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Abstract
The majority of power plants installed in Iran are normally using the cheapest and most available fuels as input energy sources 
(e.g., natural gas and oil). Iranian fossil-fueled power plants annually emit nearly 180 million tons of carbon dioxide  (CO2), 
which contribute to global warming. On the other hand, the use of renewable energy for producing the needed electricity sig-
nificantly reduces the greenhouse emissions and polluting gases. Therefore, the environmental and health costs of producing 
electrical energy using fossil fuels are significantly higher than renewables, which are often unseen. Among the best available 
renewable energy sources, Iran benefits from high solar insolation with around 300 clear days annually and also large areas of 
available land. This shows that the solar systems utilization in Iran will be very economical. Despite this vast potential, Iran’s 
solar market has remained undeveloped. The installed capacity of solar energy was around 17.3 megawatts (MW) by 2015, 
while each kilowatt-hour of solar electricity could save around 715 g of  CO2. The utilization of solar energy technologies 
is increasing around the world, which are due to technological progress, policy changes, the urgent need to reduce reliance 
on carbon-intensive energy sources like coal, oil and natural gas and the need to reduce greenhouse gases emission to the 
atmosphere. In conclusion, production of electrical and any other type of useful energy using solar systems can protect the 
environment. Thus, to achieve a sustainable future they should be employed as much as possible and wherever it is possible.
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Introduction

Increasing population and rising standards of living for many 
people in developing countries have caused remarkable 
growth in energy demand (Chaianong and Pharino 2015). 
Currently, fossil fuels are the world’s primary energy source. 
The burning of fossil fuels is responsible for approximately 
90% of the anthropogenic carbon dioxide  (CO2) emissions 
that produced each year (IEA 2015a; Moutinho and Robaina 
2016). Consequently, atmospheric  CO2 concentrations have 
risen from 280 parts per million by volume (ppmv) in the 
eighteenth century to more than 400 ppmv in 2015. Car-
bon dioxide is the main greenhouse gas that plays the most 

important role in recent climate change (EPA 2016a; NOAA 
2013; NASA 2017). Climate change has direct and indi-
rect impacts on the public health: negative extreme weather 
events, heat waves, the spread of infectious diseases and neg-
ative effects on air and water quality as well (EPA 2016b). It 
is estimated that the direct damage costs of climate change to 
health will be between 2 and 4 billion US dollars each year 
by the year 2030 worldwide (WHO 2016).

In 2014, the power generation sector consumed about 
42% of global energy. It is estimated that the share of power 
generation will increase to 45% by 2030 (BP 2016). Con-
ventional power plants produce greenhouse gases such as 
 CO2,  NOx and  SO2, which are known contributors to global 
warming. Nowadays, the power sector has identified as main 
culprit of GHG emissions worldwide. Electricity and heat 
sectors produced, nearly two-thirds of the global  CO2 emis-
sions in 2014, which accounted for about 42% emissions 
from electricity generation sector specifically increased by 
50% from 2000 to 2014 (IEA 2015a).

In addition, generation of electricity by combusting fuels 
also emits air pollutants that are harmful to public health 
as well as the environment (NREL 2016). Air pollution 
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imposes remarkable costs to the economy and creates nega-
tive impacts on the environment (IEA 2016a). According 
to the World Health Organization (WHO), around 7 mil-
lion people died due to air pollution worldwide in 2012, so 
air pollution is now the largest single environmental health 
risk around the world (WHO 2014; NRDC 2017; Lambre-
chts and Sinha 2016; Chandrappa and Kulshrestha 2015). 
It is, therefore, essential to go for eco-friendly sources of 
energy for the improvement in the future electricity produc-
tion. There are various technologies to reduce emissions on 
the planet, especially renewable technologies with different 
performances.

Renewable energies are clean and therefore do not pro-
duce significant greenhouse and net carbon emissions. 
Utilization of renewables for electricity production plays a 
significant role in power sector mitigating emissions (IEA 
2015a; IRENA 2016a). Furthermore, they will not deplete 
natural resources and have minimal, if any, negative impacts 
on the environment compared with fossil fuels. Doubling 
the renewable share contributes to achieving a carbon-
free energy system in the next years. It would also reduce 
the challenges of energy security worldwide and risks to 
human health and the environment. Nowadays, renewable 
energy technologies can become more cost-competitive 
option than other energy sources in order to generate power 
(IRENA 2016a). In 2015, renewable sources accounted for 
more than 24% (5830 terawatt-hours) of all global electric-
ity generation (NREL 2015), and it is expected to generate 
more than 60% of electricity through non-fossil sources in 
the world by 2050 (Grundy 2008). Therefore, on average, 
every 1 gigawatt (GW) of extra renewable energy capacity 
mitigates 3.3 million tons  CO2 per annum (Sharma et al. 
2012). During 2011 to 2050, the emissions can be reduced 
to almost 500–30 g/kWh by using low-carbon technologies 
(IEA 2014a).

Solar energy is considered as a clean and renewable 
source of energy and easily accessible to mankind and can 
be used for generating electricity or heat. The utilization 
of solar energy technologies like photovoltaics (PVs) for 
the everyday electricity production has many advantages 
for human and the environment including avoids consum-
ing resources and degrading the environment via polluting 
emissions, toxic substances and oil spills (Omer 2008). Solar 
energy is widely available all over the world, but it provides 
a small fraction of the global current energy mix. In 2015, 
approximately 2% of the global electricity was generated 
using PV. In recent years, solar PV power technology is 
growing rapidly around the world and is projected to play 
a significant role in the future electricity generation mix 
(IRENA 2016b). PV systems installed by the end of 2013, 
generated 160 terawatt-hours (TWh) of clean electricity, so 
avoiding almost 140 million tons of  CO2 emission annually. 
The capacity of the installed PV 4600 GW would avoid more 

than 4 gigatons (Gt) of carbon dioxide emission per year in 
2050 (IEA 2014b).

Iran is one of the largest countries in the Middle East, 
and its population is growing and reached more than 79 
million people in 2015 and is projected to increase by 92 
million in 2050 (UN 2015). This country holds the sec-
ond largest natural gas reserves and the fourth largest oil 
reserves worldwide (EIA 2015). In this country, the major-
ity of power generation units are using conventional fuels 
such as natural gas and oil (IEA 2016b). Thermal power 
stations using fossil fuels (i.e., coal, oil and natural gas) pro-
duce particulates, oxides of sulfur  (SOx), nitrogen oxides 
 (NOx), carbon and negligible amounts toxic metals such as 
mercury and arsenic (Mishra 2004). This situation not only 
increases the amount spent fossil fuels but also raises the 
level of greenhouse gases (mostly carbon dioxide) emissions 
of Iran. In this country, power-generating capacities from 
conventional supplies, particularly natural gas, have con-
tinuously increased for a decade. Iran faces a fast-growing 
demand for production of electricity, and an annual aver-
age growth rate of electricity generation has been 5% in 
the last 10 years (Tavanir 2015).  CO2 production is directly 
related to electricity consumption. Therefore, a practically 
unchanged carbon content in the energy mix and growth 
in population and energy demand in power sector caused a 
dramatic increase in  CO2 emissions, which is indicated in 
Fig. 1. In recent years, Iran generally experienced a constant 
growth of emissions, due largely to burning of fossil fuels 
and population growth. Burning fossil fuels released 321 
million metric tons of carbon dioxide in the year of 2000. 
While in 2014,  CO2 emissions increased by 646 million tons, 
two times more than the level of  CO2 emissions in 2000, as 
illustrated in Fig. 1 (Enerdata 2015b). Increasing  CO2 emis-
sions from fossil-fueled power generation sectors in Iran, 
which have led the amount of GHG emissions, has passed 
the Kyoto Protocol (KP) limitations (Hosseini et al. 2013). 
The increase in  CO2 emissions in Iran has caused one of 
the ten greatest carbon producers worldwide and also in the 
Middle East’s top contributor to atmospheric carbon dioxide 
(IEA 2015a; Enerdata 2015a; Nejat et al. 2015).

In the future, power generation sectors should meet 
basic requirements in all the three principles of sustainable 
development (i.e., ecology, economy and society), mainly: 
(1) reduce negative impacts on human and environmental 
health, (2) cut down the emissions of GHGs in order to miti-
gate climate change, (3) reduce indirect costs and support a 
sustainable economy, (4) it should be safe, affordable, secure 
and locally acceptable (Treyer et al. 2014). Solar energy can 
be a promising technology to assist  CO2 mitigation and help 
transform Iran into a sustainable society. If we are serious 
about reducing carbon pollution and other pollutants due 
to traditional energy consumption, then renewable energies 
must be a part of the solution. Furthermore, as fossil fuels 
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are set to decline in the years to come, it is important to us 
move toward renewable and sustainable energy sources.

This review paper has discussed the potential of solar 
energy in Iran, solar energy technologies, advantages of 
solar energy utilization, sustainability indicators of renew-
able technologies, sources used for electricity generation in 
Iran, the emissions level from Iranian fossil-fueled power 
plants, the current status of solar energy utilization in Iran 
and barriers for better solar energy utilization.

Solar energy potential in Iran

Solar energy as a renewable energy is free radiant light and 
heat from the sun that is restrained using various technolo-
gies to produce electricity and heat for homes and busi-
nesses. Harnessing just 25% of the sunlight that strikes the 
Earth’s surface could meet all current energy needs on a 
global scale (Souvik et al. 2016). Iran is geographically stra-
tegic, because it is located in Southwest of Asia, Middle 
East region, which has a broad desert surfaces and cloudless 
skies. This country is very favorable for renewable energy 
with a large-scale land area of 1,648,195 km2, the Alborz 
Mountains and the Caspian Sea in the north, the deserts in 
the east and the Persian Gulf in the south; it comprises a 
large variety of natural environments. Solar energy has very 
different potentials in each region of Iran. Figure 2 shows the 
potential areas of solar energy resource in Iran. As shown 
in Fig. 2, Iran is endowed with rich solar energy resource. 
Close to one-quarter of the country’s lands are deserts, 
which receive daily solar irradiation of about 5.5 kWh/m2/
day, and on average, it has 300 sunny days per annum. Some 

of the regions of Iran are particularly well suited for solar 
energy utilization. In many regions, particularly the central 
and southern regions, solar radiation is intrinsic in quantity, 
which makes beneficial utility. The central and southern 
regions of Iran like Yazd, Fars and Kerman provinces have 
high solar irradiation with a DNI (direct normal irradia-
tion) of about 5.2–5.4 kWh/m2/day (IPG 2016). The annual 
average sunny hours of Iran are around 2900. The obtained 
energy will be five times higher than the yearly gross elec-
tricity production in Iran if only 1% of these regions are 
covered with solar collectors. By considering the area of 
Iran, the total amount of radiation is approximately 3.3 mil-
lion TWh annually, which is 13 times more than the total 
energy consumption in this country (Gorjian and Ghobadian 
2015). Therefore, there is a good opportunity to generate 
clean energy in the country through direct sunlight by solar 
systems.

The solar energy technologies

The applications of solar energy have been categorized into 
two major groups: concentrating solar power (CSP) and 
photovoltaic technologies (PVs) (Hernandez et al. 2014; 
U.S Department of Energy 2013). CSP converts solar radia-
tion to produce heat by hundreds or thousands of mirrors 
to concentrate sunlight onto receivers that collect solar 
energy which can then be used to produce electricity. It is 
used primarily in very large power plants and is not suit-
able for residential utilization (Kannan and Vakeesan 2016; 
U.S Department of Energy 2013). CSP technologies will 
require a direct normal irradiance (DNI) of 5 kWh/m2/day 

Fig. 1  CO2 emission
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in order to concentrate the sun’s energy to drive traditional 
steam turbines or engines that produce heat and electricity 
and be economic (IRENA 2015). A network of concentrated 
solar power (CSP) plants could supply source of electricity 
similar to fossil fuel or traditional nuclear power plants, and 
at costs comparable to photovoltaic (PV) or offshore wind. 
A CSP plant is a potential source of renewable electricity 
in arid areas. A CSP plant uses the renewable source of 
the sun and does not produce pollutants such as fossil fuel 
power plants (Hangera et al. 2016). Besides efficiency of 
concentrated solar power, the main advantage of using CSP 
is that these technologies involve a thermal intermediary 
and, therefore, can be readily hybridized with fossil fuels 

and in some cases adapted to use thermal storage (Devab-
haktuni et al. 2013).

Today, all types of PV systems are widely utilized in a 
variety of applications. PV systems can be utilized to meet 
almost any electric power need, both small and large scales. 
These systems are divided into two main types: grid-con-
nected and off-grid applications (Kannan and Vakeesan 
2016; Department of Energy Solar Energy Technology 
Basics 2016). Photovoltaic installations may be ground-
mounted (i.e., built on the ground) or built on the roof of 
a building, known as roof-mounted photovoltaic systems 
(Devabhaktuni et al. 2013). As photovoltaic power genera-
tion becomes more affordable, the photovoltaics utilization 

Fig. 2  The daily average of solar radiation in Iran
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for grid-connected applications is increasing. Solar PV sys-
tem is well suited to off-grid electricity production applica-
tions, especially in dry desert areas and semiarid regions, 
where homes are often not served via the nearest utility and 
where costs of electricity production through other sources 
are high, so people can save money through setting up their 
own solar system (Bahadori and Nwaoha 2013). Nowadays, 
photovoltaic (PV) system due to their benefits (i.e., abun-
dance, renewability and pollution free) acts as the promis-
ing alternative sources of energy around the world. (Devab-
haktuni et al. 2013). Electricity generated from renewable 
energy sources has usually minimal environmental impact 
and is vast, ubiquitous and virtually inexhaustible, which is 
why it is attracting new investment. During 2015, 161 bil-
lion US dollars or higher than 56% of total new investment 
in renewable power and fuels was just in the solar power 
sector (excluding hydropower > 50 MW). Investment in 
solar power plants was 12% higher than in 2014. Industrial-
ized countries such as Japan, Italy and Germany dominated 
investment in small-scale solar power until 2014, but, emerg-
ing economies (e.g., China and India), Chile, South Africa 
and other developing countries and ramped up deployment 
of utility of solar PV and CSP.

Advantages of solar energy utilization

Diversification of fuel sources is important to address envi-
ronmental issues (e.g., climate change and resources limita-
tion). Solar energy is obviously environmentally advanta-
geous relative to any other energy source with least negative 
impacts on the environment. The major direct or indirectly 
derived benefits of solar energy technologies are the fol-
lowing (Solangib et al. 2011; Bahadori and Nwaoha 2013):

• No emissions of greenhouse gas (mainly  CO2) or toxic 
gasses  (SO2,  NOx and particulates).

• Improvement in quality of water resources.
• No noise production during power production.
• Reduction in transmission lines from electricity grids.
• The increase in regional or national energy independ-

ence.
• Diversification and security of energy supply.
• Acceleration of rural electrification (especially in devel-

oping countries).
• Reclamation of degraded lands.

In view of the limited fossil fuel reserves in the world, 
energy security and climate change concern, it is expected 
that renewable energy sources, particularly solar energy, will 
play an important role in world’s energy mix in the future. 
Unlike fossil fuel resources, renewable sources like solar, 
wind, hydropower and geothermal cannot be depleted. In 

contrast, the fossil energy sources are depleting very fast and 
can be diminished via extraction and consumption. The use 
of solar energy has extra positive implications such as reduc-
tion in the GHG emissions, particularly  CO2 and prevention 
of toxic air pollutants  (SO2,  NOx and particulates). Unlike 
conventional fuels, solar energy does not release any pollut-
ants into water and does not consume water during electricity 
production, so it might seem a favorable energy source, while 
the most common types of conventional power plants (e.g., 
natural gas, oil, coal and nuclear) require much water for gen-
erating electricity. Water consumption is crucial and is a great 
concern, in particular for countries like Iran. Solar energy 
produces electricity very quietly because of their noise-free 
design, while conventional power plants and some renewa-
bles (e.g., wind and hydro) produce noise (Aman et al. 2015).

Solar energy technologies have the advantage of being 
harnessed in rural or remote locations that are not connected 
to the local network. Solar modules do not suffer with the 
noise problem. Additionally, solar panels can be installed on 
top of many rooftops and on pasture or unused lands as well 
(Castillo et al. 2016).

Sustainability indicators of renewable 
energy technologies

Renewable energy technologies play an important role in 
reduction in greenhouse gas emissions and mitigation of 
climate change which are the main aims of the global cli-
mate policy. The widespread of RE technologies (including 
hydroelectric power, solar, wind, biomass and geothermal) 
not only would help to avoid the negative environmental 
impacts, also can create remarkable extra socioeconomic 
benefits (e.g., reducing local air pollution and safety risks, 
supporting energy access and improving security of energy 
supply) (Pfeiffer and Mulder 2013).

Greenhouse gases emissions

As discussed earlier, electricity generation sector is the main 
source of greenhouse gases emission. Table 1 shows  CO2 
emissions (g/kWh) of the major forms of electric power gen-
eration. Carbon footprint is utilized to find the total amount 
of greenhouse gases produced directly and indirectly during 
the whole lifecycle (i.e., cradle to grave) of a process or 
product, usually expressed in equivalent tons of  CO2. The 
total greenhouse gas emissions are expressed as grams of 
 CO2 equivalent per 1 kWh of energy generated (Aman et al. 
2015; Amponsah et al. 2014). However, carbon footprints 
of renewable technologies depend on several factors such 
as operating conditions and country of its manufacture. We 
should mention that renewable technologies also have a 
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carbon footprint value, in particular during the construction 
phase.

From Table 1, the emissions are found to vary widely 
depending on technology. It is obvious that  CO2 emis-
sions from fossil-fueled power sectors far exceed those of 
the renewable technologies and nuclear power stations. A 
significant fraction of  CO2 emissions produced by coal-
fired power stations. Table 1 indicates the greenhouse gas 
emissions by various fossil fuels and renewables as well as 
nuclear for electricity generation. Coal-fired power plants 
emit between 950 and 1250 g of  CO2 for every kilowatt-hour 
of electricity. For an oil-fired power,  CO2 emissions per unit 
of electricity range between 700 and 800 g of  CO2/kWh. In 
comparison with coal and oil, gas-fired power stations are 
known to have the lowest relative carbon dioxide emissions 
per kWh, which ranged from 360 to 575 g of  CO2/kWh. 
Compared with fossil-fueled power plants, nuclear power 
plants do not release GHGs when they produce electricity, 
which ranged from 2.8 to 24 g of  CO2/kWh. Accordingly, 
for every kilowatt-hour of electricity generated, a solar PV 
system emits ranged low of around 43 to a high of 73 g of 
 CO2/kWh over the whole GHG life cycle [depending on the 
type of photovoltaic (PV) cells]. While an onshore wind 
turbine emits between 8 and 30 g of  CO2 per kilowatt-hour, 
for an offshore wind turbine it is between 9 and 19 g of 
 CO2/kWh. A hydropower plant emits between 1 and 34 g 
of  CO2 per kilowatt-hour. Between 35 and 99 g of  CO2 per 
kilowatt-hour of electricity generated comes from biomass 
use (Weisser 2007, IEA 2003).

For fossil-fueled power plants, the largest part of emis-
sions arises during the operation of the power station and 
burning fossil fuels for electricity production (World Energy 
Council 2004; Fthenakis and Kima 2011; Weisser 2007), 
while the majority of greenhouse gas emissions from renew-
ables occur typically during equipment manufacturing stages 
and construction of their supporting infrastructure (Weisser 
2007; IEA 2003). Nuclear power plants and some renewable 
energy technologies (i.e., wind and solar) do not directly 

emit  CO2 (IEA 2015a, c). The  CO2 emissions of wind power 
depend on the amount of material and work needed to build 
the wind turbines (World Energy Council 2004; Evans et al. 
2009). The GHGs from a nuclear fuel cycle are due to the 
fossil fuel-based energy and electricity needed to uranium 
mining, processing the fuel and for the construction, waste 
byproducts, materials of fuel cycle facilities as well as 
decommissioning (World Energy Council 2004; NEI 2017). 
It has been found out that nuclear-based power electricity 
production emits fewer emissions to the atmosphere, but the 
dumping of the hazardous wastes and radioactive substances 
threat all forms of life (Varun et al. 2011). Emissions from 
any type of solar systems are lower than those from fossil 
fuels because solar energy technologies do not require fuel 
to operate. For photovoltaics power, the majority of emis-
sions are the result of electricity usage in manufacturing 
process (Evans et al. 2009; Fthenakis et al. 2008; Fthenakis 
and Kima 2011; IEA 2003). Overall, renewable energy tech-
nologies result in some  CO2 emissions, albeit far less than 
coal, oil and natural gas. As a result, replacing generation 
from fossil fuels with nuclear or renewables would lead to 
reduce greenhouse gas emissions.

Environmental externalities of fossil fuels 
and renewable technologies

Using conventional fuels for electricity production has nega-
tive impacts on climate, human health, forests, crops, struc-
tures and biodiversity, which are typically defined as exter-
nalities (El-Guindy et al. 2013; RETD 2006; Streimikiene 
and Alisauskaite-Seskiene 2014). Climate change and air 
pollution make out the most important environmental costs 
and that the costs are primarily associated with the energy 
production phase (RETD 2006).

Electricity generation via the traditional methods causes 
two major problems. One of the major problems is global 
warming and also depletion of reserves of fossil fuels that 
will no more be available after the year in 2050 (Baharoon 
et al. 2016). In recent years, a series of evaluation studies 
have carried out to estimate the external costs of various 
power-generating technologies (Hohmeyer and Ottinger 
1994; ATSE 2009; Akella et al. 2009; El-Guindy et al. 
2013; Streimikiene and Alisauskaite-Seskiene 2014). The 
maximum, minimum and mean of external costs for each 
technology are summarized in Table 2. From this table, it 
is clear that externalities from coal and oil far exceed those 
of the “renewables” and are three times more than gas. The 
wind energy has the lowest external costs of electricity 
production. Overall, hydro and wind have the lowest mean 
of external cost, with only about 0.1 and 0.4 cents/kWh, 
respectively. Photovoltaics also have low mean of external 
cost, with average reported about 0.5 cents/kWh. The mean 
of external cost from the nuclear power station is fair at 

Table 1  Greenhouse gas emissions expressed as  CO2 equivalent for 
individual energy generation technologies (Weisser 2007, IEA 2003)

Energy source g  CO2_e/kWh range

Coal 950–1250
Gas 360–575
Oil 700–800
Nuclear 2.8–24
Photovoltaic 43–73
Onshore Wind 8–30
Offshore Wind 9–19
Hydro 1–34
Biomass 35–99
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0.6 cents/kWh. For combustion-based generation units (e.g., 
coal, oil, natural gas and biomass power plants), mean of the 
external cost is different, very high for oil with 5.9 cents/
kWh and relatively low for biomass with 1.3 cents/kWh. 
The external cost of coal and natural gas is 5.4 and 1.7 cents/
kWh, respectively (El-Guindy et al. 2013).

It is obvious if the externalities costs for each kWh gen-
erated from conventional power plants were added to the 
current average price of electricity it can be easily stated 
that some renewable energy technologies are financially 
competitive with fossil fuels projects. Fossil fuels produce 
negative environmental externalities at the local level (e.g., 
local air pollution) and also at the global level (e.g., GHG 
emissions), while solar energy technologies do not emit vari-
ous emissions, so it would be unfair to compare solar energy 
technologies with conventional fuels without consideration 
of their externalities (Timilsina et al. 2011).

Therefore, power stations will play a significant role in 
reducing such emissions by the use of alternative electricity 
production such as solar power. Reaching parity between the 
benefit from non-renewable energies saving plus a remark-
able reduction in the air pollutants and  CO2 emissions sets 
the point on which costs for society become beneficial.

Price of electricity generation

Currently, renewable energies are the excellent cheap 
resources for power generation. Table 3 shows the price for 
electricity production from conventional fuels and renewable 
sources as well. This table compares the range of costs for 
electricity generation in dollars per kilowatt-hour for both 
non-renewable and renewable energies.

The range costs for electricity generation for fossil fuel 
(i.e., coal, oil and natural gas), biomass and hydro are 
$0.045–$0.14/kWh, $0.03–$0.14/kWh and $0.04–$0.12/
kWh, respectively. Among all renewable energy sources, 
photovoltaic system has the widest range of cost for gen-
erating electricity, which varies significantly by country or 
region, type of solar cells as well as electricity cost to manu-
facture panels. The cost of PV-generated electricity ranged 
from $0.11 and $0.12/kWh in South and North America to 
over $0.30/kWh in Central America and the Caribbean. The 
onshore wind had the lowest cost ranged from $0.06 to $0.09 
per kilowatt-hour, while offshore wind has a range of cost 
from $0.11 to $0.17/kWh of electricity generation. Geother-
mal and CSP have the same range costs per kilowatt-hours. 

Geothermal exhibits lower range in price variations with 
$0.05–$0.10/kWh, while the range costs for CSP are from 
$0.20 to $0.25/kWh.

If damage to public health of conventional fuels in power 
generation sector takes into account of economic terms, 
along with the environmental externalities relating to  CO2 
emissions (assuming $20–$80/ton of  CO2), the cost of fos-
sil fuel-fueled power generation increases by $0.01–$0.13/
kWh, depending on technology and the country (IRENA 
2015). Despite rapid declines in the costs of solar energy 
systems in recent years, cost competitiveness remains a sig-
nificant obstacle to the development of these technologies.

Current power infrastructure in Iran

By the year of 2012, Iran had 400 power plant units. 
The capacity of the installed fossil fuel power plants has 
increased to almost 70% during 2005–2013, which had 
reached to 70 GW (Wikipedia 2016), while by the begin-
ning of 2015, the total installed electricity capacity was 
74,103 MW (more than 74 GW) with additions of 943 MW 
of new installed electricity capacity from different sources, 
with 1.3% growth rate compared with 2014. The total system 
generation in 2015 was 280,688 GWh, as given in Table 4 
(Tavanir 2015). Today, in Iran, 100% of all urban areas 
have access to electricity through a mass network, while 
almost 1.1 million people in rural or remote areas of Iran 
did not have access to electricity in 2013 (REN 21 2016). 
In March 2015, close to 97 villages below 20 households 
did not have access to the national grid that results in 99.8% 
electrification rate for Iran’s villages. The electrification 
of rural and remote areas has been a long-term target in 

Table 2  The range of external 
cost estimates for various 
sources of power generation 
(US c/kWh) (El-Guindy et al. 
2013)

US c/kWh Coal Oil Gas Nuclear Hydro Wind Solar Biomass

Min 4 3 0.49 0.2 0.03 0.001 0.25 0.08
Max 9.5 9 3 1.5 1 0.25 0.6 3.5
Mean 5.4 5.9 1.7 0.6 0.4 0.1 0.5 1.3

Table 3  The price of electricity 
generation by renewable 
technologies (IRENA 2015)

Technology USD/kWh

Photovoltaic 0.11–0.30
Onshore wind 0.06–0.09
Offshore wind 0.10–0.17
Hydro 0.04–0.12
Geothermal 0.05–0.10
Biomass 0.03–0.14
Fossil fuel (coil, 

natural gas, oil)
0.045–0.14

CSP 0.20–0.25
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various Five-Year Development Plans (FYDPs) (Tavanir 
2016). The majority of electricity (95%) generates using 
fossil fuels, mainly natural gas (almost 70%) (Energypedia 
2017). Electricity consumption in this country is three times 
higher than the global average of electricity consumption 
(Farhangnews 2016). Thus, annually, Iran should generate 
the capacity of about 5 GW to supply the demand in the 
next years (Tavanir 2015; SUNA 2015). In this country, 
generating electricity is one of the major primary energy-
consuming sectors, which consumes around 27% of the 
whole natural gas supplied via the country. Thermal power 
plants, which have the largest share in electricity produc-
tion, are classified into three major types: steam cycle that 
works through burning residual fuel oil (RFO) or heavy fuel 
oil (HFO) or coal or natural gas, gas turbine that consumes 
natural or diesel and combined cycle gas power plants that 
generate electricity by burning natural gas (Aghasi 2015; 
CEC 2016). Note that 36% of the electricity in this country 
produces by combined cycle power plants, 31% produces 
from steam power plants and 26.9% is produced by conven-
tional gas turbine power plants that work through burning 
of fossil fuels, while the remaining 6.2% is produced by 
hydropower, nuclear, wind, solar and diesel power plants 
in 2015, as illustrated in Table 4. In 2015, total installed 
nameplate capacity of fossil-fueled power plants (combined 
cycle, gas turbines and steam) reached 61,192 MW, while 
the total capacity of hydropower and nuclear power stations 
reached 11,278 and 1020 MW, respectively. In 2015, some 
renewable power plants and diesel power stations with total 
capacity 612 MW produced only 324 GWh of electricity, as 
is shown in Table 4. Fuel consumption by power plants in 
Iran was 58,424 million cubic meters of gas, 6083 million 
liters of gasoline and 6946 million liters of fuel oil. The 
produced energy by thermal power plants has grown by 2.9% 
and reached to 263,393 GWh, while the energy produced by 
hydropower, nuclear plants and renewables declined 7.1%, 
reached to 17,296 GWh in the beginning of 2015 (Tavanir 
2015).

Energy saving and development of renewable energies, 
particularly solar and wind are important integrated elements 
of Iranian energy policy. The Iranian government has planned 

that the renewable energy resources supply 5% of the national 
generation of electricity in 2020 (SUNA 2016a). By the end 
of 2025, the government of Iran intends to increase the nomi-
nal capacity of all power plants from 74 GW to more than 
120 GW, while renewable resources could supply a part of this 
capacity (SUNA 2016b). To achieve such objectives, the gov-
ernment of Iran should formulate and implement policies and 
laws, which stimulate private investment (local and foreign) 
for the establishment of power- and energy-generating units.

Emissions level of Iranian electricity 
generation systems

This section illustrates the direct emissions per kilowatt-
hour of electricity generated from fossil fuel power plants. 
The emission factors of the electricity production depend 
on kinds of the power plants and load level (World Energy 
Council 2004; Wiser et al. 2016; Donateo et al. 2015). Dif-
ferent types of pollutants are released from a combustion 
power system: carbon oxides  (CO2 and CO), hydrocarbons, 
primary and secondary aerosols, sulfur dioxide  (SOx), nitro-
gen oxides  (NOx), etc. In countries where conventional fuels 
are the major source of electricity production, the emissions 
are larger than in countries utilizing fewer conventional fuels 
in power production sector (World Energy Council 2004).

In Iran, electricity production sector is responsible for 
about 28% of the total national energy-related  CO2 emis-
sions, the most concentrated source of greenhouse gases in 
the country. The high share of fossil fuels in Iran’s electric-
ity mix, together with the rising energy demand, has led 
to a steady increase in GHG emissions, reaching 180 mil-
lion metric tons (Mt)  CO2 in 2013. Besides  CO2, there are 
other pollutants emitted by fossil fuel power stations, such 
as CO,  SO2, suspended particulate matter (SPM) and other 
GHGs, such as methane  (CH4) and nitrous oxide  (N2O). The 
assumed values of the emission levels of  CO2 and for the 
other pollutant emissions are reported in Table 5. In Iran, 
the total average amount of carbon dioxide  (CO2) emitted 
per kilowatt-hour  (CO2-eq/kWh) when generating electricity 
with fossil fuels was 767.5 g/kWh and for other pollutants 

Table 4  Electricity generation 
capacity and generation in Iran 
in 2015 (Tavanir 2015)

Sources Capacity (MW) Capacity 
share (%)

Generation (GWh) Generation 
share (%)

Combined cycle 18,493 25.0 100,936 36
Steam 15,829 21.4 86,968 31
Gas turbines 26,870 36.2 75,424 26.9
Hydropower 11,278 15.2 14,087 5
Nuclear 1020 1.4 2950 1.1
Others (wind, solar, diesel) 612 0.8 324 0.1
Total 74,103 100 280,688 100
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such as C, CO,  SO2,  CH4, SPM,  SO3 and  NOx, it was 209.3, 
0.7, 3.9, 0.02, 0.2, 0.03 and 2.9 g/kWh, respectively, in 2013. 
This poses a noticeable risk to the human health, due to high 
levels of atmospheric pollution from combustion of fossil 
fuels. All fossil fuel-fired electric power stations, including 
combined cycle power plants, steam and gas turbines emit 
greenhouse gases at various levels. Although diesel generat-
ing plants always have a minimal role in electricity produc-
tion in Iran, the greenhouse gases emissions (i.e., methane 
and carbon dioxide) from diesel power plants are remarkable 
compared with other types of power plants (i.e., combined 
cycle, steam and gas turbines) (Ministry of Energy 2013).

Present status of solar energy in Iran 
and the Middle East

Globally, the Middle East is among the most promising areas 
with high direct solar irradiation (Wilson Center 2012). 
Despite this excellent potential, installing solar power tech-
nologies in the majority of countries in the Middle East is 
very low compared with the developed countries. As shown 
above, Iran’s potential for use of solar energy is extremely 
high, having a great solar irradiation and high electricity 
demand. In spite of the fact that, the country depends heav-
ily on fossil fuels for its electricity production. While today, 
solar power has emerged as a main actor in the electric-
ity production sector in many countries. The installed solar 
power capacity in countries of the Middle East at the end 
of 2015 is indicated in Fig. 3. The diffusion of renewable 
technologies in Iran has been found to be very low for solar 
energy systems. In this country, besides thousands of small-
scale photovoltaic (PV) systems utilized in communications, 
parks, roads and highways, the total installed solar power 
capacity has just reached to 17.3 MW by 2015. In the Mid-
dle East, Israel’s solar power market continued to grow and 
installed approximately 772 MW, the United Arab Emirates 

(UAE) was the second largest market for solar energy in 
the region with 133 MW, Jordan (24 MW), Saudi Arabia 
(24 MW), and all other countries (Bahrain, Lebanon, Qatar 
and Kuwait) were far behind in terms of solar power instal-
lation and below the 10 MW market by 2015, as is stated 
in Fig. 3 (IRENA 2016c). Data in Fig. 3 demonstrated that 
some countries such as Israel and UAE, besides non-renew-
able power plants, have developed solar energy technology 
in order to increase electricity generation capacity in their 
countries. In Iran, the rate and capacity of energy production 
from solar energy technologies, however, is still very low 
compared with the fossil fuels such as natural gas and oil 
and other alternative sources such as hydropower.

There are two known solar power plants in Iran, Arak 
solar power plant with the nameplate capacity of 1 MW 
and Shiraz solar power plant with the nameplate capacity of 
500 kW with a fuel type of solar radiation specified. In addi-
tion, there are several solar power plants already installed in 
Iran by the end of 2015, which are listed as follows:

• Arak solar power plant that 392 solar panels used in this 
power plant with a nameplate capacity of 1 MW,

• Shiraz solar power plant is a concentrating solar power 
(CSP) plant with a nameplate capacity of 250 kW, which 
will increase to 500 kW in the near future.

• Yazd solar combined cycle power plant with a name-
plate capacity of 467 MW, including two gas units with 
a nameplate capacity of 159 MW for each unit and one 
steam unit with the nameplate capacity of 143 MW as 
well as a solar unit with nameplate capacity of 17 MW.

• Mashhad solar power station with a nominal capacity of 
432 kW (Najafi et al. 2015).

• Tabriz solar hybrid power plant (solar and wind) with a 
nominal capacity of 50.4 kW.

• Semnan PV power station with a nominal capacity of 
97 kW.

• Taleqan PV power station with a nominal capacity of 
30 kW (SUNA 2015).

Table 5  Pollutant and GHG 
emissions indicators in Iran 
power sector by power plant 
types, 2013 (g/kWh) (Ministry 
of Energy 2013)

Power plants types C CH4 CO2 SPM CO SO3 SO2 NOx

Ministry of energy
 Steam 259.02 0.03 949.73 0.21 2.40 0.04 9.75 2.36
 Gas 237.42 0.02 870.53 0.15 0.10 0.02 0.79 2.67
 Combined cycle 135.50 0.01 496.83 0.10 0.08 0.01 0.46 3.03
 Diesel 261.62 0.05 959.26 0.36 0.00 0.09 5.69 1.88

Private sector
 Steam 274.68 0.03 1007.15 0.24 0.21 0.05 10.67 3.45
 Gas 219.24 0.02 803.88 0.16 0.08 0.03 1.27 2.89
 Combined Cycle 140.18 0.01 513.99 0.11 0.05 0.02 0.42 2.31
 Large industries 311.53 0.01 1142.28 0.68 0.48 0.00 0.05 2.45

Total average 209.3 0.02 767.5 0.2 0.7 0.03 3.9 2.9
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• Birjand PV power station with a nameplate capacity of 
20 kW (Farsnews 2013).

• Mallard solar power station with a nameplate capacity of 
514 kW (Barghnews 2014).

In recent years, Iran has made steps to decrease its 
dependency on fossil fuels and use its enormous renewable 
energy potential for power generation. The Iranian gov-
ernment has started to add 5 GW of wind and solar power 
capacity to its power grid by the year 2018 (REN 21 2016; 
Najafi et al. 2015). The main part of the total 5 GW includes 
wind power plants, but 500 MW has previously been started 
for solar photovoltaic (PV) and also the government recently 
has given permission for the construction of some other 
projects (Najafi et al. 2015). Currently, concentrated solar 
power (CSP) plants with the capacity of 7.5 GW are under 
construction and also 8.5 GW under development (Tofigh 
and Abedian 2016). In 2016, for the first time, tariffs of the 
purchase price of renewable generated electricity have been 
represented based on variable rates. The average rate of pur-
chase price of electricity by the Iranian government is 4000 
Iranian Rials1 per kWh (more than 11 cents/kWh) for the 
solar power plants (SUNA 2015).

Barriers to solar energy development

However, solar energy as other renewables has an enor-
mous potential to meet the energy demand, but solar energy 
technologies face significant barriers. This section shows 
that some of the most common challenges constraining 
solar energy deployment in the world, especially in Iran, 
include relatively high prices, less efficiency of solar sys-
tems, environmental impacts of solar panels manufacturing, 
land-use requirements for solar power plants and inadequate 

government or policy support. Several barriers that have pre-
vented penetration of solar energy are listed as follows:

• Two main barriers to developing solar energy usage are 
price and efficiency, but its price and efficiency are rap-
idly changing. Solar installations are costly, but after that, 
the electricity consumption is free (Kannan and Vakeesan 
2016; IRENA 2016d). The cost of installing solar panels 
is expected to decline further in coming years, while fos-
sil fuels prices will likely increase. The crystalline silicon 
module global average prices could decline from 0.72 to 
0.52 USD/Watt in 2015 and from 0.46 to 0.28 USD/Watt 
by 2025 (IRENA 2016d).

• The low energy-generating efficiency of PV cells is one 
of the main barriers. On average, the efficiency of solar 
photovoltaic panels is from 5% to 15%, depending on 
solar panel types by 2014 (Chaharsooghi 2015). A typi-
cal 3 × 6 solar PV cell (78 × 156 mm) can generate almost 
0.2 kWh in 1 h of bright sunshine. The sun would need 
to shine brightly on such a cell for 185 h to supply the 
same energy as a gallon of gasoline. A gallon of gasoline 
has potential to generate almost 37 kWh of energy. In the 
future, if electric costs rise due to either depletion of fos-
sil fuels or policies such as carbon taxes, the installation 
of solar systems would become even favorable in terms 
of avoided electricity generation costs (Timmons et al. 
2014).

• Another obstacle to implementing of solar energy tech-
nologies is daily fluctuations of solar radiation by sunset 
and clouds. The performance of photovoltaic (PV) panels 
is affected through the shading effect due to clouds and 
therefore the output from solar panels changes.

• The PV manufacturers use some toxic materials, corro-
sive liquids as well as explosive gases in the production 
cycle of PV cells. The presence and amount of those 
substances differ with the type of cell. Yet, nitrogen trif-
luoride  (NF3) is used in production lines of thin film and 
flat screens to clean the coating systems. Consequently, 

Fig. 3  Solar energy

1 One dollar (US) was equal to 35,000 Iranian Rials.
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the remainder of this gas can release into the atmosphere. 
 NF3 is 17,000 times more harmful than carbon dioxide 
to the environment. Lead often utilizes in the silicon 
wafer-based modules by many manufacturers in the cell 
metallization layer. Cadmium telluride (CdTe) thin-
film modules contain cadmium (Cd) and copper (Cu), 
and indium selenide (CIS) solar cells contain selenium, 
which is toxic and harmful to the environment. How-
ever, it is essentially used in severe control methods that 
reduce the emission of hazardous materials in solar cell 
production lines (Wirth 2016). But, these negative envi-
ronmental impacts are not remarkable when compared 
with conventional energy sources.

• One of the main barriers is the environmental impacts 
associated with solar power panels, particularly  CO2 
emissions from the manufacturing process. These emis-
sion levels are lower than emissions of natural gas-fired 
power station (Edenhofer et al. 2011). The most energy-
intensive phase (60% of  CO2) is silicon extraction and 
purification. Although the present footprint of the solar 
power is considerably comparing to other renewable 
energies, future technologies for producing PV cells (e.g., 
thin film) will reduce the silicon use and consequently 
will reduce the carbon footprint (Parliamentary of Office 
Science and Technology 2006).

• Another form of environmental impact is land use. This is 
not an issue for roof-mounted PV systems and solar ther-
mal, but it can be a problem for large-scale PV and also 
for CSP. For CSP plants, it is environmentally sensitive 
land. Land-use impacts of installed PV systems depend on 
the type of applications (decentralized and centralized). 
Providing much of the community’s electricity through 
solar PV systems would require a remarkable amount of 
space. Several factors such as geographical situation and 
system efficiency affect PV land requirements for large 
central electricity generation (Hohmeyer and Ottinger 
1994). A 1 MW solar PV power plant would require about 
2.2–12.2 acres of land, with a capacity-weighted average 
of 6.9 acres of land per megawatt, while concentrating 
solar power plants (CSP) require approximately 2.0–13.9 
acres of land area per megawatt, with a capacity-weighted 
average of 7.7 acres of land per megawatt, but this envi-
ronmental issue can reduce with increasing module effi-
ciencies (Sean et al. 2013).

• Fossil fuels receive different kinds of subsidies, provided 
via different channels. The adverse effects of fossil-fueled 

subsidies are that they damage the competitiveness of 
emission-free renewable sources. Fossil fuels subsidies 
hinder investment in renewable energy technologies, 
increasing reliance on fossil fuels (IEA 2015b). So, shift-
ing existing subsidies away from fossil fuels and toward 
renewable energies is important.

• A lack of cost-reflective electricity tariffs, compounded 
by regulatory, political and institutional barriers, has 
deterred widespread solar investment in many countries.

• The lack of skill, training, expertise in repair and main-
tenance of the solar systems is one of the main problems 
of establishing solar power stations in remote locations.

• An extra barrier in 2015 was low oil and gas prices, 
which make solar less attractive and less competitive 
compared with fossil fuels in many countries by continu-
ing system payback periods (Novacheck and Jeremiah 
2015).

Discussion

The combustion of fossil fuels in order to generate electricity 
emits a variety of pollutants and greenhouse gases (e.g.,  CO2 
and  NOx), which contribute to climate change. The average 
direct emissions from power plants based on oil, natural gas 
and coal are significantly higher than emissions from renew-
able energy technologies. As mentioned above, electricity 
generation by fossil fuels has the largest carbon footprint 
with higher than 1000 gCO2eq/kWh, while renewable tech-
nologies have carbon footprint less than 100 gCO2eq/kWh. 
Reduction in environmental pollutants, particularly GHG 
emissions, is an international challenge and will require 
involvement from emitters and manufacturers and require 
cooperation across borders. It is expected that the limit-
ing the increase in total GHG levels in the atmosphere can 
reduce the probability of dangerous climate change. There-
fore, increased use of renewable energy technologies is a 
central measure in accomplishing these objectives.

In Iran, currently,  CO2 emissions caused by the human 
activities have grown so rapidly. In this country, 646 mil-
lion tons of  CO2 equivalents was emitted, by 2014 (Fig. 1). 
The majority of electricity production comes from burning 
fossil fuels, in particular natural gas, and the minority of 
it comes from renewable energies and nuclear; no signifi-
cant solar energy system is used for electricity production 
(Table 4). Electricity generation through burning fossil 
fuels emits 180 Mt  CO2-eq in Iran per year. Furthermore, 
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the combustion of fossil fuels for electricity production is 
the main source of local air pollution.  SO2,  NOx and  PM2.5 
are some of the main pollutants (Table 5). Consequently, 
in this country, an important source of  CO2 emissions and 
other pollutants could be from fossil-fueled power plants. 
These results highlight the importance of reducing the share 
of fossil-fueled power plants in the electricity mix of Iran 
which would lead to substantial reduction in greenhouse 
gases impacts and global warming, since increasing global 
temperatures might have serious consequences not only on 
the environment but on the human welfare (Streimikiene and 
Alisauskaite-Seskiene 2014). Global average surface tem-
perature has raised by almost 0.4–0.8 °C over the past cen-
tury. Consequently, this phenomenon has increased global 
mean sea levels at an average annual rate of 1–2 mm over 
the past decades. A global average temperature increase of 
only 1 °C could have serious consequences. Arctic sea ice 
has declined by 40% and decreased in extent by 10–15% in 
summer season since the year 1950s (Panwara et al. 2011, 
Wei et al. 2011). Declining sea ice will cause sea levels to 
increase which destroys beautiful scenery and the habitats 
of penguins and polar bears. One of the harmful effects of 
global warming is droughts, which cause loss of agricultural 
crops, damage to plants, reduction in fresh water supply for 
irrigation and other essential uses, and so will tend to induce 
famines around the world, particularly in poor countries. 
Life in the oceans is not only threatened by climate change. 
Ongoing global ocean acidification is another serious prob-
lem of carbon dioxide emissions. When carbon dioxide dis-
solves in the oceans, carbonic acid is formed. As a result 
of higher ocean temperature and acidity of dissolved  CO2, 
highly sensitive corals reef in the ocean are dying (Kalogirou 
2004; Bose 2010).

Problems with energy production and consumption are 
related not only to climate change, but also to environmental 
concerns such as air pollution, acid rain, ozone depletion, 
forest and land degradation, and radioactive substances as 
well. The most significant effects of atmospheric pollut-
ants are their negative impacts on human health (Kalogirou 
2004). Exposure to gaseous air pollutants such as CO,  SOx, 
 NOx and particulate matters  (PMx) threatens public health 
in both the short and long term during normal plant opera-
tions. Human toxicity and particulate matter formation from 
coal combustion are significant contributors to public health 
(Treyer et al. 2014). The atmospheric pollutants emitted via 
combustion of coal, and natural gas for electricity genera-
tion is associated with breathing problems, heart attacks, 
neurological damage as well as cancer (Union of Concerned 

Scientists 2013). Additionally, both  SO2, and  NOx lead to 
acid precipitation and smog. Therefore, replacing fossil 
fuels with renewable energies, particularly solar energy can 
reduce premature mortality and it reduces overall healthcare 
costs. If humanity is to accomplish a bright energy future 
with negligible environmental impacts, these issues should 
be taken into account simultaneously.

Fossil fuel energies have different externalities includ-
ing unfavorable human health impacts and various environ-
mental problems such as climate change that usually are 
not accounted for in the retail price (Owen 2006). Increas-
ing concentration of  CO2 and other pollutants in the envi-
ronment imposes enormous costs on the societies. In the 
energy sector, the potentially most significant externalities 
(i.e., the local and global environmental and health damages 
caused by the use of fossil fuels) are typically not priced 
by the market. Although these costs are not borne by the 
energy supplier or consumer, they are paid for by society 
as a whole, for instance, through higher healthcare costs, 
increased natural disaster costs, lower labor productivity, 
reduced life expectancy and premature mortality (IRENA 
2015). Public health effects present in the form of epidemic 
diseases and premature death (i.e., morbidity and mortality) 
that account for well over 90% of all external costs. Other 
costs arise through impacts on agriculture production, costs 
to materials and negative impacts on ecosystems and habi-
tats. Climate change impacts are important, but their valua-
tion is vaguer than that of local air pollution. Damages from 
climate change, associated with the high GHG emissions 
from fossil fuel-based electricity production, also have con-
siderable costs. The external effects of energy consumption 
are related to air pollution and climate change which is in 
the order of $2.2 trillion to $5.9 trillion per annum, in the 
world. In the European Union (EU) alone, the external costs 
of air pollution ranged from 330 billion US dollars to 940 
billion US dollars in the year 2010 (IRENA 2016e). As men-
tioned in Sect. 5, the external cost of fossil fuel-fired power 
generation is significantly higher than renewable energies 
(Table 2). But, the results can differ from country to country 
according to various factors, for example, the utilize of vari-
ous technologies that could imply various emission factors, 
or according to the characteristics of the specific sites that 
could vary in the population density, income or transport 
distances (El-Guindy et al. 2013). For example, in 2005, 
electricity generation by natural gas produced 0.74 billion 
US dollars in damages (0.16 cent/Kilowatt-hour), mainly 
from air pollution. The European Union cost of generat-
ing electricity without these external costs averages around 
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4 cents/Kilowatt-hour. In fact, if the external costs were 
incorporated, the EU cost of generating electricity from coal 
would double and that from gas would rise by about 30% 
(World Nuclear Association 2017). In Iran, the social cost 
of air pollutants and greenhouse gases that release by Iranian 
power plants was about 102,974 billion Iranian Rials (more 
than 2.94 billion dollars) (about 28% of the total social cost) 
in 2011. The social cost related to GHG emissions and air 
pollutants from power production sector is remarkable (only 
for carbon dioxide is more than 295,000 Iranian Rials per 
ton that means $8.5/ton  CO2). In this country, producing 
only 1% of electricity from renewable energy sources could 
reduce  CO2 emissions by 0.07% in short term and 0.31% in 
long term (Sadeghi et al. 2013). In the USA, the use of fossil 
fuel for electricity generation could lead to loss of hundreds 
of billions of dollars of economic value per year through 
premature mortality and other health problems, work days 
lost and direct costs to the national healthcare system. For 
coal and oil, these costs are greater than the common retail 
price of electricity generation, illustrating the magnitude 
of the externality (Machol and Rizk 2013). Curbing emis-
sions of GHG through better energy-use choices can result 
in improved health, especially through reduced air pollu-
tion that can offer many benefits when compared to the non-
renewable energies. It has been found out that replacing car-
bon-intensive energy sources with solar energy reduces work 
days lost and premature deaths, and it reduces healthcare 
costs. In the USA, from 2015 to 2050, solar power reduces 
GHG emissions and air pollutants by around 10%, provid-
ing a central value of about 250 billion US dollars (Wiser 
et al. 2016). Thus, since the external costs for electricity 
generation are not reflected in their price, it is difficult to 
compare the costs of solar electricity with nuclear or fossil 
fuels electricity.

Utilization of solar energy, as the cleanest form of 
energy, does not deplete natural resources, does not require 
extraction or transportation, does not require water to oper-
ate and thus does not pollute water resources, does not emit 
remarkable greenhouses and is infinite and free. However, 
some toxic substances are broadly utilized in solar panels 
manufacturing (Aman et al. 2015; Fthenakis et al. 2008). 
Although there are no carbon emissions associated with 
electricity production through solar energy utilization, 
there are emissions associated with various stages of the 
photovoltaics life cycle, including the raw material mining 
and extraction, materials production, module manufacture 
and also production of systems/plants and their compo-
nents (Hairata and Ghoshb 2017). The major sources of 
the greenhouse gas (GHG) emissions for photovoltaic life 

cycles are electricity and fuel utilization during the pho-
tovoltaic materials and module assembly. Since PV does 
not need fuel to operate, emissions from any type of PV 
system are expected to be lower than those from conven-
tional energy systems. A reduction in  CO2 emission is the 
most significant environmental benefit from solar energy 
utilization. Negative impacts of solar energy technologies 
are usually minor, and they can be minimized through 
improvements in module efficiency, less silicon mass per 
module, increasing lifetime and lower use of fossil fuel 
electricity for the production process (WNA 2011; Weis-
ser 2007). In the last 10 years, the efficiency of average 
commercial wafer-based silicon modules increased from 
around 12 to 17% (Super-mono 21%). Record efficiencies 
confirm the potential for further efficiency raises at the 
production level (ISE 2017). It is also important to men-
tion that solar photovoltaic technology is a fast-improving 
technology among renewables. Therefore, there is a great 
need to increase the solar energy technologies and help 
Iran to meet its sustainable development goals.

The diffusion of renewable energy technologies (RETs) 
in many countries is very low. Many of mentioned barriers 
were more relevant to many countries in around the world, 
but a number were relevant to Iran. Globally, many barriers 
such as solar panels costs and the efficiency of solar cells as 
well as using some toxic materials in solar cells manufac-
turing are restricting the use of solar energy technologies. 
The cost of harvesting solar is high compared with that of 
fossil fuel-fired power generation options (Table 3). Policy 
and regulatory incentives, improvements in technology and 
also oversupply of installation components are driving the 
reduction in solar technologies costs (World Energy Coun-
cil 2016). The potential to generate electricity from solar 
energy utilization depends on the amount of solar irradia-
tion, the area of suitable land and the efficiency of solar 
power systems. It was found that centralized photovoltaic 
and solar thermal plants would only be practical in areas 
with high level of radiation about 1050 kWh/m2/year, for PV 
and 1450 kWh/m2/year for solar thermal (IEA 2003). Iran 
has a sunny sky characterized by long, hot, dry summers and 
available desert lands. The country is abundantly endowed 
with almost all forms of renewable energy sources, particu-
larly solar energy. Renewable sources such as solar energy 
can present viable options to bridge burgeoning power 
demand–supply gap in Iran. Solar radiation resources vary 
greatly depending on location worldwide (Singh 2013). In 
some climatic conditions make solar less economical than in 
others. But, in Iran, due to its location (with over 300 days 
of sunshine, solar radiation of 5.2–5.4 kWh/m2/day), solar 
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radiation is one of the highest recorded in the world (Fig. 2). 
Therefore, the potential for all types of solar technologies 
exists. Since Iran contains vast deserts, land use for solar 
power plant construction does not act as an important bar-
rier. In the country, the availability of large unused land 
has a great potential for producing solar energy. Richness 
of oil and gas reserves (Najafi et al. 2015) and low oil and 
gas prices are the main reasons that have led to undevel-
oped solar energy generation in this country. Additionally, 
a lack of enough knowledge about solar technologies, lack 
of national infrastructure, existing subsidies for fossil fuel 
technologies and lack of policy backing are other obstacles 
for the diffusion of solar energy utilization in Iran.

To overcome the mentioned barriers, cost reduction and 
increasing the efficiency of solar cells are key areas of focus 
in research and development (R&D) programs in the globe. 
Technology improvements could increase solar panel output 
and efficiency, and improvements in energy efficiency can 
reduce lifecycle carbon emissions.

Moreover, the increase rates of deployment of renewa-
bles (particularly solar energy) need supportive government 
policies.

Some recommendations for promotion of renewable 
energies, particularly the solar energy in Iran, are given as 
follows:

• Providing a reliable policy framework for investors is 
crucial.

• Some new motivations have to determine to make it a 
competitive energy source for the conventional power 
stations.

• The Iranian government should spot the applicability and 
importance of solar energy usage.

• The Iranian government should emphasize on establish-
ment of training institutes to ensure availability of engi-
neers, teachers, scientists and installers of solar energy 
systems.

• To promote the widespread and large-scale implemen-
tation of solar power plants to mitigate environmental 
pollutants emission, more awareness and understanding 
of solar power benefits in Iran is needed.

Additionally, Iran’s new commitment at the twenty-first 
session of the Conference of the Parties (COP 21) is another 
reason that can motivate the utilization of renewables such 
as solar energy into its energy mix, as a strong instru-
ment to mitigate greenhouse gas emissions in this country. 
Therefore, there is an urgent need for transition from fossil-
fueled energy systems to one based on renewable resources, 

particularly solar energy to decrease dependence on limited 
reserves of fossil fuels and to mitigate climate change.

Conclusion

In the present study, environmental impacts of fossil fuels 
consumption for electricity production have been dealt and 
potential solution in terms of the appropriate renewable 
energy technologies, particularly solar energy has discussed.

During the past couple of decades, the risk and certainty 
of environmental degradation due to the burning of fossil 
fuels have become more obvious. Growing environmental 
problems such as air pollution and global climate change is 
due to the environmental impact of human activities grown 
significantly. In Iran, the increased usage of fossil fuels for 
electricity production has resulted in increased production 
of greenhouse gases, particularly  CO2 that are responsible 
for global warming.

Solar energy is an attractive climate change mitigation 
option and appropriate in enabling low-carbon development 
in Iran, where has nearly 300 sunny days per year. Since Iran 
is well placed to harness its enormous solar potential, solar 
energy integration into energy production mix would lead 
to a steady decline in GHG emissions as well air pollutants. 
So countries like Iran, which has a high potential of solar 
energy should use this free and available energy source for 
a significant portion of its electricity production.

External effects are high in the case of air pollution from 
non-renewable energy sources utilization. Renewable energy 
sources can compete with conventional fuels if the external 
cost of conventional fuels utilization takes into account. As 
a result, due to avoiding environmental pollution, utilization 
solar energy source for energy production is profitable.

Although there are a few disadvantages such as low 
efficiency of solar panels, the high cost of installing these 
technologies and also energy requirements and  CO2 emis-
sions for the production of PV modules, in the future, 
improvement in the efficiency of solar panels, reduction in 
the amount of material used in the solar cell systems will 
reduce the energy demand and greenhouse gas emissions.

Overall, renewable technologies mainly solar energy inte-
gration into energy production mix could bring long-term 
economic and environmental benefits from reduced exter-
nalities. Utilization of renewable sources is critical for sus-
tainable development and should be implemented through 
all possible means. This is required not only for today’s gen-
eration but for the next generation as well.
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