
1. Introduction
Power plants that use fossil fuels for their processes 
[1] produce various pollutants, such as sulfur dioxide, 
nitrogen oxides, carbon dioxide, carbon monoxide, lead, 
cadmium, and particulate matter [2].

More than 40% of carbon dioxide emissions from fossil 
fuels are generated by power plants that burn fuel for 
electricity production [3]. Carbon compounds are one of 
the common pollutants in power plants that are considered 
greenhouse gases (GHG) and cause climate change and 
global warming [4].

One of the most dangerous and harmful effects of fossil-
fuel power plants is global warming, which is mainly due 
to GHG emissions, causing widespread climate change and 
global warming [5,6], the details of which are provided 
in Table 1.

The consequences of rising GHGs and global warming 
include rising air temperatures, rising sea and ocean levels, 
severe rainstorms, drought, and loss of animal and plant 
species [4].

In addition to the threat of climate change and global 

warming, GHGs also endanger the health of humans and 
living organisms [7].

Various studies have reported the harmful and 
adverse effects of air pollutants caused by power plants 
on human health, ultimately causing asthma, allergies, 
carcinogenicity, and, in chronic cases, premature death in 
humans [8-10].

Carbon footprint is a term used to estimate air pollution 
based on the emissions of carbon compounds such as 
carbon dioxide, carbon monoxide, and methane [11].

The term carbon footprint actually derives from the 
term ecological footprint utilized in the 1990s and is a 
measure of the total amount of carbon compound output 
associated with a given population, system, or activity, 
taking into account all resources, subsides, and storage 
within the time and place of that population, system, or 
activity [12].

Carbon footprint is an indicator that shows the effect of 
activities on the production of carbon dioxide produced 
by the consumption of fossil fuels and is expressed as the 
weight of carbon dioxide produced per tonne [13]. It has 
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one of the most important and dangerous impacts on the 
environment, safety, and health of the human environment 
[14]. The main contributor to global warming is the 
carbon dioxide emissions from the combustion of fossil 
fuels, producing approximately 4 g of carbon dioxide for 
every g of combusted carbon and can contain 60%‒80% 
carbon, depending on the fuel [15].

Gas fuel is now known as one of the cleanest types of fuel. 
This type of fuel is available as natural gas in the vicinity of 
crude oil tanks or gases produced in refineries or chemical 
processes. Natural gas is the best fuel ready to use, with a 
mixture of 80‒90% methane, and the remaining 20‒10% 
is mainly ethane and other gases such as propane/butane 
and nitrogen. Impurities, such as carbon dioxide and 
sulfur hydrogen dioxide, and organic sulfur compounds 
of 1% are also present in natural gas. The gas consumed 
by the power plants is transferred to the site through 
pressurized gas pipes, and after reducing the gas pressure 
and passing through the cyclones, it is directly transferred 
to the burners [16].

Several studies have been conducted on carbon 
footprints in different countries around the world [3,7,11-
13]. Moreover, many studies have been performed in Iran 
in this regard, which can be mentioned from this research 
group to estimate the carbon emissions from fossil fuel 
consumption during the years 1927‒2015 in Iran (16), due 
to electricity consumption and fossil fuels during the years 
2010‒2015 in Ahvaz [17,18], and evaluate the carbon 
footprint and its relationship with energy consumption 
in the Yadavaran oil field of Khuzestan province [19-
21]. The issue of pollution and increased carbon dioxide 
emissions has become a global concern, and natural and 
human resources are causing carbon dioxide emissions. 
Natural resources include decomposition, release from 
the oceans, respiration, and photosynthesis. Respiration 
is a process in which organisms release energy from food 
and emit carbon dioxide. Photosynthesis, the biochemical 
process by which plants and some microbes produce food, 
acts as a natural counterpart to breathing by absorbing 
carbon dioxide from the atmosphere. Carbon dioxide 
emissions from human activities are also a major factor, as 
they change global average temperatures [22]. Therefore, 
this study aimed to evaluate and estimate the carbon 
footprint of the Zahedan Gas Power Plant due to fossil 
fuel consumption and electricity generation and compare 
it with the total costs of power plants in the country.

Materials and Methods
This study was performed at the Zahedan Gas Power 
Plant in 2021, 2022, and 2023. This plant is located in 
Sistan and Baluchestan Province, 5 km from Zahedan 
Gloorband Road, which was first put into operation in 
1986 (Figure 1). One of Iran’s power plants is gas-fired 
with a production capacity of 2262 MW, which includes 
9 units of the Frame 5 model. Zahedan Power Plant is a 
construction of Hitachi, Brown Bowery, and AEG, and its 
fuel type is natural gas and oil gas.

Gas exhaust chimneys were sampled according to the US 
Environmental Protection Agency method [24] per day 
with a calm and sunny climate at an altitude of 4 meters 
above the ground (Table 2). The dioxide crane was read 
directly in the exhaust chimneys. In each study season 
(spring, summer, or autumn), CO2 was estimated with 3 
replications.

TESTO (model 350, Germany) was employed to 
measure carbon dioxide gas. For measurement, the 
device was controlled from every point of view, and it was 
ensured that the device was perfect for battery-charging 
and calibration. By asking the corresponding person 
responsible for the temperature of the chimney outlet, it 
was ensured that its temperature was not higher than the 
temperature tolerance range of the probe of the device and 
did not cause damage to the temperature sensor, or filter 
probes were used if the flue dust was high.

After the reliability and lack of a problem for 
measurement, the probe was connected to the device, and 
the device was turned on. After the Auto Zero stage, which 
may last from 30 seconds to several minutes, the probe 
was placed in the standard position, and the pump of the 
device was started. The results were saved after waiting 
for the numbers to be fixed and the measurements to be 
completed. To re-measure, it is necessary to zero in the 
next stations to obtain more accurate numbers.

The amounts of fuel consumed and power generated by 
Zahedan and the country’s power plants were collected 
using statistical yearbooks [25,26]. The carbon footprint 
of fossil fuel consumption is an indirect emission; 
therefore, carbon dioxide emissions from oil and natural 

Table 1. Global warming potential value of greenhouse gases

Gas Chemical Global warming potential

Carbon dioxide CO2 1

Methane CH4 25

Nitrogen oxides N2O 298

Hydro chlorofluorocarbons HCFCs 124-14800

Chlorofluorocarbons CFCs 4760-14400 Figure 1. Geographical Location of Zahedan. Source. Mahjoob et al [23]
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gas consumption were calculated from relation 1 [27]:

CO2 Emissions = Activity Data (AD) × Emission Factor (EF) (1)

This relationship represents the amount of fossil fuel 
consumption collected from the statistical yearbooks 
[25,26], as well as the emission coefficient presented in 
Table 3 [28]. 

Considering the total carbon footprint emissions from 
the Carbon dioxide from electricity production per year 
was obtained based on relation 2 [28]:

it it t
t tj

it t t

C G GC Y
G G Y

=∑                                                                 (2)

In this regard, Ct is the total CO2 emissions of the 
power industry in year Cit, and t denotes the CO2 
emissions of power plant i in year Cit. In addition, t 
represents electricity generation i in year Yt, and t is the 
added value of the electricity industry in year Cit/Git. 
Further, t indicates the intensity of the CO2 generation 
of electricity, and Git/Gt is the share of power generation 
of power plant i. Finally, Gt/Yt denotes the intensity of 
electricity in year t [28].

Per capita carbon footprint and CO2 emissions were 
obtained from relations 3 and 4 [27]:

Carbon Emission = Total Carbon Emission ÷ Total Number 
of Staff                                                                                      (3)

The Intensity of CO2 = CO2 Emissions ÷ Energy Consumption (4)

In this regard, carbon emissions per capita, total carbon 
emissions, total number of staff, intensity of CO2, CO2 
emissions, and energy consumption [27].

Total energy consumption was obtained from relation 
(5), in which Total Energy Consumption TEC in terms 
of GJ. Moreover, ei is the actual amount of energy 
consumption, and pi represents the factor of the type of 
energy consumed [29]:

Total Energy Consumption = £ ei × pi                                  (5)

To calculate the ecological footprint, first, the annual 
consumption per capita of the main consumables was 
obtained based on the total data and divided by total 
consumption by population. Then, the average of the 
total ecological footprint of each person was computed by 
collecting all the ecosystem areas assigned to each person, 
and finally, the ecological footprint for the population of 
each planned area was calculated based on relation 6 [29]:

EFP = EF × N                                                                        (6)

The data were analyzed, and carbon footprint 
relationships were computed using Excel 2007 software. 
The tables were also drawn with the help of this software.

Results
The CO2 emissions from the fumes of Zahedan Gas Power 
Plant in 2021, 2022, and 2023 are presented in Table 4. 
The highest emission in 2023 came from chimney No. 4 
at 3/20 ppm.

Total CO2 emissions during one day in the spring 
and summer of 2021 were 15.22 ppm and 9.41 ppm, 
respectively. The corresponding values were 12.44 ppm in 
spring and autumn 2022 and 20.37 ppm in the summer 
of 2023, respectively. In addition, it was 21.49 ppm in the 

Table 2. Specifications of the sampling location of exhaust gases at the 
Zahedan Power Plant

Chimney 
Chimney 

height
Sampling 

height
Longitude Latitude

1 6 m 4 m 60.48° 22′ 67′′ 29.28° 32′ 12′′

2 6 m 4 m 60.48° 19′ 20′′ 29.28° 32′ 50′′

3 6 m 4 m 60.48° 20′ 89′′ 29.28° 31′ 59′′

4 6 m 4 m 60.48° 19′ 93′′ 29.28° 32′ 80′′

5 6 m 4 m 60.48° 23′ 18′′ 29.28° 32′ 34′′

6 6 m 4 m 60.48° 23′ 45′′ 29.28° 32′ 10′′

7 6 m 4 m 60.48° 23′ 45′′ 29.28° 32′ 10′′

8 6 m 4 m 60.48° 24′ 72′′ 29.28° 32′ 28′′

9 6 m 4 m 60.48° 24′ 74′′ 29.28° 32′ 52′′

Table 3. Carbon dioxide emission coefficient from natural gas consumption 
in power plants

Release Source diffusion Coefficient Unit

Natural gas 0.0556 Ton CO2/MMBTU API/DEFRA

Natural gas 0.0542 Ton CO2/MMBTU AGO

Natural gas 0.0532 Ton CO2/MMBTU IPCC

Gas oil 2.68 Kg CH4/L fuel CAPP

API, American Petroleum Institute; DEFRA, Department for Environment, 
Food, and Rural Affairs; AGO, Automotive Gas Oil; IPCC, Intergovernmental 
Panel on Climate Change; CAPP, Canadian Association of Petroleum 
Producers.
Source. Ahmadi Moghadam et al [28].

Table 4. Carbon Dioxide Emissions (ppm) From the Chimneys of Zahedan 
Power Plant

Chimney 
2021 2022 2023

Spring Summer Spring Autumn Summer

1 1.63 1.41 0.94 2.46 2.63

2 1.47 0.59 0.92 2.50 2.62

3 1.67 1.06 1.42 2.45 2.56

4 1.17 0.74 3.03 3.02 3.20

5 2.34 1.21 1.29 2.45 2.60

6 2.40 1.51 1.35 2.50 2.61

7 2.08 2.04 1.19 2.46 2.62

8 1.46 0.85 2.30 2.53 2.65

9 1 0.80 1.99 2.54 2.66

Total 1998.57 1833.30 1156.92 875.13 1415.46
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summer of 2023, which is for 3 months in each period. 
According to the results, carbon dioxide emissions 
increased in 2023 and 2022 compared to 2021.

In this study, to measure the per capita carbon footprint, 
the population of Zahedan was considered based on 
the last census in 2021, which was 770 800. The total 
CO2 emissions for one year were calculated. Fossil fuel 
consumption and electricity generation at the Zahedan 
Gas Power Plant are presented for 2021 and 2022. Zahedan 
Power Plant used two fuels (i.e., oil and natural gases) to 
generate electricity, which consumed more natural gas 
than oil gas in the two studied years (Table 5).

CO2 emissions in 2021 from natural gas consumption 
were higher than oil. CO2 emissions in 2021 were higher 
than in 2022. The highest CO2 emissions per capita and 
CO2 emissions were 1742.58 and 288.73, respectively, 
from oil consumption in 2021 for electricity generation at 
Zahedan Gas Power Plant (Table 6).

Discussion
Carbon dioxide is one of the compounds in the exhaust 
gases of industrial and manufacturing plants and is 
probably the most important pollutant of air and GHGs 
from human activities. Different amounts of carbon 
dioxide (0.3‒5.20 ppm) obtained from the chimneys of the 
Zahedan Gas Power Plant were measured and determined 
in this study. Researchers reported CO2 emissions from 
power plants such as Ramin Power Plant (12 600 tons per 
day), Abadan Gas Power Plant (4.26 μg/m3), Genaveh 
Combined Cycle Power Plant (CO2 466 kW/eq), coal-
fired power plants (968 g/kWh), and combined cycle 
sites (579 g/kWh) [30-33]. Power plants discharge a large 
amount of carbon dioxide and carbon monoxide into the 
air in different parts of the country due to the factors of 
pollution from fossil fuels, which have been measured 

practically and theoretically. Other studies have reported 
carbon dioxide emissions from the chimneys of the food 
industry, as well as rubber and chemical production [34-
37]. According to the results, carbon dioxide emissions 
increased in 2023 and 2022 compared to 2021. One study 
reported that CO2 emissions from oil consumption were 
higher compared to other fossil fuels [16].

After petroleum, gasoline had the highest carbon 
dioxide emissions. The amount of fuel oil and kerosene 
was followed by carbon dioxide emissions. Considering 
the increasing consumption of fossil fuels and increasing 
carbon emissions, air pollution, and global warming, it is 
recommended that management strategies are provided 
for the optimal use of fossil fuels, and clean and renewable 
energies such as wind and solar energies are replaced 
with the existing ones [16]. One of the most important 
pollutants in the energy consumption sector is air 
pollution due to emissions and leakage of pollutant gases 
caused by burning fossil fuels [17]. Regarding the effect 
of hydroelectric energy consumption on CO2 emissions, 
ecological footprint, and carbon footprint in Iran, the 
estimation of the models indicated that there is a long-
term relationship between the variables considered in 
these models. It demonstrates that there is a significant 
negative relationship between hydroelectric energy 
consumption and carbon dioxide emissions and carbon 
footprints in the short and long term. In other words, 
the use of hydroelectric power in the short- and long-
term leads to a reduction in carbon footprint and carbon 
dioxide emissions. Moreover, hydroelectric power has an 
impact on the ecological footprint in the short term [38]. 
Another study reported higher carbon dioxide emissions 
from oil consumption than from other fossil fuels [39], 
confirming the results of this research.

The CO2 emissions from electricity generation in 2022 at 
Zahedan Gas Power Plant were 1 343 183 554.98 tons per 
year. The researchers reported that about 40% of carbon 
dioxide emissions were attributed to power generation in 
power plants [40,41].

Currently, the electricity industry, with about 30% of the 
country’s GHG emissions, is the most serious cause of the 
production of these gases; thus, reducing the amount of 
emissions in the electricity sector can have a significant 
impact on reducing the country’s overall emissions [42].

Considering that the power generation industry is a 

Table 5. Fuel Consumption and Electricity Production of the Zahedan Gas 
Power Plant

Fuel Type Unit 2022 2023

Gas/oil consumption L 4561394 3406860

Electricity production MW 11057 7916

Consumption of natural gas M3 491432590 527864110

Electricity production MW 1212481 1306999

Total of electricity production MW 1223538 1314915

Table 6. Evaluation of the carbon footprint (tons/year) of energy consumption and electricity production of zahedan gas power plant

Parameter Years Gas oil Natural gas Electricity production

Emission of carbon dioxide
2021 1317039341.2 26144213.78 1343183554.98

2022 9130384.8 28082370.65 37212755.45

Carbon dioxide emissions per capita
2021 1708.66 33.91 1742.58

2022 11.84 36.43 48.27

The intensity of carbon dioxide emissions
2021 288.73 0.053 1097.78

2022 2.68 0.053 28.30
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major polluting industry, it is important to examine the 
carbon footprint in this sector, as fossil fuels continue to be 
the number one source of energy for generating electricity. 
Coal-fired power plants, which have the highest GHG 
emissions, will occupy the first place in this field and will 
even have a large share in the coming years [32].

The study of the carbon footprint in the electricity 
industry in Pakistan showed that the average weighted 
GHG emission factor in Pakistan’s electricity sector was 
0.566 tons of carbon per cubic meter (tons of carbon 
dioxide per megawatt hour) for wind and solar energy 
projects and 0.478 tons of carbon per cubic meter for 
hydropower projects. Pakistan’s electricity industry 
is one of the major sources of GHG emissions in the 
country. Pakistan’s national electricity is dominated by 
thermal energy projects that emit large amounts of carbon 
dioxide [43].

Between 1995 and 2014, carbon dioxide emissions from 
the electricity industry fluctuated in the Beijing Tianjin 
region of Hebei, China, and the overall annual growth was 
5.93%. Factors affecting the growth of CO2 gas production 
from the electricity industry in the Beijing Tianjin Hebei 
region were the economic scale, population, transmission 
and distribution losses, and industrial structure, with 
a share rate of 150.70%, 20.80%, 8.86%, and 8.83%, 
respectively.

The effective factors in reducing CO2 production were 
power consumption of generators, coal consumption, 
electricity consumption ratio, household electricity 
consumption, power generation structure, and fuel 
mixture, with interest rates of -45.97%, -22.38%, -19.41%, 
-0.62%, -0.49%, and -0.32%, respectively [44]. Grilo et 
al analyzed and compared the carbon footprint of solar 
power supply and thermal power grid in Brazil. Carbon 
footprints were calculated from two different scenarios 
for electricity supply. The first scenario used the national 
electricity grid (a combination of Brazilians), and the 
second scenario utilized a solar power system connected 
to the power grid. Solar energy provided significant 
environmental benefits in comparison to the direct use 
of electricity from the grid, which was associated with a 
reduction of around 207/88 CO2-eq/year. The use of clean 
energy sources, such as solar sources, could significantly 
reduce the carbon footprint [45]. Electricity is one of 
the most widely used and high-level energy carriers that 
plays a significant role in the development process, but 
electricity production depends on other energy sources, 
especially fossil fuels. Fossil fuels are an important source 
of GHG emissions and the main cause of global warming, 
with 95% of Iran’s electricity generated from these sources. 
Each kWh of electricity generation from thermal power 
plants emits 817 g of carbon dioxide, which is the main 
GHG [46]. In another study, the CO2 emission index from 
electricity generation in Malaysia was calculated at 0.329 
t/m2, and the amount of CO2 accumulation was 1825.96 

million tons of CO2-eq [47]. 
A draft on carbon emissions and GHGs was presented 

in the Kyoto Protocol. Carbon emissions can be reduced 
through the use of solar, wind, farms, and more. There 
are actually several ways to decrease GHGs. With several 
simple and practical steps, one can successfully reduce 
their personal carbon footprint and cause environmental 
change. Reducing the carbon footprint can be brought 
about through the economic use of electricity in the home. 
Using fluorescent or low-energy lamps can reduce about 
70 kg of carbon dioxide per household in a year.

Another way to reduce carbon dioxide is to plant trees. 
A tree absorbs a ton of carbon dioxide during its lifetime 
and saves as much energy as possible. An effective way to 
decrease the carbon footprint is to use energy star-rated 
products. Energy-efficient devices save up to 15% on 
electricity consumption, reducing your extra cost savings 
as well [48].

Conclusion
Zahedan Power Plant has used two fuels, namely, oil and 
natural gases, to generate electricity, which was more than 
the oil gas in the two years under study. CO2 emissions 
from natural gas consumption were higher in 2021 
than in 2022.

According to the results, CO2 emissions increased in 
2023 and 2022 compared to 2021. One of the limitations 
of this study was the lack of data needed about other 
power plants in each province and city. It seems that by 
collecting power generation data from the existing power 
plants in the country, the contribution of each of these 
plants to the carbon footprint can be assessed equally and 
simultaneously.
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