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Introduction
Various human activities have led to a significant increase 
in greenhouse gas (GHG) emissions in the atmosphere 
(1,2). Since 1800, the atmospheric concentrations of 
carbon dioxide (CO2) and methane (CH4) have increased 
about 30% and 145%, respectively (3). GHSs act as a 
reflector of heat from the ground, which obstructs the 
escape of heat in the atmosphere, causing an increase 
in the global average temperature (4,5). GHSs from 
anthropological activities such as agriculture, industry, 
waste disposal deforestation, and most especially 
burning of fossil fuels are the leading causes of climate 

change (6-8). Excessive GHS emissions pose risks such 
as floods, droughts, the spread of disease in the tropics, 
global warming, and the rise of storms, tsunamis, and 
volcanoes (9). Wastewater treatment plants (WWTPs) are 
known as one of the most common sub-sources of GHS 
emissions (10-12). Zhao et al reported that cities with a 
higher gross domestic product produced more degradable 
organics in wastewater, thus, more GHGs emissions (13). 
The primary methods used for wastewater treatment, 
including aerobic processes like activated sludge-based 
processes, and significant anaerobic processes, both make 
significant contributions to the production and emission 
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Abstract
Background: Wastewater treatment plants are important sources of emissions of greenhouse gases 
(GHSs) such as carbon dioxide and methane in the atmosphere. Also, energy consumption in the 
wastewater treatment process causes indirect carbon dioxide emissions.
Methods: One hundred thirty-three operating wastewater treatment plants in Iran treat municipal 
wastewater. The carbon dioxide and methane emissions from the wastewater treatment plants for the 
year 2022 were estimated by establishing a calculation model according to the methods recommended 
by the Intergovernmental Panel on Climate Change for National Greenhouse Gas Inventories (2006) 
and United States Environmental Protection Agency (USEPA) guidelines.
Results: Based on the Intergovernmental Panel on Climate Change guideline, the total methane 
emission was 158.63 tons. Based on the USEPA guideline, the total emissions of methane and carbon 
dioxide were 47.61 and 351.47 tons, respectively. This amount is 3.2% of all the methane and carbon 
dioxide emissions of Iran. Isfahan and Tehran provinces have the highest emissions rates of methane 
at 31.85 and 22.91 tons, respectively. While South Khorasan and Kerman provinces have the lowest 
methane emissions rates of 0.46 and 0.67 tons, respectively.
Conclusion: The results will provide a scientific basis and effective strategies for policymakers to reduce 
the methane and carbon dioxide emissions from the wastewater treatment plants of Iran.
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of GHGs (14). WWTPs produce three main types of 
GHSs, including CO2, CH4, and N2O (15). Koutsou et al 
reported that emissions from Greek WWTPs were about 
0.9% of total GHGs emissions in Greece each year (12). 
Yan et al observed that overall GHGs emissions from 
Chinese municipal WWTPs increased from 326.54 to 
1294.03 Gg (16). Therefore, the determination of GHGs 
emissions by applying various estimation techniques has 
increased in recent years. One of the emission estimation 
techniques in the environment is the emission coefficient 
method used to estimate GHGs in the air, land, and water 
(17). Emission coefficients have long been considered 
essential tools for air quality management (18). Emission 
coefficients, despite their specific limitations, are the best 
or only available method for estimating GHGs emissions 
(19). These coefficients provide an average of all available 
data of acceptable quality (20,21). As Iran is a member 
of various conventions in the field of environmental 
protection and climate change, it is necessary to determine 
the share of wastewater treatment in this country in the 
production of CH4 and CO2 gases. The present study 
aimed to evaluate the emission rate of CH4 and CO2 from 
municipal WWTPs in Iran using a calculation model 
established by the Intergovernmental Panel on Climate 
Change for National Greenhouse Gas Inventories 2006 
(IPCC2006) and the United States Environmental 
Protection Agency (USEPA) guidelines. Emission zoning 
maps prepared using geographic information system 
(GIS). This study as the first study in this field in our 
country provides emission reduction scenarios.

Materials and Methods
Study area
Iran is the 16th largest globally, with a total land area 
of 1 648 195 km2. The combined population of the 32 
provinces is 82.91 million people. In the present study, 
CH4 and CO2 emission rates from 137 municipal WWTPs 
in all provinces of Iran were considered.

Data collection and estimation of CH4 and CO2 emissions
To estimate CH4 and CO2 emissions from municipal 
WWTPs in all provinces of Iran, the basic information, 
including the type of treatment process, the total 
population covered, and the discharge rate of 137 
WWTPs in all provinces, were collected from wastewater 
and water companies of each province. The rate of CH4 
and CO2 emissions in different provinces were estimated 
according to the emission factors recommended by the 
2006 IPCC for National Greenhouse Gas Inventories 
(the 2006 IPCC Guidelines for short; IPCC, 2006) and 
the USEPA (US EPA, 2006) guidelines (22). The CH4 and 
CO2 emissions from a municipal WWTP are calculated 
using equations 1 and 2.

( )4ECH TOW EF R= × −     (1)

( )2ECO TOW EF R= × −     (2)

Where ECH4 is the total amount of CH4 emissions (tons 
CH4/year), ECO2 is the total amount of CO2 emissions 
(tons CO2/year), TOW is total organic matter emissions 
of living wastewater treatment (kg BOD/year), EF is the 
emission factor (kg (CH4, CO2)/kg BOD), and R is the 
volume of recovered CH4, CO2 （kg (CH4, CO2)/ year). 
The formula of the emission factor (EF) is shown in Eq. 
(3):

0EF B MCF= ×      (3)

Where B0 is the maximum production capacity (kg 
(CH4, CO2)/kg BOD). Since there is still no large‐scale 
recovery of CH4 and CO2 in Iran, the amount of R is 
assumed to be zero. MCF is the correction factor of CH4 
and CO2. According to the actual situation in our country 
and using the related parameters, it is concluded that the 
national average MCF is 0.165.

The emission coefficients used for the emission sources 
related to WWTPs are presented in Table 1.

Preparation of zoning maps 
After estimating CH4 and CO2 emissions rates using IPCC 
2006 and USEPA approaches, classified zoning maps 
of the studied greenhouse gas emissions in municipal 
WWTPs in all studied provinces were prepared and 
drawn using GIS 10.2 software.

Results 
The main wastewater treatment processes in the studied 
treatment plants included activated sludge, stabilization 
pond, and aeration lagoon. These processes are operated 
aerobically. The results of greenhouse gas emissions (CH4 
and CO2) from WWTPs based on emission coefficients 
(IPCC 2006 and USEPA 2006) in the studied provinces 
are presented in Table 2.

The difference in estimated emission rates for CH4 using 
IPCC 2006 and USEPA approaches is shown in Figure 1.

As shown in Figure 1, the emission rate estimated by the 
IPCC 2006 method is higher than USEPA. This difference 
can be related to the higher emission coefficients of this 
method than the USEPA. The zoning maps based on the 
emission coefficient of IPCC 2006 and USEPA are shown 
in Figures 2 and 3, respectively. In all zoning maps, CO2 

Table 1. The maximum production capacity emission coefficients based on 
the IPCC 2006 and USEPA (23,24)

Approach
B0(kg (CH4, CO2)/kg BOD)

CO2 CH4

IPCC 2006 - kg CH4/kg BOD 0.06

USEPA 1.375 kg CO2/kg BOD 0.06 kg CH4/kga

a BOD by applying the CH4 correction factor (0.3) for central aerobic 
treatment.
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emissions were higher than CH4 emissions. 

Discussion
Based on the emission coefficient of IPCC 2006, municipal 
WWTPs of Isfahan and Tehran provinces have the 
highest emissions rates of CH4, 31.85, and 22.91 tons/year, 
respectively. WWTPs of South Khorasan and Kerman 
provinces have the lowest emissions rates of CH4, 0.46, 
and 0.67 tons/year, respectively. Based on the IPCC 2006 
coefficient, the total CH4 released from Iran’s municipal 
WWTPs was calculated at 158.63 tons/year. Based on 
the emission coefficient of the USEPA, Isfahan provinces 

WWTP has the highest emissions rate of CH4 and CO2, 
9.64 and 74.07 tons/year, respectively. The lowest emission 
rates of CH4 and CO2 were related to South Khorasan, 
0.14 and 1.04 tons/year, respectively. The total estimated 
emissions rates of CH4 and CO2 were 47.61 and 351.47 
tons/year, respectively. Isfahan and Tehran are the two 
most populated cities. The common feature of these cities 
is that they are the economic centers of the country and 
have a higher level of prosperity. These two metropolises 
have a total share of 34.52% of the total emissions of CH4 
and 35.9% of the total emissions of CO2 from the 133 
investigated WWTPs (Table 2). Larger cities with larger 
populations emit more GHG from their WWTPs because 
they tend to produce more municipal wastewater. The 
present study found that cities with more population have 
more GHG emissions per capita. The study by Zhao et al 
has shown a significant relationship between population, 
level of prosperity, and economy of society with the 
amount of GHG emissions in China (13). The share of 
Iran’s GHG emissions from total world GHG emissions 
is 1.58% (14171 tons/year), which according to the results 
of this study, 2.82-3.59% of this amount is related to CH4 
and CO2 emissions from WWTPS in Iran. According to a 
study by Daelman et al, the total emissions of the WWTPs 
are 2,728 tons/year, and the excess CO2 emissions are 
related to electricity and natural gas consumption. CH4 
emissions were much lower than CO2 in two Dutch 
WWTPs (25). At the Kortenoord WWTPs, annual CH4 
emissions were 960 tons/year, while CO2 emissions were 
estimated at 500 tons/year. At the Papendrecht WWTPs, 
CH4 emissions were 730 tons/year, and CO2 emissions 
were 3458 tons/year (26). Yerushalmi et al reported that 
in aerobic, anaerobic, and hybrid treatment systems, 
the total CO2 emissions are 1.6, 3.3, and 3.6 tons/year, 
respectively (27,28). In Iran, per capita emission of GHG 
resulting from urban wastewater treatment is equal to 0.5 
g/year for CH4, 4.1 g/year for CO2 (based on USEPA), and 
1.82 g/year for CH4 (based on IPCC). Zhao et al stated 
that the per capita production of GHG in China is 4.3 
kg per capita on average (13). The chemical and physical 
characteristics of treated wastewater, the population 
covered by wastewater collection systems, per capita 
production of wastewater, the type of process used for 
wastewater treatment, and different climatic conditions 
can be the reasons for differences in the estimated GHG 
emission rates with other studies.

Conclusion
This research estimated CH4 and CO2 emissions in 
municipal WWTPs in Iran based on a calculation model 
established by the IPCC 2006 and USEPA guidelines. 
The estimated CH4 emission from WWTPs based on the 
IPCC 2006 and USEPA guidelines was 158.63 and 47.61 
tons, respectively. Also, based on the USEPA guideline, 
CO2 emission was estimated to be 351.47 tons in 2022. 

Table 2. The total amount of CH4 and CO2 emissions (tons/year) from 
municipal WWTPs in all provinces of Iran in 2022

Provinces

IPCC 
2006:0.6 
kg CH4.
kg BOD

USEPA, 0.6 kg CH4.kg 
BOD by applying the CH4 

correction factor for central 
aerobic treatment (0.3)

USEPA, 
1.375 

Kg CO2.
Kg BOD

East Azerbaijan 10.39 3.11 23.81

West Azerbaijan 8.37 2.51 19.2

Isfahan 31.85 9.64 74.07

Ardabil 2.09 0.63 4.80

Alborz 1.82 0.55 4.17

Ilam 8.40 2.52 19.25

Bushehr 1.81 0.54 4.16

Tehran 22.91 6.87 52.51

Chaharmahal and 
Bakhtiari 2.37 0.71 5.44

North Khorasan 0.85 0.25 1.95

Razavi Khorasan 2.35 1.99 15.26

South Khorasan 0.46 0.14 1.04

Khuzestan 5.32 1.30 11.42

Zanjan 1.40 0.42 3.20

Semnan 2.65 0.79 6.06

Sistan and 
Baluchestan 2.95 0.88 6.76

Fars 4.26 1.23 9.75

Qom 2.99 0.90 6.86

Qazvin 1.94 0.58 4.44

Kurdistan 8.73 2.62 20.01

Kerman 0.67 0.20 1.55

Kermanshah 3.93 1.18 9.00

Kohgiluyeh and 
Boyer-Ahmad 1.91 0.57 4.38

Gilan 0.94 0.28 2.15

Lorestan 5.71 1.71 13.10

Mazandaran 2.68 0.82 5.96

Markazi 2.09 0.63 4.79

Hormozgan 5.10 1.53 11.68

Hamadan 0.72 0.22 1.65

Yazd 10.97 2.29 3.05

Total 158.63 47.61 351.47
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Iran is a developing country and with the possibility of 
an exponential increase in the number of WWTPs in the 
near future, it is necessary to adopt appropriate policies 
to manage GHGs emissions from WWTPs. The following 
strategies are recommended to reduce GHGs emissions in 
the WWTPs of Iran: 1- Reduce the need for heating energy 
in WWTPs by running anaerobic reactors and digesters 
at lower temperatures, 2- Increasing anaerobic digestion 
efficiency to produce more biogas, and capture GHGs by 

hoods and burn together with the biogas, 3- Reducing the 
use of fossil fuels by supplying the required heating energy 
of WWTPs through recovering energy from biogas, 
4- Use of available technologies to eliminate GHGs, 5- 
To remove more organic matter, future generations of 
WWTPs must use more anaerobic processes.
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Figure 1. Estimated CH4 emission rates from WWTPS using IPCC 2006 and USEPA approaches

Figure 2. The classified zoning map of CH4 based on the emission coefficient of IPCC 2006
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