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1. [bookmark: _Toc226300599]Abstract 
Automation is very important to wastewater treatment due to its ability to increase efficiency, lower energy use and upkeep regulations and standards. The main technologies that will be discussed in this report are.
· Primary treatment
· Secondary Treatment 
· Tertiary treatment
The technologies and equipment discussed in this report are.
· Sensors and equipment.
· SCADA and PLC systems
· Robotics 
· Open and closed-loop systems. 
Key benefits are.
· Increased efficiency. 
· Lower energy use.
· Higher precision and better results. 
· 24/7 monitoring. 
· Higher levels of purity.
Automation is a great addition to wastewater systems to improve efficiency and to maintain high standards of water treatment. 
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3. [bookmark: _Toc226300601]Introduction 
[bookmark: _Toc226300602]3.1 What is the Purpose of a Wastewater Treatment Plant? 
The purpose of wastewater treatment plants is to purify raw water of pathogens, chemicals, and impurities to turn it into safe drinking water up to environmental standards and regulations. It also stops environmental contamination by treating any wastewater prior to leaving the treatment plant ensuring no damage to the surrounding ecosystem. Malik (2024)

[bookmark: _Toc226300603]3.2 Why Has Automation Become More Important? 
Automation has become vital in maintaining consistency, efficiency, and high standards due to its ability to remove impurities and stabilise processes in real time instead of human intervention. It also reduces energy and material use and increase process stability. Editor Water Today (2024)

[bookmark: _Toc226300604]3.3 Aims of the Report 
This report aims to show how automation can improve wastewater treatment processes and how it can improve efficiency, reduce energy costs, and uphold environmental and drinking water regulations effectively while also looking at limitations with implementing a system without downtime or interference with the current system and allow for remote operation. 

[bookmark: _Toc226300605]3.4 Aspects of Automation Covered in this Report. 
· What sensors and equipment are required for real-time monitoring and control of wastewater processes.
· SCADA systems and their remote operation. 
· PLC systems and their hardware, reliability, and automated control. 
· Robotics used within wastewater systems.
· Control system stability using open and close-looped systems. 









4. [bookmark: _Toc226300606]Main body 
[bookmark: _Toc226300607]4.1.  Wastewater Treatment Overview 
There are three stages to effective water treatment these are Primary, Secondary and Tertiary. According to Membracon, the higher water purity required, the more stages used in the process.

[bookmark: _Toc226300608]4.1.1 Primary Treatment  [image: Efficient Sedimentation in Water Treatment]
4‑1-1 Sedimentation Clearwater Industries (2022)

Primary wastewater treatment uses sedimentation uses large sedimentation tanks to temporarily hold wastewater to remove settleable solids from the top and bottom layer of the water depending on the weight of the solids. Additional chemicals can also be used as coagulants to improve this process. The lighter solids on the top of the tank can be removed, and the heavier solids will become sludge on the bottom of the tank which will stay when the treated water is removed. This sludge can be reused for other purposes such as a liming or anaerobic digestion material. 


 
[bookmark: _Toc226300609]4.1.2 Secondary Treatment [image: Membrane Bioreactors (MBR) for Wastewater Treatment - PCI Membranes]
4‑1-2 Bioreactor filtration PCI Membranes (2022)

Secondary treatment removes soluble organic matter that was missed by the primary treatment. It is also able to remove suspended solids; there are multiple methods for secondary treatment.
· Bioreactors
· Filter beds
· Activates sponges. 
· Activates sludge (used from primary treatment) 
· Biological contactors
According to Membracon, the best method of secondary treatment is using a bioreactor. This used microorganisms to remove the organic matter by consumption for energy. The organisms then turn into solids that are filtered by the membrane inside the reactor to create effluent which is a safe liquid that can be removed into the sea. A bioreactor also has the benefit of not needing another filtration system for solids due to the unique microorganism process separating the solids and turning them into a liquid for easy removal. 
 
The main benefit of secondary treatment is that it has been purified enough to be released into the environment without risk of damaging surrounding ecosystems. 
 
[bookmark: _Toc226300610]4.1.3 Tertiary Treatment 
Tertiary treatment is the finals treatment stage which disinfects water to high standards such as drinking water and other public water systems. 
· UV disinfection 
· Chemical disinfection
 
4.1.3.1 UV Disinfection [image: WASTEWATER UV DISINFECTION CONTROL - Sensorex Liquid Analysis Technology]
4‑1-3-1 UV disinfection Sensorex (2022)

UV disinfection is much more sustainable in terms of automation because it requires no chemicals. This also makes it more space efficient due to no additional filters required to remove the chemicals added. 
This means no extra filtering stage for additives. Using ultraviolet light only destroys microorganisms in the water and does not affect taste, smell, or PH which chemical disinfection will. 
It is also able to remove chemicals such as bromine and chlorine from the water making it very useful for purifying drinking water. 

[image: ]
4-1-3-2 Chemical disinfection Netsol Water Solutions (2023)

4.1.3.2 Chemical Disinfection 
Chemical disinfection works by adding different chemicals to destroy any microorganisms in the water. Chlorine is more commonly used but iodine can also be used to the same effect. Chemical disinfection requires additional filtering stages to remove the added chemicals from the water prior to being put into drinking water systems. 
Membracon (2021)



[bookmark: _Toc226300611]4.2.  Sensors, Valves and Monitoring Systems Used  
According to Mohammed in his control article, there are multiple different types of sensors used.

[bookmark: _Toc226300612]4.2.1 Level Sensors [image: ]
4‑2- 1- Water level sensor Nohma (2025)



Level sensors are used to measure the water levels of the different tanks to ensure the tanks are kept within the correct parameters. These sensors will send a consistent signal to the controller to allow for constant adjustment. 









[image: Industrial water flow meter]
1‑4‑2 Water flow meter Silver Instruments (2019)



[bookmark: _Toc226300613]4.2.2 Flow Sensors 
Flow sensors are used to measure and in turn control the flow of water inside the treatment plant between different processes. If too much or too little water flow is detected, it will send the corresponding signal to the controller to adjust the flow rate using valves. 










[bookmark: _Toc226300614]4.2.3 PH Sensors Done[image: pH Probe Sensor - Advanced - ScienceScope]
4-2-3 PH sensor Sciencescope (n.d.)


PH sensors are used to measure the acidity inside the different tanks. This allows adjustments to be made to ensure correct levels are met. This is especially important in bioreactors where microorganisms are used for filtration. These levels can then be changed to suit. 



[bookmark: _Toc226300615]4.2.4 Oxygen Analysers Done
Oxygen analysers are also used when microorganisms are present due to them measuring the oxygen levels in the water. If the levels are too low, the risk of killing the microorganisms increases. This signal would be set to the system to allow additional oxygen to be delivered if required. Niazi (2021)[image: MTL G1010 Galvanic Oxygen Analyser | Crouse-Hinds series | Eaton]
4‑3 Oxygen analyzerEaton (2026)













According to the John valves company, the main types of valves used in wastewater treatment are.
[image: Sewage | AVM Valves AS]
4‑2-5 Gate valve AVM (2026)



[bookmark: _Toc226300616]4.2.5 Gate Valves
Gate valves are used to control flow around the treatment plant. Then cannot be used for throttling and are only operable in an open or closed status. These are essential in opening and shutting different parts of the system for maintenance or swapping between different supplies. JohnValves (2023)







[bookmark: _Toc226300617]4.2.6 Ball Valves [image: Your Complete Guide to Ball Valves | Adamant Valves]
4‑2-6 Ball valve Adamant Valves (2021)

According to Cepai,  Ball valves are excellent for use in water treatment plants due to their simple on/off operations shutting off systems similar to the gate valve but they also come with excellent chemical resistance due to the PTFE sealing inside and when open, the ball inside does not remove any diameter inside the pipe keeping the original flow rate as the pipe. Their role is to simply open and shut access and cannot be used for flow control. Cepai (2025)



[bookmark: _Toc226300618]4.2.7 Butterfly Valves [image: ]
4‑2-7 Butterfly valves Hawle (2022)

According to Hawle, a butterfly valve works by having a disc inside turn depending on the flow required. It can be fully shut, partially shut or open depending on required flow rate. One problem is due to the centre control of the disk; a slight pressure loss occurs due to the disc position and shaft bearing supporting it. Hawle (2022)





[image: ]
4‑2-8 Spring- loaded check valve Kolstad (2024)

[bookmark: _Toc226300619]4.2.8 Check Valves 
According to Charles from Tameson, a check valve works by only allowing liquid flow in one direction, this is essential for water treatment due to avoiding contamination of purified water. If the water tries to push in the opposite direction, it will push the valve closed and will not allow it to open until the pressure on the correct side is higher. An example of this is a spring-loaded check valve. Kolstad (2024)
[image: ]
4‑2-9 Level control valve diagram SEO Manager (2025)


[bookmark: _Toc226300620]4.2.9 Level Control Valves 
According to BCST a level control valve works alongside a flow sensor to control a consistent water level inside of a tank. This is essential to ensure that the water levels are kept within a suitable range to not damage equipment. SEO Manager (2025)





4.3. [bookmark: _Toc226300621]SCADA (Supervisory Control and Data Acquisition) [image: ]
4‑3 SCADA system layout from upkeep Upkeep (2024)

A SCADA system has four primary functions according to George Brown Polytechnic (2021). 




[bookmark: _Toc226300622]4.3.1 Data Acquisition 
This starts by using sensors such as flow rate, snap switches, pressure, and water level monitors to give the system raw data to work with. This allows the system to see its surroundings. The data is sent to a PLC to process into a measurable unit before moving to a human interface for control.

[bookmark: _Toc226300623]4.3.2 Network Data Communication 
The PLCs are then connected by wireless communications allowing data to be sent externally to a central control centre. This allow all systems to be connected regardless of distance. 

[bookmark: _Toc226300624]4.3.3 Data Presentation  
SCADA systems will report information to either a HCI or HMI (Human computer or machine interface) depending on what will be required. These displays will allow an operator to see any issues where the system is unable to operate under normal levels. This allows the operator to acknowledge and resolve. 
[bookmark: _Toc226300625]4.3.4 Control 
SCADA systems will operate under normal programmed conditions and parameters set by the system. This allows them to make decisions such as opening and shutting valves or increasing flow rates to control levels on its own without human intervention. If an issue arises that it cannot resolve, it will alert an operator for assistance. 
George Brown Polytechnic (2021)






4.4. [bookmark: _Toc226300626]PLCs Programmable Logic Controllers) 

[bookmark: _Toc226300627]4.4.1 PLC Hardware 
According to Paessler (2023) PLC hardware includes. [image: ]
4-4-1 PLC hardware image Selstar Instruments (2019)


· Power supply to power the PLC and its modules.
· CPU to carry out commands given by its instructions.
· Input and output or IO modules to send and receive signals  for the system to use and send. 
· Programming device to give the PLC commands. (PC) 
· Memory and storage are used to allow the system to hold and convert inputs to outputs. 

[bookmark: _Toc226300628]4.4.2 Automated Control of Treatment Processes 
According to UniMAT (2025), PLC systems can automate water and PH levels by consistently sending and receiving data to open and close valves to keep the system within acceptable levels. The flow sensors will send a signal that the water or PH level is low which the PLC will read and send an output signal to open the valves to increase the levels until acceptable levels are met.

[bookmark: _Toc226300629]4.4.3 Reliability and Precision  
According to UniMAT (202)
· Systems are highly reliable due to them running exactly programmed to do.
· High precision can be programmed to allow tight tolerances for treatment levels. 
· PLCS are made to run consistently 24/7 allowing permanent oversight over the system. 
· PLC systems are also able to log data allowing for the history of the plant to be seen to be improved. 





4.5. [bookmark: _Toc226300630]Robotics and Automated Equipment 
Robots and automated equipment are essential to aid in efficient water treatment. 
[bookmark: _Toc226300631]4.5.1 Sludge Handling  
Sludge handling is done by thickening dewatering and pumping to remove from the water. According to Valmet (2019). Automation can optimise the process by ensuring suitable levels are kept allowing for high waste removal rates such as controlling conveyers. A SCADA system will oversee the process with little human intervention.
[bookmark: _Toc226300632]4.5.2 Automated Sampling 
Automated sampling is completed by the system either when a specific time or rate of water flow is reached. These samples are then stored by the system for analysis later on and is essential to ensure the water treatment is upkeeping with the latest safety standards such as the drinking water standards and regulations in the UK. Drinking Water Inspectorate (2016)
[bookmark: _Toc226300633]Inspection Robots for Pipes and Tanks 
Inspection robots have been used to navigate pipes and water tanks using in built cameras and sensors that allow them to find defects in the architecture such as leaks or corrosion according to Dutch Water Sector (2021). This allows for preventative maintenance to be carried out before major issues are caused. These improve safety and ensure efficiency from finding and removing blockages from pipes. 

[bookmark: _Toc226300634]4.6 Control System Stability 
[bookmark: _Toc226300635]4.6.1 Open-loop Systems
According to Joshua Samp (2025) Using open and closed loop control systems can affect a system differently. An open-loop system will operate without feedback meaning it is unable to detect changes and operates at fixed rates. In water treatment processes such as pump operation or chemical dosing, it is unable to correct any errors such as too much or too little, this can cause errors and discrepancies to build up causing further issues. This makes them less reliable for precision such as maintaining high water standards for drinking water. 


[bookmark: _Toc226300636]4.6.2 Closed-loop Systems
Joshua Samp (2025) also states that control systems on the other hand, use continuous feedback from the sensors to detect changes to allow for higher stability for incoming changes. Closed loop systems are much better due to constant feedback correction. This allows for the process to be micromanaged to ensure higher standards such as drinking water is met consistently. Closed-loop systems detect small changes early to correct before the required levels are out of tolerances. This in turn reduces energy consumption and are essential for higher precision systems. 
Closed- loop systems are recommended for water treatment for efficiency and to upkeep high standards to meet current regulations. 
5. [bookmark: _Toc226300637]Benefits of Automation 
There are many benefits of Automation according to Max Group (2025); these are. 

[bookmark: _Toc226300638]5.1 Real time monitoring 
This allows constant supervision saving money on employees, it also allows for long distance monitoring through the SCADA system.

5.2 [bookmark: _Toc226300639] Process Control 
This allows foe quick changes to be made without authorization by allowing it to work within its own set instructions. This allows efficiency to be upkept at any time.

5.3 [bookmark: _Toc226300640] Energy Management 
The system can be set up to turn off water and oxygen pumps when not in use, this allows for energy saving without requiring an operator to manually track and turn the pumps on and off manually. 

5.4 [bookmark: _Toc226300641] Leak Detection and Pipeline Monitoring 
The system can be installed with flow rate sensors throughout the plant allowing for the flow rate and water levels to be closely monitored. If a loss in water level or lower pressure is detected. It could help find a problem in the system leading to faster repairs and less downtime of equipment by alerting the operator. 

[bookmark: _Toc226300642]5.5 Compliance and Reporting 
Due to the set parameters that can be set inside the system, it can ensure that the water quality is high enough to meet safety standards such as drinking water regulations in the UK. Drinking Water Inspectorate (2016) 






6. [bookmark: _Toc226300643]Challenges and Limitations 

According to Dalibard et al. (2025) there are many challenges with implementation of automation inside of water treatment; these are:

· High initial investment costs to implement the system into the current water treatment system. 
· Higher training is required for operators to understand and operate with the automation system requiring higher average cost. 
· Cybersecurity risks are present due to it becoming an online system that could be attacked or disrupted. Additional security measures will be required to counteract this. 
· Sensor reliability issues can cause issues with the system such as it failing to detect changes within the water treatment. These sensors will be more expensive to replace than standard sensors. 
· It can be difficult to upgrade existing water treatment due to it not being considered when the treatment plant was originally created. This could greatly increase implementation costs or make it impossible due to room constraints. 
7. [bookmark: _Toc226300644]Case Studies 
A case study was conducted by Azzoni (2023) on a water treatment plant in Milan that was  upgraded with automation. It had its old system replaced with a new Emerson PAC system and was chosen for its Ethernet availability, it was integrated using the existing wiring and software. 
The main outcomes from the integration were:
· Minimal downtime is due to parts being replaced overtime. 
· Lower costs due to no redesigning are required. 
· Higher reliability compared to previous setup. 
· The new system provided more reliability, precision and higher control monitoring with higher levels of maintainability. 

8. [bookmark: _Toc226300645]Conclusions 
Automation plays a large role in the water treatment industry due to the large-scale benefits it can apply but can also be troublesome to apply to all water treatment plants due to their individual circumstances. When implemented , they can improve efficiency and also improve systems by allowing constant control changes to be made without human intervention. They can also save money by noticing faults or issues in the system before it becomes larger scale problems. 
Automation does come with a high implementation cost but can increase the benefits of the current system to offput the additional cost. 
With higher compliance and standards made to improve water quality. Automation will be a very useful tool to keep costs low and constantly meet regulations and standards while also reducing costs from preventative maintenance and increasing remote monitoring of equipment and processes.


9. [bookmark: _Toc226300646]Recommendations 
A few recommendations are made to allow automation in water treatment. 
· Improve data infostructure within plants such as investing in higher quality sensors and monitoring systems to allow for higher system accuracy. 
· AI could also be applied to water treatment systems to allow for higher levels of independency without the need for human intervention unless maintained is required. 
· Ensure the SCADA system has a high level of data security to reduce the risk of attacks on the system, this can stop the system being affected by outside sources. 
· Use phased deployment to reduce interference with current systems to allow minimal to no downtime where possible.
· Create standards for using automation in water treatment to create a suitable standard for how the system should operate and the level of security it should have to be resilient to attacks.

 
10. [bookmark: _Toc226300647]Appendices 
[bookmark: _Toc226300648]Appendix 1-10 
[bookmark: _Toc226300649]Appendix 1 Primary Treatment[image: Efficient Sedimentation in Water Treatment]
4‑1-1 Sedimentation Clearwater Industries (2022)

[bookmark: _Toc226300650]Appendix 2 Secondary Treatment[image: Membrane Bioreactors (MBR) for Wastewater Treatment - PCI Membranes]
4‑1-2 Bioreactor filtration PCI Membranes (2022)





[bookmark: _Toc226300651]Appendix 3 UV Disinfection[image: WASTEWATER UV DISINFECTION CONTROL - Sensorex Liquid Analysis Technology]
4‑1-3-1 UV disinfection Sensorex (2022)

[bookmark: _Toc226300652]Appendix 4 Chemical Disinfection[image: ]
4-1-3-2 Chemical disinfection Netsol Water Solutions (2023)








[bookmark: _Toc226300653]Appendix 5 Level Sensors
[image: ]
4‑2- 1- Water level sensor Nohma (2025)












[bookmark: _Toc226300654]Appendix 6 Flow Sensors 
[image: Industrial water flow meter]
1‑4‑2 Water flow meter Silver Instruments (2019)

















[bookmark: _Toc226300655]Appendix 7 PH Sensors 
[image: pH Probe Sensor - Advanced - ScienceScope]
4-2-3 PH sensor Sciencescope (n.d.)











[bookmark: _Toc226300656]Appendix 8 Oxygen Analyzers 

[image: MTL G1010 Galvanic Oxygen Analyser | Crouse-Hinds series | Eaton]
4‑3 Oxygen analyzerEaton (2026)

















[bookmark: _Toc226300657]Appendix 9 Gate Valve 
[image: Sewage | AVM Valves AS]
4‑2-5 Gate valve AVM (2026)












[bookmark: _Toc226300658]Appendix 10 Ball Valves
[image: Your Complete Guide to Ball Valves | Adamant Valves]
4‑2-6 Ball valve Adamant Valves (2021)
















[bookmark: _Toc226300659]Appendix 11-15
[bookmark: _Toc226300660]Appendix 11 Butterfly Valves [image: ]
4‑2-7 Butterfly valves Hawle (2022)










[bookmark: _Toc226300661]Appendix 12 Check valves
[image: ]
4‑2-8 Spring- loaded check valve Kolstad (2024)
















[bookmark: _Toc226300662]Appendix 13 Level Control Valves 
[image: ]
4‑2-9 Level control valve diagram SEO Manager (2025)











[bookmark: _Toc226300663]Appendix 14 Data Acquisition [image: ]
4‑3 SCADA system layout from upkeep Upkeep (2024)





[bookmark: _Toc226300664]Appendix 15 PLC Hardware 

[image: ]
4-4-1 PLC hardware image Selstar Instruments (2019)
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