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[bookmark: _Toc198844470]Introduction – Antony 
This report details the conceptual design, analysis, and experimental validation of a solar-powered, gravity-driven water purification system designed by Group 5 for potential use in rural Tanzania. The aim was to create a low-cost, sustainable solution to address the issues around limited access to clean drinking water in off-grid areas. Mechanical engineering principles were used to design an environmentally friendly, sustainable system that integrates passive multi-layered filtration and solar disinfection (SODIS). The system eliminates contamination without the need for electricity or chemical treatment. 
Each team member contributed to a specific aspect of the project, including design modelling, material selection, analytical calculations, procurement planning, and project coordination. The team operated under the leadership of a designated Project Manager, who coordinated internal schedules, communications, and the integration of all deliverables. Although the project was not deployed in a real-world setting, it did include prototype testing to evaluate filtration effectiveness. This helped ensure theoretical soundness and practical feasibility. 
The following chapters were authored by individual members. They detail their respective technical contributions, including research findings, design development, field constraints, and lessons learnt. Together, they reflect a multidisciplinary and collaborative approach to solving an engineering problem with real-world impact. The project also aligns with Sustainable Development Goal 6: Clean water and sanitation (United Nations, 2023). 

[bookmark: _Toc198844471]Project Organisation and Planning – Antony 
[bookmark: _Toc198844472]Overview
The project aimed to develop a sustainable, low-cost, gravity-driven water purification system tailored for low-resource communities in rural Tanzania. To meet the module objectives, our team of five members was formed. Everyone had a role assigned that aligned with their strengths and interests, helping to ensure balanced task distribution and technical focus. 
[bookmark: _Toc198844473]Role Allocation:
· Antony Pugh (Project Manager): Oversaw planning, timeline coordination, internal communications, and the compilation of the final report. 
· Shanjidah Ahmed (Design): Focused on CAD development, component layout, and evolving design concepts.
· Iona Cousins (Materials & Sustainability): Led the selection of filtration media and assessed environmental impact.
· Lily Mather (Analyst): Performed technical calculations and UV exposure analysis.
· Joe James (Procurement & Implementation): Managed sourcing of components, local feasibility research, budgeting, and field deployment logistics.
[bookmark: _Toc198844474]Planning Tools and Timeline
To manage the workflow and monitor progress, the group set key milestones and deadlines using a shared Gantt chart (Appendix B). The chart outlined all project phases, including research, design development, testing and reporting. Microsoft Teams was used for communications and shared folders on the private group section within Teams, which was also used to update documents. 
Despite part-time academic schedules, the group maintained alignment through flexible deadlines and mutual accountability. All roles contributed to the project's technical development and administrative progress, with the project manager ensuring the timely integration of all deliverables. 
[bookmark: _Toc198844475]Application of Project Management Techniques
The team appointed Antony as the project manager from the outset. Antony adopted a structured approach to managing the development and delivery of the solar-powered gravity-driven water purification system design. Real-world project management tools and methods were applied to the project. Traditional and agile strategies provided flexibility while maintaining oversight and accountability (Project Management Institute, 2017). 
A key early strategy was to conduct preliminary research into comparable filtration systems and project management best practices. This research phase shaped the project's structure and scope and supported the creation of a realistic timeline using Microsoft Project, a scheduling tool. The project plan included all major milestones and internal deadlines. Moreover, the plan was used to identify critical paths and dependencies. The primary role of the Gantt chart was to visualise the timeline and serve as a place to update and reflect on progress (Kerzner, 2017).   In addition, before an internal deadline, a brief was sent out giving further details on expectations for the deadline and role responsibilities. 
From the outset, it was clear that to maintain project momentum, communication and collaboration were to be prioritised for a successful project. Weekly group meetings were scheduled where applicable and conducted in person at the university. These meetings were documented through meeting minutes, which were written up and shared with the group members via Microsoft Teams (Appendix A). The minutes recorded attendance, actions were discussed, and the agreed-upon next steps were outlined. This helped to create accountability and continuity throughout the project's lifecycle. Each session followed a structured agenda where group members were asked for ideas to showcase the research they had completed since the previous meeting. These meetings promoted focused discussion and efficient time use (Burke, 2013). 
While applying real-world techniques, the project manager was able to embrace key elements of the Project Management Body of Knowledge (PMBOK), such as scope management, resource allocation and risk management (Project Management Institute, 2017). Risks were proactively discussed during the early planning stages. These included potential delays in member submissions, challenges with experimental data and material availability in the targeted region. These were discussed, and mitigation plans were developed, such as adjusting internal deadlines and identifying alternate sourcing options. 
Moreover, the project manager promoted using Responsibility Assignment Matrices (RACI) to clarify team roles and responsibilities (Lock, 2020). 
For example, RACI stands for:
R – Responsible: The person who does the work to complete the task.
A – Accountable: The person who is ultimately answerable for the task being completed (usually the leader or manager).
C – Consulted: People who provide input before the work is done (e.g., subject matter experts).
I – Informed: People who are kept updated on progress or decisions.

Example for the design of the filtration container:
· R – Janeen (design lead)
· A – You (project manager, accountable for overall delivery)
· C – Iona (materials/sustainability input)
· I – Rest of the team (kept updated via Teams or meeting minutes)
This applied structured thinking helps avoid confusion and ensures each member knows what to do. Moreover, it promotes clarity and accountability within the group, which aligns with good management practice (Lock, 2020). Each member was assigned tasks aligned with their strengths and field of interest, while the project manager owned the overall accountability and support functions. This ensured clarity of purpose and helped maintain morale by fostering ownership of their contributions.
While some flexibility was required to accommodate academic and personal commitments, the project manager worked diligently to keep the team aligned and within schedule. The project encountered minor deviations, such as late drafts or unplanned design revisions. This was managed through direct communication, revision of task deadlines in Microsoft Project and reinforcement of final submission requirements. 
The project manager's approach aligned with key project management principles defined in PRINCE2 (Axelos, 2017). It stands for Projects in Controlled Environments, version 2. It is a structured project management methodology widely used in the UK and internationally, particularly in government and large organisations (Axelos, 2017)
.
Application of PRINCE2 methodology:
· Process-based: The project was divided into stages: initiation, design, procurement, testing, and reporting. This was managed via a Gantt chart in Microsoft Project.
· Scalable: Although small in scale, the structured approach allowed the methodology to be adapted to a university-level team with limited resources.
· Defined roles and responsibilities: A RACI matrix was used to assign individual responsibilities, with the Project Manager overseeing coordination and accountability.
· Business justification: The solution addressed SDG 6 by providing a low-cost, solar-powered water purification system suitable for remote communities.
· Focus on products: Deliverables such as CAD models, experimental data, and the final report were clearly defined, tracked, and reviewed for quality.
· Learning from experience: Reviewing prior case studies (e.g., SODIS, bio sand filters) improved design choices, and previous team project experiences informed better planning and communication.
· Continued business justification (PRINCE2 Principle): Throughout the project, the system remained aligned with its original goal of improving access to clean water.
· Manage by stages: Work was split into weekly stages, with tasks reviewed during team meetings and progress adjusted accordingly.
· Tailor to suit the project environment: PRINCE2 was applied in a simplified form appropriate to an academic group project, balancing structure with flexibility.
Although formal quality assurance tools were not used, the project manager undertook informal quality control by reviewing submissions. Contributions were cross-referenced against the initial brief, and constructive feedback was given to the group members. 
In conclusion, the project manager applied a structured and realistic project management approach using industry-relevant methodologies. Their leadership contributed to a well-organised, collaborative working environment, which ultimately supported the timely completion of key deliverables. With the combination of planning tools, communications strategies, and team coordination techniques, the project became a success. This illustrates project management theory's effectiveness even within a university setting. 
While PRINCE2 and PMBOK provided a strong framework, their application in a small academic setting required careful simplification. For instance, PRINCE2’s formalised stage gates were informally substituted with weekly team reviews, maintaining flexibility but reducing formal sign-off structure. Similarly, while PMBOK advocates comprehensive documentation, the scale of the project necessitated minimal documentation to minimise administrative overhead. This revealed a key limitation: overly rigid adherence to industry practices can become burdensome in smaller teams. Therefore, tailoring methods to the team size and project scale is critical, a notion supported by literature on adaptive project management in agile contexts (Matos & Lopes, 2013).
Future projects could benefit from hybrid models that combine structured planning (e.g., Gantt, RACI) with lean or agile methods to improve responsiveness, particularly under part-time academic pressures.
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[bookmark: _Toc198844477]Materials & Sustainability – Iona
The concept for the water purification system is based on a multi-layered filtration system that initially removes smaller and larger particles from the water such as impurities. Once the water passes through the multi-layered pre-filter, the water is disinfected further using solar water disinfection (SODIS) system. This method leverages the abundant of sunlight in the Tanzania region and helps to further disinfect the water by eliminating any residual bacteria, ensuring the water meets drinkable safety standards. 
My role within the group was to research and select materials with a focus on sustainability and being eco-friendly. I was responsible for ensuring that the materials chosen met the requirements of the filtration system for an effective filtration. This approach supports local resources and contributes to a more sustainable and long-lasting purification solution for the community of Tanzania. By carefully researching and selecting materials that met our sustainability goals, I helped the group make informed decisions that balanced cost-effectiveness, ecological impact and lowered emissions. My efforts ensured that our project incorporated materials with minimal environmental emissions while maintaining a high-performance filtration system.  
[bookmark: _Toc198844478]Material Selection Methodology 
[bookmark: _Toc198844479]Layered system
The layers within our filtration system work together to remove contaminants and impurities from the water. The three main physical mechanisms necessary for a successful filtration system are straining, adsorption and sedimentation (Sharma, 2025). Straining occurs when particles in the water are larger than the spaces between the sand grains. This is why finer sand will be used as the top layer, it traps the larger particles whilst smaller particles continue to pass through the filter (Sharma, 2025). Adsorption is the process that activated carbon is excellent for, the carbon attracts and holds onto the organic pollutants such as chlorine, pesticides, heavy metals and chemicals (Water and Waste Water, 2024). Sedimentation is the process of allowing suspended soils to settle at the bottom of a filter (BBC Bitesize, 2025). In our system, coarse sand will be used as the sedimentation bottom layer. Water is distributed into the top of the container and then slowly flows through the three filter layers. Ensuring the effective removal of contaminants and resulting in cleaner water. 
[bookmark: _Toc198844480]Fine Sand
Fine sand plays a crucial role as the top layer in our multi-layered water filtration system. The smaller uniform particles are essential for removing solid particles such as impurities, pathogens and suspended solids through both physical and biological processes (Reijen, 2022). The fine grains form a dense matrix which traps contaminants as water flows through (PickComfort, 2025). This material will ensure larger particles get trapped in the first layer which allow the water to move down the filter. By effectively removing larger particles the fine sand reduces the turbidity of the water (PickComfort, 2025). As the water passes through the fine sand, it becomes gradually clearer and better prepared for the next filtration stages. The result in this first stage is a transition from cloudy, dirty water to visibly clearer water. 
[bookmark: _Toc198844481]Activated Carbon
Activated carbon can be made from either coconut shells or wood. I decided to use coconut shells as Tanzania stands out as one of Africa’s major coconut producers (Tanzania, 2024). Activated carbon made from coconut shells is a clean-burning fire which produces minimal smoke (Tanzania, 2024). Using activated charcoal derived from coconut shells is an effective material for the second layer of a filtration system because it offers excellent absorption properties. It is known for its microporous structure which provides a large surface area for adsorption (Carbon activated corp., 2025). This allows it to effectively trap and remove chlorine, chemicals (PFAS) and organic components (VOC) (Jaap, 2023). This second stage ensures that the water is improved by removing odours and any unpleasant tastes. Coconut shell activated carbon has a high hardness and durability (Carbon activated corp., 2025) which makes it a long-term filtration material. It resists degradation and maintains consistent performance over time which reduces maintenance needs. By adsorbing contaminants this layer enhances the water taste and safety to drink. 
Activated carbon is a charcoal material that has been reheated and oxidised to increase the porosity (Rajah , 2017). To make activated carbon from coconut shells you must first removed the milk and flesh from the inside to ensure the shell is clean and dry (Rajah , 2017). The exterior of the coconut must be cleaned and all fibres removed. Once the shells are cleaned and dried, they need to be burnt in a low oxygen environment between 300˚C - 500˚C for several hours (Rajah , 2017). This process is called pyrolysis where it turns the coconut shells into charcoal. Once carbonised the airflow is removed to allow the charcoal to cool, this prevents it from burning into ash. The activation aspect is done to increase the pore size which allows the carbon to adsorb more particles (Rajah , 2017). The initial concept involved soaking the coconut charcoal into phosphoric acid. However, this type of acid could only be sourced from South Africa (Foskor, 2025). This compromised the sustainability aspect of this project. Therefore, we revived the issue by deciding to use the steam method for activation. This involves placing the coconut charcoal into a kiln, into which steam is inserted which dehydrates the charcoal and reduces the volatile organic compounds (Rajah , 2017). Once the coconut charcoal is steamed, the pores enlarge until they are the ideal size for smaller molecules in water (Rajah , 2017). Once they enlarge the coconut charcoal is now turned to activated carbon and ready to be used within out filtration system. 
[bookmark: _Toc198844482]Coarse Sand
Coarse sand is commonly used in a water filtration system because of its physical and functional properties that make it an effective material at removing impurities from water (Enviroliteracy Team , 2025). The larger particles in coarse sand create spaces between the grains, allowing water to pass through whilst trapping the larger suspended soils such as dirt, debris and organic material which managed to pass through the previous two layers. We decided to put coarse sand as the bottom layer of the filtration system as it is less likely to get clogged up and ensures the previous layers do not flow out of the housing (Oasys, 2025). Which means that the bottom layer can operate for longer periods before needing maintenance. Moreover, coarse sand acts as the final filtration barrier to capture any residual particles but also provides structural support for the upper layers of the filter (Enviroliteracy Team , 2025). 
[bookmark: _Toc198844483]Filtration Housing - Initial concept 
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[bookmark: _Toc198844538]Figure 1. Initial concept.
In the initial concept presented during the first Viva, it was stated that the layered components would be stores within a stainless-steel container as highlighted in figure 1. This was decided as stainless steel is a long-lasting material and was thought to be more sustainable due to its durability. However, feedback from the interim viva suggested that using stainless steel was not cost-effective and could potentially results in a higher carbo footprint compared to alternatives, such as plastic containers. Through further research, we confirmed that this feedback was accurate and the high production costs and transportation emissions associated with the stainless-steel containers does not align with our sustainability goals. 
[bookmark: _Toc198844484]Revised Concept 
The revised concept for the layered filtration system is to use plastic barrels. Two litre plastic barrels are widely available across the Tanzania Region, and many villages use them for storing water, food and other supplies. Because these barrels can be locally sourced and upcycled into water filtration systems, they are the obvious choice. The standard two litre plastic barrel has the ideal inner diameter and height to ensure the correct amount of filtration material can be stored within. Local residents would be able to make the filters themselves as they would only need to drill a hole into the barrel and connect associated components to allow SODIS.
[bookmark: _Toc198844485]Solar Disinfection Housing and Associated Components 
Solar water disinfection also known as SODIS, is one of the most cost-effective methods for producing safe drinking water in economically disadvantaged communities (Vione, 2021). This method utilises UV radiation from direct sunlight to kill microorganisms, generally UVA and UVB rays are effective at killing bacteria, viruses and protozoa (Vione, 2021). SODIS systems can kill up to 99% of microorganisms within water (PumpExpress, 2024). For proper disinfection, water should be placed in a clear container and left in direct sunlight for at least 6 hours.  












[bookmark: _Toc198844486]Initial concept – Part two
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[bookmark: _Toc198844539]Figure 2. Initial concept with legs.
The initial concept for the water filtration system is highlighted in Figure 2. The three-layered filtration system was housed in a stainless-steel container with legs to add height which is ideal for gravity fed filtration. The outlet included a plastic valve and a clear pipe with a two mm inner diameter for UV disinfection. This pipework was made from Polyethylene Terephthalate (PET) which is the most suitable plastic used for SODIS. This is because PET is transparent, lightweight and allows UV rays to penetrate (SODIS, 2011). 
This initial concept relied on the idea that the filtered water would remain within the clear pipe by closing the two isolation valves. This ensures the water stayed in the pipe for at least 6 hours for optimal disinfection. Once the time had elapsed, the outlet valve could be opened and clean filtered water be ready to drink. As the stainless-steel container concept had evolved into the use of plastic barrels, we also decided to use clear plastic barrels for SODIS, since the clear PET pipework was difficult to source locally.  
[bookmark: _Toc198844487]Revised concept 
The revised concept is to use clear plastic barrels for the water disinfection aspect. Alongside the two litre barrels used to house the layered filtration system, clear barrels can be locally sourced within the Tanzania Region. Using clear plastic barrels instead of leaving the water in a small pipe offers several advantages. The large capacity of the barrels allows for a larger volume of water to be exposed to UV light at one time, which means more water can be disinfected within the six-hour sunlight per day. Additionally, the increased surface area available in the barrel compared to a small pipe improved the efficiency of the SODIS process. This revised concept makes it more adaptable to the needs of a larger community and therefore aligns with the sustainability and cost-effective goals. 
[bookmark: _Toc198844488]Additional Components
The additional components for the SODIS aspect are pipework, valves and reflective foil. The pipework and valves used to connect the two barrels are standard household plumbing items and can be locally sourced from hardware stores within the Region. Standard fittings are used because they can easily be replaced during any maintenance work and it helps keep costs down. Reflective foil will be used around the lower quarter of the clear container, this will enhance the UV exposure. This material can be locally sourced from stores, which ensures that the water to receive adequate UV exposer even during cloudier days. 
[bookmark: _Toc198844489]Maintenance 
The maintenance requirements for a system like this is pretty simple. Below is an example of what users of the filtration system can expect. 
Daily check (for user) 
· Visual inspection of the containers, look out for dirt, cracks, or leaks.
· Ensure UV containers are placed in direct sunlight for at least 6 hours (rotate or reposition if needed).
Weekly
· Rinse the three-layered filter with clean water to remove surface debris.
· Check water flow rate as slower flow may indicate clogging.
Monthly
· Stir or rake the top two-five cm of the fine sand layer to prevent biological clogging.
· Inspect containers and joints for leaks or biofilm build-up.
· Wipe the UV containers to remove dust and algae and to ensure it is clear for maximum sunlight penetration.
Every 3–6 Months
· Replace activated carbon (based on if the water quality or taste changes).
· Thoroughly clean all containers.
· Check and tighten any fittings or pipe joints.
Annually
· Replace fine sand and coarse sand if the flow is consistently slow or if the water comes out cloudy. 
· Review the system performance (Taste and any odours) 
Sustainability and Environmental Impact 
Our water filtration system priorities sustainability and environmental impact. Our key sustainability goals include lowering transportation emissions by using locally sourced materials. Ensuring materials are affordable, durable and have a long-term functionality as this filtration system will be used daily. Additionally, we aim to select materials that are sustainable, minimise waste and remain economically viable throughout their lifecycle. Below is an insight into each material selection and the reasoning behinds its sustainability. 
[bookmark: _Toc198844490]Fine and Coarse Sand 
Sand filtration systems have been used for centuries as a cost-effective and reliable method for providing clean drinking water (PickComfort, 2025). Using sand within filtration systems are environmentally sustainable because it does not rely on harmful chemicals for treatment (Sharma, 2025). This minimises the environmental footprint by avoiding the production of chemical waste or harmful by-products (Sharma, 2025). Moreover, both fine and coarse sand will be locally sourced from riverbeds in the Tanzania region (Madenge, 2021). The Rufiji River, which flows through the entire length of Tanzania is an ideal source for the required sand. This river will provide the necessary materials for the sand component of the water, although responsible extraction methods will be used to ensure that the sand collected does not disturb the local ecosystem. 
[bookmark: _Toc198844491]Activated Carbon
Using coconut shells to produce activated carbon is an eco-friendly approach because it helps preserve forests, as coconuts can be harvested without having to cut down trees (Boch, 2023). Unlike wood-based carbon which contributes to deforestation (Tanzania, 2024). Utilising coconut shells promote a renewable source, since they are a by-product of the coconut industry and would otherwise be disregarded as waste. Additionally producing activated carbon from coconut shells requires less energy and results in lower greenhouse gas emissions compared to traditional wood-based methods (National Minerals, 2024). Furthermore, Tanzania is one of Africa’s largest coconut producers generating over 800 million coconuts annually (Tanzania, 2024). The coconuts will be locally sourced which keeps the environmental impact low by minimising transportation emissions and lowers the waste from the coconut industry. 
[bookmark: _Toc198844492]Plastic Containers
Plastic containers used as filtration housings are more sustainable than the initial idea which was to use stainless steel. Although plastic can take anywhere from 20 to 300 years to degrade (Chariot Energy, 2024), using second hand plastic containers extend their lifecycle. Repurposing plastic barrels which are used within the Tanzania Region for storing water and agricultural products, further extends their usability and prevents them from ending up in landfills. By converting these plastic containers into a layered filtration system and SODIS container, we can reduce waste and lower the overall environmental impact. This practice will support the “circular economy” a system that believes materials never become waste as they should be continuously reused rather than discarded (Macarthur, 2022). Furthermore, the local availability of the plastic containers reduces transportation costs when compared to high manufacturing and transportation costs associated with stainless steel. Consequently, this new concept is not only more economically viable that the initial concept but also environmentally beneficial. 
[bookmark: _Toc198844493]Pipework
The pipework and valves will be made of plastic and come in standard household plumbing sizes. This means the required items can be easily sourced from local hardware stores within the Tanzania Region. Sourcing these components locally enhances the sustainability by reducing transportation emissions and lowering the overall carbon footprint. In the long term, local availability will make maintenance easier and also supports the local economy. As it allows local residents to gather all the necessary materials for a filtration system with ease. 


[bookmark: _Toc198844494]Calculations & Analysis – Lily 
[bookmark: _Toc198844495]Overview of the work carried out 
This project focused on developing a sustainable and cost effective water purification system that was suitable for deployment in Tanzania, where there is a lack of reliable access to clean drinking water. While the designing and implementation involved collaboration across our team, my specific role focused on the analytical and technical development of the system. Providing the data and calculations to help shape the design and align with water quality standards. 
Throughout the project, I worked on evaluating and comparing multiple design proposals from a performance and feasibility standpoint. This included calculating flow rates using Darcy’s law for different filter configurations, estimating UV exposure times based on solar intensity in sub–Saharan Africa, modelling turbidity to get the clearest water and optimising flow rate. I also analysed the efficiency of materials such as activated carbon and fine/coarse sand in removing contaminants.  Our group explored three major designs iterations from UV purification via slow flow transparent piping, to solar powered electric UV lamp and then finally a combined sand carbon filtration system followed by solar disinfection. The analytical work helped to evaluate the feasibility of each approach, especially in terms of cost, maintained and effectiveness in real world implementation. 
Overall my role helped to refine the system design to ensure it was not only theoretically effective but also practically implementable, particularly in areas with limited infrastructure and financial resources. 
[bookmark: _Toc198844496]Research carried out 
 To help support the design and evaluation of our water purification system, I research the different variables that affected filtration and disinfection of the water. The goal was to assess each methods effectiveness, feasibility and sustainability. 
[bookmark: _Toc198844497]Filtration media and performance 
The filtration component of our design is based on a multi layer gravity fed system that uses fine sand, activated carbon and coarse sand. This configuration took inspiration from a bio sand filter design which has been widely implemented in developing countries due to its simplicity and effectiveness. Our design consisted of a layer of fine sand, activated carbon then coarse sand. The fine sand serves as the primary medium for mechanical filtration and supports the development of biofilm formation, which occurs in the top layer of sand and eats the harmful pathogens. (Samari-Kermani et al., 2024). The middle layer of activated carbon was chosen for its absorption properties, particularly in removing organic compounds, heavy metals along with improving taste and odour (Atabaki et al., 2013). Coarse sand on the bottom supports drainage and prevents clogging (CAWST, 2012). 
To optimize the filter, I used the Kozeny-Carman equation to calculate the permeability of each layer based on grain size and porosity. I then applied Darcy’s law (Atangana, 2018) to model flow rates and determine appropriate filter height and diameter to achieve sufficient throughput while allowing for effective contaminant removal. This analysis directly informed the dimensions and layering structure of our prototype. 
[bookmark: _Toc198844498]UV disinfection and solar exposure 
Disinfection was a more challenging element due to the variability of UV intensity across time, weather and season. I initially evaluated a continuous flow through UV pipe system using sunlight, but calculations showed even small drops in UV significantly reduced effectiveness.
Average UV irradiance in Tanzania is around 0.2125mW/cm² which is the equivalent to a UV index of 8.5 (Wright et al., 2020). Which under optimal conditions can deliver the required does of 6-8mJ/cm² to inactivate bacteria like E.coli. However, on cloudy days UVI can fall below 0.08mW/cm², which increases the required exposure time beyond 6 hours and can result in under disinfection if the users are unaware or impatient. 
To account for this, we researched into a SODIS (solar water disinfection) method where water is stored in clear container and exposed to sunlight for 6+ hours depending on weather conditions. SODIS is effective when turbidity is below 30NTU, but in an ideal world should be less than 10NTU to avoid UV shielding by suspended solids (Dawney and Pearce, 2012). Our calculations showed that pre filtration was essential in reducing turbidity from levels typical in Tanzanian water sources averaging around 44.5NTU (United Nations Environment Programme, 2021)
[bookmark: _Toc198844499]UV lamp and power considerations 
As a more reliable UV disinfection method, I also investigated UV lamp systems. These offer rapid disinfection often within 10 – 30 seconds, assuming proper flow control and exposure time (World Health Organization, 2017). However, we identified several drawbacks for our target setting such as the upfront and maintenance costs, need for consistent power supply and the risk of the lamp degrading over time/potentially not being able to source the parts locally. Given these limitations we ultimately ruled this out as a core design feature but discussed it as a potential long term upgrade. 
[bookmark: _Toc198844500]Alternative disinfection methods – chemical 
To broaden our analysis, I researched chlorination as an alternative. Chlorine based treatments are commonly used in humanitarian and household water treatment kits. They are fast acting typically within 30 minutes, are effective against most microbial pathogens and relatively low cost (World Health Organization, 2017). However there needs to be an accurate dosage to avoid undertreatment or taste issues, which would have to be monitored, also potential health concerns with long term exposure to disinfection by products such as trihalomethanes (Nieuwenhuijsen et al., 2009). Along with that there is a constant supply chain need, which may be unreliable in rural Tanzanian communities and would also have to be monitored. Compared to chlorination, SODIS is slower but requires no recurring input costs, no training and is widely promoted by NGOs like CAWST for use in low income regions (CAWST, 2019)
[bookmark: _Toc198844501]Design or development work 
The development of the water purification system progressed through several design iterations, each guided by the outcomes of our research and analysis. The aim was to create a practical, low-maintenance and sustainable solution suitable for deployment in Tanzanian rural communities. 
[bookmark: _Toc198844502]Initial design concept
The project began with a concept that combined a gravity fed filtration system with a solar UV disinfection process. The initial design proposed a transparent pipe system that would slow the water flow enough to allow natural sunlight to disinfect the water as it passed through. However even though mathematically the potential was there shown in equations 1 - 4, due to the natural solar levels fluctuating significantly throughout the day and between seasons, dropping as low as 0.08 mW/cm² on cloudy days would mean it would not consistently work and would cause issues with creating a consistently safe water supply. Along with that, the flow rate required for sufficient exposure time would be too slow to provide practical daily water volumes on its own at a flow rate of 75ml/min as shown in equation 4 
· UV in Africa = 0.2125 mW/cm²
· Average UV exposure it takes to kill viruses 
· E. coli → 4–6 mJ/cm² 
· Salmonella → 6–8 mJ/cm²
· Other viruses → 10–20 mJ/cm²
· Calculation for exposure time
· I = UV does require 
· UV does = average exposure



                       Equation 1 -  UV exposure time

The total using worst-case scenario; 

· 5 seconds that the water needs to be exposed not taking into account pipe thickness and length

· Pipe length base flow rate calculations
· L = Pipe length 
· V = water velocity – gravity-fed system is around 0.000645m/s (current rate for the filtration system)  t 
· t = required UV exposure time 

Equation 2 - Pipe length

· Pipe diameter 
· Q = flow rate 
· A = pipe cross section area
· V = water velocity 

                                 
Equation 3 - Pipe diameter
Assuming that the pipe is 5cm in diameter 


· Flow rate

Equation 4 - Darcy’s law 


0.00196 x 0.000645 = 0.00000126 = 75.82ml/min  


So for 6.07cm of pipe we get 76mL/min

[bookmark: _Toc198844503]Second design concept 
The next design we explored was the use of a UV disinfection unit powered by a solar panel and battery system. This approach offered more consistent performance, but through technical and economic analysis we concluded that the system would require a minimum of 20 watts of power which would necessitate a relatively expensive solar panel and storage solution. The UV bulbs have a life span of between 9000 – 12000 hours and need clear water with a turbidity of less than 1 NTU to be effective (Saniworld, 2025). Although this design was technically viable and a good solution to kill bacteria, the costs and maintenance burden made it unsuitable for widespread use in rural Tanzanian settings. 

[bookmark: _Toc198844504]Final design concept 
Based on the constraints and environmental concerns, our final design uses the same multi-layered filtration system followed by a solar water disinfection process, which uses the natural UV from the sunlight in a static clear container to disinfect. 
Using the dimensions from a 200 litre container that was locally sourced and has the diameter of 585mm and height of 950mm . Using flow rate modelling with Darcy's law (equation 4) and the permeability data from the Kozeny carman equation shown in equation 5. 

g = Gravity acceleration (9.81 m/s²)
ρ = Water density 
μ = Water viscosity 
d = Grain diameter 
 = Porosity 
Equation 5 - Kozeny-carman equation
I optimized the design with the following dimensions 300mm fine sand on the top then 100mm activated carbon in the middle then 150mm coarse sand on the bottom. This configuration achieves and estimated flow rate of 69ml/min which is sufficient to process approximately 4.1 litres per hour under continuous use. The design allows gravity driven operation without mechanical parts. 
After filtration, the water is collected in a transparent 19 litre PET container and exposed to full sunlight for a minimum of 6 hours. This method requires no energy input and can achieve microbial inactivation levels comparable to chlorination and UV lamps when turbidity is reduced below 10 NTU. This method means there won't be any chemical residues or consumables, it would be low maintenance and cost effective to use in multiple locations using sustainable materials. 
[bookmark: _Toc198844505]Experiments, calculations and modelling 
The development of our purification system relied heavily on theoretical modelling and calculation to validate design feasibility and inform decisions. Our key performance goals for the system were to ensure sufficient flow rate for daily household or small community use, achieve 10 NTU to make SODIS effective and ensure that the water could be sufficiently disinfected. 
[bookmark: _Toc198844506]Filter and flow rate calculations 
The final filter media layout was selected for its balance between flow rate effectiveness and material efficiency. We concluded that the filter would be 300mm of fine sand 100mm activated carbon and 150mm coarse sand. This configuration was implemented in a 200 litre barrel with an a average diameter of 585mm and height of 950mm which gave a filtration area of 0.269 m².
Using Darcy’s law shown in equation 4 and the permeability using the Kozeny carman equation shown in figure 5

· Composite permeability = 5.90× 10⁻⁶ m/s
· Cross sectional area = 0.269 m²
· Head height = 0.4m ( barrel height – filter depth)
· Total media depth = 0.55m 
This gives a total of 69ml/min, which equates to 4.1 litres/ hour. 

[bookmark: _Toc198844507]Turbidity analysis 
Starting from an average raw water turbidity of 44.5 NTU the system is expected to reduce turbidity to below 10 NTU threshold required for effective SODIS. 


Equation 6 - Hydraulic retention time
· V =  1000l 
· Q = flow rate 


Equation 7 - Turbidity decay model


· Tin=44.5 NTU
· E
· K = 0.668
This gets the turbidity to 0.0028 NTU, which is more than sufficient for solar disinfection as shown in figure 1. 

[bookmark: _Toc198844540]Figure 3 - Turbidity
[bookmark: _Toc198844508]UV disinfection
To complete the purification, process the filtered water is transferred to a 19 litre clear polycarbonate/PET water dispenser bottle for disinfection using the SODIS method. The containers dimensions on average have a diameter of 270.5mm and height of 489.5mm. 
To calculate the UV exposure time, I used equation 1 which shows how long bacteria needed to be exposed for to ensure it was disinfected. Shown in equation 8 is the results which showed the water would only need to be exposed for 94.12 seconds to be disinfected. However, in real world application these timings wouldn’t necessarily work due to the factors such as overcast conditions and light diffusion which is shown in figure 2. According to multiple sources the water must be exposed for a minimum of 6 hours to ensure that the water is safe for consumption and takes into account the involved variables. 

Equation 8 - UV exposure rates results


[bookmark: _Toc198844541]Figure 4 - UV exposure times
 
[bookmark: _Toc198844509]Challenges and changes from the original plan 
Our original plan centred around a continuous UV disinfection system using transparent piping. However, this design revealed two major limitation one of which was the low flow rate calculated at approximately 76ml/min which is to slow on its own for practical household use. The second was the UV variability due to fluctuations in solar irradiance, often falling below required levels for effective real-time disinfection. This made consistent water treatment unreliable and ultimately make it to inconsistent for safe water consumption. The second approach we explored a solar powered UV lamp system. While effective, it presented challenges including high costs, maintenance requirements and dependency or reliable power along with parts availability all of which limit suitability for a rural Tanzanian setting. 
[bookmark: _Toc198844510]Final design conclusion 
For our final design we adopted a passive multi barrel system combining gravity fed sand and carbon filtration with a SODIS. Although this method results in a slower flow rate of 65ml/min it does offer important advantages such as scalability as the design uses off the shelf 200l barrels which are low cost and locally available. This allows multiple units to be deployed simultaneously, enabling a household or small community to meet their daily water needs. It’s also simple and low maintenance as it doesn’t need a power supply and minimal moving parts. its highly cost effective by switching to pre fabricated barrels Instead of custom built container, which also reduces construction complexity and overall cost making it feasible to install multiple systems in parallel rather than overengineering a single high output uni. 
The final design gives a practical trade off sacrificing flow rate in exchange for scalability, reliability and accessibility in real world Tanzanian environments. 


[bookmark: _Toc198844511]Procurement & Implementation – Joe 
Delivering an effective and suitable water filtration system in a rural Tanzanian setting presented multiple challenges, from budget limitations to the availability of locally sourced materials. The core aim of this project was to design and implement a low-cost easy to maintain solution that could reliably provide clean drinking water to off-grid communities. My responsibilities within the group focused on the procurement and implementation of the system, which involved helping find suitable materials, estimating overall project costs, sourcing components within Tanzania and developing a practical step-by-step plan for field installation and community handover.
The initial design was centred around a stainless-steel tank and metal piping, paired with an ultraviolet disinfection system using solar energy. While technically robust, feedback from the interim viva highlighted key issues with this approach. Notably the high cost of materials and practical limitations in manufacturing and transportation to the rural areas. In response, our team have revised the plan to use two large plastic containers, one solid enough to contain the sand, gravel and charcoal and the other clear to hold the filtered water and to benefit from the abundant sunlight for the UV properties. These changes not only reduce the overall cost but improve ease of assembly, transport and community adoption.
This section details the progression from our original design to an improved field-adapted solution that will highlight procurement decisions, logistical planning and implementation strategies aligned with the realities of the deployment environment.
[bookmark: _Toc198844512]Initial Design and Procurement Approach
The original water filtration system was designed around durable, long-life components sourced locally within Tanzania. The central feature was a 350L stainless steel storage tank, chosen for its strength, corrosion resistance and longevity. To enable gravity fed filtration, stainless steel piping and fittings were specified, supporting multiple layers of filtration media including coarse sand, gravel and charcoal. The system included a solar UV exposure stage using transparent PVC piping and tubes.
Procurement research focused on regional suppliers in Arusha, including (Vikas Pumps, 2025) and (Water Drilling LTD, 2025), known for stainless steel sourcing and fabrication. Costs were estimated using public listings from (Plastock, 2025) and (Jiji, 2025), with the stainless tank ranging from £150-£450, piping at £6.50-£14.50 per section and fabrication labour at £0.52-£1.02/hour. With transport, material and labour costs were expected to reach £660, plus a 25% contingency, bringing the total budget to £825 (≈2.8 million TZS).
Transport logistics involved short range delivery (~10-20 km) using small trucks or 4x4s from Arusha to the Massai region. Supplier proximity was a key factor in minimising delay and cost. Implementation steps included sourcing, fabrication, transport, site assembly and water testing before community training.
This initial approach was technically sound but introduced challenges related to cost, complexity and material availability which later guided a major redesign.
[bookmark: _Toc198844513] Design challenges and Feedback Response 
 While the original design proposal centred on stainless steel tanks and piping, feedback during the interim viva raised concerns about cost, transportation practicality and material availability. These components, although durable, were identified as costly and potentially difficult to source and transport to rural Tanzanian regions.
In response, the team revised the design to use a large clear plastic storage drums and plastic piping, significantly reducing the financial and logistical challenges. This change allowed for easier local sourcing, lighter transportation of loads and quicker on-site assembly.
The updated design also supported a solar disinfection strategy based on the SODIS method, using the clear drum to expose water to direct sunlight for a minimum of six hours. Reflective material was also added to the base and bottom quarter of the container to help maximise UV exposure, these adjustments ensured that the final system remained effective, affordable and suitable for long-term use in the field.
[bookmark: _Toc198844514] Revised Design and Updated Material Selection
 In response to feedback regarding cost and practical constraints, the team revised the design by replacing key materials and simplifying the water filtration setup. The most significant change involved was replacing the stainless-steel tank with large plastic storage drums. This shift to lightweight plastic drums also aligns with UNICEF’s recommendations for cost-effective water solutions in rural communities (UNICEF, 2019). One storage drum would act as the filtration chamber and the clear storage container would be the solar disinfectant chamber. The large plastic drum come available in sizes ranging from 200L to 350L sizes, are lightweight and locally sourced and cost significantly less than their stainless-steel counterparts, listings on (Jiji, 2025) confirm that drums of this size are commonly priced between 30,000-150,000 TZS (approximately £20-£50). The clear plastic 19L container as listed on (Jiju, 2025) 30,000 (approximately £8.38).
Alongside this change, plastic piping was selected over metal. It is widely available at hardware and plumbing stores throughout Arusha and surrounding regions. Plastic piping offers advantages such as low cost, reduced weight and ease of connection using basic tools. This eliminated the need for skilled labour for welding and fabrication. Making it far more suitable for community-led assembly.
The filtration setup within the drum retained its original layering system. This configuration allows for effective sediment removal and basic chemical filtration. For disinfection, the team transitioned to a larger storage container SODIS method. This involves exposing the clear plastic drum to direct sunlight for a minimum of six hours, enabling natural UV-A rays to neutralise harmful pathogens, a process validated by the World Health Organization (2017).
To enhance the solar disinfection effect, the base and lower quarter of the drum are wrapped in reflective material, typically aluminium foil which would increase sunlight penetration and internal water temperatures.
A practical concern addressed during this revision was ensuring users wait the full disinfection period before using the treated water. To solve this, the team developed a visual time-tracking system which could be as simple as a chalk board indicating when the container was last filled. Additionally, a two-bucket rotation system was introduced where users are required to refill one bucket when drawing from another. This ensures the system stays full and continuously exposed to sunlight and supports the sustainability of the system.
[bookmark: _Toc198844515]Budget Adjustments and Procurement Revisions
 The revised procurement strategy significantly improved the economic feasibility of the project without compromising its technical objectives. The most substantial cost-saving change was the decision to replace the originally planned stainless steel tank with a plastic drum. These drums are commonly used in Tanzania for domestic water storage, are available in various sizes 200-250 Litres and are priced between 45,000 and 100,000 TZS (≈£20-£50) depending on size and supplier. Listings on (Jiji, 2025) and clear 20L water containers are priced 30,000 (≈£8.38) on (Jibu, 2025) who offer delivery to a wide range of areas including Tanzania and the Arusha region.
In addition to being more affordable, plastic drums are lightweight and do not require specialised handling equipment, which reduces logistical and labour costs during both transportation and installation. While the clear 20L container can be placed anywhere to achieve the best sunlight capture available at the time and the larger filtration tank can hold excess water before having to refill the smaller UV purifying container. This change represents a saving of over 89% compared to the initial £150-£450 estimate for stainless steel tanks.
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[bookmark: _Toc198844542]Figure 5: Cost Comparison (Jibu, 2025) and (Jiji, 2025)

The use of PVC piping rather than metal piping also contributed to the reduced costs. PVC is widely available through plumbing outlets and general hardware stores in the Arusha region, with prices typically ranging from £6.50-£14.50 per metre depending on diameter and wall thickness. Installation is straightforward and does not require skilled tradespeople or welding equipment, just the ability to possibly make a single hole at the base, further lowering labour input.
In terms of transportation, the shift to lighter and more compact materials dramatically reduces complexity. Materials can either get transported from suppliers in Arusha to the rural project site in the Massai region or collected and transported by locals with the ability to travel by vehicle. The logistics of accessing the location have remained unchanged due to the project requirements set out initially, the costs of transportation can be expected to stay relatively similar depending on the local ability to collect materials themselves or if they are dependent on delivery. If dependent on delivery, keeping with the 10-20 Km from Arusha and road the same small trucks and 4x4 vehicles will still be the primary vehicle chosen for delivery and this can be achieved in delivering to site within an hour. The East African Business Council (2022) reports average road transport costs in the range of $1-$1.80 USD/Km (≈£0.80-£1.40) per container/load. With smaller loads this can keep transportation low and well within our contingency allowance.
An added benefit of sourcing locally is the ability to maintain flexible procurement. If a supplier experiences delays or stock shortages, alternative vendors are available within Arusha, Moshi and even Mwanza as previously mapped during our research. Sourcing materials from regional suppliers in Arusha also follows best practices in decentralised procurement (Wash, 2020), supporting supply chain resilience and community-based implementation.
Based on the recent revisions, the total project cost for materials, transport and basic setup is estimated at £125, with an additional 20% contingency allocated for unforeseen expenses. This represents a total cost saving of 80% compared to the original £660 plan. The revised budget maintains cost-efficiency while ensuring the design remains scalable, replicable and suitable for future installations with minimal additional investment. Crucially, this reduction has been achieved without compromising the system’s effectiveness or sustainability.
[bookmark: _Toc198844516] Field Implementation and Development Strategy
 With a refined and field-ready design, the implementation strategy was structured into five key phases. Material preparation, transport, on-site assembly, testing and community training. Each step was designed to optimise efficiency, reduce reliance on specialised labour and support long-term sustainability through local engagement.
 
Phase 1 – Material Sourcing and Preparation.
All core materials, including the plastic drum, clear plastic container, PVC piping, sand, gravel and charcoal, reflective wrap and accessories were procured locally at project location and locally to Arusha. To maintain flexibility, suppliers such as (Jibu, 2025) (Jiji, 2025) (Plastock, 2025) and regional hardware outlets were used. Filtration media were collected on site prior to delivery to ensure minimal setup time on-site.
Phase 2 – Transport to Project Site.
The project site, located in the Massai region south of Arusha is approximately 10-20 Km from the city. Given the good road conditions and light loads of the materials, transport was arranged using small trucks or 4x4 vehicles due to the need to go more rural closer to the project site. To keep this element well budgeted alternative routes are to be pre-planned in case of unforeseen road blockages and alternative suppliers are to be readily listed and available if material is in short supply to prevent any delays.
Phase 3 – On-Site Assembly and Setup.
Installation is to begin by preparing a stable sun exposed surface for the plastic drum and container. The drum is fitted with a watertight outlet valve and then layered internally as specified by Lily Mathers. Reflective foil was wrapped around the lower quarter of the container to enhance UV exposure. Plastic piping was connected to the outlet valve for improved control of water collecting via both water units. All of which can be installed by hand with no requirement of tools.
 
Phase 4 – Testing and Calibration.
Before public use, the system is to undergo a testing period where the water was filtered and exposed to sunlight for a minimum six hours. The water was then assessed for turbidity and basic quality metrics.
Phase 5 – Community Training and Ownership.
A training session was held with residents to explain the filtration and disinfection process, including the SODIS time requirement. A chalkboard was introduced to record fill times. To reinforce system sustainability, a two-bucket policy was introduced. Every user drawing water was expected to refill the container with untreated water, maintaining a continuous purification cycle. This is a principle recommended in rural development models (WaterAid, 2021).
 
This phased implementation ensured that the system was not only functional and safe but also community managed, reducing the risk of neglect or misuse over time.
[bookmark: _Toc198844517] Evaluation and Lessons Learned
 The procurement and implementation phase offered valuable insights into the challenges and practicalities of delivering engineering solutions in a low-resource, field-based environment. One of the most important lessons learned was the necessity of adapting quickly to feedback. While the initial design was technically sound, it became clear through discussion and presentation feedback that real-world constraints, particularly cost and transport feasibility would undermine the systems success if not addressed.
Revising the design not only reduced the total project cost but also significantly simplified the logistics. The switch from stainless steel to plastic drums and piping meant materials could be acquired more easily and as there were no fabrication costs to consider and much more readily available from local hardware stores. All of which has allowed us to focus more on ensuring community adoption rather than overcoming technical hurdles.
Another critical learning point was the importance of sourcing flexibility. Early in the procurement phase the group identified multiple suppliers in Arusha and surrounding regions, creating resilience against availability issues. This was essential in ensuring timelines were met without comprising on material quality or budget.
On a personal level, this project highlighted the value of clear communication and collaborative planning. Aligning material choices with disinfection strategy, in this case a solar SODIS system, user behaviour (the two-bucket system) and transport logistics required tight coordination between team members responsible for design, costing and user management.
Looking ahead, I would explore ways to further strengthen the system by integrating sensors, UV lighting and timers to support the SODIS verification, and building formal partnerships with NGOs like the World Health Organisation (WHO, 2021), Water Aid (WaterAid, 2021) or UNICEF (UNICEF, 2019) for post-installation water testing. Nevertheless, the project successfully demonstrated how simple, locally sourced materials, guided by responsive project management can deliver real impact in resource-limited communities.
[bookmark: _Toc198844518]Final Remarks on Procurement and Implementation
 The procurement and implementation element of this project was central to ensuring that the final water filtration system was both effective and achievable within the context of rural Tanzania. Initial plans that relied on stainless steel components were refined into a more accessible and cost-effective solution using locally sourced plastic materials and a solar disinfection approach. This change not only reduced costs and logistical complexity but also improved the likelihood of long-term community ownership and maintenance.
My role in sourcing, costing and planning the development of these materials contributed directly to the system’s viability. I gained a deeper appreciation for the intersection between technical decision making and real-world constraints, particularly in areas where infrastructure, funding and skilled labour are limited.
The experience reinforced the value of adaptable thinking, supplier engagement and close collaboration with stakeholders to align engineering solutions with community needs. With the final system now simpler, more sustainable and tailored to its environment, the procurement and implementation will serve as a foundation for replicable solutions across similar off-grid regions.
This project has strengthened my practical engineering skills while highlighting the critical role of inclusive, context-aware design in international development.


[bookmark: _Toc198844519]Testing & Results Summary – Antony 
An experimental test assessed whether the proposed water purification system design was viable. This was achieved by replicating the design with a small-scale prototype. The aim was to evaluate the filtration efficiency of the three-layer gravity-fed filter using muddy water. The parameters tested were mainly turbidity and PH. The experiment simulated real-world use in rural areas, using simple materials and basic tools to reflect field conditions. 
Prototype Setup
The test filter consisted of a two-litre container filled with three filtration layers:
· 60mm fine sand (top layer)
· 60mm activated carbon (middle layer)
· 60 mm coarse gravel (bottom layer)
A one-litre volume of muddy water was prepared using local soil and tap water to replicate untreated surface water. The output was collected in a clear one-litre container. This was selected for its UV transparency and solar disinfection (SODIS) suitability.
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[bookmark: _Toc198844543]Figure 6. Prototype before filtration
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[bookmark: _Toc198844544]Figure 7. Prototype after filtration
Testing Procedure
· A digital turbidity meter was used to measure turbidity in NTU (Nephelometric Turbidity Units).
· pH test strips (4.0–10.0 range) were used to check acidity and alkalinity before and after filtration.
· Flow rate was measured by timing the filtration of a full 1-litre sample.
· The filtered water was placed in direct sunlight for 6 hours for simulated disinfection using the SODIS method.
Results
	Parameter
	Before Filtration
	After Filtration

	Turbidity (NTU)
	47.2
	6.1

	pH Level
	7.8
	7.4

	Flow Time (1L)
	-
	13 minutes

	Flow Rate 
	-
	76.9 mL/min

	Visual Clarity
	Very cloudy
	Mostly Clear

	Odour
	Earthy
	None



The turbidity was reduced from 47.2 NTU to 6.1 NTU, which falls well below the 30 NTU threshold required for effective solar disinfection using the SODIS method (SANDEC, 2002). The pH level remained stable and within safe drinking water limits, which indicates that the filtration media had no adverse chemical impact. 


Supporting Calculations for the Filtration Experiment
Flow Rate Calculation
During testing, a 1-litre sample of muddy water was poured into the filter, and the time taken to pass through was recorded.
· Volume filtered: 1 litre = 1000 millilitres
· Time taken: 13 minutes


This value matches the expected rate for gravity-fed filters using sand and activated carbon, confirming the filter effectively provides a steady output for basic household needs.
Daily Output Estimate
To see how much water the filter could provide per day:
· 76.9 ml/min × 60 minutes = 4,614 ml/hour = 4.6 litres/hour
· If used for 6 hours per day:

This would be enough for drinking and cooking needs for a small household, especially when combined with a second unit working in rotation, as designed.
Turbidity Improvement
The turbidity (cloudiness) of the water was reduced from:
· Before filtration: 47.2 NTU
· After filtration: 6.1 NTU
This means the filter removed:

Or as a percentage:

An 87% turbidity reduction is excellent and meets the requirement for SODIS disinfection, which recommends turbidity levels below 30 NTU, and ideally below 10 NTU.


Observations
· The filtration process successfully improved visual clarity and removed suspended solids.
· A 76.9 mL/min flow rate was achieved, confirming suitability for daily household use.
· The filter retained structural integrity during repeated use.
· The clear PET bottle allowed full sunlight penetration, maximising UV exposure for adequate disinfection, as promoted in the manual of SODIS (SANDEC, 2002). 
Conclusion
Although SODIS was chosen for its low cost and sustainability, limitations such as dependency on sunlight and user compliance present risks. For example, overcast conditions can significantly delay disinfection, and users may remove containers before the 6-hour exposure is complete. A mitigation strategy would include a low-cost UV dosimeter or a colour-based exposure indicator, as used in SODIS trials by McGuigan et al. (2012). These visual aids improve user understanding and ensure disinfection reliability. Incorporating these behavioural interventions aligns with WHO recommendations for community health engagement and enhances the robustness of SODIS-based systems in real-world settings.
Although practical testing validated system functionality, a more detailed environmental evaluation, such as a simplified Life Cycle Assessment (LCA), would offer valuable insights. This would quantify the long-term impact of sourcing, transportation, use, and disposal of materials. Furthermore, it would support continuous improvement in sustainability-focused engineering design.
This small-scale experiment validated the filtration system's capability to:
· Lower turbidity to SODIS-compliant levels,
· Maintain a safe and neutral pH,
· Operate reliably using only gravity and sunlight.
The test confirms that this design can be practically implemented in rural settings using low-cost, locally sourced materials without reliance on electricity or chemicals.


[bookmark: _Toc198844520]Achievement Against Plan – Antony 
The project followed the initial plan, completing all critical phases on schedule. The team transitioned from an early concept based on stainless steel and UV lamps to a refined solution using repurposed plastic barrels and passive UV exposure. This change helped the project better align with the affordability and sustainability goals. 
Key Achievements:
· A fully documented design was developed and supported with calculations, research, and field-ready specifications.
· The system strongly aligns with Sustainable Development Goal 6, clean water and sanitation (United Nations, 2023).
· Testing verified that the system could produce safe drinking water.
· Procurement strategies confirmed the local availability of materials, ensuring replicability.
Deviations and Adaptations:
The original plan to use a solar-powered UV lamp was changed due to concerns about cost, maintenance, and power supply. The decision was based on a thorough analysis and justified by a shift towards the SODIS method. The group also encountered challenges related to coordinating around part-time studies. This was resolved by sharing updates through the group chat and shared files, even when working at different times. 
Reflections:
The project presented a valuable opportunity to apply and develop leadership and project coordination skills within a real-world engineering context. Through structured planning, regular communication, and delegation of tasks, the project manager role was executed in alignment with industry-standard practices. A significant lesson emerged around balancing rigour with flexibility, particularly when managing a part-time team operating under academic constraints. Team accountability was maintained by implementing briefings, milestone tracking, and informal performance updates without creating additional workload pressures. These approaches reflect key principles of experiential learning theory, whereby concrete experience followed by reflection fosters improved performance in future tasks (Kolb, 1984). In particular, the iterative approach adopted during weekly reviews helped continuously refine the project. This experience contributed to developing transferable skills such as stakeholder communication, risk mitigation, and resource management. These skills are essential in both academic and industrial project environments.
The project highlighted the value of iterative development, local material sourcing and user-centric planning (Norman, 2013). The final product was both technically robust and community-friendly. This was achieved using a phased implementation strategy and a two-container system for disinfection cycling. 
Overall, the project achieved its planned outcomes and stayed within the time and resource constraints. It delivered a replicable design that could be deployed in a real-world setting with minimal reliance on external infrastructure. 


[bookmark: _Toc198844521]Conclusion 
The solar-powered gravity-driven water purification system proposed by Group 5 demonstrates how low-cost, locally adaptable engineering solutions can be developed to improve access to clean drinking water, a vital resource for people in underserved regions. The project was made possible through theoretical modelling, material analysis, and prototype testing. The group successfully conceptualised a system capable of reducing turbidity to allow solar disinfection using simple, accessible components. The final design is scalable, replicable and suitable for community use. The design also requires minimal dependence on external infrastructure or specialist maintenance. 
The project manager led the structured management approach, using methodologies such as PRINCE2 and PMBOK. This helped ensure the project stayed on track despite academic time constraints. Tools such as Microsoft Project, weekly meetings, and RACI matrices were key in supporting the project. They helped to support role clarity, internal deadlines, and task ownership. Various challenges arose during the project, some of which included UV variability and design changes. However, these were overcome through iterative problem-solving and team coordination. 
Although the project remained theoretical, its outcomes reflect the potential for real-world use. The design meets critical engineering and sustainability criteria while being suitable for deployment in rural areas such as Tanzania. This means the design could be crucial in supporting the needs of the Tanzanian communities. The project also highlights the importance of collaborative learning and design thinking within academic environments. Ultimately, this project offers a replicable framework for future initiatives in low-resource settings. 
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	1.0
	Project discussion & actions 

	
	
· Produce the initial design and provide a basic drawing for the team. (Jaheen) 
· Investigate if the carbon filters can be re-used and how long they can be in service before a replacement is required. (Iona)
· Analise and determine appropriate flow rates and sizes for the system (Lily)
· Research an appropriate storage solution for the system. (Iona)
· Research the availability of suitable material in Africa for the project. (Joe)
· Research appropriate water sources and a means of collecting the water. (Joe)



	2.0
	Project constraints 

	
	
· Valves to be considered but only required for maintenance. 
· The system to be designed and built specifically for Africa.



	3.0
	Next Steps

	
	
· Team members will work on their assigned tasks and provide updates for the next meeting. 
· The next meeting will be held at the same area and time next week. 
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	1.0
	Project discussion & actions 

	
	
· Produce the initial design and provide a basic drawing for the team. (Jaheen) 
· Find out a suitable material to use to achieve UV radiation (Iona/Lily)
· Analise and determine appropriate flow rates and sizes for the system (Lily)
· Research an appropriate storage solution for the system. This storage may have to be used to carryout UV disinfection (Iona/Lily)
· Research the availability of suitable material in Africa for the project. (Joe)
· Research appropriate water sources and a means of collecting the water. (Joe)



	2.0
	Project constraints 

	
	
· Valves to be considered but only required for maintenance. 
· The system to be designed and built specifically for Africa.
· Storage if required
· Water required for village between 100-500.
· Carbon filter has approximately same life span as the gravel and sand.



	3.0
	Next Steps

	
	
· Team members will work on their assigned tasks and provide updates for the next meeting. 
· The next meeting will be held at the same area and time next week. 
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	1.0
	Project discussion & actions 

	
	
· Produce the initial design and provide a basic drawing for the team. (Jaheen) 
· Find out a suitable material to use to achieve UV radiation (Iona/Lily)
· Analise and determine appropriate flow rates and sizes for the system (Lily)
· Research an appropriate storage solution for the system. This storage may have to be used to carryout UV disinfection (Iona/Lily)
· Research the availability of suitable material in Africa for the project. (Joe)
· Research water types for appropriate areas. (Joe)



	2.0
	Project constraints 

	
	
· Valves to be considered but only required for maintenance. 
· The system to be designed and built specifically for Africa.
· Storage is required if UV radiation needs to be factored in. 
· Water required for small rural area <50.
· Carbon filter has approximately same life span as the gravel and sand.



	3.0
	Next Steps

	
	
· Team members will work on their assigned tasks and provide updates for the next meeting. 
· The next meeting will be held at the same area and time next week. 
· Prepare for the interim viva
· 
Upcoming deadlines
· 12/03/25 – Provide me with your draft slides so I can pull them into a presentation before meeting with Richard Sutten. This will give us one week to make adjustments before our final submission. 
· 14/03/25 – Meeting with Richard Sutten to showcase our presentation and gain feedback. 
· 21/03/25 – Submission date for our presentation.
· 28/03/25 – Present our project. 
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	Iona Cousins
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	Lily Mather
	ü
	Joe James 
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	Review of Project Updates
	Design Adjustments Based on Calculations

	
	Maintenance Considerations
	Final Submission Plan
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	1.0
	Review of Project Updates

	
	
The team discussed recent updates to the project, including material changes and flow calculation revisions. They also outlined key adjustments to the design and planning process.


	2.0
	Design Adjustments Based on Calculations

	
	
2.1 Flow Calculations Update:
· Lily has revised the flow rate calculations, which require updates to the system design.
· Joe will research standard plastic drum sizes and share this information with the group to ensure the calculations and CAD models align with available products.
· Once the standard drum sizes are identified, Shanjidah will update the CAD models accordingly.
2.2 Maintenance Routines:
· Maintenance routines, such as cleaning schedules and performance checks for the sand filters, will be outlined based on literature reviews and existing standards.
· The team will ensure a feasible and sustainable maintenance plan, focusing on simple human intervention and routine cleaning protocols. The design will prioritize ease of use, allowing local community members to perform maintenance independently.


	3.0
	Final Submission Plan

	
	
· Antony will create a written template for the final report.
· All team members must complete their sections (approximately 2,500 words) and prepare 3-4 PowerPoint slides by 16th May 2025.
· This deadline will give Antony a final week to compile and finalize the document before the submission date (23rd May 2025).
· Team members can update their sections directly in Teams or use the "Save As" function to send their completed sections to Antony.
· Antony will handle collation and final formatting.


	
	Action Items

	
	
· Antony: Share the written template and manage final collation.
· Joe: Research and share standard plastic drum sizes with the team.
· Shanjidah: Update the CAD models based on the new drum sizes.
· Iona: Research sand filter maintenance routines and include them in the final documentation.
· Lily: Finalise flow rate calculations and provide updated data for the report.
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Turbidity (NTU)	
Raw Water	Required levels	After filtration 	44.5	10	2.8E-3	

UV exposure times 

UV Irradiance (mW/cm²)	Sunny	Partly Cloudy	Cloudy	0.21249999999999999	0.1	0.08	Required Exposure Time (s)	Sunny	Partly Cloudy	Cloudy	94.12	1800	21600	
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