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ABSTRACT

Due to the existence of abundant sources of non-renewable
energy and due to the structure of electricity generation
strongly dependent on fossil fuels, Iran is facing challenges
such as air pollution, climate change and energy security.
However, due to favorable geographical features, Iran has
diverse and available renewable resources that provide suitable
alternatives to reduce dependence on fossil fuels. Considering
the importance of this issue, in this paper, we have investigated
"factors affecting electricity generation from renewable
energies (RE) in Iran" during the period of 1990-2020 using the
system of simultaneous equations in the framework of E3
models. These factors include: electricity generation from non-
renewable energies (NRE), energy subsidies (SUB), capacity of
renewable power plants (CRPP), technical cooperation grants
(TCG) and foreign direct investment (FDI). The results show
that making the electricity market competitive through
reducing SUB (and thus increasing the price of fossil fuels)
leads to an increase in the share of renewable energies in
electricity generation. Besides, the increase of CRPP, the
allocation of TCG to renewable technologies and the increase
of FDI share in development of renewable technologies have
positive effects on the expansion of RE.
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1. Introduction

€nergy is an essential tool for economic activities and plays an important
role in the sustainable development. But considering the exhaustion of non-
renewable energy sources, as well as the negative and destructive
environmental effects of using fossil fuels, the economic growth resulting
from them cannot lead to sustainable development. Today, energy
independence, security of energy supply, energy price shocks, non-
renewable characteristics of oil and natural gas as traditional sources of
energy and global warming are considered the most fundamental global
issues (Sadorsky, 2009). This has caused the emergence of a wide range of
solutions to face these issues. One of these solutions is replacing fossil
energies with clean and renewable energies and using non-polluting
technologies in order to reduce climate change and air pollution. According
to the estimates, until 2040, Iran needs to increase its electricity generation
capacity by 54 gigawatts with an annual growth of 3 gigawatts in the first
years and 1.3 gigawatts in the last years. This increase in capacity should be
provided by building new combined cycles and using renewable energies
(Parliament Research Center of IRI', 2019). While the government has tried to
develop renewable energy in electricity generation by using various policy tools,
the share of these energy in Iran's energy basket is less than 1%. In other words,
regardless of the hydropower plants, nearly 99 % of electricity generation in Iran
is using non -renewable energies (Ministry of Energy, 2019).

Some of the reasons that have made NRE provides a significant share of
the Iranian electricity market, including: the inability to export and sell oil
due to oil sanctions (Dianat et al., 2021), Lower cost of initial investment of
fossil power plants compared to renewable power plants (Mousavian et al.,
2021), the low price of fuels in the fossil power plants (Shakouri &
Aliakbarisani, 2016) due to the payment of subsidies to fossil fuels by the
government (Dizaji et al., 2022). Energy subsidies (SUB) cause changes in

1. Islamic Republic of Iran (IRI)
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the allocation of economic resources due to their impact on the amount of
costs or the level of prices. These subsidies cause the non-optimal
consumption of energy, reduce the ability and motivation of investors to
invest in infrastructure sectors (including renewable technologies), severely
reduce financial resources and the government's budget deficit (Javan &
Nasimi, 2006). Based on what was said, in this paper the investigation of the
factors affecting RE in Iran (along with the analysis of mutual relations
between RE, EC, CO2 and GDP) is targeted in the framework of (E3)
models and using the simultancous equations system. There are many
influential factors, but due to the unavailability of data for some of them, or
the lack of their application in Iran's economy, in the present study, five
influential factors (Electricity Generation from Non-Renewable Energies,
Capacity of Renewable Power Plants, Energy Subsidies, Technical
Cooperation Grant and Foreign Direct Investment) have been selected.

This paper is organized in five sections. The second section is dedicated
to the literature review. In the third section, the methodology and
specification of the model are presented. In the fourth section, we have
presented the experiential results and discussion. In the fifth section, we will
have conclusions and policy implications.

2. Literature Review

Currently, innovative and more sustainable methods to meet energy needs in
the world have led to a change in the pattern of dependence on fossil fuels and
an increase in the share of renewable energies in the global energy
composition. Renewable energies as an approach to transition to sustainable
energy on a global scale have been seriously considered and the process of
using them in electricity production has accelerated. Researchers have
identified several influential factors in the use of this type of energy in
electricity production. Some of them have examined the necessary conditions
for the transition to renewable energy in electricity production. Some others
have measured the effectiveness of the policy tools used in the development of
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electricity production from renewable energies. Others have investigated

factors such as "natural resources and geographical and climatic conditions of

the region", "economic situation of the government", "population growth",
nn

"electricity market conditions", "political conditions and interest groups". The

studies conducted in this regard are classified into the following groups.

2.1. Necessary conditions for transition to renewable energy in electricity
generation

Some authors (e.g., Gunningham, 2012, Mousavi Dorche et al., 2016 and
Kaswan, 2018) believe that energy transition is only possible through
effective energy governance at the national, regional and global levels,
changes in the institutional environment governing the country's socio-
technical power plant system, and the intervention of government

organizations only in cases of market failure. Others e.g., Marzban et al.,

2018) have been categorized key factors into seven main groups (political,
economic, social, technological, environmental, legal and industrial) and
three important emerging trends in the path of future changes and
transformations (including the democratization of energy interactions, the
development of technical-social innovations and the cultivation of human,

social, and cultural aspects of energy systems).

2.2. Policy instruments for the transition to electricity generation from
renewable energies

The studies conducted in this field are presented in the form of three
categories of policy instruments (control and regulatory instruments, market-

based instruments, and information instruments).

2.2.1. Control and Regulatory instruments
The policy instruments used by government agencies to achieve goals are

defined as control and regulatory instruments or coercive instruments.
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Keyuraphan et al. (2012), Chaharsooghi et al. (2015), Lee and Seo (2019)
considered the Renewable Portfolio Standards (RPS) as one of the most
common policies to support renewable electricity, which seeks to create
price competition between renewable energy producers. Barimani and
Kaabi-nejad (2013) and Aien and Mahdavi (2020) considered the policy of
guaranteed renewable electricity purchase tariff as the most practical policy
to attract private sector investors in Iran.

Tang (2013) and Kariuki (2018) showed that "government financial
support" from investors in the electricity production of renewable energy and
"creating suitable infrastructure” for the development of this energy will lead
to the growth of renewable production. Najafi et al. (2015) considered the
availability of technology, investment, human resources expertise and other
resources along with long-term renewable energy policies as effective factors
in the development of renewable energy. According to Shokri Kalehsar
(2019), the main obstacle to the development of renewable technology in Iran
is obtaining the required financial capital, and one of its solutions is to attract
foreign investment and transfer the required technology.

Noorollahi et al. (2019) considered the lack of national and local laws,
poor management of human resources, inability to transfer technology, and
most importantly, the lack of ownership and the process of obtaining a
license for geothermal resources as obstacles to the development of the use
of this renewable energy in Iran. Pahlavani et al. (2020) considered
facilitating the process of obtaining land permits and connecting to
renewable power plants as one of the ways to remove obstacles to

investment in electricity production from renewable energies in Iran.

2.2.2. Market-Based instruments

In market-based policy instruments, people try to choose the options that
have the most benefits for them in order to maximize their utility. According
to Shi (2014), the increase in the price of energy carriers increases the share

of renewable energy, but the rapid growth of demand for energy decreases
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the share of renewable energy in the total supply of energy. Abbasi Gudarzi
and Maleki (2016) considered the modification of the prices of energy
carriers to be the primary condition and a strong driving force in accelerating
the penetration of renewable technologies in Iran. Rottgers and Anderson
(2018) concluded that the increase in the price of fossil energy causes an
increase in the share of renewable energy in electricity production, and the
subsidy to fossil energy causes a decrease in the use of renewable energy.
Bayomi and Fernandez (2019) by examining the energy subsidy structure in
four countries, Iran, Kuwait, Saudi Arabia and the UAE, concluded that the
high energy subsidy in these countries compared to the world has caused
inefficient production and consumption of energy in these countries. Beck
and Martinot (2004) found that investment tax credits, production tax credits
and Feed in Tariff (FIT) laws have played the greatest role in the
development of renewable energy in European electricity. Zhao, Tang and
Wang (2013), Warbroek (2015) and Sarti (2018) concluded that FIT is the
most effective policy instruments in promoting renewable capacities in
electricity generation. Sharifi et al. (2013), Mousavi Dorche et al. (2016),
Argentiero et al. (2018) have paid to the issue of the spread of renewable
energy technologies and the commercialization of entreprencurial ideas in

the field of renewable energy, and its positive impact.

2.2.3. Information instruments

Information instruments encourage people to participate in the use of
renewable energies by creating culture and increasing public awareness of
the advantages of using renewable energies. Information instruments are
considered as modern forms of government intervention with the lowest
degree of coercion. Afsharzade et al. (2016) emphasize the importance of
"social acceptance"” in the development of the use of renewable energies. Shi
(2014) concluded that the factors influencing people's decision to
"participate in the use of renewable energy" are influenced by the level of

household income and their views on the environment. Ghorban-nejad et al.
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(2018) and Mohammadi and Sabouri (2015) have emphasized the
importance of raising the level of awareness of farmers in Iran in the use of

renewable energy technology.

2.3. Other factors

The third group of studies examines the effects of factors such as: "natural
resources and geographical and climatic conditions of the region",
"economic situation of the government", "population growth", "electricity
market conditions" and "political conditions and interest groups". According
to Delmas and Montes-Sancho (2011) and Park (2013), the presence of
renewable potential resources is one of the effective factors in the successful
implementation of RE development policies. Sapat (2004) and Park (2013),
found that rich government has the ability to invest more in environmentally
friendly projects, and the better the economic status of the government, the
more RE will be. High population growth on one hand, can increase RE, on
the other hand, may increase NRE due to its lower cost (Park, 2013). Carley
(2009) concluded that interest groups in fossil fuel industries, by putting
pressure on politicians, hinder the support of statesmen and legislators for
the establishment of laws for the development of renewable energy and their
implementation. This has negative effects on the development of the
renewable electricity market. Delmas and Montes-Sancho, (2013) believe
that the greater the number of participants in environmental groups, the more
policies related to the development of renewable energy technologies will be
adopted. Carley (2009) found that the high wholesale price of natural gas
causes the tendency of electricity producers to replace renewable energies.
Salamon (2002) concluded that the efficiency of private companies in RE is
higher than that of public companies.

Some researchers believe that by using the components of transition
governance, the path of technological transition to RE can be accelerated.
According to Some other researchers, among the regulatory instruments, the
guaranteed purchase of renewable electricity has been stated as the most
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effective instrument to invest in RE. Some authors believe that keeping the
price of fossil fuels low through subsidies allocated to this type of energy has
hindered the competitiveness of renewable energy in the market. Therefore,
they suggest reducing SUB and increasing the price of energy carriers and
allocating the resulting income to RE. Some scholars, in relation to
information and awareness instruments, have emphasized the role of social
acceptance and increasing public willingness to use renewable energy. Most
of the studies have only investigated the relationship between energy, CO2
emissions and GDP, while some others have investigated the relationship
between other variables related to these variables (such as foreign direct
investment, renewable and non-renewable energies, energy subsidies, etc.).
In this paper, while examining the factors affecting RE, we also examine the
interrelationships between production and consumption of renewable and
non-renewable electricity, GDP and CO2 emissions, in the framework of E3
models in Iran.

The contribution of this paper is that by separating RE and NRE, while
examining the effect of NRE on RE, the effect of other related factors such
as SUB, CRPP, TCG and FDI has also been measured. At the same time,
using the simultaneous modeling (in the framework of E3 models), we have
analyzed the mutual relationship between RE, EC, CO2 emission and GDP.

3. Model Specification and Methodology

The main reason for paying attention to the mutual relationship between
CO2 emissions, energy production and consumption, and GDP is that almost
two-thirds of the world's energy comes from burning fossil fuels, and the
continuation of economic growth has led to more greenhouse gas emissions,
especially CO2. Therefore, there is a positive relationship between GDP and
CO2 emissions globally (Ritchie and Roser, 2020). The relationship between
EC, CO2 emissions, and GDP varies from country to country and depending
on the methodology used. This relationship can be examined in three
categories: the relationship between EC and GDP), the relationship between
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CO, and GDP; the relationship between EC, GDP and CO2 emissions. The
relationship between EC and GDP has been investigated in the form of four
hypotheses (growth, conservation, feedback and neutrality) (Soytas, et al.,
(2007), Apergis and Payne (2010), Tugcu, et al., (2012)). The relationship
between environmental pollution and economic growth has been
investigated using the environmental Kuznets curve (EKC). The third
category is the hybrid approach and examines the dynamic relationship
between the Energy sector, Economic growth and Environmental pollution
(E3 models). From an economic point of view, E3 models are augmented
models of economic growth considering energy and environmental factors.
The capital factor in neoclassical growth models also includes environmental
investments. The reduction of greenhouse gas emissions in this augmented
model is similar to the discussion of investment in the main models. In fact,
by considering greenhouse gases as negative natural capital, a decrease in
their emissions can be considered as lowering the amount of negative natural
capital (Asali, 2012).

In this paper, the analysis of the effects and feedbacks between economy,
energy and environment (E3) along with the investigation of factors
affecting RE in Iran, has been formulated using a system of simultaneous
equations. Most of the existing literature generally assumes that economic
growth leads to changes in CO2 emissions. But in some studies, the opposite
relationship has been observed. Energy consumption is also often a key
factor in economic growth and in carbon emissions. Therefore, investigating
the mutual relations between these variables in a system of simultaneous
equations becomes important. Also, a wide range of studies have used
several variables to investigate the factors affecting RE. In Iran, due to the
abundance of fossil resources (oil and gas), the availability of infrastructure
for their production and exploitation, and their low price in electricity
generation due to the subsidy paid to them by the government, the possibility
of making the electricity market competitive in favor of RE is facing

problems. Some of these problems are: the high initial cost and as a result the
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high risk of investing in RE, the lack of access to advanced technologies in
the field of RE due to economic sanctions and the unwillingness of foreign
investors to Investment in Iran and the small share of RE in the research and
development budget. Therefore, in this research, the following five key
factors have been selected.

- NRE as a complement and competitor of RE in Iran's energy portfolio.
NRE has a share of about 85% of Iran's electricity generation and has the
greatest impact on RE.

- SUB, which are the main factor in keeping the price of fossil fuels low
and making the electricity market uncompetitive in Iran.

- FDI due to the impact of the spillover of renewable technologies and the

financing of investment projects on RE.

- TCG, which provides a research and development platform for RE.
- CRPP as the main platform for RE development and capacity of

renewable power plants.

NRE, CRPP, and TCG variables are subcategory of regulatory and
control instruments, and SUB 1is a subcategory of market-oriented
instruments. FDI depends on the foreign policy of the government.

Based on the explanations provided, the system of simultaneous
equations in this paper includes four behavioral equations (1-4) that describe
the interrelationships between EC, RE, CO2 and GDP as follow. These
equations are specified based on the following studies and are not found in
any study. For Eq. 1, See, e.g., Shengfeng, et al. (2012), Ezenwa, et al.
(2021). For Eq. 2, See, e.g., Apergis and Payne (2010), Apergis and Payne
(2012), Pao and Fu (2013), Shahbaz et al. (2015), Dizaji et al. (2022). For Eq.
3, See, e.g., Coondoo and Dinda (2002), Shahbaz et al. (2012), Shengfeng et
al. (2012), Ezenwa et al. (2021). For Eq. 4, See, e.g., Ayres and Nair (1984),
Coondoo and Dinda (2002), Stern and Cleveland (2004), Ang (2008),
Shengfeng et al. (2012), Pao & Fu (2013), Atems & Hotaling (2018).
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Log (EC)= a¢+ ajlog(RE)t aylog(NRE)+ aslog(GDP)+ aulog(CO,) +
aslog(CRPP )+et (D

Log (RE)= B¢+ Bilog(NRE)+ B1log(GDP)+ B3log(CO,) + Baslog(SUB.,) +
Bslog(EC)+ut )

Log (CO,) =y ¢t ¥1log(RE)+ y,log(NRE)+ y3log(GDP) + y4log(TCG.) +
¥slog(EC)+ot 3)

Log (GDP)= §¢+ & 1log(RE)+ 6 ;10g(NRE) + 6 310g(CO,) + & 4log(FDI,.,) +
6 slog(EC)t+wt 4)

Where, EC is Electricity Consumption per capita (in kilowatt hours), RE
is electricity generation from Renewable Energy (in kilowatt hours), CO, is
Carbon dioxide emissions (in metric tons), GDP is Gross Domestic Product
per capita at constant prices, NRE is electricity generation from Non-
Renewable Energy (in kilowatt hours), CRPP is the Capacity of Renewable
Power Plants, SUB is Energy Subsidies, TCG is Technical Cooperation
Grants, and FDI is Foreign Direct Investment. Log in the beginning of the
variables also refers to the natural logarithm of the variables.

The reason for using the linear logarithm specification is that the simple
linear specification does not provide consistent results (Omri, 2013). In this
model, since the effect of policies appears with a lag, the four variables CRPP,
SUB, TCG and FDI are included in the model with one lag. Equations (1-4)
design a system that describes the relationship between macroeconomic
variables, factors affecting RE and pollution reduction goals. It is expected
that: the expansion of CRPP will increase the consumption of renewable
electricity and as a result reduces environmental pollution (Equation 1);
reducing SUB and NRE will help to develop the use of renewable energies
and thus transition to sustainable energy (Equation 2); Allocation of TCG to
activities that work towards the development of renewable technologies and as
a result reducing environmental pollution has affected the development of RE

(Equation 3); and increasing FDI (which leads to the development of new
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clean and renewable energy technologies and thus reducing pollution) and
reducing electricity generation costs (especially from non-renewable energies)
in the transition to RE be effective (Equation 4).

4. Empirical Results

Data and pre-tests

The data used in this paper is in the form of annual time series and in the period
of 1990-2020. These data have been collected from World Bank (2021)., the
statistical bulletin of the International Energy Agency (2021) and Ministry of
Energy of IRI (2020). The first step of pre-tests is to show that the specified
Equations (1-4) form a system of simultaneous equations. Based on this, the
tests of Simultaneity Bias, Diagonality and specification problem tests have been
used. The results of these tests showed that Equations (1-4) are specified system

of simultaneous equations and they can be estimated with the 3SLS method'.

Estimation Results and Discussion
The results of estimating Equations (1-4) are given in Table 1.

Tablel. Results of the Estimation: 3SLS Technique (1990-2020)

Coefficients of | Coefficients of | Coefficients of Coefficients of
. Eq. (1) Eq. 2) Eq. (3) Eq. (4)
Variable (Dependent (Dependent (Dependent (Dependent
variable EC) variable RE) variable CO,) variable GDP)
98.6905 -18.0089 22.9864
Intercept '6'[34065 0(1;4429) (5.3343) (-12.0306) (11.2317)
’ [0.000]*** [0.000]*** [0.000]***
10.1791 -1.6013
LOG(EC) (10.5422) (-6.2723) ! '5;)3(? 0(0‘;'5,3:2)
[0.000]*** [0.000]*** ’
-0.1425
0.0703 (7.7204) 0.1145 (5.0905)
LOG(RE) . e (-3.3442)
[0.000] [0.000] [0.001]*+*

1.These results and model validation are not reported here due to lack of space and are available from the

authors.
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Coefficients of

Coefficients of

Coefficients of

Coefficients of

Variable Eq. (1) Eq. 2) Eq. 3) Eq. @)
(Dependent (Dependent (Dependent (Dependent
variable EC) variable RE) variable CO,) variable GDP)
3.5561
02293 (3.3778) 0.6360 (6.1343)
LOG(GDP) [0.001]+#+ (-3.9908) 10.000] %+
[0.000]*#*
20.5398
5.4750 (5.4076) 0.9907 (4.5410)
LOG(CO,) (-7.7123) 10,000+ 10.000] %+
[0.000]*#*
1.0490 -10.8610 16784
LOG(NRE) (33.9906) (-9.8053) 1'7[27060%7]fff2) (-4.4588)
[0.000]*#* [0.000]*#* : [0.000]*#*
LOGCRDD),, | 0-0404 (3.1943)
[0.001]%#*
20.1002
(LOGSUB),, (:2.7187)
[0.007]%#*
0.0631 (1.8213)
(LOGTCG),, 0071]"
0.0268 (2.3449)
(LOGFDI),, 0021+
R-squared 0.9985 0.7880 0.9835 0.9144
Adjusted R- 0.9982 0.7439 0.9800 0.8966
squared
SE.of 0.0212 0.2420 0.0362 0.0496
regression
Durbin-Watson 2.1640 2.1102 1.8504 19711
stat
Mean ‘i:‘;endem 25.6113 23.0479 1.7984 18.0722
S.D. dependent 05123 0.4782 0.2569 0.1544
var
Sum squared
: 0.0108 1.4057 0.0315 0.0592
resid.

Notes: numbers in parentheses are t -statistic and numbers in brackets are p-values.

*kk kE* indicate that coefficients are statistically significant at the 1%, 5% and 10% significance

level, respectively.

Source: research findings
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The results (Table 1) show that the estimation of equations does not face
problems such as autocorrelation; the coefficients of all variables are
significant at 5% level except TCG (which is significant at 10% level); the
values of (R?) also indicate a good model fit. Since the purpose of this paper
is to investigate the factors affecting RE in the framework of the E3 models,
the coefficients obtained from the estimation of the model (Table 1) have
been analyzed by examining the effect of NRE, CRPP, SUB, TCG and FDI
on RE. Also, we have looked at the mutual influence of EC, RE, CO, and
GDP on each other.

Electricity generation from non-renewable energies in Iran is about 85%
and regardless of hydropower plants, it is about 99% (Ministry of Energy,
2020). The results (Table 1) show the high share of NRE in meeting the

demand for consumer electricity (EC) in Iran. 1% increase in NRE leads to
an increase in EC by 1.05% and 1% increase in RE leads to 0.07% increase
in EC (Equation 1). The negative effect of NRE on RE in Equation 2
indicates that 1% increase in NRE causes 10.86% decrease in RE. It is
possible to increase the demand for electricity produced from renewable
energies through the development of the capacity of renewable power plants
(CRPP). The construction of new power plants based on renewable energies
and the use of savings to invest in research and development for renewable
energy technologies will increase the consumption of renewable electricity
(Moshiri and Lektenbommer, 2015). Table 1 shows that 1% increase in
CRPP leads to 0.04% increase in EC in the next period, and 1% increase in
EC leads to 10.18% increase in RE.

According to Table 1, 1% increase in NRE leads to 1.77% increase in
CO, emission. The findings (Table 1) show that RE also has a positive effect
on CO, emissions and its 1% increase causes 0.11% CO, emissions. The
reason for the positive effect of RE on CO, can be due to the low share of
this type of energy in energy consumption, the lack of research and
development expenses in this sector, the significant drop in the price of
natural gas, and the inadequacy of suitable electricity storage technologies
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related to renewable energies (Apergis and payne., 2010). Nguyen &
Kakinaka (2019) also show that for low-income countries, renewable energy
consumption has a positive and negative relationship with carbon emissions
and production, respectively. While for high-income countries, the
relationship between renewable energy consumption and carbon emissions
and production is negative and positive, respectively.

EC has a negative effect on CO2 emissions, and a 1% increase in EC causes
a 1.6% decrease in CO2. The negative relationship between EC and CO2
emissions is due to the fact that environmental considerations, the necessity of
reducing carbon dioxide emissions and diversifying the energy portfolio, have
expanded the use of renewable energies in electricity generation. Therefore, the
increase in electricity consumption has a lower pollution effect than the
consumption of other energy carriers (oil, gas and coal).

As mentioned, one of the reasons for the high share of fossil fuels in
electricity generation in Iran is subsidies. The findings (Table 1) show that a
1% increase in SUB (and as a result, a decrease in the price of fossil fuels)
causes 0.10% decrease in RE in the next period.

Another factor influencing the transition to electricity generation from
renewable energy is TCG'. The findings (Table 1) show that TCG has a
positive effect on CO2 in the next period. The positive effect of TCG on
CO2 in the next period due to the fact that about 85% of the electricity
produced in Iran is from fossil sources. Therefore, it is natural that the
contribution of NRE to TCG is more than RE. According to Table 1, 1%
increase in TCG leads to 0.06% increase in CO2, and 1% increase in CO2
leads to 5.47% increase in RE. The positive effect of CO2 on RE indicates
the attention of politicians to maintain the quality of the environment and
reduce climate change.

CO2 emission has a positive effect on GDP. The positive effect of CO2
emissions on GDP has been confirmed in Arori et al. (2012), Zhang and

1. TCG is free financial assistance to technical cooperation to fund technical and managerial skills or
technology to build national public capacity, without referring to specific investment projects, or to
enhance the capacity of special investment projects (WDI, 2022).
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Yuan (2013), Mesegan (2015), Ahmad and Du (2017). According to Table 1,
1% increase in CO2 causes 0.99% increase in GDP. GDP also has a positive
effect on CO2emissions (Apergis & Ozturk, 2015, Abid, 2017, Dizaji &
Ousia, 2017) and 1% increase in GDP causes 0.64% increase in CO2.

According to the findings of Runge (1994), Helpman (1998), Yanging
and Mingsheng (2012), FDI has a positive effect on GDP in this paper such
that 0.01 increase in FDI leads to .027% increase in GDP in the next period.

In developing countries, FDI has a positive effect on CO2. The reason for
this conclusion based on the pollution shelter hypothesis (which explains the
relationship between CO2emissions and FDI) can be stated as environmental
regulations usually do not exist in developing countries. For this reason,
investors are more inclined towards these countries to avoid the
environmental laws in their countries. Therefore, foreign investors usually
benefit from relatively weak environmental laws in developing countries
through FDI (Omri et al.,2014). The result of this is the increase in
environmental pollution (Bakirtas and Cetin,2017; Yiadom et al., 2023).
The effective utilization of renewable energy is highly dependent on the
dissemination of technologies used in renewable energy production
(Tsoutsos & Stamboulis 2005). In most studies in the field of technology
spillover (e.g., Bayoumi et al.,1999, Keller, 2004, Cheung & Lin, 2004, Ping
and Qingchang, 2008), international trade and FDI as the most important
factors of technology transfer between different countries have been
mentioned. FDI through technology spillover has an impact on increasing
the share of renewable energy from total energy in both developing and
developed countries (Mousavi et al., 2017).

There is disagreement about the effect of renewable energy on economic
growth. Some scholars (e.g., Sadorsky (2009), Ocal and Aslan, (2013),
Inglesi-Lotz, (2016), Sadeghi et al, (2017), Adams et al. (2018), Zafar et al.
(2018)), believe that different types of renewable energy will lead to
economic growth. Others (e.g., Menegaki (2011), Kulionis (2013),
Tahamipour et al, (2016), Maji (2015)) believe that there is a negative
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relationship between renewable energy and economic growth. Some (e.g.,
Ohlan, 2016) concluded that the long-term elasticity of economic growth
towards renewable energy is not statistically significant. The findings (Table
1) show that 1% increase in RE causes 0.14% decrease in GDP. GDP also
has a negative effect on RE, and 1% increase in GDP leads to 3.6% decrease
in RE. The reason is that despite the large resources of oil and gas and the
availability of their infrastructure in Iran, the development of renewable
power plants (due to the high cost of investing in them) is not affordable
(Pahlavani et al., 2020).

There is also disagreement about the relationship between non-renewable
energy and economic growth. Some (e.g., Ito, 2017) believe that non-
renewable energy has a negative effect on economic growth and some (e.g.,
Adams et al. 2018, Zafar et al. 2018) believe that non-renewable energy has
a positive and long-term effect on growth. Atems & Hotaling, (2018) found
the positive effect of RE and NRE on economic growth. According to Table
1, due to the strong dependence of electricity generation in Iran on fossil
fuels and the dependence of fossil fuels on SUB (which constitute 15% of
GDP), NRE has a negative effect on GDP. As in the study of Yanging and
Mingsheng (2012) and Apergis & Payne (2016), electricity consumption has
a positive effect on GDP. GDP also has a positive effect on EC (Asadzadeh
and Jalili (2015), Neuhaus, (2016), Anija et al., (2017). Table 1 shows that
1% increase in electricity consumption causes 1.53% increase in GDP, and

1% increase in GDP causes 0.23% increase in electricity consumption.

5. Conclusion and policy implications

In Iran, keeping the price of fossil fuels low compared to global prices,
through the payment of energy subsidies, as well as the problems in
exporting and selling oil due to oil sanctions, the electricity generation from
non-renewable energies has intensified. These cases have caused renewable
power plants to have lower profitability, competitiveness and growth
compared to fossil power plants, and NRE forms a large share of Iran's
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electricity market. The rate of electricity generation from non-renewable
sources in Iran is close to 85% and regardless of hydropower plants, it is
close to 99% (Ministry of Energy, 2019). Although in recent years, there has
been a tendency towards the use of renewable energy in electricity generation
and the government has been trying to develop the RE by using different
policy instruments, but the contribution of this type of energy is less than 1%
in Iran's energy portfolio. Meanwhile, Iran has abundant natural resources for
setting up renewable power plants (especially solar and wind energy).

Therefore, understanding the necessity of addressing this issue, we have
aimed to identify the factors affecting in the development of RE using E3
model. The five factors affecting the transition to RE (that we have
investigated in this paper) are: NRE, CRPP, SUB, TCG and FDI. The results
show that the very low price of "NRE" (through allocating energy subsidies
to them) reduces the share of renewable energies in electricity generation.
"CRPP" increases RE and consequently the consumption of renewable
electricity. "FDI" through the import of renewable technologies to the
country can increase RE. Allocation of "TCG" to investments that develop
renewable technologies, affect the development of RE.

Another finding of this paper is that the high ratio of SUB to GDP (about
15%) put a lot of financial pressure on governments and reduce the power of
economic growth and cause disruptions in the allocation of resources and the
investment process. Fossil fuel subsidies cause the cost of using fossil fuels
and its price to decrease and by creating a substitution relationship, the

consumption of renewable energy decreases (Dizaji et al., 2022). This issue

is one of the reasons for low energy efficiency and lack of motivation to
invest in electricity generation from renewable energy in Iran. Therefore,
policymakers are advised to reduce energy subsidies and make the electricity
market competitive considering the existing renewable energy capacities in
Iran. Policymakers by using effective financial and cultural incentives to
support the private sector investors in investment in expanding CRPP and

allocation of TCG to activities that work towards the development of
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renewable technologies, can provide the basis for the growth and
development of RE. If these policies are successful and stable in the face of
the existing resistance and pressures from the dominant regime activists
(fossil power plants), this change of direction will lead to new companies
entering the field wind and solar energies should continue to compete and be

able to create vast changes in the transition to RE.
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