University of Wales Trinity Saint David
[image: university-of-wales-trinity-saint-david-logo-vector | ESRC Wales Doctoral  Training Partnership]School of Engineering
Application of Automation in Wastewater Treatment
Control & Automation
ACMA5001







Joe Shankland
2317772
27/04/2026
Contents
1.0 Introduction	3
2.0 Historical Development of Wastewater Treatment	3
3.0 The Wastewater Treatment Process	4
3.1 Pre-Treatment	5
3.2 Primary Treatment	5
3.3 Secondary Treatment	5
3.4 Disinfection	5
4.0 Application of Instrumentation, Control and Automation (ICA)	6
5.0 Standards and Regulations	8
6.0 Advancements in Technology and Future Developments	9
7.0 References	11




















[bookmark: _Toc228169785]1.0 Introduction

Wastewater treatment is an essential process that ensures the safe disposal or reuse of water contaminated by domestic, commercial, and industrial activities. Without effective treatment, wastewater can pose significant risks to human health, aquatic ecosystems, and overall environmental quality. As urban populations grow and environmental standards become more stringent, wastewater treatment plants must operate with increasing efficiency, reliability, and precision. Innovation in Wastewater treatment has historically come from disease prevention, notably in London in 1858, ‘The Great Stink’, caused a large outbreak of diseases spread by water, such as Cholera and Typhoid.
In more modern times, Instrumentation, Control and Automation (ICA) systems have been fundamental to achieving these objectives. ICA integrates measurement devices through instrumentation, decision-making algorithms through control systems, and physical equipment, in the form of actuators, to maintain optimal process conditions. These systems allow wastewater treatment facilities to continuously monitor and adjust operations in real time, ensuring consistent performance even under variable conditions.
In modern treatment plants, ICA enables near-autonomous operation, reducing reliance on manual intervention while improving process stability, process time, and energy efficiency. Variables such as flow rate, pH, dissolved oxygen, turbidity, and chemical concentrations are continuously measured and controlled to meet strict regulatory standards including BS EN 12566-3 (RDG Drains, 2026), as well as regular inspection from regulatory bodies such as The Environment Agency or National Resource Wales.
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Water treatment in the 20th century underwent significant transformation, driven by rapid urbanisation, industrial growth, and increasing awareness of public health. At the beginning of the century, treatment processes were relatively simple, with the introduction of basic filtration and sedimentation. However, outbreaks of waterborne diseases such as cholera and typhoid prompted the widespread adoption of disinfection methods, one example of this, as previously mentioned, was the outbreak of Cholera in London, after ‘The Great Stink’ in 1858. The introduction of continuous chlorination in the early 1900s marked a major milestone, significantly reducing mortality rates associated with contaminated water supplies (Metcalf & Eddy, 2013).

As the century progressed, treatment processes became more advanced and standardised. Coagulation and flocculation were introduced to improve the removal of suspended solids, while biological treatment methods, such as Activated Sludge Systems developed in 1914, enabled the effective breakdown of organic matter (Tchobanoglous et al., 2003). By the mid-20th century, wastewater treatment plants were becoming more widespread in developed countries, supported by growing regulatory frameworks.

While these initial methods were majorly dependant on manual monitoring and testing methods, the late 20th century saw rapid advancements in Instrumentation, Control and Automation , occurring alongside major developments in wastewater treatment processes. As treatment systems became more complex, particularly with the expansion of activated sludge and nutrient removal, there was an increasing need for reliable monitoring and control. The introduction of Programmable Logic Controllers (PLCs) and later SCADA systems in the 1980s and 1990s enabled real-time process control and data acquisition. This allowed wastewater treatment plants to operate more efficiently and consistently, reducing reliance on manual intervention. These parallel developments laid the foundation for modern automated treatment systems (Olsson, 2012).
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While there are many different ways Wastewater Treatment plants operate, one of the most commonly utilised is using Activated Sludge to break down the organic matter in the Water. The process follows the path depicted below in Figure 1, which shows the steps follow (Blacoh Industries, 2015):
1. Pre-Treatment 
2. Primary Treatment
3. Secondary Treatment
4. [image: A diagram of a waste water treatment
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Figure 1 - Typical Wastewater Treatment Process (Blacoh Industries, 2015)
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The process of Pre-Treatment is the initial filtration of large materials and grit. Large materials are commonly removed using Screens, which extracts the large matter, which is then dried, and sent to landfill. To remove the slightly smaller grit, some treatment plants use baffles to disrupt the flow of incoming wastewater which causes the grit to naturally settle at the bottom of the tanks
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The first step of treatment in a waste water plant utilises a Primary Clarifier, or Settlement Tank, which uses a calculated velocity to allow organic matter to settle at the bottom of the tank, called Sludge, to be removed. This sludge is treated further, so it can be re-used in agriculture as a fertilizer, or in some cases, it is used for energy recovery, as it can be incinerated as a source of energy. 
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Secondary Treatment is where Activated Sludge is most utilised to promote the breakdown of organic matter left in the effluent water, the process is split over two tanks, the Aeration Tank, and the Secondary Clarifier. The Aeration tank utilises one of many methods to Aerate the water, either mechanically or through diffused aeration. The purpose of Aeration is to promote the dissolving of oxygen into the effluent water to allow the micro-organisms to break down the organic matter. After the aeration process, the effluent water then flows into the Secondary Clarifier, where the micro-organisms and broken down organic matter, called Activated Sludge, are allowed to sink to the bottom, where it is then either removed or recycled back into the Aeration Tank to continue breaking down any organic matter. This recycling of Activated Sludge increases efficiency as it increases the concentration of micro-organisms in the Aeration Tank, allowing the process of breaking down organic matter to take place quicker, while still utilising the same operational footprint. This sludge is recycled in a conventional treatment plant for typically between 5-14 hours (Gray, 1999), before it is then sent for further treatment, similar to the sludge removed in the Primary Treatment process.
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Disinfection is the final stage of the wastewater treatment process and is essential for protecting public health and the environment. After primary and secondary treatment, most physical and chemical contaminants have been removed; however, it is still important to disinfect the water in order to inactivate or kill any remaining micro-organisms before the treated effluent is discharged into natural water bodies.
The most commonly used disinfection method is chlorination due to its effectiveness and relatively low cost. However, alternative methods such as Ultraviolet and Ozonation are increasingly used, as they avoid the formation of harmful disinfection by-products associated with chlorine (Metcalf & Eddy, 2014).
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While the physical processes of wastewater treatment are essential for removing contaminants, the performance and consistency of these processes are highly dependent on Instrumentation, Control and Automation (ICA). ICA systems are implemented throughout each stage of the treatment process and are typically structured into four key elements: sensors, which measure process conditions; process controllers, which interpret data and make decisions; actuators, which carry out physical actions; and supervisory control systems, such as SCADA, which provide overall monitoring and coordination. Together, these components form a continuous feedback loop that allows the treatment plant to operate efficiently and reliably (Olsson, 2005).
During Pre-Treatment, sensors are primarily used to monitor influent conditions and protect downstream equipment. Flow meters measure the rate of incoming wastewater, while level sensors and pressure switches detect blockages or abnormal conditions at screens and grit chambers. These sensor signals are transmitted to a process controller, typically a Programmable Logic Controller (PLC), which evaluates whether operating thresholds have been exceeded. If required, the controller sends signals to actuators such as motors driving screening systems or pumps removing grit. This level of automation ensures that large debris is consistently removed and prevents damage to equipment further into the process. At a higher level, SCADA systems allow operators to monitor inlet conditions in real time and receive alarms if abnormal conditions occur (Metcalf & Eddy, 2014).
In Primary Treatment, sensors such as level transmitters and sludge blanket detectors are used to measure the depth of settled solids within the primary clarifier. These measurements are continuously fed to the process controller, which determines the appropriate rate of sludge removal. Actuators, including sludge pumps and control valves, are then adjusted automatically to maintain optimal tank conditions. Maintaining the correct hydraulic retention time and flow velocity is essential for effective sedimentation, and this is achieved through closed-loop control after calculating the correct velocity based on measured incoming flow. Supervisory control systems provide operators with visualisation of tank levels and sludge accumulation, allowing for both automatic and manual intervention if required (Tchobanoglous et al., 2003).
The role of ICA becomes most critical in Secondary Treatment, particularly within the Aeration Tank. Sensors, especially dissolved oxygen probes, continuously measure oxygen levels in the wastewater. Additional sensors may monitor parameters such as ammonia concentration, temperature, and mixed liquor suspended solids. These measurements are processed by the controller, often using a Proportional Integral Derivative (PID) control, to determine the required aeration rate. Actuators such as blowers, compressors, or control valves are then adjusted to regulate airflow into the tank. This precise control ensures that micro-organisms receive sufficient oxygen to break down organic matter efficiently, while avoiding excessive energy use. Given that aeration is one of the most energy-intensive processes in wastewater treatment, effective control at this stage is essential for both operational efficiency and cost reduction (Olsson, 2012; Water UK, 2023).
Within the Secondary Clarifier, sensors are used to monitor sludge levels and flow rates associated with the recycling of Activated Sludge, similar to those in the Primary Clarifier. These signals are analysed by the controller, which regulates actuators in the form of return activated sludge pumps and waste sludge pumps. This ensures that the concentration of micro-organisms within the Aeration Tank remains stable, maintaining consistent biological activity, dependant on the levels of oxygen in the tank, as well as the length of time the Sludge has already spent in the system. Supervisory control systems provide operators with real-time data and trends, enabling them to optimise sludge recycling rates and respond to process disturbances effectively (Gray, 1999).
In the Disinfection stage, sensors such as residual chlorine analysers or UV intensity sensors are used to measure the effectiveness of the disinfection process. These measurements are sent to the controller, which adjusts actuators including chemical dosing pumps or UV lamp output to maintain the required level of disinfection (Metcalf & Eddy, 2014). This ensures that harmful micro-organisms are effectively inactivated before discharge or further processing, while avoiding overuse of chemicals or energy. SCADA systems play a key role at this stage by logging compliance data and providing alarms if disinfection levels fall outside regulatory limits.
Overall, ICA systems operate as an integrated network throughout the wastewater treatment process. Sensors provide continuous measurement, process controllers analyse this data and determine control actions, actuators implement these actions physically, and supervisory control systems oversee the entire operation. This structured approach enables wastewater treatment plants to maintain stable, efficient, and compliant operation under varying conditions, all whilst working towards becoming as autonomous as possible.
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Wastewater treatment in the United Kingdom is governed by a comprehensive framework of regulations and standards designed to protect public health and the environment. These regulations ensure that treatment plants operate within defined limits for effluent quality, monitoring, and reporting. Compliance is achieved through the integration of effective treatment processes and robust Instrumentation, Control and Automation (ICA) systems, as discussed, which enable continuous monitoring and control of discharge conditions.
One of the primary regulatory bodies overseeing wastewater treatment in the UK is Environment Agency. The Environment Agency is responsible for issuing environmental permits, setting discharge limits, and enforcing compliance under legislation such as the Environmental Permitting Regulations. Wastewater treatment plants are required to continuously monitor parameters such as biochemical oxygen demand, suspended solids, ammonia, and pH, ensuring that treated effluent meets strict quality standards before being discharged into natural water bodies. ICA systems play a crucial role in achieving this by providing real-time data, alarm systems, and automated control to maintain compliance (Environment Agency, 2018).
In addition to regulatory requirements, wastewater treatment systems must also adhere to recognised engineering and product standards. One standard is BS EN 12566-3, which applies to small wastewater treatment systems, particularly packaged treatment plants used for domestic or small community applications. This standard specifies requirements for design, performance testing, and marking, ensuring that systems achieve a consistent level of treatment performance. Compliance with BS EN 12566-3 provides assurance that treatment units are capable of effectively reducing pollutants under defined operating conditions (British Standards Institution, 2016).
At a broader level, UK wastewater treatment is also influenced by European-derived legislation such as the Urban Waste Water Treatment Directive and the Water Framework Directive. These frameworks establish minimum treatment requirements and environmental quality objectives, which are enforced through national regulation. Treatment plants must demonstrate consistent compliance through accurate data collection and reporting, further emphasising the importance of reliable instrumentation and control systems (Metcalf & Eddy, 2014).
Supervisory control systems, such as SCADA, are widely used to support regulatory compliance by logging operational data, generating reports, and providing alarms when parameters exceed permitted limits. This allows operators to respond quickly to any deviations and maintain continuous compliance. Overall, the combination of regulatory oversight, engineering standards, and advanced ICA systems ensures that wastewater treatment in the UK is carried out to a high and consistent standard.
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As wastewater treatment processes continue to evolve, there have been significant advancements in the technologies used within Instrumentation, Control and Automation systems. These developments aim to improve efficiency, reduce operational costs, and enhance process reliability. Modern ICA systems build upon the core components of sensors, process controllers, actuators, and supervisory control systems, but increasingly incorporate digital and data-driven technologies to enable more intelligent operation (Water Environment Federation, 2018).
Recent improvements in sensor technology have allowed for more accurate and continuous monitoring of key parameters such as ammonia, nitrate, phosphate, and dissolved oxygen. These sensors provide real-time data with improved resistance to fouling and environmental degradation, which has historically been a limitation in wastewater applications. The increased availability of reliable data enables process controllers to make more precise adjustments, improving overall plant performance (EPA, 2013).
In terms of process control, there has been a shift towards advanced control strategies such as Model Predictive Control (MPC) and adaptive control systems. These methods use dynamic models of the treatment process to predict future conditions and optimise control actions accordingly. This is particularly beneficial in complex systems such as aeration, where multiple variables interact. By anticipating fluctuations in influent flow and composition, these controllers can adjust actuator outputs more efficiently, reducing energy consumption while maintaining treatment effectiveness (Qin & Badgwell, 2003).
The integration of Internet of Things technologies has further enhanced automation capabilities. IoT-enabled sensors and devices allow for wireless communication and remote monitoring, reducing the need for extensive wiring and enabling more flexible system design. Data collected from these devices can be transmitted to centralised or cloud-based platforms, where it can be analysed to support decision-making and optimisation (Zanella et al., 2014).
At the supervisory control level, SCADA systems have advanced significantly, incorporating enhanced data analytics, visualisation tools, and remote access capabilities. These systems can process large volumes of operational data, allowing operators to identify trends, detect anomalies, and implement predictive maintenance strategies. This reduces unplanned downtime and improves the overall reliability of the treatment process (Water Environment Federation, 2018).
Looking towards future developments, Artificial Intelligence and machine learning are expected to play an increasingly important role in wastewater treatment. These technologies can analyse complex datasets to identify patterns, optimise control strategies, and predict equipment failures before they occur. In addition, the use of digital twins, which are virtual models of physical treatment plants, allows for simulation and optimisation of processes without affecting real-world operations. This enables operators to test different scenarios and improve system performance in a controlled environment (EPA, 2013).
Advancements in actuator technology, such as variable speed drives and energy-efficient motors, are also contributing to improved system performance. These technologies allow for more precise control of processes such as pumping and aeration, reducing energy consumption and wear on equipment.
Overall, the continued development of ICA technologies is moving wastewater treatment towards a more autonomous and efficient future. By integrating advanced sensors, predictive control systems, and enhanced supervisory control, treatment plants can operate more dynamically, respond to changing conditions, and meet increasingly stringent environmental standards.
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