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[bookmark: _Toc194676378]Abstract
The purpose of this report is to outline the presence of automation within the wastewater treatment process. To give an understanding of the history associated with the treatment of wastewater, an overview of its evolution is included. An explanation of current methods, and the role and effects of utilising automation within these processes is included, which aids in conveying the effect automation has had on the pace and trajectory of improvements to the industry. Finally, an introduction to recent advancements within the industry, including the utilisation of AI, to improve efficiency and reduce costs.
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[bookmark: _Toc194676380]Introduction
The process of purifying wastewater consists of removing contaminants from sewage with the intention of protecting the environment. Topare et. al. (2011) define wastewater as a liquid carrying waste from institutions, commercial establishments and homes. They also claim wastewater consists of 99.9% water and 0.1% comprises of a range of biological solids such as human waste and vegetable matter. 
Within the modern process of treating wastewater, automation and control is a key component, as it allows for active monitoring of important parameters within the process and immediate corrective actions. An additional benefit seen with the implementation of automation to the process includes the reduction in human error and an increase to the efficiency of the process. Due to the ever-increasing volumes of wastewater, automation is needed to sustain the process, as it allows for higher volumes of wastewater to be treated, with reduced time required to treat the water. 


[bookmark: _Toc194676381]Historical Context
According to Chen, et al. (2020), sewage systems have existed for millennia, an early example of which was the system devised by the Romans, construction was undertaken from 800BC until around 100AD. Chen, et. al. (2020) explains that the system operated by draining sewage from public baths and lavatories into the sewer beneath the city, eventually flowing into the river Tiber. After the fall of the Roman Empire sewage collection seemed to devolve, with the primary method of disposal of human waste between 450 and 1750 AD, being emptying buckets into the street. In Amsterdam this method of disposal evolved, prompted by the unpleasant smell of human waste in the streets, where a ‘Boldoot cart’ drove through the streets and collected the buckets of human waste. This method benefited the public due to the decrease in the unpleasant smell associated with sewage and decrease in exposure of the public to disease present in human waste. Farmers also benefitted from the ‘Boldoot carts’ as the utilised the waste as fertiliser (Chen, Loosdrecht, Ekama, & Brdjanovic, 2020). 
The first mention of a connected sewage system by Chen et al. (2020) was the Liernur pneumatic sewer system. Scott (1876) presents the first stage of the process as pneumatic subdivision, in which the organic waste would be collected and separated from the water. The system would then evaporate the fluids from the organic solids, converting it into a desirable fertiliser. According to Chen et al. (2020) the Liernur system was utilised in numerous European towns.
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[bookmark: _Toc194244263]Figure 1 - Activated Sludge Process (Tomassi, Romano, & Giacomo, 2021)
Ardern & Lockett (1914) discuss the benefits associated with the aeriation of sewage for its purification, named the Activated Sludge Process, for which a process flow chart is depicted in Figure 2 (Tomassi, Romano, & Giacomo, 2021). The benefits listed would include reduced cost and time requirements in comparison to alternative processes used at the time. Sawyer (1965) presents that the process was successful in increasing the efficiency of purifying sewage in batches, and the process was adapted to allow continuous flow operation. After the sewage was purified the water would then be released into a river.


[bookmark: _Toc194676382]Modern Wastewater Treatment
According to Rishitha and Ullas (2019) wastewater is now separated into two groups, consisting of grey water and black water. Rishitha and Ullas (2019) explain that grey water is classified as the wastewater that is the product of showers, sinks and similar sources, and black water is sewage that contains human waste. Wastewater also consists of soaps, detergents and toilet paper, as stated by Rishitha and Ullas (2019). Rishitha and Ullas (2019) explain the modern method of collecting wastewater allows for around 62,000 million litres of sewage to be collected per day, as of 2015. However, according to Rishitha and Ullas (2019), only 37% of the sewage created is treated.
Rishitha and Ullas (2019) describe that sewage treatment plants mostly consist of three tanks, consisting of a collection tank, an aeriation tank and a decan tank. Wastewater is filtered before entering the collection tank, proceeding to fill the collection tank until there is a large enough quantity of sewage to be treated. Upon the collection of the specified quantity of wastewater, the wastewater is then transferred to an aeriation tank. In the aeriation tank, similar to the activated sludge method described by Arden and Lockett (1914), air is forced into the bottom of the tank, forcing the sewage to mix, accelerating the decay process, which prepares it to be transferred to the decan tank. The sewage sits in the aeriation tank for around six to eight hours. Prior to the transfer of the water to the decan tank, it is filtered through sand and carbon filters, which removes organic contaminants and increases the oxygen levels within the water. The water is then allowed to settle within the decan tank, according to Rishitha and Ullas (2019) some treatment plants employ the use of an additional tank before the water passes into the decan tank to allow for further settling of the wastewater. Rishitha and Ullas (2019) then claim the wastewater is left to settle in the decan tanks until the water is usable.
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[bookmark: _Toc194244264]Figure 2 - Cyclical Activated Sludge System (Zhu, Wang, & Zhang, 2020)
Figure 2, used by Zhu, et al. (2020), displays a process flow chart for a sewage treatment plant using a Cyclical Activated Sludge System (CASS). The utilisation of a CASS process within wastewater treatment is beneficial when compared to similar processes due to its simpler process flow, lower upfront costs, and decreased risk of issues such as sludge bulking.
[bookmark: _Toc194676383]Regulations and Standards
Chavhan, et al. (2025) present water quality indices (WQIs) as crucial for the evaluation of water quality. Commonly used indices, listed by Chavhan, et al. (2025), include the National Sanitation Foundation Water Quality Index (NSFWQI), the Weighted Arithmetic Water Quality Index (WAWQI), the Canadian Council of Ministers of the Environment Water Quality Index (CCMEWQI) and the Oregon Water Quality Index (OWQI).
Adesina, et al. (2024) state that the WQIs are essential for the prevention of the release of pollution to the environment, as such protecting eco-systems. Another essential role of the WQIs, according to Adesina, et al. (2024) is the protection of human health, an example of which is the assertion of the maximum allowable levels of bacteria that can be present in water for safe swimming.
As part of WQIs the intended use of the water must be stated, as the allowable level of each parameter differs based on the purpose the water will serve. Examples of intended use of the water may include swimming, drinking, fishing or as habitat for wildlife.
According to RACO Manufacturing and Engineering CO (2025), automation is crucial tool relied upon by compliance specialists to ensure that regulations are adhered to by wastewater treatment plants. RACO Manufacturing and Engineering CO (2025) further explain that use of automation can increase efficiency, reduce human error and reduce the time required in ensuring a treatment plant is adhering to the regulations.
[bookmark: _Toc194676384]Control in Wastewater Treatment
[bookmark: _Toc194676385]ICA in Wastewater Treatment
Olsson (2007) presents that Instrumentation, Control and Automation (ICA) can improve the efficiency of removal of contaminants within wastewater treatment plants by 10%-30%, signifying its importance to the process. Zhu, et al. (2020) present that within the Wastewater Treatment Process (WWTP) there are over a thousand devices and sensors to be monitored and over 10,000 signals that are collected. Monitoring a high number of signals, devices and sensors signifies the importance of ICA technology to the process as manual monitorisation of this number of variables would be difficult and time consuming, showcasing the increase in efficiency ICA brings to the process.
According to Zhu, at al. (2020), benefits of using automatic control systems within wastewater treatment can include savings in the logistical costs of the process and improvement of the quality and efficiency of the process. According to Zhu, et al. (2020) the WWTP typically involves automatic control technology, many sensors, and network communication technology. Zhu, et al. (2020), also included a suggestion of the use of a distributed energy management system, which utilises software and Programmable Logic Controllers (PLCs) to allow for Supervisory Control and Data Acquisition (SCADA). SCADA consists of real-time monitoring, data acquisition, remote control, and a historical log of the data collected from the individual sensors.
Zhu, et al. (2020) present that the current method of monitoring water quality within a sewage treatment plant, includes the use of PLCs alongside a host computer. An issue with this method, given by Zhu, et al. (2020), is that an operator is required to monitor the process data locally, and the system is not capable of supporting remote monitoring.
[bookmark: _Toc194676386]Sensors
According to Chavhan, et al. (2025), the use of sensors within the WWTP is essential for monitoring various parameters within the process, which are vital for determining the quality of the water and its adherence to regulations. These parameters are used to determine the suitability of the water to be released into areas where aquatic organisms are present without affecting them, and the suitability of the water to be repurposed for industrial and agricultural use. In combination with automated process control, these sensors allow for real-time monitoring and immediate corrective actions.
Chavhan, et al. (2025) introduce the use of pH sensors within the process, which is used to monitor the acidity or alkalinity of the wastewater. Chavhan, et al. (2025) states it is essential for treated water to maintain a pH value between 6 and 8, as this avoids creating a toxic environment for aquatic life, and prevents scaling and corrosion to equipment used within the treatment process. 
Another type of sensor that Chavhan, et al. (2025) claims is used within wastewater treatment is a dissolved oxygen (DO) sensor, which is used to detect the amount of molecular oxygen present in wastewater. Chavhan, et al. (2025) states that monitoring DO levels in treated water is essential due to low levels of DO in the treated water causes an oxygen deficient environment for aquatic organisms. 
Chavhan, et al. (2025) states that electrical conductivity (EC) sensors are also used within the process, which monitors the conductivity of the treated water. The electrical conductivity is dependent on the amount of dissolved ionic compounds present in the water, which are harmful to the environment and negatively influences the efficiency of the process. 
Chavhan, et al. (2025) state that turbidity sensors are also used within the wastewater treatment process. These sensors are used to monitor the turbidity (cloudiness) of the water, which is due to the presence of suspended solids (such as slit and clay), microorganisms and organic materials. The sensor operates through the emission of light through the water towards a receiver in the form of a photodetector. The photodetector detects the amount of light that is scattered, which is proportional to the turbidity of the water. The higher the levels of turbidity in the water indicates higher levels of inability for light to permeate the water, which creates difficulty for aquatic plants that rely on photosynthesis. Therefore, the turbidity levels of the water must be maintained to be less than 1000 Nephelometric Turbidity Units (NTU).
The temperature of the water is a key parameter in determining the quality of the water and its suitability in sustaining aquatic life, so a water temperature sensor is used to measure the temperature of the water. Higher water temperatures can lower the oxygen levels within the water, which can negatively affect biological processes present in wastewater treatment systems (Chavhan, et al., 2025). 
[bookmark: _Toc194676387]Process Controllers
According to Rane, et al. (2023), automation is utilised within wastewater treatment processes in areas which include; process optimisation, real-time monitoring and control, predictive modelling, anomaly detection, energy efficiency and consumption modelling, smart grid integration, decision support systems, regulatory compliance, and asset management.
Rane, et al. (2023), explain that the use of artificial intelligence (AI) within wastewater treatment is fast becoming an essential part of the process. AI, according to Rane, et al. (2023) is used to predict equipment failures and pending maintenance, which reduces required costs and downtime to conduct maintenance. Rane, et al. (2023) also claim that AI can be used for process optimisation, which increases the efficiency of the process and reduces the energy required to for the water treatment. Another use for AI within wastewater treatment, according to Rane, et al. (2023), is for anomaly detection, which increases the security of the system and detects potential malfunctions within the system.  According to Olssen (2007) actuators, such as variable speed drives in pumps and compressors are utilised, allowing for improved control over the process.


[bookmark: _Toc194676388]Recent Technological Advancements
According to Alam, et al. (2022) Artificial Neural Networks (ANNs) are a common use of AI in the modern method of wastewater treatment. Alam et al. (2022) explain that ANNs are statistical models that are primarily used for pattern recognition to model non-linear relationships between an input and an output. The model is inspired by the neurons found in the human brain and designed to execute parallel and complex computations.
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[bookmark: _Toc194244265]Figure 3 - Basic Four Layer ANNs (Alam, Ihsanullah, Naushad, & Sillanpää, 2022)
Figure 3, presented by Alam, et al. (2022), shows a simple framework for depicting ANNs. Figure 3 aids in presenting the structure of ANNs, which consist of an input layer, an output layer, and hidden layers, which are located between the input and output layers. Increasing the number of hidden layers facilitates the creation of more complex models, which can improve the performance of ANNs.
ANNs are the most commonly used AI technique, as stated by Alam, et al. (2022), for the removal of heavy metals and organic compound within the wastewater treatment process. Typically, to assess the removal of the heavy metal, pH, adsorbent dosage, original concentration of the metal, contact time and temperature are measured and input as variables. According to Alam, et al. (2022), ANNs modelling is an efficient and safe way to predict the removal of heavy metals and organic matter during the wastewater treatment process.
[bookmark: _Toc194676389]Conclusion
In conclusion, ICA is essential for energy and cost efficiency of wastewater treatment, due to its capacity to allow for remote monitoring and reactive control to change in process variables. The vast number of devices and sensors required for monitoring the process, makes it infeasible and inefficient for manual monitoring, as such automated control and data monitoring allows for an increased volume of water to be treated, and decreases the time required for the process to be completed.
The future of automation within the WWTP was found to be within the incorporation of AI models within the process. Utilisation of AI would allow for faster pattern recognition for the identification of problems within the process and possibly increased reaction speed to changes in variables. Another benefit associated with the incorporation of AI within the process includes the potential for the prediction of maintenance requirements of equipment, allowing for more accurate planning around process outputs and a possible reduction in plant downtime if routine maintenance is conducted, reducing the amount of equipment failures.
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