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[bookmark: _Toc198908222]Introduction – Mathew Soroka
Water is the foundation of life on Earth, essential not only for human survival but also for sustaining agriculture, sanitation, industry, and energy production. Although water covers approximately 70% of the Earth's surface, only a small fraction is available as freshwater (United Nations, 2021). As populations grow and urbanisation accelerates, the demand for freshwater continues to rise. Combined with the effects of climate change, pollution, and inefficient usage, this increasing demand is placing immense pressure on global water supplies. Water scarcity has become one of the most critical challenges of our time. According to the World Health Organization (2019), over two billion people worldwide currently lack access to safe drinking water. Additionally, climate extremes continue to disrupt water availability, with droughts affecting some regions and floods others. These challenges highlight the urgent need for innovative and adaptable systems that provide access to clean water while protecting natural ecosystems.
One promising solution is rainwater harvesting (RWH). RWH involves collecting and storing rainwater from surfaces such as rooftops, paved areas, or natural catchments. This water can then be used for a variety of purposes, including drinking (when properly filtered), cooking, irrigation, sanitation, and industrial applications (Helmreich & Horn, 2009). Practised for thousands of years by civilisations across the world, RWH is being reconsidered as a low-cost, sustainable solution to modern water challenges.
A well-designed rainwater harvesting system can significantly reduce reliance on conventional water sources like groundwater. It also contributes to recharging aquifers and reducing surface runoff, which can help prevent soil erosion and urban flooding. Using straightforward technologies—such as storage tanks, filtration units, and basic plumbing—RWH systems can be effectively implemented in households, communities, and commercial settings. Most importantly, they empower individuals to manage their water use sustainably, increasing resilience in the face of water scarcity.
This project will focus on the development of a domestic rainwater harvesting and purification system. The project will cover research, system design, control and automation, procurement of components, and performance testing. In addition, key aspects of project coordination and sustainability will be considered to ensure a comprehensive and efficient solution. 
The aim is to design a sustainable water purification system suitable for household use. While current systems often reuse water for non-potable applications such as clothes washing, garden watering, and toilet flushing, there is growing potential to develop systems that treat collected rainwater or greywater to potable standards. Doing so would reduce dependency on external water sources, conserve freshwater, and offer an environmentally responsible solution for modern domestic water needs.



[bookmark: _Toc198908223]Project Management– Mathew Soroka
A project is defined as a temporary endeavour undertaken to create a unique product, service, or result, with a specific beginning and end. The duration can vary significantly, from hours to years. Just as routine operations require management, any initiative involving change demands structured project management. Successful project managers must balance technical tasks with interpersonal dynamics to guide the team effectively. Research shows that top-performing project managers invest significantly more time in planning than others—demonstrating that thoughtful preparation is a key differentiator in project success (Wells and Kloppenborg, 2019).
[bookmark: _Toc198908224]Project Roles
At the outset of the project, one of the team’s first actions was to assign roles to each member. This process was approached strategically, with a clear understanding that aligning roles with individual strengths, professional experience, and personal interests would enhance team productivity, motivation, and overall satisfaction (Asana, 2021).

During our initial kick-off meeting, we took time to discuss each member’s day-to-day responsibilities and areas of expertise. This exercise provided valuable insight into where everyone could contribute most effectively to the project. The team members and their professional roles were as follows:
Dale Gubbins – Product Support Engineer
Rhys O’Shea – Process Improvement Specialist
Mohammed (Mo) Thangeswaran– Mechanical Engineer
Gethin Davies– Product Support Engineer
Parry Phillips – Process Operator
Mathew Soroka – Maintenance Area Manager

After a collaborative team discussion, the following project roles were assigned:

Project Manager – Mathew
As Maintenance Area Manager, Mathew was selected as Project Manager. With experience overseeing operational teams and coordinating engineering activities, he was well-equipped to manage the project’s planning, execution, and delivery. His leadership ensured smooth team coordination and the achievement of key project milestones throughout its lifecycle.
 
Design Specialist – Rhys
Rhys was chosen as Design Specialist due to his more advanced use of CAD combined with his innovative mindset. His creativity and technical skills made him an asset during the design phase. Additionally, his background as a Process Improvement Specialist provided important insights into system efficiency, ensuring optimized design solutions.

Control and Automation Specialist – Parry
Parry was the ideal choice for Control and Automation Specialist due to his hands-on experience as a Process Operator and passion for automation. His knowledge of process control systems, adaptability to new technologies, and problem-solving mindset enabled him to effectively lead the project’s automation efforts and drive success.
Procurement Specialist – Gethin
Gethin volunteered for the role of Procurement Specialist, stepping out of his comfort zone. With a strong analytical mindset and attention to detail, he provided a valuable financial perspective, managing budgets, sourcing materials, and ensuring cost-effective procurement throughout the project, contributing to its overall efficiency and success.

Sustainability and Legislation Specialist – Mohammed
As a Mechanical Engineer with a strong emphasis on sustainability, Mo was responsible for integrating eco-friendly, durable components into the system while ensuring compliance with relevant legislation. His engineering knowledge and environmental awareness helped the project meet sustainability goals and legal requirements, making him essential in achieving long-term, environmentally friendly outcomes.

Market Research and Analysis Specialist – Dale
Dale, with his extensive experience as a Product Support Engineer, led market research, testing, and quality assurance. His strong expertise in product lifecycle management, attention to detail, and commitment to excellence ensured the system was reliable, maintainable, and user-friendly, contributing to its long-term success and effectiveness.

This deliberate and collaborative role assignment process established a clear foundation for efficient teamwork and accountability. By leveraging our varied professional experiences, we ensured each team member was placed in a position to contribute meaningfully to the success of the project.
[bookmark: _Toc198908225]Leadership Styles
Team cohesion is strongly influenced by leadership style. Effective leaders build trust, support team members, encourage participation, and manage conflicts (Mullins, 2016). Common leadership styles include autocratic, where decisions are made independently; democratic, which involves shared decision-making; and laissez-faire, where team members work with minimal guidance (MacLeod, 2024). Each style impacts motivation, productivity, and team dynamics differently based on the context and team composition.
Democratic leadership, a participative approach, involves team members in decision-making, encouraging collaboration and valuing diverse perspectives. Leaders delegate while maintaining oversight, fostering trust and shared ownership. Benefits of this style include high morale, greater creativity, and stronger commitment, as individuals feel heard and valued. It also supports better problem-solving and innovation through collective input. However, it can slow decision-making and create confusion if roles are unclear and may be less effective under time pressure.
For this project, democratic leadership was chosen due to the team’s varied skills. Open communication and equal contribution enabled the group to explore ideas collaboratively and develop effective solutions. This approach promoted a sense of ownership and motivation, supporting productive teamwork and adaptability throughout the project lifecycle.
[bookmark: _Toc198908226]Project Planning
To support the planning process, a Gantt chart was used to map out the project’s schedule, showing areas of ownership, tasks, durations, and dependencies in a clear, visual format. By displaying each task as a horizontal bar on a timeline, it made it easy to see when activities would start and end, how they overlapped, and how they related to one another (Table 1).
[bookmark: _Toc198902739][bookmark: _Toc198902984][bookmark: _Toc198908454]Table 1 – Project Time Plan - Gannt Chart (Microsoft Excel, 2025)
[image: ]
The chart helped break the project into manageable parts, making it easier to assign responsibilities and set realistic deadlines. It also improved coordination by highlighting the order of tasks and identifying critical paths. This made it easier to spot potential delays early, manage time more effectively, and allocate resources where they were needed most (Kerzner, 2017).
Henry Gantt, who developed the Gantt chart, recognised that projects rarely go exactly as planned. He stressed the need for flexibility, openness to feedback, and continuous improvement (Gutierrez, 2023). Reflecting this approach, our chart was updated regularly to track progress, respond to feedback, identify barriers, and adjust timelines when needed.
The Gantt chart was especially useful for planning and monitoring every stage of the project. Overall, it helped improve accuracy, accountability, and communication. The full Gantt chart is available in Appendix A.
[bookmark: _Toc198908227]Weekly Meetings
McGregor’s Theory X and Theory Y presents two contrasting views on workforce motivation. Theory X assumes employees are naturally lazy and require strict supervision, while Theory Y suggests employees are self-motivated, enjoy responsibility, and seek fulfilment in their work (Mullins, 2016). Applying this theory to weekly project meetings encourages a Theory Y approach, fostering transparency, open communication, and shared accountability without micromanagement. Detailed meeting minutes clearly outline roles, responsibilities, and deadlines, promoting ownership and motivation among team members. This method builds trust and collaboration, sustaining productivity and engagement. Therefore, minutes become a tool for empowerment rather than control (Figure 1).
[image: ]
[bookmark: _Toc198908356]Figure 1 – Project Weekly Meeting Minutes. (Microsoft One Note,2025)

In the project, weekly meetings were held every Friday, with minutes recorded and shared. Initially, Microsoft Teams was used, but notification issues led the team to adopt Microsoft OneNote, improving collaboration and accessibility. Meetings consistently began with team check-ins to raise issues, followed by reviews of previous actions and setting clear weekly goals. Minutes summarized discussions, decisions, and next steps, allowing task assignments and encouraging active participation. Meetings ended with a roundtable for additional points, supporting open communication and team cohesion. This structure upheld momentum and ensured steady progress throughout the project.


[bookmark: _Toc198908228]Research, Analysis and Testing Overview – Dale G
This section of the report aims to focus on the Research & Analysis activities carried out for the Sustainable Water Purification System project. As part of the overall group effort to design a system that efficiently filters rainwater and integrates with the mains water supply, my primary responsibility is to conduct in-depth research and provide analysis of the key components necessary for the system’s design UK Government (2016). These components include filtration systems, water storage tanks, pumps, and accumulators. 
The aim of the research is to identify the most appropriate options for each component based on performance, cost-effectiveness, sustainability, and compliance with UK regulations for potable water (Drinking Water Inspectorate, 2024; UK Government, 1999). This report will detail the methods used to assess various component options, the results of the analysis, and the reasoning behind the selections made for the final system design. By comparing specifications and materials, this report ensures that the chosen components are suitable for the intended function and long-term reliability of the system. 
In addition to the component selection, this section will also include market research into existing rainwater harvesting systems on the market. This research will provide valuable insights into the performance, features, and limitations of current systems, helping to improve design decisions and ensure that our solution remains competitive in terms of efficiency, cost, and user experience. 
The market research will be followed by an overview of the required testing and commissioning procedures for verifying the system’s performance. These procedures include water quality tests, pump performance evaluations, leak detection, and ensuring compliance with industry standards such as the Water Supply (Water Fittings) Regulations (UK Government, 1999). The goal of the testing phase is to ensure that the final system operates as expected and meets regulatory requirements for potable water. 
 


[bookmark: _Toc198908229]Market Research - Core Component Research and Selections – Dale G
After an initial team meeting and the development of an initial concept design, it became clear that our goal was to design a water filtration system capable of providing potable drinking water. This design concept was driven by the need to filter and store rainwater for household use while ensuring the system's performance met UK standards for potable water BSI Group (2024). However, following the initial design discussion, several key components required further research to determine their specifications, such as flow rates, pressure requirements, and operational conditions. 
[bookmark: _Toc198908230]Component Research
The research process involved evaluating multiple products that would make up the ‘core’ components of the system, to ensure they met the required criteria. Including performance, compatibility, cost-effectiveness, and maintenance requirements. Below is a summary of the findings from the research phase for each key component. 
[bookmark: _Toc198908231]Ground Level Coarse Filter
The ground-level coarse filter needed to meet the draft design criteria to effectively remove larger debris such as leaves and twigs from the collected rainwater UK Government (2025). It had to be of a suitable size for debris filtration, easily accessible for regular cleaning and maintenance, robust enough for long-term use and underground installation, and include a drain-off or cleaning mechanism to divert or remove the debris away from the system. Below are two filters that were considered:  
300MM Catchpit Chamber - Cost P/U £187 
[image: ]
[bookmark: _Toc198908357]Figure 2 - Catchpit Chamber (Polydrain,n.d)





HydroCell300 – Cost P/U £274.99
[image: ]
[bookmark: _Toc198908358]Figure 3 - Hydrocell300 (Cotterill Civils,n.d)
[bookmark: _Toc198908232]Filtration System – Potable Water 
The filtration system must meet UK drinking water standards to ensure the water is safe for consumption World Health Organization (2017). It should incorporate a multi-stage filtration process to handle various household needs, including drinking, cooking, and general use. Additionally, the system must be designed for low maintenance, with easy access for regular cleaning and upkeep. Below are two filters that were considered: 

3 Stage Complete Water Filtering Kit – Cost P/U £188 
[image: ]
[bookmark: _Toc198908359]Figure 4 - 3-Stage Complete Water Filtering Kit (Pump Express, n.d.)






Reverse Osmosis System Inc. Pump – Cost P/U £345 
[image: ]
[bookmark: _Toc198908360]Figure 5 - Reverse Osmosis System (UK Water Filters, n.d.)
[bookmark: _Toc198908233]1500L Underground Water Storage Tank 
The 1500L underground tank must be robust and resistant enough to safely store filtered rainwater until it is needed. It should be designed for easy access to facilitate maintenance and ensure long-term durability. Additionally, the tank must be compatible with the filtration, piping, and pump systems to ensure seamless integration and reliable operation. Below are two tanks that were considered: 

1500L Underground MDPE Tank – Cost P/U £1490 
[image: ]
[bookmark: _Toc198908361]Figure 6 - MDPE Tank (Tanks for Everything, n.d.)






1500L GRP (Fibreglass) Tank – Cost TBD 
[image: ]
[bookmark: _Toc198908362]Figure 7 - GRP Tank (Ecosure, n.d.) 
[bookmark: _Toc198908234]Water Pump (Inc. Integrated flow sensor & NRV) 
The water pump must be robust and resistant enough to operate efficiently while stored underground. It should be low maintenance, quiet, and energy-efficient to ensure optimal performance with minimal upkeep. Additionally, if possible, the pump should incorporate a flow sensor and a one-way valve to prevent mains water backflow, ensuring the system's integrity and compliance with regulations. Below are two options considered: 
Grundfos 240v Submersible Pump (SBA Variant) – Cost P/U £500-£700 
[image: ]
[bookmark: _Toc198908363]Figure 8- Grundfos 240v Submersible Pump (Grundfos, 2023)









Grundfos Scala Series – Cost P/U £550-£600 
[image: ]
[bookmark: _Toc198908364]Figure 9 - Grundfos Scala Series Pump (Grundfos, 2024)

[bookmark: _Toc198908235]Accumulator 
The accumulator must ensure a continuous water supply with mains water at a consistent pressure. It should be low maintenance, robust, and resistant to degradation for long-term reliability. Additionally, the accumulator must store a reserve of pressurised water to meet small water demands (e.g., hand washing or toilet flushing) without requiring the pump to operate, thereby increasing the system's lifespan and reducing energy consumption. It should be suitable for small to medium-sized households. Below are two options: 
Steel Pressure Tank – MXB Series – Cost P/U £50 - £100 
[image: ]
[bookmark: _Toc198908365]Figure 10 - Steel Pressure Tank (Global Water Solutions, 2024)






Diaphragm (Bladder) Tank – Zilmet Ultra Pro Series - £40 - £100 
[image: A black text on a white background
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[bookmark: _Toc198908366]Figure 11 - Zilmet Diaphragm Tank (Zilmet UK Limited, 2023)
[bookmark: _Toc198908236]  Core Component Comparisons and Selection 
In this section, a series of comparison tables have been created to evaluate the core components of the system. These tables assess relevant factors such as cost, performance, ease of maintenance, and some advantages and disadvantages of each, allowing for a clear selection process and recommendation of the most appropriate components for the system. 
In this section, a series of comparison tables have been created to evaluate the core components of the system. These tables assess relevant factors such as cost, performance, ease of maintenance, and some advantages and disadvantages of each, allowing for a clear selection process and recommendation of the most appropriate components for the system. 
[bookmark: _Toc198902740][bookmark: _Toc198902985][bookmark: _Toc198908455]Table 2 – Course Filter Comparison
[image: ]
The recommended coarse filter was the Hydrocell300 due to its removable basket, which allows for easy cleaning and maintenance. Although cost is higher, this feature is essential for ensuring that the filter remains operational with minimal effort. Regular maintenance is crucial for maintaining the system’s performance, and a filter that can be cleaned easily and effectively will save both time and labour. (Polydrain, n.d.) (Cotterill Civils, n.d.) 
[bookmark: _Toc198908456]Table 3 – Fine Filter Comparison
[image: ]
The 3-stage filtration kit was recommended for its fast filtration speed, making it the best choice for households where time and efficiency are critical. It also requires less frequent maintenance compared to other filtration systems, which will help keep operational costs low. Moreover, it ensures that the water meets potable water standards, making it a good fit for both drinking and non-drinking applications. (Pump Express, n.d.) (UK Water Filters, n.d.) 









[bookmark: _Toc198908457]Table 4- 1500L Storage Tank Comparison
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The MDPE low profile tank was chosen for its ease of installation, particularly in environments with limited space. While it is not as durable or temperature resistant as the GRP tank, it provides a cost-effective, recyclable solution that still meets our storage needs. The ability to install the tank with minimal disruption and at a lower cost outweighs the need for the superior durability of GRP in this case. (Tanks for Everything, n.d.) (Ecosure, n.d.) 

[bookmark: _Toc198902743][bookmark: _Toc198902988][bookmark: _Toc198908458]Table 5 – Water Pump Comparison
[image: ]The Surface Booster Pump was selected due to its higher performance, integrated speed control, and Non-Return Valve (NRV), all of which contribute to more efficient operation and greater water pressure stability. Additionally, it offers these features at a similar or even slightly lower cost than the submersible options, providing better overall value for the system. (Grundfos, 2023) (Grundfos, 2024) 
 
[bookmark: _Toc198902744][bookmark: _Toc198902989][bookmark: _Toc198908459]Table 6 – Accumulator Comparison
[image: ]
The Zilmet Diaphragm Tank was recommended due to its high-pressure stability, replaceable membrane, and flexible orientation options. These features ensure that the tank will perform well under varying pressures and can be maintained easily. Furthermore, the price point of the Zilmet tank is comparable to that of the steel pressure tank, offering similar performance and durability. (Global Water Solutions, 2024) (Zilmet UK Limited, 2023) 


[bookmark: _Toc198908237]Market Research – Existing Systems – Dale G
To better understand sustainable water purification and rainwater harvesting systems, a market analysis of existing systems has been conducted. This section will review some of the current products available in the market, comparing their key features with the design specifications and objectives of our system. 
[bookmark: _Toc198908238] Kingspan Rainwater Harvesting System
Kingspan Water offers a variety of rainwater harvesting systems designed for both domestic and commercial applications. The Kingspan Water Harvesting system includes filtration units, storage tanks, and a pump system to provide clean, safe water for non-potable applications such as irrigation, flushing toilets, and laundry. (Kingspan Water, 2025) 
AquaHarvest Domestic Rainwater Harvesting 
[image: ]
[bookmark: _Toc198908367]Figure 12 - AquaHarvest Rainwater Harvesting (Kingspan, 2025)
Key Features 
· Three tank sizes ranging from 2350 – 4600 Litres. 
· Leaf and fine multi-stage filtration system  
· ‘Intelligent’ pump system for automatic operation recognises when demand is required for household appliances. 
· Shallow dig application. 
· System recognises low level and charges with mains water when required. 
Limitations  
· Non-Potable water supply.  
· Larger size tanks less suitable for urban areas and domestic applications. 
· Time consuming maintenance due to inaccessibility of components 
(Kingspan, 2025) 
[bookmark: _Toc198908239] Grundfos Rainwater Harvesting System 
Grundfos offers a range of components suitable for creating a custom-designed rainwater harvesting system however they do not provide a complete, pre-packaged system. Customers can purchase individual components such as pumps, pressure boosters, and control units, and combine them to create a fully integrated rainwater harvesting system tailored to specific needs. 
Key Features 
· Wide array of high-quality energy efficient pumps, filtration and storage solutions.  
· Highly customisable based on system requirements. 
· World renowned manufacturer in high-quality HVAC, water supply, sewering and metering systems. (MachineMFG,2024) 
· Remote management – Internet based systems to manage and monitor performance.  
Limitations 
· Lack of pre-packed system, requiring time and expertise for installation. 
· Costing – buying individual components can become costly when comparing against pre-packaged system. 
· Complexity – The system may require professional installation and setup which will incur costs.   
(Grundfos, 2025) 
 
[bookmark: _Toc198908240] GRAF Rainwater Harvesting System 
GRAF is a well-established German manufacturer offering a modular range of rainwater harvesting systems for both domestic and commercial use. Their systems are known for high-quality construction, customisability, and sustainability, and are available in various tank sizes ranging from 1,500 to 65,000 litres. GRAF systems are commonly packaged into solutions for either garden irrigation or home and garden use, with features including self-cleaning filters, submersible or booster pumps, and intelligent water control systems. (GRAF, 2025) 
Platin Eco-Plus Rainwater System 
[image: ]
[bookmark: _Toc198908368]Figure 13 - Platin Eco-Plus Rainwater System (GRAF,2025)
 
Key Features 
· Modular tank design with shallow-dig or underground installation. 
· High-efficiency, self-cleaning filter systems with >95% water yield. 
· Wide range of tank sizes and dome cover options for both pedestrian and vehicle loading. 
· Fully automatic control systems like Aqua-Center Silentio for low-noise, mains-switching operation. 
· Integrated submersible pumps for ease of use with automatic activation on demand. 
· Suitable for potable and non-potable systems depending on filter configuration. 
· GRAF tanks are durable, lightweight, corrosion-resistant, and designed for long service life (15-year warranty). 
 
Limitations 
· Higher initial cost for advanced packages compared to basic or DIY systems. 
· Some options may require specialist installation. 
· Not all tank sizes are suitable for small/medium sizes urban installations. 
· Remote management and HMI interfaces are only included with high-end packages. Basic systems lack connectivity features. 
(GRAF, 2025. Catalogue: Rainwater Management) 


[bookmark: _Toc198908241]Testing Requirements – Dale G
The post-installation phase of the system involves conducting essential tests to ensure the system operates as intended, is safe for use, and meets the regulatory standards. The key tests for the rainwater harvesting system include Leak Tests, Water Quality Tests, Pump Performance Testing, and Ensuring Compliance with Regulations. Each of these tests plays a crucial role in verifying the integrity and functionality of the system. 
[bookmark: _Toc198908242]Leak Testing 
Leak testing must be carried out to ensure that the entire system is free of leaks and operates without water loss at any of the joints, connections, or system components UK Government (2015), British Standards Institute (BSI). The following three methods can be used: 
Visual Inspection - Inspection the pipes, tank connections, filters, and pump to ensure there are no visible leaks. Special attention must be given to any areas where joints, seals or connections are used.  
Pressure Testing - Fill the system with water and pressurise it using a hand pump or air compressor. Monitor the pressure gauge for any decrease in pressure, which would indicate a leak in the system. For underground components like the storage tank, monitor the water level for several hours to identify slow leaks. 
Solution Method - Use a soap solution at connections or joints, and look for bubbling, which would indicate a leak. 
Tooling Requirements: Pressure gauge, Air compressor or hand pump, Soap solution or leak detection fluid, Visual inspection tools 
[bookmark: _Toc198908243] Water Quality Tests 
This testing ensures that the rainwater harvested by the system is safe for potable use and meets the required drinking water standards. (UK Water Filters (2024), WHO (2021)) 
Physical and Chemical Testing  
Use a water quality testing kit to check parameters such as pH levels, hardness, and chlorine levels (Drinking Water Inspectorate, 2024) 
Test for bacteria and pathogens, including E. coli and coliforms, using appropriate test kits or by sending samples to a certified laboratory 
Use a TDS meter to measure the Total Dissolved Solids (TDS) in the water. For potable water, the TDS should be within safe limits not exceeding 500ppm. (One Green Filter, 2021) 
Flow Rate of Filtration 
Measure the flow rate through the filtration system to ensure that it is performing as designed, and that there is no clogging or reduction in performance over time. 
Clarity and Microbial Testing 
Conduct clarity tests to ensure the water is clear and free of large particles. Use a turbidity meter to assess this. 
Tooling Requirements: Water quality testing kits (pH, chlorine, hardness), Bacteriological testing kits (E. coli, coliform bacteria), TDS Meter, Laboratory testing services (If required).
[bookmark: _Toc198908244] Pump Performance Testing 
Pump performance testing must be carried out to ensure the pump delivers water at the required flow rate and pressure and operates efficiently Grundfos (2024). This can be tested using the following methods: 
Flow Rate and Pressure Testing   
Measure the water flow rate (litres per minute or gallons per minute) delivered by the pump, and compare it with the design specifications. 
Check the pressure at the point of delivery (e.g., tap or appliance) using a manometer to ensure the system provides the correct pressure under various conditions. 
Monitor the pressure at the pump’s inlet to ensure the pump is operating within its expected parameters. 
Efficiency and Noise Testing 
Measure the energy consumption of the pump to ensure it is operating efficiently. 
Test the noise levels of the pump to verify it operates within acceptable noise levels 
Run the pump through a series of operating cycles to ensure it can function continuously without issues 
Tooling Requirements: Flow Meter, Pressure gauge or manometer, Sound level meter (Pump noise), Power meter (Energy consumption) 
[bookmark: _Toc198908245]Ensuring Compliance with Regulations 
To verify that the entire system complies with relevant UK regulations and standards for rainwater harvesting systems. (BSI Group (2024), UK Government (1999), UK Government (2015)). 
[bookmark: _Toc198908246]Compliance with Drinking Water Regulations 
Ensure the system is compliant with the Water Supply (Water Fittings) Regulations 1999, which are designed to prevent contamination of public water supplies. This includes ensuring proper backflow prevention to prevent any cross-contamination between the harvested rainwater system and the mains water supply. (Drinking Water Inspectorate, 2024)
Conduct a backflow prevention test using a backflow tester to ensure that no water from the rainwater system can flow back into the mains supply. 
[bookmark: _Toc198908247]Environmental Compliance 
Verify compliance with the Rainwater Harvesting: Regulatory Position Statement, which outlines environmental best practices for rainwater harvesting to prevent environmental harm, such as overflowing or contamination. 
[bookmark: _Toc198908248]Building Regulations Compliance 
Ensure the system adheres to the Building Regulations 2010: Drainage and Waste Disposal, which sets out safety and installation standards for drainage systems. This includes ensuring the system is installed correctly and that all components are compliant with building codes. 
[bookmark: _Toc198908249]Design & Installation Standards 
Verify that the system complies with British Standard BS EN 16941-1:2024, which provides guidelines for the design, installation, testing, and maintenance of rainwater harvesting systems. 
Required Tooling: Backflow prevention tester, Compliance documentation and standards (BS EN 16941-1:2024, Water Supply Regulations 1999), Final inspection checklist.
[bookmark: _Toc198908250] Test Procedure – Dale G
[bookmark: _Toc198902745][bookmark: _Toc198902990][bookmark: _Toc198908460]Table 7 - Test Procedure Graf UK, n.d.) (Drinking Water Inspectorate, 2024) (United Utilities, n.d.) (OneGreenFilter, n.d.)
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[bookmark: _Toc198908251]Identify Initial Problem & Design Needs – Rhys O
Before developing the system/design, it was important to determine both the problem and user needs that the system was to resolve/require. This gave assurance that the system produced would be functional, relevant and of genuine value. The primary problem is the residential reliance on a centralised water supply, which presented the potential for increased vulnerability and costs, as supply changes. A rainwater harvesting system is a method to relieve some of that pressure on households, with the ability for users to control usage and decrease costs. Environmental concerns, such as surface run-off, increased flood risk, and climate change also warranted another reason to capture as much rainwater locally as possible (Walsh, 2023). Global water scarcity was also increasing with climate change and population; thus, there is an increased need for sustainable water systems (WorldWildLife, n.d.). The issues shaped the idea development of the system, so that a design specification which concentrated on effective collection, treatment, safety, integration, low maintenance, and regulatory requirements could be made.

















[bookmark: _Toc198908252]Initial Ideas and Matrix Analysis – Rhys O
After identifying specific problem areas with domestic use of water, the design team quickly moved into the idea development phase with three different concepts for a rainwater harvesting system. Each concept had its own unique layout and methods of filtration, while also providing varying levels of integration with existing plumbing systems.
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[bookmark: _Toc198908369]Figure 14 - Concept 1
Concept 1 presented a simple, low-cost solution. Rainwater would be collected via existing gutters and then pass through a two-stage filter, either located in the guttering or on top of the tank. The water is then stored in an above-ground tank. This design was easy to install and maintain due to its accessibility. However, it posed aesthetic concerns and occupied outdoor space. Additionally, the water collected would not be suitable for potable use.
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[bookmark: _Toc198908370]Figure 15 - Concept 2
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[bookmark: _Toc198908371]Figure 16 - Concept 3
Both concepts 2 and 3 were underground rainwater storage systems, which meant they were discreet and saved visible space on-site. For concept 2, rainwater was pre-filtered through a coarse filter before being stored into a buried tank. Once required, household demand would pump the collected water through a fine filter. Concept 3 was similar, the difference being it eliminated contaminants before storing rainwater and only pumped above ground for when it was needed. Both concepts were viable options, however, they did have significant installation costs due requiring excavation. Each of the three concepts however, incorporated a monitoring system and planned to have a PLC for the management of mains and stored water, as well as viewing tank water levels.

Following the development of the three design concepts, they were evaluated using a weighted matrix analysis to score the concepts against different criteria. Concept 1 scored lowest, largely due to visual and functional limitations. Whereas Concepts 2 and 3 performed significantly better, particularly in water quality and space utilisation. As the only major difference between them was the stage at which fine filtration occurred, a hybrid of both systems was selected for development. This allowed design flexibility while further research, regulatory review, and practical installation considerations could be addressed. The goal remained clear: to develop a reliable, efficient, and user-friendly system aligned with the initial design specification.

[image: A diagram of a diagram
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[bookmark: _Toc198908372]Figure 17 - Design Matrix Analysis

A matrix analysis is a useful technique when making a decision, where there are a lot of factors to consider (ActiveCollab, 2024). The use of a matrix ensured that the evaluation process was transparent and balanced, allowing the team to decide based not just on intuition, but on measurable performance indicators. This structured decision-making approach ensured that the chosen design provided the best overall value and feasibility for the intended purpose, aligning with both user needs and the core objectives of the project. 



[bookmark: _Toc198908253]Final Concept – Rhys O
Below is the final sketch concept that was selected following the development of initial design ideas and a detailed matrix analysis. This concept was chosen based on its overall performance across key criteria, and the final design specification was ultimately based around it.
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[bookmark: _Toc198908373]Figure 18 - Final Concept










[bookmark: _Toc198908254]Design Specification- Rhys O
[bookmark: _Toc198908255]Product Overview
The system should collect, store, and filter rainwater from residential roofs for potable home use. It should be designed to be efficient, sustainable and regulatory compliant.
[bookmark: _Toc198908256]System Components
[bookmark: _Toc198908257]Rainwater Collection System
The system must capture rainwater from residential roofs using existing guttering system. 
Gutter Integration
The system should integrate with the home’s existing gutter system (Diameter 75mm-110mm) (Drainage Superstores, n.d.).
Overflow Management 
The system will be designed so that in the case of excess water in the system, it can be diverted away from the storage tank and into the existing drainage system.
[bookmark: _Toc198908258]Filtration System
Pre-Filtration:
· Mesh Filter: A removable mesh filter with ranging pore sizes from 10mm to 1mm will be installed at the tank inlet, removing large debris like leaves and twigs.
· Sediment Filter: A 5-micron sediment filter should be incorporated into the design to trap fine particles such as dirt and sand.
Filtration Efficiency:
· Coarse Filtration: Should remove 90% of particles > 1 mm.
· Fine Filtration: Should remove ≥99.99% of bacteria and particulates 
Filter Maintenance Indicator:
Pressure-drop gauges or smart electronic sensors should signal when filters are blocked or need replacement.
[bookmark: _Toc198908259]Storage Tank
Tank Material:
The tank should be constructed from either UV resistant polyethylene or stainless steel. As these are certified for potable water and corrosion resistant (Tricel, 2025).
Tank Capacity
The tank should hold 1500 litres of water. 
Design Features
· Access lid: Lockable lid for access to the tank for inspection and cleaning
· Insulation: Optional insulation in colder climates to prevent freezing
· Load Rating: Suitable for underground installation with vehicular or pedestrian traffic on top
[bookmark: _Toc198908260]Pumping System
Pump Type
An inline centrifugal pump should be used, which can run dry protection, maintain pressure and effective low-noise operation. 
Pump Capacity
· Flow rate: The pump’s flow rate should be ≥20 L/min.
· Pressure: The pumps pressure should be ≥2 bar.
Control System
The pump system should incorporate a float switch or pressure sensor for automatic start/stop function. Which is integrated with tank level sensors for dry run prevention. 
[bookmark: _Toc198908261]Underground Housing and Installation
Tank Enclosure
The tank enclosure should buried at a safe height that meets UK standards (More than 0.6m in the UK) (DWI, n.d.). 
Inlet and Outlet Ports
Inlet and output ports must be sealed using pressure-rated HDPE or PVC piping.
Piping System:
· Inlet piping: Should be 110 mm diameter and sloped for gravity-fed flow. 
· Outlet piping: The outlet piping diameter must meet standard UK standards (1”Æ), with consistent pressure supply (Fastbuild Supplies, 2023). 
· Overflowing piping: Should be greater than outlet piping, to allow high flow rates away from the system. 
· A non-return valve should be incorporated to prevent backflow, avoid contamination and meet government regulations. 
[bookmark: _Toc198908262]Environmental Considerations
System should reduce mains water demand and supports sustainable water usage
[bookmark: _Toc198908263]Drainage
The area surrounding the storage tank must have proper drainage to avoid water accumulation and flooding around the installation site.
[bookmark: _Toc198908264]Materials:
· Tank and components should be made from recyclable or low-impact materials.
[bookmark: _Toc198908265]Maintenance and Longevity
[bookmark: _Toc198908266]Filter Maintenance
· Fine filters should be easily replaceable, and their longevity should be clearly defined based on the amount of usage.
· Coarse filters should be easily accessible for cleaning/maintenance.
[bookmark: _Toc198908267]Tank Cleaning:
· Manual cleaning/maintenance access must be available on the system.
· Regular cleaning intervals should be established, to prevent contamination.
[bookmark: _Toc198908268]Pump Servicing
Pump must be accessible for regular maintenance/servicing. 
[bookmark: _Toc198908269]System Lifespan 
System Lifespan should be ≥ 20 years, providing routine maintenance.
[bookmark: _Toc198908270]Control Systems
[bookmark: _Toc198908271]Control Panel
The system should have an automated control panel with clear indication of filter status, water tank levels, and pump functionality. 
[bookmark: _Toc198908272]Sensors:
· The system should include sensors to monitor the water level within the storage tank.
· Pressure sensors should also be included for pump control. 
[bookmark: _Toc198908273]Power Supply:
System should use standard 24V DC for control equipment and 230v AC for the pump.
[bookmark: _Toc198908274]Safety and Regulations
[bookmark: _Toc198908275]Health & Safety Compliance:
· System materials must meet BS EN 806 standards for potable systems (DWI, n.d.)
· System must allow maintenance access, whilst also being safe for users (no trip hazards)
· The system must be designed to be child safe.
[bookmark: _Toc198908276]Regulatory Compliance:
· System must be compliant with local planning permissions 
· Filters must meet BS EN 806 and WHO water quality guidelines (DWI, n.d.)
· The Tank must comply with BS EN 976 regulations (underground tanks)
· Electrical systems comply with BS 7671 wiring regulations
[bookmark: _Toc198908277]Overflow Safety:
Designed to prevent tank flooding and includes non-return valves to protect the water supply and prevent backflow.
[bookmark: _Toc198908278]Optional Features
[bookmark: _Toc198908279]Smart Home Integration:
The system could integrate with home automation systems, allowing remote monitoring and control via smartphone apps.
[bookmark: _Toc198908280]Water Quality Monitoring:
Continuous water quality monitoring system that checks pH, turbidity, and disinfectant levels.
[bookmark: _Toc198908281]Estimated Costs
[bookmark: _Toc198908282]Initial Installation:
The system should cost less than £5000 
[bookmark: _Toc198908283]Operating Costs:
· The pump electricity cost should be ≤ £30 per year. 
· The filter replacement cost should be ≤ £150 per year.
[bookmark: _Toc198908284]Design Assumptions
· Installation site allows for underground tank
· Domestic household of 3–5 people
[bookmark: _Toc198908285]System Architecture & Functional Layout – Rhys O
The system flow follows an efficient sequence which is designed to optimise rainwater collection, treatment, and delivery to the household. The flow path begins when rainwater is collected from the roof and enters the system through the existing guttering infrastructure. Initially water will flow into a coarse filter to remove larger debris like leaves, twigs, and moss. This first filtration step will prevent clogging and prolong component life further downstream.
After the coarse filtration, the water then enters the storage tank. The tank, buried below ground level close to the house, stores semi-filtered water in a cool dark space to help reduce algae and bacteria growth. The tank also has a level transmitter in line with the tank (seen as the tapped insert in the drawing) to continuously monitor the water level. The water is pumped from the tank through the fine filtration filters to produce water to potable standards. These filters and the pump are sat in a filter housing to allow for easy maintenance. Each side of the filters also have a tapped insert for the differential pressure transmitters, that will measure each side of the filters pressure to identify whether they are blocked. The water then travels through the system and through a pressure vessel where it then meets the mains line into the house.
A labelled 3D schematic (see below) shows how the different components of the system spatially relate and functionally flow together; also identified here are some important design features and how the design components connect. The system has been designed for performance, serviceability and to provide minimal visual impact in a residential environment. The individual component level functionality and drawings can be found in later sections.
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[bookmark: _Toc198908374]Figure 19 - System Overview
[image: A diagram of a machine

AI-generated content may be incorrect.]
[bookmark: _Toc198908375]Figure 20 - Section View of System
[bookmark: _Toc198908286]Component-Level Design – Rhys O
As stated within the component research section, most system components are off-the-shelf. Therefore, were modelled using accurate dimensions but not designed by the team. Custom-designed features are listed below. 
[bookmark: _Toc198908287]Coarse Filter Design
The coarse filter plays a vital role in the system, intercepting larger debris like leaves, moss, and twigs before water reaches the main storage tank. This component was custom developed with practicality and performance in mind. 
Inside the filter housing are four ledges (see figure 26), each designed to hold a grated mesh insert (See figures 62-68). These inserts are arranged in a sequence from coarse to fine, with the largest mesh at the top to catch bulkier materials and finer meshes placed lower down to trap smaller particles. This stepped filtration approach not only improves efficiency but also helps prolong the service life of each mesh layer.
To support routine cleaning, all mesh inserts are fully removable. The filter’s lid is designed to sit slightly below ground level, maintaining a tidy appearance. Initially raised handles were used for the lid, however this was upgraded so that the lid includes built-in slots that allow for lifting with a hook, meaning it can sit flush at ground level. At the base, a drain port channels filtered water to the underground tank, while an overflow near the top redirects excess water safely to existing drains in the event of heavy rainfall.
Drawings can be found in the appendices. 
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[bookmark: _Toc198908376]Figure 21 - Coarse Filter Assembly 
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[bookmark: _Toc198908377]Figure 22 - Coarse Filter Assembly 
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[bookmark: _Toc198908378]Figure 23 - Initial Lid Design
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[bookmark: _Toc198908379]Figure 24 - New Lid Design
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[bookmark: _Toc198908380]Figure 25 - Coarse Filter Assembly Model
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[bookmark: _Toc198908381]Figure 26- Coarse Filter Assembly Section View

[bookmark: _Toc198908288]Tank Maintenance Access
Since the tank was an off-the-shelf component, it had to be positioned 230mm below ground level to align with the gravity-fed inlet from the coarse filter. To ensure accessibility for maintenance, a custom access unit was designed. This unit features integrated lifting slots, matching those used on the coarse filter lid.
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[bookmark: _Toc198908382]Figure 27 - Tank Access Unit
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[bookmark: _Toc198908383]Figure 28 - Tank Access Unit
[bookmark: _Toc198908289]Filtration and Pump Housing
In order to keep the filter and pump components accessible for maintenance and filter change-outs, while also preventing soil contamination, a dedicated housing unit was designed. This housing unit is large enough to hold all needed components: filters, sensors, and the pump. It is made to be flush with the ground and it will be a lid design similar to that found on the coarse filter and tank access units.
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[bookmark: _Toc198908384]Figure 29 - Filter and Pump Housing Unit
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[bookmark: _Toc198908385]Figure 30 - Filter and Pump Housing Unit










[bookmark: _Toc198908290]CAD Modelling Process – Rhys O
The CAD modelling process was completed in Autodesk Fusion 360 because it offers the best flexibility for what was required. The design process adopted a more formal modelling hierarchy that started with modelling parts, then sub-assemblies, and finally the entire rainwater harvesting system. This helped to keep tracking organized and make possible changes to component designs easier to accommodate throughout the scheme. Each stage of development entailed several iterations of modelling. The modelling started with an initial concept model to establish the basic form and arrangement. Then after gathering views from the team, adjustments to components and arrangement were made. 
The arrangement continued to change into the design stage of the process, making rational updates to each and every design element to ensure functionality, ease of install, and ease of maintenance. Fusion 360 allowed the use of its versioning tools which provided an ample process to track changes and accommodate improvements. Ultimately, this process drastically improved the functionality of the final model, providing assurances that the model was not only correct, but also part of an accurate description of the functional specifications of the system.














[bookmark: _Toc198908291]Design Considerations for Installation, Use and Maintenance – Rhys O
Firstly, the configuration of the system utilises gravity feed, as water flows from the gutters to the filters and into the underground holding tank, this minimises energy usage and reduces backflow or overflow risks. The 110mm Diameter pipe between the coarse filter and tank allow for high flow rates into the tank (Supmea, 2023). This lets a volume of water flow into the tank quickly and not block any of the pipes, as if the volume of water is too high, it will cause a backlog and overflow. An oversized pipe (Bigger than standard (50mm Diameter)) serves the same purpose. The underground tank is located close to the house to ensure shorter pipe runs, reduced pressure loss, and easy connection to the homes internal plumbing. Additionally, to make maintenance easy, access points have been included in strategic locations, including the filtration units and tank, to allow for the easy inspection and cleaning of the systems without needing excavation.
With the addition of a level transmitter in the tank, a differential pressure sensor over the fine filter to report on blockages, and a pressure sensor after the pump to report on system performance - monitoring of this system by the user is fully optimised. The components are modular in design, allowing the replacement and upgrading of components to be simple. While the inclusion of both overflow and isolation features such as the Non-Return Valve, demonstrates the potential for the system to be operated safely, and in compliance with regulations (Aqua Cure, n.d.). 
The methods used within the design reflect the initial priorities from the design specification, including maintenance provision, quality of water collection, safety, and compliance of operations. Through the use of sensors, modular components, and reliance on gravity for passive flow, the system can operate effectively and meet the functional and performance requirements discussed at the beginning of the design. This demonstrates the importance of the design specification.

[bookmark: _Toc198908292]Final Design – Rhys O
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[bookmark: _Toc198908386]Figure 31 - Final Design
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[bookmark: _Toc198908387]Figure 32 - Final Design Drawing 1/3
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[bookmark: _Toc198908388]Figure 33 - Final Design Drawing 2/3
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[bookmark: _Toc198908389]Figure 34 - Final Design 3/3
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[bookmark: _Toc198908390]Figure 35 - System Installed (Side View)
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[bookmark: _Toc198908391]Figure 36- System installed (Aerial view)











[bookmark: _Toc198908293]Control and Automation Introduction – Parry P
To assist in the uptake of more rainwater recycling, control and automation systems are pivotal in enhancing the efficiency, reliability and safety of the rainwater systems. Particularly in domestic use where water supply and quality are governed by strict regulations (UK Government, 2016). Automation ensures that the system operates automatically and seamlessly under varying conditions (William Bolton, 2021) such as increased rainfall or household demand. The control element uses input data from measuring devices which provides real time monitoring with decision making to allow the outputs to be the most efficient sustainable outcome (William Bolton, 2021). The integration of control and automation will allow for the household to seamlessly use recycled water and monitor the performance and sustainability of the system.


[bookmark: _Toc198908294]Control and Automation Design Specification – Parry P
[bookmark: _Toc198908295]Overview of system
When designing control and automation into a system, communication was prevalent with the design specialist and procurement as these two departments controlled the design of the system. The control and automation interlink with the design by making the system as efficient and automated as possible with the equipment at hand.
From a control and automation perspective, the systems purpose is to integrate sensors, that feed data (inputs) to a Programmable Logic Controller (PLC) essentially the brain of the control system that send signals (outputs) to actuators that physically perform the change in the system in real time (Collins, 2007). The specification will identify the purpose of system and the components that work together to create a functioning automated system.
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[bookmark: _Toc198908392]Figure 37- PLC Block Diagram
The control system will provide real time information to household via a human machine interface which will display data such as recycled rainwater tank level, current water supply either mains or recycled water and filter diagnostics to alert the household that the filter needs changing. Additional add-ons could be integrated on the human machine interface such as money saved estimates and electricity usage.
[bookmark: _Toc198908296]Function of system
The functional requirements specify what the rainwater recycling system must achieve to meet its operational goal in a control and automation sense. Controlled by PLC these requirements ensure efficient water management, minimal user interaction, regulatory compliance and system information. Once received near final design from design specialist incorporation of equipment and function of equipment can be proposed, please refer to figure 20 to see relevant design integration.
Automate Water Source Selection:
Rainwater system
· Use rainwater as the source of water to household if the tank level is > 10% (Measured by LT-1, 4-20mA, 0-1m range)
· Use rainwater source of supply if differential pressure across potable filter system is ≤ 100mbar (Measured by DP-3, 4-20mA, 0-400 mbar range)
· The rainwater system will only be utilised if the two points above are true.
UK Mains water system
· Use mains supply if tank level ≤ 10% (Measured by LT-1, 4-20mA, 0-1m range)
· Use mains supply if differential pressure across potable filter is > 100mbar (Measured by DP-3, 4-20mA, 0-400 mbar range)
· Use mains supply if manual override is activated on control panel in household.
· If power failure solenoid valve for rainwater system fails closed and solenoid valve for mains fails open.
· If any points above are true, the mains system will be used.


Monitor tank level
· Continuously monitor the tank level using LT-1, 4-20mA (0m – 4mA, 1m -20mA), 0-1m range shown in %.
· Trigger low level alarm on HMI if level drops to ≤ 10%. (0.1, 5.6mA)
Monitor filter health
· Measure pressure differential across potable filter using DP-3, 4-20mA (0mbar – 4mA, 400mbar – 20mA)
· Trigger Filter change alarm on HMI if pressure drop is ≥ 100mbar (100mbar, 8mA)
Control Pump Operation
· Activate pump (230v AC) controlled via relay if the pressure on PT-2 is ≤ 1.8 bar and tank level is > 10% and filter pressure drop is < 100mbar.
· Shut pump down if pressure ≥ 4 bar.


Provide user feedback via HMI
· Display data on HMI such as tank level in % and current system in use.
· Display alarms such as low tank level and filter status (healthy or maintenance required)
Manual Intervention on HMI
· Reset on control panel after maintenance to allow for test of system, system to run when water demand to monitor filter pressure and pressure in line system to say pass or failed after 30 seconds of system running. (<100mbar on DP-3 and ≥ 1.8 bar on PT-2)
 
[bookmark: _Toc198908297]Hardware
The main component of the control and automation system is the programmable logic controller (PLC) it’s a specialised computer used for real-time control of processes which has become ubiquitous across automation industries (UNITRONICS, 2023). According to Bolton (2006) a PLC consists of the central processing unit (CPU) which interprets the input signals and carries out control actions depending on the programme installed on the PLC’s memory then communicating the decisions via signals to the outputs. The instructions for the PLC can be seen in the software section of report. The power supply is needed to convert mains (230vAC) to the correct supply which is 24v DC necessary for the PLC, instruments and HMI. The input and output modules are where the PLC receives information from external devices and communicates information to external devices. An example of this is the instrumentation monitoring the variables such as pressures and levels to the PLC for the PLC to drive a preprogrammed instruction such as starting the pump and operating valves. The memory unit is where the program is stored for the control actions utilised by the processor.
Bolton (2006) emphasises that input and output device signals can be classified into digital or analogue, an important science to help understand the system. A digital signal is a signal which is either on or off. For instance, the manual override from HMI for the system to run on mains is a binary signal either yes or no on the input side of the PLC, likewise the relay to start the pump is either a yes or no on the output side of the PLC. Analogue signals are proportional to the size of the variable being monitored an example of this is the differential pressure transmitter with range being from 0mbar to 400mbar, the transmitter will provide amps proportional to pressure range. The amps are then calculated by transmitter to a readable data value which is used by the PLC.
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[bookmark: _Toc198908393]Figure 38 - Basic block diagram of the system
The human machine interface (HMI) is a user interface that connects a person to a system such as the rainwater recycling system. In a process setting HMI can be used to visually display data, trend data, monitor the system and provide input signals to alter the system (Kumar, Channi and Sehgal, 2019). The human machine interface of the rainwater system will provide tank level in percentage format, highlight what system is in use (Mains or Recycled water) and have an alarm page to highlight if maintenance is required. It will also have two digital inputs being ‘manual override’ to switch the system to mains supply and a ‘maintenance reset’ to test to system after maintenance.
Instrumentation is a collective term for measuring instruments used for indication and recording physicals quantities such as pressures, temperatures, flow rates and pH etc. Its primary purpose is monitoring process conditions; this data can then be used for controlling the process either manually or automatically. In turn benefits can be identified such as lower running costs, water usage, electricity costs, maintaining process safety, and personal safety (Choudary, 2019).
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[bookmark: _Toc198908394]Figure 39 - Piping and Instrumentation Diagram of system
The first instrument of the system that relates to control and automation is the level transmitter (Strainsense MPM489W Level Transmitter). The level transmitter used is a submersible hydrostatic type, which measures the pressure exerted by the liquid column above the sensor is used to determine a level (Wika Instruments, 2014). Parr (2000) explains that the level of liquid head pressure acts against a pressure sensitive diaphragm that generates an electrical signal, typically and in this case a 4-20mA current loop which is converted to a level range. Zero percent tank level equates to a four-mA signal to the PLC and a hundred percent tank level equates to a twenty-mA signal on the loop. Parr (2000) follows on to justify the use of this loop as the same 24V DC current that powers the instrument is used to transmit the 4-20mA signal to the PLC reducing cost and simplifying wiring. 
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[bookmark: _Toc198908395]Figure 40 - PLC, Power Supply and PLC wiring diagram
Secondly, the four mA being the zero is utilised for fault finding as zero mA signal indicates a fault rather than a zero percent level in tank allowing for differentiation between the two (Building Automation Products, Inc, 2006). [image: ]
[bookmark: _Toc198908396]Figure 41-Hydrostatic Pressure Calculation
Wiegand (2023) explains that the modern-day process transmitter converts the electrical current to a numerical figure which is inputted as live data and applied to the set formula to calculate the process data which is the final and useful form to the user. As seen in figure 41. this is the formula for the level transmitter in the rainwater recycling tank, and it will be used to calculate the level in the tank which will be utilised for level readings for the household user but also for the logic for the PLC as the tank level will have a permissive range which will decide what water system supplies the house.
The next instrument that is used in the system is a pressure transmitter (Novus NP640). This is a Piezoresistive pressure transmitter used to pressure in various applications. The measurement is generated by the pressure of water deforming the silicon membrane (semiconducting material) located inside the transmitter causing mechanical stress (Boyn, 2019). The stress changes the resistance of the silicone pressure cell. 
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[bookmark: _Toc198908397]Figure 42 - Piezoresistive Diagram
A differential voltage is generated by the electronics in the transmitter which is proportional to the pressure of the system (Boyn, 2019). The transmitter then converts the voltage into a four to twenty milliamp output. The range for our pressure transmitter is 0-6 bar. So, zero bar would be 4mA and six would be 20mA. The purpose of the pressure transmitter in the system is crucial for the system to be able to identify when water is in demand from the household, the pressure in the system will decrease when water is used by the household when it decreases below a certain threshold and the tank level is sufficient the pump will start to increase the pressure in the system to withstand the demand (flow and pressure) from the house and to comply with water regulations.
Finally, the last instrument that relates to the control and automation of the system is a differential pressure transmitter (Strainsense MDM490) (0-400mbar range). The purpose of the differential pressure transmitter is to measure the pressure between two specified locations in the process. Differential pressure transmitter utilises a ‘high’ pressure port and ‘low’ pressure port from the process where the pressurised medium flows to each to port (Control.com, 2022). Between the two ports is a silicon membrane which deforms when subjected to the pressure as seen in figure 43.
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[bookmark: _Toc198908398]Figure 43 - Differential Pressure Transmitter Operation
The silicon membrane (semiconductor) when subjected to mechanical stress causes a change in resistivity which is proportional to the pressure differential when calculated by the electronics in instrument (Fan, Wang and Zhang, 2024) the same as the pressure sensor referred earlier in the report. The function of the pressure differential transmitter in the rainwater recycling system is to provide readings of the pressure upstream and downstream of the potable water filter to identify the status of the filter. The ‘high’ port will tie in upstream of the filter and the ‘low’ port will be downstream of the filter each port will measure at that point and calculate the difference, the greater the difference indicates a clogged filter (Control.com, 2022) highlighting if it needs changing to ensure the system remains within the regulation tolerances for flow, pressure and quality. 
Another equipment used which is not instrumentation, but a switch wired to the control system. A relay is an electromechanical switch used in automation systems. An electromagnet is used to move the switch to the closed and open position it does this by generating a magnetic field attracting the armature when energized, when de-energized the armature returns to its desired state. The movement of the switch can be operated with a lower power signal but can operate high voltage equipment (University of Nevada, 2008). In the system a 24v DC relay is used to control the function of a 230v AC pump. 


[bookmark: _Toc198908298]Software
[bookmark: _Toc198908299]Ladder Logic
Ladder logic is a graphical programming language utilised by PLCs in automation and control systems. The format is designed to resemble logic diagrams in a ladder format allowing for engineers to programme a system due to its simplicity and visual representation of the control logic. At its core ladder logic revolves around the concept of logic gates such as AND, OR, NOT and XOR which enables the creation of logical conditions. The ladder logic determines the state of the output devices based on input conditions (Schneider Electric, 2022).
[bookmark: _Toc198908300]Variables
According to Siemens (1999) the purpose of a variables declaration table is the user sets the variables including the type of function used, range of each block and the system attributes for the following effect. 
· The given name for each component in the logic.
· What kind of data it holds. (BOOL, INT AND TON and REAL)
· Where its instructions are stored (input card, output card or internal memory)
The reason behind the variables is for readability as it allows for the user to input their own tags to assist with fault finding and logic writing. Declared variables also assist as they allow for the wiring to occur in one place instead looking through all the logic to change data, finally the software will check that the data type used correctly. 
[bookmark: _Toc198902746][bookmark: _Toc198902991][bookmark: _Toc198908461]Table 8 - Table of Declared Variables
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Table 8 are the declared variables used for the rainwater system. For a general understanding each important technicality will be explained.
Zohuri (2017) explains that a BOOL is a single ‘bit’ that can either be true or false, this function is used heavily throughout the code as a lot of signals are on or off status. An INT as the name suggests is used to hold and integers such as the analogue values on the transmitters (only whole numbers) (Romanov, 2022).  ‘REAL’ data types are positive and negatives that can but do not necessarily have a fractional part (PMT Education, 2019). It’s used throughout the ladder logic due to transmitters usually reading to decimal places to ensure accuracy to true values. These variables and corresponding data types will explain themselves in the following figures illustrating the ladder logic.



[bookmark: _Toc198908301]Function Blocks
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[bookmark: _Toc198908399]Figure 44 - Contacts
A normally open contact represents a ‘BOOL’ variable meaning it’s either ‘TRUE’ or ‘FALSE’, if the condition is true, the contacts closes, and the logic flows and vice versa if input is false. A normally closed contact functions in the opposite way meaning if input is false the contact remains closed and opens when a ‘TRUE’ input is received (LLW, 2021).
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[bookmark: _Toc198908400]Figure 45 - Coil
A coil is used to activate an output, if the condition is ‘TRUE’ then the output is activated and off if the condition is ‘FALSE’. A different type of coil is a set coil this varies as once the input is received is ‘TRUE’ the coil will remain activated even if input alters too ‘FALSE’. A reset coil works on if the input is ‘TRUE’ then the output is reset to ‘FALSE’ so the two work hand in hand (LLW, 2021). 
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[bookmark: _Toc198908401]Figure 46 - Timer on delay
A ‘timer on delay’ utilises a timer when the input is ‘TRUE’ the timer begins when the preset time is reached the output signal is ‘TRUE’. 
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[bookmark: _Toc198908402]Figure 47 - Comparators functions
Finally, the last function utilised in the system is mathematical functions known as comparators. If the comparison between the two inputs is ‘TRUE’ then the output is energised (LLW, 2021).


[bookmark: _Toc198908302]Ladder Logic for Rainwater Recycling System.
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[bookmark: _Toc198908403]Figure 48 - Ladder Logic 1/8
Figure 48 Highlights that if LT1_Percent is greater than 10 AND 'DP3_Mbar' is less than or equal to 100 AND 'Manual Override' is not activated 'M0_Rainmode' will be activated.
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[bookmark: _Toc198908404]Figure 49 - Ladder Logic 2/8
Figure 49 Utilises greater than and less than functions to compare system data to decide whether mains supply needs to be on or off.
 
[image: ]
[bookmark: _Toc198908405]Figure 50 - Ladder Logic 3/8
Figure 50 Shows us that if 'M0_Rainmode' is active 'RWSV' will be energised which is the Rainwater Solenoid Valve.
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[bookmark: _Toc198908406]Figure 51 - Ladder Logic 4/8
Figure 51 Shows us that if 'M1_Mainsmode' is active 'MSV' will be energised which is the Mains Solenoid Valve.
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[bookmark: _Toc198908407]Figure 52 Ladder Logic - 5/8
Figure 52 Illustrates that if 'DP3_Mbar' is greater than or equal to 'M3_ChangeFilter' will activate.
[image: ]
[bookmark: _Toc198908408]Figure 53 - Ladder logic 6/8
Figure 53 Highlights if 'LT1_Percent' is greater than 10 AND 'DP3_Mbar' is less than 100 AND PT2_Bar is less than 1.8 AND the 'ManualOveride' is not activated then the 'PumpRelay' will energise.
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[bookmark: _Toc198908409]Figure 54 - Ladder Logic 7/8
Figure 54 The rung shows the conditions for the pump to stop using a comparator of system pressure less than 4 for pump to shut down.
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[bookmark: _Toc198908410]Figure 55 - Ladder Logic 8/8
Figure 55 Once ‘MaintenanceTest’  is activated, which latches ‘TestmodeActive’, clears old Pass/Fail, arms timer. While active the system checks sensor value into M6_ConditionMet using comparator functions. After 30s ‘timer.Q’ is energised (test ends). If system is within range’ M7_Pass’ is activated; otherwise’M4_Fail’ sets.

[bookmark: _Toc198908303]Simulated Testing of Ladder Logic – Parry P
Values of each Variable can be seen adjacent to variable tag. Please refer to earlier Ladder Logic to understand each function. 
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[bookmark: _Toc198908411]Figure 56 - Simulated testing of ladder logic
Figure 21. Low Pressure in System with sufficient tank level and within range DP across filter, Rainwater recycling system in effect!
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[bookmark: _Toc198908412]Figure 57 – Low tank level
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[bookmark: _Toc198908413]Figure 58 - High Differential Pressure Across Filter
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[bookmark: _Toc198908414]Figure 59 - Maintenance Test

Figure 59, Maintenance Test, carried out after Maintenance to carry out 30s system check. Pass or fail alert on HMI activates mains supply if fail.
The following ladder logic would be uploaded or written to the specified PLC tested in theory (simulation) and then in situ.























[bookmark: _Toc198908304]Control and Automation Conclusion – Parry P
By integrating the principles of Bolton (2006) in developing an efficient control system, the project team believes an uptake in recycled rainwater systems domestically will prevail. The system monitors the basic variables from transmitters to make the correct and most efficient outcome for the household. The HMI is to alert the user when technical intervention is needed, other than this system will run efficiently in the background seamlessly delivering potable water to the household to regulatory standards.















[bookmark: _Toc198908305]Procurement – Gethin D
[bookmark: _Toc198908306]Introduction
Procurement plays a critical role in the success of an engineering projects and companies, particularly in those targeting sustainability and affordability. In the context of this project, the domestic water purification system, procurement is not only about acquiring components but also ensuring cost-efficiency, regulatory compliance, quality assurance, manning and training while also looking at aftersales. For the business needs to ensure future security, the potential growth and anticipation of the future markets are essential. Effective procurement transforms a viable concept into a market-ready solution and a competitive product that addresses real world challenges. Here the focus is on the planning and execution of procurement strategies necessary to deliver the system at scale while maintaining quality and sustainability. The procurement process involves several structured steps. Identifying the market gap and the competitive price of the product for it to entice customers, identifying the needs of the final design, souring suppliers and managing their relationships, ensure manning and to project the future growth. 


















 
[bookmark: _Toc198908307]Procurement Style – Gethin D
With all four types of procurement, direct, indirect, goods and services effective and required for delivering this project (Mountford, 2025). This assignment focuses more on the direct, goods and services procurement. The procurement style is important to ensure the most effective and efficient way to achieve the goals. It’s important to consider all procurement styles and determine which style is the most relevant for the task. 
 
Centralised Procurement is a system where a single department handles all types of procurement and purchasing for the organisation.  
Advantages 
· Can reduce the number of staff required and training saving on additional cost 
· Allows for more comprehensive control over cost management and budget  
· Allows for centralized record-keeping avoiding duplications and standardises processes 
· Volume purchasing is enabled at a greater scale, ensuring greater discounts and better terms 
· Provides a known centralised contact for suppliers which can lead to cost and time saving 
Disadvantages 
· Can become too big or too complex to run efficiently
· Can have a poor or distant relationship with the employee’s needs, to carry out their tasks 
· Unable to take advantage of local discounts 
· Unable to react to an immediate issue that has an unforeseen issue off the main site 
· Tend to have a greater bureaucracy style, meaning more delays due to more ‘red tape’ 
(Dimitri, Dini and Piga, 2016) 
 
Decentralised Procurement is a model where the purchasing and decision-making authority is distributed among various departments or branches. 
Advantages 
· Enhances flexibility and responsiveness to procurement needs 
· Individual stakeholders can make purchases tailored to their specific needs and expertise 
· Can reduce the companies carbon footprint and improve their sustainability by purchasing locally sourced products, labour and services. 
· Encourages employee’s innovation, trust and empowering them.  
· Ability to take advantage of local discounts 
Disadvantage 
· Increased risk in errors and fraud 
· Risk of departments working for different goals and not working as a team 
· Difficulty in tracking overall spending and ensuring budgets are allocated effectively  
· Inconsistency in quality and standards as department use different suppliers. 
· Higher costs due to missed bulk discounts 
(Toikka, 2025) 
 
Hybrid Procurement combines elements from centralised and decentralised procurement, combining element of both advantages, focusing on standardisation and responsiveness, while working on reducing the disadvantages of the other styles.  For this project this is the procurement style that’s being adopted allowing centralising the purchase of the main products and components, ensuring the most effective discounts, product standardisation and quality.  While allowing local teams flexibility for installation, maintenance and repair ensuring local discounts, expertise and ability to adapt to the required needs off site, this also reduces delays that may affect the customer and add additional cost to the company reducing the profit margins. This style of procurement offers greater flexibility in organisation that looking for growth and expansion in this new market of opportunity and coincides with the management style of the organisation. (Harmon, 2023) 






[bookmark: _Toc198908308]Evaluating Current Customer Cost – Gethin D
To evaluate at what cost price the product becomes a competitive and enticing option for the customer, we can compare the current prices in England and Wales and calculate the total cost over the next ten years. With this calculation providing the fresh water supply cost of the complete water bill is calculated from the complete cost of 10 years, which is the product minimum life-span specification, creating the most accurate picture for project and the customer. These calculations in Table 9 are based on consumer average and the information regarding collection of data and calculations are in the Appendix C.  
[bookmark: _Toc198902747][bookmark: _Toc198902992][bookmark: _Toc198908462]Table 9- Consumer Water Bills
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With the guidance of Table 9 the attractive price for this product would be required to be below £2378 for the customer to be assure of seeing a financial return from the product, without the reliance of the trend of continuous price inflation as seen in Figure 60.  
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[bookmark: _Toc198908415]Figure 60 - 10yrs Customer Price Inflation Time (Office for National Statistics, 2025)











[bookmark: _Toc198908309]Procurement Strategy Of Materials and Components – Gethin D
Focusing on the Environmental, Social and Governance (ESG) framework as the core procurement structure (Overvest, 2025). The strategy of material and parts are to ensure flexibility and reduce the risk of material & part shortages, all major components will be purchased from other companies. This reduces the delay in research and technology of design, testing and assembly, and providing the company with more than one source if required. Outsourcing can also reduce cost as suppliers compete to provide the company the best deals. Rashid (2020) states to reduce the risk of supply chain in parts shortages and material delays due to geopolitical factors, as in war or political policy changes of different regions and other possible causes, the procurement team need to consider options of dual sourcing, ensure buffer stocks of key parts and implement quality control checks. (Rashid, 2020). 
[bookmark: _Toc198908310]Procurement Ethics
Procurement decisions must adhere to both legal regulations and high ethical standards to ensure responsible sourcing and minimise risks. Compliance is important, given that the system is for drinking water also with a high drive for an excellent ethical company, this drives the brand forward within the community and gives the product a better outlook on its overall image from design to function. Gualandris and Kalchschmidt (2014), states to ensure that values are upheld the procurement must be transparent and the process must ensure that the suppliers are evaluated not just on cost and quality, but also their sustainability and labour practices (Gualandris and Kalchschmidt, 2014). Ensuring no indication of forced labour, child labour, poor and unsafe working conditions ensuring that all suppliers at least reach the minimum of the International Labour Standards (International Labor Organization, 2025). The contracts must be clear and open to reduce the risk of corruption and breech of the standards set is a disqualification. The high regulation standards of the United Kingdome must be met, ensuring that overseas components are compatible with the UK customs and trading standards. These steps not only protect the end-user but aligns with the organisation’s corporate social responsibility goals of the ESG framework and long-term sustainability. 
[bookmark: _Toc198908311]Sustainability in Procurement
Procurement plays a key role in achieving environmental and social impact targets of the project. Sustainable procurement ensures that purchased goods and services consider their environmental footprint, lifecycle impacts and the potential to drive positive changes focusing on the theory of sustainable supply chain management referred by (Carter and Rogers, 2018). This can be carried out by ensuring low-impact materials are used where possible, this includes materials that are made from recycled materials to materials that can be recycled, for example as stated by Reuters (2024) recycled aluminium uses 95% less energy than producing aluminium from raw materials, while also considering recycled or recyclable polymers (Reuters, 2024). With the system using energy to pump the water and currently isn’t self-sufficient it’s important look at ways to reduce energy efficiency by ensuring a low-wattage pump is sourced. Transport emission is also required to be considered and reduced where possible, suppling electric vans for the commissioners and technicians, preferences given to local suppliers and distribution centres and focusing on the supplier’s sustainability practices. Focusing on the lifecycle of the product as indicated by Gualandris and Kalchschmidt (2014), the durability and the quality of the product is essential and the maintainability of the product (Gualandris and Kalchschmidt, 2014). Minimising the requirement of component require replacement during its lifespan reduces waste while also reducing cost. While maintaining the product ensures a great life use, the product must eventually be replaced. The end-of-life recovery must be considered at the design and procurement stage, ensuring that if applicable that all materials are recyclable and a possibility of a ‘take-back’ scheme in place, this ensure that the upmost is done to ensure sustainability. By integrating these sustainability principles, the procurement process directly supports the overall mission of the project’s sustainability, targets and enhances its attractiveness to both the customer, non-governmental organizations and the government enticing grants and schemes.   














[bookmark: _Toc198908312]Obtaining Quotes – Gethin D
With the bills of materials, it’s critical that the procurement team keep to the objectives above, of ensuring cost-effective sourcing, while ensuring the quality and reliability is maintained with no tolerance to the ethical standards to be lowered. The procurement plan for the prototype period is a direct procurement as a study by Khajavi et al (2015) states, selecting components that have already been validated, verified and have users’ feedback can mitigate risks. Procuring these directly speeds up the prototype period as it reduces the risk of product failure, avoiding delays and ensure consistency (Khajavi et al., 2015). As the production numbers increase the approach of a preferred suppliers list is used, using components from companies with a history of reliable supply and vetted vendors. This ensures consistent quality, reduces administrative burden with using components already compliant with United Kingdom water standards and regulations. With later options for open tender, this allows other companies and manufacture to enter the supply chain, allow competitive bidding. Encouraging a wide range of suppliers to submit proposals may not only lead to cost savings but also provide innovation for further improvement of the product (Grandia and Volker, 2023). 
[bookmark: _Toc198908313]Prototype costing 
During initial prototyping using some components supplied by UK local branches helps with failure feedback and technical knowledge, some components have been selected due to this factor rather than price. Table 10 shows the estimated cost price of each component of the prototype and total at £2801.84 excluding VAT. All materials are shown as ‘in stock’ for prototype manufacturing numbers. Please note that the course filter is still to be finalised, adaptation can be carried out on the filter selected and bulk price is based on the component for an estimation.  
 
[bookmark: _Toc198902748][bookmark: _Toc198902993][bookmark: _Toc198908463]Table 10 - Prototype Materials and Component Costs (CPC Farnell, 2025) et al.
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[bookmark: _Toc198908314]Bulk Pricing 
To provide a guideline of costing at a mass production scale price have been retrieved from product that match the required specifications but provide details of bulk discounts to aid in product costing. The expectation would be that the actual cost would decrease even more when ‘Open Tendering’. Table 11 provides discount prices provided by suppliers, note ** states that discount prices were unavailable on-line and are then discounted at 15% as found on Production Automation (2025) products, this provides an estimated total of £2445.17 per unit (Production Automation, 2025). It’s important to ensure that stock of components are monitored and they are requested in advance to ensure that the lead time doesn’t out pass the required items used during that period, with the longest lead time shown as seven weeks for microsensor components (StrainSense, 2025). 
[bookmark: _Toc198902749][bookmark: _Toc198902994][bookmark: _Toc198908464]Table 11 - Production Materials and Component Bulk Price (CPC Farnell, 2025) et al.
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[bookmark: _Toc198908315]Future and Scalability – Gethin D
[bookmark: _Toc198908316]Number of Units Annually 
With the company’s aim to be UK’s and potential other countries dominant supplier of the domestic water purification systems with the company’s target share percentage of approximately 32%, just below the boiler market trends of Worcester Bosch and Ideal Boilers in the UK (Superwarm, 2017). Focusing currently on the ‘new builds’ markets of Wales, according to STATWALES (2025) this accounts to approximately 5000 new dwellings each year, with 32% market of that would mean 1600 units annually, (STATWALES, 2025). See Appendix D. 
 
[bookmark: _Toc198908317]Global Market 
Statista (2024) states that of 2024, 147 countries worldwide had some level of net zero targets, this indicates that countries around the world are looking for solutions to be more sustainable and environmentally friendly giving an opportunity for the product to enter their markets (Statista, 2024). This product can also be exported to countries that have not got safe drinking water, where according to World Health Organization (2023) in 2022, 2.2 billion people still had no access to safely managed water. As this product is intended for domestic purpose it would also be a strong selling point for the households in the 145 countries as show in Figure 61, that still don’t have safe drinkable tap water, with the high regulation standards of the United Kingdom this product would not require many changes, only possibility would be the pump power requirements (Centers for Disease Control and Prevention, 2025). This doesn’t only give the company a potential for greater profits, but it promotes the company’s ethics and vision to be more sustainable and provide people safe drinking water by improving the standards of living while looking after the planet.  
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[bookmark: _Toc198908416]Figure 61 - Safe Tap Water Map (Jacobs, 2023)










[bookmark: _Toc198908318]Manning – Gethin D
With the focus on the markets of new build, the cost of the groundwork is covered by the buildings construction company as its incorporated into their drainage and water supply systems. This doesn’t only help to maintain the product cost down but also reduces the number of employees required by the supplier, as the instalment team will only require to be a commissioner to calibrate, test and sign the system off, as safe and functional. The technicians will have to be qualified as plumber, electrician or something in a similar field. According to 1st Electricians  (2023) the average of both trades annual income are similar and around £32,818 and to retain staff and be competitive the annual pay must be higher than the average and at least price match another large employer, in this case the operative will be having the same annual wage as British Gas employees of £33,006 annually  (1st Electricians, 2023), (Indeed, 2025) . Being mindful that Clifton Private Finance states that the total cost for the employer with national insurance and pensions is approximately an additional 87.5% extra, placing the total cost at £61886.25 per employee (Hodgson, 2024), see Appendix E. 
The expected time of installation inspections and commissioning is one unit per day and allowing time for additional fault finding or maintenance tasks. As these tasks only require one operator from the company, there’ll be a requirement of seven technicians to complete the annual task of installing 1600 units. Giving the total annual cost of manning at £433,203.75, see Appendix E.  













[bookmark: _Toc198908319]Overheads – Gethin D
With the materials and labours costs accounted for there’s still overhead cost to account. Overhead costs are indirect expenses required to run a business, these additional costs include utilities, insurance, administrative expenses, marketing and other day to day costings (Munich Business School, 2025). On average the overhead cost as a percentage in the manufacturing and construction is 20% of its revenue (Belyh, 2025). In this project the other day to day overhead cost would include training that would be supplied in house and with key suppliers to ensure warranty cover also vehicle for technicians to be able to go and carry out installation and maintenance task. The overhead cost will also cover site safety requirement certificates for example CSCS cards that the operators would require to get on most building sites (Construction Skills Certificate Scheme, 2025). 


















[bookmark: _Toc198908320]Overall Project Costings – Gethin D
Understanding the complete cost is extremely important for a business to understand at what price the product must be sold for a profit, and if the cost is competitive for current market. 
 
[bookmark: _Toc198908321]Large Scale
With the annual labour per unit worked out at £270.75 and adding that to the unit cost price and ensuring that an additional 20% is added to cover overheads, that will give the product a breakeven point at £3259.10 at this price the company won’t be making any profit on the product. This wouldn’t be the price that the customer would pay either, as stated by HM Revenue & Customs (2025) the customers would have an additional 20% for Value-Added Tax charge (VAT) this would make the customer total price of £3910.92. Detweiler (2025) states that the average profit margin of construction and engineering firms are approximately 2%, with this profit margin the product purchase price will be £3989.14 (Detweiler, 2025). Appendix F. 
[bookmark: _Toc198908322]Aftersales
Aftersales provide opportunity for additional profit for the company with advice by Hydra Rain Master (2025) that the filters require replacing every 6 months, this service makes the product more attractive to the customer knowing that the product will be maintained and the company is there to provide maintenance and carry out repair task to ensure the product has the most efficient and effective life (HYDRA RAINMASTER, 2025). At a suspected 15% off with bulk purchase the filter, this would come to £71.36 and rounding the service package to £100 gives a profit of £28.64 as labour daily allocation is covered in the units purchase price giving possible annual additional profit income of £45,824, the second service will only break even, requiring a price review of servicing charges from year 2 onwards.  




[bookmark: _Toc198908323]Sustainability and Legislation – Mohammed T
[bookmark: _Toc198908324]Introduction
The global water crisis remains one of the most critical environmental challenges of the 21st century, exacerbated by rapid urbanization, climate change, and industrial expansion (United Nations, 2021). With freshwater resources under increasing strain, sustainable engineering solutions are essential, particularly in domestic and semi-urban settings. Rainwater harvesting and purification systems offer a viable alternative, reducing dependence on centralized water supplies while promoting resource efficiency (Environment Agency, 2022). 
This report examines the sustainability aspects and legislative considerations of a Sustainable Water Purification System (SWPS) designed for UK households. The system collects, filters, and distributes potable rainwater, aligning with national regulatory frameworks such as the Water Supply (Water Fittings) Regulations 1999 and the Water Industry Act 1991 (DEFRA, 2020). Compliance with these standards ensures water safety and system reliability. Environmental benefits include reduced groundwater extraction, lower energy consumption compared to conventional treatment plants, and decreased stormwater runoff (EA, 2023). However, challenges such as system maintenance, water quality monitoring, and public acceptance must be addressed to ensure long-term viability. By integrating sustainable design with regulatory adherence, the SWPS presents a practical solution to water scarcity, supporting the UK’s 25-Year Environment Plan and Net Zero 2050 targets (UK Government, 2018). 
[bookmark: _Toc198908325]Sustainability in Water Purification Systems 
Sustainable engineering seeks to address current water needs while preserving resources for future generations (WCED, 1987). In water purification, this requires optimizing resource efficiency, minimizing ecological footprints, and ensuring durable system performance. The Sustainable Water Purification System (SWPS) embodies these principles through multiple innovative approaches. 
 
[bookmark: _Toc198908326]Energy and Resource Efficiency 
The system integrates photovoltaic panels to power filtration processes, reducing dependence on grid electricity (Ofwat, 2023). Energy recovery mechanisms in pumps and advanced membrane filtration cut operational costs by 30% compared to conventional systems (Water UK, 2022). Multi-stage filtration—combining ceramic microfiltration, activated carbon, and UV sterilization—achieves potable standards without chemical disinfectants. 
[bookmark: _Toc198908327]Circular Design Principles 
Modular components allow for easy upgrades and repairs, extending service life. Construction utilizes 95% recyclable materials, including food-grade stainless steel and bioplastics, reducing embodied carbon. Smart sensors monitor filter lifespan and water quality in real-time, enabling predictive maintenance and reducing waste (IoT Council, 2023). 
[bookmark: _Toc198908328]Innovation for Longevity 
Graphene-based nanofilters remove contaminants at molecular levels while resisting biofouling. Machine learning algorithms optimize system performance based on usage patterns and weather data, enhancing efficiency. By merging renewable energy, smart technology, and circular design, the SWPS demonstrates how sustainable engineering can provide resilient water solutions while aligning with the UK's 25-Year Environment Plan (DEFRA, 2018).  
 
[bookmark: _Toc198908329]Cost Considerations in Sustainable Water Purification Systems 
The economic feasibility of the Sustainable Water Purification System (SWPS) is essential to its successful adoption, especially in the domestic UK market. From both a procurement and lifecycle perspective, cost considerations are pivotal to user uptake and long-term operational sustainability. 
[bookmark: _Toc198908330]Capital and Installation Costs 
According to the procurement section of the team’s project presentation, the target price point for the SWPS, upon mass production and installation, is projected to be approximately less than £2500 per unit, with an intended lifespan exceeding 10 years. This target reflects a balance between affordability for consumers and the integration of advanced features such as nanofiltration, solar-powered operation, and smart automation. 
To further manage initial expenditures, a phased implementation strategy is advised—starting with basic non-potable functionalities (e.g., for garden or toilet use) before upgrading to potable water standards. This mirrors approaches used in successful water infrastructure projects in developing regions, where gradual implementation minimized financial strain while building community trust. 
[bookmark: _Toc198908331]Operational and Maintenance Costs 
Key components such as accumulators, MDPE tanks, and submersible pumps were selected based on their durability and low maintenance profiles, which help keep long-term operational costs minimal. Energy savings are realized through solar integration and energy-efficient pumps, potentially reducing electricity costs associated with water treatment by up to 30%, as outlined in the Water UK 2022 report. 
An optional after-sales service and maintenance package is also proposed to provide users with technical support and system servicing, enhancing system longevity and reliability while creating recurring revenue for suppliers. 
[bookmark: _Toc198908332]Cost Savings and Incentives 
The SWPS design aligns with multiple incentive schemes such as: 
1. Surface Water Drainage Rebates, which can provide up to £50 in annual savings per household (Thames Water, 2023). 
2. Enhanced Capital Allowances (ECAs) for water-efficient technologies, providing tax relief on qualifying expenditures (HMRC, 2022). 
3. BREEAM credits in new residential builds, potentially increasing property value and appeal to sustainability-conscious buyers. 
These savings, combined with reduced dependency on mains water and lower energy costs, improve the return on investment (ROI) for users, especially in high water tariff areas like Wales, where bills are forecasted to reach £575 per year by 2026/27 (Dŵr Cymru, 2025). 
[bookmark: _Toc198908333]Cost Comparison with Alternatives 
Compared to traditional mains-supplied water and chemical-based filtration units, the SWPS offers a more sustainable and cost-efficient alternative. With its modular design, future upgrades can be made without significant reinvestment, and its smart monitoring systems prevent costly failures by allowing predictive maintenance. 
[bookmark: _Toc198908334]UK Legislation and Regulations 
Legal compliance is a fundamental aspect of engineering practice in the UK, particularly when developing systems that interface with public water supplies and infrastructure. A sustainable water purification system must therefore meet a range of statutory and regulatory requirements to ensure operational safety, public health protection, and environmental responsibility. 
One of the core legal instruments is the Water Supply (Water Fittings) Regulations 1999. These regulations require that all components used in a water system—pipes, tanks, valves—must be made from materials that do not contaminate drinking water. They also mandate the inclusion of backflow prevention devices, such as non-return valves (NRVs), to prevent contaminated water from re-entering the mains. A practical example can be found in commercial rainwater reuse systems used in office buildings, where dual plumbing must separate potable and non-potable lines, ensuring that rainwater used for toilets or irrigation never mixes with the mains supply. 
Further legal considerations are outlined in the Rainwater Harvesting Regulatory Position Statement issued by the UK Government. This document provides detailed guidance on how rainwater systems can be legally implemented for both non-potable (e.g., toilet flushing, car washing) and potable uses, provided water quality testing and treatment standards are met. For instance, several housing developments in Oxfordshire have installed rainwater systems for garden use under these regulations, requiring only coarse and UV filtration due to non-potable application. 
In terms of construction and system integration, the Building Regulations 2010, specifically Approved Document H, play a vital role. This regulation governs the design and positioning of drainage systems, including soakaways, underground storage tanks, and pipework. In projects involving underground tanks—like the 1500-litre MDPE tank proposed in this system—compliance with Document H ensures proper waste disposal, backflow protection, and site suitability. The Code for Sustainable Homes, previously mandatory in some developments, also recommended integration of such water reuse systems to achieve higher sustainability ratings. 
Integrating these legal frameworks during the early design stage of a project not only ensures compliance but also opens doors to financial incentives. For example, in Wales, properties with systems that reduce surface water runoff may qualify for Surface Water Rebates from Dŵr Cymru Welsh Water. Similar rebates have been applied in retrofit housing projects in Cardiff, saving households up to £50 per year. 
By aligning system design with these regulations and best practices, the project enhances both legal robustness and public confidence, ensuring long-term operability and environmental stewardship. 
[bookmark: _Toc198908335]Integration of Legislation in System Design 
Legal compliance forms the foundation of engineering practice in the UK's water sector. The Sustainable Water Purification System (SWPS) must adhere to multiple regulatory frameworks to ensure public health protection and environmental sustainability. 
 Water Supply Regulations 
The Water Supply (Water Fittings) Regulations 1999 (UK Government, 1999) establish critical requirements for: 
1. Backflow prevention using double-check valves (DCVs) and air gaps (WRAS, 2023) 
2. Material compliance with WRAS approval standards (e.g., NSF/ANSI 61 certification) 
3. Prevention of cross-contamination between mains and alternative water sources 
 Rainwater Harvesting Guidelines 
The Regulatory Position Statement on Rainwater Harvesting (EA, 2022) specifies: 
1. Potable use requires full treatment to Drinking Water Inspectorate (DWI) standards 
2. Non-potable applications must use clearly labeled purple pipework (BS EN 16941) 
3. Mandatory first-flush diverters to remove initial roof contaminants 
 Building Regulations Integration 
Approved Document H (2015) governs system implementation with: 
1. Underground tank specifications including structural stability and overflow prevention 
2. Greywater separation requirements to prevent sewage system overload 
3. Sustainable drainage (SuDS) compliance for surface water management 
 Incentive Programs 
The system qualifies for: 
1. Surface Water Drainage Rebates (up to 50% reduction from Thames Water, 2023) 
2. Enhanced Capital Allowances for water-efficient technologies (HMRC, 2022) 
3. BREEAM credits for sustainable water management in new builds 
Compliance Strategy 
The SWPS design incorporates: 
1. WRAS-approved components throughout the treatment train 
2. Dual-pipe segregation with anti-tamper fittings 
3. Automated water quality logging meeting DWI monitoring requirements 
This regulatory alignment ensures the system meets all health and safety obligations while maximizing financial benefits for adopters. 
[bookmark: _Toc198908336]Environmental Impact and Compliance 
One of the central goals of this project is to significantly reduce environmental degradation by embedding sustainable practices within the water purification system’s design and operation. Traditional water systems place considerable stress on natural water sources and contribute to high energy consumption, especially when relying solely on mains supply. This project counters those effects by prioritizing rainwater harvesting, which offers a renewable and local water source for non-potable and, in some cases, potable use. 
By capturing and reusing rainwater, the system substantially reduces dependency on mains water. This contributes to overall water conservation, particularly valuable in areas facing growing pressure on water infrastructure. Additionally, the use of gravity-fed systems and energy-efficient pumps ensures that water distribution is not only effective but also low-energy. The incorporation of renewable energy, particularly solar power, further reduces the system’s carbon footprint. This integration supports national goals for reducing reliance on fossil fuels and lowering emissions in line with the UK’s net-zero targets (Jones, 2022). 
The selection of materials plays a vital role in minimizing environmental impact. For example, corrosion-resistant steel is used in accumulators to ensure long-term performance, while MDPE (medium-density polyethylene) tanks are chosen for their robustness and durability. These choices extend the lifespan of system components, decreasing the need for frequent replacements and thereby reducing material waste over time. The system complies with the Waste Electrical and Electronic Equipment (WEEE) Directive, which mandates the safe disposal and recycling of electronic components. This ensures that items such as sensors, control modules, and monitoring devices do not contribute to environmental pollution at the end of their lifecycle. The use of recyclable and serviceable parts also aligns with circular economy principles, encouraging repair and reuse where possible. 
Another critical environmental consideration is system resilience. The design minimises the risk of leaks, contamination, and mechanical failure, ensuring that water resources are not wasted, and the local environment is not adversely affected. The implementation of pressure control systems, leak detection, and protective housing for electronics enhances operational safety and sustainability. The project also draws on the ISO 14001 environmental management framework to guide best practices in design, testing, and commissioning. Together, these strategies demonstrate a comprehensive approach to environmental compliance and long-term ecological stewardship. Through thoughtful design and regulatory alignment, the system upholds both sustainability and environmental responsibility. 
[bookmark: _Toc198908337]Challenges and Recommendations 
[bookmark: _Toc198908338]Regulatory Complexity 
Implementing sustainable water purification systems often encounters delays due to complex regulatory frameworks. For instance, in the UK, the National Audit Office (NAO) highlighted significant shortcomings in water industry regulation, including overspending and inadequate infrastructure management, leading to increased consumer bills and environmental risks. To mitigate such challenges, early engagement with regulatory bodies and the inclusion of legal experts during the design phase are recommended. This proactive approach can help navigate regulatory requirements more efficiently and prevent costly delays. 
[bookmark: _Toc198908339]High Initial Costs 
The adoption of advanced technologies like nanofiltration can lead to substantial initial capital expenditures. Commercial grade nanofiltration systems, depending on capacity and specifications, can range from £250,000 to over £1 million. These costs can be a barrier, especially for small-scale or community-based projects. To address this, a phased implementation approach is advisable. For example, a community water supply project in Ghana successfully utilized a two-phase co-management system, gradually transferring management responsibilities to local communities, thereby ensuring sustainability and cost-effectiveness.  
[bookmark: _Toc198908340]Economic Feasibility 
To enhance economic feasibility, initial deployments can focus on regions with high water stress, where the impact and benefits are most significant. As manufacturing scales up and technology becomes more widespread, costs are likely to decrease, facilitating broader implementation. Additionally, establishing partnerships with local authorities and water providers can unlock funding opportunities and promote public acceptance. 
 
[bookmark: _Toc198908341]Public Awareness and Engagement 
Public awareness is crucial for the successful adoption of rainwater harvesting and water recycling systems. Educational campaigns can play a significant role in informing communities about the benefits and safety of these systems. For instance, the International Code Council's World Water Awareness Campaign aims to raise awareness about the global water crisis and promote sustainable solutions. User-friendly design interfaces and community engagement initiatives can further facilitate responsible usage and maintenance. 
[bookmark: _Toc198908342]Modularity and Future-Proofing 
Incorporating modularity into system design allows for future upgrades to meet evolving legislative or technological standards. This flexibility ensures that systems remain compliant and efficient over time. For example, integrating modular components can facilitate easy updates to filtration technologies or energy sources, adapting to changing regulations and user needs. 
[bookmark: _Toc198908343]Conclusion 
The Sustainable Water Purification System (SWPS) presented in this report reflects a forward-thinking approach to addressing the escalating challenges of water scarcity, environmental degradation, and regulatory compliance in the UK. Through the integration of sustainable engineering principles, advanced technologies, and legal adherence, the SWPS offers a robust and adaptable solution that aligns with both national environmental targets and global sustainability goals. A core achievement of this system is its alignment with the UK’s environmental legislation, including the Water Supply (Water Fittings) Regulations 1999, the Building Regulations 2010, and guidelines from the Drinking Water Inspectorate (DWI). The proactive incorporation of regulatory requirements into the system design ensures legal compliance, enhances public safety, and opens pathways for financial incentives such as Surface Water Rebates and Enhanced Capital Allowances. This legal foresight not only safeguards the system’s long-term viability but also reinforces public confidence in decentralised water solutions. 
From a sustainability perspective, the SWPS stands out by adopting energy-efficient practices, circular economy principles, and resilience-based design. The use of renewable energy sources such as solar power, alongside gravity-fed systems, significantly reduces the system’s carbon footprint. Meanwhile, durable and recyclable materials—like corrosion-resistant steel and MDPE tanks—contribute to a low-waste, long-lifespan infrastructure. Compliance with the Waste Electrical and Electronic Equipment (WEEE) Directive and alignment with ISO 14001 environmental management principles further establish the system as an ecologically responsible innovation. The integration of emerging technologies, such as nanofiltration and smart water monitoring via IoT, adds a layer of performance optimisation and data-driven control. These features enable real-time water quality monitoring, predictive maintenance, and system automation, ensuring consistent operation and safety. Additionally, the modularity of the system facilitates future upgrades and adaptation to evolving legislative or user needs—an essential aspect in an age of rapid technological and regulatory change. 
Challenges such as high upfront costs, public scepticism, and the complexity of regulatory frameworks remain. Recommendations such as phased implementation, stakeholder engagement, and public education are vital to overcoming these barriers. Case studies from other regions and industries reinforce the practicality and effectiveness of these strategies, providing a blueprint for successful adoption. The SWPS exemplifies how sustainable engineering can intersect productively with legal frameworks to produce scalable, efficient, and future-ready infrastructure. By holistically addressing environmental, legal, and social dimensions, the system contributes meaningfully to the UK’s 25-Year Environment Plan, the Net Zero 2050 ambition, and the broader UN Sustainable Development Goals (SDGs). With continued refinement and strategic deployment, this system has the potential to become a model for sustainable domestic water management across the UK and beyond. 












[bookmark: _Toc198908344] Reflection – Mathew Soroka
Throughout the project, two reflective theories were applied. The first was Kolb’s Experiential Learning Cycle (1984), which guided the team through concrete experience, reflection, conceptualization, and experimentation to continuously improve our work. The second was Dr. Dewing’s 85/15 theory, emphasizing that 85% of issues stem from the system or process rather than individuals, highlighting the importance of focusing on improving workflows instead of blaming people.
Kolb’s Experiential Learning Cycle 1984 is a four-stage process that explains how people learn from experience. (Tagliaferro, 2022) The stages are:
· Concrete Experience – Engaging in a new experience or encountering a problem.
· Reflective Observation – Thinking about what happened and observing outcomes.
· Abstract Conceptualisation – Drawing conclusions and learning from the experience to form new ideas or strategies.
· Active Experimentation – Applying the new ideas to test solutions and improve future actions.

In our project, Kolb’s cycle was applied to reflect on the barrier encountered during the specification and bill of materials phase. Initially, the team faced delays and challenges (Concrete Experience). The impact of these delays was observed and discussed within the team (Reflective Observation). From this reflection, the team visualised a solution to improve focus and efficiency by creating a breakout WhatsApp group with the Project Manager, Design Specialist, and Research Specialist to handle those specific tasks (Abstract Conceptualisation). Finally, the new approach was implemented by using the breakout group to concentrate efforts without distracting the wider team, which allowed other members to continue their work smoothly (Active Experimentation). This cyclical learning process helped the team adapt and regain momentum effectively.

Dr. Dewing’s 85/15 model highlights that 85% of problems arise from the system, while only 15% are due to individual actions (W Edwards Deming, 2000). In applying this to our weekly project minutes, it’s clear that the focus was never on targeting individuals for mistakes but on improving the overall process. Initially, using Microsoft Teams led to notification issues that hindered communication—a system flaw rather than individual failure. By switching to Microsoft OneNote, the process became more reliable and accessible, enhancing collaboration. While individuals were responsible for recording and following up on minutes, the main improvements came from optimizing the tools and workflows in place. This approach aligns with Dr. Dewing’s theory, emphasizing that process improvements, rather than blaming people, lead to better outcomes. Continual refinement of our minute-taking system will help sustain effective communication and teamwork, ensuring the project stays on track without unfairly singling out team members.
[bookmark: _Toc198908345]Achievement and progress relative to initial project plan and timing chart
The project’s progress largely aligned with the original timing chart and plan. An early-developed Gantt chart was used to schedule key activities, assign responsibilities, and monitor progress. A strategic decision set an internal deadline of 9th May for completing the written report and Viva slides, providing a two-week buffer before the final submission on 23rd May to accommodate unforeseen issues and ensure quality.
Initially, the team was three weeks behind other groups due to two members transitioning from Group 6 to the online group. This shift required accelerated efforts to regain momentum.
Research and concept development were completed on schedule. Gethin and Dale offered strong initial ideas that were refined collaboratively through structured discussions and peer feedback. The team agreed on a hybrid concept combining the best elements of various proposals.
Early role allocation helped maintain structure and accountability, with members focusing on design, sustainability, control systems, procurement, documentation, or market research based on their strengths. This flexible approach also allowed members to support each other as needed.
One timeline that experienced delays was the Specification and Bill of Materials, primarily due to overlapping academic deadlines from the Management, Innovation & Sustainability (MIS) and Manufacturing, Design and Technology (MDT) modules, including:
· MIS draft submission: 28th March
· MIS final report: 12th May
· MDT draft and final submissions: April–May
Implementing feedback was more time-consuming than anticipated, especially during the specification phase. Nevertheless, the Gantt chart proved adaptable, and tasks were re-prioritized as necessary.
A key barrier arose as the project progressed, leading to a change in approach. A breakout group was created on WhatsApp including the Project Manager, Design Specialist, and Research Specialist. This subgroup allowed focused work on core tasks without distracting the main group. Once the initial tasks were resolved, other team members, such as the Procurement lead, were able to progress their components smoothly.
Communication remained a strong point. The team used WhatsApp and regular updates to track progress, raise concerns, and coordinate changes. Peer feedback and support were evident throughout, especially during the design and presentation phases.
In summary, despite some delays, proactive planning, strong collaboration, and responsive communication ensured the project remained on track and delivered a quality outcome.
[bookmark: _Toc198908346]Review of successes and failures of the project
Feedback was gathered from one-on-one meetings with all team members to evaluate the project’s successes and challenges, while celebrating achievements and identifying lessons for future improvement. Below is a summary of the conversation and the full points can be seen in Appendix G.
Parry Phillips (Control and Automation): The team showed strong collaboration, supporting each other and enhancing problem-solving. However, more time should have been allocated for practical testing to address unforeseen issues. Transitioning to new PLC software was difficult but ultimately beneficial.
Dale Gubbins (Research and Analysis): Teamwork and open communication led to a simple, cost-effective design. Some components, like Reverse Osmosis, were unfeasible due to time limits, and lack of user testing limited insights. Early prototyping and feedback are recommended.
Rhys O’Shea (Design): Despite schedule challenges, the team delivered an integrated home system. Future projects should focus more on scalability, installation logistics, and adapting systems for wider use.
Gethin Davies (Procurement): Effective role alignment allowed smooth progress despite external workload pressures. Time management and scheduling must improve to avoid delays.
Mohammed Thangeswaran (Sustainability): The project produced an impactful solution addressing global water sustainability. However, fluctuating costs highlighted the need for better cost forecasting and budget communication.
Mathew Soroka (Project Management): Initial communication issues on Microsoft Teams were resolved by switching to WhatsApp, improving real-time updates. Task delegation helped meet deadlines despite heavy workloads. Future projects should better anticipate external factors and adjust timelines proactively to avoid delays.
Overall, the project benefited from strong teamwork, adaptability, and collaboration, but emphasized the importance of thorough testing, realistic scheduling, cost management, and user feedback to improve future outcomes.
A standout achievement was the team’s unity during the final submission phase. Despite external pressures, clear task delegation and team members assisting in leadership ensured a strong collective outcome. Gethin excelled at organizing references, while Rhys was outstanding in compiling the report for final formatting and submission. This collaboration made the project a rewarding and proud accomplishment.
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[bookmark: _Toc198908418]Figure 63 - Coarse Filter Holder Drawing
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[bookmark: _Toc198908423]Figure 68 - Bottom Filter Drawing
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[bookmark: _Toc198908425]Figure 70 - Tank Assembly Drawing
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[bookmark: _Toc198908426]Figure 71 - Tank Assembly Drawing
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[bookmark: _Toc198908427]Figure 72 - Tank Access Feature Drawing
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[bookmark: _Toc198908428]Figure 73 - Tank Access Feature Lid Assembly
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[bookmark: _Toc198908429]Figure 74 - Filter and Pump housing
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[bookmark: _Toc198908430]Figure 75- Filer and pump housing
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[bookmark: _Toc198908431]Figure 76 - Filter and Pump Assembly Drawing
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[bookmark: _Toc198908434]Figure 79 - Pressure Vessel Drawing
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[bookmark: _Toc198908435]Figure 80 – Project Gannt Chart - View 1
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[bookmark: _Toc198908441]Figure 86 - Week 4 Minutes  

[image: ]
[bookmark: _Toc198908442]Figure 87 - Week 5 Minutes  
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The water bill is split in two, with the total average being £473 and the sewerage charge average accumulating to £249 (SAGA, 2023). This shows that the supply water charge is on average 47%
Supply Water 224 divided by the total charge of 473 = 0.473 x 100 = 47%
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[bookmark: _Toc198908453]Figure 98 - Average Annual Water Bills (Severn Trent Water, 2025)

Using the Figure 3 we can multiply all water company figures by 10 as this is the product minimum life span requirement and divide by 47% (0.47 x Total 10yrs cost) to receive the fresh water supply cost. This was carried out on EXCEL and can be viewed at Table 1

[bookmark: _Toc198908352] Appendix D – Market Percentage & Units Percentage

With all four UK boiler brand units added up. 490,000 + 415,000 + 300,000 + 40,000 = 1,245,000 then the percentage of both Worcester and Ideal was worked out.
Worcester = 490,000/1,245,000x100 = 39.35%
Ideal Boilers = 415,00/1,245,000x100 =33.33% 

The Calculations of the units per year 
0.32×5000=16000.32×5000=1600


[bookmark: _Toc198908353]Appendix E - Manning Cost

Average annual wage of electrician is £33,636 and Plumbers are £32,000 (1st Electricians, 2023) added and divided between both to find the average. (33636+32000)/2 = 32,818.

Overall employer cost per employee, additional cost average (75+100)/2 =87.5 (Hodgson, 2024).
Employee wage of £33,006 x 0.875 = £28,880.25
Total Cost = £33,006 + £28,880.25 = £61,886.25 per employee.  

GOV. UK (2025) states that must receive 28 days annual leave meaning that on a 5-day working week (52 x 5 - 28 = 232), meaning an employee will work 232days a year 

With an operator installing and commissioning 1 unit per day covering 232 installations a day. With an expected 1600 units installed divided by No of units installed per operator 232 = 6.9. This requires 7 commissioners.

Total annual labour cost 7 commissioners x annual labour cost £61,886.25 = £433,203.75

[bookmark: _Toc198908354]Appendix F - Overall Project Cost

Large Scale
By dividing the annual labour cost 433, 203.75 by the number of units 1600, we can calculate the labour cost per unit of £270.75

Product/components cost £2445.17 per unit + labour cost £270.75 per unit = 2715.92 x 0.20 = £543.18 overhead cost per unit.
Breakeven point = 2715.92 + 543.18 = £3259.10

Total with VAT Charge = 3259.10 x 0.2 = 651.82 +3259.10 = £3910.92

Total with 2% profit margin = Breakeven point 3259.10 x Profit Margin 0.02 = £65.18 add on to breakeven point of 3259.10 = 3324.28 x (VAT) 0.2 = 664.86 + 3324.28 = £3989.14
[bookmark: _Toc198908355]Appendix G – Team Review on Project
This feedback is gathered from 1:1 meeting’s with all team members to evaluate the success and challenges of the project. Whilst celebrating the achievements and collaborative efforts, it also highlights valuable lessons learned throughout the process. The aim was to reflect on what worked well, understand areas for improvement and apply these insights to enhance future project. 
Parry Phillips – Control and Automation Specialist
Success - The group demonstrated strong collaboration, consistently offering help and second opinions on each other’s work. This cooperative approach ensured that improvements were identified early and good ideas were supported, leading to a more cohesive and well-rounded outcome. The team dynamic significantly enhanced productivity and problem-solving effectiveness throughout the project.
Lessons Learned / Areas of Improvement - More time should have been allocated for testing, as practical implementation—such as equipment setup, wiring, and simulation—revealed unforeseen issues that required fine-tuning. Thorough testing is essential to ensure reliability, and schedules should reflect this. Transitioning to new software for PLC programming was challenging, but the experience led to learning a new logic style, which has proven beneficial.
Dale Gubbins – Research and Analysis Specialist 
Success – The team displayed strong collaboration, with each member contributing valuable insights and working cohesively toward a shared goal. Open communication and constructive feedback helped refine the design. The final solution stands out as a simple, cost-effective alternative to complex, expensive rainwater harvesting systems that often lack pre-packaged, user-friendly features.
Lessons Learned / Areas of Improvement - Some proposed components, such as the Reverse Osmosis filter, proved unfeasible and had to be revised or removed due to time and workload constraints. The lack of user testing also limited insight into performance and potential design gaps. Future projects would benefit from early prototyping and customer feedback to guide viable improvements.
Rhys O’Shea – Design Specialist 
Success - Despite challenges with differing schedules and personal commitments, the team successfully developed a fully integrable home system within a limited timeframe. Although working on separate sections, collaboration prevailed, and obstacles were overcome through adaptability and determination. The final product reflects a strong collective effort under less-than-ideal circumstances.
Lessons Learned / Area of Improvement - The project lacked exploration into scalability and global implementation. Greater attention was needed on practical aspects such as installation logistics and excavation costs. Future work should include detailed analysis of how the system could be adapted for widespread use and integrated efficiently into various housing environments across different regions.
Gethin Davies – Procurement Specialist 
Success - The team collaborated effectively, with members adapting well to their roles. By leveraging each person’s expertise in their professional areas, the team was positioned to perform tasks efficiently. This cohesion and role alignment allowed for smooth progress, ensuring the project moved forward despite external challenges.
Lessons Learned / Areas of Improvement - The release of the design was delayed due to additional workload from outside the project. This highlighted the importance of time management and proper scheduling. Moving forward, it’s crucial to factor in external responsibilities and ensure adequate time allocation for each task to prevent delays and maintain project timelines.
Mohammed Thangeswaran – Sustainability Specialist 
Success – The project successfully delivered a valuable solution, benefiting the end user and addressing global water sustainability challenges. By focusing on environmental impact, the team created a solution with far-reaching potential, contributing positively to water management and sustainability efforts worldwide, showcasing a meaningful and impactful outcome.
Lessons Learned / Areas of Improvement - Throughout the project, the final costing fluctuated, highlighting the need for better alignment and more accurate estimations from the start. Improved cost forecasting and clearer communication around budget expectations would have helped ensure a more consistent financial outlook and prevented discrepancies as the project progressed.
Mathew Soroka – Project Manager 
Success - Communication initially went well via Microsoft Teams but messages were missed due to notification issues that caused disruptions. Gethin and Dale took the initiative to switch to WhatsApp for real-time updates, effectively resolving the issue. Despite heavy workloads and late submissions, the team adapted by delegating tasks—Gethin aligning references, Rhys compiling the report and structure, and the presentation being pulled together. This collaborative approach ensured the final product was delivered on time, showcasing excellent problem-solving and teamwork.
Lessons Learned / Areas of Improvement - Although the project was completed on time, it didn’t fully align with the Gantt Chart timeline. For future projects, more consideration would be given to external factors and their potential impact on progress. Identifying and adjusting to a change of approach earlier would help prevent delays and keep the project on track to meet all deadlines more effectively.
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Minutes

Looking at the Project timeline, | have put together a Gannt Chart and detailed all my tasks as the Project Manager. Rhys has formatted the file last in the meeting and has uploaded it into the files section
here. Parry and Rhys started updating their tasks. There is a section per team member on the Gannt Chart, can you please update the tasks you plan to do under your roles. | can then pull the project
timeline all together to make it workable.

Itwould be g0od to get the presentation sorted this Friday 14/3/25. If everyone can prepare their 3 sldes by Friday it would be good to run through the flow of it together as a team before submission.
Rhys - Can you please complete the Project Specification and your 3 presentation sides.

Dale - Can you please complete a Bil of Materials table and populate your 3 presentation slides

Mo~ Thanks for providing the 10 complete project slides, if you could fit onto 3 siides for this interim presentation please. Also can you please update the Gannt chart on your role tasks.

Gethin - Can you please update the Gannt Chart with your roles.

Parry - Can you please finalise the Gannt Chart and populate the 3 presentation slides. Thanks all for the continued support and work, it is appreciated.
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Fitall UK sewer pipework systems
320mmsump depth

60 year lifespan
Quick and simple to install

Lightweight - No machineryor lifting equipment required

For catchment of silt and solids in surface water drainage systems

Above ground access for inspection and maintenance of surface water pipework systems
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320m diameter/630mm Depth

Prevents debris and unwanted particles entering drainage system
Easy installation

Removeable filter for regular cleaning/maintenance
Polypropylene design - long life

Alternative depths available
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Non-toxic materials suitable for drinking water
3 stage filter - 90 micron filtration/25 micron filtration/carbon block
Reinforced polypropylene

Easyand fast cleaning

Replaceable cartridges (12 Months)

4°C-45°C working temperature

Min press. 1.8 Bar
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Easy installation - No plumber needed
Integrate pump for low pressure systems.
H-49.5cm/W-37.2cm/ D-19.5cm
Replaceable cartridges (6 Months)
Produces 50 gallons per day

4°C-29°C working temperature

Slow process in comparsion
Butyl rubber linedwith polypropylene
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Low profile, shallow depth - easy installation

No assembly

450mmaccess point

Dimensions H-950mm/W-1200mm/L-2400mm

Capacity 1500L

Material- Medium Density Polyethylene

Quick and simple to install

Lightweight - No machinery or lifting equipment required (100Kg)

Above ground access for inspection and maintenance of surface water pipework systems
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«  Diameter 1220mm/Length 1600mm
«  Noassembly

©  Material- GRP (fibreglass)

« Notlowprofite design

htweight- No machinery or lifting equipment required

Integrated-backflow overflow unit

« Above ground access for inspection and maintenance of surface water pipework systems
© Requires concrete base
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. Submersible up to 10m below water level
¢  Canpump water up to 20m above pump level
*  Liquid temp ranging 0°C - 40°C
¢ Overheating protection
*  Noiseless operation
*  Vertical mounting
¢ High quality composite & stainless steel materials - corrosion resistant
. Max flow rate - 2.76m3/hr
* Integrated non-return valve
* Can be controlled automatically or from external controller
* Integrated float switch to inhibit pump in case of low water
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. Integrated speed control sensors & NRV

. Low noise - 47dB

. Automatic cut-off & reset function in case of dry running or overtemp.
. Maxflow rate - 4.6m3/h

. 1inchinlet-outlet

. H=302mm/W-193mm/D-403mm

. Temp range 0°C - 55°C

. Horizontal mounting
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+ Nominal Volume of 24L suitable for small/medium household use
* Pressure pre-charge: 4 bar (sufficient for project use) Max: 16 bar
* Suitable for potable water applications

* Thick stainless steel construction

* Polyurethane paint - resistive to corrosion and wear

* Diameter 290mm/H-447mm

* Comes in multiple sizes

* Operating temp: -10°C - 90°C

* 1”standard connection
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« Aiir cushion membrane separating water from compressed air - absorbing pressure changes
*Replaceable membrane

* Capacity options 8L—300L

*Suitable for potable water applications

«Strong Carbon steel construction

«Finishedwith epoxy powder coating - resistive to corrosion and wear

Pressure pre-charge: 1.5 bar (sufficient for project use). Max: 10 bar

*Maxflow rate - 4.6m3/h

*1inchinlet-outlet
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1300mm Catchpit Chamber

HydroCell300

[Pre-filter rainwater, traps

Pre-filter with removable basket for

Purpose lsediment & debris larger debris
Material Polypropylene Polypropylene

[300mrm diameter, 300-900mm
Isize B0OM™M diameter ldepth range

Maintenance

lAccess [Standard manhole access [Easy removal of internal basket
Drainage [BUTTtin outiet pipe for systern
IConnection  [drainage Mutiple inletfoutiet configurations
Lifespan [Approx. 60 years [Cong-Tasting polyrmer shell
Modular design, sghtly more

Installation  fSimple installation, widely used ~{cornplex
[Cost 187 775

[Affordable, robust, compatible |Removable basket, custormisable
IAdvantages  [uith UK drainage lsetup

Disadvantages

INo internal filter basket

Higher cost, more cornplex install
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13-Stage Filtration Kit

Reverse Osmosis System

Effectiveness

IHigh (mult-stage particle & carbon
block)

[Very High (excellent for purity)

Flow Rate /
iSpeed [Fast — 5500 lhour [Slow — 227 liday
[Cost 188 345

Maintenance

Low — 1 annual cartridge change

Higher - month cartridge
lchange

[Footprint
ISize (Compact Larger unit

Compliance /

(Certification Meets UK potable standards Meets UK potable standards
Installation

[Ease [Easy, standard plurmbing [Easy, standard plurmbing
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Minutes
 Asupervision session was held with Richard Sutton, during which the team raised several key questions. Richard provided clear guidance and valuable direction on the project’s development.
* Informed Richard that the Project we have chosen is the Sustainable Water Purification System.
 Anumber of questions were discussed, sample responses are included below for reference.

Q: Do we need to build a working prototype?
A:No, a physical build is not required. The focus should be on clearly outlining each stage of the process, from concept to proposed implementation.

Q: Does the product need to be financially viable for the market?
A: While detailed financial modelling isn't required, it's important to show that the concept is realistic and market-aware, including basic considerations around cost, value proposition and target users.

Q: What key points should be covered in the initial presentation?
A: Focus on outlining the project problem, your chosen project and team roles in the group. Early research findings and preliminary design ideas would be good but in general, it should give a clear overview of your
direction only at this point.

Q: Whatlevel of detail is expected in design concepts at this stage?
A: Concepts can be broad and exploratory. The goal is to show nitial thinking and potential directions rather than finalised solutions.

Next steps
* Allteam members to develop design solutions to be reviewed collaboratively and refined into a final concept.
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‘Gethin and Dale provided strong concept ideas for team discussion. After reviewing their strengths and weaknesses, the team agreed the final solution will combine elements from both concepts.
Rhys, our Design Engineer, compiled the final integrated solution, while Parry led productive discussions on the project's control elements. Mo has made excellent progress on the sustainabilty presentation.

‘We also discussed Dale’s role, deciding it is better suited as primarily a research position with additional smaller analysis tasks. As the project progresses, roles will evolve and run in series or parallel, as outlined in the
Gantt chart.

Nextsteps

Mathew: Complete the full project timeline i a Gantt chart by 7/3/25.

Parry: With the final design complete, proceed as you see fit on the control aspects of the system.

Dale: Conduct market research on existing systems to inform our design choices.

Mo: Provide justification on the sustainabilty elements of the project (noting materials may be refined).

‘Gethin: Although your procurement role starts mid-project, it would be helpful to begin building the presentation now to manage workload later.
Rhys: Document the concept ideas and justify the final design decisions.

‘We will iscuss the timeline on Friday and begin preparing the project presentation for the Interim Viva (submission due 21/3, presentation on 28/3). The presentation s limited to 20 minutes—approximately 3 minutes.
per person. slide count s flexible.

‘Special thanks to Mo for getting a head start on this task.
Thanks, everyone, for your commitment and progress so far. Keep up the great work!
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tinutes

Reviewed the final Gannt Chart and the Power point Presentation flow. Can you please follow the flow as below and complete the slides. Rhys if you need to catch up on yours let me know
and can call to catch up.

Interim Viva presentation Flow

Next Steps
+ M book a room with a projector to run through the presentation before submission.
* All- Focus on the Interim Viva slide permission and submit on Shared teams by 16/3/25
+ Ms- Create the Interim Viva presentation and format all slides onto it for submission.
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Minutes
* The team conducted a run-through of the full slide presentation in a booked meeting room equipped with a projector.
« Each slide’s content and flow were reviewed to ensure consistency, clarity, and alignment with the overall message and structure of the presentation.
* MS—To submit the final presentation tonight.

Next Steps
* Allteam members are to finalise their individual slide presentations, ensuring their delivery fits within the allocated three-minute time frame per person.
« The team to meet early next Friday at 12:00 PM to rehearse the full presentation together as a group.
* Ms—Arrange room booking with projector]
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Minutes
= Time spent with Kevin Rogers regarding the CAD element of the Manufacturing, Design and Technology for the submission on 7/4/25.

« Interim Viva presentation delivered to Richard Sutton and Emma Davies.

Next steps.
* RS~ to complete the project Specification for 11/4/25.
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Thank you

Hiall,

Just wanted say thank you very much for the work that was put into the presentation and the works to date. Well done on the delivery
everyone it was a pleasure.

With Mohammeds project likely to take over this week, concentrate on that and lets pick this back up next week.
Thanks all have a great weekend.

Cheers,
see more.
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Minutes

Progress continues across the project, with team members contributing where possible. The team are currently focused on Mohammed's Manufacturing and Design
project, due for submission on 7th April, and appreciate that efforts this week will be prioritised toward meeting that deadline and preparing for feedback.
Continued discussion and support in the Team WhatsApp, all working cohesively together and supporting one another.

‘There has been strong peer support and constructive feedback from all team members, contributing positively toward the shared goal of successfully delivering the
project.

Next Steps
‘Once Mohammed's submission is complete, focus wil shift to supporting Marie with her assignment, which is due for draft submission and feedback.
‘Team members who are ahead of schedule are encouraged to continue progressing their assigned sections in alignment with the Gantt Chart|
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The team reviewed current project progress and engaged in a group reflection to assess where we currently stand in comparison to where we need to be to meet project objectives.
A QA session was held, allowing team members to raise questions about specific subject areas and request any additional information or support from their peers.

‘The group also reviewed feedback from the recent presentation following Marie’s session. This allowed for 3 constructive discussion on overall performance and highlighted key
areas for improvement in future delivery

Next Steps

‘Team members are to review the individual and group presentation markings during the week and share relevant feedback with MS, 5o key points can be integrated into the final
version of the presentation.

‘Continue progressing through assigned tasks on the Gantt chart to ensure timelines remain on track.
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Minutes
* During the Easter break, team communication was maintained through the WhatsApp group to ensure continuity and alignment. Key updates, task reminders,
and check-ins were shared informally to keep everyone on track while respecting the holiday period. This approach helped maintain momentum and allowed
team members to raise any questions or updates in real time.

Next Steps
* Acatch-up meeting has been scheduled to take place on-site next week, on Friday, 25th April 2025, to provide an opportunity for all team members to review

progress and resolve any outstanding tasks|
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Minutes

Positive progress was noted in all sections especially in the development of the Sustainability section, which is shaping up well with clear structure and relevant content.
similarly, the Control and Automation section is progressing effectively, with key concepts and technical details being well-articulated.

Further discussions were held regarding the project specification, overall CAD design, and the parts/components. These conversations aimed to clarify design intentions, ensure
consistency across documentation, and align all team members on technical requirements moving forward.

Next Steps
All team members are to continue progressing with their allocated tasks as outlined in the Gantt chart, ensuring that timelines and deliverables remain on schedule.
Continued collaboration is encouraged to maintain alignment across all sections, particularly i areas involving shared responsibilities or interdependent tasks.
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* During the meeting, discussions were held regarding the current status of the project design and specification. It was agreed that greater focus now needs
to be directed toward finalising these elements to ensure clarity and alignment. This shift in focus is essential to enable Gethin to accurately produce his
report, as the design and specification form the foundation of his cost analysis and conclusions.

Held 1:2:1 conversations with the team to check in with progress in respect of the Gantt Chart, any blockers on progress.

Next Steps
+ Create a WhatsApp breakout room with Mathew (Project Manager), Rhys (Design Specialist) and Dale (Market research and Testing)
« All-To finalise reporting in line with other Degree deadline commitments.
* Marie's assignment due 9/5/25 just as an awareness of other commitments. |
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* Now Marie's Project has been submitted the focus is now able to be back onto this from all team members

* Mo, Gethin and Rhys report and presentations have been completed. Well done all.

Check in with all the team to see the progress. Gantt chart updated to see progress|

Project although is behind the set date, is still on track. The date was set quite aggressive o the buffer was there if needed as a mitigation for any tasks
overdue.

Next steps
Al team members to attend next week 16 May to run through a final meeting and to start peer reviewing write up's 5o they can be finalised into the final
report.
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Final Viva and Presentation submission date = 23/5/25.
Key points forfinal week,

Minutes
 Reviewed current report status and conducted a Gap Analysis to identify remaining tasks and content needs.
* QBAwith Richard Sutton on integrating individual sections into a cohesive report, emphasizing unified flow over separate submissions.
« Planisto submit a single, well-structured report with a logical flow, reorganizing sections as needed while clearly identifying each team member's contributions.
* Began peer review of report drafts to provide expertise-based feedback and ensure qualtty, clariy, and consistency across sections.

Einal Next Steps

All - Completion of final write up's and presentation slides by Monday 19 May.

MS /PP to start structuring the final reporting flow into one document. Confirm that all references, figures, and data sorces are correctly cited.
M5 - Room booking with projector for run through offinalpresentation on Friday 23/5/25 to ensure flow and timing

« Ms-What Went Well / Areas for Improvement. Gather brif feedback from each team member and compile into final report section

Al - Quality Assurance - Final report peer review across team members to highiight any errors or inconsistencies

Final Words of Motivation
e head ino the fina sretc, s keep momentum up. Every e of you has roughtvalusbie nsights, hard work and commitment o hi projec. Now i the time to bring 3l
together and deliver something we are poud o, Lets say focused, ontinue tocolaborate effectvely and cary the work through to compltion. We're neary there]
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Submersible Pump

Surface Booster Pump

Performance |Medium - Up to 2.76 m?/h, 20m

(Flow/Head) |head High - up to 4.6 m¥h, variable speed
Noise Level ery quiet (silent underwater) Low (47 dB hum)

Energy Use |Low Medium

lAutomation IAdvanced control (dry-run, speed
Features Float switch, basic automation  [modulation)

Ease of

lAccess Moderate (inside tank) Easy - above ground access
Compatibility [Good Excellent

Cost I£500-£700 £550-£600
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[Steel Pressure Tank (MXB)

[Diaphragm Tank (Zilmet)

Performance [Good for smallmedium demand [Very good - flexible performance
Pressure
Stability IStable with fixed air charge [Excellent - air cushion absorbs surges
Tank Size
Options Fixed sizes (e g., 24L) Mutiple (8-300L)
Membrane
Replaceability
Non-replaceable bladder Replaceable mermbrane
Orientation
Options IVertical only |Vertical & horizontal
Durabilty  [Corrosion-resistant steel [Strong carbon steel, epoxy coated

Cost

50-£100

40-£100
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Step No. Task
1 Visual Inspection
1.1 Inspect tanks
1.2 Inspect pipework & joints
1.3 Inspect electricals/HMI
2 Coarse Filter Access and Cleaning
2.1 Open filter housing
2.2 Remove debris
2.3 Test drain-off
2.4 Reassemble filter
3 System Leak Check
3.1 Pressurise system
3.2 Inspect joints for leaks
3.3 Inspect tank fittings
4 Pump Operation and Flow Test
4.1 Activate pump
4.2 Check flow rate
4.3 Check shut-off function
5 Water Quality Assessment
5.1 Sample filtered water
5.2 Test pH
5.3 Test chlorine levels
5.4 Test water hardness
5.5 Measure Total Dissolved Solids (TDS)
5.6 Send for lab testing (if needed)
6 Accumulator Check
6.1 Check accumulator function
7 Commissioning and Documentation
7.1 Document test results
7.2 Sign off commissioning sheet

Action

Check for cracks, deformation, or misalignment
Look for leaks, loose or damaged joints
Verify safe electrical routing and integrity

Use access lid to open coarse filter
Clear basket or chamber of leaves and debris
Pour water through inlet and observe outflow
Secure seals and reattach lid or cover

Fill system and monitor pressure increase
Use dry cloths or sensors to check each fitting
Ensure lid and seals are watertight

Switch on pump manually or via control unit
Measure volume for consistent output
Allow pressure to build and auto shutoff

Collect a water sample from the outlet after final filtration
Use calibrated digital pH meter or test strips

Use chlorine color comparator or photometer

Use hardness test kit

Use handheld TDS meter (mg/L)

Submit sample for bacterial testing (e.g. E. coli)

Tum taps on and off

Record all checks and measurements
Confirm system meets all criteria and sign off

Expected Outcome

Tank is intact and secure
No leaks or visible defects
Wiring is undamaged

Housing opens without damage
Debris fully cleared

Drain-off flows freely

Lid is secure, no leaks

[y R —
1o fsakes &t joinis
Tank connections sealed

Pump activates
Flow is smooth and sufiicient
Pump stops when pressure is reached

Clear sample obtained

pH between 6.5 and 8.5 (UK drinking water standard)
Chlorine < 0.5 mg/L for drinking water

Ideally 60-120 mg/L (moderate hardness)

TDS should be below 500 mg/L for potable water
Meets UK DWI standards for drinking water

No water hammer is apparent

Results are complete and accurate
System ready for handover
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CRITERIA

Description

Water Quality
Maintenance

Durability and Lifespan
Regulatory Compliance

Aesthetics and Space
Utilization

Safety

Installation Complexity
Cost

Score /80

Ranking

CONCEPT 1

Above ground water
tank/filtration system

48

CONCEPT 2

Below ground water
tank/filtration system
(Filtration before storage)

7
5
9
5
10

10

62

CONCEPT 3

Below ground water
tank/filtration system
(Filtration after storage)

)
5
)
5
10

10

64
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Key

—> « Rainwater
3D Model of System —> «+ Overflow Water to Drain
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Parts List
Item | Qty Part Number
1 1 |Coarse fiter holder
2 | 1 |Topfiter
3 1 |2nd fiter
4 1 |3rd filter
5 1 |Bottom fitter
6 1 |Top Lid Coarse
Fiter
<
Rhys O'Shea 10/05/2025
oarse filer assemblynohandle

12
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| s

Parts List
ttem [ Qty [ Part Number
1 | 1 |CoarseFiterto  |a
Tank 110mm D
Pipe
2 | 1 _|Tank Assembly
3 | 1 |Tank Access
Feature
4 | 1_[1"T Pipe 100mm
5 | 1 |Overfiow pipe 3
50mm D
6 | 1 |Coarse Fiter
Assembly
7 | 1 |Fiterand Pump |-
Assembly
8 | 3 [1"LPpe
9 | 3 [1Ppe3oomm |
10 | 1 |Non-Retur Vaive
11 | 1 _[1" Pipe 800mm
12 | 1 _|Pressure Vessel
13 | 11" Pipe 8omm
14 | 1 _|Mains Line
15 | 1 |1 T Pipe
o
3
T =0 ey .
[ [Rhys O'Shea 10/05(2025

Eull Assembly

14





image41.png
915

5176.9

22132
26961

53347

150.39 =

1809.36

1283

Rhys O'Shea 10/05/2025
e
Full Assembly
24

3 W Y @




image42.png
700

550

3140

Rhys O'Shea  10/0522025

Full Assembly

34





image43.png
1 - VI





image44.png




image45.jpg
— % -

i R 1=

| 2 | -
=% Y

e 2 = 9 o

Input Devices

and Sensors. i “"""’“

Programmable Logic Controller or PLC Block Diagram




image46.jpg
Level
Transmitter
(L)

Pressure
Transmitter (PT-2)
OP Transmitter
©P3)
Manual Override
Maintenance Reset

Solenoid valve (SV1)

Solenoid valve (SV2)

Testing Mode

‘ Pump Rela
I =
3





image47.jpg




image48.jpg
POWER
SUPPLY

_'||}+

Transmitter

METER
PLC
SCADA




image49.jpg
Formula:
h=p;/(p*0)

h Filling height / Filling level
P, Ambient pressure

p, Pressure at depth h

» Density of the liquid

Rule of thumb (water):
h[m]~p [bar]* 10
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Signal increases

f

Diaphragm in

resting position

Diaphragm flexcs
1o the right

Phigh = Prow Equal pressures applied
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Diaphragm flexes





image52.jpg
bl EEOSRAMELC.EES

VAR DP3_Mbar

VAR PT2_Bar

VAR Test_Timer

VAR Ma4_Fail

VAR M7_Pass

VAR M6_ConditionsMet

Scope Name Address  Data type Initialization ~ Comment  Attributes
1 # VAR  MaintenanceTest BOOL
2 & VAR LT1_Percent INT
°  ® VAR MO_Rainmode BOOL
4 # VAR  M5_ChangeFilter BOOL
5| # VAR PumpRelay BOOL
© #® VAR M3_TestmodeActive BOOL
7 ® VAR M2_Pumplatch BOOL
# VAR M1_MainsMode BOOL
# VAR MaintenanceReset BOOL
# VAR ManualOverride BOOL
1L # VAR RWSV BOOL
12 ® VAR MSV BOOL
» REAL
L4 REAL
» TON
v BOOL
» BOOL
» BOOL
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Water Company _Annual Cost (£) _Cost Over 10yrs (£) __Fresh Water Supply Cost (£)

Anglian 626 6260 2942.2
Dwir Cymru, 639 6390 30033
Welsh Water
Hafren Dyfrdwy 590 5900 2773
Northurmbrian 506 5060 2378.2
Sovern Trent 55 5560 2613.2
South West 686 6860 3224.2
Southern 703 7030 3304.1
Thames 639 6390 3003.3
duti 598 5980 26106
Wessex 669 6690 31443
Yorkshire 602 6020 2820.4
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Prototype Materials and Components

Component Company Model/PN
Tank Water Level RS PRO 272-6969
Filter Differential Pressure Transmitter Strainsense | MDM490-0002 328.95
System Pressure Transmitter Novus NP640 86.4
Solenoid Valves (QTY 2) SMC VXZ262KGA 243.46
Pump Relay Control CPC SW02596 2.15
Programmable Logic Controller (PLC) RS PRO 917-6377 93.34
g . Display HM1043WM-
Human-Machine Interface (HMI) Visions 42ATCS 22878
Power Supply Mean Well HDR-60-24 20.42
Corse Filter Turtle Enviro $S300160HD 451.88
3 Stage Filter Atlas Filtri AF/RA6095134 150.72
Storage Tank ENDURAMAXX VTP-150 400
25mm x 1.2mtr pipe (Minimum 25mtr Pipelile| 112603 2467
Purchase)

Pump GRUNDFOS SCALA2 3-45 369.6

Filter/Maintenance Access Chamber (4) Pennine MABON60X1 84
Double Check Valve (QTY2) ':,‘::’5“‘:’ BRASSFXF3 22.86
Accumulator GRUNDFOS GT-H-24-H 65.12

Total
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Production Materials and Components

Component Company Model/PN Price (£)
Tank Water Level Strainsense MPW48SWA 183.22
Filter Differential Pressure Transmitter Strainsense | MDM490-0002 | 279.61**
System Pressure Transmitter Novus NP640 73.44
Solenoid Valves (QTY 2) SMC VXZ262KGA 229.18
Pump Relay Control CPC SW02596 1.98
Programmable Logic Controller (PLC) RS PRO 917-6377 79.34**
. . Display HM1043WM-
Human-Machine Interface (HMI) Visions 42ATCS 190.33
Power Supply Mean Well HDR-60-24 18.62
Corse Filter Turtle Enviro | SS300160HD 429.286
3 Stage Filter Atlas Filtri AF/RA6095134 | 128.14**
Storage Tank ENDURAMAXX VTP-150 340.00**
25mmx 1.2mtr pipe Pipelife 112603 0.84
Pump GRUNDFOS SCALA2 3-45 345
Filter/Maintenance Access Chamber (4) Pennine MAGON60X1 71.40%*
Double Check Valve (QTY 2) Monster BRASSFXF3 | 19.43**
Plumb
Accumulator GRUNDFOS GT-H-24-H LLakya

Total
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