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[bookmark: _Toc194272383]Introduction
This report will cover how Instrumentation, Control and Automation (ICA) in wastewater treatment facilities have significantly change the way wastewater facilities manage their operations with ICA, this includes the sensors, process controllers and actuators to ensure the regulatory requirements are being met as well as reducing the overall cost of operation and improving the efficiency of the facility.

[bookmark: _Toc194272384]History of Instrumentation, Control and Automation (ICA) in wastewater treatment
London/Paris 1973
The first ICA meeting was held in London in 1973 with the help from the organisers Carmen Garino (Philadelphia USA), Tony Drake (London Council UK), John F. Andrews (Clemson University USA) and Ron Briggs (Water Pollution research UK). 
This meeting attracted 225 and 64 research papers were produced to give some ideas to engineer the automation of wastewater systems. This meeting also included visiting the Acheres wastewater facility in Paris where several computerised systems from other large cities- Atlanta, Chicago, London, Los Angeles, Paris and Philadelphia – were shown. While these computerised systems were impressive, they had little or no closed loop control systems.
They sensors that were considered for the control portion of the system were sensor from other industries and were found not to be suitable for the harsh environments of wastewater processing, the main issue that had to be resolved was development of specialised equipment that could reliably and accurately transmit data without failure from the surrounding elements.
A large problem with the implementation of automation in the 70s was the fear of being unemployed in a time when there was a lack of qualified operators with new regulations threating to make the unemployment gap even larger, from the workers and unisons this was seen as a very real threat. Phasing out of the unskilled labour force continued seeming to be the only solution at the time to achieve optimum efficiency of the operation.
London/Stockholm 1977
The ICA conference in London was followed similarly to the perivenous meeting with a visit to a wastewater facility this time in Stockholm Sweden, progress had been made for instrumentation since the last conference as well as Improvements for DO (dissolved oxygen) and pH sensors greatly improving the capabilities of the sensors in monitoring data for a control unit, COD (chemical oxygen demand) and TOC (total organic carbon) sensors had also been applied to improve the overall information gathering of the facility. Other measurements were still in need of dire attention such as equipment status including pumps and motor temperature and filter clogging percentages to implement a reliable and cohesive automation system. A fuzzy reasoning algorithm was also used to determine which type of process the sludge controller would use based on set value that would be inputted on the computer’s floppy disk as well as if a bypass controller was necessary. Two types of control system were tested one being direct digital control (DDC) the other being a digital computer that would decide the setpoint of conventional analogue controllers, it was later found in studies that DDC controls systems were very sensitive to computer failure and errors. Therefore, the digital setpoint control was chosen due to its reliability, another control system was a dual computer setup, but these were deemed too expensive for the medium sized facilities and were only applied to large wastewater sites. Carmen Guarino listed the following problems that came with trying to fully automate these wastewater facilities, public ownership, lack of sensors, inadequate knowledge of kinetics and funding.
Munich/Rome 1981, Houston/ Denver 1985 and Kyto/Yokohama 1990
The 80s research had progressed further as faster than it had in the 70s, instrumentation reliability had improved, and the minicomputers used for the control systems were replace with microcomputers. Progress into the implementation of a fully automated system still fell behind and was slower than hoped for.
At the workshop in Munich with a visit to Rome, several issues were highlighted:
1. Storm water monitoring and control, and influent flow prediction.
2. Energy saving by DO (dissolved oxygen) controls
3. DO profile controls.
4.  Specific oxygen demand and respiration rates used as operating guidelines in control systems.
5. Computer control of nitrifying and denitrifying activated sludge process, name the Biodenitro process.  
The Houston conference with a fieldtrip to Denver, showed that the term ICA was quickly being recognized in the environmental engineering profession. DO sensors and suspended solids sensors were now being used on a regular basis, with self-tuning control unit being used in a full-scale plant for the first time by Gustaf Olsson. Computers were now a stable in the wastewater industry, Germany in 1974 only had 1 computer system this soon grew to 185 by 1985, Seattle, USA had a large integrated network for process control, laboratory, automation, maintenance, and management information systems.
The Kyoto conference with a workshop at Yokohama saw improvements in microcomputers and communication technology to make more advanced control systems. New research in sensor technology based on electrochemistry, fibre optics and electro-optics were also introduced to the industry. Material research had also progressed significantly, like material that could be used to create membranes of required selectivity. Dynamic model testing had also improved with different models presented for different approaches of control as well as different methods for control, like fuzzy control, neural networks and knowledge-based systems. 
Hamilton/Banff 1993, Copenhagen 1995 and Brighton 1997
The Hamilton conference saw reports from 16 different countries that found improvements of ICA in wastewater facilities with visit to the Banff plant, some restrictions however remained such as legislation, education and training, economy, plant constraints and software standardisation. The complexity of the plants themselves also helped drive the focus for more ICA implementation. Models for operations are also being developed at this time with online sensors for nutrient and respirometer being more widely available, with computer hardware no longer be a limitation issue. Dynamic modelling and simulation software were recognized for is role in developing control strategies as well as optimising plant performance, some plants also reported partially unmanned operations.
The Copenhagen conference was specially held to identify the need for specialized technology, equipment and instruments in the wastewater industry. Most plants by this time were upgraded for nutrient removal, highlighting the need for nutrient sensors, computer simulations were also used for the design of the process operation.
The Brighton conference saw large progress in the control of unit processes, mathematical and theory-based modelling had also increased significantly with progress being made for on-line control. The past 20 year of ICA implementation were reviewed by Scandinavia, Japan, USA and UK unfortunately it was found that there was still a large gap between the academic research and full-scale implementation on plants.
AutMoNet conferences 2002 and 2004 
On-line sensors have now become proven technology, even DO sensors have shown to be robust and reliable. New sensors are also being tested using new optical technology, biosensors have been used to monitor sludge activity in anoxic zones. Solid state chemical sensors were used to monitor water conditions, on-line sensors for nitrogen components are also being used to monitor the state of nitrification and denitrification in sludge systems as well as monitoring nitrifying filters. UV Spectrometers have been applied to measure the nitrite and nitrate as well as COD (chemical oxygen demand). 
Google Books. (2025). Instrumentation, Control and Automation in Wastewater Systems. (Gustaf Olsson).
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Sensors are part of a bigger measuring system, these devices measure physical parameters of the environment first by measuring an input (measurand) and then producing an output, sensor can sometimes come with a signal conditioning element that change the output of the sensor into a processible electrical quantity to be display by the data representation unit, if a sensor does have a conditioning unit attached its known as a transducer. 
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[bookmark: _Ref194271917][bookmark: _Ref194272133]Figure 1 a three-block diagram of data input to output. sourced from Rob's sensor PowerPoint
Types of sensors used:
Level sensors:
level sensors measure the fluid level in enclosed area or container, measurements from the level sensor control the flow of liquid. Two types of level sensor can be used in wastewater monitoring one is a point level sensor and the other continuous level sensor
Point level sensors measure the level of a liquid at a predetermined level, when this level is reached the senor send a signal to the controller for processing. Continuous level sensors on the other hand measure the level of the area under consideration and provide real-time analytics. Both these sensors are often used in the digester to control digester gases, which are highly combustible.
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[bookmark: _Ref194271951][bookmark: _Ref194272054]Figure 2 level sensors. sourced at: https://control.com/technical-articles/types-of-instrumentation-used-in-wastewater-treatment-facilities/
Flow sensors:
Flow sensors measure the amount of liquid flow across a cross-sectional area, these sensors measure the incoming and outgoing of the liquid in the facility. Different types of flow sensors are used in a wastewater facility these include, magnetic, vortex, mass and ultrasonic flowmeters. The type of flow sensor used depends on what stage the water treatment process is at.
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[bookmark: _Ref194272057]Figure 3 flow sensor. sourced at: https://control.com/technical-articles/types-of-instrumentation-used-in-wastewater-treatment-facilities/




pH meters:
chemical sensors or pH meters measure the pH of a liquid inside of and area these measurements show the liquids acidity or basicity. As organic compounds break down and require a stable level of these compounds during this process the pH sensors monitor these organic compounds when a change in the pH level occurs, this alters the control unit to add or decrease the microbial population for stable results. 
[image: A close-up of a pipette
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[bookmark: _Ref194272092]Figure 4 pH meter. sourced at: https://control.com/technical-articles/types-of-instrumentation-used-in-wastewater-treatment-facilities/












Conductivity sensors:
Conductivity sensors measure how well the liquid conducts an electric current, the conductivity changes on the number of salts present in the liquid. A higher salt ratio increases the conductivity while lower ratio decreases the conductivity. These sensors are used in the grit chamber, activating the sludge process removes the grit, an abundance of oxygen is needed for the process to occur. Oxygen levels are affected by the higher salinity this increases the conductivity of the liquid and decreases the liquid’s ability to absorb the needed oxygen.
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[bookmark: _Ref194272184][bookmark: _Ref194272150]Figure 5 conductivity sensor. sourced at: https://control.com/technical-articles/types-of-instrumentation-used-in-wastewater-treatment-facilities/

Dissolved oxygen (DO) sensors:
DO sensors measures the amount of oxygen dissolved in the liquid in unit of mg/L, high levels of oxygen are needed to keep the microorganisms alive. Incorrect dissolved oxygen level will cause organic reaction to fail through the different water treatment processes.
In the aeration tanks the water uses different types of organic bacteria to break down the waste into various byproduct, the DO sensors monitor the oxygen level in the tank and alert the system if the oxygen levels decrease. 
Niazi, M.A. (2021). Types of Instrumentation Used in Wastewater Treatment Facilities.

[image: Dissolved O2 probe - aquams]
[bookmark: _Ref194272192]Figure 6 dissolved oxygen sensor sourced at: https://www.aquams.com/submersible-probes/dissolved-o2-probe/?lang=en
[bookmark: _Toc194272387]Process control
Process control uses PLC (programmable logic control) and DCS (Distributed control system) is the continuous monitoring and regulation of water treatment to ensure the removal of contaminants, this process involves the sensor, controllers and actuators to maintain operational conditions across the entire system.
Process controllers automatically regulate the different stages of the water treatment by utilizing the different types of sensors in the system, these could include the following processes aeration, chemical dosing and sludge activation.
PLC (programmable logic controller):
When comparing PLCs with a traditional computer it is the physical size constraint that is the most distinctive with PLCs being much smaller and robust in design compared to the tradition design of a computer. Programming a PLC in to have certain constraints and criteria is also relatively simple process.
The process of the PLC is to take input from the sensors and output a signal to the actuator keep the plant at an operation level.
PLCs in grid units:
The grid well unit comprises of a lifting pump, a floating ball liquid level controller, a coarse grid and a floating ball liquid level transmitter. The role of this unit is to remove any particles and debris from 
the sewage, the liquid level transmitter then measures the liquid level at the front and back of the coarse grid. Below is a table of a typical control system found in a wastewater facility, showing the inputs and outputs of the PLC as well as a PLC ladder diagram showing the set values that the coarse grid will start and stop its operations in. 
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[bookmark: _Ref194272215]Figure 7 control system diagram. sourced from: https://www.scirp.org/journal/paperinformation?paperid=77121
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Ref194272220]Figure 8 PLC ladder diagram for a grid unit. sourced at: https://www.scirp.org/journal/paperinformation?paperid=77121
PLCs in biochemical pool units:
The biochemical unit comprises of the blower, dissolved oxygen (DO) sensor, electrical butterfly valve lifting pump, floating ball level controller, this unit’s purpose is to reduce the level of COD and BOD. The PLC receives the signal from DO sensor, goes through the signal conditioner and is compared with a set of values. If the oxygen in the sewage is less then 0.5mg/L the butterfly valve is opened and the blower run this then start the aeration process. Below is a ladder diagram of biochemical Pool PLC values.
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[bookmark: _Ref194272228]Figure 9 PLC ladder diagram for a biochemical pool. sourced at: https://www.scirp.org/journal/paperinformation?paperid=77121

Zhu, H. and Qiu, X. (2017). The Application of PLC in Sewage Treatment. Journal of Water Resource and Protection

[bookmark: _Toc194272388]Actuators 
Actuators are electrical or mechanical devices that convert the control unit signals into a physical action or motion, allowing automatic adjustments for the water treatment process. Actuators are a necessity component of ICA systems working in conjunction with sensors and controllers to adjust and regulate the different stages of wastewater treatment, such as flow control, chemical dosing and aeration.
Actuators have 4 types of categories when it comes to wastewater treatment, electric actuators, pneumatic actuators, hydraulic actuators and electromechanical actuators.

Valve actuators:
Valve actuators control opening and closing of valves to control the flow of liquid, gases or sludges depending on the process stage. These valves can be operated by an electric actuator, pneumatic actuator or hydraulic actuator.
[image: Wastewater]
[bookmark: _Ref194272233]Figure 10 wastewater valve actuators. sourced at: https://www.avkvalves.com/en/solution-areas/avk-water-business-unit/segments/introduction-to-wastewater









Pump actuators:
pump actuators regulate the flow rates and pressure to ensure the movement of water, sludge or chemicals are efficiently being used, pump actuators can be found on variable frequency drives (VFD) that adjust the pumps speed for correct sludge recirculation.
[image: 16 recirculation pumps and 9 return sludge pumps for WWTP in Berlin ...]
[bookmark: _Ref194272236]Figure 11 sludge recirculation pumps. sourced at: https://news.eggerpumps.com/16-recirculation-pumps-for-wwtp-in-berlin/




Aeration actuators:
Aeration actuators control the amount of air flow/volume that goes to an aeration tank, making sure the correct level of oxygen is supplied for the biological phase of the treatment process.
[image: Mechanical Aerator | Water Treatment | Waste Water Treatment | Water ...]
[bookmark: _Ref194272241]Figure 12 aeration actuator. sourced at: https://www.thewatertreatments.com/wastewater-sewage-treatment/mechanical-aerator-waste-water-treatment/
Chemical dosing actuators:
Dosing actuators control the precise amount of chemicals (Chlorine, coagulants, pH adjusters) added to the liquid to treat and maintain the quality of the water. Pumps with solenoid actuators can add the correct amount of chemicals for treatment.
[image: Waste Water Treatment Chemical Dosing System for Chilled Water ...]
Figure 13 chemical dosing system. sourced at: https://njbtktsb.en.made-in-china.com/product/bdmfoyjrksYX/China-Waste-Water-Treatment-Chemical-Dosing-System-for-Chilled-Water.html


Gate/penstock actuators:
Gate/penstock actuators raise and lower the gate to increase or decrease the flow of water to the tanks, these actuators can be found on sluice gates to control the overflow levels.

[image: Stainless Steel Penstocks]
Figure 14 penstock actuator. sourced at: https://www.dutcotennant.com/penstocks-for-wastewater
Mixing actuators:
Mixing devices are devices that can be adjusted in speed to decrease or intensify the mixing for chemical, aeration or sludge stabilization, electric actuators can regulate the flocculation mixing speeds.
[image: Wastewater Treatment: Pipe Mixers and Channel Static Mixers]
Figure 15 wastewater mixing actuators. sourced at: https://statiflo.de/industrie/water-and-waste-water-treatment/sewage-farm-waste-water-treatment-plant-aerial-view/

[bookmark: _Toc194272389]Autonomous operation (SCADA)
A SCADA system consist of several components organised on different levels; automation components are as listed:
1. Sensors and actuators
2. Programmable logical controllers (PLCs)
3. Human-machine interfaces (HMI)
4. Supervisory computers
Communication network (Fieldbus) [image: A computer screen shot of a computer
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Figure 16 wastewater automation system. sourced at: ELECTROTEHNICĂ, ELECTRONICĂ, AUTOMATICĂ (EEA), 69 (2021)

Sensor and actuators are situated at the plant itself, these components are interfaced from the machinery to the control system. The PLCs provide the control section of the SCADA system collecting data from the sensors and transmitting the signal to the actuators. The HMI is a user interface that the operator can monitor and adjust the process parameters. Supervisory computers are responsible for the acquisition and archiving of data and most of time running a form HMI component. All these components get tied up with the plant’s fieldbus communication network, these communication networks use off site servers to store and send any data acquired from the facility.
 ELECTROTEHNICĂ, ELECTRONICĂ, AUTOMATICĂ (EEA), 69 (2021), nr. 3, pp. 39-45  

fieldbus communication replaced the need for point-to-point connection with a single digital link that all information is transmitted in a serial form. The most recent development of this technology is the use of industrial Ethernet, this allows real time monitoring with real time control. 
[image: A computer screen shot of a computer screen
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Figure 17 domestic wastewater process. sourced at: ELECTROTEHNICĂ, ELECTRONICĂ, AUTOMATICĂ (EEA), 69 (2021)
[image: A computer screen shot of a computer
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Figure 18 SCADA system. sourced at: ELECTROTEHNICĂ, ELECTRONICĂ, AUTOMATICĂ (EEA), 69 (2021)













Regulations:
The parameters the SCADA system references are set by the environment agency, this agency monitors the quality of the wastewater a facility discharges against a set compliance, this set compliance changes depending on where the sewage is discharged from and the number population/people around the facility.
Limits/regulation statistics:
Below are table with different limits that are stored and referenced to by the SCADA system when maintaining the operation of a facility.
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Figure 19 BOD and COD limitation. sourced at: GOV.UK. (n.d.). Waste water treatment works: treatment monitoring and compliance limits.
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Figure 20 regulation and limits for chemicals in discharge. sourced at: GOV.UK. (n.d.). Waste water treatment works: treatment monitoring and compliance limits.
GOV.UK. (n.d.). Waste water treatment works: treatment monitoring and compliance limits.














[bookmark: _Toc194272390]Conclusion
The use of ICA in wastewater treatment has revolutionized how facilities operate, by integrating sensors, controllers and actuators the plant can operate more reliably and efficiently while also reducing the human interaction. With further help from software like SCADA and AI programs to further optimise operations.
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Figure 2 analysis shows that the developed SCADA
system allows the monitoring of the parameters
acquired by the sensors and transducers, implemented
on the technological installation, and the operating
parameters of the implemented equipment (pumps, air
compressors, etc.).

The SCADA computer is connected to the
technological process control computer, and thus, by
logging into the SCADA system, changes can be
performed in the setting of the technological equipment
operating parameters, thus ensuring the optimization of
the treatment process qualitatively (level of residual
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treatment process are carried out in a closed
automation loop, equipped with appropriate sensors
and transducers (levels, flow rates, suspended solids,
PH, dissolved oxygen), which commands the execution
elements (transfer pumps, reagent dosing pumps, air
compressors for oxygenation, agitators, filters for
separating spent sludge). The automation loop is
adjusted so that under normal operating conditions, the
pollutant and pathogenic - microorganism content
(especially gram-positive bacteria) of the treated water
follow the legally regulated limits allowed for discharge
into natural surface waters.

The purification processes occur through slow
biochemical reactions, making the length of the
biological - purification stages and implicitly ~the
electricity consumption related to the operation of
pumps, air compressors, and mechanical agitators to be
high [26]-[30]. Field studies/case analyses have shown
that electricity consumption, related to the biological
stages, represents over 60 % of the total energy
consumed in wastewater treatment plants [6], [26],
[27). Recent laboratory studies have shown that through
electric fields with a given frequency in the extremely
low-frequency range, the metabolism, growth, and
multiplication of some microorganisms, including those
from the activated sludge, can be significantly
stimulated [31]-[36].

Based on these experimental results, an original
technical  solution  was  developed  to
streamline/accelerate the microbiological treatment
[37] of the wastewater. The experimental
implementation of [37] in a wastewater treatment plant
[38] demonstrated the practical efficiency of the
developed technical solution and validated ~the
laboratory resuts reported in [35].

Against this background, Figure 1 presents the
domestic_technological wastewater treatment flow.
scheme, developed for the wastewater treatment plant
that collects domestic wastewater from Galda de Jos
‘commune, AB County, Romania.

‘The connotation of the symbols used in Figure 1 are:
SPI- Inlet pumping station; P-SPI- Inlet pump; LS-SPI-
Inlet pumping station level switch; FT-BY- Bypass flow
meter; DAYIS- Inlet screen and flow measurement; PD-
IDC - Coagulant dosing pump; FT-IN- Inlet flow meter;
BO-  Homogenization tank; P1-80,  P2-BO-
Homogenization tank pumps; Mx-BO- Homogenization
tank mixer; LS-BO- Homogenization tank level switch;
DP1, DP2- Primary clarifiers; B1, B2- Biological reactors;
51, 52- Air blowers; EV-RO-B1, EV-RO-B2- Denitrification
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Figure 3. Scheme of the technological flow of domestic
wastewater treatment at the treatment plant
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Figure 4 presents the sketch of the SCADA system  developed and implemented.
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required number of discharge results for each parameter (BOD, COD and where needed

Pand N) in a calendar year.

LUT compliance limits for BOD and COD

Concentration
limit

Parameter

Biochemical oxygen demand (BOD5 at 20°C) 25mg/LO,
without nitrification. This parameter can be

replaced by another parameter: total organic

carbon or total oxygen demand, if a

relationship can be established between

BOD5 and the substitute parameter.

Chemical oxygen demand (COD) 125mg/L 0y
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Minimum
percentage
reduction (in
relation to the load
of the influent)

70-90

75

If only final effluent sample results are available for each sampling event then these are
compared against the BOD and COD concentration limits. A sample passes if it’s less
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If the number of recorded LUT exceedances is greater than the number allowed by the
LUT then the BOD or COD fails. The discharge is reported as failing the UWWTR and its
permit limit for that parameter.

You must notify the Environment Agency of all BOD or COD LUT exceedances as soon as
is reasonably practicable.

Maximum compliance limits for BOD and COD

Parameter Maximum permitted
concentration
Biochemical oxygen demand (BOD5 at 20°C) 50mg/L Oy

without nitrification

Chemical oxygen demand (COD) 250 mg/LOy

Maximum compliance is only assessed on BOD or COD effluent sample results that
exceed the limits in the Look-up table (LUT) compliance limits for BOD and COD.

If the sample result of a parameter reported as a LUT exceedance is greater than the
maximum concentration limit then the discharge fails its maximum permit limit for that
parameter.

You must notify the Environment Agency of all maximum limit failures as soon as is
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We set these limits on a site-specific basis and they will be detailed in the permit.
Compliance against these limits is assessed using an optimistic estimate of the mean
rather than face value.

Use this table to find the nutrient limits for WWTW that are subject to eutrophic
sensitive area nutrient removal requirements.

Parameter

Total phosphorus

Totalnitrogen (the sum of total
nitrogen Kjeldahl nitrogen (organic
N + NH3), nitrate (NO3)-nitrogen
and nitrite (NO5)-nitrogen)

Concentration
limit (annual
mean)

2mg/LP(10,000-
100,000 PE)

1mg/LP (>100,000
PE)

15mg/LN (10,000 -
100,000 PE)

10 mg/LN
(>100.000 PE)

Minimum percentage
reduction in relation to
the load of the influent
(annual mean)

80

70-80

Compliance for Pand N is assessed on a complete calendar year’s data.

Less than results are used in the calculations at face value (ignoring the qualifier).
Report annual average results to at least 3 significant figures or 2 decimal places.

If only final effluent sample results are available for the calendar year, then these are
averaaed and compared aaainst the P or N mean concentration limits. If the face value
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