University of Wales Trinity Saint David
Wales Institute of Science & Art





[image: Press Releases 2018 | University of Wales Trinity Saint David]





Application of automation in wastewater treatment
Control & Automation (ACMA5001)







Owen Bell
2316885
 27th April 2026
Word Count: 2515

Contents
1	Evolution of Sewage Farms & Wastewater Industry	3
2	Instrumentation, Control & Automation	7
3	Process Optimisation & Plant Management	9
4	Future of Wastewater Management	11
5	Conclusion	13
6	Bibliography	14


Figure 1 - The Eighth Report, (The Lancet, 1912)	4
Figure 2 - Wastewater Treatment Levels (Tchobanoglous, Burton and Stensel, 2003)	5
Figure 3 – Closed Loop Control System Diagram (Bolton, 2021)	7
Figure 4 - Integrated PLC-SCADA Framework (Kabir and Anjum Anick, 2024)	8
Figure 5 - SCADA Plant Overview (Dieu, 2001)	9


ii


[bookmark: _Toc227829180]Evolution of Sewage Farms & Wastewater Industry
As technology has advanced industries have evolved and improved their efficiency with the wastewater treatment industry being no different. Wastewater treatment has existed throughout many centuries. Sonune and Ghate (2004) define wastewater treatment as the “process where solids in wastewater are partially removed through decomposition into minerals or stable organic solids”. Where some aspects of the modern sanitation systems can be dated back to the Ancient Greeks in 300BC with an early example of an urban sewage and drainage system. The system design by the Ancient Greeks had “communal toilets that drained into pipes which carried the wastewater to a collection basin outside the city. From there, brick-lined conduits continued to carry the wastewater to agricultural fields”. (Lofrano and Brown, 2010), the wastewater would then have been used to fertilise fields and is one of the earliest examples of a Sewage Farm. 

Jumping forward to 1189 in London Lofrano and Brown (2010) mention that wastewater was collected in “cesspits with the contents transported to the countryside and sold as fertiliser for agricultural purposes with people who did this job referred to as rakers or gongfermors”, which continued in Britain until the Industrial Revolution where the importance of waste and wastewater disposal was realised and began experimenting to improve environmental conditions of its cities Lofrano and Brown (2010) state the principle followed was “the solution of pollution is dilution” which led to the construction of the Bazalgette sewer system which was made up of a series of sewers and pumping stations which would be released into the Thames. Lofrano and Brown (2010) continued to state that because of “the lack of understanding of the need to remove pollutants before releasing into the river Thames” and the “closing of the cesspools and the introduction of the flush toilet led to the crisis known as the great stench”.

However, after the great stench crisis in 1912 The Royal Commission on Sewage Disposal introduced the concept of Biochemical Oxygen Demand (BOD) shown in Figure 1 introducing one of the earliest standards and tests applied to waste water and caused governments to begin mandating waste treatment. Vigiak et al. (2019) explain that BOD is “an indicator of organic pollution in freshwater bodies” where a High BOD concentration “reduces oxygen availability and can degrade aquatic habitats and biodiversity with BOD being an indicator of water quality” (Vigiak et al., 2019).
[image: PII: S014067360141378X and 1 more page - Work - Microsoft​ Edge]
[bookmark: _Toc227829175]Figure 1 - The Eighth Report, (The Lancet, 1912)
Because of government mandates and the introduction of regulations and standards wastewater treatment has developed into various treatment phases; Tchobanoglous, Burton and Stensel (2003) summarise these phases in Figure 2 below, where preliminary phases removes large objects to prevent “maintenance and operational problems”, after which primary treatment introduced sedimentation to remove the remaining floating materials in the wastewater whereas, advanced primary treatment according to Tchobanoglous, Burton and Stensel (2003) added additional “chemicals and filtration methods to enhance the removal of remaining solids and organic matter”. Tchobanoglous, Burton and Stensel (2003) continue by explaining secondary treatment “biological and chemical processes remove most of the remaining organic matter” with some secondary processes focused on the removal of nutrients such as nitrogen, phosphorus or both known as biological nutrient removal (BNR). Lastly, Tchobanoglous, Burton and Stensel (2003) add that the remaining phases use “additional combinations of unit operations and process to remove residual solids and other constituents that are not already significantly removed” by the previous phases.
[image: Wastewater_treatment_and_reuse-libre.pdf and 1 more page - Work - Microsoft​ Edge]
[bookmark: _Toc227829176]Figure 2 - Wastewater Treatment Levels (Tchobanoglous, Burton and Stensel, 2003)
Moreover, it was until the 1980s that “secondary treatment was the most common method used for the removal of BOD and Total Suspended Solids (TSS) with nutrient removal being used in special circumstances in the United States” (Tchobanoglous, Burton and Stensel, 2003), with a degrading quality of water this led to the implementation of the Federal Water Pollution Control Act Amendments and the Needs Assessment Survey conducted by the US Environmental Protection Agency to monitor and improve the wastewater treatment facilities in America.

Additionally, in Europe wastewater treatment facilities are based on the European Urban Waste Water Treatment Directive of 1991 and European Water Framework Directive of 2000 which “imposed a timetable for wastewater treatment plants to meet minimum standards for discharging based on the population served and the type of water” (Maere et al., 2016), leading us into the modern day wastewater treatment facilities with the adoption of Instrumentation, Control & Automation (ICA). 

Today some of the main standards impacting the industry are ISO 50001 which focuses on energy efficiency “intended to contribute to the efficient use of an organisations energy resources by optimising its processes to save energy and minimise environmental impacts” (Machnik-Slomka et al., 2024) and ISO 14001 which allows organisations to reduce the environmental impact of their operations with the ISO standards introduction to the wastewater industry it allowed organisations to “respond to increasing demands that require controlling the negative effects of process or service activities” (Herrera-Navarrete et al., 2021), with the tool from ISO 14001 based off a FMEA to help the organisations in the industry use a “method that helps determine failures in a wastewater treatment system in the form of an automated checklist to evaluate the conditions and its compliance with ISO 14001” (Herrera-Navarrete et al., 2021).




[bookmark: _Toc227829181]Instrumentation, Control & Automation
ICA has been an aspect within wastewater treatment since the 1970s and according to Olsson et al. (2005) has “demonstrated to increase capacity of BNR by 10 – 30%” displaying the importance of controlling operational parameters within the industry. This is due to the primary aim of automatic control being to reduce inefficiencies with Gray (2014), noting ICAs are comprised of a “detecting or sensing element, a measuring or indicating element and a controller”. This is supported by Bolton (2021) explaining that in order for an ICA to be automated the system needs to be a closed loop system as it includes a comparison element that “compares the required value of the variable being controlled with the measured value and produces an error signal” Bolton (2021), continues that “if the output is the required value then there is no error signal” causing no signal being sent to adjust the controlled value until a difference reoccurs which will then create an error signal restarting the closed loop and adjusting the control value. 

Moreover, the “control law implementation element determines what actions the system should take depending on the error signal" (Bolton, 2021), received from a sensor this being a Programable Logic Controller (PLC) which “are industrial digital controllers designed to execute deterministic logic in real time” (Kabir and Anjum Anick, 2024). 

Lastly, Bolton (2021) describes the correction and measurement elements of the closed loop system whereby the correction element “produces a change in the process with the aim to correct or change the controlled condition” typically being an actuator and the measurement element which “produces a signal relating to the variable condition of the process” such as sensors with Bolton (2021) illustrating a closed loop control system in Figure 3 below.
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[bookmark: _Toc227829177]Figure 3 – Closed Loop Control System Diagram (Bolton, 2021)
Despite ICA being incorporated within the wastewater treatment industry since the 70s it is only now that it has become so prevalent, Olsson (2007) attributes this to several factors being the development of technology such as “on-line in situ nutrient sensors and respirometers, improvements in actuators with variable speed drives in pumps and compressors”. In addition, “software packages like SCADA can be used for data acquisition and plant supervision alongside the development of control theory and automation technology providing powerful tools for evaluating control strategy performance and process engineers becoming educated in control ideas” (Olsson, 2007). 

The technological advancements made allow the wastewater industry a PLC-SCADA automation structure with “PLCs repeatedly scanning inputs, running control programs and updating outputs whilst supervisory control and data acquisition (SCADA) provide platforms that collect operational data from distributed assets to visualise process conditions through human-machine interfaces” (Kabir and Anjum Anick, 2024). Furthermore, Kabir and Anjum Anick (2024), adds that the PLC layer within wastewater treatment is responsible for the control logic being, “sequences for backwashing, sludge wasting, batch reactor phases, chemical preparation and safety interlocks, plus continuous control for aeration, pumping, filtration and pressure management”, with Kabir and Anjum Anick (2024) providing a diagram of an Integrated PLC-SCADA Framework seen in Figure 4 below.
[image: View of PLC–SCADA–Integrated Electrical Automation Frameworks for Process Optimization in Water and Wastewater Treatment Facilities and 3 more pages - Work - Microsoft​ Edge]
[bookmark: _Toc227829178]Figure 4 - Integrated PLC-SCADA Framework (Kabir and Anjum Anick, 2024)
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[bookmark: _Toc227829182]Process Optimisation & Plant Management
With the incorporation of PLC-SCADA systems in the wastewater industry, it has enabled process engineers to effectively monitor wastewater plants efficiency receiving alerts when an issue occurs enabling the maintenance of “essential functions under disturbances including equipment faults” (Kabir and Anjum Anick, 2024) and implement improvements to optimise the process because of the real time reports of each phase from SCADA. This is supported by Kabir and Anjum Anick (2024) who stated that it enables those responsible for the process to implement changes and refine the process with “scheduled changes for loop tuning adjustments, equipment alteration strategies with the effect of an actions being evaluated through before and after comparisons”, where in comparison to how the efficiency of a wastewater plant would be monitored previously is far more effective with Dieu (2001) noting that “prior to 1998 wastewater operations were monitored on a text based operating system named SETCONPC which was a difficult and tedious task to monitor operations”. Whereas a PLC-SCADA system provides a user friendly design for operators that can “display the real time information such as wet-well level, effluent flow, blower and clarifier status, chlorine residual and totaliser readings on a single display” (Dieu, 2001) as shown in Figure 5 below.
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[bookmark: _Toc227829179]Figure 5 - SCADA Plant Overview (Dieu, 2001)
In addition to easier to monitor, process operations the PLC-SCADA system enables autonomous operation with the PLC measuring and controlling the process to achieve the desired result determined by the engineers continuously. This also enables process engineers to implement changes seamlessly with changes previously taking “weeks by removing commissioning transition periods with equipment outages” (Kabir and Anjum Anick, 2024) with the aim of process optimisation within wastewater treatment the “systematic improvement of operational outcomes such as reducing energy use, minimising chemical dosing, stabilising effluent quality, decreasing downtime and lowering variation in critical process variables” (Kabir and Anjum Anick, 2024). 




[bookmark: _Toc227829183]Future of Wastewater Management
Looking at the improvement in technology and development of Artificial Intelligence (AI) the future of the wastewater treatment industry is likely to only become more efficient and refined. Starting with the equipment that is used to monitor and control the wastewater treatment process will draw similarities to the 1970s to modern day where gradual improvements will be made to the sensors, actuators and controllers such as PLCs becoming more responsive and cost effective. 

Moreover, AI could have a massive impact on the industry with improved process optimisation with Obiuto et al. (2024) noting that “AI could enhance simulation models by learning from datasets, identifying patterns and optimising complex systems in real time” Obiuto et al. (2024) continues by outlining that the benefit of this is it “could lead to more accurate and adaptive simulation models to optimise processes that can predict system behaviour with higher precision”. However, for AI models capable of machine learning from datasets and if implemented from real time data to understand and optimise decisions would require some form of validation to confirm the AI model is improving the process which could take years to properly establish an effective model. Therefore, AI could cause a shift in the workforce with the demand for process engineers to own and optimise each phase of a wastewater treatment plant reducing and focus for engineers who are proficient in programming to maintain the AI model. 

Additionally, Obiuto et al. (2024) suggest another possible area within the industry that might have major advancements is “multi-scale modelling that can simulate processes occurring at different scales simultaneously by integrating models at molecular, microscopic and macroscopic levels building an understanding of phenomena in wastewater treatment systems leading to increasingly accurate predictions and optimised system designs”. 

Another aspect of wastewater plants that might change are the regulations and their impact on how treatment plants operate and their commitment to being environmentally friendly with a greater emphasis on carbon emissions to achieve net zero targets set by governing bodies where future technologies “will focus on gases production and recovery” according to Soares (2020) who breaks down that “Ammonia, Methane, Hydrogen and Carbon Dioxide can be separated from wastewater and reused to obtain renewable energy or chemical production”, helping to deliver a circular economy and reduce global warming. 

However, the development of new technologies coincides with new challenges and risks, especially with the potential of greater dependence on those technologies. The main threat posed are cyber-attacks, where methods implemented by hackers are becoming more advanced, Agidie (2025), calls for “a greater need for enhanced protection in sectors that rely on SCADA systems to collect data” as failure to implement security procedures could result in critical and depended upon services being interrupted and compromising in the wastewater industries case the purification of water, as a result the future of the wastewater industry needs improved security frameworks implemented to protect systems susceptible to cyber-attacks with suggestions for a “multilayer framework composed of various countermeasures applied to different network layers including attack prevention mechanisms like firewalls, attack detection mechanisms such as process anomaly detection and post attack mechanisms that can restore processes to a manageable state” (Tuptuk et al., 2021).




[bookmark: _Toc227829184]Conclusion
To conclude, wastewater systems have existed for centuries nonetheless, the processes involved have evolved from what it once was in Ancient Greece and the Industrial Revolution with modern day treatment plants nearing autonomous operation with the implementation of PLC-SCADA systems used to monitor results from sensors and to make adjustments through actuators and are responsible for the control logic, sequencing, preparation and safety interlocks that are applied within every phase of the process where components are becoming cheaper and more efficient whilst a knowledge and understanding of the processes has been developed over the years, alongside, regulations forcing organisations to develop better processing methods. Whilst, in a not too distant future machine learning through AI models that can recalibrate real time information to deliver an improved process will become the normal and enable the industry to be fully autonomous. 

Furthermore, regulations will likely become stricter as greater onus is placed on organisations to reduce their impact on the environment through renewable methods, recovery and repurposing of chemicals and other byproducts of the wastewater industry with targets to achieve net zero and a circular economy. 

However, the new era of wastewater industry poses challenges with a demand for a workforce skilled in programming and AI rather than the past dependence for process engineers with the responsibility for process optimisation being split between AI models and engineers. Additional security to protect critical systems such as PLCs, SCADA and possibly AI servers and the infrastructure of the wastewater industry need to be reinforced with procedures not fully established to manage and combat cyber-attacks with cyber-attacks becoming a more prevalent and preferred method used by hackers to interrupt and compromise wastewater treatment plant operations. 
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the railway station in Constantinople was lined with these
poor wretches, some even lying on the foot-board of the
railway carriages. But few had been buried, some collected
into a heap were burned, others lay by the roadside where
they had fallen, to be driven over by carts and wagons in
their flight from the front.

It is to be feared that the Turkish authorities troubled
too little over cases in which cholera had developed, giving
them up at once as hopeless. The first case which occurred
at the English Hospital at Shishli was so handed over to the
sanitary authorities, and this was found to mean signing
his death warrant. So it was decided that for the future
this should not be done, and that all cases should be isolated
and not given up as hopeless, and the action proved successful
by their cure. This was accomplished by giving internally
diluted solutions of Condy’s fluid, subcutaneous injections of
strychnine, with milk and brandy every hour as diet, and
subsequently ‘“ yuork,” the Turks’ favourite food, a species of
fermented milk. Mr. Osborn is quite of opinion that the
British Red Cross Association is doing the right thing
in sending out a properly equipped cholera hospital and
physicians.

The streets especially round and about the railway station,
were from almost the first blocked with refugees who had fled
from their homes—men, women, and children living in their
covered country carts, bringing their flocks of goats, sheep,
cattle (some of which could be seen dead on the pavement),
with straw. and manure all about, like one gigantic farm-
yard. ‘‘What this will generate later on heaven only knows,”
said Mr. Osborn. ¢ There have been some cases of small-pox,
but as yet nothing to an alarming extent.

ia800607.us.archive.org/v e.phy

Unfounded Rumours. Cursory Sanitary Precautions.

T visited several other hospitals by request of Lady Lowther,
as there were many disquieting rumours, happily false, afloat
concerning them. The Asile des Pauvres out by the Sweet
‘Waters and the Artillery Barracks Hospital on the Golden
Horn, near Haskway, both run by Turkey surgeons, were
admirably administered and there was no sign of neglect,

although it was said that the 600 wounded in the latter were
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THE EIGHTH REPORT OF THE ROYAL
COMMISSION ON SEWAGE DISPOSAL.

IN the eighth report of the Royal Commission on Sewage
Disposal which was issued last week (Cd. 6464) the com-
missioners deal with the question of the standards to be
applied to sewage and sewage effluents discharging into
rivers and streams, and the tests which, in their opinion,
should be used in determining those standards. In the next
and final report the commissioners propose to deal with
methods of disposal not involving water carriage and with
standards in regard to trade effluents. Since the issue of the
last report, in which particular reference was made to the
question of local circumstances being taken into account
with the view of affecting economies, much of the time
of the Commission has been devoted to the object
of ascertaining the extent to which it may be practicable
to take such circumstances into account and the machinery
by which this may be donme. Accordingly they have
kept wunder observation, through their officers, a con-
siderable number of rivers and streams of different types
with a view of tracing the effects of discharging various
sewage liquids of known composition and volume into
streams of known quality, volume, and velocity. As a result
of these observations the commissioners reiterate their recom-
mendation that the law should be altered so that local
authorities should not be required to purify their sewage
more highly than is necessary to obviate the risk of actual
nuisance arising from its discharge. This recommendation
obviously necessitated the collection of new materials which
should form a wide basis for estimating the compara-
tive value of different chemical tests in measuring the con-
dition favourable to producing a nuisance possessed by a
sewage liquid which yields certain data on chemical analysis.
Ultimately attention was given exclusively to three tests:
(1) the amount of ammoniacal nitrogen present; (2) the
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amount of oxygen absorbed from permanganate in four
hours ; and (3) the amount of dissolved oxygen taken up in
five days. The relative value of these tests as bearing upon
the questions of pollution and purification, together with
the best methods of applying them, are fully discussed in the
report.

The points considered cover the methods of applying a

THE PROVISION OF STREET AMBU-
LANCES FOR LONDON.

DURING the meeting of the London County Council on
Nov. 12th an urgency report was presented by the General Pur-
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used to remove the floating and settleable materials found in wastewater (see Fig. 1-4).
For advanced primary treatment, chemicals are added to enhance the removal of sus-
pended solids and. to a lesser extent. dicsolved solids. In secondary freaiment, biologi-
ca] and chemical processes are used to remove most of the organic matler. In advanced
treatment, additional combinations of unit operations and processes are used to remove
residual suspended solids and other constituents that are not reduced significantly by
conventional secondary treatment. A listing of unit operations and processes used for

Table 1-4
Treatment level
Levels of wastewater " v

treatment® Preliminary

Primary
Advanced primary

Secondary

Secondary with
nutrient removal

Tertiary

Description

Removal of wastewater constituents such as rags, sticks, floatables,
grit, and greose that may cause maintenance or operational problems
with the treaiment operations, processes, and anciliary systems

Removal of a portion of the suspended solids and organic matter from
the wastewaler

Enhanced removal of suspended solids and orgonic matter from the
wastewater. Typically accomplished by chemical addition or filiration
Removal of biodegradable orgonic matter {in solution or suspension}
and suspended solids. Disinfection is also typically included in the
definition of conventional secondary treatment

Removal of biodegradable organics, suspended solids, and

nutrients {nitrogen. phosphorus, or both nitrogen and phosphorus)
Removal of residucl suspended solids (after secondary treatment),
usually by granular medium filtration or microscreens. Disinfection is

also typically a part of fertiary treatment. Nutrient removal is often
included in this definifion

Removal of dissolved and suspended malericls remaining afier normal
biclogicol freatment when required for various water reuse
applications

———r—

2Adapled, in part, from Crites and Tchobanoglous {1998},

Chapter 1 Wastewater Engineering: An Overview

| Figure 1-4
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IGURE 4.10 Basic elements of a closed-loop control system.

Thus if the output is the required value then there is no error and so no signal is fed to initiate control.
Only when there is a difference between the required value and the actual values of the variable there will
be an error signal and so control action initiated.

. Control law implementation element

The control law element determines what action to take when an error signal is received. The control
law used by the element may be just to supply a signal which switches on or off when there is an error,
as in a room thermostat, or perhaps a signal which is proportional to the size of the error so that if the
error is small a small control signal is produced and if the error is large a large proportional control
signal is produced. Other control laws include integral mode where the control signal continues to increase
as long as there is an error and derivative mode where the control signal is proportional to the rate at which
the error is changing.

The term control unit or controller is often used for the combination of the comparison element, i.e. the
error detector, and the control law implementation element. An example of such an element is a differential
amplifier which has two inputs, one the set value and one the feedback signal, and any difference between
the two is amplified to give the error signal. When there is no difference, there is no resulting error signal.

. Correction element

The correction element or, as it is often called, the final control element, produces a change in the process
which aims to correct or change the controlled condition. The term actuator is used for the element of a
correction unit that provides the power to carry out the control action. Examples of correction elements are
directional control valves which are used to switch the direction of flow of a fluid and so control the
movement of an actuator such as the movement of a piston in a cylinder. Another example is an electric
motor where a signal is used to control the speed of rotation of the motor shaft.

. Process

The process is the system in which there is a variable that is being controlled, e.g. it might be a room in a

house with the variable of its temperature being controlled.
. Measurement element

The measurement element produces a signal related to the variable condition of the process that is being

controlled. For example, it might be a temperature sensor with suitable signal processing.
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visibility and coordination. A well-defined framework includes naming conventions, data typing rules,
quality flags, time synchronization policies, and configuration management practices that keep the
system maintainable over its lifecycle. From a quantitative research perspective, architectural clarity is
essential because it defines the measurement resolution, latency, and reliability of data streams. It also
determines which optimization mechanisms are feasible: purely local loop tuning, plantwide
supervisory setpoint coordination, unit-process balancing, or energy-aware dispatch across parallel
equipment trains (Tarnawski et al., 2022).

Figure 1: Integrated PLC-SCADA Automation Framework
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Water and wastewater treatment plants can be described as complex process systems with interacting
physical, chemical, and biological dynamics, which increases the value of integrated automation
because optimization must account for multivariable dependencies (Tasca et al., 2018). In biological
treatment, aeration influences dissolved oxygen and microbial kinetics, and it interacts with
nitrification, denitrification, and carbon availability. In filtration and clarification, hydraulic loading
and solids management influence turbidity and effluent stability. In disinfection, dosing and contact
conditions influence microbial safety while interacting with water chemistry. Each subsystem has
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overview, area, and service area maps in order to
view the real-time operating conditions at a spe-
cific site. This navigation process from the basic
graphical design was cumbersome and inefficient
for the control-center operators during the hectic
time. During the heavy rain or storm events, a lot
of alarms were generated in the fields such as high
wet-well level, pump failure, no communication,
etc... To alleviate the control-center operators
from this time consuming navigation task, the city
engineers developed an extended graphic design in
which the operators could watch the operations
for 5-15 remote sites simultaneously with one
click of the mouse (Fig. 7).
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play (Fig. 9a) or “Wet-Weather Facility Report —
Real Time” display, respectively. Clicking the
mouse in the ‘BW’ box will pop up the overview
plant layout of BeltWay WWTP. Click the mouse
in the ‘FLOW’ or “‘WWL’ box will pop up the 2-
day trend of the plant’s effluent-flow or wet-well-
level, respectively.

4. Operations
One of the main objectives of the city SCADA

system is to monitor the LS, WWTP, and WWF
from the control-center so that any potential
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Fig. 7. Extended graphical display for WWTP’s operating conditions.
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