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Abstract
[bookmark: _GoBack]As urbanization increases day by day, the demand for water also rises, this growing consumption leads to the overuse of water resources, consequently, the quality of available water continues to decline. Severe water shortages and contamination have become major concerns. To overcome this problem government of different countries launches various preventive measure, one of them is the treatment of contaminant water trough Sewage Treatment Plants (STP).This paper revealed the thorough idea of the performance evaluation of sewage treatment plant by analyzing data of different study conducted in different countries. In this review several research papers has been evaluated to conclude the various aspects of different STP’s along with various factors affected them and various problems associated with this technology. This review recommended that the STP is proved to be the most powerful technology which helps to overcome from the polluted water problems. This study further recommends that, alongside the implementation of these technologies, government intervention through strategic policy measures is essential to effectively mitigate the issue.
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Introduction
High growth of population causes scarcity of water resources and urbanization leads to the contamination of water.  Due to the growth of population, consumption of water resources is more and availability is less, so the demand for water is increasing (Pushpaltha et al., 1998). To fulfill high demand of water and to maintain the public health in urbanized community The Sewage treatment plants (STP) undoubtedly plays a vital role. In urban area or population such as shopping complexes, residential areas, schools, and universities a typical septic tank would not sufficient. In these areas the STP ensures the treated wastewater is safe when discharged to the environment (Bolong et al., 2022). STP ensure that the treated effluent released from domestic as well as from public complexes and commodities and play crucial role in the protection of public health along with the environment. According to the report of CPCB (2013) in 2011 there was 32.3 % decadal increase in Indian urban population. In 2001 the Indian urban population was 285,354,954, but in 2011 it was increased up to 377,105,760. 15,644 Million Liters per Day (MLD) sewage is generated from 35 metropolitan cities (more than 10 Lac Population). The sewage treatment capacity exists for 8040MLD i.e. 51% treatment capacity. The estimated wastewater generation is approximately 39,604 Million Litres per Day (MLD) in the rural regions, while in the urban centers; the wastewater generation has been estimated as 72,368 MLD for the year 2020-21.
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Fig 1-Wastewater generation and treatment capacity gap at city level in India (CPCB, 2022)
(NitiAyog and Atal Innovation mission, 2022)
Table1: Status of sewage generation and treatment capacity in class-I cities of India
	S.No.
	State/ Union Territory
	No. of Cities
	Sewage Generation (MLD)
	Sewage Treatment Capacity (MLD)

	1
	Andaman &Nicobar
	1
	12
	-

	2
	Andhra Pradesh
	47
	1760.60
	654

	3
	Assam
	5
	380.14
	-

	4
	Bihar
	23
	1009.7
	135.5

	5
	Chandigarh
	1
	429.76
	164.79

	6
	Chhattisgarh
	7
	350.47
	69

	7
	Delhi
	1
	3800
	2330

	8
	Goa
	1
	9.79
	-

	8
	Gujarat
	28
	1680.92
	782.5

	9
	Haryana
	20
	626.69
	312

	10
	Himachal Pradesh
	1
	28.94
	35.63

	11
	Jammu & Kashmir
	2
	213.93
	-

	12
	Jharkhand
	14
	830.47
	-

	13
	Karnataka
	33
	1790.40
	43.44

	14
	Kerala
	8
	575.17
	-

	15
	Madhya Pradesh
	25
	1248.72
	186.1

	16
	Maharashtra
	50
	9986.29
	4225.25

	17
	Manipur
	1
	26.74
	-

	18
	Meghalaya
	1
	20.84
	-

	19
	Mizoram
	1
	5.71
	-

	20
	Nagaland
	1
	13.62
	-

	21
	Orissa
	12
	660.73
	53

	22
	Pondicherry
	2
	56.46
	-

	23
	Punjab
	19
	1528.26
	411

	24
	Rajasthan
	24
	1382.37
	54

	25
	Tamilnadu
	42
	1077.21
	333.42

	26
	Tripura
	1
	24
	-

	27
	Uttar Pradesh
	61
	3506.01
	1240.13

	28
	Uttrakhand
	6
	176.97
	18

	29
	West Bengal
	60
	2345.21
	505.92

	
	Total
	498
	35558.12
	11553.68


Source: Status of sewage treatment in India (CUPS/61/2005-06)-Central Pollution Control Board

Table 2: Statewise sewage generation inClass-IITowns of India
	S. No.
	State/ Union Territory
	No of Class-II Towns
	Sewage generation in Class-II Towns (MLD)
	Sewage Treatment Capacity (MLD)

	1
	Andhra
Pradesh
	52
	217.59
	10.42

	2
	Assam
	8
	6.46
	-

	3
	Bihar
	14
	107.42
	2

	4
	Chhattisgarh
	7
	40.82
	

	5
	Goa
	2
	13.89
	18.18

	6
	Gujarat
	31
	227.55
	-

	7
	Haryana
	7
	43.52
	-

	8
	Jammu &Kashmir
	4
	27.86
	-

	9
	Jharkhand
	10
	78.21
	-

	10
	Karnataka
	26
	233.37
	12.18

	11
	Kerala
	26
	231.32
	-

	12
	Madhya Pradesh
	23
	130.9
	9.00

	13
	Maharashtra
	34
	213.73
	29

	14
	Meghalaya
	1
	11.25
	-

	15
	Nagaland
	1
	1.36
	-

	16
	Orissa
	12
	78.42
	-

	17
	Pondicherry
	1
	7.984
	-

	18
	Punjab
	14
	157.4
	42.80

	19
	Rajasthan
	21
	147.79
	-

	20
	Tamilnadu
	42
	184.67
	29.3

	21
	Uttar Pradesh
	46
	345.7
	12.61

	22
	Uttrakhand
	1
	9.07
	6.33

	23
	West Bengal
	27
	180.42
	61.88

	
	Total
	410
	2696.70
	233.7


Source: Status of sewage treatment in India (CUPS/61/2005-06)-Central Pollution Control Board

In India operation and maintenance of STP depends on following factors (CPCB, 2013):
A) Uninterrupted energy supply
B) Skilled manpower
C) Preventive & regular maintenance
Treatment technologies can be classified in three broad groups:
• Natural system
• Conventional technology
• Advanced Technology
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Fig 2-Sewage Treatment Plant Flow Diagram (Source: Majumder et al., 2019)

Literature Review
Sarpanchal et al. (2023) analyze the efficiency of sewage treatment plant using data science and concluded that STP project aimed to understand the sewage inflow variations of New Naidu STP using time series and ARIMA models, as well as the use of the Holt- Winters model for forecasting. Machine learning techniques were also employed to classify water quality based on pH, TSS, BOD, and COD parameters, using supervised classification models such as decision trees, KNN, and Logistic Regression and the findings can help inform better water management practices. 
Subedi et al. (2015) investigated the presence and removal of 43 pharmaceuticals, personal care products, and 13 of their metabolites in five domestic sewage treatment plants (STPs) in India. They found exceptionally high concentrations of amphetamine and saccharin in influents, with amphetamine levels being among the highest ever reported globally. Removal efficiencies of these compounds varied widely across STPs, ranging from as low as 5% to complete removal. Mass loadings indicated substantial daily discharges, with saccharin reaching up to 252 kg per day from a single STP. The study highlighted the urgent need for improved monitoring and treatment of pharmaceutical contaminants in Indian wastewater systems.
Bengtsson-Palme et al. (2016) analysed three Swedish sewage treatment plants and found no clear evidence that antibiotics, biocides, or metals directly caused an increase in resistance genes during treatment. Although some antibiotics were present at levels that could promote resistance, the changes in resistance gene patterns were more likely due to shifts in bacterial communities rather than direct selection. The concerning presence of the OXA-48 gene in sludge, which resists critical antibiotics, highlighted potential risks. The study emphasized that deeper, species-specific analysis is needed to truly understand resistance development in STPs.
Prabhasankar et al. (2016) investigated seven pharmaceuticals in sewage treatment plants (STPs) in South India, focusing on their occurrence and removal across different seasons. Sulfamethoxazole (SMX) was the most common compound, followed by trimethoprim (TMP) and erythromycin (ERY). STPs treating combined hospital and domestic waste had higher pharmaceutical levels than those treating only domestic sewage. Removal rates varied from 60% to 100%, with some compounds fully removed. Higher pharmaceutical concentrations were found during the monsoon season, likely due to increased usage. The study showed that both the type and volume of influent affected removal efficiency and emphasized the need for further research on how these compounds break down in treatment plants.
Karthikraj et al. (2017) studied the presence and removal of six parabens and their metabolites in five sewage treatment plants (STPs) in India. They found high levels of these chemicals in both wastewater and sludge, with metabolites making up most of the total concentration. Methylparaben was more common in water, while propylparaben was mostly found in sludge. Removal of parent parabens was fairly efficient (82-100%), but removal of metabolites was lower (28-76%). The study showed that parabens are widely used in India and highlighted the need for better treatment methods to reduce their release into the environment.
Demirbas et al. (2017) studied the composition and treatment of sewage sludge produced during wastewater treatment in sewage treatment plants. They found that sewage sludge, generated from a mix of domestic and industrial waste, contains harmful organic and inorganic pollutants like dioxins, phenols, pesticides, and heavy metals. The wastewater treatment process involved three main stages: pretreatment, primary, and secondary treatment to remove contaminants. Sludge from these processes required further treatment and safe disposal based on volume and site conditions. The study highlighted the complex and hazardous nature of sludge, emphasizing the need for effective management strategies.
Maharjan et al. (2018)assessed the sustainability of different sewage treatment systems in India and found that the upflow anaerobic sludge blanket (UASB)-down-flow hanging sponge (DHS) system achieved the highest overall score by balancing environmental, economic, and social factors. While UASB-final polishing ponds (FPU) was the most cost-effective and moving bed biofilm reactor (MBBR) and extended aeration sludge process (EASP) performed best environmentally, UASB-DHS was noted for its social benefits like simplicity and community acceptance. The study showed that systems strong in one area often lacked in others, but UASB-DHS offered the most well-rounded performance, making it a promising option for future sewage treatment planning.
Blum et al. (2018) investigated the presence and behavior of emerging organic contaminants from sewage treatment plants in a Swedish catchment draining into Lake Mälaren, a key drinking water source. Several pollutants including galaxolide, TMDD, and phosphate flame retardants were found to be persistent, mobile, and bioavailable, with some also being bioaccumulative. These contaminants were detected far from their STP sources, indicating their widespread distribution. The study showed that attenuation was highest in summer and autumn due to microbial and photodegradation. The presence of these pollutants in a major drinking water source raised concerns about potential risks to both aquatic life and human health.
Cano et al. (2018)evaluated four biogas desulfurization methods used in sewage treatment plants and found that biological technologies were more environmentally friendly and cost-effective than physical-chemical ones. Aerobic biotrickling filtration (BTF) had the lowest environmental impact and operating cost unless a nitrification reactor was already present, in which case anoxic BTF was better due to lower CO2 emissions. The study showed that daily operation caused most environmental impacts, while construction and disposal were minor. Physical-chemical methods had higher emissions and costs, highlighting the advantage of biological approaches for sustainable biogas treatment.
Zhang et al. (2019) found that conventional sewage treatment used high energy and produced large amounts of sludge, making it less sustainable. To address this, they proposed the A-B process, which focused on capturing chemical energy from wastewater while reducing sludge and energy use. They also suggested an integrated AnMBR-RO system to produce high-quality reclaimed water, offering a simpler and more sustainable solution for future sewage treatment needs.
Gatidou et al. (2019), in their review, highlighted that sewage treatment plants acted as key sources of microplastics such as polyethylene, polypropylene, polyester, and polyamide. They reported microplastic concentrations reaching up to 3160 particles/L in raw wastewater, 125 particles/L in treated water, and 170,900 particles/kg in sludge. Removal efficiencies ranged from 72% to 99.4%, mainly achieved through primary and secondary treatments, while the effectiveness of tertiary treatment varied with the technology used. Microplastics were primarily removed through entrapment in suspended solids and accumulation in sludge. The study emphasized the need for standardized methods and further research on microplastic transformation and their potential to transport other pollutants.
Ansari et al. (2020) studied the use of fuzzy logic models combined with genetic algorithms (GA-FIS) and particle swarm optimization (PSO-FIS) to predict key influent parameters in sewage treatment plants. GA-FIS provided the most accurate BOD predictions, while PSO-FIS performed better for COD, NH₃-N, pH, oil and grease, and suspended solids. Both methods outperformed the traditional ANFIS model. Although highly effective, the algorithms required longer training times. The study demonstrated the potential of these advanced models for accurate wastewater monitoring and suggested exploring faster optimization techniques for improved efficiency.
Yaqub et al. (2020) developed a long short-term memory (LSTM) based neural network to predict how effectively an A-A-O membrane bioreactor system removes ammonium (NH₄-N), total nitrogen (TN), and total phosphorus (TP) from wastewater. By using key water quality and operational parameters as inputs, the model showed strong prediction accuracy—especially for NH₄-N—with low error values. While TN and TP predictions were slightly less accurate, they remained reliable. Overall, the model proved useful for real-time monitoring and control of nutrient removal in wastewater treatment, helping to maintain discharge standards effectively.
Singh et al. (2021) evaluated extended aeration sewage treatment plants (EASP) in New Delhi and found that, despite not operating at full capacity, the plants significantly reduced key pollutants like BOD and TSS. Phosphate removal was moderate but remained within safe limits for potential reuse. Vasant Kunj plants showed the highest efficiency, while Mehrauli improved over time. Increased manpower contributed to better performance, though COD removal declined in some areas due to nearby industrial activity. Overall, the treated effluent was not expected to worsen Yamuna River pollution.
Miao et al. (2021) designed an intelligent sewage treatment system using Internet of Things sensors and machine learning to manage industrial wastewater in a fine chemical plant. Over 20 months, the system successfully monitored key parameters and predicted outflow COD levels. Among the models tested, the Gated Recurrent Unit neural network showed the highest accuracy. The system also proved effective in early fault detection, helping reduce workload and improve operational stability. This approach showed strong potential for broader use in sustainable urban sewage treatment, especially in industries producing toxic effluents.
Zhang et al. (2022) assessed four energy-saving and emission reduction technologies for sewage treatment plants. Among them, reclaimed water source heat pumps (RWSHP) for heating and sludge drying showed the highest carbon neutrality, with sludge drying also aiding in sludge reduction. RWSHP systems were more efficient than anaerobic digestion with cogeneration. Photovoltaic power generation performed well in solar-rich regions but was sensitive to electricity prices. A combined district heating approach using RWSHP was proposed to improve waste heat recovery and reduce reliance on coal, gas, and freshwater, making it a promising solution for sustainable sewage treatment.
Suet al. (2022) studied how using a particle swarm optimization (PSO) algorithm could make sewage treatment systems more energy-efficient. They found that this method helped control the oxygen levels in the treatment process more accurately than traditional methods, reducing energy waste-especially in the aeration tank, which uses the most power. Although small fluctuations in oxygen levels still occurred, the overall system used less energy and worked more effectively. This approach could be a useful solution for improving energy savings in other sewage treatment plants as well.
Liu et al. (2022) developed a more accurate site selection model for sewage treatment plants by combining GIS, AHP, and Remote Sensing technologies. Applied in the Liao River basin, this model helped identify better locations by considering key factors like wind direction, stream flow, soil texture, and distance from rivers and residential areas. Huaide Town was found most suitable for new plants due to its flat land and good soil, while other areas like Shijiapu needed careful evaluation. The model offered a clearer, science-based method to guide local governments in planning safer and more efficient plant locations.
Van Dijk et al. (2023) found that pharmaceuticals were insufficiently removed by many European sewage treatment plants (STPs), posing a risk to aquatic ecosystems. Their study showed that upgrading large STPs with advanced treatments like ozonation or activated carbon could improve pharmaceutical removal efficiency from 48% to 69%. However, many STPs near sensitive areas, such as Natura2000 sites and coastal waters, still lack effective treatment. The study highlighted the need for location-specific upgrades and integrated planning to better protect water quality and biodiversity across Europe.
Nagabhoshoon et al. (2023) review on performance evaluation of STP for the treatment of sewage at urban areas, for qualitative analysis and concluded that performance of STPs can be influenced by a range of factors, including the type of treatment technology used, the capacity of the plant, and the influent characteristics. To improve the efficiency and sustainability of STPs, there is a need for more advanced treatment technologies and integrated approaches to wastewater management. The research presented in this paper provides a foundation for future studies on the performance of STPs and can guide the development of more effective and sustainable wastewater management practices.
Mmonwuba et al. (2023) reported that the design of a sewage treatment plant (STP), is profoundly impacted by the populace density, populace development, and Industrialization. Design parameters for each unit were carefully calculated or estimated with legitimate checks and units, which help to improve in the performance of plant.
Kubota et al. (2024) studied a sewage treatment system combining a primary sedimentation basin, duckweed pond, and down flow hanging sponge. The system effectively removed nitrogen, phosphorus, and coliforms while producing duckweed biomass, with effluent quality comparable to the conventional activated sludge process. Most nutrients were removed in the duckweed pond, and water temperature influenced treatment performance and biomass yield. Proper biomass management proved essential, and while sludge handling remained a challenge, it showed potential for bioenergy generation through co fermentation with duckweed.
Sava et al. (2024) investigated the drying of sewage sludge to enhance its reuse potential. They found that ventilated drying significantly improved evaporation efficiency, even at lower temperatures. Structural analyses showed that drying altered the sludge’s composition, improving its physical properties through silicate network depolymerization. With low levels of pollutants and a near-neutral pH, the dried sludge was deemed suitable for use in agriculture, construction, and energy sectors. The study highlighted drying as an effective way to convert sewage sludge from waste into a valuable resource.
Conclusion
Various studies of last few years, shown that the process of urbanization increased at very high pace. Several countries established sewage treatment plant to overcome the problem of waste water. But heavy population load affect the efficiency of plants, inadequate maintainace by government agencies   cause the whole system to be compromised. Another big problem is the low number of plant available per capita which cause additional load on already existing facilities; results increase the risk of failure. Therefore it is the need of present situation that more STP’S with high capacity will be established at regular interval, which fulfill the increasing demand and also ensure sustainable wastewater management.
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