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1. [bookmark: _Toc235007680]Introduction - GJ

The task decided as a group is a two-waste pumping station with energy efficiency to help with rising costs and utilise the energy source within the water industry. Tasks are broken up into sections where energy can be saved or made. Tasks are as follows
· PLC software
· VSD & Pumps
· Hydro Turbine
· Solar panels

For this project, PRINCE2 [1] Principles have been applied to support the planning, design, implementation, testing and evaluation stages, ensuring a structured and organised approach to project delivery.
The PRINCE2 methodology divides a project into manageable stages and focuses on clear objectives, defined roles and responsibilities, risk management and regular progress reviews. This allows project managers to monitor performance and make informed decisions throughout the project lifecycle.



[bookmark: _Toc235007681]Aims & Objectives - GJ

This project aims to upgrade an old two-pumping station that is costing lots of money and time to fix any issues.  Issues include old equipment there are no longer being produced, and the cost to buy second-hand will increase over time.  Upgrading the station will include energy saving or creating energy from the source within the water industry.
The objectives are as follows,
· Create an energy-saving PLC code that will incorporate the cost of energy to run the pumps via a VSD.
· Energy saving with solar panels 
· Energy saving from the turbine with the flow of water that is available at the pumping station.
· Environmental factors around the pumping station.




2. [bookmark: _Ref234921404][bookmark: _Ref234921408][bookmark: _Ref234921414][bookmark: _Ref234921419][bookmark: _Ref234923333][bookmark: _Toc235007682]Literature Review – History of the sewage pumping station – GJ

Pre 1800s – No Pumping Station
Before the Industrial Revolution, no towns or cities had any sewage systems. All the sewage went into the water stream. The River Thames in London was an open sewer [2, 3].
1858 – The Great Stink 
In the summer of 1858, the smell coming from the River Thames was so bad that Parliament had to be abandoned. This was called the Great Stink, and the government was forced to act [2]. Engineer Joseph Bazalgette designed a new sewer network for London, completed in 1875 [3]. Steam-powered pumping stations were built across Britain [4].
1900s – Electric Pumps
Electric pumps are starting to replace the steam engines. By the 1960s, submersible pumps that go directly to the bottom of the wet well would make the pumping station simpler to design and build [5] Relay logic was widely used as a control method [6].
Today – PLC and VSD Control
Modern pumping stations use PLCs, VSDs and SCADA systems for automated control and remote monitoring. Using a PLC and VSD drives can reduce energy by 15-20% [7]. 


3. [bookmark: _Toc235007683]Research 

3.1 [bookmark: _Toc235007684]Solar Panels – CK 
Solar photovoltaic (PV) technology has developed into one of the world's fastest-growing renewable energy technologies. Continuous improvements in semiconductor materials, manufacturing processes and photovoltaic cell design have significantly increased module efficiencies while reducing installation costs. 
Modern commercial photovoltaic modules typically achieve efficiencies exceeding 20%, making them suitable for residential, commercial and industrial applications. In 2024, solar PV accounted for the largest increase in global electricity generation of any energy source, highlighting its growing importance in supporting the transition to low-carbon energy systems [8], [9].

3.2 [bookmark: _Toc235007685]Hydro Turbine

3.2.1 [bookmark: _Toc235007686]Turbine Selection and Operation - JW

Several turbine technologies were considered for this application, with a hydrokinetic turbine selected due to its suitability for the low-head and low-flow conditions typically found in wastewater pumping stations. Unlike Pelton or Francis turbines, which require higher heads and cleaner water, hydrokinetic turbines can operate efficiently under variable flow conditions [10].
The turbine would be installed within the gravity-fed inlet pipe before the wastewater enters the wet well. As wastewater flows through the pipe, it rotates the turbine blades, transferring mechanical energy to a 1 kW permanent magnet synchronous generator (PMSG). This generator was selected for its high efficiency, low maintenance requirements and ability to generate electricity at relatively low rotational speeds. A suitable generator is estimated to cost £600–£1,000.
The generated electricity would pass through a 1 kW grid-tied inverter before being connected to the pumping station distribution board. This would allow the recovered energy to supply station equipment and operate alongside the proposed solar panel system, reducing reliance on grid electricity. A suitable inverter is estimated to cost £400–£800.
To improve reliability and simplify maintenance, the system would incorporate a bypass arrangement and isolation valves, allowing the turbine to be serviced without interrupting the normal operation of the pumping station.




3.3 [bookmark: _Toc235007687]Control Method & Pumps - TM
Pumping stations are used within multiple water supply and waste systems on commercial and industrial applications where the need for reliable and efficient fluid transport is a crucial aspect. When selecting a control method and pump for a dual pumping station, the performance and ability to minimise energy consumption is a priority to extend the equipment’s lifespan.

3.3.1 [bookmark: _Toc235007688]Direct On Line Control Method - TM
For a traditional pumping station, the control method is often a fixed speed method using on/off switching or manual adjustments, this control method is called Direct On Line (DOL). The DOL is made up of the following components according to [11] :
· Miniature Circuit Breaker – Activates when excessive current is flowing and doesn’t require any manual adjustment before or after it has been activated.
· Overload Protection Relay – Safeguards against burnout and guarantees the motor’s maximum life due to when the motor is overloaded it draws higher current values which cause overheating which will damage the motor.
· Step up & Step-down Transformer – Is used to regulate the voltage available and the voltage that is needed to be output.
· Contactor – Single pole relay switch used to switch the circuit on or off.
· 2-way Switch – Start push button (Normally Open) , Stop push button (Normally closed).
· Indicator – Indicates whether the circuit is on or off.
The DOL method is according to ICST [12] is a starting method in which the motor has a direct connection to the supply voltage which starts the whole system, the DOL then connects to the induction motor which then connects to the pump this means that the motor and pump receives the full voltage and current generated by the supply voltage. Using DOL comes with the highest starting current compared to other control method options available according to IMECS [13] and a risk of voltage drop which can cause damage to the induction motor and the pumps if they are frequently started and stopped.

3.3.2 [bookmark: _Toc235007689]Variable Speed Drive - TM
The most popular option in newer pumping stations is a Variable Speed Drive (VSD) and can also be called a Variable Frequency Drive (VFD). VSD is according to IRJET [14] an electronic device that can be used as a control method that allows it to change the power source to a variable frequency that is able to control the induction motor. 
When using a VSD according to IOP [15] it converts the frequency of the supply voltage to another frequency value which in turn changes the speed of the induction motor depending on the new frequency value. The speed of the induction motor is also able to be changed by other methods according to such as [16] changing poles, voltage changing and connecting the resistance in the rotor circuit, but the changing of the frequency is viewed as the most efficient method.
The VSD is constructed using the following components according to IRJET [14] shown in Figure 1: 
[image: ]
[bookmark: _Ref234581756]Figure 1 - Block Diagram of VSD
· Rectifier - Is used to convert AC into DC and given to the input of the inverter.
· Inverter – Can convert DC into AC current, the power is supplied by the DC source.
· Microcontroller – Is used to control the speed of the induction motor as shown above, it is used to regulate the frequency and output voltage.
3.3.3 [bookmark: _Toc235007690]Induction Motor - TM
An induction motor is a common type of AC electric motor; the water pump is driven by the induction motor. The induction motor used within this project will be a three-phase induction motor they are the most used induction motor as they are cheap and reliable according to ICST [12].
According to ICPEI [17] the larger the water pump is, the larger the induction motor is and when paired with a VSD drive it can save energy consumption by 15-20% and 10-15% of loss of water during the process as well.
3.3.4 [bookmark: _Toc235007691]Waste Pump - TM
According to Pumps&systems [18] there are multiple different types of waste water pumps, this is due to the differences in flow of waste, potential messy clogs and loss of pressure if the correct pump isn’t chosen leading to costly maintenance and shutdown periods. 
There are multiple different types of wastewater pumps according to [18] examples of this are:
Non clog Sewage Pumps: 
· Are used for large intact solids 
· High flow rates and low head capability
· 2-inch discharge pipe minimum required
Grinder pumps are used for [18]:
· Low flow rate, very high head capability
· Small discharge pipes
· Solids exit in a slurry
According to [19] Submersible pumps are also used for wastewater: 
· They operate underwater 
· Able to efficiently handle solids
· Transports waste water over long distances
Centrifugal pumps are also used for [19] :
· Uses a rotating impeller to create a flow of fluid
· Handles low to medium viscosity liquids
· Used for sludge handling and aeration tanks
Lastly, air diaphragm pumps are also another option when it comes to wastewater pumps, they are used to [19]:
· Are air-operated pumps used for corrosive wastewater treatment
· Handles contaminated water
· Can handle chemical flows









4. [bookmark: _Toc235007692]Design
4.1 [bookmark: _Toc235007693]Solar Panels – CK

4.1.1 [bookmark: _Toc235007694]Proposed solar design - CK

The selected JA Solar module has dimensions of 1762 mm × 1134 mm, giving an area of approximately 2.0 m² per panel. Fourteen panels were chosen therefore requiring approximately 28 m² of installation space, leaving approximately 7 m² available for mounting hardware, panel spacing and maintenance access within the available 35 m² site area.
The proposed installation area of approximately 35 m², seen in Figure 17, will accommodate fourteen 450 W panels, providing a total installed capacity of 6.3 kW. This configuration maximises the use of the available space while maintaining sufficient clearance for panel spacing, mounting hardware and future maintenance access.
The selected module incorporates N-Type TOPCon technology, which provides improved conversion efficiency OF 22.5%, lower degradation rates and enhanced temperature performance compared with conventional photovoltaic panels [20].
The proposed system consists of:
· 14 × 450 W solar panels
· Total installed capacity of 6.3 kW
· Raised steel canopy structure
· Dual-input hybrid inverter
· Electrical protection and monitoring equipment
The design will also be elevated at 10ft, to ensure that maintenance and station operating can continue beneath the structure without affecting the pumping station operation. 









4.1.2 [bookmark: _Toc235007695]Installation costs - CK	 

The installation cost estimate includes all major components required to construct a safe and operational solar photovoltaic system above the pumping station. Although the photovoltaic panels represent a significant part of the system, additional costs are associated with mounting hardware, electrical infrastructure and civil engineering works.
Table 1: The estimated overall installation cost of the proposed solar design.
[image: ]
4.1.3 [bookmark: _Toc235007696]Energy generation analysis - CK

The feasibility of the proposed solar photovoltaic installation was assessed using data obtained from the Global Solar Atlas photovoltaic power potential study for the United Kingdom [21]. As shown in 10.2.1 South Wales is located within the yellow to light orange region of the map, indicating a photovoltaic power potential of approximately 950–1050 kWh/kWp/year. This demonstrates that the region receives sufficient solar irradiation to support renewable electricity generation throughout the year.
Further evidence is provided by the Global Solar Atlas country factsheet, which reports an average practical photovoltaic power output (PVOUT) of 2.613 kWh/kWp/day for the United Kingdom [21]. PVOUT represents the expected electrical energy generated by a photovoltaic system after accounting for environmental conditions, temperature effects and system losses.
The proposed installation consists of fourteen 450 W solar panels, providing a total installed capacity of 6.3 kW. Based on the solar resource data and PVOUT values presented in 10.2.1 and 10.2.2 , the system is expected to generate approximately 6,000 kWh of renewable electricity annually.




Table 2:The estimated annual generation and gross financial savings from the proposed solar photovoltaic installation.
[image: A grid of lines on a white surface

Description automatically generated]

4.1.4 [bookmark: _Toc235007697]Financial analysis - CK
According to Direct Drainage (2026) [22], electricity is one of the main operating costs of sewage treatment and pumping systems. Using the workings out shown in Figure 2, an electricity price of 27.6 pence per kWh (£0.2769/kWh) [22], a solar photovoltaic (PV) system generating approximately 6,000 kWh per year could reduce electricity costs by around £1,661.40 annually. 
After allowing approximately £300 per year for maintenance and future inverter replacement, the net annual saving would be approximately £1,361.40. Based on an estimated installation cost of £18,000, the payback period would be around 13.2 years. 
Over a 25-year lifespan, the system could provide a net financial benefit of approximately £16,035, while also reducing reliance on grid electricity and lowering the pumping station's carbon emissions. These figures demonstrate that solar panels can provide a cost-effective and environmentally sustainable solution for reducing the long-term operating costs of the proposed dual water pumping station.










[image: A screenshot of a document

Description automatically generated]
[bookmark: _Ref234921257]Figure 2: Financial analysis equations.

Figure 3: A pie chart showing the financial justification of the solar installation.
4.1.5 [bookmark: _Toc235007698]Environmental and ethical impact - CK

The environmental benefit of the proposed solar installation was assessed using the 2025 UK Government greenhouse gas conversion factor for grid electricity generation of 0.177 kg CO₂e/kWh [23].
Based on an annual electricity generation of approximately 6,000 kWh, the proposed photovoltaic system would reduce carbon dioxide equivalent emissions by:
6,000 × 0.177 = 1,062 kg CO₂e/year
This is equivalent to approximately 1.06 tonnes of CO₂e per year.
Over a 25-year operating life, the total carbon reduction is estimated to be:
1.06 × 25 = 26.6 tonnes CO₂e
This demonstrates that the installation would provide significant environmental benefits while supporting decarbonisation and sustainability objectives.
Table 3:Estimated carbon emission reduction from the proposed solar photovoltaic installation.
[image: ]

[image: ]
Figure 4: Comparison of carbon emission reduction from the proposed 6.3 kW solar photovoltaic installation.



4.2 [bookmark: _Ref234766945][bookmark: _Ref234766951][bookmark: _Toc235007699]Hydro Turbine - JW
As energy costs continue to rise and sustainability becomes an increasingly important consideration within engineering design, opportunities to recover energy that would otherwise be wasted should be explored wherever practical [24]. One potential solution is the implementation of a hydrokinetic turbine within the gravity-fed inlet pipe of a wastewater pumping station. By recovering a portion of the hydraulic energy contained within the incoming wastewater flow, the turbine can generate renewable electrical energy without requiring an additional energy source [25].
This section investigates the feasibility of integrating a hydrokinetic turbine into the proposed pumping station design. The selected turbine technology, method of operation, expected power generation, financial viability and environmental benefits are evaluated to determine whether energy recovery is a practical addition to the overall system. The electricity generated could help offset the pumping station's electrical demand, with any surplus exported to the grid where appropriate, improving both the efficiency and sustainability of the proposed design.



[image: ]Figure 5. Illustrates the proposed turbine arrangement within the gravity-fed inlet pipe. Wastewater flowing through the pipe causes the turbine blades to rotate, driving a generator mounted externally to produce electrical energy.Figure 5. Proposed hydrokinetic turbine installation within the gravity-fed inlet pipe of the wastewater pumping station.

4.2.1 [bookmark: _Toc235007700]Power Generation Assessment - JW
[image: A white sheet with black text

Description automatically generated]The proposed pumping station has an inlet pipe diameter of 100 mm and receives wastewater through a gravity-fed system. Design data provided for the project indicates a normal flow rate of 10 litres per second and a storm flow rate of 30 litres per second. An available hydraulic head of 5 metres has been assumed. For calculation purposes, an overall turbine and generator efficiency of 60% has been used. 

Table 4.  Assumed Hydraulic parameters used in turbine power calculations

[image: A white sheet of paper with black text

Description automatically generated]Figure 6: Theoretical power output equation.





[image: A graph with blue squares

Description automatically generated]
Figure 7: Estimated turbine power output under normal and storm flow conditions.

Figure 7 demonstrates the increase in electrical power generation during storm flow conditions due to the greater wastewater flow rate available to the turbine.

Although these outputs are relatively small compared to the power required by the pumps themselves, they represent energy that would otherwise be lost. The recovered electricity can therefore contribute towards reducing overall energy consumption and improving station efficiency.


4.2.2 [bookmark: _Toc235007701]Annual Turbine Energy Production – JW
To estimate annual energy generation, a sensitivity analysis was performed. As site-specific operational data was not available, it was assumed that storm flow conditions occur for approximately 5% of the year, with normal flow conditions occurring for the remaining 95%. These assumptions were used to estimate annual energy production for the proposed turbine system.
Normal operation:
0.294 kW × 8,322 hours = 2,447 kWh/year
Storm operation:
0.883 kW × 438 hours = 387 kWh/year
Total annual energy generation:
2,447 + 387 = 2,834 kWh/year
[image: A blue and orange pie chart

Description automatically generated]This level of generation is broadly equivalent to the annual electricity consumption of an average UK household. According to Ofgem's Typical Domestic Consumption Values, an average UK household uses approximately 2,500 kWh of electricity per year [26], meaning the proposed turbine could generate around 113% of this annual demand.Figure 8. Contribution of normal and storm flow conditions to the total annual energy generation of the proposed turbine system.


Figure 8 shows that most of the annual energy generation is achieved during normal operating conditions, while storm flow events provide an additional contribution during periods of increased wastewater flow. 


4.2.3 [bookmark: _Toc235007702]Financial Assessment - JW
Assuming an average electricity cost of £0.2769 per kWh [22], The annual value of the generated electricity can be estimated as:
2,834 × £0.2769 = £784.73 per year
Therefore, the turbine could provide annual electricity savings of approximately £785.
Assuming an installed system cost between £3,000 and £5,000 [27] [28], The simple payback period would be between 4 and 8 years. Given that wastewater infrastructure is typically designed for long operational lifespans, this payback period may be considered acceptable, particularly when combined with the environmental benefits provided by the system.

Figure 9 illustrates the relationship between installation cost and simple payback period, showing that higher installation costs result in longer investment recovery times.
[image: A graph of a cost per month

Description automatically generated with medium confidence]


Figure 9. Estimated payback period for the proposed turbine system at various installation costs.


4.3 [bookmark: _Toc235007703]Control Method & Wastewater Pump – TM
4.3.1 [bookmark: _Toc235007704]Pump Motor Calculation - TM
The measurements used to calculate the size of the pump needed for the pumping station this was used in the following calculations in Figure 10:
[image: A white paper with black text

Description automatically generated]
[bookmark: _Ref234923455][bookmark: _Ref234923448]Figure 10 - Calculations for the Pump Size needed





4.3.2 [bookmark: _Toc235007705]Pump - TM
The dual pumps will only operate one pump and the other will be on standby for normal conditions (95% of the year) these pumps can be switched to ensure longevity of the pumping station.
During storm weather it will be in a duty/assist mode where the second pump will only assist if required.

4.3.3 [bookmark: _Toc235007706]Energy Usage Analysis - TM
[image: A screenshot of a document

Description automatically generated]
[bookmark: _Ref234923604]Figure 11 - Calculations for the Energy used by the Pump per Year
According to Literature Review – History of the sewage pumping station – GJ The difference in savings between a VSD and DOL would be 15-20%. The savings from this are shown above in Figure 11.

4.3.4 [bookmark: _Toc235007707]Waste Pump & Control Method Selection - TM
[image: ]
[bookmark: _Ref234770644]Figure 12 - Xylem Flygt Concertor N 6020 Waste Water Pump [29]
Shown in Figure 12 is the chosen pump for the station, it is a Xylem Flygt Concertor N 6020 7.3kW pump. The control method chosen was VSD due to them having multiple useful features, according to Xylem [30] it has an integrated VSD within the pump itself, this will reduce the need for external wiring for a separate drive and ensures that the pump will be able to be used effectively when controlling the speed of the pump. The pump also being a submersible pump means that the components won’t overheat due to the water cooling and eliminates the needs for fans.
It also has:
· Self-cleaning to ensure that it doesn’t have clogs due to the waste flowing through the pump. 
· Easy to install due to not being able to wire the pump backwards
· Able to remotely adjust the speed of the pump and while on site
· It is compatible to be used with 3rd party controllers such as PLCs.
· Comes with a system warranty of 5 years
These features limit the need for constant maintenance and having two of these pumps will increase the longevity of the station and can enable one pump to clean itself while the other pump runs. They will operate in a duty/standby configuration.
The system is also according to [31] able to handle flow up to 540m³/h with heads to 54m and can power up to 13.5kW while being able to operate in wet pit or dry pit installations. It also uses an IE4 drive control.
[image: ]
[bookmark: _Ref234838721][bookmark: _Ref234838717]Figure 13 - Flowchart of Pump Operation
Figure 13 shows how the pump will operate within the pumping station.
[image: ]
[bookmark: _Ref235010421]Figure 14 - Cost of the Pump for the Station
Using the bottom value shown in Figure 14 of £5312 the cost of the 7.3kWh std motor dual pumps will be £10624 there will be no additional cost due to the pumps being able to use the existing guide rail and base already located in the station.


4.4 [bookmark: _Toc235007708]PLC Design – GJ

Table 5 Below lists all the IO cards required for the upgrade. Figure 15 Shows the PLC in the order of Table 5. All the cards are mounted onto a rack. PSU (Power Supply Unit) must be 1st as this gives the power to the hardware cards.  CPU (Central Processing Unit) must be next to the PSU [32]. For all the hardwired signals and analogue, see Appendix 12.1.
 Labour and parts will be about £5000 on top. That a total of £11,080.64.
For relay logic installation, this would cost about £4000 with Parts and labour.
Worth mention that the Flow meter and level transducer will be used again as they are standard products.

[bookmark: _Ref234874862][bookmark: _Ref234874817]Table 5 - Mitsubishi IQR equipment list and cost.
[image: ]

[image: ]
[bookmark: _Ref234874787]Figure 15 - Shows the Mitsubishi iQR PLC.


4.5 [bookmark: _Toc235007709]Overall System Design - GJ 

Figure 16 Site Layout Diagram The layout drawing below shows all the important areas of the pumping station. Figure 17 Shows the location of the Solar panel. Figure 18 shows the layout drawing for the wet well. These layout drawings are vital to calculate how much energy this site can create.
	[image: ]
[bookmark: _Ref234875382][bookmark: _Ref234965543]Figure 16 Site Layout Diagram

	[image: ][bookmark: _Ref234875502][bookmark: _Ref234965610]Figure 17 - Yellow area is where the Solar panels are located.



[image: ]
[bookmark: _Ref235010488]Figure 18 - Diagram of the wet well and the location of the equipment.
5. [bookmark: _Toc235007710]Implementation & Simulation

5.1 [bookmark: _Toc235007711]PLC Software – GJ

This section is to show how the PLC at the pumping station controls the foul pumping station, from the hardware up to the HMI. This program was designed for another pumping station but will be using the same control with different parameters.

[bookmark: _Ref235010543]Table 6 - Key tags are referenced throughout this report.
[image: ]
5.1.1 [bookmark: _Toc235007712]PLC Hardware and Sensors

As specified in Table 6 above, the rack includes a Power Supply, CPU, and Analogue and Digital I/O cards, with Analogue cards handling Level and Flow signals plus VSD speed demand, and Digital cards handling run/fault status and alarms [33].
[image: ]
Figure 19- PLC rack, Power Supply, CPU and I/O cards across Slots 0 to 7.
The Sump Level (LIT101) and pump delivery Flow (QIT101) are read in as 4-20mA Analogue signals. A scaling Function Block (FB) converts the raw value (0 – 32000) into a proper engineering reading, metres for Level and litres/second for Flow, and flags if the instrument has failed, so the rest of the program only works with clean, scaled values shown below Figure 20. The set points are set within the HMI to give the engineering scales to the FB.

[image: ]
[bookmark: _Ref234950443]Figure 20 - Analogue scaling block


5.1.2 [bookmark: _Toc235007713]Duty Selection and Duty Sync

With 2 identical Foul Pumps, the PLC must decide which one leads (Duty) and which is the backup (Standby). If no Duty pump has ever been set, the logic forces a default selection. During normal running, an alternating pulse is made whenever both pumps are confirmed stopped at the same time, this is the On Event changeover used on this station.
[image: ]
Figure 21 - Duty selection logic.
If the Duty pump fails and the Standby pump covers for it, the station shouldn't keep calling the failed pump Duty. The Duty Sync Function Block watches both pumps' running confirmation. If the backup has been running continuously for 10 seconds, it's automatically promoted and becomes the new Duty pump.
5.1.3 [bookmark: _Toc235007714]Starting a Pump and PID Flow Control

When a pump gets a run request when the level is at 1m, a timer starts, and the output speed is fixed at a configured starting speed of 48.0Hz, for 20 seconds shown in Figure 25, this is to blast any rags or baby wipes at a high speed [34]. Once the timer elapses, control is handed over to PID. If the flow meter has failed, the pump falls back to a fixed safe speed of 40.0Hz instead, because PID can't be trusted without working Flow feedback.
PID stands for Proportional, Integral, Derivative, it's a control loop that works out the error between the value that was given and where it should be, then adjusts the output to correct it [2]. Here, the PID drives the actual delivery Flow (QIT101) to match a target Flow (the Setpoint) by adjusting pump speed. On the live HMI faceplate, a flow of 77.67 l/s was tracking a Setpoint of 80.00 l/s, giving an Output of 46.65Hz, with Proportional gain 0.01, Integral time 0.1s and Output range 0-50Hz.

[image: ]
Figure 22- The PID Flow control block
5.2 [bookmark: _Toc235007715]- Flow Target - Linear Scaling Between Start Level and FFTW (Full Flow to Works)

Figure 23 -  The relationship between Level and outlet Flow. Flow is capped at 80 l/s because the treatment works can't treat more than this.[image: ]
[bookmark: _Ref234505920]Figure 23 - Linear Scaling between Start Level and FFTW

The Flow target is worked out from the current Sump Level. Between Start Level (1.00m) and FFTW Level (2.50m), Flow target rises in a straight line from minimum Flow (35.0 l/s) to maximum Flow 80.0 l/s). Below Start Level, the flow target stays clamped at the minimum. Once the level drops to 0.50m, the pump stops.

[image: ]
Figure 24 - HMI Control Setpoints screen.
Small changes in Flow would otherwise make the PID keep nudging pump speed up and down, wasting energy and adding wear. To stop this, the PLC applies a deadband of ±3 l/s around the Flow target. While measured Flow stays inside this band, the PID Loop is paused instead of making further corrections. The calculated speed is then converted to an Integer and scaled out through the Analogue Output card to the VSD.

5.2.1 [bookmark: _Toc235007716]Alarms and the HMI in Operation

The PLC constantly checks each pump for fault conditions, like Thermostat Trip, Seal Leak, Under Load and Low Flow, using a dedicated alarm Function Block per fault type. These are combined and sent out as hardwired Digital signals to the Telemetry outstation, keeping alarm reporting independent of any comms network.
The HMI Overview screen brings all of this together in 1 live mimic diagram. With the Sump empty, target Flow already shows the 35.0 l/s minimum. At 1.10m, just above the Start Level, Foul Pump No.1 is running at 48.00Hz, the fixed starting speed, with a target Flow of 38.0 l/s.

[image: ]
[bookmark: _Ref234954907]Figure 25 - Level 1.10m, Foul Pump No.1 running at 48.00Hz (starting speed), target Flow 38.0 l/s.
At 3.00m, above the FFTW (Full flow to treatment) Level, target Flow is clamped at the 80.0 l/s maximum, with the pump running at 46.65Hz to try and deliver close to that target. This shows the level-driven, linearly scaled PID Flow control strategy working in live conditions, the target Flow and pump speed follow the Sump Level automatically without an Operator needing to step in.
[image: ]
Figure 26 - Level 3.00m, above FFTW, target Flow clamped at 80.0 l/s, pump running at 46.65Hz.


[bookmark: _Toc235007717]Flowchart - GJ
Figure 27 shows the pump starting sequence. On a Run Request, the pump runs at a Fixed Starting Speed of 48.0Hz for 20 seconds, to blast any rags or wipes at high speed [15]. Once these elapses, the PLC checks if the Flow meter has failed. If it has, the pump falls back to a fixed 40.0Hz until the fault clears. If not, control passes to PID, which sets the Motor Speed. The PLC then checks Level. If the level hasn't dropped to the stop level (0.50m), the loop keeps monitoring and adjusting speed. Once Level reaches 0.50m, the pump stops and the sequence returns to Start, ready for the next Run Request.

[image: ]
[bookmark: _Ref234957115]Figure 27 - Pump start sequence



6. [bookmark: _Toc235007718]Evaluation - GJ

In this evaluation, will show all the cost of the install together in Table 7 below.  In a group meeting, this was discussed to evaluate the cost if it is viable to proceed with the installation.  To determine if the cost is justifiable, a cost saving on the energy shown in Table 8 will need to be looked at to see if the project will be paid back in time Shown in Table 9.   

[bookmark: _Ref235010952]Table 7 - Total cost of the project
[image: ]
 
[bookmark: _Ref235010971]Table 8 - Total energy saving of the upgrade
[image: ] 

With the risks of blockages with the turbine, this will give operators more work to clear this. To save on the cost of the operator, the turbines will not be installed [35].

Table 9 – Number of years to pay back the project Cost.
[image: ]

With a local grant from Swansea Council [36] providing a means to reduce the carbon footprint that can offset the capital cost will help reduce the payback time shown in Table 10.  
Table 10 - Pay back with a grant over the years
[image: ]

6.1 [bookmark: _Toc235007719]Maintenance of Site
[bookmark: _Toc235007720]6.1.1 Solar panel maintenance -CK
Solar PV systems generally require minimal maintenance. However, routine inspections are recommended to ensure maximum efficiency and safe operation.
Typical maintenance activities include:
· Cleaning of solar panels
· Visual inspection of electrical connections
· Structural inspections
· Corrosion protection
· Inverter servicing and replacement
Estimated maintenance costs are approximately £300 per year, with an inverter replacement allowance after 10–15 years.
Over a 25-year operating life, maintenance expenditure is estimated to be approximately £7,500, including routine inspections and inverter replacement allowance.

[bookmark: _Toc235007721]6.1.2 PLC, VSD & Pumps Maintenance -GJ

The cost of maintaining the function of the site will drop considerably with less fault-finding.  The operator can check on the HMI where the fault is.  


7. [bookmark: _Toc235007722]Environmental impacts - GJ

Overflow risk — pump/system failure can release untreated sewage into rivers, harming wildlife [37]
Odour— hydrogen sulphide and other gases from stagnant or poorly ventilated sewage can affect nearby residents and air quality [38]
Energy use — pumps consume significant energy, contributing to carbon emissions [38]
Noise Pollution – Pumps running at maximum power make loud noise in the surrounding area [38].
This design reduces — lower energy use (15-20% saving), enables faster fault detection and PID control to reduce the noise level most of the time.


8. [bookmark: _Toc235007723]Conclusion & Reflections
8.1 [bookmark: _Toc235007724]CK 
Conclusions
· Successfully designed a reliable dual water pumping station. 
· Developed a cost-effective design using readily available components. 
· Proposed the use of solar panels to reduce energy costs and improve environmental sustainability. 
· Produced a realistic project plan using a Gantt chart to manage tasks and milestones. 
Reflections
· Improved understanding of pumping station design and operation. 
· Gained experience in project planning and time management. 
· Developed knowledge of PLC control systems and pump protection methods. 
· Recognised the importance of considering cost, maintenance, and sustainability during the design process. 
· Improved teamwork, communication, and technical presentation skills.
8.2 [bookmark: _Toc235007725]JW
 Conclusions
· A hydrokinetic turbine is a practical way of generating renewable electricity from the gravity-fed inlet flow of a wastewater pumping station. 
· The proposed system could generate approximately 2,834 kWh of electricity each year.
· The financial assessment showed that the system could provide annual electricity savings of approximately £785. 
· Overall, the turbine would improve the sustainability and efficiency of the pumping station while working alongside the proposed solar panel system.

Reflections

· This project improved my understanding of hydroelectric power generation and renewable energy systems. 
· I developed my engineering calculation and research skills by assessing the technical and financial feasibility of the turbine. 
· Producing the CAD model helped me understand how the turbine and generator could be integrated into the pumping station. 
· If this project were continued, I would use real flow data from an existing pumping station to produce more accurate power generation estimates.



8.3 [bookmark: _Toc235007726]TM
Conclusions
· Successfully was able to identify and select an appropriate control method, which was a VSD for the control of the flow of the wastewater and the reduction in energy consumption compared to a DOL.
· The dual pump system will enable an extended lifespan for the site and reduce the need for maintenance
· The selected pump was the Xylem Flygt Concertor N 6020 submersible wastewater pump due to the hydraulic requirements, integrated VSD, self-cleaning ability and the anti-clog function to reduce the need for maintenance and shut down time.
· The pumps were chosen to operate in a duty/standby operation in normal conditions and duty/assist operation in storm weather which will increase the lifespan of the site and the pumps as well by reducing wear.
· The pump was also chosen due to its ability to be used with 3rd party controllers such as a PLC.
· Overall, the pump and control method contribute significantly to the aim of reducing costs and increasing longevity of the system.
Reflections
· I gained an improved understanding of pumping stations as a whole.
· I understand more on how a specific pump and control method can impact how the system runs and being able to make a calculated design decision to accommodate for the conditions given.
· I also gained an understanding of proper planning and time management and how it is essential for any project to run efficiently and productively.
· Improvement in team communications skills and presentation skills have benefitted greatly from this project as they are a crucial aspect of any project that involves working with other people.
· If the project had to be developed further, I would look at the performance curves and site data of different sites to be able to validate my choices for the pump and control method.
8.4 [bookmark: _Toc235007727]GJ
Conclusions
· Successfully designed a PLC control system using a Level-driven, linearly scaled PID Flow control strategy to match pump speed to actual demand.
· The design meets the Aim of reducing energy use, using the 15-20% saving figure established in the Literature Review.
· The full signal chain was mapped and tested, from raw 4-20mA input through to VSD speed output, confirming the design works as intended.
· Duty/Standby and Duty Sync logic were included to spread pump wear evenly and improve reliability if a pump fails.
· A relay logic alternative was costed for comparison. Relay logic is cheaper but cannot provide PID-based VSD control, so it cannot deliver the same energy savings.

Reflections
· Improved understanding of PLC hardware, I/O card selection, and how the Power Supply, CPU, and I/O cards work together on the rack.
· Developed a much clearer understanding of PID control, particularly how Proportional and Integral work together and why Derivative wasn't needed here.
· Gained experience reading real ladder/FBD logic and tracing a signal from raw input through to final output, rather than just working from theory.
· Using an existing, real Welsh Water PLC/HMI setup as a working reference made the design far more grounded and realistic than working from a blank page.
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9. [bookmark: _Toc235007729]Appendices

9.1 [bookmark: _Toc235007730]PLC Hardwire termination - GJ

9.1.1 [bookmark: _Toc235007731]Digital Input
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9.1.2 [bookmark: _Toc235007732]Digital Output
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9.1.3 [bookmark: _Toc235007733]Analogue Input
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9.1.4 [bookmark: _Toc235007734]Analogue Output
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9.2 [bookmark: _Solar_appendices][bookmark: _Toc235007735]Solar Appendices - CK
9.2.1 [bookmark: _Photovoltaic_power_potential][bookmark: _Toc235007736]Photovoltaic power potential survey.     
[image: ]
Figure 28: Photovoltaic statistics for the UK from 2019 [21]


9.2.2 [bookmark: _Photovoltaic_power_potential_1][bookmark: _Toc235007737]Photovoltaic power potential (PVOUT)
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Figure 29:Photovoltaic power potential (PVOUT) for the UK from 2019 [21]


9.3 [bookmark: _Toc235007738]Electrical Specifications for VSD & Pump - TM
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9.4 [bookmark: _2025_quarterly_report][bookmark: _Toc235007739]Gantt Chart – TM
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Figure 30 - First half of Gantt Chart
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Figure 31 - Second half of Gantt Chart


9.5 [bookmark: _Toc235007740]Meeting Minutes - TM
This section shows detailed minutes from scheduled meetings to evidence progression and group work throughout the project and to monitor the project's planned timeline.
9.5.1 [bookmark: _Toc235007741]28/05/26 - TM
Attendees: Gareth John, Tom Morris, Conner Kinsey, Joe Williams
Key Points Discussed
· Discussed 5 different ideas for the project
· Discussed Pros & Cons of each project idea
· Decided on the project idea
· Identified risks with project idea
· Start presentation for project idea
9.5.2 [bookmark: _Toc235007742]04/06/26 - TM
Attendees: Gareth John, Tom Morris, Conner Kinsey, Joe Williams
Key Points Discussed
· Discussed presentation and improvements
· Discussed Plan for project
· Assigned roles for different areas in the project
· Conner assigned to Solar Panels
· Joe assigned to Hydro Turbines
· Tom assigned to Control method & pump selection
· Gareth assigned to PLCs
9.5.3 [bookmark: _Toc235007743]11/06/26 - TM
Attendees: Gareth John, Tom Morris
Key Points Discussed
· Joe and Conner are unable to attend due to work commitments.
· Gareth discussed the PRINCE2 project phase approach and showed how it aligns with the current project.
· Project specifications and code requirements for the PLC were discussed.
· Discussed simulation timeline, screenshots and how the PLC simulation would be documented.
· Discussed where the group is on their tasks, everyone seems to be on track and aligned.
· Both agree that the main priority is meeting the deadlines set and where possible complete tasks earlier so that they have more time to prepare for the end presentation.
9.5.4 [bookmark: _Toc235007744]18/06/26 - TM
Attendees: Gareth John, Tom Morris, Joe Williams, Conner Kinsey
Key Points Discussed
· Discussed where the group is on their respective tasks
· Research is close to being completed
· Concerns raised about word count limitation
· Group is on track according to the Gantt chart
9.5.5 [bookmark: _Toc235007745]25/06/26 - TM
Attendees: Tom Morris, Joe Williams, Conner Kinsey
Key Points Discussed
· Discussed progress on coursework
· Gareth unable to attend due to work commitments
· Design stage and how to structure the work discussed
· Still on track with the plan
9.5.6 [bookmark: _Toc235007746]02/07/26 - TM
Attendees: Gareth John, Tom Morris, Conner Kinsey
Key Points Discussed
· Joe unable to attend due to being away on PTO
· Highlighted concerns with progression 
· Discussed how the design section should be outlined
· Spoke about trying to finish the coursework earlier to have more time to prepare for the presentation
· Deadline set for the 14th of July, if possible, to have all sections written up
9.5.7 [bookmark: _Toc235007747]09/07/26 - TM
Attendees: Gareth John, Joe Williams, Tom Morris, Conner Kinsey
Key Points Discussed
· Spoke about Energy Savings
· Spoke about the cost of different aspects within the project
· Spoke about risks related to any components on the pumping station
· Decided that the risk of using the Turbine was too great to have it in the final design
· Coursework document the main priority to complete, 200 words left to add.
· Gantt Chart needs to be added to the document appendices
9.5.8 [bookmark: _Toc235007748]16/07/26 - TM
Attendees: Gareth John, Joe Williams, Tom Morris, Conner Kinsey
Key Points Discussed
· Discussed word count for the final coursework submission
· Covered the document as a group to ensure everything was correct for the submission
· Spoke about the presentation and the information to be within the presentation and how it will be structured
· Spoke about how long the presentation will be and potential questions that may be asked.
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Item Estimated cost (£)

Solar panels 1,400
Mounting brackets 800
DC cabling and connectors 300
Delivery and procurement 500
Hybrid inverter 1,500
Steel support structure 6,000
Foundations 2,000
Electrical installation 2,500
Working at height installation 3,000
Total 18,000
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Parameter Value

Panel rating 450W
Number of panels 14
Total system size 6.3kW
Annual generation 6,000 kWh
Electricity price £0.2769/kWh
Annual saving (gross) £1,661.40
£34,035

25-year saving (gross)
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Annual saving

6,000 kWh x £0.2769

£1,661.40 per year

Net annual benefit

‘Assuming annual maintenance and inverter replacement costs average £300 per year:
£1,661.40 - £300

=£1,361.40 per year

Payback Period

£18,000+ £1,361.40

13.2 years
25 years pay back benefit
Over a 25-year operatinglife:

£1,361.40x 25

£34,035
After deducting the installation cost:

£34,035 - £18,000

£16,035 net profit over 25 years
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Parameter

Value

Annual Generation

6,000 kWh

Grid Emissions Factor

0.177 kg CQae/kWh

Annual CO, Reduction

1.06 tonnes

25-Year CO, Reduction

26.6 tonnes
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Parameter Value
Pipe Diameter 100mm
Normal flow rate 10L/s
Strom flow rate 30L/s
Hydraulic Head 5m
Turbine Efficiency 60%
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‘The theoretical power output can be calculated using the standard hydropower equation [26]:
P=paQn

Where:

P=Power output (W)

p=Water density (1000 kg/m?)

g=Gravitational acceleration (5.81 m/s?)

Q=Flow rate (m*/s)

H=

iydraulic head (m)

1= System efficiency

Using the normal operating flow rate of 10 ltres per second (0.01 m/s):
P=1000%9.81 X001 X5 X 0.6

P=204W

This corresponds to approximately 0.294 kW of electrical power generation during normal
operation.

During storm conditions, where the flow rate increases to 30 litres per second (0.03 m*/s):
P=1000%9.81%0.03%5%0.6

p=gszw

“This corresponds to approximately 0.883 kW of electrical power generation.
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Turbine Power Output Under Different Flow
Conditions
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‘Shown in Figure 11 is the measurements used to calculate the size of the pump needed for the
pumping station this was used in the following calculations:

Normal Inflow =10 L/s

peak Inflow =30 L/s

Tank Height = 7m

Inlet pipe diameter = 100mm

Head from inlet to turbine = 5m

The calculation used was the shaft power equation to enable the pump to deliver the desired flow:

PgeRH

h
P =Power (W)

p = Fluid density (kg/m 3)

g=9.81m/s?

Q= Flow rate (m ¥s) =30 1/5=0.03 m¥/s

H =Total Dynamic Head (m) = 12m (1-2m valves/bends, 5m Static Head, 3-6m Friction
losses)

7 = Pump efficiency (decimal) = 70% = 0.7

1000598150025 812 _

P= =5.0kW

Motor size needs to be 5.5 kW-7.5 kW to be able to handle to flow pressure to the outlet
pipe.
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If the pump operates 24 hours a day, it would be:

5.5kWh x 24

32 kWh/day.
7.5kWh x 24 = 180 kWh/day.

According to section 5.2 there is storm flow of 30 L/s for 5% of the year and an average
inflow of 10 L/s the pumps for 95% of the year.

Pump Duty Cycle:
10/30=0.333.

The pump won't run continuously if its operating at 30 L/s when on as the incoming sewage
is only 10 L/s so it will empty faster than it fills so it will operate 33% of the time.

95% of hours in a year is = 8322
8322x0.333 = 2,774 hours/year.
For a7.5 kW pump = 7.5 x 2774 = 20805 kWh/year.

During the 438 storm hours (5%) it would be (with one pump operating continuously) = 7.5 x
438 =3,285 kWh/year.

Overall, the total annual energy consumption would be:

20,805 + 3,285 = 24,090 kWh/year.

The average daily energy consum
24,090/365 = 66 kWh/day.
24,090 kWh: 20% = 4818 kWh

4818 kWh x £0.2769 = £1334.10 per year savings using a VSD.
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Item Description Cat. Ref. Quantity Cost

1 12 way Rack R312B 1 129.4

2 PSU R64P 1 165.44

3 CPU ( Cost varies between £1300.70 and £5682.06 ) R08ENCPU 1 2665.69

4 DI Card RX41C4 1 134.64

5 DO Card RY41PT1P 1 155.6

6 AI Card R60AD8-G 1 388.74

7 AO Card R60DAI8 1 440.6

8 Dummy RG60 3 61.98

9 Cabling for DI / DO Q-L-40CBL-3M 3 139.83

10 HMI GOT 15 1 1798.72

Total £6,080.64


image20.png
il AT T aco
CoEr ssABCOEF SMoE A e
ABCOEF ssascoEr

CEEEEEERE

7





image21.png
10m wide

SEWAGE
WELL

Valves

outlet
Pipe

Smwide





image22.png
apum g

siopeiado
o siayue
s0y Buppieq

apmuwot





image23.png
Flow meter

Level Transducer

2xPumps
and outlet

Normal condition is around 10Us storm conditionit can
goupto30Us.

Inlet pipeis 100mm

High of the Wellis 7m

Volume of the Well is 5mx2.4mx7m= 84 m*

Head from inlet the turbine is around 5m.

Inlet pipe





image24.png
Tag
uT101
Q101
P101A
P1018
p102
Ls103
T101
T102

Foul Sump Level
Foul Pump Delivery Flow

Foul Pump No.1

Foul Pump No.2

Dry Well Sump Pump

Dry Well Sump High Level Float
Dry Well sump

Foul Tank

Type

Analogue Input, 4-20mA
Analogue Input, 4-20mA
'VSD-driven, Duty/Standby
'VSD-driven, Duty/Standby
Fixed-speed, started on L5103
Digital Input

Valves Dry Well

wetwell




image25.png




image26.png
Craei o 1-UTIO1-Fod Surp Lol

178 fosin 10t
Fo i
% s L Fow
CEPRETTTT - ey
(COET oSt K Foibede

S T A0S fedn

Cranelfio2-GITIO1 - Fad Pur Dy Fiow

8 posin Ti0t

55 7 GO VAL FT R

CEFG AT — By
(OO il I Fobode





image27.png
Fo g Facs O s set.

s cannad|

|

e L i sk

ey g

%3

P

TE e

‘ s
o | s





image28.png
ok Doy St

8 s

CEEETTIET e

et |

ety G POt

RR

e
T
T e





image29.png
3.0

25

20

15

Sump level (m)

10

05

8§ 8 R 8 83 ¢ 8 ®
(s) yoB1e} MO| 4

=]
-

i
=]




image30.png
23706725 02:36 P

an

1

[ g -

N | 1 7 "1 T e

Four Pump - Contro’ Setpoints

Ear
Minifmum Pump Flow. | T |
Mammpumsrow e, [T ormor
e =0
rasprotes
Pump Sterting Speect Ceoe] PI01A
Pyt s et A >—‘c.m.,... sw]
O e Cor] Taget Fow: 80,0 1/5
Pump Low Flow Delay: :] SO A
rasnrorez
PID (Linear Max) P101B.
| <
Fump controts
oy
| S
e

Q PI0IA- Seal Leak

Q PI01A- Thermistor Trip
Q PI01A- Low Flow Alam
O PIDIA- Undsr Load Trip

O PI0IB - Seal Leak

O P101B - Themnistor Trip
O P101B - Low Flow Alarm
O PIDIE - Under Load Trip

O Dry Sump High High Alar
O Dry Sump High Alarm
O Dry Sump Start Level

Dry Well Sump TI01




image31.png
[23/06/26 02:33°4)
D Cymru
Welsh Water

Cardigan PS No.d

conmor | ver e pneuoua) emusn)

O PIOIA- Low Flow Alam
O PIDIA- Under Load Trp

Overview
Mains Supply Health
@ Mains Supply Healthy oot
@ MCC Supply Healthy
- Lt Fou Punp o Yo
Tncoming Piota ot/
Sewer
= {cardigan SWK
e | Target Fow: 8.0 1/5
oty
B0z t
Fou Punp o2
PiotD
O High Level
Foul Tank Ti02
P
QO PIDIA- Seal Leak Q PI01B - Seal Leak @ © Dry Sump High High Alarm
O PI01A- Thermistor Trip O P101B - Thermistor Trip O Dry Sump High Alam

O piote- Lowo Ao | (I |3 ory sump stan Lo

O P01 - Under Load rp

Dry Well Sump T101




image32.png
Dy Cymru
Welsh Water

25/06/25 02:36 (PH)

23/05/25 14130P16 IMLET PS FOLL LWL OUTPUT OVERRIDE

=2
Cardigan PS No.4
@ Mains Supply Healthy
© MCC Supply Healthy
Uit

Tncoming
Sewer.

FouPung o
PI0TA

Duty

W65 e 1
Fou o No2
v Fiote
O High Level

Foul Tank TI02

O Fiota
O Fioia
O pioia
O pioia

0z
- Seal Leak O PI01B- Ssal Leak

ThemistorTip Q) P1016 - Themmistor Trip

~LowFlowlam O PIOTE - Low Flow Alam

“UnderLoad Tp O PIOTB - Under Load Trip

TrgetFow: 80,0 /s

O Dy Sump High High Alan
O Dry Sump High Alam
O Dy Sump Star Loval

Dry Well Sump TI01




image33.png
Fallback Speed
Foed 4001z, oD,





image34.png
Solar Panel installation 18000.00
Hydro Turbine Installation 5000.00
Motor and vsD 10624.00

PLC installation 11080.64
Total aa704.64,




image35.png
Solar Panel 1661.40
Hydro Turbine 784.73
Motor and VSD 1356.81

Total £3,802.94




image36.png
Cost

[Payback time
Energy saving without Hydro Turbine 3018.21

Toatl project cost without Hydro Turbine 39704.64

13.16)

Year of pay back.




image37.png
[Payback time

Energy saving without Hydro Turbine 3018.21
Toatl project cost without Hydro Turbine 3970464
Grant 10000.00

9.84

Year of pay back.




image38.png
con |—rounoue
com |—white/ae -

T 7 El ) T [ 7 B 9 T 10
Xap [ BOk/Bsd o DLS - BISI Eoyl pump No. 1 Running/Stopped XS0 | —Eik/sown o ENS2 < ES3 oyl pump No. 2 Running/Stopped
o1 |__Gru/se o ouss 15| Foul Pump No. 1 Healthy/Tripped 51 | —uheremk ezt e | Foul pump No. 2 Healthy/Tripped
Xap |—Enk/ote 0138~ DIS7 goyl pump No. 1 E/Stop Operated D | xs2 [—ermemm o E156 — B9 £ou) pump No. 2 €/stop Operated
D [y | smioe oim 013 ol pump o 1 Auto Available ! s [—werem o s - 6] ol pump No. 2 Auto Avalable
i g
P e I L v —, i | x54 [—stentammny B0 - 61 £l pump No. 2 Thermostat Trip
i s o t s, B0 e
xa5 O Foul Pump No. 1 Seal Leak X55 uhite > Foul Pump No. 2 Seal Leak
t a
a | xas [—vetowssed 819~ ers1] Sump Pump No. 1 Running/Stopped || x5 |—sromnsaeen o w18~ B2 et piow Failed
|
Xe7 [—Smnlesl_ SLS B Sump pump No. 1 Healthy/Tripped | |7 frumetemn o mo — s o ofecho Level
|| xag [—elowssee (B4 — 89| g pump No. 1 E/Stop Operated N | xog |—tedlte o 02—~ 2%} 15102 HighHigh 1000mm Alarm
n p
p | s [t 85 ] sumppumo o2 uto v U | o [ o ws - wef 15101 100mm lerm
U | xan |—sstousenk o 818~ 212 Sump Level High/Low T loa e o we miel e supplyFalled
t
Xas | Pok/Green 0177~ 0178]  FP1Under Load Failed C | xsB |—Sak 57—~ B Mcc Supply Failed
c a
xac elow/ >-E177 - EL78|  Fp) Under Load Failed X5C fed Spare.
a r
r|xo Foul Sump Float Switch High Level d | xsp = o Spare
d
X4E Spare i eink O Spare.
1| xer Spare xoF [ Spare




image39.png
7 3 Z 5 [ 7 10
pose ) on gy [T Foulpump No.dstny sosstn ] e
Y&o oim ‘Stop Signal o s
e s T FoulPump o2 Start/ smeens ] e
Yl = Y ‘Stop Signal 7L Spa
beupe el T SumpPump No 15tar/ - e
D ez = e ‘Stop Signal D ” hs
N Grey/Biue =% Foul Pump No. 1 Aut N White / Grey
i 2 S A L el e .
B lves | wonmm il fwsal == coutpumpto. 1 munning | 8 | vrs [—sestiee ] spare
i i
weslE Foul Pump No. 2 uto [— e
t|ves s Unavaiable v s
a a
o6 ol =2 oulpump No. 2 Runmin V76 | —tmmieen ]
| = 0 e | Spare
- =5 ry Well Pump Au e
B = e v [omsssse )
o ovs. =] o
o [vee e 02 U o e pump g |, [ vrs (i (] Spare
t P = t P
NE i wosl T ouertow A NED = spare
| ven e sl T g Level Al u | e 5
[ pare
t . = Moisture Alarm Fou t e
Ve ! s (T st o e [ ] spare
C | voe [ mensem g e wasture e ol C|vep—t= M Spare
o ump No.
a a
T | oo et wea (T spare L —o0 Spare
d | vee | —eeerme frg sy [ spare d |y e {7 E
pare
[
o |ver e ey spare 1 | v = fiot T warnsogricraies
[ com |—Eemn
Ccom [— e /Bue ) com —





image40.png
2 3 5 [ 7 8] 9
| e o ae o ane st | merme o mme
Foul Sump Level T e
e e " e T 100) . o

Jovavr o crsio|—Gensne PR
A A
R O v N Jonsve——emumn s
| sroun 8 s e ! T s

chats X o cni+ o
° Ring Main Flowmeter ° e
H e s . (@ 101/ac101) € N P
G fomen| v o o - N

lenav| —wmeernes 2w [ A, PR
! i
D S P - N
u Spare u Spare
o O By, o B e
€ onavep o ofmve o € |chrvelveton s8roun ane
L i o [oneel s as o

Spare Spare

1 forwrn s s P PO e, PN

Y I engve]_ poksme ) e





image41.png
22

ous

2 3 4 5 6 7 8 10
U |cHipe|A0iEad o a0 CHsle |20 Bt o
© ‘Speed Control to VSD Foul Pump No. 1 ‘Spare
CH1 A01- (Red) L, A01- P ° » | CHS |  205-(reiow) "
slonl e o s
* Jcom U com
[ PP . * [oror o
: Specd ContaltoVSD FoulPumpNo.2 | © spare
Hic . e .
foosomn o ser G
:com T lcom
o o] oz L )
t [CcH3 K3 (Green) ) sea CH7 | 407-(Orange) "
o @7l sorowem
> |com o Jcom
Chale 204 B2k » |cHgle| A0
< Spare + Spare
e 204 (Blue] - CHB 208 White) "
D] e | oo,
o Jcom < |com
Lo
28V6 o o





image42.png
SOLAR RESOURCE MAP
PHOTOVOLTAIC POWER POTENTIAL
UNITED KINGDOM TESMAP

10w W (3

@ 'WORLD BANK GROUP

55N
55N
lewcastle upon Tyne

50°N

PR I © 2019 The Woric Bank
53 / Souce Gooe S e 10
SR Dl L Soarresoume o Som

Long term average of PVOUT, period 1994-2018

Daily totals: 20 22 24 26 28 30
e D <Wh/kwp
Yearlytotals: 730 803 876 949 1022 1095

This map is published by the World Ban's Group. furded by ESMAP, and prepared by Solargs. For more information and terms of use, please visit http://globalsolaratlas.info.




image43.png
‘GLOBAL PHOTOVOLTAIC POWER POTENTIAL | Country Factsheet

United ngdom

(@ rewonoma < eswae

The World Bank Group

Pagelof3
INDICATORS SUMMARY STATISTICS
Totars) Evalomed res Prpyp—— aiman 308 asimum 308
poputation 2018) 66,088,
o percenie s 278 Percenie7s 279

0P percapta (2018) 42491 u50
oL 2017) 052/ 13 vesan 261 vt 262
Elcticyconsumpion percapta

iy consumpton per capa 2014) 5,130 kWhfyear 20 et
PV installed capciy (2018) prp— N N
verag heortcl potentsl GHD rank 2,592 kh/m? | 208 percetle 25 243 percentie 25 245
verage pracca ot vl 1/ 1 2,693 kWHlWp | 209 " 216 e 208

[rere— Py
PUOUT seasonalyindex country ange) 5,13 (3.48 - 29.03)

LCOE verags (countyrange) 0.5 0.13-019)

'DISTRIBUTION OF PHOTOVOLTAIC POWER OUTPUT

wapp 4204 853% 1000
owrio o2 13n aan 1

30-28 a9 mow 101 NN
20-26 mse 2mon e I
2624 19 2000 227
24222 o1 max ser NN

below22 13 19% 36w

'MONTHLY VARIATION OF PHOTOVOLTAIC POWER OUTPUT

‘gobalsolaratias.info/global-pu-potential-study/




image44.png
Dir Cymru Electrical Speciication
‘Welsh Water LowVoliage Variabie Speed Dives.

5.2 VSDs minimum requiremen

521 The design, constructon and testing of the VSD shall comply wih al relevant UK statutory
regulations inchuding:

) The Electrcal Equipmert (Safety) Reguations 1994,

b) The EMC Reguiatins;

) The Equipment and Profeciive Systems ntended for Use in Potentally Explosive
Aimospheres Reguiatons (applcable).

) The Radio Equipment Reguiatons;

&) The RoHS Reguiations;and

7). The Supplyof Machinery Safety Reguiations.

522 and the latestedifions (current atthe time of tender) o al relevan infemational, harmorised
European and Bitish standards, indudng:

) BS EN 60204-1 - Safety of machinery. Electrical equipment of machines. General
requirements;

) BS EN 60529 - Degrees of protecton provided by enclosures (IP Code);

) BS EN 606641 - Insulation coordinaton fo equipmert within low-voltage systems. Princpls,
requirements and tests;

) BS EN 61000.3:2 Electromagneic compatbilty (EMC). Limis. Limis for harmonic curtent

) BS EN61000:3-12- Electromagnetic compatibitty (EMC) Limits. Limks for harmonic currents
produced by equipment connected to publiclow-voliage systems.

7). BS EN61000.6-1 - Electromagnetc compatbilty (EMC). Generic standards. Immunyfor
residential, commercial and ight-ndustialenvironments;

) BS EN61000-6.2 - Electromagnetc compatbilty (EMC). Generi standards. Immunyfor
industrial environments;

h) BS EN 61000.6:3 - Electromagnetic compatbiiy (EMC). Genaricstandarcs. Emission
standard for residental, commercial and fght-industial envronments;

) BS EN61000.6-4 - Electromagnetic compatilty (EMC). Generi standards. Emission
standard for industral environments;

) BS EN61800-3 - Adjustable Speed Electic Power Diive Systems Part 3 EMC Requrements
and speciicest requirements;

k) BS EN61800:5-1 - Adjustable speed electrica power drive systems. Part 51 Safety.
requirements - Electical themnal and energy.

1) BS EN61800.5.2- Adjustable Speed Electical Drive Systems — Funcional Sefety
Requrements;

m) BS EN 61800.9.2 - Adjustable speed elecirical power drive systems. Eco-design for power
drive systems, motor starters, power electonics and their diven appications. Energy
effiiency indicators for power drive systems and moor starters),

) BS ENISO 9001 - Qualty management systers. Requirements; and

) BS ENISO 14001: - Environmental management sysiems. Requiremen's with guidance for

5.3 Input Range

531 VSDs shal be capable of operating over the following nput ranges:
Table 1 Input Ranges

ESTBvemond. Page 50130 August 2020
UNCONTROLLED WHEN PRINTED
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9 Power Factor Correction

911 Witha VSD, no power factor correcton capaciors are required to be installed i the motor
circuit2s the VSD wil always provide the reactive power.

912 Where powes faciorcomocion s equired on a VA, consideraton o using te avaabe spae
aciive KVAR avaiable on a VSD for comrocting other quipment PF when connectad o the
same supply.

.13 I is essential thatthe Instaler of any VSD shall take care of the existing asset to avoid
Interfering with power factor correction and should always consider de-tuning of any pre-
installed PFC equipment, ofherwiss it could resultin igher energy cosss i the PFC unit shout
be damaged or ripped.

10 Motor/Pump Requirements for VSD operation

10.1.1 The use of IE4 & IES motors are encouraged for enargy effiency by DCWW. As a business
we shouid pro-acively encourage by making reference to AM_L_PR1_005_Energy Efficert.
Motors Straiegy Documentby encouraging the driven plant manufacturers o considerinstaling
motors fromthe same manufacturer as the DCWIW Framework VSD drives taking advariage
of new motortechnologies from the DCWIW Framework manufacturer;

10.1.2 The Designer shall ensure that where motors/pumps are o be operated via VSDs they are
corectly selected according o thei required dutes. The designer shal provide al reevart
nformation o the pump manufacturer o ensure that the correct molor is selected.

10.1.3 The powerftorque requirements e.g. variableagainst constant torque), VSDdrivesmay equie.
p 102 30% increase in the KW rating for submersible pump motors to aid motor coolng
‘compared with a fired speed submersible speec pump, due to coolingrequirements and may
ot provide the energy saving expected on constant torgue applicatons, due to the
unavailabilty of the expected forque affnty savings:

10.1.4 Wnere motors are iven by VSD's that exceed 70 KW, the Supplers designers have a duty of
care 1o inform the manufacture o the diven plant 1 consider e use ofnsuiated bearngs on
motors to avoi excessive bearing wear resuiting n premature fakre;

10.1.5 Where modifications are being considared to convert from fixed speed to variable speedfor
affinity savings, the above clauses shal be considered for the driven plant inclusive of good
EMC practices with exising fied cabing at an early stage ofthe easitity sty

1016 Hydrauic equirements flows, pressiures, heads etc.) must be considered and adequately met
as part o the design:

10.1.7 Speed range, if e pump does nothave a true variable pumping range and ffen urs onor
near 50 He, the running costmay be 110% of a constant speed pump increasing the waste
heat produced significanty;

1018 Environment issues (¢.g. Explosive Atmosphere detais .e. Zone, Gas Group/Sub-Gotp,
Temperature classficaton, otc).

10.1.9 Votage ating of VSD may range from a selecton between 230V, 400V, 690V

ESTBverond. Page 280130 “August 2020
UNCONTROLLED WHEN PRINTED
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12.2Control System
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General

“The Standalone VSD shall meet compiance with the associated sectons of tis speciicaion
and incorporate a contrl system, complete it all necessary components/systems for e
ontrol, monioring and protection of the VSD. The armangement forthe VSD cortiguraton fe,
PLC functionblock and SCADA facepate shall be as available on DOWW Source ibray for
the software gudance.

The necessary componerts/systems for the monitoring ofthe driven equipment. Protecion
circuits such as with thermistors, vbraton, pressure efc are not shown on the SDE drawig.
“The inclusion of the protection cicuts shall ot be considered for addtional NP funding. As &

is considered as partof the patiular application design.

‘Access o the controlsystents diagnosicfaciites and the selection and corfiguration of al
ontrol modes and control safety and protection functons shal be possile without opening
the dooricover o the VSD endlosure.

“The Emergency siop and reset push butonshallbe installedstherin the standalone enclosure
adjacent o the stand alone VSD or where considered practical within the Low Votage
‘Assembly. The VSD Feederiprotecton compartment shall include the Emergency stop roay
and allnecessary panel lamps.

Wnen the VSD i selected into ‘hand mode, the following requiremenis shall apply. as a

“The manual controls on the VSD user interface shall overide all automat conok, but shal
Potoveride safety devicss:

A start comman shall cause a normal ramped startup to the pre-set speed:

A stop command sl cause a normal ramped down stop and shutdown ofthe VSD:

The speed of the Drive can beincreaseddecreased by use of confrolier.

Wnenthe VSD s in‘auto’ mode, the VSD shal operate without further manual interventon.
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