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ABSTRACT
The challenge of environmental pollution and climate change have made
countries to develop energy transition progress meaning move from non-renewable
energy sources towards renewable ones. This paper seeks to analyze energy transition
pattern in Iran by modeling it using the ARDL bounding testing method over the
period of 1993-2018. The empirical estimations depicted that in the long-run
economic growth and inflation rate negatively impact on energy transformation of
Iran, while increase in carbon dioxide emissions and appreciation of Iran’s national
currency accelerate the energy transition process in Iran. Regarding the short-run
relationship, the major results represented an evidence of positive impact of exchange
rate on Iran’s energy transition process, while the other variables have negative
coefficient. As policy implications, we recommended lowering budget dependency
to oil revenues, and issuing short-run de-carbonizing policies in Iran.

1. Introduction
A growing concern on the climate changing chiefly
arising from the carbon emissions has been a primary
challenge for all the countries in the world. Various
countries, specially developed ones, have conducted
different policies in order to de-carbonize economic
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activities. As a major developing country and main fossil
fuel producers, Iran is now facing serious level of air
pollution. According to BP statistical review of energy
2019, Iran is the most CO2 emitters in the Middle East
and produced over 630 million tons in 2018, while other
countries such as Saudi Arabia, Qatar and United Arab
Emirates have produced CO2 lower than Iran.
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Figure 1. CO2 emissions by Iran, 1993-2018, million tones.
Source: Authors’ compilation from BP
This huge amount of carbon dioxide emissions is a
cause of high level of fossil fuel consumption in Iran.
According to the BP review of 2019 (Figure 2), natural
gas and crude oil are two main fossil fuel energy
resources in energy consumption basket of Iran. In 2018,

Iran used nearly 200 million tones oil equivalent and 100
million tones oil equivalent natural gas and oil,
respectively. This large amount of fossil fuel
consumption is a major reason polluting environment
and emitting carbon dioxide.
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Figure 2. Fossil fuel consumption by Iran, 1993-2018, million tones oil equivalent.
Source: Authors’ compilation from BP
A fresh solution to the problem of fossil fuel
consumption and climate change in Iran is improvement
of energy transition meaning to change the energy basket

consumption into the more renewable energy sources
rather than fossil fuel ones. Fig 3 represents the energy
transition trend in Iran over the period of 1993-2018. It
is clear that the process of replacing fossil fuel resources
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with renewable ones was with a record of nearly 1.6% in
1993 and the lowest level of about 0.4% in 2000.
Following Aryanpur et al. (2019), Iran currently is not in

June 2020
a proper place in the road of energy transition because
there is not an efficient link between energy planning and
policy making in this country.
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Figure 3. Energy transition in Iran, 1993-2018, %.
Source: authors’ compilation from BP and world bank
Tavana et al. (2019) investigated different strategies
to develop the renewable power generation share in Iran
by year of 2050. They found out that it is the best strategy
to have energy transition movement with a rate of 3% to
go to reach a full renewable power generation in 2050.
In other study, Aryanpur et al. (2019) analyzed energy
planning in Iran and the capabilities of using green
energy resources in power generation. The main results
revealed that increasing the contribution of non-hydro
clean energy for power generation in Iran is the best
strategy in in near feature. Hafeznia et al. (2017)
evaluated natural gas potential for energy transition in
Iran. They concluded that to have low-carbon economy,
Iran needs to lower the use of fossil fuels to combat
environmental pollution and to this end, local energy
demand, energy loses in residential sector and high
energy intensity should be solved.
Regarding the existing literature, energy transition
has drawn attention by a vast number of scholars. In a
study, Chapman and Itaoka (2018) tried to find out the
relationship between energy transition and electricity
market liberalization in Japan. The results depicted that
geographic limitation and the Fukushima nuclear
incident are two important challenges of Japan to
improve the progress of energy transition. Chen et al.
(2019) investigated various strategies to generate a
sustainable energy transition process. He found out that
37|

robust and appropriate plans in governance may boost
energy transition in an economy. In line with the Chen et
al. (2019)'s argument, Vainio et al. (2019) expressed that
households and their images from energy transition play
a major role in efficiency of movement from fossil fuels
to green energy resources. Kraan et al. (2019) explored
the impacts of energy transition on energy intensity and
total primary energy consumption. The major results
revealed that due to cultural consumption patterns,
energy transition cannot impact positively on these
energy indicators. Besides the mentioned studies,
different energy resources consumption and energy
transition in Iran has been drawn attention by some
scholars like Yazdanpanah et al. (2015), Ghorbani et al.
(2017) and Aryanpur et al. (2019), however, there has
not been any in-depth study focusing on energy
transition of Iran that proves the novelty of our study.
Therefore, this paper seeks to fill in this literature gap.
The rest of paper is organized as follows: Section 2
discusses theoretical background. Next Section
represents data description and methodology. Section 4
argues the empirical results and finally Section 5
concludes the paper and gives some policy implications.

2. Theoretical Background
To explain our theoretical framework, we make an
assumption of a common economy comprising two
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sectors of industry and household. The demand side of
commodities market in this economy is provided by
these two sectors.
Regarding energy demand by industrial sector, we
can consider the production function of an industry
(Eq.1) in the form of Cobb-Douglas as follows:
𝛽

𝑌𝑡𝐼 = 𝐹(𝐾𝑡 , 𝐿𝑡 , 𝐸𝑇𝑡𝐼 ) = 𝐾𝑡𝛼 𝐿𝑡 (𝐸𝑇𝑡𝐼 )(1−𝛼−𝛽)

(1)

In Eq.1, overall production of industry, capital, and
labor force are represented by Yt, K and L, whereas ETt1
denotes the energy demand of industry for production
process. We can assume ET as energy transformation
(share of renewables to non-renewables).
Based on microeconomic principles, a firm can
maximize the profit as shown in Eq. 2:
𝑀𝑎𝑥 𝜋𝑡 = 𝑃𝑡𝑌 𝑌𝑡𝐼 − 𝑟𝑡 𝐾𝑡 − 𝑤𝑡 𝐿𝑡
− 𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )𝐸𝑇𝑡𝐼

(2)

𝑈𝑡 = (𝐶𝑡 , 𝐸𝑇𝑡𝐻 )=

1
1−𝛾

(𝐶𝑡 )1−𝛾 +

1
1−𝛿

1−𝛿

(𝐸𝑇𝑡𝐻 )

(5)

Based on microeconomic principles, household can
maximize Eq.5 with the following constraint:
𝑆. 𝑡.

𝑃𝑡𝐶 𝐶𝑡 + 𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )𝐸𝑇𝑡𝐻 = 𝑌𝑡𝐻

(6)

Here, P_ ^C and P_ ^E are prices of non-energy and
energy commodities, respectively. T represents the
transportation costs, while Y_ ^H shows income level of
household.
Using the Lagrange function, we can write the
maximization of Eq.5 as follows
Γ = 𝑈(𝐶𝑡 , 𝐸𝑇𝑡𝐻 ) − 𝜆{𝑃𝑡𝐶 𝐶𝑡 + 𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )𝐸𝑇𝑡𝐻
− 𝑌𝑡𝐻 }

(7)

Consequently, the F.O.C. with respect to the 〖ET〗
_ ^H, C_, and λ is obtained as shown in Eqs. 8–10:

The above equation contains π as firm’s profit, P_ ^Y
as firm’s commodity price, r as capital’s interest rate,
was wage of labor force, e as official exchange rate, P_
^E as price of energy input and finally T as transportation
costs.

𝜕Γ
= (𝐸𝑇𝑡𝐻 )−𝛿 − 𝜆{𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )} = 0
𝜕𝐸𝑇𝑡𝐻
→ 𝐸𝑡𝐻
= 𝑓(𝑒𝑡 (𝑃𝑡𝐸
+ 𝑇𝑡 ), 𝑌𝑡𝐻 )

(8)

The F.O.C. (First order condition) of firms’ profit
with respect to energy transition (ET) can be written as
Eq.3:

𝜕Γ
= 𝐶𝑡 −𝛾 − 𝜆{𝑃𝑡𝐶 } = 0
𝜕𝐶𝑡

(9)

𝜕𝜋𝑡
𝑃𝑡𝑌 𝑌𝑡𝐼
(1
=
−
𝛼
−
𝛽)
− 𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )
𝜕𝐸𝑇𝑡𝐼
𝐸𝑇𝑡𝐼

(3)

=0
From Eq.3, the demand for energy transformation is
calculated as Eq.4:
𝐸𝑇𝑡𝐼
= (1 − 𝛼
𝑃𝑡𝑌 𝑌𝑡𝐼
− 𝛽)
𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 )

𝜕Γ
= 𝑃𝑡𝐶 𝐶𝑡 + 𝑒𝑡 (𝑃𝑡𝐸 + 𝑇𝑡 ) − 𝑌𝑡𝐻 = 0
𝜕𝜆

Overall, the total energy transformation demand in
the assumed economy is a mix of industrial sector and
residential sector demands as represented in Eq.11
𝐸𝑇𝑡 = 𝐸𝑇𝑡𝐼 + 𝐸𝑇𝑡𝐻

(4)

According to Eq.4, we can express that energy
transformation demand of industry is related to labor
force, capital, the real production of industry, energy
price, official exchange rate and transportation cost.
Regarding household as the second sector of the
assumed economy, we can consider the following utility
function shown in Eq.5:

(10)

(11)

We can conclude that the energy transformation in an
economy is related to inflation rate, carbon dioxide
emissions (proxy for transportation cost), population
growth, official exchange rate, economic growth.

3. Characteristics of Model and Data
Based on theoretical framework, our empirical model
can be written as following function:
𝐸𝑁𝑇𝑅𝐴𝑁𝑡
= 𝑓(𝐼𝑁𝐹𝐿𝑡 , 𝐶𝑂2𝑡 , 𝐸𝑋𝐶𝐻𝑡 , 𝐺𝑅𝑂𝑊𝑡 , 𝑃𝑂𝑃𝑈𝑡 , )

(12)
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The above function can be transformed into
econometric equation as Eq.13:
𝐸𝑇𝑅𝐴𝑁𝑡 = 𝛽0 + 𝛽1 ∗ 𝐼𝑁𝐹𝐿𝑡 + 𝛽2 ∗ 𝐶𝑂2𝑡
+ 𝛽3 ∗ 𝐸𝑋𝐶𝐻𝑡 + 𝛽4
∗ 𝐺𝑅𝑂𝑊𝑡 + 𝛽5 ∗ 𝑃𝑂𝑃𝑈𝑡
+ 𝜇𝑖

∆𝑥𝑡 = 𝑎 + 𝑎𝑥𝑡−1 + 𝑏𝑡 + 𝑐𝐷𝑈𝑡
𝑘

+ ∑ 𝑑𝑗 ∆𝑥𝑡−𝑗 + 𝜇𝑡

(14)

𝑗=1

(13)

∆𝑥𝑡 = 𝑏 + 𝑏𝑥𝑡−1 + 𝑐𝑡 + 𝑏𝐷𝑇𝑡
𝑘

+ ∑ 𝑑𝑗 ∆𝑥𝑡−𝑗 + 𝜇𝑡
Where, ETRAN and INFL represent energy
transition and inflation rate, while CO2 and EXCH are
CO2 emissions per capita and official exchange rate in
Iran. GROW and POPU denote economic growth and
population growth in Iran, respectively.
Prior to run empirical estimations, a number of
preliminary tests should be carried out to ensure the
reliability and viability of findings. Since Iran's economy
has experienced many structural shocks such as war,
sanctions, Dutch disease and high inflation rate, Zivot
and Andrews (1992) test with following three models is
employed to explore the existence of structural
breakpoint.

(15)

𝑗=1

∆𝑥𝑡 = 𝑐 + 𝑐𝑥𝑡−1 + 𝑐𝑡 + 𝑑𝐷𝑈𝑡 + 𝑏𝐷𝑇𝑡
𝑘

+ ∑ 𝑑𝑗 ∆𝑥𝑡−𝑗 + 𝜇𝑡

(16)

𝑗=1

Next, we conduct the ARDL bounds testing approach
introduced by Pesaran et al. (2001) to explore the longrun linkage between energy transformation as dependent
variable and other independent variables. All the data
with the following primary characteristics, represented in
Table 2, were gathered from World Bank and BP
statistical review of 2020.

Table 1. Primary characteristics of series.
Variables
GDP Growth

Unit
Mean
Maximum
Minimum
%
3.05
13.39
-7.44
Local Currency Units (LCU)
Exchange rate
11428.3
40864.3
1268.07
per US$
Energy transition
%
0.93
1.54
0.43
CO2 emissions
Metric tons per capita
6.32
8.38
3.97
Population growth
%
1.27
1.59
1.09
Inflation rate
%
19.32
49.65
8.65
Source: Authors’ compilation from World Bank database
sector. Therefore, we can expect that any increase in
According to Table 2, during 1993-2018, Iran's GDP
economic size demotivates renewable energy projects in
growth has had an average of 3.05%. The highest rate of
Iran leading to energy transition reduction in the country.
economic growth was 13.39% in 2016, while Iran
Moreover, it is expected that bilateral exchange rate
experienced the lowest economic growth of -7.44% in
positively impacts on energy transition in Iran. In other
2012. Furthermore, Iranian Rial's value against US $
words, Rial's depreciation may increase costs of clean
takes the average of 11428 LCU per US$ over 1993energy projects in the country causing a lower rate of
2018. The Iran's bilateral exchange rate over 1993-2018
clean energy consumption. Regarding the impact of
takes the maximum of 40864.3 LCU per US$ in 2018
carbon dioxide emissions on energy transition, our
and minimum of 1268.07 LCU per US $ in 1993.
expectation can follow Bilgili et al. (2016) and
Furthermore, the average of energy transformation and
Bhattacharya et al. (2017) who proved an evidence of
CO2 emissions in Iran were 0.93% and 6.32 metric tons
positive impact from CO2 emissions on energy
per capita over 1993-2018. The general price level of
transformation. Furthermore, a negative impact of
commodities takes the average of 19.32, whereas
population growth on energy transformation of Iran can
population in Iran has increased with the average rate of
be expected because the fact that any increase in
1.27% over 1993-2018.
population of Iran may become a major factor to
Following Taghizadeh-Hesary et al. (2019) who
aggregate demand raising that requires more
declare the oil-based nature of Iran's economy, Iran
consumption of non-renewable energy sources in Iran.
economic size highly depends on non-renewable energy
Finally, we can expect to find a negative influence of
39|
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inflation rate on energy transition process in Iran. A
higher price of commodities in Iran may lead to higher
costs of clean energy projects becoming a major obstacle
to substation of fossil fuels with renewable energy
sources.

4. Empirical Results and Discussion
As the first step, the Zivot- Andrews structural break
test was employed to find out whether there exist
structural breakpoints. The results of this test are listed
in Table 3 as follows:

Table 2. Findings of structural break test.
level
D
T-stat.
Time break
T-stat.
Time break
GROW
-4.019
1993
-11.428*
2004
EXCH
-2.505
1998
-9.007*
2018
ETRAN
-3.497
2008
-10.382*
2000
CO2
-4.277
2000
-10.433*
1993
POPU
-3.809
2014
-11.382*
2004
INFL
-5.101
2012
-9.099 *
2018
Note: * shows significance of variable at 5% level. D denotes at 1st difference;
Source: Authors’ compilation.
by conducting CUSUM and CUSUMQ techniques. The
The results of the Zivot-Andrews test prove that our
results of these two techniques, shown in Fig 4, prove the
series are I(1). Next, we check out the stability of model
stability of all coefficients.
Variable

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
96

98

00

02

04

06

08

CUSUM of Squares

10

12

14

16

18

16

18

5% Significance

15

10

5

0

-5

-10

-15
96

98

00

02

04
CUSUM

06

08

10

12

14

5% Significance

Figure 4. Results of CUSUM and CUSUMQ.
Source: Authors’ compilation.
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Now we can perform the ARDL bounds testing
method which considers the existence of structural break
to find out the long-run relationship among series over
the period of 1993-2018. This econometric technique
needs an appropriate lag length which is determined by
the Bayesian information criterion (BIC) here. The
results of ARDL bounds testing method for our model
are represented in Table 4.
It can be expressed that the calculated statistics are
more than upper critical bound at 5% and 1% levels,

June 2020
hence we can consider energy transformation, economic
size, bilateral exchange rate, carbon dioxide emissions,
growth in population number and price level of
commodities as predicted variables. Moreover, the
findings of ARDL bound testing depicted that our
variables become cointegrated for a long-run
relationship between energy transformation, economic
size, bilateral exchange rate, carbon dioxide emissions,
growth in population number and price level of
commodities in Iran's economy.

Table 3. Results of ARDL bound technique.
Estimated models
Optimal lag length
Structural break
F-stats.
FGROW (GROW|ETRAN, EXCH, CO,
5,5,5,5,5,6
1993
3.593**
POPU, INFL)
FETRAN (ETRAN|GROW, EXCH, CO,
5,5,5,5,5,5
2009
3.616**
POPU, INFL)
FEXCH (EXCH|GROW, ETRAN, CO,
6,5,5,5,6,6
1997
4.728*
POPU, INFL)
FCO (CO|GROW, EXCH, ETRAN, POPU,
5,5,5,6,6,6
1997
4.639*
INFL)
FPOPU (POPU|GROW, EXCH, CO,
5,6,6,6,5,5
2014
2.322
ETRAN, INFL)
FInfl (INFL|GROW, EXCH, CO, POPU,
5,5,5,5,5,5
2009
1.932
ETRAN)
Significant level
Lower bounds I (0)
Upper bounds I (1)
1% level
2.84
3.97
5% level
2.32
3.38
10% level
1.83
2.87
Note 1: * and ** show significant at 1% and 5% at levels.
Source: Authors’ compilation
Based on the existence of long-run linkage among
dioxide emissions, growth in population number and
variables, as reported in Table 4, we explore marginal
price level of commodities on energy transformation in
impacts of economic size, bilateral exchange rate, carbon
Iran's economy. The results are represented in Table 5:
Table 4. Results of estimating coefficients.
Dependent variable
-

Energy transition

Energy transition

Test
Chi-2 Arch
Chi-2 White
Chi-2 Ramsay
Source: Authors’ compilation
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Explanatory variables
GROW
EXCH
Long-run
CO2
POPU
INFL
GROW
EXCH
Short-run
CO2
POPU
INFL
Short-run diagnostic tests
F-stats
2.618
1.229
1.449

Coefficient
-0.115
0.028
0.428
-0.214
-0.229
-0.012
0.011
-0.163
-0.044
-0.179
P-value
0.21
0.21
0.19

Prob.
0.02
0.00
0.02
0.05
0.00
0.00
0.00
0.02
0.00
0.01
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Regarding the short-run impacts, the estimations
revealed negative impact of economic size on energy
transformation of Iran. A 1% increase in GDP growth of
Iran may accelerate energy transformation process in the
country by nearly 0.12%. Moreover, exchange rate has
negative coefficient meaning that by 1% depreciation in
Iranian Rial, the energy transformation process in the
country decreases by approximately 0.01%.
•

The results confirm that CO2 emissions have
negative short-run contribution to energy transition
in Iran. A 1% increase in this variable leads to
decrease of energy transition in Iran by nearly 0.16%.

•

The short-run impacts of population growth and
inflation rate on energy transition movement in Iran
are negative and a 1 percent increase in them is linked
to a 0.04% and 0.17% reduction in energy transition,
respectively.
ii) Long-run analysis

•

Iran’s economic growth has negative and statistically
significant long-run impact on energy transition
process of the country. The estimation inferred that a
1% increase in economic growth is linked with a 0.11
decrease in energy transition of Iran. The main reason
may be the oil-based economic structure of this
country which links economic growth and nonrenewable energy resources.

•

The long-run relationship between exchange rate and
energy transition in Iran is found to be positive.
Meaning that 1% appreciation of Iranian Rial against
U.S. Dollars leads to increase of energy transition
process in the country by nearly 0.028%.

•

Our empirical estimation showed that any increase in
CO2 emissions has negative and statistically
significant impact on energy transition in Iran. A 1%
increase in CO2 emissions leads to increase of energy
transition by approximately 0.42%. In other words,
Iranian policy makers consider substitution of fossil
fuel consumption with renewable ones (green energy
resources) as a solution for air pollution.

•

Finally, both population growth and inflation rate
have long-run negative and statistically significant
impact on energy transition process in the Iran. A 1%
rise in population and price level of commodities and
services in Iran is linked with a 0.21% and 0.22%
decrease in energy transition.

5. Conclusion and Implications
This paper attempted to investigate the effects of
various variables, i.e. economic growth, exchange rate,
CO2 emissions, population growth and inflation rate on
energy transition (consumption of renewable energy
resources to consumption of non-renewable ones) in case
of Iranian economy over the period of 1993-2018. To
this end, we conducted the ARDL bounds testing method
to cointegration to check cointegration among the series
in the presence of structural breaks for long-run. Our
findings of ARDL bounds testing approach proved that
our variables are cointegrated for long-run linkage. The
empirical estimations revealed long-run negative impact
of economic growth, population growth and inflation
rate on energy transition of Iran, while CO2 emissions
and exchange rate have positive impacts on energy
transition movement in the country. Furthermore, we
found out that in the short-run the relationship between
energy transition improvement and economic growth,
CO2 emissions, population growth and inflation rate is
negative, while exchange rate is the only variables
accelerate energy transition in the country.
In addition, we found out that the magnitudes of
impacts of variables on energy transition in Iran are
stronger in long-run rather that in short-run. Hence,
Iran’s policy makers should draw attention to the longrun energy plans in the country. Furthermore, lowering
dependency of national budget to the oil and gas
revenues would be a useful policy to reduce negative
impact of economic growth on energy transition
movement in the country. Another recommendation is to
determine rapid decarbonizing policies in the country.
Since we have found short-run negative and long-run
positive effect of CO2 emissions on energy transition, it
is suggested to make short-run climate change policy
besides the long-run one. In line with our findings, we
can point out the efficiency of sustainable energy
transition planning in Iran which helps the country to
provide sustainable and reliable pathways to move from
fossil fuels to renewable energy sources. In addition,
conducting feasibility of using green energy resources
such as wind and solar can be a good research fields
helping policy makers to make the best decisions.
Overall, it is recommended to future studies to
compare energy transition model of Iran with other
nations. Furthermore, using new control variables such
as interest rate would make a new insight for scholars.
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