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a b s t r a c t

This paper investigates the relationship of two types of renewable energy consumption (total hydro-
power, wind, solar and nuclear energies, and total combustible renewable and waste) to stock market
value and economic growth in Iran. An autoregressive distributive lag (ARDL) model was used for data
from 1990 to 2014 and results show that stock market value affects both groups of renewable energies in
the long run. Growth rate significantly affects total hydropower, wind, solar, and nuclear energies in both
the short and long run, although it is only significant in the short run for combustible renewable and
waste energies. Neither type of renewable energy consumption affects growth in either the short or long
run.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Sustainable development, as one of the main goals of every
economy, encourages policymakers to use energy sources that emit
the fewest pollutants to the environment. Today, renewable energy
resources have become increasingly more important due to the fact
that they have fewer negative impacts on the environment than
other sources of energies and the growing limitations of fossil fuels.
Most developed countries that are in agreement with the Inter-
national Atomic Energy Agency and the Kyoto Protocol have
established a framework to encourage greater usage of renewable
energy sources Maji [1]. Consequently, countries that are rich in
non-renewable energies should consider ways to offset the eco-
nomic slowdown that would be caused due to the loss of demand
from developed countries. Apart from environmental issues,
substituting domestic renewable energies also protects countries
against external economic crises. As countries reduce fuel imports,
their economies become less vulnerable to external crises. The
importance of economic growth as the main objective of all
i), bahare.ramezanian@mail.
@um.ac.ir (M. Behname),
.J. Razmi).
economies has led a lot of studies towards finding the impact of
renewable energies on economic growth. For example, one study
using the ARDL method discovered that renewable energy and
economic growth have a negative relationship in the long run in
Nigeria, although an insignificant relationship exists in the short
run [1]. A negative impact of renewable energy on economic
growth was also found in Turkey, South Africa, and Mexico by Ocal
and Aslan [2]. However, Destek [3] found a positive relationship
between the two variables was discovered for India. Aïssa et al. [4]
tried to discover the relationship among renewable energy, output,
and trade by using panel cointegration of 11 African countries. They
did not find any causality between renewable energy with output
and trade in the short run. However, in the long run, Jebli and
Youssef [5] discovered the impact of renewable energy on output.

Apergis and Payne [6] employed panel cointegration for inves-
tigating the casual relationship between renewable energy con-
sumption and economic growth for OECD countries. They found
bidirectional causality between variables both in the short and long
run. Similar results were discovered for Central American countries
by Apergis and Payne [7]. Using panel data, Chang et al. [8] found
bidirectional causality between economic growth and renewable
energy for G7 countries. However, these results were not approved
for individual countries. Tugcu et al. [9] also discovered similar
results for G7 countries. Using the panel cointegration method, Pao
et al. [10] investigated the causal effect of clean and non-clean
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energies on economic growth for Mexico, Indonesia, South Korea,
and Turkey. They found one-way causality running from renewable
energy to economic growth in the long-run and two-way causality
in short-run.

Apart from economic growth, financial market development in-
dexes are among the variables of interest to economists in energy
studies. Financial market development can affect energy demand by
influencing economic growth as well as reducing households’ con-
straints [11]. Financial markets affect economic growth by trans-
ferring funds, determining capital prices, facilitating transactions, as
well as distributing risk management. Facilitating consumer lending
is another impact of financial markets on energy consumption, as
easier access to financing for energy purchases increases consumer
demand for energy [12e14]. In other words, financial market
development may increase energy consumption by reducing finan-
cial risk and lending costs and increasing access to financial in-
vestments and advanced technologies. Financial market
development can also reduce the risks to consumers and businesses
and thereby become an important factor in generating wealth in the
economy. Therefore, the existence of financial market development
is considered as a reliable lever for consumers and businesses which
increases economic activity and energy demand [15].

Kakar et al. [16] considered the relationship between financial
market development, economic growth, and energy consumption
in Pakistan in the 1980s. Using Johansen cointegration and Granger
causality, the results showed the long-run effects of the financial
market development on energy consumption, however its impact
in the short run was negligible. Several studies have confirmed the
relationship between financial development, energy consumption
and economic growth [17e21]. Stock market developments also
play an important role in allocating funds for clean energy projects.
Sadorsky [22] stated that stock market developments would in-
crease the demand for energy in emerging economies, while Chang
[17] indicated that the development of market capitalism in
emerging countries would stimulate investment and energy con-
sumption. This study investigates the relationship between
renewable energy consumption, the stock market value,1 and GDP
growth in Iran. It must be noted that, to the best knowledge of the
authors, there have not been any studies on financial market
development and renewable energies thus far; therefore, this
research has referred to studies on total energy consumption and
financial market development.

Renewable energies can play an important role in reducing
emissions of pollutants, such as carbon dioxide and other green-
house gases. Features such as environmental compatibility, fewer
pollutive effects, renewability, and global replicability have led
these types of energies to play an important role in the world's
energy supply system on a day-to-day basis. Nowadays, Iran is
suffering from air pollution, and the impact on public health is a
well-known problem. Therefore, consuming renewable energies
can be effective in both achieving clean air and increasing the
overall health and well-being of the society. According to recent
changes in Iran's energy consumption laws, governmental units
such as the Ministry of Energy and the Ministry of Oil have been
obliged to support clean energy consumption.

Iran has many capacities in which to use hydro, wind, solar and
other kinds of renewable energies due to its geographic environ-
ment. Despite its high potential for employing renewable re-
sources, renewable energies have not yet been properly exploited.
Renewable energy consumption in Iran is still less than 4% of total
1 stock market value is the total traded value of all securities on the Tehran Stock
Exchange. However, for ease of reading, we have changed this throughout the
document to stock market value.
energy consumption (refer to Fig. 1) [23]. Therefore, Iran needs to
devote particular attention to the various aspects of renewable
energies to maintain its position as an energy supplier. Regarding
foreign sanctions that have reduced the speed of foreign invest-
ment in non-renewable energy, the Iranian government also needs
to increase its support to the private sector to attract more in-
vestment in renewable energies. This research helps policymakers
in Iran and other countries meet their goals for using renewable
energies by investigating the relationships of the three aforemen-
tioned variables.

This study differs from other research on this issue as most
papers in this field study economic growth, non-renewable energy
consumption, and pollution (CO2) by panel data models. For our
research objective, wemake three key contributions. First, financial
markets, especially the stock market, can help developing in-
dustries to raise and circulate capital within the broader economic
system. While many studies have examined the relationship be-
tween financial development and economic growth with non-
renewable energies, there is a gap in research pertaining to
renewable energies. The study covers this gap by focusing on of
renewable energy that have largely been ignored in prior research.
Second, in contrast to the studies applying cross-country panel
causality testing, especially in developed countries, we apply an
ARDL model as a robust methodology for Iran's economy. Third,
studies on renewable energies typically use one type of renewable
energy source, while this study compares two groups of renewable
energies: total hydropower, wind, solar, and nuclear energies and
combustible renewable and waste energies. We examine the effect
of economic growth on the two types of renewable energy con-
sumption and conversely, the effect of the two types of renewable
energy consumption on economic growth. This type of analysis has
the potential to support future policy recommendations.

For our estimation model we have carried out the following steps
(Fig. 2). First, after a thorough review of theoretical and empirical
studies, we have selected ourmodels. Next, we have verified the unit
roots and cointegration tests for long-run relationships. Subse-
quently, we have applied two models for each of the long-run and
short-run analyses. In each model, the dependent variables are:
economic growth and renewable energy type. Finally, we have
conducted diagnostic tests to confirm the reliability of the results.

The remainder of this study is formed as follows. Section 2
discusses the data and estimation of model, and Section 3 shows
the empirical results. Section 4 provides concluding remarks and
policy implications.

2. Data and methodology

Following Pesaran et al. [24], this study uses an Autoregressive
Distributed Lag (ARDL) model to investigate the relationship
Fig. 1. Iran's total primary energy consumption, share by fuel, 2016
Source: BP statistical Review of World Energy 2017.



Fig. 2. Graphical abstract

Table 1
Unit root test.

variables ADF PP

Intercept Intercept and trend Intercept Intercept and trend

gr �3.15 �3.28 �2.87 �3.02
Dgr �4.40 �4.30 �7.41 �9.11
re �0.44 �1.50 �0.68 �1.74
Dre �4.15 �4.18 �4.15 �4.22
rec �2.30 �3.40 �2.24 �2.72
Drec �5.09 �5.04 �8.19 �9.18
st 4.176 3.58 �1.58 �2.90
Dst 2.26 �8.26 �7.36 �8.33

Notes: D denotes the first difference operator. ADF Critical values at 5% for intercept
and for intercept and trend are respectively �2.99 and - �3.60.
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between renewable energy with growth and stock market value as
a proxy for stock market development. ARDL methodology has
certain advantages over other methodologies. The most important
advantage of employing ARDL is its applicability to the order of
integration for the variables, as long as none of the variables are I
(2). In smaller samples, the results of this method are more efficient
than other methods. Using cointegration analysis, the study can
identify both short-run and long-run relationships among the
variables. Additionally, the speed of adjustment to long-run equi-
librium after short-run shocks can be calculated by incorporating
the use of an error correction model (ECM).

∅ðL; PÞYt ¼
Xk

i�1

biðL; qiÞXit þ c
0
wt þ ut (1)

Equation (1) shows the ARDL model in which Yt represents the
dependent variable, Xit indicates the independent variables, and wt

is the vector S� 1 that represents the exogenous variables,
including the intercept, dummy variables, time trend, and other
exogenous variables. P is the number of lags for the dependent
variable, and q the number of lags for the independent variables.
This study compares the effects of GDP growth rate (gr) and stock
market value (st) on two groups of renewable energies: water, solar,
wind and nuclear energies (re) and combustible renewable and
waste energies (rec). To conduct this analysis, the study uses two
sets of variables gr, st, re and gr, st, rec in two ARDLmodels for yearly
data from 1987 to 2014. Data are collected from the World Bank
[25] and Iran Data Portal [26]. The unrestricted error correction
equation of the ARDL model can be expressed as follows:

Drect ¼ a0rec þ
Xp

i¼1

birecDrect�i þ
Xq

j¼1

cjgrDgrt�j þ
Xr

k¼1

djrecDstt�k

þ arecDrect�1 þ bgrgrt�1 þ d ststt�1 þ εt

(2)

The above ARDL equation can be extended to three other
equations where rec is substituted with re, gr, and st. Variables p, q,
and r show the optimum number of lags that can be calculated in
accordance with the criteria established in prior research [27e29].

The first step in estimating the ARDL model is to examine the
existence of a long-run relationship between all variables in the
model using the F-statistics. The null hypothesis of this test in-
dicates that there is no cointegration or long-term relationship
between variables.

8<
:

H0 : arec ¼ bgr ¼ dst ¼ 0
H1 : arecsbgrsdsts0 (3)

The ARDL F-statistic creates two sets of critical values, upper
bound and lower bound. If the value of the F-statistic is greater than
the upper bound of the critical value at a specific significant level,
the null hypothesis of no long-run relationship is rejected, and
therefore, cointegration exists. Conversely, if the value of the F-
statistic is lower than the lower bound of the critical value at a
specific significant level, the null hypothesis of no long-run rela-
tionship cannot be rejected, and therefore, there is no cointegration
relationship. If the F-statistics fall between low and high critical
values, the result will be uncertain.

3. Empirical results

In the first step, we apply unit root tests for our variables. To
avoid spurious regression, we should test the stationarity of the
variables. Before proceeding, it is essential to find the order of
integration for the variables as the F-statistics of the ARDL method
cannot be relied upon if the order of integration is greater than 1
[30].

3.1. Unit root test

This study uses the Augmented Dickey and Fuller (ADF) [31] and
Phillips and Perron (PP) [32] tests for testing the stationarity of the
variables. Table 1 shows the results of these two tests for the var-
iables by level and at first difference. None of the variables are
stationary at level but are stationary at first difference, except for
growth rate. Therefore, the ARDL approach is suitable for the mixed
order of integration of this study.

3.2. ARDL cointegration test

To investigate the existence of a long-run relationship between
variables, the null hypothesis that indicates all coefficients are zero
in Relationship (3) must be tested by the ARDL F-statistic or bound
test. This test must be done on the estimated OLS Equation (2). The
results of the ARDL bound test in Table 2 indicate the existence of
two cointegration relationships between variables in each model
when gr, re, rec, and st play a role as a dependent variable. The
existence of a long-run relationship depends on the F-statistics that
are above upper bound, fair diagnostic tests and significant coeffi-
cient of the speed of adjustment. A long-run relationship exists for
gr, re, and rec as dependent variables, but not for st.

Table 3 shows the short-run and long-run relationships be-
tween variables in the twomodels. The study chooses among ARDL
estimations with different lags based on diagnostic checks and
significant speed of adjustments. Variable st affects re in the short
run slightly and significantly after one lag, but it has a positive and
significant impact on re in the long run. Growth rate is an important
element affecting re in both the short and long run. An increase in



Table 2
Cointegration test - ARDL approach.

Model1 Model2

Dependent variable re gr st rec gr st

Long-run relationship Long-run relationship No Long-run relationship Long-run relationship Long-run relationship No Long-run relationship

Table 3
ARDL long run and short run results.

Dependent Variables Model1 Model2

re gr rec gr

Short run D (GR) 0.335 D (RE) �0.446 D (REC (-1)) 0.484 D (REC) �0.236
(0.01) (0.06) (0.03) (0.46)

D (GR (-1)) �0.273 D (ST) 0.376 D (ST) 0.001 D (REC (-1)) 0.530
(0.01) (0.00) (0.53) (0.11)

D (ST) 0.001 D (ST (-1)) 0.0014 D (GR) �0.285 D (ST) 0.011
(0.69) (0.94) (0.04) (0.07)

D (ST (-1)) �0.028 D (ST (-1)) 0.054
(0.02) (0.02)

CointEq (-1) �0.391 CointEq (-1) �0.435 CointEq (-1) �0.795 CointEq (-1) �0.437
(0.00) (0.01) (0.00) (0.01)

Long run GR 0.963 RE �1.026 ST 0.007 REC 0.320
(0.00) (0.22) (0.02) (0.57)

ST 0.071 ST �0.233 GR �0.169 ST �0.071
(0.00) (0.01) (0.35) (0.08)

Notes: Number in parenthesis indicate probability.
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both gr and st significantly increases re in the long run. Results for gr
as the dependent variable show that re is not significant in both
short run and long run. There are different results in other studies
on the relationship between renewable energy consumption and
economic growth for example Ocal and Aslan [2] found negative
effect of renewable energy consumption on economic growth in
Turkey. Kahia et al. [33] discovered two relationships between
renewable energy consumption and economic growth in Mena
countries. Lin and Moubarak [34] found two ways long run re-
lationships between renewable energy consumption and economic
growth in china. The results of Model 2, when rec is the dependent
variable, indicate that st affects rec positively and significantly in
the long run; however, it has no significant effect in the short run.
Unlike Model 1, gr does not affect rec in the long run; it only affects
rec negatively in the short run. Consumption of combustible en-
ergies does not affect growth rate either in the short run or in the
long run. The speed of adjustment coefficient is �0.391 in first
estimate of Model 1, which implies that 39.1% of short-run
disequilibrium adjusts towards equilibrium within a year. A
similar explanation can be used for rest of the results.

In summary, stock market development could increase con-
sumption of the renewable energies of both groups in long run.
Economic growth can also increase in renewable energy con-
sumption for the first group, while consumption from either of the
two groups of renewable energies does not appear to affect eco-
nomic growth.

Table 4 illustrates the results of the diagnostic tests. The
Breusch-Godfrey Serial Correlation LM Test up to 2 lags shows that
there is no autocorrelation in the residuals. The ARCH LM test
statistic also shows no incidence of ARCH effects in either model.
CUSUM and CUSUM square in Fig. 3 indicate the stability of the two
models. The model is stable while the inside lines move across the
channel, and the outside lines show the confidence interval.
4. Conclusion

This paper examines the relationship between two types of
renewable energy consumption, including consumption of hydro,
solar, wind and nuclear energies as well as that of combustible
renewables and waste energies, stock market value, and economic
growth in Iran over the period 1990e2014 using the ARDL method.
Such a study on Iran is very necessary, as studies in this area are
rare, and only small steps have been taken towards using renew-
able energies. The use of renewable energy in Iran is still less than
4% of the total energy consumption in the country. Therefore, more
robust studies must be done regarding renewable energies. Results
show the existence of short- and long-run relationships between
variables in two models where the dependent variables are re
(consumption of water, solar, wind and nuclear energies), gr (eco-
nomic growth rate), and rec (consumption of combustible renew-
able and waste energies).

The coefficient of st (stock market value) is insignificant for both
re and rec as dependent variables in the short run, meaning that in
the short run, financial markets have no effect on renewable energy
consumption; however, it is positively significant in the long run for
both groups. Therefore, the stock market value is an important
positive factor affecting renewable energies in the long run. Growth
rate significantly affects re in both the short and long run, although
it is only significant in the short run for rec as a dependent variable.
Neither type of renewable energy affects growth in the short run
and long run. This result is similar to Dogan [35] that found little
effect of renewable energy consumption on economic growth in
Turkey. Destek [3] found negative effect of renewable energy con-
sumption for South Africa and Mexico. However, Adams et al. [36]
discovered positive effect of renewable energy consumption on
economic growth in 30 Sub-Saharan African (SSA) countries.

By examining the relationship among two groups of renewable
energy consumption, stock market value, and economic growth,
the results of this study highlight a few points for policymakers in
Iran who are looking for ways to improve public health by using
clean energies. First, stockmarket development in Iran has led to an
increase in renewable energy consumption for total hydropower,
wind, solar, and nuclear energies, while has not affected the con-
sumption of combustible renewable and waste energies. The



Table 4
ARDL diagnostic tests.

Dependent Variable Model1 Model2

re gr rec gr

Breusch-Godfrey Serial Correlation LM Test (lag 2) 4.59 5.17 2.81 2.39
(0.10) (0.07) (0.24) (0.30)

Heteroskedasticity Test: ARCH 0.18 0.12 0.69 2.52
(0.66) (0.71) (0.40) (0.11)

Notes: the numbers show Obs*R-squared and number in parenthesis indicate probability.

Fig. 3. Stability tests of ARDL models.
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positive effect of stock market value on long-run economic growth
shows that stock market development can increase renewable
energy consumption in the long run. Second, economic growth can
also lead to an increase in renewable energy consumption of the
first group so policies towards increasing economic growth also
lead to renewable energy consumption of first group. Third, given
Iran's recent investments in the development and use of renewable
energy technologies, the results of this research show that the
country should continue to develop its renewable energy infra-
structure in order to reap the full benefits.
Responses to the following questions can be a guide for poli-
cymakers to achieve sustainable development and to increase the
health and well-being of the society.

� Do renewable energies have a positive effect on economic
growth?

� Does the value of the stock market have a positive effect on
economic growth?

� Does the value of the stock market have a positive effect on
renewable energy?
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If the value of the stock market affects both economic growth
and renewable energy consumption, it can serve as a stimulus for
using renewable energy and achieving sustainable development.
Economic policymakers can increase renewable energy consump-
tion by better understanding the nuances of the effects of stock
market value and economic growth on each group of renewable
energy and use this knowledge to facilitate the development of the
applicable renewable energies for the improvement and spread of
clean air.
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