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Roula Inglesi-Lotz'

ABSTRACT

Internationally, the importance of renewable energy in the energy mix has been increasingly
appreciated. The advantages of the renewable energy usage for the world’s energy security and
the environment are indisputable and much discussed in the literature. However, its effects on
the economic welfare of the countries are yet to be examined fully and described properly. The
purpose of this paper is to estimate the impact of the renewable energy consumption to
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 to economic growth is
positive and statistically significant. From a policy point of view, promoting renewable energies
bears benefits not only for the environment but also for the economic conditions of the countries.
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1. INTRODUCTION

One of the most severe problems of the modern world is the climate change and its important
negative consequences to the environment. Human activity, particularly the consumption of
energy, has been considered among the main factors contributing to the changing of climate in
the last decades [1]. To tackle the future changes of the environment, among other measures, a
change in the current technologies of generating energy is imperative. Traditional generation
techniques such as coal-burning have detrimental effects to the environment and hence,
internationally, countries have turned towards more environmentally-friendly generation
techniques from renewable sources such as solar and wind.

The Energy Information Administration (EIA) reports that the generation of energy through
renewable sources has been the fastest growing source recently [2]. Developed economies
promote renewable sources in order to strengthen the energy security of supply and control
their greenhouse gas emissions (GHG) [3]. For example, the European Commission aims to
increase the share of renewable sources to 20% of the total by 2020 [4]. On the other hand, the
developing economies see in the use of renewable energies, solutions to the challenges of rural
electrification and lack of access to electricity [5,6]. For example a large proportion of the African
population has no access to electricity, even though the continent has great abundance of
alternative and renewable energy sources such as solar, thermal, photovoltaic, wood, biomass,
wind and biogas. Kaygusuz et al. [7] and Kaygusuz [8] also mention that the choice to promote
renewable energies will lead not only to further modernization of the energy sector but also
support the various countries’ goals for economic development and sustainability.

The purpose of this paper is to determine quantitatively the impact of renewable energy
consumption to the economic conditions in a panel data framework including all the OECD
countries. The analysis blends the rational and methodology of Fang [9] and Apergis and Payne
[10]. Fang [9] looked at the influence of renewable energy consumption and its share to various
macroeconomic indicators such as Gross Domestic Product (GDP) and GDP per capita in
China; while Apergis and Payne [10] investigated the relationship for 20 OECD economies. This
paper adopts the theoretical framework of Fang [9] that examines the hypothesis within a Cobb-
Douglas production function and the econometric methodology employed in Apergis and Payne
[10].



The paper is structured as follows. Section 2 discusses briefly international literature dealing
with the nexus between renewable energies and economic growth. The following section
discusses the methodology and the data used while next the empirical results are presented.
Finally the last section concludes the analysis.

2. BRIEF LITERATURE REVIEW

Renewable energy is considered to be in synergy with many aspects of sustainable
development [11]. That is the reason that sustainable development through renewable energies
is at the center of policies all over the world. As Bugaje [12] mentions, “in making renewable
energy consumption sustainable and acceptable to other socioeconomic parameters of
development, the following must be considered:

. Sustainability of the environment through appropriate resource management;

. Economic sustainability through infrastructure and service development that keeps
affordability firmly to the front because of the disadvantaged rural populations;

. Social sustainability through ensuring that the poor benefit, and that women’s incomes
and concerns, legal rights for all, and children’s rights are all appreciated and supported;

. Administrative sustainability through ensuring that there is administrative capacity for
programme implementation and this will be maintained or increased over time.”

A number of studies have been conducted showing the importance of renewable energies
globally with regard to their relationship to the countries’ economic conditions. For instance,
Sadorsky [13] concluded that there is a positive relationship between real per capita income and
per capita renewable energy consumption. This result is confirmed by Apergis and Payne [10]
who examined the same relationship for the OECD countries in a panel data context. Frondel et
al. [14] focused on the implications of the renewable energy usage to job creation and effective
market operations in Germany. Sari and Soyotas [15] by carrying out a decomposition exercise
concluded that waste, hydraulic power and wood consumption explain approximately 31.5% of
the variation in real GDP for Turkey. More recently, Tugcu et al. [16] examined the renewable



and non-renewable energy linkages with economic growth in G7 countries. Their findings
showed not only that renewable energy is a contributing factor to economic growth but also that
a production function is effective in explaining the relationship.

Although the relationship been discussed in the literature already, this paper learns from
others and combines their strong points in the analysis. The theoretical framework followed was
derived by Fang [9] and justified by Tugcu et al. [16]. A Cobb-Douglas production function [17] is
used where the technological level of the countries is proxied by the total expenditures for
Research and Development (R&D). Also, two different variables representing the countries’
economic conditions are utilized for robustness purposes, as in Fang [9]: Gross Domestic
Product (GDP) and GDP per capita. To ensure the robustness of the results and to answer
some policy questions, two variables are used to represent renewable energy: the total
renewable energy consumption and the share of renewable energy consumption to overall
energy consumption of the countries, as in Fang [9].

The panel cointegration technique proposed by Pedroni [18,19] and employed in Apergis and
Payne [10] is also used here. With regards to the data, Apergis and Payne [10] include only 20
OECD economies while this paper aims at using data of at least 30 of the OECD economies
depending on data availability. The time period here spans from 1990 up to 2010, while Apergis
and Payne [10] include data only until 2005.

3. METHODOLOGY AND DATA
3.1 Theoretical model

The theoretical basis of this focus area lies with the fundamental economics of production as it
was used by Fang [9] in his effort to evaluate the influence of renewable energy consumption to
the Chinese economy. In his empirical work followed here, in order to represent a relationship
between inputs and output, a Cobb-Douglas functional form is used. This general function has
the form of [17]:

Q=AL"K" (1)



where Q is the monetary value of production; L is the labour input; K is the capital input, A is
the total factor productivity and a and B are the elasticities of labour and capital respectively.
Although the labour and capital variables can be easily quantifiable as the number of employed
people in the country and gross fixed capital formation respectively, the technological change
can be represented by various variables. Following Fang [9], in this exercise the R&D
expenditure is used as a proxy to technological changes. Following Fang [9], two variables will
represent the possible influence of renewable energy consumption to economic growth: total
consumption of renewable energy and share of renewable consumption to the energy mix.
Thus, the final Cobb-Douglas function to be estimated will be as follows in its natural logarithm
form (denoted by the small letters):

gdp (or gdppc) = ag + a4 trc (or src) + oo cap + azempl + az r_d +

(2)

where gdp is the Gross Domestic Product and gdppc is the Gross Domestic Product per
capita; trc is the total renewable energy consumption; src is the share of renewable energy
consumption to total energy consumption; cap is the gross capital formation; empl is the number
of employees; r_d is the R&D expenditure of the each country and a,...a, are the unknown
parameters to be estimated while p is an error term.

3.2 Econometric methodology

The above theoretical model will be estimated using modern panel data techniques.

Firstly, unit root tests will be used to confirm formally whether the variables are stationary or
not. A number of unit root tests were considered but most test for a common root among the
series. The chosen test was the one proposed by Im et al. [20] that tests for unit roots allowing
heterogeneous autoregressive coefficients. The equation used to test for unit roots is:

¥ie = P¥ife-0) T O0X + 5 (3)

where i=1,...N for each country; t=1,...T is the time period; X; is the symbol for the
combination of all the exogenous variables in the model (fixed effects or time trend also



included); p; represents the autoregressive coefficients and finally €; is the error term. As
explained in detail in Apergis and Payne [10], Im et al. [20] allows for different orders of serial
correlation and follows the typical augmented Dickey Fuller (ADF) in average:

=L
Eir =Z PijEir-j T Ui
i=t

If equation (4) is substituted into (3):

p=1

Yie = .ﬂ:}‘sr-l'l'z OiiEie_j T 0:ie + Ug
j=t ()

Where p; shows the number of lags in the ADF regression.

The test’s null hypothesis is that each series in the panel dataset contains a unit root while
alternatively, at least one of the individual series in the panel is stationary (no unit root). If the
results of the test show that the series are stationary, then the analysis will proceed with the
estimation of pooled effects model. Otherwise, Pedroni’s [18,19] panel cointegration test will be
followed. This test allows for interdependence between cross sections, performed as in Apergis
and Payne [10]:

gdn, (or gdppe,)
= a;+ Gt + vy trog (or sreg)

+vncopy T vy emply + yrkdy + &

()

where i=1,...N for each country; t=1,...T is the time period. The coefficients a; and &; allow for
country-specific fixed effects and deterministic trends, respectively while €; denotes the
estimated residuals representing deviations from the long-run. The null hypothesis is that there
is no cointegration (in other words, the residuals are non-stationary). A unit root test is
conducted as follows:

Fie = M Fiemy T Wie (6)



The panel tests proposed by Pedroni [18,19] use the following four statistics: panel v, panel p,
panel PP and panel ADF-statistic. “These statistics pool the autoregressive coefficients across
different countries for the unit root tests on the estimated residuals. These statistics take into
account common time factors and heterogeneity across countries. The group tests are based on
the between dimension approach which includes three statistics: group r, group PP, and group
ADF-statistics. These statistics are based on averages of the individual autoregressive
coefficients associated with the unit root tests of the residuals for each country in the panel
[10]”. As Perman and Stern [21] stress, the panel statistics are based on the work done on unit
roots by Levin and Lin [22] while the group statistics are following the ideas of Im et al. [23].

If the results of the Pedroni test indicate that there is indeed cointegration among the variables
in question then the exercise will proceed with the pooled effects estimation.

3.3 Data

The thirty four countries-members of OECD are chosen for the exercise for three reasons.
Firstly, among the OECD countries, there are both developed and developing countries,
although the developing ones are admittedly a minority [24]. Second, their statistics are
collected under this umbrella organization so there are no discrepancies in the definition of the
variables and the units of measurement. Finally, all the OECD countries’ policies have a certain
level of homogeneity and commonalities.

Annual data from 1990 until 2010 were derived from the International Energy Agency and the
OECD Statistics for the thirty four OECD members. Real GDP and GDP per capita (constant
prices 2005) is measured in US$ converted with Purchase Power Parities (PPP); employment is
measured in number of people employed in the country; capital is represented by the
consumption of fixed capital that was measured in percentage of GDP but converted into US
$ millions; the total renewable energy variable in kilotonne of oil equivalent and the share as a
percentage ratio; finally, the R&D expenditure in millions of US$ in constant 2005 prices and
PPPs. Due to missing data, especially for the R&D expenditure series the following four
countries were excluded from the analysis (Luxembourg, Chile, Turkey and Chile), leaving the
panel with only 30 countries.



4. EMPIRICAL RESULTS

As discussed in the methodology section the univariate characteristics of all the variables are
tested with the unit root test proposed by Im et al. [20]. The null hypothesis of the test is that
each series in the panel dataset contains a unit root while alternatively, at least one of the
individual series in the panel is stationary (no unit root). As shown in the table in Appendix 1, all
the series are integrated of order 1. Hence, given the unit root results, the exercise proceeds by
testing for the existence of cointegration.

Four different models are estimated to ensure the robustness of the results:

Model 1

e Dependent variable: gdp

e Explanatory variables: cap, empl, r_d, trc
Model 2

e Dependent variable: gdp

e Explanatory variables: cap, empl, r_d, src
Model 3

e Dependent variable: gdppc

e Explanatory variables: cap, empl, r_d, trc

Model 4

e Dependent variable: gdppc
e Explanatory variables: cap, empl, r_d, src

Where trc is the total renewable energy consumption; src is the share of renewable to total
energy consumption; gdp is the gross domestic product; gdppc is the gross domestic product
per capita; cap is the capital stock; empl is the employment level; r_d is the R&D expenditure.
The variables are in small letters to denote they are in their natural logarithmic form.



The preferred model here is the one that includes individual intercepts and trends, following
Apergis and Payne [10] estimation. As in Perman and Stern [21], “Regressions without time
dummies were not investigated, as that case is of little practical importance given the consensus
that time dummies are necessary to validate the conventional estimation assumption of cross-
section independence.

Table 1 presents the four different models and their Pedroni cointegration statistics. These
statistics as Apergis and Payne [10] explain, are based on the average values of the individual
autoregressive coefficients linked with the unit root tests for each country in the panel. All the
statistics are distributed asymptotically as normal standard. With the exception of the v-statistics
and p-statistics, according to both panel and group PP and ADF statistics, the null hypothesis of
no cointegration is rejected at the 1% level of significance.

Table 1 Panel cointegration test statistics

Model 1 Model 2
Panel Group Panel Group
V-stat -2.066 -0.729
p-stat 4.385 6.336 4.471 6.861
PP-stat -3.138° -10.3262 -2.631° -10.071°2
ADF stat -4.279% -7.108% -3.131% -5.191%
Model 3 Model 4
Panel Group Panel Group
V-stat -2.887 -2.625
p-stat 4.474 6.317 4.745 6.859
PP-stat -2.736° -8.265° -1.980° -7.675°
ADF stat -4.346° -6.480° -3.178% -4.485%

Note: 2, °, ¢ denote 1%, 5% and 10% level of significance respectively; V, non-parametric
variance ratio statistic; p, non-parametric test statistic analogous to the Phillips and Perron (PP)
rho statistic; PP, non-parametric statistic analogous to the PP t statistic; ADF, parametric
statistic analogous to the augmented Dickey-Fuller statistic. All statistics distributed as standard
normal as T and N grow large. Null hypothesis: No cointegration.



The indication that cointegration exists in the four different models responds to two things.

Firstly, the results are robust since change of the proxy for the economic conditions (gdp or
gdppc) or the proxy for the renewable energy consumption (trc or src) does little to alter the
conclusion of the tests. In addition, even though different specifications were included, the
results confirm Apergis and Payne [10] that there is indeed a long-run relationship between the
economic conditions of a country and the renewable energy consumption, including the factors

of production.

Next, after having established cointegration, the pooled regression is estimated and the

results are presented in Table 2. The limitation of the pooled estimation is that it does not take

into account heterogeneity among the cross-sections.

Table 2 Pooled estimation

Models 1a 2a 3a 4a
Dependent gap gap gadppc Gdppc
Trc 0.022 - 0.033 -
(3.323)* (4.870)%
Src - 0.019 - 0.027
(2.658)* (3.574)%
Cap 0.435 0.435 0.487 0.488
(15.508)? (15.473)2 (16.480)% (16.353)2
empl 0.422 0.435 -0.699 -0.679
(20.302)% (20.869)% (-31.93)% (-30.678)°
rd 0.143 0.149 0.192 0.199
(11.867)% (12.258)2 (15.029)2 (15.488) °
c 0.073 -0.057 13.915 13.729
(0.649) (-0.466) (117.344) 106.52)%
a
Adj-R-sq 0.992 0.992 0.816 0.812
F-statistic 15424.0 15305.3 571.83 557.49
Akaike info -1.030 -1.022 -0.925 -0.904
Schwarz -0.988 -0.981 -0.883 -0.863
Hannan-Quinn -1.013 -1.006 -0.908 -0.888
Poolability F test 72.960° 74.469° 75.9522 79.474°
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Notes: 2, ®, ¢ denote 1%, 5% and 10% level of significance respectively; the figures in brackets
denote the t-statistics of the coefficients.

In all four models, both the coefficients for the total renewable energy consumption and the
share of renewable energy consumption are positive and statistically significant at 1% level of
significance. The coefficients of trc vary little from 0.022 (model 1) to 0.033 (model 2).
Expressing the variables in their natural logarithms, the coefficients can be explained as
elasticity estimates. That means that for 1% increase of TRC, the GDP will rise by 0.022% while
GDPPC will increase by 0.033%. The influence of SRC to GDP and GPPC is marginally lower.
If SRC increases by 1%, then the GDP and GDPPC will increase by 0.019% and 0.027%
respectively. These coefficients are lower than 0.76 that was reported by Apergis and Payne
[10]. The main reason for this difference is the inclusion of more countries in this exercise and
most importantly the inclusion of the R&D expenses as an additional factor of production. The
findings are closer to the ones by Fang [9] for the case of China. He finds that the coefficient for
trc is 0.12 and 0.162 for gdp and gdppc; while for src it is 0.031 and 0.009 for gdp and gdppc
respectively.

For the rest of the factors of production, it can be noted that cap and empl have approximately
the same contribution to gdp while r_d contributes much less.

5. DISCUSSION AND CONCLUSION

This paper extended the ideas and findings of recent research conducted by Apergis and
Payne [10] and Fang [9] on the nexus between renewable energy consumption and the
economic conditions of the countries. The exercise employed annual data for 31 OECD
countries from 1990 to 2010 within a multivariate framework based on the Cobb-Douglas
production function.

The results of the Pedroni cointegration test reveal that there is a long-run equilibrium
relationship between real GDP or real GDP per capita, total renewable energy consumption or

share of total renewable energy consumption, real gross fixed capital formation and the
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employment of the countries. The estimations indicate that a 1 % increase of renewable energy
consumption will increase GDP by 0.022% and GDP per capita by 0.033% while a 1 % increase
of the share of renewable energy to the energy mix of the countries will increase GDP by
0.019% and GDP per capita by 0.027%.

These findings support the advantages of government policies promoting the use of
renewable energy by establishing renewable energy markets, renewable energy portfolio
standards not only to improve the environmental conditions but also from a macroeconomic
point of view. Policy makers should not only focus on the rise of renewable energy consumption
but also on its position and contribution to the overall energy mix.
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APPENDICES

Appendix 1: Panel unit root test

Variable Model IPS statistic p-value
trc Individual intercept 4.989 1.000
Individual intercept and trend -3.622° 0.000
Atrc Individual intercept -17.172% 0.000
Individual intercept and trend -15.123°2 0.000
src Individual intercept 2.899 0.998
Individual intercept and trend 2.847 0.998
Asrc Individual intercept -14.189°2 0.000
Individual intercept and trend -13.696° 0.000
gdp Individual intercept 1.239 0.892
Individual intercept and trend 2.510 0.994
Agdp Individual intercept -10.225°2 0.000
Individual intercept and trend -6.091° 0.000
gdppc Individual intercept 0.937 0.826
Individual intercept and trend 3.470 1.000
Agdppc Individual intercept -10.082°2 0.000
Individual intercept and trend -5.948° 0.000
cap Individual intercept 2.729 0.997
Individual intercept and trend -0.916 0.180
Acap Individual intercept -10.350°% 0.000
Individual intercept and trend -7.475°2 0.000
empl Individual intercept 1.350 0.911
Individual intercept and trend -1.318° 0.094
Aempl Individual intercept -6.445% 0.000
Individual intercept and trend -3.896° 0.000
r d Individual intercept 3.547 1.000
Individual intercept and trend -1.523°¢ 0.064
Ar d Individual intercept -10.286° 0.000
Individual intercept and trend -6.803° 0.000

Note: 2,°, ¢ denote 1%, 5% and 10% level of significance respectively; A denotes the variable
in its first difference; trc is the total renewable energy consumption; src is the share of
renewable to total energy consumption; gdp is the gross domestic product; gdppc is the gross
domestic product per capita; cap is the capital stock; empl is the employment level; r_d is the
R&D expenditure. The null hypothesis of the test is that at least one of the series contains a unit
root. The variables are in small letters to denote they are in their natural logarithmic form.
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