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ABSTRACT

This study aims to determine which energy-growth hypothesis is valid in Next-11 countries. We
adopt a panel estimation techniques for the period of 1984-2010 to examine the possibility of growth,
conservative, feedback, or neutrality hypotheses for Next-11 countries. Firstly, second generation unit
root test are used to investigate stationarity properties of the variables because of the cross-sectional
dependence.Then a panel cointegration and panel causality approach are proposed to examine the
causal relationship between the variables. Finally, panel vector autoregression model, impulse-
response and variance decomposition analysis are applied using generalized moment methods.

The findings obtained from panel Granger causality test suggests that there is evidence of uni-
directional causality between renewable energy consumption and economic growth in the short-term,
which is consistent with the growth hypothesis. It is also found that the responses of growth to a shock
of renewable energy consumption are positive. Since there is evidence indicating that renewable
energy consumption may trigger economic growth.

Keywords:Renewable Energy, Economic Growth, CO, Emissions, Panel VAR, Next-11
Countries
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1. INTRODUCTION

The issue of economic growth and energy consumption relationship becomes a hot
topic and it has been comprehensively examined by researchers and scientists. As known
economic growth is closely related to energy consumption since more energy consumption
leads to higher economic growth (Halicioglu, 2009). Policy makers need to know the
direction of this relationship in order to implement an appropriate environmental and energy
policies that will contribute to sustainable development. After the pioneer seminal work of
Kraft and Kraft (1978) who examined the causal relathionship between energy consumption
and economic growth for United States, numerous studies have been conducted to establish
the nexus between these variables by applying various estimation methods. The empirical
outcomes of these studies are mixed and have not reached a consensus yet. The literature
bring forward four hypotheses depending on the direction of causality tests (Chen et al., 2007,
Ozturk, 2010). The growth hypothesis postulates that energy consumption contributes to
economic growth. The feedback hypothesis rests on the assumption that there is bi-directional
causal link between energy consumption and economic growth. The neutrality hypothesis
implies that there is no causality between energy consumption and economic growth.
According to conservation hypothesis there is unidirectional causality running from economic
growth to energy consumption.

In light of the above mentioned hypotheses, the main objective of this study is to
determine which energy-growth hypothesis is valid in case of N-11 countries. The annual
data for 1984-2010 period for South Korea, Indonesia, Iran, Mexico, Philippines, Turkey,
Bangladesh, Egypt, Nigeria, Pakistan, Vietnam used in the analysis. The relationship between
renewable energy consumption, economic growth and carbon dioxide emissions is examined
by employing Panel Vector Autoregressive Models. In addition, in order to determine the
effect of the shock between variables impulse- response functions and variance decomposition
analysis have been conducted.

The rest of the paper organised as follows: next section is devoted to the renewable
energy potential in Next-11 countries. Section 3 briefly reviews the literature related to the
causal relationship between renewable energy consumption and economic growth. Section 4
presents data and variable used. Methodology and empirical results are discussed in section 5.
Finally section 6 provides conclusions and policy implications.

2. ECONOMIC GROWTH, CO2 EMISSIONS AND RENEWABLE ENERGY
IN NEXT-11 COUNTRIES

In 2005 Goldman Sachs identified eleven countries (South Korea, Indonesia, Iran,
Mexico, Philippines, Turkey, Bangladesh, Egypt, Nigeria, Pakistan, Vietnam) by taking them
into the same groupings as the “Next-11" (Wilson and Stupnytska, 2007). According to
Lawson et al. (2007) 7% of the world economy constitute N-11 countries. GDP growth rates
of these countries (base year 2000) is shown in Figure 1. As shown in Figure 1 continuous
increase in the GDP growth rate was recorded in all countries. It is extremely important to
ensure the growth conditions to capture the high growth rates. The fulfillment of these
conditions depends on political and macroeconomic stability in these countries (Sachs, 2011).
These countries are predicted to make up 17% of global GDP towards 2050 (Sachs, 2013).
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Figure 1. GDP growth in Next-11 countries
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While in 2006 the N-11 countries accounted for 6% of total emissions, this ratio has
increased to 10% by 2012. As can be seen from Figure 2 South Korea, Iran, Indonesia,
Mexico and Turkey are the largest emitters compared to other countries.

Figure 2. CO2 emissions in Next-11 countries
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In 2012 6% of the world's renewable energy was consumed in these countries (EIA,
2015). According to Figure 3 it can be observed that Turkey, Vietnam and Mexico are the
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countries with the highest renewable energy consumption. In addition it can be seen that in
2012 renewable energy consumption in all countries increased compared to 1990.

Figure 3. Renewable ener gy consumption in Next-11 countries
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Next -11 countries are endowed with a huge solar, geothermal and wind energy
potential, and the exploitation of this potential could bring various benefits to the region. For
example, Mexico is highly rich in renewable energy sources (solar, wind, biomasss,
hydropower and geothermal). However, this kind of energy has not been fully exploited.
Hydropower is the most widely used form of renewable energy (11,603 MW installed
capacity within the country), while geothermal power capacity (958 MW) makes Mexico to
be ranked 4th in the use of this energy worldwide. Mexico has a wind energy potential of
71,000 MW, although only 1.7% of this potential is currently in use (Mexico Energy Policy,
Laws and Regulations Handbook, 2015). Wind energy potential is concentrated in five
different zones, mainly in the state of Oaxaca, and solar energy has a high potential due to
Mexico's ideal location in the so called Solar Belt with annual global solar radiation (5.6-6.1
KWh/m?-day). Biomass energy has the highest potential (2635 to 3771 Pl/year) also (
Aleman-Nava et al., 2014).

With 100,000 MW of potential installed capacity, Iran’s wind power potential could
compete with France and Britain. Thereby Iranian government understanding the importance
of this type of energy over other renewable energy sources. The south, northwest and
southeast regions receive around 300 days of sun per year, they are unequivocally suited for
solar energy. Iran has also begun development on the Middle East’s first geothermal power
plant. A study conducted by researchers at Stanford University, for instance, emphasizes that
development of geothermal energy in Iran is possible in 14 separate geographies, covering
almost the entire country (Wheeler and Desai, 2016).

As for Indonesia, the country is home to 40 percent of the world’s known geothermal
resource and offers opportunities in wind, solar, biomass, and hydropower. By 2025,
Indonesia wants to install 6.7 gigawatts (GW) of new renewable energy capacity by
increasing the proportion of renewables from 7 percent to 15 percent of total energy
production (International Trade Administration, 2010).
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Egypt is acknowledged as having some of the world’s best wind resources, especially
in the Gulf of Suez area, with essential extra potential along the east and west banks of the
Nile. According to the Egypt Wind Energy Association, 700 km? have been set aside for new
wind projects in the Gebel el-Zayt area (Norton Rose Fulbright, 2013). Owing to its location,
topography and climate, Egypt has an average level of solar radiation of between 2,000 to
3,200 kWh/m? a year, giving it significant potential for taking advantages of this form of
renewable energy (Energy Research Center, 2006).

Concerning Vietnam, experts from the World Bank have concluded that country has
the ability to generate 513,360 megawatts annually through wind power. Nowadays, there are
more than 20 wind power projects in Vietnam (Nhan and Ha-Duong, 2009).

According to the estimation of World Bank if 5 percent of convenient land in central
and northern Nigeria was designated for solar thermal then there was a theoretical potential of
42,700 MW of power production (Uzoma et al., 2011;GENI, 2014).

According to the Department of Energy, the Philippines is the world's second-biggest
geothermal producer next to the United States of America. It is also the first among the
members of the Association of Southeast Asian Nations (ASEAN) to invest in large-scale
solar and wind technologies. With the country’s untapped renewable energy potential, the
Philippines is predicted to be the world leader in geothermal energy, the largest producer of
wind power, and the solar manufacturing center in Southeast Asia (Senate Economic Planning
Office (SEPO), 2014).

Bangladesh is a subtropical country, 70% of year sunlight is dropped in Bangladesh.
For this reason, solar panels can be used to produce electricity largely. Bangladesh receives
an average daily solar radiation of 4-6.5 kWh/m? (Rahman et al., 2013). Also Bangladesh is a
major rice producing country. It produces on the average about 35,000,000 MT of Paddy per
Year. If only 20% of this paddy i.e. 7,000,000 MT could be made useful through the
gasification technology; then the Power generation from rice husk could attain substantial
amount (Chowdhury et al., 2012).

Solar mapping conducted by National Renewable Energy Laboratory (NREL), in
collaboration with USAID, has pointed out a potential of 2.9 million MW in Pakistan. It is
predicted that approximately 40,000 remote villages will be electrified through solar energy
(Mirza et al., 2011).

The government of South Korea aims to produce 6.1% of energy from renewables by
2020. And by 2030 targets to double this ratio. South Korea has the largest tidal power plant
of the world, The Shihwa Lake. Its capacity is 254 MW and can generate 552 million kWh
per year. This amount is sufficient to provide 500,000 houses with energy. Moreover it is
estimated that South Korea has wind power potential of 186.5 TWh per year. In 2010 the
installed capacity was about 350 MW. Due to successfully completed solar energy project on
the Korean Island of Donggwang, each house has solar panels on it; schools are independent
in energy (GENI, 2012).

Turkey is a country with 48,000 MW of wind, Mwt 31,500 of geothermal, 8.6 Mtoe
(million tonnes of oil equivalent) of biomass capacity and average annual 1,500 kWh/m? of
the Global Solar Radiation (Kaplan, 2015).

As can be seen from the above mentioned Next -11 countries have abundant
renewable energy resources. By promotion and support of renewable energy, these countries
can reduce their dependence on oil and natural gas. Furthermore, they can take environmental
benefits from renewable energy resources.
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3. LITERATURE REVIEW OF ENERGY-GROWTH HYPOTHESIS

The energy-growth literature contains numerous discussions on the causal link
between energy consumption and economic growth. The direction of causality is very
important for policy makers. The relationship between energy consumption and economic
growth can be described in four different hypotheses (Squally, 2007; Apergis and Payne,
2011b; Apergis and Payne, 2012; Shahbaz et al., 2012) which are called feedback, neutrality,
conservation and growth hypothesis. Each hypothesis has its own policy implication. There is
abundant empirical literature that focuses on the relationship between renewable energy
consumption and economic growth for developing and developed countries. And different
econometric techniques have been used in these studies. In this section we elaborate on multi-
country studies in which only panel estimation techniques have been employed.

According to feedback hypothesis there is a bi-directional causal relationship between
energy consumption and economic growth. It implies that there exist interdependence
between energy consumption and economic growth since both variables affect each other. In
this case implementation of energy expansionary policies for long run sustainable economic
growth is suggested. For example, Chang et al. (2015) investigate causal relationship
between renewable energy consumption and economic growth across the G7 countries, using
annual data for the period of 1990-2011 by employing panel causality methodology. The
empirical results support the existence of a bi-directional causal relationship between
economic growth and renewable energy for the overall panel. Al-mulali et al. (2014)
employed panel estimation techniques to explore the effect of renewable and non-renewable
electricity consumption on economic growth in 18 Latin American countries. The results
revealed the existence of feedback causality between the variables. Ohler and Fetters (2014)
examine the causal relationship between economic growth and electricity generation from
renewable sources (biomass, geothermal, hydroelectric, solar, waste, and wind) across 20
OECD countries over 1990 to 2008 by adopting panel error correction model. Their results
found a bidirectional relationship between aggregate renewable generation and real GDP.
Apergis and Payne (2012) examine the relationship between renewable and non-renewable
energy consumption, real gross fixed capital formation, the labor force and real GDP by
adopting panel error correction model for 80 countries. The results reveal that the feedback
hypothesis is valid in other words there is bidirectional causality between renewable and non-
renewable energy consumption and economic growth. Apergis and Payne (2011a) examine
the relationship between renewable energy consumption and economic growth for a panel of
six Central American countries over the period 1980-2006 by applying panel error correction
model. Their results found bidirectional causality between renewable energy consumption and
economic growth in both the short- and long-run. Apergis and Payne (2010a) employed panel
cointegration test to examine the causal relationship between renewable energy consumption
and economic growth for 13 countries within Eurasia over the period 1992-2007 within a
multivariate panel data framework. The empirical findings indicate bidirectional causality
between renewable energy consumption and economic growth in both the short-run and long-
run. Using panel of 20 OECD countries, Apergis and Payne (2010b) applied panel estimation
techniques to examine the relationship between renewable energy consumption and economic
growth over the period 1985-2005. Their empirical investigation confirmed the existence of
bidirectional causality between renewable energy consumption and economic growth in both
the short- and long-run. Apergis et al. (2010) examine the causal relationship between CO2
emissions, nuclear energy consumption, renewable energy consumption and economic growth
for 19 developed and developing countries for 1984-2007 time period. The empirical
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investigation revealed the bidirectional causality between renewable energy consumption and
economic growth so the feedback hypothesis is valid.

Neutrality hypothesis points out no causality between energy consumption and
economic growth, implying neither energy conservation or expansion policies will affect the
economic growth. Menegaki (2011) investigates the nexus between economic growth and
renewable energy for 27 European countries in a multivariate panel framework for the 1997-
2007 time period. The results indicate the evidence of the neutrality hypothesis.

An uni-directional causality from energy consumption to economic growth
corresponds with growth hypothesis, which argues that energy consumption contributes to
economic growth. In other words it means that the economy is energy dependent and in this
case energy conservation policies may have an adverse impact on economic growth.
Bhattacharya et al. (2016) in their study investigate the effects of renewable energy
consumption on the economic growth of 38 countries by employing panel estimation
techniques. The results indicate that renewable energy consumption has a significant positive
impact on the economic output for 57% of selected countries. Saidi and Mbubarek (2016)
applied panel Granger causality test to investigate the causal relationship between nuclear
energy consumption, CO2 emissions, renewable energy and real GDP per capita for nine
developed countries over the period 1990-2013. Results revealed a unidirectional causality
running from renewable energy consumption to real GDP per capita for the whole panel at
short run. In the long run, there exists also a bidirectional causality between renewable energy
consumption and real GDP per capita. Inglesi-Lotz (2016) estimates the impact of the
renewable energy consumption on economic welfare by employing panel data techniques. The
results show that the influence of renewable energy consumption or its share to the total
energy mix on economic growth is positive and statistically significant. In case of MENA
countries Caglayan Akay et al. (2015) also utilized PVAR approach to investigate the
relationship between renewable energy consumption, economic growth and carbon dioxide
emissions over the period of 1988-2010. The finding of this study shows that there exists a
bi-directional causality between growth and renewable energy consumption, which is
consistent with the feedback hypothesis in terms of the energy consumption-growth nexus.
Likewise, Jebli and Youssef (2015) applied panel cointegration techniques to examine the
causal relationship between output, renewable and non-renewable energy consumption, and
international trade for a sample of 69 countries during the period 1980-2010. Their results
confirmed that renewable, non-renewable energy consumption and trade have a positive and
statistically significant impact on economic growth. Tiwari (2011) employed PVAR approach
to analyze the relationship between renewable energy consumption, non-renewable energy
consumption, economic growth and CO2 emissions in case of Europe and Eurasian countries
using the data over the period of 1965-2009. The impact of renewable energy is found to be
positive on the growth rate of GDP, thus supporting the growth hypothesis.

Uni-directional causality running from economic growth to energy consumption
supports the conservation hypothesis. Conservation hypothesis advocates for an
implementation of conservative energy policy. Because energy conservation policies have no
adverse effects on economic growth. Sadorsky (2009a) applied panel cointegration test to
investigate the causal relationship between renewable energy consumption and economic
growth using a panel of 18 emerging countries for the period of 1994-2003. Empirical
findings tends to support the conservation hypothesis. Sadorsky (2009b) applied panel
cointegration test to explore the long run relationship between renewable energy
consumption, oil prices, economic growth and energy pollutants for the G7 countries. The
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empirical investigation revealed uni-directional causal relationship running from economic
growth to renewable energy consumption.

Omri et al. (2015) investigate the causal relationship between two types of energy
variables and economic growth using dynamic simultaneous-equation panel data models for
17 developed and developing countries. The results for the renewable energy and economic
growth show that there is a unidirectional causality running from renewable consumption to
economic growth in Hungary, India, Japan, Netherlands, and Sweden, while there exist a
unidirectional running from economic growth to renewable consumption in Argentina, Spain,
and Switzerland. A bidirectional relationship is supported in Belgium, Bulgaria, Canada,
France, Pakistan, and the USA, while no causality exists in Brazil, Finland, and Switzerland.
Also it has been found the existence of a bidirectional causality between nuclear consumption
and economic growth; and a unidirectional causality running from economic growth to
renewable energy consumption for the global panel. Salim et al. (2014) examine the dynamic
relationship between renewable and non-renewable energy consumption and industrial output
and GDP growth in OECD countries using data over the period of 1980-2011 by employing
panel cointegration technique. The empirical evidence showed bidirectional short-run
relationship between GDP growth and non-renewable energy consumption and unidirectional
causality between GDP growth and renewable energy consumption. Aissa et al. (2014)
employed panel cointegration techniques to examine the relationship between renewable
energy consumption, trade and output in a sample of 11 African countries covering the period
1980-2008. The empirical investigation validated that in the short-run, there is no evidence of
causality between output and renewable energy consumption and between trade (exports or
imports) and renewable energy consumption. However, in the long-run, it has been found that
renewable energy consumption and trade have a statistically significant and positive impact
on output. Apergis and Payne (2011c) examine the relationship between renewable and non-
renewable electricity consumption and economic growth for 16 emerging market economies
within a multivariate panel framework over the period 1990-2007. The results from the panel
error correction model reveal unidirectional causality from economic growth to renewable
electricity consumption in the short-run and bidirectional causality in the long-run.
Furthermore, there is bidirectional causality between non-renewable electricity consumption
and economic growth in both the short-run and long-run.

4. DATAAND VARIABLES

In this study to test the validity of energy-growth hypothesis in case of N-11countries,
annual data for the period of 1984-2010 are used and the relationship between renewable
energy consumption (REC, in billion kilowatt hours), carbon dioxide emissions (CO2, in
metric tons per capita) and economic growth (GDP, in constant 2005 US dollars) are
examined. Data are collected from the World Bank and EIA database. All variables are
measured in the natural logarithmic form. Since this study focuses on the investigation of the
dynamic casual relationship among considered variables PVAR approach was applied. PVAR
model is estimated by GMM and impulse-response, variance decomposition analysis have
been conducted.

5. ECONOMETRIC METHODOLOGY AND RESULTS

Firstly panel unit root test and panel cointegration tests have been applied in order to
determine the integration properties and investigate the presence of long-run relationships
among variables. Before employing unit root analysis it should be identified whether cross
section dependence exist or not. Cross-sectional dependence in panel data can significantly
affect the inference obtained (Breusch and Pagan, (1980); Pesaran, 2004). To test cross-
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sectional dependence CD (Cross-Section Dependence) test was implemented, proposed by
Pesaran (2004) and the results are summarized in Table 1.

Table 1. Results of Pesaran (2004) CD test

Variables Test Statistics Probability
LGDP 37.35 0.000
LREC 25.54 0.000
LCO2 23.00 0.000
B ) Z3N T
st ,tatls C lj :;T X (—=—90€0,1)
N(N—l)‘ i=j+1 7T5H — 1)~

Ho' pij = Cor(uit,h;jt) =0 i # j thereis cross-sectional
independence. p;; is a simple correlation coefficient between
residuals derived from the least squares estimation of each equation.

It is evident from Table 1 that null hypothesis is rejected at the 1% significance level
for all variables. Accordingly, it can be concluded that there is cross-section dependence
among variables. in this case the stationarity property of the series should be analyzed by
employing second generation CADF (Cross-Sectionally Augmented Dickey Fuller) test
proposed by Pesaran (2007), which take into account cross-sectional dependence.The results
of Pesaran (2007) CADF unit root tests are reported in Table 2.

Table 2. Results of Pesaran (2007) unit root test

Level( constant + trend ) First Difference(constant+ trend)

LGDP LREC LCO2 ALGDP ALREC ALCO2
tbar statistic  -2.324 -2.669 -2.611 -2.643***  -4.213***  -3.346***
zbar statistic  -0.015 -1.244 -1.038 -2.986***  -8.353***  -5.389 ***
probability 0.494 0.107 0.150 0.001 0.000 0.000

Notes. (1)*** t bar statistics indicates statistical significance at the 1% level
(11) critical values obtained from Pesaran (2007)

According to the results obtained it is clear that all the variables contain unit roots (at
1% sicnificance level), they are not stationary at level. In other words variables are stationary
at the first difference, that is, all variables are I(1). As series are integrated to the same order,
co-integration technique has been implemented in order to investigate long-run relationship
between variables. Co-integration of variables has been analyzed by employing second
generation panel cointegration test proposed by Westerlund (2007), which allows for cross-
sectional dependence. In the presence of cross-sectional dependence bootstrap p-values
should be calculated. Panel cointegration test suggested by Westerlund (2007) consist of four
panel cointegration test. While two of the four tests are (G; ve G4) group mean and the other
two tests are (P; ve P,) panel tests. It is essential to determine lag/lead length. The objective of
the tests are to investigate the presence of cointegration by determining whether error
correction exists for individual panel units.
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Table 3. Results of Westerlund (2007) test

Statistics Group Mean Panel

Gt Ga Py Pa
Test statistic  -2.736 -8.564 -8.849 -7.928
Probability ~ (0.206) (0.989) (0.081) (0.896)

Notes. (i) regression contains intercept and trend terms
(ii) lag and lead length calculated based on 4*(T/100) 2/9

The results indicate that the null hypothesis of no cointegration can not be rejected by
four test statistics. According to the results it can be concluded that there is no cointegration
across the cross sectional units. Thus, Westerlund (2007) tests provide strong evidence against
the existence of equilibrium long-run relationship between the variables.

Since series ace not cointegrated then Granger causality test defined as follows will be
performed:

AY;p = 0y; 4+ Yooy O1ik Atk + Thoeq O12ik DX p—ic + Wyiy (1)
AX;¢ = 6y + ZE:l Or1ik DXtk + Zﬁ:l 6221k Ayi,t—k + Ui (2)

This method is used in the analysis of short-term relationship. Results of Panel
Granger causality test are displayed in Table 4.

Table 4. Results of causality test

Direction of causality X2 test statistics Probabilities Outcomes
ALGDP - ALCO2 1518767 0.4680 Does not Granger cause
ALREC - ALCO2 4.686491 0.0960 Does not Granger cause
ALCO2 - ALGDP 10.62990 0.0049 Granger causes
ALREC - ALGDP 7.025001 0.0298 Granger causes
ALCO2 - ALREC 1.682486 0.4312 Does not Granger cause
ALGDP - ALREC 0.213825 0.8986 Does not Granger cause

Note. The null hypothesis: there is no causality

The results reported in Table 4 show that there is evidence of uni-directional causality
between renewable energy consumption and economic growth (REC— GDP). These results
provide empirical evidence in favor of the validity of growth hypothesis between economic
growth and renewable energy consumption. Furthermore, it can be seen that there is uni-
directional causality running from carbon dioxide emissions to growth (CO, - GDP).

In order to examine the nexus between renewable energy consumption, economic
growth and carbon dioxide emissions PVAR approach has been applied using GMM. Also
impulse-response and variance decomposition analysis have been conducted.The impulse
response functions and variance decompositions are often centred in PVAR analyses, which
allow us to gain a clear picture of the dynamic relationships among variables of interest.

The most influental variable on one macroeconomic variable is determined by
variance decomposition analysis and whether this variable can be used as an effective policy
tool is determined by the impulse-response functions (Lltkepohl, 2009). PVAR model
estimation is performed by using GMM approach, which uses the lagged values of the
regressors as instrumental variables (Love and Zicchino, 2006).

Following to Abrigo and Love (2015), we apply the consistent moment and model
selection criteria for GMM models proposed by Andrews and Lu (2001), based on Hansen’s
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(1982) J statistics of overidentifying restrictions. These criteria are called MBIC, MAIC and
MQIC. In order to determine the number of lags in the PVAR model we report in Table 5 the
overall coefficient of determination (CD) and from the moment and model selection criteria.

Tableb5. Lag length

Lag CD J Jpvalue MBIC MAIC MQIC

1 0.2717 24,5397 0.6002 -122.4055 29.4602  -66.9483
2 0.2944 18.1633  0.4449 -79.8001 -17.8366 -42.8286
3 0.2952 12,9216  0.1661 -36.0601  -5.0783 -17.5744

According to the Table 5, the first order panel VAR is preferred model since this has
the smallest MBIC, MAIC and MQIC. PVAR models with one lag are estimated using GMM
in the study. GMM is well suited for obtaining efficient estimators in a panel context where a
model like ours contains lagged dependent variables along with unobserved effects (Arellano
and Bond, 1991). In the next step, three-variable Panel VAR model was estimated and results
are suumarized in Table 6.

Table 6. Results of three-variable panel VAR model

Equations
Variables ALGDPj ALREC; ALCO2;
ALGDP;.4 0.2320 0.2185 0.0978
(t-stat) (1.6361) (0.3805) (0.4057)
ALREC; 0.0031 -0.1013 0.0244
(t-stat) (0.2753) (-1.4352) (0.9305)
ALCO2;q -0.0457 -0.1717 -0.0606
(t-stat) (-1.6540) (-1.6099) (-0.7039)

PVAR results provide us with the information concerning the direction of relationship
between variables. Table 6 demonstrates that when GDP is taken as a dependent variable
renewable energy consumption takes positive values. In other words coefficients of first lag
is 0.0031, which shows shocks occurring in renewable energy consumption have positive
impact on economic growth. It can be inferred that renewable energy consumption can boost
economic growth. When renewable energy consumption is taken as a dependent variable it
was observed that economic growth positively affects renewable energy consumption. When
carbon dioxide emission is taken as a dependent variable it can be seen that impact of
economic growth on carbon dioxide emission is positive.

In both Table 8 and in Figure 4 we report evidence on the stability properties of the
estimated PVAR model. Liitkepohl (2005) and Hamilton (1994) both show that if modulus of
each eigenvalue, strictly less than one, the estimates satisfy the eigenvalue stability condition,
thus the estimated PVAR model is stable.

Table 8. Eigenvalue stability condition

Eigenvalue Modulus
Real Imaginary
-0.1041 0 0.1041
-0.0151 0.0416 0.0443
-0.0151 -0.0416 0.0443
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Specifying the figure option produced a graph of eigenvalues with the real components
on the x axis and the complex components on the y axis. The Figure 4 indicates visually that
these eigenvalues are well inside the unit circle.

Figure 4. Unit circle
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The estimated results and the PVAR stability condition check suggests that the model
satifies the stability condition due to the fact that all of the roots lie inside the unit circle told
us implementing impulse response analysis of the VAR methodology.

Impulse response shows response of a variable to shock in fundamental determinants
(Lutkepohl, 2009). The impulse response analysis is a device to display the dynamics of the
variables tracing out the reaction of each variable to a particular shock at time t. The
magnitude of theshocks and the resulting impulse responses are measured in terms of one
standard deviation. The impulse response functions are presented in Figure 5.

Figure 5. Impulse-response functions
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Impulse responses are obtained within a band representing a 95 percent confidence
interval estimated by Monte Carlo simulation with 500 repetitions. According to the results
the responses of both renewable energy consumption and carbon dioxide emissions in one
standard deviation shock in economic growth are positive. Further, response of economic
growth in one standard deviation shock in carbon dioxide emissions is negative while the
response of renewable energy consumption is negative initially and positive in the
forthcoming periods. Response of economic growth in one standard deviation shock in
renewable energy consumption is positive. Response of carbon dioxide emissions in one
standard deviation shock in renewable energy consumption is positive initially and negative in
the forthcoming periods.
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In order to determine the source of changes in the variance of the variables variance
decompositions analysis is used in PVAR framework. It shows which percentage of a change
occurring in the examined variables are explained by itself and which are by other variables.
If the significant part of the changes emerge from the shock occurring in the variable itself, it
indicates that this variable is acting as exogenous (Enders, 1995). The results of variance
decomposition analysis are summarized in Table 9.

Table 9. Results of the variance decomposition analysis

Variables LGDP LREC LCO2
LGDP 0.9873 0.0007 0.0118
LREC 0.0031 0.9906 0.0061
LCO2 0.0657 0.0150 0.9191

Note.The results of the variance decomposition for 10 periods ahead

Results presented in Table 9 indicate that a change in REC is explained fully by its
own innovations. Further, we found that GDP and CO2 emissions respectively explains about
98% and 2% of total variation 10 periods ahead in GDP. Finally, REC, GDP and CO2
emissions respectively explains about 2%, 6% and 92% of total variation 10 periods ahead in
CO2 emissions. It was determined that the second variable affecting the growth is carbon
dioxide emissions and this variable was followed by renewable energy.

6. CONCLUSION

This study attempts to investigate the validity of energy-growth hypothesis in case of
N-11 countries. For this purpose by using annual data for the period 1984-2010 Panel VAR
approach has been implemented. A second generation unit root and co-integration tests are
employed because of the existence of cross-sectional dependence.

In accordance with causality results we found evidence of uniderectional causal
relationship between growth and renewable energy consumption. This result indicate the
validity of growth hypothesis between economic growth and renewable energy consumption.
Furthermore, evidence shows that there is unidirectional causality running from CO2
emissions to economic growth

In general in terms of considered period and countries it is seen that the most
important determinants of renewable energy is itself. In addition, it was found that shock
occurring in the renewable energy consumption has enhancing effect on the growth. This
result can be interpreted as renewable energy may contribute to the economic growth.

The findings of this study may provide researchers and policy makers with
information on the implementation of appropriate energy and environmental policy.
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