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ABSTRACT

This study examines the impact of renewable energy consumption on economic growth for Lebanon over the period 1990-2012. The renewable energy
consumption with negative coefficient and statistically significant while the real gross fixed capital formation, and the labor force with the respective
coefficients positive and statistically significant. The research data is from the Lebanese Central Bank, the International Monetary Funds and the world
development indicators then it is regressed in basic time series analysis taking into consideration the different variables that have an influence on the
economic growth. After testing its robustness and illustrated through ARMAX, the results show a statistically significant impact of renewable energy

consumption on the Lebanese economic growth.
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1. INTRODUCTION

In global energy consumption that highly dependent on fossil
fuel consumption has generated discussions on its sustainability
for many countries and mainly for the emergent oil importer
economies. Renewable energy consumption in the Lebanon
economy, as oil importer and highly dependent on fuel
consumption as source of energy consumption in the Middle East is
our aim of this study. The economic growth and renewable energy
consumption relationship has recently studied in the literature.
Several studies have investigated the causal relationship between
renewable energy consumption and their economic growth for
different countries with different level of development mainly by
Ewing et al. (2007), Sadorsky (2009), Payne (2009), Apergis and
Payne (2009a; 2009b; 2010a; 2010b), Bowden and Payne (2010),
Bhattacharya et al. (2016), Jebli et al. (2016), Dogan and Ozturk
(2017), Hassine and Harrathi (2017), Bekareva et al. (2017),
Rafindadi and Ozturk (2017), Benavides et al. (2017). These
studies results have not standardized with positive or negative
relationship.

The theme of this research is to study the impact for the renewable
energy consumption on the Lebanese economic growth. More

recently, the economic base of Lebanon has gradually shifted from
agricultural exports towards the manufacturing and tourism sectors.
Because of this shift, the Lebanese dependence on energy imports,
which comprise approximately more than three fourths of'its total
energy consumption, has raised questions as to the sustainability
of the current energy consumption patterns and energy security
in general. The evolution of the Lebanese economic base towards
manufacturing and tourism along with the reliance on imported
petroleum products has resulted in environmental concerns
associated with pollution and greenhouse emissions (Ministry of
Environment, 2010). The Lebanese ministry of energy developed
a National Renewable Energy Action Plan with a target to reach
12% of usage for different renewable energy technologies needed
by the year 2020. In 2010, Lebanese ministry, as the main authority
to develop the energy sector, strengthened this vision in its Policy
Paper for the Electricity Sector by stating that the target was to
reach “12% of the electric and thermal supply” not just “12% of
Lebanon’s needs” (Ministry of Energy and Water, 2010).

In testing the impact of the Lebanese RE on its economic growth,
data set in this research has collected from year 1990 until year
2012 - in total 23 yearly observations it is limited due to the
availability of data. We regress the dependent variable (the

International Journal of Energy Economics and Policy | Vol 7




Taher: Renewable Energy Consumption Impact on the Lebanese Economy

Lebanese real GDP) on the renewable energy consumption, labor
force, and gross capital formation. In this study, the impact of
renewable energy consumption on the Lebanese economic growth
is analyzed using regression analyze. After we check the model
robustness, we check the fitness of the model through running
ARMAX model. We start the study by introducing the subject
then by presenting a brief theoretical background for renewable
energy consumption and the economic growth followed with a
brief overview about the Lebanese renewable energy progress.
Section 4 discusses the data, methodology, and empirical results.
Concluding remarks are given in Section 5.

2. ENERGY CONSUMPTION-GROWTH
LITERATURE

The energy consumption and economic growth relationship is
largely studied in Literature (Apergis and Payne, 2009a; 2009b;
2010a; 2010b; Ozturk, 2010; Bouoiyour et al., 2014). Nowadays,
the global economies now believe in the balance between the
future energy and environmental needs for the sustainable
development purpose. Renewable energy, as a main source
of sustainable development, has a small portion of the overall
energy consumption in most countries. The renewable energy
consumption and economic growth relationship has been studied
in two approaches supply and demand sides.

The supply-side approach focuses in studying the energy
consumption contribution in economic activities using traditional
production function framework. However, the demand-side
approach focuses on studying the energy consumption, gross
domestic product (GDP) and energy prices relationship widely
known as tri-variate energy demand model (Lee, 2005). Other
some recent researches included pollutant emissions in their
studies such as Soytas et al. (2007).

Studying the renewable energy consumption in Lebanon is a not
well covered in literature. This emergent oil importing country with
new discovery of oil and gas in its off shore pre-salt zones. If an
increase in energy consumption has a positive impact on economic
growth, energy conservation-oriented policies that reduce energy
consumption may have a detrimental impact of economic growth.
Alternatively, there are a number of reasons for the possibility of
an increase in energy consumption having a negative impact on
economic growth. In a growing economy requires low energy
consumption is required due to the shift of as production toward
with less energy intensive service sectors, to capacity constraints,
to energy supply inefficiency, to energy consumption concentration
in unproductive sectors. We support this hypothesis in our tested
case. Due to the weak and the inefficient use of the renewable
energy in a growing economy in Lebanon, we suggest that it have
a negative impact on the economic growth.

3. RENEWABLE ENERGY CONSUMPTION
AND GROWTH IN LEBANON

The Lebanese first renewable energy power plant has installed
in 1924. Between the 1920s and the 1970s, before the beginning

of the Lebanese civil war, Lebanon experienced fast hydropower
plants development. In 1976, about 70% of the Lebanese electricity
production was hydroelectricity. With gradual decrease in the
renewable energy usage, nowadays hydropower accounts between
2% and 4% of the total Lebanese electricity production (World
Bank, 2011).

The Lebanese policy makers with the help form the United Nations
Development Programme (UNDP) insist on the development of
renewable energy sources (UNDP, 2012). However, the first real
milestone for the development of RE came out in 2009 when the
Lebanese Government committed to reach 12% of RE by 2020
(Chehab, 2010). Accordingly, many aspects of renewable energy
development should be adopted. First, encouraging the private
sector to investigate geothermal energy and to adopt for power
generation waste-to-energy technology. Second, increasing the
share of hydraulic power production. Third, introducing wind
power via the private sector. Finally, increasing the penetration of
solar water heaters with the collaboration-banking sector through
credit facilities (Houri, 2000).

4. DATA, METHODOLOGY, AND RESULTS

Dataset used in the research was collected from the Lebanese
Ministry of Energy, Lebanese Ministry of environment and World
Bank - WDI statistics (world development indicator). In testing
the impact of the Lebanese RE on its economic growth, Data set
in this research has collected from year 1990 until year 2012 - in
total 23 yearly observations it is limited due to the availability of
data. The regressed data framework includes real GDP (Y) and real
gross fixed capital formation (K) in constant 2000 U.S. dollars,
the total labor force (L), and the natural logarithm of renewable
energy consumption (RE) defined as percentage of total final
energy consumption Pedroni (1999, 2000 and 2004). The research
used multilinear regression equation using Ordinary Least Squares
method. The research testing will start with the baseline-estimated
regression before we run other robustness regression checking.
In order to check the fitness of the model, we run the ARMAX.
We end up with checking the public debt threshold that turns its
impact on the Lebanese economic growth to negative.

We refer to Pedroni model. The Pedroni (1999 and 2004)
studied the heterogeneous panel co-integration test is specified
as follows:

Y = a+BIRE+B2K+B3L+e, (1)

According to the model equation, we consider that o is a constant
variable; f is the regression coefficients; ¢ is the error term.

The research model considers two main hypotheses:

H,: The main hypothesis is that the variability of the real GDP
explained by the variability of the renewable energy consumption
negatively due to the energy supply inefficiency, capacity
constraints, high cost of production, energy consumption is
excessive in unproductive sectors like the electricity production
in the Lebanese economy.
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H,: The variability of real GDP growth rate explained by the
variability of other control variables positively.

4.1. Results and Findings

In order to construct the above econometric model, we follow
the methodology of general to specific in order to produce a
parsimonious explanatory model. More specifically, we regress
the dependent variable (the Lebanese real GDP) on the renewable
energy consumption, labor force, and gross capital formation. In
this study, the impact of renewable energy consumption on the
Lebanese economic growth is analyzed using regression analyze.
The regression model summary is clear in Table 1.

The results show that most of the explanatory variables are
statistically significant and have the expected sign. The results
suggest that the labor total force and the gross capital formation are
statistically significant with positive impact on real GDP. While,
the renewable energy consumption has a negative impact on the
Lebanese real GDP and statistically significant. These findings
are on Table 2.

4.2. Other Robustness Check

Another robustness-checking test based on Least absolute
deviation, illustrate the baseline regression estimation with respect
to the labor force, gross capital formation and the renewable energy
consumption clearly explain its robustness (Table 2).

4.3. Running ARMAX
For better parsimonious description for our model, we run
autoregressive—moving-average (ARMA) models based on auto

Table 1: OLS, using observations 1990-2012 (T=23)

regression and second moving average polynomial. The AR part
involves regressing the variable on its own values while The MA
part involves modeling the error term as a linear combination of
error terms occurring contemporaneously and at various times
in the past.

The ARMAX results show very similar significant results to the
ones on regressed model variable coefficients. The coefficient
labeled phi 1 is the estimate of the autocorrelation parameter.
The root of this equation is 1/phi 1. The roots (or modulus)
is >1 in absolute value thus the model is stationary. The same
with theta as coefficient for MA parameter with root >1 to in
Absolut value to prove it stationarity. The advantage to this
approach is that we can see that the model is stable via the
root analysis. The moduli are both roots are >1 and both AR
and MA are stationary. The results in Table 3 show a good fit
for the model.

6. CONCLUSIONS

The renewable energy consumption impact on the Lebanese
economic growth is regressed using gross capital formation and
Labor force as control variables. After checking the robustness of
the model, the model proved stationary using ARMAX model. The
results show that capital formation and labor forces are statistically
significant with positive signs. However, the renewable energy
consumption is statistically significant but negatively affect the
Lebanese economic growth. Which is due to the low level of
consumption and the establishment high cost in the Lebanese

Constant —5.80778 3.55822 —1.6322 0.11910
Gross fixed capital formation 1.25105 0.320119 3.9081 0.00095***
Labor force total 23850.8 3369.01 7.0794 <0.000071 ***
Log renewable energy consumption —1.05461 3.22395 -3.2712 0.00402%***
Mean dependent variable 1.97e+10 SD dependent variable 1.12e+10
Sum squared residual 4.92e+19 SE of regression 1.61e+09
R? 0.982193 Adjusted R? 0.979381
F (3,19) 445.5270 P value (F) 8.87¢-18
Log-likelihood —518.0095 Akaike criterion 1044.019
Schwarz criterion 1048.561 Hannan-Quinn 1045.161
rho 0.577059 Durbin-Watson 0.827142
Source: Author calculation, SE: Standard error, SD: Standard deviation

Table 2: LAD, using observations 1990-2012 (T=23)

Constant —3.33484¢+09 5.7137e+09 —0.5837 0.56632
Labor force total 22341.3 6399.91 3.4909 0.00245%**
Gross fixed capital formation 1.2716 0.694397 1.8312 0.08280*
Log renewable energy consumption —1.15665¢+010 7.59236e+09 —-1.5234 0.14412
Median dependent variable 1.76e+10 SD dependent variable 1.12e+10
Sum absolute residual 2.85e+10 Sum squared residual 5.26e+19
Log-likelihood —520.4788 Akaike criterion 1048.958
Schwarz criterion 1053.500 Hannan-Quinn 1050.100

Source: Author calculation, SE: Standard error, SD: Standard deviation
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Table 3: ARMAX, using observations 1991-2012 (T=22)

Constant —1.56792e+09 4.72355e+09 —0.3319 0.73994
phi_1 0.598502 0.3148 1.9012 0.05727*
theta 1 0.541201 0.757488 0.7145 0.47494
Labor force total 6984.98 10660.6 0.6552 0.51233
Gross fixed capital formation 0.894996 0.43862 2.0405 0.04130%**
Log renewable energy consumption —2.5581e+09 6.51139¢+09 -0.3929 0.69442
Mean dependent variable 2.05e+10 SD dependent variable 1.08e+10
Mean of innovations —20121386 SD of innovations 6.99e+08
Log-likelihood —479.2644 Akaike criterion 972.5287
Schwarz criterion 980.1660 Hannan-Quinn 974.3279
AR Root 1 1.6708 0.0000 1.6708 0.0000
MA Root 1 —1.8477 0.0000 1.8477 0.5000

Source: Author calculation, SE: Standard error, SD: Standard deviation

market, to the excessive energy consumption in unproductive
sectors of the Lebanese economy, capacity constraints, and an
inefficient energy supply.

The results show that most of the explanatory variables are
statistically significant and have the expected sign. Another
robustness-checking test based on Least Absolute deviation
illustrate the regression estimation and clearly explain its
robustness and thus both research hypothesis are true. Policy
makers should encourage the partnerships between the public
and private sector in promoting the renewable energy production.
In addition, some more initiatives incentives form the Lebanese
Government policy could help such as renewable energy
production tax credits, renewable energy portfolio standards,
renewable energy systems installation rebates.

REFERENCES

Apergis, N., Payne, J.E. (2009a), Energy consumption and economic
growth in Central America: Evidence from a panel cointegration and
error correction model. Energy Economics, 31, 211-216.

Apergis, N., Payne, J.E. (2009b), Energy consumption and economic
growth: Evidence from the commonwealth of independent states.
Energy Economics, 31, 641-647.

Apergis, N., Payne, J.E. (2010a), The emissions, energy consumption and
growth nexus: Evidence from the commonwealth of independent
states. Energy Policy, 38, 650-655.

Apergis, N., Payne, J.E. (2010b), Renewable energy consumption and
economic growth: Evidence from a panel of OECD countries. Energy
Policy, 38, 656-660.

Bekareva, S.V., Meltenisova, E.N., Gsysa, J.G.A. (2017), Evaluation of
the role of renewables consumption on economic growth of the U.S.
Regions. International Journal of Energy Economics and Policy,
7(2), 160-171.

Benavides, M., Ovalle, K., Torres, C., Vinces, T. (2017), Economic
growth, renewable energy and methane emissions: Is there an
environmental Kuznets curve in Austria? International Journal of
Energy Economics and Policy, 7(1), 259-267.

Bhattacharya, M., Paramati, S.R., Ozturk, 1., Bhattacharya, S. (2016),
The effect of renewable energy consumption on economic growth:
Evidence from top 38 countries. Applied Energy, 162, 733-741.

Bouoiyour, J., Selmi, R., Ozturk, I. (2014), The nexus between electricity

International Journal of Energy Economics and Policy |

consumption and economic growth: New insights from meta-
analysis. International Journal of Energy Economics and Policy,
4(4), 621-635.

Bowden, N., Payne, J.E. (2010), Sectoral analysis of the causal relationship
between renewable and non-renewable energy consumption and real
output in the U.S. Energy Sources, Part B: Economics, Planning, and
Policy, 5(4), 400-408.

Chehab, E. (2010), The economic implications of Renewable Energy
(RE). In: Achieving the 12% Target by 2020. Lebanon: Presentation
UNDP.

Dogan, E., Ozturk, I. (2017), The influence of renewable and non-
renewable energy consumption and real income on CO, emissions
in the USA: Evidence from structural break tests. Environmental
Science and Pollution Research, 24, 10846-10854.

Ewing, B.T., Sari, R., Soytas, U. (2007), Disaggregate energy
consumption and industrial output in the United States. Energy
Policy, 35, 1274-1281.

Hassine, M.B., Harrathi, N. (2017), The causal links between economic
growth, renewable energy, financial development and foreign trade
in gulf cooperation council countries. International Journal of Energy
Economics and Policy, 7(2), 76-85.

Houri, A. (2006), Prospects and challenges of using hydropower for
electricity generation in Lebanon. Renew Energy, 31, 1686-1697.

Jebli, M.B., Youssef, S.B., Ozturk, 1. (2016), Testing environmental
Kuznets curve hypothesis: The role of renewable and non-renewable
energy consumption and trade in OECD countries. Ecological
Indicators, 60, 824-831.

Lee, C.C. (2005), Energy consumption and GDP in developing countries:
A cointegrated panel analysis. Energy Economics, 27, 415-427.

Ministry of Energy and Water. (2010), Paper for the Electricity Sector,
Ministry of Energy and Water.

Ministry of Environment. (2010), Solid Waste in State and Trends of the
Lebanese Environment. Lebanon: Ministry of Environment.

Ozturk, 1. (2010), A literature survey on energy-growth nexus. Energy
Policy, 38(1), 340-349.

Payne, J.E. (2009), On the dynamics of energy consumption and output
in the U.S. Applied Energy, 86, 575-577.

Pedroni, P. (1999), Critical values for cointegration tests in heterogeneous
panels with multiple regressors. Oxford Bulletin of Economics and
Statistics, 61, 653-670.

Pedroni, P. (2000), Fully modified OLS for heterogeneous cointegrated
panels. Advanced in Econometrics, 15, 93-130.

Pedroni, P. (2004), Panel cointegration: Asymptotic and finite sample
properties of pooled time series tests with an application to the PPP
hypothesis: New results. Econometric Theory, 20, 597-627.




Taher: Renewable Energy Consumption Impact on the Lebanese Economy

Rafindadi, A.A., Ozturk, I. (2017), Impacts of renewable energy
consumption on the German economic growth: Evidence from
combined cointegration test. Renewable and Sustainable Energy
Reviews, 75, 1130-1141.

Sadorsky, P. (2009), Renewable energy consumption and income in
emerging economies. Energy Policy, 37, 4021-4028.

Soytas, U., Sari, R., Ewing, B.T. (2007), Energy consumption, income,

and carbon emissions in the United States. Ecological Economics,
62, 482-489.

United Nations Development Programme. (2012), The National Bioenergy
Strategy for Lebanon. Beirut: United Nations Development
Programme.

World Bank. (2011), Republic of Lebanon Country Environmental
Analysis. Washington, DC: World Bank.

International Journal of Energy Economics and Policy | Vol 7



