ten
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South American countries from 1980 to 2012, using Auto-Regressive Distributed Lag (ARDL).
In the literature, the impact of RES consumption on the CO2 emissions has been scarcely
researched. For instance, Bilgili (2016) analyzed the existence of Inverted-U shaped relationship
between environmental quality, per capita income, and RES consumption for 17 Organization for
Economic Co-operation and Development (OECD) countries in the period from 1977-2010. The
results of the analysis, suggest that the RES consumption yields have a negative impact on CO>
emissions. Aliprandi et al. (2016) studied the RES consumption impact on CO2 emissions in Italy.
The authors found that the reduction of CO, emissions is lower than expected considering the
amount of energy produced from RES, and it is related to the level of RES penetration. Other
authors have pointed to the capacity of RES to reduces the emissions (e.g. JAFORULLAH;
KING, 2015; ROBALINO-LOPEZ et al., 2015; WESSEH; LIN, 2016). However, the second line
of researchers have to points that the RES does not cause an impact on CO; emissions (e.g.
APERGIS et al., 2010; MENYAH; WOLDE-RUFAEL, 2010). Based on the results of these
studies the article has two hypotheses: (H1) The RES consumption has the capacity to reduction
the CO. emissions, and (H2) The RES consumption does not capacity to reduction the emissions.

The study of this theme is important the following reasons: The real RES impact on CO>
emissions is necessary to understand, as well as, in the literature, there are few studies which
have investigated the impact of RES on COz emissions in South American countries.
Additionally, the choice of South American countries is justified due to the region has a rapid
growth in RES consumption. This article is organized as follows: Section 2, the material and
method used. Section 3, the results and discussions. Finally, the conclusions are shown in Section
4,

MATERIAL AND METHOD

This section is divided into two parts. In the first one, it will be presented the material

used in this research. The second section contains the method.

Material
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To analyze the impact of renewable energy consumption on the CO2 emissions, it was
utilized the data, from 1980 to 2012, of ten South America countries namely: Argentina, Bolivia,
Brazil, Chile, Colombia, Ecuador, Peru, Paraguay, Venezuela, and Uruguay. For analysis of

impact of RES consumption on COz, the following variables (Table 1) were used.

Table 1: Variables in the model.

Variables Description Source
LCO? Carbon Dioxide Emissions (CO2), from the consumption of Energy Information
fossil fuels energy in million metric tons. Administration (EIA).
L RE Renewable Energy Consumption in Billion Kilowatt-hours, Energy Information
from the wind, geothermal, solar, biomass and waste. Administration (EIA
LY Gross Domestic Product (GDP) in constant local currency The World Bank Data
units (LCU). (WBD).

Energy Information

LP  Petroleum consumption in quadrillion Btu. Administration (EIA)

The countries are chosen by the following criteria: (i) they have been RES consumption
for a long period; and (ii) they have data available for the entire period for CO, emissions, GDP,
and petroleum consumption. The total population was used to transform all variables in per
capita. The variables in per capita help us control the disparities in population growth among the
countries. The GDP in local currency units (LCU) reduces the influence of exchange rates. The
econometric analysis was performed using EViews 9.5, and Stata 14.0 software.

The best econometric practices strongly recommend testing for the presence of
heterogeneity that could arise when long time span is used. The long-time spans exacerbate the
potential occurrence of a panel with parameter slope heterogeneity and presence of cross-section
dependence (CSD). In South American countries, it is expected that share a common
characteristic that could result in the presence of CSD. Furthermore, according to Eberhardt and
Presbitero (2013), when the CSD is not controlled it can produce both biased estimates and a
severe identification problem. Table 2 reveals both the descriptive statistics and the cross-section
dependence of variables.

Table 2: Descriptive statistics and cross-section dependence test.

\ Descriptive statistics \ Cross-section dependence (CSD)
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Obs Mean Std\}De Min. Max. CD test Corr. ,rb)\bs(Cor

LCO2 330 -13.2598 0.6694 14.8064 -11.9527 | 17.43 *** 0.452 0.485

LRE 330 2.8335 14397 -0.3930 6.1292 | 30.60 *** 0.794 0.794
LY 330 10.839  3.1129 7.2290  16.1225 | 28.97 *** 0.752 0.752
LP 330  -1.1399 1.3553  -3.9932 1.7905 | 32.42 *** 0.841 0.841

DLCO2 | 320 0.0116  0.0777 -0.2776 0.2650 | 3.58 *** 0.094 0.181
DLRE 320 0.0503 0.1860 -0.6120 15046 | 199 ** 0.052 0.188
DLY 320 0.0131 0.0449 -0.1531 0.1504 | 15.70 *** 0.414 0.414
DLP 320  0.0250  0.0715  -0.2553 0.2868 | 4.26 *** 0.112 0.195

Notes: Pesaran (2004) CD test has N (0,1) distribution, under the Ho: cross-section
independence. ***, ** * denote statistically significant at 1%, 5% and 10% level, respectively.
The Stata command xtcd was used to achieve the results for CSD.

The presence of cross-section dependence in the variables both in levels and in first-
differences was confirmed by CDS-test. The presence of CSD evidences interdependence

between the cross-sections that the countries share common shocks.
Method

The UECM form of the ARDL model was used to analyze the impact of RES
consumption on CO emissions. The ARDL model decomposes the total effects of a variable in
short-and long-run components, as well as, generating consistent, efficient parameter estimation
and inference of parameters based on a standard test (KOENGKAN, 2017; SRINIVASAN et al.,
2012). The general UECM form of the ARDL model used in this empirical analysis follows the

specification of the Equation. (1):

K K K
LCOZ2, = ay +6,;,;TREND, +Zﬁllijl—REit-j "‘Zﬂ 12ijLYit—j +Zﬁl3ijLPit—j +E1i (1)
j=1 j=0 j=0

where 0 denotes the intercept, &, is trend and B, B,,; are the estimated parameters, and ¢,

is the error term.
The Equation (1) can be transformed in an equivalent dynamic specification, Equation
(2), that allows to capture the short- and the long-run effects of independent variables on the

dependent one.
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it j

k k k

DLCO2, = a, +J,,TREND, + Z B 22;DLRE; + Z B 25;DLY, + Z BoyiDLP,_ | + @
j=1 j-1 j=1

725 LCO2 ; + 7y, LRE ; + 7,5 LYy + 7,5 LP s + &5

where &, denotes the intercept, d,; istrend and f3,,; B,,i 7217221 re the estimated parameters,

and ¢, is the error term.

The variance inflation factor (VIF), according to O’Brien, (2007) provides an indication
the impact of multi-collinearity on the accuracy of estimated regression coefficients. The VIF-test
and correlation test was used to checks the presence of multicollinearity, and correlation

coefficients between variables (see Table 3).

Table 3: Matrices of correlations and VIF statistics.

LCO2 LRE LY LP
LCO2 1.0000
LRE 0.3396 *** 1.0000
LY -0.2729 *** 0.1024 1.0000
LP 0.6780 *** 0.7427 *** -0.2780 *** 1.0000
VIF 2.90 1.41 3.11
Mean VIF 2.47

DLCO2 DLRE DLY DLP
DLCO2 1.0000
DLRE -0.2264 *** 1.0000
DLY 0.3664 *** 0.0091 1.0000
DLP 0.6637 *** -0.1898 *** 0.4037 *** 1.0000
VIF 1.05 1.21 1.25
Mean VIF 1.17

Notes: *** denote statically significant at 1%.

The results of VIF-test points that the mean VIF of (2.47) to long-run and (1.17) to
short-run are low. The low VIF-test statistics support that the multicollinearity is not a great
concern in the model. Moreover, the first and second-generation unit root test were used to assess
the order of integration of the variables. The first-generation unit root tests of LLC (LEVIN; LIN;
CHU, 2002), ADF-Fisher (MADDALA; WU, 1999), and ADF-Choi (CHOI, 2001), were used.
The null hypothesis rejection of the LLC, ADF-Fisher and ADF-Choi tests means unit root
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(common unit root process). The second-generation unit root test CIPS of Pesaran (2007) was
used. The null hypothesis rejection of CIPS-test has HO: Series are | (1). Table 4 shows, the

results of unit root tests.

Table 4: Unit roots tests.

1% Generation test 2" Generation unit root test
LLC | ADF-Fisher | ADF-Choi CIPS (Zt-bar)
Individual intercept and trend Without trend With trend
LCO2 -1.2109 29.8091 * 0.9332_ -0.802 -0.812
LRE -3.3297 *** 42,4013 *** 2.914é Fxx-1.600 ** -3.354 ***
LY -2.5527 *** 30.6570 ** 0.9036 -0.237 -0.627
LP -2.3364 ***  19.6462 0.5193_ -0.417 1.173
DLCO2 -8.4104 *** 109.419 *** 8.0681- Frx 8817 Fr* -8.499 ***
DLRE -8.8996 *** 109.200 *** 8.2202- Frx 9505 Fr* -7.997 ***
DLPY -6.2199 ***  73.6748 *** 5.81641 Frx-6.130 Fr* -5.318 ***
DLP -7.2684 *** 90.9046 *** 6.832(3 Frx 8153 F** -7.465 ***

Notes: ***, ** * denote statistically significant at 1%, 5% and 10% level, respectively. The null
hypotheses are as follow: the LLC test the unit root (common unit root process), this unit root test
controls for individuals effects, individual linear trends, has a lag length 1, and Newey-West
automatic bandwidth selection and Bartlett kernel were used; the ADF-FISHER and ADF-Choi
test the unit root (individual unit root process), this unit root test controls for individual effects,
individual linear trends, has a lag length 1, the first generation test follows the option “individual
intercept and trend”, which was decided after a visual inspection of the series. The Eveiws 9.5
was used in the calculus of the first-generation tests. The CIPS test (Pesaran, 2007) has Ho: series
are I(1). The Stata command multipurt was used to compute CIPS test.

The results of first and second generation unit root test indicates that the first-difference
of variables and the variable LRE in logarithm are I (1).

The macro panel structure according to Baltagi (2008) has a long-time span, where it has
the advantage of allowing panel unit root test that has a standard asymptotic distribution, which it

is important when checking for cointegration. The presence of individual effects must be tested
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against random effects (RE) in the model. The RE model, the error term assumes the following

form: x4 + o, where, the ., denotes N-1 country specific effects, and «_ is the independent and

identically distributed errors. The Equation (2) converted in Equation (3) by changing

Epfory +o,:

K K K
DLCOZ, = ay +3J,,TREND, +Zﬁ 22ii DLRE; +Zﬁ 23i; DL Y +Zﬂ24ijDLPit—j + @)
i=1 j-1 j=1
721iLCOZ 1 + Vo LRE 1 + 7,5 LYy 1 + 750l Pey + 44 + @

The Hausman test of the Random Effects (RE) against Fixed Effects (FE) specification
was applied to identify the presence of RE or FE in the model. This test has the null hypothesis
that the best model is RE. The results of this test point to the selection of (FE) model, where the

result is significant ,2 - 38.63. The (FE) model evidence a greater suitability for analyzing the

influence of variables over time.Additionally, this allows a great evaluation of the net effect of
the explanatory variables.The presence of long time spans and many cross-sections in macro
panels make testing for the slope heterogeneity of parameters highly advisable. This testing could
be of two types: (i) heterogeneity of parameters in the short- and long-run; and (ii) heterogeneity
of parameters only in the short-run. To deal with heterogeneity, the Mean Group (MG) or Pooled
Mean Group (PMG) estimators could be applied. The MG is a flexible technique, where creates
regressions for each individual, and then computes for all individuals an average coefficient.
(PESARAN et al., 1999). Indeed, this estimator is consistent in long-run average, while in
presence of slope homogeneity the model is not efficient (PESARAN et al., 1999). The PMG is
an estimator that in long-run parameters make restrictions among cross-sections, but not in short-
run and in adjustment speed term. Moreover, the PMG estimator it is more efficient and
consistent in the existence of homogeneity in long-run if compared with MG estimator
(FUINHAS et al., 2015).

RESULTS AND DISCUSSION

The MG and PMG estimations were tested against the dynamic fixed effects (DFE).

Additionally, in the presence of heteroskedasticity contemporaneous, first order autocorrelation
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and cross-section dependence in the context of a long-time span, the Driscoll and Kraay (1998)
estimator need to be apply because this estimator generates robust standard errors for several
phenomena found in the sample errors (FUINHAS et al., 2015; FUINHAS et al., 2017). The DFE
estimator, DFE robust standard errors and DFE Driscoll and Kraay (DFE D.-K) were computed.
The battery of specification tests were used like the modified Wald test for groupwise
heteroscedasticity, the Pesaran for cross-section independence, the Breusch-Pagan Langrarian
Multiplier test for cross-section independence, and the Wooldridge test for autocorrelation in
panel data. Table 5, evidences the estimations of the MG, PMG, DFE models, outcomes of the
Hausman test, the short-and long-run elasticities for the models DFE, DFE robust and DFE D.-K,
and also the specification tests.

Table 5: Estimations results.

(Dependent Variable DLCO?2)

Heterogeneous estimator Fixed effects
. FE FE Robust FED.-K.
MG (1) PMG (1) Coefficients (am (V) W)
Consta 10 792- * 7266- *hKk 4315- KKk *khKk KKk KKk
nt ' * - -
6 9 5
Trend | -0.0015 0.003 *** 0.002 ***  *kx * falall
2 3
Short-run (semi-elasticities)
*% - -
DLRE | -0.1343 0.125 *** 0.042 *=* *okok ok
2 0
DLY | 03741 0'38; ok 0-272 ok ok sk .
DLP 05228 :* 0.56£11 o 0.637 .hn  sxx e o

(Dependent Variable LCO2)
Long-run (elasticities)

LRE (- | 50976 0.041 0.026
1) 2 3
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Speed of adjustment
ECM -0.6713 :* 0.405; folalal 0.242- FrAk Hk falaiel falaiel
Hausman tesst ! Specification test
MG vs PMG PMG vs DFE Vh\ﬂ/g:j(jf:eeg Pesaran test Wzotlgsrtidg
F=043 = 000we | KomSTABS 1.348 )

Notes: *** *** denote statistically significant at 1% ,5% and 10% level, respectively;
Hausman results for Ho: Difference in coefficients not systematic; ECM denotes error
correction mechanism; the long-run parameters are computed elasticities; the Stata commands
xtpmg, and Hausman (with the sigmamore option) were used;In the fixed effects were used the
xtreg, and xtscc Stata commands; For Ho of Modified Wald test: sigma(i)*2 = sigma”2 for all
I; results for Ho of Pesaran test: residuals are not correlated; results for Ho of Wooldridge test:
no first-order autocorrelation.

The Hausman-test points that the DFE is the appropriate estimator, i.e there is evidence
that the panel is homogeneous. The estimations result of DFE, DFE robust, and DFE Driscoll and
Kraay points to the presence of long memory of the variables, and the ECM term is statically
significant at 1% level and it has a negative signal, where this result confirms the presence of
Granger causality. The semi-elasticities were calculated by adding the coefficients of variables in
the first differences. The elasticities are calculated by dividing the coefficient of lagged
independent variable by the coefficient of the lagged independent variable, multiplier by (-1). The
results showed that in the short-run elasticities the RES consumption has the capacity to
reduction CO emissions in -0.0420 %, when the RES consumption increase in 1%, and in the
long-run the RES consumption, it is not capable of decreasing the emissions. The negative impact
of renewable energy consumption on CO> emissions, it is in line with several authors that studied
the Latin American countries (e.g. FUINHAS et al., 2017; ROBALINO-LOPEZ et al., 2015;
SHEINBAUM et al., 2011).Certainly, the decrease of CO2 emissions by renewable energy
consumption in short-run is due to the investments in renewable energy sources that are the result
of the availability of enormous biodiversity and the abundance of renewable sources (e.g.
hydropower, wind, solar, geothermal, and biomass) in most Latin American countries (FUINHAS
etal., 2017).
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Moreover, the GDP has a positive impact in short-run of 0.2792 %, and in long-run of
0.5025 %, and petroleum consumption has a positive effect of 0.5641 % in short-run and 0.6196
% in long-run. These results are in line with several authors that studied the Latin America region
(e.g. FUINHAS et al, 2017; PABLO-ROMERO; JESUS, 2016; ROBALINO-LOPEZ et al.,
2015; SAID; HAMMAMI, 2015).

The battery of specification tests to back up the parameters statistical significance of the
DFE model were applied. The modified Wald-test points to the presence of heteroscedasticity.
The Pesaran test of cross-section independence, indicate to the non-existence of a correlation
between the crosses. The Wooldridge-test points to the presence of the first-order autocorrelation,
and the Breusch-Pagan LM-test can not be applied due to correlation matrix of residuals are

singular.

CONCLUSIONS

The impact of RES consumption on CO2 emissions was analyzed in the article. The
study focused in ten South American countries from 1980-2012 using auto-regressive distributed
lag (ARDL) methodology. The initial tests prove the existence of cross-sectional dependence,
where confirm that these countries share spatial patterns, the phenomena of heteroscedasticity,
contemporaneous correlation, first order autocorrelation, cross-sectional dependence, and the
existence of Granger causality. The results pointed that in the short-run elasticities the RES
consumption has the capacity to reduction the CO. emissions in -0.0420 %, when the RES
consumption increase in 1%, confirming the hypothesis that the RES consumption has the
capacity to reduction the emissions. The empirical evidence shows that RES consumption plays
an important role in reducing CO emissions. Consequently, to achieve steady and sustainable
growth in RES use, governments should design and implement effective support policies to
promote investment in RES technologies. In addition, the increase of 1% in GDP has a positive
impact in short-run of 0.2792 %, and in long-run of 0.5025 %, and petroleum consumption has a
positive effect of 0.5641 % in short-run and 0.6196 % in long-run. These results indicate that the
economic growth and energy consumption in the South American countries are still based on

fossil fuels.
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