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Abstract  

Sludge is a by-product of urban wastewater treatment plants using a biological method, which needs to 

be properly processed and managed in order to avoid environmental pollution and maintain the health of 

society. The main goal of the current research is to analyze the amounts of sludge disposal and energy 

recovery in the wastewater treatment plant in south of Tehran, emphasizing the nexus between carbon and 

energy footprints. Biogas and electricity produced in the wastewater treatment plant were carefully 

examined. Their impact on reducing direct and indirect emissions and carbon footprint was calculated 

using relevant international coefficients based on the amount of methane gas and electricity produced. 

Also, the amount of waste sludge was analyzed during the period of eight years (2014 to 2021). During 

the investigated period, at least 2414 tons, maximum 22850 tons and an average of 7265.4 tons of sewage 

sludge were produced per month. The amount of waste sludge produced per million cubic meters of 

treated wastewater is 24.4, 99.8 and 57.1 tons, respectively. On average, 9.5 million m
3
 of methane are 

produced every year, which is equivalent to 146347.54 tons of CO2/ year. On average, 1.1 MW/hr is 

produced in the power plant of the treatment plant, which is equivalent to preventing the emission of 3612 

to 6472 tons of CO2/ year. The total direct and indirect emissions prevented are equal to 149,960 to 

152,820 tons of CO2 equivalent. The production of biogas and its consumption to produce electricity in 

the investigated wastewater treatment plant has a significant effect on reducing greenhouse gas emissions.
 

Keywords: Carbon Footprint, Biosolids, Wastewater Treatment, Environmental Pollution, 

Global Warming, Greenhouse Gases. 
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1. Introduction 

Sludge is a by-product of urban wastewater 

treatment plants
1
 using a biological method, 

which needs to be properly processed and 

managed in order to avoid environmental 

pollution and maintain the health of society 

(Hoang, 2022). In common biological wastewater 

treatment different streams of sludge are 

produced, including primary sludge (from 

primary settling basin) and waste activated sludge 

from aeration basin. Raw sludge in its primary 

form is a liquid with 2-6% total solids and in the 

dry state, the sludge contains 35-65% organic 

matter, with the rest being non-combustible 

mineral ash (Gurjar and Tyagi, 2017). Sludge 

contains pathogens (faecal cliform bacteria and 

salmonella) (Ghoreishi et al., 2016) and, in some 

cases, heavy metals that can pose an ecological 

risk (Ghoreishi et al., 2020). Both primary and 

secondary sludge streams need to be properly 

treated before disposal. Methods of processing 

the sludge are different but should include at least 

the thickening, digestion, dewatering and drying 

stages (Dentel and Qi, 2014). Anaerobic digestion 

for biogas production, compost production for the 

improvement of agricultural, brick production, 

fillers and bioplastics production are among the 

common methods of disposal and reuse of sludge 

(Kumari et al., 2023). 

Based on the challenges associated with the 

increasing energy consumption in the world, the 

recycling of energy from sludge and its use as a 

source of energy generation has been considered 

for decades. Different methods of energy 

recovery from sludge include incineration, 

gasification, pyrolysis and anaerobic digestion. 

Anaerobic digestion is considered as the best 

method of energy recovery from sludge in 

wastewater treatment because it works at low 

temperatures, lacks complexity and has a lower 

investment cost compared to other methods.  

Each step of sludge management has its own 

environmental impact, along with energy 

consumption and carbon footprint
2
 (Dentel and 

Qi, 2014). Nowadays, UWTP have been 

considering studying their greenhouse gas
3
 

emissions as part of the growing awareness, 

although there is still no standard or fully 

comprehensive CF analysis for biosolids 

management. The cost of sludge and biosolids 

management was found to be equivalent to 47% 

of the total capital and operating costs of 

wastewater treatment plants (Dentel and Qi, 

                                                 
1
 Urban Wastewater Treatment Plants (UWTP) 

2
 Carbon Footprint (CF) 

3
 Greenhouse Gaz (GHG) 

2014). Electrical energy and operational costs 

associated with the sludge processing stage can 

account for 20% and 53% of the total treatment, 

respectively. They are major factors among  

facilities that should be considered as they work  

towards more efficient strategies with lower 

energy consumption (Zhao et al., 2019). Water 

footprint
4
 and CF are the most common indicators 

used to assess the sustainability of municipal 

wastewater treatment plants. According to 

analysis, technologies and scales of UWTP have a 

measurable impact on CF (Chen et al., 2020). 

In the United States in 2017, emissions from 

solid waste management, wastewater treatment, 

and composting amounted to 131 million tons of 

carbon dioxide equivalent, or 2 percent of total 

GHG gas emissions (Hockstad and Hanel, 2018).  

The production of biosolids has increased 

significantly, mainly due to the development of 

MWTP strategies globally. These strategies 

include the construction of new MWTP, the 

expansion of existing MWTP, and the provision 

of regulatory measures (Mohajerani et al., 2019). 

The EU produces more than 9 million tons of 

biosolids annually (Lyberatos et al., 2011). The 

production of biosolids in the United States is 

also significant, as 1.7 million tons are produced 

annually, of which an estimated 28 percent is 

transferred to landfills (Davis and Slaughter, 

2006). Australia produces about 300,000 tons of 

biosolids a year, of which 55 percent is recycled 

for use in agriculture, 15 percent is used for land 

reclamation, composting or forestry, and the 

remaining 30 percent is either buried or stored in 

landfills. This trend is expected to continue as 

populations increase and MWTP processes 

improve in developing countries (Mohajerani et 

al., 2019).  

In Iran, 700 million cubic meters of urban 

wastewater is treated annually, according to 

current statistics, which is only equivalent to 15 

percent of the total urban wastewater. About 40 

percent of the existing treatment systems are 

based on the activated sludge process. As UWTP 

expands, the amount of sludge produced and the 

CF are expected to increase proportionally, 

requiring the issue of energy recovery from 

sludge to be addressed by UWTP designers and 

operators. 

In a study comparing the full-scale CF of six 

UWTP, the CF was estimated to be in the range 

of 23-100 kg CO2eq per equivalent population. In 

calculating the total CF, direct emissions 

accounted for the largest share (62-74%) for 

facilities with energy recovery from biogas. But 

                                                 
4
 Water Footprint (WF) 
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in treatment plants using electricity, indirect 

emissions from energy consumption accounted 

for 69-72% of the CF (Maktabifard et al., 2020). 

A comparison of two large UWTPs in China 

and the United States with two different 

approaches to managing biosolids in terms of 

energy and CF, showed that although both 

wastewater treatment plants had similar energy 

consumption, Shanghai plant had three times 

higher CF, mainly due to site-specific limitations 

in their biosolids management. This study shows 

the potential to improve carbon footprint by 28.8 

percent with the selection of appropriate 

strategies (Zhao et al., 2019). 

The main goal of the current research is to 

analyze the amounts of sludge disposal and 

energy recovery in the wastewater treatment plant 

in south of Tehran, emphasizing the nexus 

between carbon and energy footprints. 

 

2. Methodolgy 

The present study is a descriptive-analytical study 

which is conducted at the South Tehran 

Wastewater Treatment Plant
1
. The four modules 

currently constructed each cover a population 

equivalent to 525,000 people and can accept a 

flow equivalent to 450,000 cubic meters per day 

for treatment. STWTP effluent, after being 

discharged into the Varamin Canal is fed into the 

Varamin plain's irrigation network and used to 

irrigate about 50,000 hectares of land. After 

thickening, a mixture of primary and secondary 

sludge is digested anaerobically. 

Digestion takes place at temperatures of 35 to 

37 ºC, with heat supplied by the steam boilers. 

The fuel used by the steam boilers is supplied by 

the biogas produced from the digestion, after the 

sweetening. The digestion time is about 20 days. 

In the digestive system, methane gas is produced 

in a homogeneous way while digesting and fixing 

sludge and destroying pathogenic bacteria, which 

is used in the production of electricity and for the 

energy supply of the system. 

After the anaerobic digestion process is 

completed, the digested sludge is transferred to 

the sludge storage tank and then into the 

mechanical filtration unit (filter press). This 

reduces its moisture content by 25 percent. 

According to environmental regulations and 

standards, the sludge resulted from the filter press 

is first transferred to the sludge long-term storage 

site in order to reduce the absorption of vectors, 

then it reaches the agricultural consumption based 

on the indicator presented on the national 

standard of Iran. 

                                                 
1
 South Tehran Wastewater Treatment Plant (STWTP) 

The main objective of the current study is to 

determine the effect of methane recycling from 

sludge digestion and electricity generation at the 

STWTP on reducing GHG emissions. During the 

study, biogas and electricity produced in STWTP 

were carefully examined. Their impact on 

reducing direct and indirect emissions and carbon 

footprint was calculated using relevant 

international coefficients based on the amount of 

methane gas and electricity produced. Also, the 

amount of waste sludge was analyzed during a 

period of eight years (2014 to 2021). 

In addition to field surveys of the sludge 

management situation and observation of the 

units used in this sector, the required information 

was obtained from the Water and Sewerage 

Company of Tehran Province. GHG emission 

factors provided by the IPCC (Intergovernmental 

Panel on Climate Change), can be used to 

calculate direct and indirect GHG emissions from 

wastewater treatment. In the meantime, some 

researchers have developed appropriate emission 

factors for their own countries. In this study, 

GHG emissions were calculated in two stages. 

The first stage deals with direct emissions of 

GHG and the equalization of methane produced 

in the anaerobic digestion of the STWTP. The 

second stage deals with energy recycling and the 

impact of electricity generated at the STWTP on 

reducing indirect GHG emissions. Data on 

methane produced as well as electricity generated 

were compiled and analyzed with the help of 

refinery technical experts, and the necessary 

calculations were made. According to Chai, for 

each kWh of electricity consumed, 0.681 kg of 

carbon dioxide equivalent is produced (Chai et 

al., 2015). 

According to Parravicini, for every kWh of 

electricity consumed, the amount of carbon 

dioxide emitted is equal to 0.38 kg (Parravicini, 

2016). In the present study, the above references 

were used to calculate indirect emissions. It 

should be noted that with respect to the global 

warming potential
2
, the potential value of CO2 is 

considered to be one, and for methane it is 23 (Su, 

2023). 

 

3. Discussion and Results 

Management of biosolid is not an easy task. 

Requirements for higher degrees of wastewater 

treatment can increase the total volume of 

biosolids produced. The options for managing 

biosolids will be very complex when considering 

a combination of higher amounts of biosolids, 

mixtures of biosolids, and increased regulatory 

                                                 
2
 Global Warning Potential (GWP) 
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requirements. In most UWTP, a large portion of 

the total operating and maintenance costs is 

allocated to the processing and disposal of 

biosolids. It should be noted that in addition to 

energy consumption and CF, biosolids 

management also has the potential to generate 

energy, so the issue of energy-producing 

treatment plants is also relevant today (Gikas, 

2017). 

The energy content in wastewater is in the 

form of chemical oxygen demand, which is 

usually converted to CO2 or CH4 and biosolids 

through aeration or anaerobic treatment. 

Therefore, reducing aerobic treatment and 

maximizing the energy recycling of CH4 and 

biosolids is very important to reduce the CF. In a 

study conducted by the University of Tehran, 

anaerobic digestion and subsequent sludge 

incineration has been identified as the most 

appropriate option to reduce the effects of sludge 

treatment and recover energy from it in the 

sewage treatment plant south of Tehran (Ahadi, 

2015). 

During the investigated period, at least 2414 

tons, maximum 22850 tons and an average of 

7265.4 tons of sludge were produced per month at 

STWTP. The minimum, maximum and average 

amount of waste sludge produced per Mm
3
 of 

treated wastewater is 24.4, 99.8 and 57.1 tons, 

respectively. On average, 9.5 Mm
3
 of methane are 

produced every year, which is equivalent to 

146347.54 tons of CO2/ year. On average, 1.1 

MW/hr is produced in the power plant of the 

STWTP, which is equivalent to preventing the 

emission of 3612 to 6472 tons of CO2/year. The 

total of direct and indirect emissions prevented is 

equal to 149,960 to 152,820 tons of CO2 

equivalent. 

Considering the annual tonnage of sludge 

produced in the STWTP during the period 2004 

to 2021, the minimum and maximum amounts are 

2414 and 22850 tons, respectively, with an 

average of 7265.4 tons per month.  

In the STWTP, energy is recovered in the 

form of biogas through anaerobic digestion of 

biosolids in the power plant. In terms of the 

technical specifications of the power generator, 

the energy input capacity (biogas) is 13148 kWh, 

the gas volume is 2054 m
3
/h at 65 kWh per m

3
 

under conventional conditions, the mechanical 

output is 5200 kWh, the electrical output is 5064 

kWh, the thermal recoverable output is 5916 

kWh, and the total output is 10980 kWh. The 

plant has the capacity to supply 70 percent of the 

site electricity consumption.  

A total of 75.9 Mm
3
 of methane gas were 

produced during the years under study. These are 

the minimum, maximum and average of 7.1, 10.6, 

and 9.5 Mm
3
/ year, respectively. Considering that 

the weight of each cubic meter of methane is 

0.671 kg and the global warming potential of 

methane is 23 times that of carbon dioxide, in 

terms of direct greenhouse gas emissions, the 

methane gas produced by the anaerobic digestion 

unit of the STWTP is on average equivalent to 

146347.54 tons of carbon dioxide per year. The 

average monthly electricity production by the 

refinery is 1.1 MWh. In other words, the plant 

produces an average of 9,504 MW of electricity 

per year. According to the study, the amount of 

electricity generated in 2021 is equal to 13150 

MW for 4 units. Using the emission coefficient of 

0.38 to 0.681 kg CO2 equivalent per kWh of 

electricity, it can be estimated that the electricity 

generated at the STWTP on average emits 3612 

to 6472 tons of CO2 per year. For 2021 year, it is 

equivalent to 4,997 to 8,955 tons of carbon 

dioxide per year. In other words, the energy 

recycling in the STWTP and the electricity 

generated would prevent indirect emissions of 

3612 to 6472 tons of carbon dioxide per year. 

With respect to methane recycling, the combined 

direct and indirect emissions prevented are 

equivalent to 149,960 to 152,820 tons of carbon 

dioxide equivalent. 

 

4. Conclusion 

The production of biogas and its consumption to 

produce electricity in the STWTP has a 

significant effect on reducing GHG emissions. 

This effect is primarily due to the prevention of 

direct emissions through the recycling of methane 

and its use in power plants for electricity 

generation. In the second degree, the generation 

of electricity that leads to the reduction of 

electricity consumption in the STWTP prevents 

indirect emissions of GHG. In the meantime, the 

findings of this study can be helpful for engineers 

who design new required wastewater treatment 

plants. 
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Fig. 1. Different stages of sludge production in 
biological wastewater treatment plant

(Gurjar and Tyagi, 2017)

)Gurjar and Tyagi, 2017( 

)Gurjar and Tyagi, 2017(. 

Ghoreishi et al., 2016

Ghoreishi et al., 2020

Dentel and Qi, 2014

2023 al., et Kumari
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2014 Qi, and Dentel

Table 1  Common methods of sewage treatment plant sludge management (Dentel and Qi, 2014) 

Thickening: to reduce the 

volume of sludge

Gravity thickening

Thickening by suspension

Centrifuge

Thickening by gravity belts

Thickening with a rotating drum

Stabilization: to stabilize, reduce 

mass and recycle

Alkaline stabilization

Anaerobic digestion

Autothermal aerobic digestion

Composting

Conditioning: to improve the 

water intake conditions

Chemical

Physical

Dewatering: to reduce volume

Centrifuge

Filter press

Drying beds

Straw bed

Lagoon

Drying by heat: to reduce 

volume and weight

Direct dryers

Indirect dryers

Burning: to reduce volume

Burning in a multi-purpose furnace

Incineration in a fluidized bed

Co-incineration with solid waste

Land use of Biosolids: to remove 

sludge, rehabilitate the land and 

other suitable uses

Sludge disposal on the ground

Use in improving the condition of the soil

Transfer and storage

CF

2019 al., et Zhao

CF

                                                 
1

Water Footprint (WF) 

 (Chen.

2020 al., et)

GHG Hanel, and (Hockstad.

2018) 

2020 al., et Chen 
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Mohajerani et al., 2019

(Lyberatos et al., .

2011) 

(Davis and .

Slaughter, 2006)

Mohajerani et al., 2019

CF

)Torabian and Momeni Farahani, 2002( 

B

Farzadkia, 2002

)Samavati and Tavoosi, 2013(. 

1996(Budagpur et al., .)

Salihoglu et al., 2007

CF

CF

CO2eq

CF

CF

Maktabifard et al., 2020( 

CF

ACF

                                                 
1

Dry Solids (DS) 
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CF

Zhao et al., 2019

CF

CF

CF

 

Macerator
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 Snip, Lin, 2020,(.
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Table 2  Statistical description of the annual amounts of sludge produced (2014 to 2021)

in the South Tehran Wastewater Treatment Plant

Year Mean Std. Deviation Minimum Maximum Kurtosis Skewness 
2014 8058 2548 2841 11071 -0.04 -1.01 
2015 6938 2576 2680 10877 -0.56 -0.05 
2016 7005 1445 5336 10137 0.62 1.06 
2017 7304 3079 2832 11522 -1.64 -0.10 
2018 7713 4067 3150 14083 -1.43 0.40 
2019 7283 2316 4843 13493 4.49 1.95 
2020 7489 3320 2414 13124 -0.76 0.07 
2021 8709 6066 2862 22850 1.20 1.12 

 

Table 3  The volume of wastewater (m
3
/ year) and the amount of sludge produced for disposal (tons per million m

3

of treated wastewater) in the South Tehran Wastewater Treatment Plant during the years 2014-2021 

Sludge
Flow (m

3
)Year

MeanMax.Min.

81.0111.228.599,533,524 2014 
51.681.020.0134,331,357 2015 
48.970.837.3143,198,851 2016 
48.977.119.0149,422,647 2017 
58.5106.823.9131,839,577 2018 
56.4104.537.5129,095,880 2019 
52.291.516.8143,374,084 2020 
59.3155.619.5146,820,532 2021 

Fig. 2. The trend of changes in the annual production of 
disposed sludge in the in the South Tehran Wastewater 

Treatment Plant 

Fig. 3. Biogas produced (Mm
3
) in South Tehran 

Wastewater Treatment Plant (units 1 to 4) during the 
years 2014 to 2021 
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Fig. 4. Biogas produced (m
3
) in South Tehran 

Wastewater Treatment Plant (units 1 to 4) during 
different months of 2021
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)Bagheri, 2023.( 

(Nazari .

et al., 2018) 

GHG(Majumder et al., .

2015) 

Orf -(Abu.

et al., 2008)

 

                                                 
1
 Landfill 

Fig. 5. Average electricity production (MW/h) in South 
Tehran Wastewater Treatment Plant (units 1 to 4) during 

different months of 2019 to the mid of 2020 
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