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[bookmark: _Toc230809975]Introduction  
My roles within the group project were project manager and technical analysis specialist, meaning I was responsible for organising the project and arranging meetings as well as technical research involved with the project. After deciding our roles in the project and carrying out the midterm viva we decided to look for more innovation and integrated a self-cleaning mechanism into our final design. My role with this new design would be to coordinate the team and focus on this design feature while also providing analytical findings to support this feature in our final design. As project manager I continued to keep the team on a structured timeline making sure deadlines were met and the project goals were aligned for everyone. I also then focused on analysing performance of the solar panel and helping technically to support the design of the self-cleaning mechanism.


[bookmark: _Toc230809976]Project manager role 
After our initial meeting I put myself forward as project manager hoping to utilise skills I have gained in the workplace in order to organise the work and structure of the group while also helping to motivate the team and steer the project in the right direction. As a team we worked together to identify the project we felt best suited, and also collaborated on design ideas which have changed as the project has progressed. A Gantt chart was developed to plan and monitor the project timeline, outlining the key stages including research, analysis, design development and final report preparation. This involved checking in with team members making sure everyone was aware of expectations and adapting deadlines where necessary, in order to complete project milestones in a timely manner. 
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After initially going for a more basic design we realised a more innovative approach was needed so further research was undertaken as a group. From research it was recognised that under perfect conditions a standard design is sufficient and would work efficiently, however in the real world the performance of the solar panel is affected by environmental factors such as dust accumulation and atmospheric conditions (Maghami, 2025). 
Communication was an important aspect of my role acting as a bridge between team members, utilising both face to face meetings and teams chats and calls. All the team were given the chance to discuss ideas and collaborate together to get the best possible outcome for our design. Communication has both been helped and hindered with the advance of new technology as it’s easier to keep in touch with people from a distance, however face to face interaction has gone down due to more virtual meetings (Blackburn, 2022). This was the case for our group as it was rare to get all five members of the team for a face to face meeting every Friday so teams chats and virtual meetings were utilised to keep the project progressing as much as possible. While teams chats and calls were essential to our progress, the face to face meetings worked better for us and is where the project advanced at a greater pace. Taking up the project manager role was a challenge initially as none of the team knew each other and we did not know each other’s skillset or work background, also knowing how to manage the group was a challenge as small project groups is not something I’ve managed before. Hersey and Blanchard’s situational leadership (1969) discusses the four different leadership styles used, and gives the argument that no single leadership style is best and can be adapted to the situation. The four basic styles are directing, coaching, supporting and delegating, and have varying levels of supportive and directive behaviours depending on which style is used (Kenton, 2024). In this scenario it was best to use the delegating style where decisions were made by members of the team with minimal feedback or supervision. This style is best suited to our project work where everyone was aware of their role and could get on with their tasks independently. Support was given by all members of the group and decisions were made collaboratively when required.
With a small team of five, each member of the team had different jobs and had to cover a variety of different roles. Belbin explains that people play different roles in a team and identified nine key roles (Belbin, 1993). In order to best complete this project a good combination of these roles was required by each member of the team in order to achieve the required team goal.
Fig 1 below shows the different roles required for a successful team (Simon, 2019)
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[bookmark: _Toc230809977]Technical analysis role
After selecting roles in the initial meeting I also took on the responsibility of analysis specialist, for this role I researched solar panels looking for best practice, limitations, environmental factors and explored potential innovations. Due to finite supplies of fossil fuels renewable energy has become more important, one of these resources being solar energy. Solar panels have been installed on homes and solar farms have been constructed to help combat the fossil fuel shortage and promote sustainable economic growth (Ismail, 2023). I have looked at some of the engineering analysis techniques to evaluate the performance of the photovoltaic system under realistic operating conditions. Using these methods to try and select the best possible design for our solar panels.
[bookmark: _Toc230809978]Solar Irradiance analysis
This is used to estimate how much sunlight hits the solar panels taking into account geographic location, local weather conditions and orientation or the solar panel. Solar irradiance measure instantaneous power (W/m2), and is used for all photovoltaic development and will affect how panels are situated and in what environment and locations they are put in (Hailer, 2026). Solar irradiance can vary due to cloud cover, seasonal change and installation angle and all these can significantly impact on energy output.
Below is an equation used to calculate the solar irradiance of our panels (Ngiro, 2025) Fig 2
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Based on our model
Step 1: Module dimensions
· Length = 1.859 m
· Width =  1.127 m
· Area = 1.859 ×1.127 = 2.095 square Metre
Step 2: Power
· Rated Power = 600 W (Data from best monocrystalline panels - SunSave, 2023)
· 
Step 3: Irradiance
Irradiance = E = irradiance (W/m²)=Rated Power/Module Area
600W/2.095m2
Irradiance ≈ 286W/m2

I’ve estimated the irradiance value based on panel characteristics rather than measured environmental solar irradiance. In practice solar irradiance figures are closer to 1000 W/m2 under standard test conditions. The monocrystalline panels generate more electricity per square meter and have superior low light performance when compared to polycrystalline which is why we have chosen this type of solar panel.

[bookmark: _Toc230809979]Photovoltaic power output calculation 
This is a calculation that is used to estimate expected power output. Based on our design we can estimate below.
P=A×G×η   P = 2.095 x 286 x 0.2 = 120W 

P=A×G×η   P = 2.095 x 1000 x 0.2 = 419W this is using standard conditions of 1000 W/m2

Where:
· P = power output (W)
· A = panel area (m²)
· G = solar irradiance (W/m²)
· η = panel efficiency
These figures are a simplified estimation based on panel output rather than actual solar irradiance conditions, as solar irradiance would also be determined by atmospheric conditions, solar angle and geographic location. Therefore my calculated values provide a com parison for design purposes rather than an exact measurement of real-world operating conditions. For this calculation I have used 20% efficiency as an estimate as data shows that average efficiency of a monocrystalline solar panel is around 20-23% compared to polycrystalline efficiency of around 17-19%. This efficiency will be reduced through ‘soiling’ which is the build up of dust or dirt on the panel. Analysis showed that in 2018 soiling caused losses equivalent to 3%-4% of the global energy yield (Bessa et al., 2021). For this reason we have introduced the cleaning mechanism to our design which will wipe across the solar panels surface using a wiper mechanism that also has a sprayer system. This design should help minimise potential efficiency losses and keep our output as high as possible. 

[bookmark: _Toc230809980]Temperature effects on efficiency 
We also identified temperature as having a major impact on photovoltaic performance. The more sunlight the solar panel receives, the more power they can generate. However, if the panels become too hot and overheat they can produce less energy (Leon.J, Stephen , 2026). Therefore solar panels are most efficient when they are situated in sunny but cooler climates. Wind speed and tilt angle of panel are also determining factors in how efficient the panel is. Water and air can be used to flow under the panel to extract the heat and improve efficiency when the panel starts to heat up (Dubey, Sarvaiya and Seshadri, 2013). The design of the solar panel therefore must take on board a number of different considerations in order to minimise the potential efficiency losses and maximise performance.

[bookmark: _Toc230809981]Tilt angle optimisation
The orientation and tilt angle of the panel need to set to maximise solar exposure and achieve maximum power output, with studies showing an improved performance of between 5 and 8% when using optimum tilt angle (Awasthi et al., 2022). Optimal tilt angles increase energy absorption by ensuring the sunlight hits the surface of the panels more directly. Along with improving irradiance capture the tilt angle can help with passive cleaning, where steeper tilt angles would allow rainwater to wash away any dust or debris left on the panel more effectively. The wiper arm design feature that has been incorporated into the design would then further help getting rid of any excess debris and improve efficiency further. The tilt angle would have to be changed throughout the day/year to get maximum efficiency due to the solar trajectory of the sun which is illustrated in the diagram below.
[image: ]
Fig 3 taken from article (Awasthi et al., 2022)
For example in the winter months of northern hemisphere the sun is low in relation to the horizon so a steep angle of around 60° is considered best. Whereas in the spring the optimum angle is around 45° and during summer months when the sun is higher in the sky a low angle of around 20° is considered optimum (Anne de Dualsun, 2014). Numerous studies and calculations have been used to determine these optimum angles based on daily, monthly and yearly location of the sun where the panels are placed (Sado1 and Hassan2, n.d.)
The figure below demonstrates how the tilt angle varies from month to month in the same location and demonstrates the calculations used to decide the optimal tilt angle.
Fig 3 study on tilt angle (Sado1 and Hassan2, n.d.)
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[bookmark: _Toc230809982]Design innovation
It was identified that while our original design would perform well under ideal conditions, there would be issues with surface contamination that would weaken the efficiency of the solar panels. Soiling is a critical performance issue for solar panels particularly in areas that have dust storms, water scarcity and high humidity (Oclc.org, 2026). Studies show that dew formation on panels has a negative effect on performance as the dew mixes with the dust and dirt and ‘cements’ it to the glass surface (Henri Vuollekoski et al., 2015). This issue has led to people in the solar panel industry looking into mitigation techniques in order to increase efficiency and reduce the cementation effect on the solar panels. Research suggests that soiling can reduce efficiency from anywhere between 10% and 40% depending on environmental conditions therefore our wiper design feature could play a significant part in mitigating these losses. 







This graph is produced from a study of power output versus dust coverage on a lab scale solar panel (Abdelali Abdessadak et al., 2025).
[image: ]
Using a combination of a wiper blade with water jets the power output should remain high all year around even during periods of high soiling. This design feature of adding a motor, wiper unit and fluid delivery system increases the initial manufacturing costs and also adds mechanical complexity to the design. There is also potential that there will be issues with long term reliability, motor longevity and wear of the moving components, which will likely lead to more maintenance being required in the panels. However, these concerns must be balanced against the significant reduction in efficiency losses cause by soiling, which can be around 20%-30% in some environments. Therefore overall the design innovation that has been introduced represents a trade off between a more complex system and improved longer term energy yield.


[bookmark: _Toc230809983]Evaluation and future development
One area for future development and improvement would be fine tuning and optimising the cleaning cycle, as excessive cleaning could result in increased wear of the components and also use unnecessary energy. In contrast insufficient cleaning would reduce the effectiveness and efficiency of the unit. Potentially sensors could be fitted to detect dust build up which would then trigger the wiper mechanism once a certain level of build up had been reached. Other techniques for cleaning the panel such as self-cleaning or hydrophobic coatings which would not rely as much on the mechanical mechanism were discussed by the team but could be looked at in more depth, possibly even incorporating a coating along with the wiper mechanism. Analysis would be required to assess performance of the wiper blade and it’s components under varying conditions including varying temperatures, moisture exposure and prolonged ultraviolet radiation. From an economic perspective, a cost benefit analysis would be required to determine whether the expected increase in energy output justifies the manufacture and maintenance costs. Potentially comparing energy yields from a solar panel unit with and without the wiper system and comparing all the additional costs. In summary while the team believes the our system demonstrates a viable option based on the research, further testing and comparison would be required to validate its effectiveness and feasibility.


[bookmark: _Toc230809984]Design Specialist
Corey Smith – 1352007
	My role in this project was mainly focused on the design and development of the self-cleaning solar panel concept. I was involved from the early research stage through to the final CAD design, looking at existing solar panel designs, comparing different panel types, and helping decide which option would be most suitable for our design.
I also worked on the material selection for the plastic housing that would be exposed to harsh outdoor conditions. This included using Granta 2022 to compare material properties such as corrosion resistance, weight, stiffness, temperature resistance and cost.
A key part of my role was turning the initial idea into a practical design. This included developing the frame and stepped glass layout to reduce dirt build-up, as well as designing the cleaning mechanism, belt-driven gantry system, linear rails, gearbox and motor arrangement. Overall, my role was to help make sure the design was practical, manufacturable, low maintenance and suitable for long-term outdoor use.


[bookmark: _Toc230809985]Panel Types
I started by researching existing designs of solar panels. A crucial factor was that it must be easily integrated into existing systems. There were three main types of solar panels commonly used. Monocrystalline, polycrystalline and thin film. 
	Monocrystalline solar panels are the most efficient but also the most expensive. They are made using a single silicon crystal which enables its high efficiency. They are usually black in colour and square-shaped with rounded corners.
[image: ][image: ]
(KENBROOK Solar, 2024) 					(MKJ power, 2023)
	Polycrystalline solar panels are less efficient but also cheaper than monocrystalline. These are made using many smaller randomly oriented silicon crystals. These are usually blue in colour and square shaped.
[image: ][image: ][image: ]
(SunSave, 2025)			           (KENBROOK Solar, 2024)         (MKJ power, 2023)
	Thin film solar panels are the cheapest but also significantly less efficient as they use amorphous silicon that is of random structure rather than crystalline. The main advantage of thin film over monocrystalline or polycrystalline is that they are extremely light and flexible making them more useful for compact or folding designs but at the expense of efficiency leading to much lower power output for the same given area. They are often black and rectangular.
[image: ] [image: ]
(ese solar, 2023)			           (MKJ power, 2023)
[bookmark: _Toc230809986]Monocrystalline Solar cells
We decided to go with monocrystalline due to its higher efficiency meaning we can get a higher power output for the same surface area.  Monocrystalline silicon ingots come in a few standard sizes. The table below shows the typical dimensions of the solar cells. 
[image: ] (DS New Energy, 2020)
As mentioned previously, they are pseudo square, this is due to the manufacturing process and packing density. The most common manufacturing process of monocrystalline silicon ingots is the Czochralski process (Warden et al., 2024). This process results in a cylindrical ingot as can be seen in the image below.
[image: ] (OPSIL, 2025)
	If the wafers for the solar cells were to be cut from the cylindrical ingots and used as they are, this would result in a very poor packing density. Unfortunately, this results in an enormous amount of waste when cutting the ingots into pseudo squares, between 40% and 50% (Bayod-Rújula, 2019, pp.237–295). This silicon can be reused to make another ingot by remelting it, but it is also a waste of energy to have to melt the high volume of silicon for every ingot.
[bookmark: _Toc230809987]Packing density
This does however yield a huge increase in packing density of the solar cells on the panel, increasing the overall efficiency of the panel for a given size. The images below show a comparison of 3 different configurations.
[image: ]
Configuration 1 – uses our chosen design of 247mm ingots cut into 182mm pseudo square cells in a standard 10x6 cell configuration, giving overall dimensions of 1829 mm x 1097 mm.
 [image: ] 
Configuration 2 – uses the 247mm ingots without cutting them into pseudo squares but in a slightly smaller overall size than in configuration 1.
[image: ]
Configuration 3 – also uses the 247mm ingots as in configuration 2 but in a slightly larger overall size than in configuration 1.
	A summary of the three configurations can be seen in the table below. Configuration 1 had the largest wafer area even though it did not have the largest panel size. Although configuration 3 had a similar wafer area it requires a much larger panel. This results in configuration 1 optimising 99% of the panel area whereas configurations 2 and 3 only made use of 78% of the panel area using the same gaps between cells.
[image: ]
[bookmark: _Toc230809988]Efficiency and cleaning
	The image below shows the basic components of a solar panel on which we will base our design and choose suitable materials to ensure good conductivity of the energy captured in the solar cells, protection of the solar cells using an encapsulant to keep out water and other contaminants that might cause damage to the cells and a strong, corrosion resistant material for the frame so that it can prolong the life of the solar panel while dealing with harsh fluctuating outdoor conditions.
[image: ](Chen et al., 2024)

A major issue affecting the efficiency of solar panels is dust and dirt. These are deposited on the panel from the atmosphere over time. Without sufficient rainfall or manual cleaning of the panels, the buildup of dirt will cause a reduction in efficiency as some of the light will be unable to reach the photovoltaic cells. As little as 15 days without rain can cause significant reduction in efficiency and after 70 days, a reduction of 18.72% (Souza, Lima and Lima Júnior, 2022). Another study found that after 150 days, photovoltaic efficiency was reduced by 29.76% (Paudyal and Shakya, 2016). Although results will vary depending on location due to numerous factors such as solar irradiation, air pollution and rainfall. It is clear that this poses a significant problem in most areas. Even within very wet countries such as the UK, the dry summer months when the solar intensity is at its highest, offering maximum potential output, but is hindered by the reduction in efficiency caused by the layer of dirt.

Although there are some solutions for self-cleaning solar panels, they are not commonplace and tend to be aimed at solar farms rather than for homes or businesses. This aims to make them more attainable for a lower cost using a simple design.
While there are a few methods for cleaning the solar panels, some of which are detailed in the table below. We are trying to come up with a simple solution that combats some of the issues that other methods face.
[image: ](Stellarix, 2024)
	As you can see from the table, option 1 has high installation cost and high maintenance costs, option 2 struggles to remove small particles, option 3 risks damage to the panel and option 4 is still in research stage.
	Our design incorporates a thin arm across the width of the panel that will be driven by a motor to sweep it across the length of the panel to aid cleaning. It will also have a built-in sprayer system to help with removal of more stubborn dirt; this can be used with just water or a soapy solution. To reduce the need for maintenance, we have opted for a squeegee design as it is less likely to hold on dust than a cloth or sponge but is a proven design that has been in use for cleaning windows and ship decks. It is simple and cheap to manufacture, comprised of a flat rubber blade and usually either a plastic or metal body and handle.
	As this device will be used outside in all weather conditions for the entire life of the solar panel, it is important to consider the materials used to ensure they can withstand the harsh conditions they will be subjected to.
	Although aluminium, stainless steel and zinc plated steel was considered, we opted for a plastic due to improved corrosion resistance and lighter weight, but we still had to ensure it had the correct material properties to last the lifetime of the panel.
[bookmark: _Toc230809989]Wiper housing and gantry design
I used Granta 2022 to help select a suitable material. The images below show the filters I used to narrow down the material choice.
[image: ][image: ]
	These filters only left me with one material option, PEI (Polyether Imide). The images below show some of the other important properties of PEI that we did not specify but do have significant impact on its suitability.
[image: ][image: ]
	There are a few key properties I would like to highlight. Price is very important, PEI is priced at £12.2/kg, although there are many other cheaper polymers, it is still relatively cheap compared to some of the more exotic materials priced at over £200/kg. This is shown in the graph below which compares the price of all polymers using Granta.
[image: ]
	Another important property is temperature resistance. As you can see from the table above, if we take the conservative values for minimum and maximum working temperature, we get a range of -29°C to +161°C which makes it suitable for use in most parts of the world.
	Density is also very important, as a less dense material will use less energy to be moved, require less powerful motors and make installation easier. The image below shows a comparison of polymer densities excluding foams. PEI is again not the best option but is very reasonable and a suitable option for this use case.
[image: ]
	The final property I will focus on is Young’s modulus which is a measure of a material’s stiffness or resistance to elastic deformation with higher values reflecting a stiffer material. PEI is far from the best option but shows very promising results, being stiffer than many commonly used plastics such as PA6 (Nylon), ABS (Acrylonitrile Butadiene Styrene) and PC (Polycarbonate). Further validation could be done using the mechanical properties to run FEA on the part to ensure optimised design before tooling parts.
[image: ]

[bookmark: _Toc230809990]Sub flush frame
As our design will have a wiper to clean the solar panel, the typical frame design for solar panels where the glass is sub flush is not ideal as it will cause dirt and debris to get caught against the frame. Typical frame design for current solar panels can be seen in the image below. The frame holds on to the top surface of the glass.
[image: ](Agnė Šleiniūtė et al., 2020)
	We went through many design iterations before settling on our current design. The image below shows a 2D cut through of our design and a simple BOM.
[image: ]
	As this design uses a stepped piece of glass, the main concern is the internal corner of the glass as this is a stress point. We have added a radius here to help reduce stress concentration. The frame will also not be in direct contact with the glass, it will have a layer of silicone sealant between them which will help to absorb energy from any sudden shocks and allow for the different expansion rates of the materials.
	One way in which we could manufacture this piece of glass is through slumping. This is a mass production technique where a sheet of glass is heated up and allowed to take the shape of a mould under its own weight or under vacuum (Su, He and Yi, 2011). 
	We could also manufacture it using precision CNC grinding and polishing to ensure a smooth radius with minimum stressors (Hengping, 2026).
Both can be considered but further real-life testing would need to be conducted on samples from each process to assess durability.
Our design uses a sub flush frame to reduce the risk of dirt and debris getting caught against the frame. Our glass is the highest point so any water and dirt should be pushed off the glass and onto the frame. The frame also has a 5-degree angle to aid the flow of water off the panel.
Below is an image of our solar panel without cleaning mechanism showing overall dimensions of the panel at 1859mm long and 1127 wide. As mentioned previously this is a standard 10x6 cell configuration.
[image: ]
	We have also integrated MC4 connectors into our design as they are the most common type of connector used within solar panels and will make them compatible with most commonly available systems today (Rogowski, Sibiński and Mróz, 2026).
[bookmark: _Toc230809991]MC4 Connector
	The image below shows a CAD model of our MC4 connectors, 1 male, and 1 female. Shown both in their connected and disconnected states. These connectors provide a strong self-latching connection between both male and female parts while also having integrated gaskets to help create a watertight seal.
	 
[image: ]
Having one male and one female on each panel allows them to be daisy chained to each other allowing you to configure your own setup depending on available space, budget and power requirements. They can also be used with the connector shown below to configure them in parallel which allows you to keep the voltage constant while increasing the current. This is particularly useful to increase the power to the inverter even when you have met the maximum voltage rating of the inverter. So long as you haven’t hit the current rating of the invertor or the cabling. You can add more string of panels in parallel.
[image: ] (Sunstore, 2026)
[bookmark: _Toc230809992]Cleaning system
[bookmark: _Toc230809993]Water sprayer
This image below shows a close-up view of our design. It shows the solar panel as shown previously with the added cleaning system. The wiper housing that holds the blade, also has a channel through it with small holes along its length to allow water or cleaning fluid to be used to aid cleaning. The water can be pumped through the attachment point shown. A pipe can be attached and used with any water source but ideally collected rainwater from on and around the panel.
[image: ]
[bookmark: _Toc230809994]Motion system
It also shows our mechanism for driving the wiper and housing. We have linear rails mounted either side. These are belt driven from a single motor. But uses a gearbox to reduce the rpm of the motor and increase the torque. It also reverses the direction of the medium belt so that the long belts each side are turning opposite directions so that the gantry is moved in the same direction. The image below shows a simple representation of the motor and gearbox.
[image: ]
We are using the belts from the gearbox to drive the long belts attached to the carriers via a drive gear as shown below.
[image: ]
	The opposite side of the panel uses an idler pulley to allow the belt to travel and move the gantry via the carrier, bearings, linear rails and wiper housing.	
[image: ]
	As mentioned, the gearbox reverses the direction of one of the belts. As you can see from the image below, the belts between the drive gears cannot be connected as they are turning in opposite directions.
[image: ]
	The idler pulleys, drive gears, carriages and linear rails will all be manufactured from stainless steel to be strong and corrosion resistant. They will use sealed bearings to reduce maintenance while allowing for a long life span while facilitating the movement of the carriages along the linear rails and the pulleys and gears around their shafts by minimising friction.
	The electric motor to drive the cleaning mechanism will be powered by the electricity generated by the panel. No battery should be required. The gantry is made from plastic, bearings used to reduce friction, and the motor will use the gearbox to significantly reduce speed and increase torque so that minimal energy is required to operate the wiper. This means that it can still be used in less optimal conditions, such as on dimmer days or when the panel is dirty.
[bookmark: _Toc230809995]Heat dissipation
	The additional benefit of using water to clean the glass is that it will help with heat dissipation. One study found that the efficiency of the panel could be increased by 20% by water cooling the panel from 45°C to 25°C (Luboń et al., 2020). Although we will not be able to decrease the temperature of the panel by this amount as we will be using much less water, ideally only that is collected naturally via rainfall when possible. It is still promising, and something that can be further explored in testing to see if we can optimise the increase in efficiency with energy and water usage.
[bookmark: _Toc230809996]

Summary
	Overall, the final design provides a practical solution to the problem of dirt build-up on solar panels, which can reduce efficiency over time. The design prioritises reduced dirt retention, low maintenance, corrosion resistance and compatibility with existing solar panel systems. This was achieved through the use of a sub-flush frame, stepped glass, integrated MC4 connectors and a belt-driven wiper mechanism with a built-in spray system.
The material selection also supports the intended outdoor use of the product. PEI was selected for the plastic components due to its suitable temperature resistance, stiffness, relatively low density and corrosion resistance. Stainless steel components and sealed bearings were chosen for the moving parts to improve durability and reduce maintenance over the lifetime of the panel.
Although the concept shows strong potential, some areas would require further validation before manufacture. The stepped glass design would need physical testing to assess stress concentration and durability, while the powered cleaning mechanism would need prototype testing to confirm reliability, energy use and cleaning performance in real outdoor conditions. A lifecycle cost analysis would also be useful to determine whether the efficiency gains from cleaning justify the added cost and complexity of the system.



[bookmark: _Toc230809997][bookmark: _Hlk230558233]Material specialist (Megan Cain-2518443)

As a Materials Specialist, I play a vital role in the development and manufacture of solar panels. My main responsibility is to research, select, and evaluate materials to ensure the final product is efficient, durable, and cost-effective. 
In this project, I will focus on the key materials used in solar panels and assess how they will perform under real-world operating conditions. Moreover, I will apply engineering principles such as stress, strain, strength, and thermal resistance to make sure the materials can withstand mechanical loads, environmental conditions, and temperature changes without failing or degrading over time. 
Working closely with the production team to: 
· Resolve any material-related issues 
· Improve manufacturing efficiency 
· Ensure materials are compatible with production processes  
[bookmark: _Toc230809998]Material Comparison  
When comparing materials for solar panels, it is important to evaluate how different options perform. In this comparison, I have considered materials for their mechanical and thermal properties, including strength, heat resistance, and resistance to environmental damage. This helps determine which materials will provide the best performance and longevity in real-world conditions, ensuring the solar panels are reliable and efficient over time. 
[image: ]
Figure 1 displays the layers of solar panel cell 
(Franke, 2025)
Protective Front cover:
Tempered glass 
Tempered glass is the most commonly used front cover material for solar panels. It is manufactured from high-strength, low-iron glass. Tempered glass offers excellent durability and impact resistance, making it highly effective against environmental stresses such as heavy hail and strong winds. It is rigid, resistant to prolonged UV exposure, and provides an effective barrier against moisture infiltration. However, due to the heaviness of tempered glass, the transportation and installation costs increase, and it requires strong mounting structures. (Franke, 2025)
ETFE (Ethylene Tetrafluoroethylene)
ETFE is a high-performance fluorine-based polymer film used in certain solar panel applications. ETFE is highly transparent, lightweight, and extremely flexible. Its non-stick surface provides self-cleaning properties and strong resistance to saltwater, chemicals, UV radiation, and extreme temperatures. Although desirable, ETFE is generally more expensive and lacks the structural stability needed to structurally support a panel without additional backing materials. (Jones, 2023)
Frame:
Aluminium
The industry standard for solar panel frames. It is lightweight, highly resistant to rust and corrosion, and protected by a durable oxide layer. Aluminium alloys such as 6005-T6 and 6063 are commonly used because of their excellent strength-to-weight ratio.
Steel
Typically used in heavy-duty ground-mounted systems or utility-scale solar farms. Steel provides exceptional strength and durability but is considerably heavier than aluminium and requires galvanisation or stainless-steel coatings to prevent corrosion.
[image: ]
Figure 2
(Smith, 2025)Bottom of Form
Solar Cells 
Monocrystalline
Monocrystalline (mono-Si) panels are manufactured from a single, high-purity silicon crystal. They offer the highest efficiency, typically 20–23%, and are easily identified by their consistent black appearance and stylish design.
Polycrystalline
Polycrystalline (multi-Si) panels are produced by melting multiple silicon fragments together in a square mould. Compared to monocrystalline cells, they generally achieve a lower rating of efficiency, around 18–20%, and have a recognisable blue, speckled appearance. While they are usually more cost-effective, they require a larger surface area to generate the same amount of power. (Tong, 2024)
Encapsulant
EVA 
EVA is highly flexible, easy to process during manufacturing, and relatively inexpensive compared to alternatives. However, EVA can degrade over time, often yellowing with prolonged exposure and a lower resistance to moisture.
Polyolefin Elastomer (POE)
POE offers superior moisture barrier performance, excellent electrical insulation and a strong resistance to both UV degradation and moisture interaction. Nevertheless, POE is more expensive and requires more precise and controlled lamination processes during manufacturing. (India, 2024)
[image: ]
Figure 3
(India, 2024)
[bookmark: _Toc230809999]Chosen Materials 
After researching and evaluating a range of materials used in solar panel construction, I chose the most suitable materials to use in our project, based on their durability, efficiency, thermal performance, and environmental resistance. Factors such as strength, optical transparency, electrical performance, moisture protection, and long-term reliability were carefully considered to ensure the solar panel design would operate efficiently and withstand outdoor conditions. The materials chosen are as follows:
Tempered low-iron glass:
A glass sheet in a solar panel provides a clear, protective layer, placed on the front of the panel to shield the internal solar cells from environmental damage. Made from tempered, low-iron glass, this material delivers a strong protective surface that is highly transparent and allows maximum sunlight to pass through to the silicon solar cells underneath. The glass is durable and able to withstand mechanical stresses such as wind pressure, hail impact, and temperature changes while maintaining clarity over many years. Furthermore, it also helps protect the panel from moisture, dirt, and physical damage, ensuring long-term efficiency and reliability of the solar panel system. (NenPower, 2024)
Aluminium metal frame 
An aluminium metal frame is commonly used in solar panel construction because of its favourable properties, such as being lightweight, strong, and corrosion resistant. The purpose of the frame is to support and protect the silicon solar cells and the glass layer. Providing a rigid and stable casing for the panel to withstand different environmental conditions, such as wind, rain, and temperature changes. Aluminium is opted for because it has an excellent strength-to-weight ratio, giving it the ability to handle mechanical stress while keeping overall weight low. It also resists rust, which is important for long-term outdoor use. From an engineering perspective, the frame must be capable of enduring stresses like bending and vibration while maintaining structural integrity, ensuring the solar panel remains durable and efficient over its lifespan. (Orin, 2026)
Monocrystalline solar cells
Silicon Solar Cells are photovoltaic devices that convert sunlight into electricity using silicon as the main semiconductor material. When sunlight hits the silicon cell, it energises the electrons, which creates an electric current. The current is captured and used as electrical power. The advantages of Silicon solar cells are that they are efficient, reliable, and durable, making them one of the most popular technologies in modern solar panels. They are typically made from monocrystalline or polycrystalline silicon and are designed to withstand long-term exposure to outdoor conditions while maintaining energy performance. For our project, we have selected the monocrystalline structure to be used in our solar panels. (Richardson, 2026)
[bookmark: _Toc230810000]POE Encapsulant 
I chose Polyolefin Elastomer (POE) for the solar panel because it offers better long-term protection and stability than EVA. It has a strong moisture resistance, which helps prevent internal damage and slows down performance loss over time. POE is also more resistant to PID, meaning the panel is less likely to suffer efficiency drops under high-voltage conditions. On top of that, it holds up well under UV exposure without breaking down as quickly. Even though it costs more and is harder to manufacture, the added durability and reliability make it a more suitable choice for a high-performance solar panel.
Copper solar DC cable
Standard photovoltaic DC cables are used to connect solar panels to the charge controller and battery system. These cables are designed to safely carry low-voltage DC power while minimising energy loss. The specially designed copper cable is insulated for protection against weather conditions. These factors aid in the sustainability and efficiency of the solar system. (Kei, 2025-2026)
[bookmark: _Toc230810001]Bus wire
Bus wire is an important electrical component in a solar panel that is used to collect and transfer the electricity generated by individual solar cells. Made from high-conductive materials, in this case, copper, this material helps to improve conductivity and reduce energy loss. Bus wires connect multiple solar cells together in a structured pattern, allowing the electrical current produced by each cell to be combined and carried efficiently through the panel. We arranged the connection in parallel to support the desired voltage and current output of the solar system. (Richardson, 2024)
[bookmark: _Toc230810002]Design innovation 
To make our solar panel project more innovative, we have included a wiper blade to self-clean the panel. By removing water, dust and dirt from the glass surface, this helps to allow more sunlight to reach the solar cell and ensure panel performance is maintained. Moreover, a self-cleaning panel appeals to a customer and provides many benefits. With the wiper providing maintenance for the solar panels and saving on future cleaning costs for the buyer, our solar panels' cost-efficiency, life span and long-term performance are all increased and pose an advantage against competitors. 
Furthermore, the wiper blade will be made from silicone rubber, Flexible, durable, and highly weather resistant. Its soft surface allows it to clean the glass without scratching or damaging the solar panel, helping maintain clarity and efficiency. Silicone rubber also performs well under prolonged UV exposure, extreme temperatures, and moisture, making it ideal for outdoor applications. In addition, it has good elasticity and wear resistance, allowing the wiper blade to maintain effective contact with the panel surface over long periods of use. These properties make silicone rubber a reliable and long-lasting choice for solar panel cleaning systems while remaining a cost-effective material
[bookmark: _Toc230810003]Sustainability and recyclability 
Contributing factors for the materials selected for this solar panel project were the sustainability and recyclability considerations. Tempered glass and aluminium are both highly recyclable materials that can be recovered and reused at the end of the panel’s lifespan, reducing waste and conserving raw materials. Aluminium, in particular, can be recycled repeatedly without losing its mechanical properties, making it an environmentally responsible choice for the frame structure. Monocrystalline silicon solar cells also contribute to sustainability by providing high energy efficiency, allowing more electricity to be generated from a smaller surface area. In addition, the use of POE encapsulant improves the long-term durability of the panel, helping extend its operational lifespan and reducing the need for early replacement. By selecting materials with strong structural integrity, recyclability, and long-term performance, the overall environmental impact of the solar panel system is significantly reduced.
[bookmark: _Toc230810004]Numerical factors
Numerical factors were essential when evaluating solar panel materials because they provide measurable benchmarks for performance, efficiency, and durability. Values such as absorption coefficient, temperature coefficient, and mechanical load limits allowed us to compare different materials objectively and predict how a panel will behave under real-world conditions. These figures help determine how efficiently a panel converts sunlight into electricity, how well it withstands heat, moisture, and physical stress, and how long it will maintain its performance over time. Without these numerical indicators, it would be difficult to assess reliability or ensure that a solar panel meets a desired standard.
[bookmark: _Toc230810005]Optical and semiconductor characteristics
Absorption Coefficient (α)
The absorption coefficient measures how quickly light is absorbed within a material. A high absorption coefficient allows thin layers of material to absorb sunlight effectively.
Reflection and Transmission
Solar glass must provide high optical transmittance (>93%) so that maximum sunlight reaches the solar cells. Low-iron glass is used to minimise light absorption within the glass itself. Anti-reflective coatings can also be applied to reduce surface reflection to below 2%. (Richardson, 2026)
[bookmark: _Toc230810006]Electrical Properties 
Charge Carrier Mobility (μ) and Lifetime (τ)
For a solar cell to operate efficiently, electrons and holes must move freely through the semiconductor material without recombining too quickly. Materials with high carrier mobility allow electrical charges to travel more efficiently, improving overall panel efficiency. This is one of the main reasons why monocrystalline silicon is known for its high performance.
Electrical Resistivity (ρ)
Materials used for electrical wiring must have very low electrical resistivity to minimise energy losses during current flow. Copper, for example, has a resistivity of approximately 1.68×10-8Ω making it highly effective at conducting electricity generated by the solar cells. (Hoffs, 2022)
[bookmark: _Toc230810007]Thermal Properties 
Temperature Coefficient
Solar panel efficiency decreases as the panel temperature increases. The power temperature coefficient measures how much performance is lost for every degree increase in temperature. Panels with lower temperature coefficient values experience smaller efficiency losses and therefore perform better in hot weather conditions.
Thermal Conductivity 
Materials used within the solar panels must be able to transfer heat effectively to prevent overheating. Good thermal conductivity helps dissipate excess heat and maintain stable panel operation. Aluminium, used in solar panel frames, has a high thermal conductivity allowing it to function effectively. (Solar, 2025)
[bookmark: _Toc230810008]Mechanical and environmental durability 
Mechanical Load Resistance
Solar panel materials, such as 3.2 mm tempered glass and aluminium framing, must be able to withstand significant mechanical forces without failure. Panels are typically tested to endure front-side static loads, including snow and wind pressure, of up to 5400 Pa, ensuring structural integrity under harsh environmental conditions.
Water Vapour Transmission Rate (WVTR)
Encapsulants play a critical role in protecting the internal solar cells from moisture ingress. High-quality materials are designed to have an extremely low WVTR to prevent long-term issues such as corrosion and delamination of the solar cell layers. (Tong, 2024)
[bookmark: _Toc230810009]Engineering Factors 
Engineering factors such as stress, strain, thermal expansion, and mechanical loading are critical considerations in solar panel design. Solar panels are exposed to a wide range of environmental and operational conditions throughout their lifespan, meaning the selected materials must be capable of maintaining structural integrity and electrical performance over long periods of use.
Stress refers to the force applied per unit area, while strain describes the deformation caused by that force. External forces such as wind pressure, snow loads, hail impact, vibration, and thermal cycling create mechanical stress within the panel structure. Over time, repeated exposure to these conditions can lead to micro-cracks in the silicon cells, weakening of internal layers, delamination, and permanent reductions in power output.
Understanding these engineering factors is essential for ensuring the panel remains safe, durable, and efficient throughout its operational lifespan. Proper material selection and structural testing help minimise mechanical failure, improve long-term reliability, and maintain energy performance under real-world environmental conditions.
· Wind Loads
Solar panels are exposed to varying wind pressures that create both downward force and uplift on the panels and their mounting systems. Standard field testing commonly subjects panels to pressures of around 2400 Pa

· Snow and hail load 
Accumulated snow places significant downward pressure on solar panels, while hail impacts can create sudden localised stress. Uneven snow or ice build-up may also place concentrated stress on specific areas of the frame, increasing the risk of structural damage. 

· Thermal Mechanical Stress
Since solar panels consist of several different materials, each material has a different coefficient of thermal expansion (CTE). They expand and contract at different rates during temperature fluctuations between -10⁰C and +60⁰C. This can create internal strain within the panel structure.
(Ahmed, 2022)
[bookmark: _Toc230810010]Testing
The structural loads acting on solar panels are calculated in accordance with Eurocode 1 (BS EN 1991), specifically EN 1991-1-3 for snow actions, EN 1991-1-4 for wind actions, and EN 1991-1-5 for thermal actions. These have been applied in the testing of our solar panel project.
(Eurocode, n.d.)
Wind loading formula:
[image: ]
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Figure 4
(Lahan, 2021)
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Figure 5

Snow loading calculation:
[image: ]
[image: Simulation of snow loads on the PV based on an improved multi-layer  snowmelt model - ScienceDirect]
Figure 6
(Wu, 2025)

Thermal strain calculation:
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[image: Solar Cells Operating under Thermal Stress - ScienceDirect]
Figure 7
(Vaillon, 2020)


[bookmark: _Toc230810011]Summary
In summary, I explored the role of a Materials Specialist in the design and development of solar panels, focusing on the research, selection, and evaluation of suitable materials for each layer of the panel. Different material options were compared based on their mechanical, thermal, electrical, and environmental characteristics to determine the most effective combination for long-term efficiency and reliability.
The final material selections included tempered low-iron glass, an aluminium frame, monocrystalline silicon solar cells, and a POE encapsulant. These materials were chosen because of their high efficiency, strength, corrosion resistance, moisture protection, and long-term durability. In addition, sustainability and recyclability were considered, with materials such as glass and aluminium offering strong environmental benefits due to their recyclability and long operational lifespan.
I also examined important numerical and engineering factors, including absorption coefficient, thermal conductivity, electrical resistivity, stress, strain, and mechanical load resistance. Environmental forces such as wind, snow, hail, and thermal expansion were analysed to understand how they affect solar panel performance and structural integrity over time.
Finally, an innovative self-cleaning wiper system made from silicone rubber was introduced to improve panel maintenance and efficiency. Overall, demonstrating how careful material selection and engineering analysis contribute to the production of a durable, efficient, and reliable solar panel system.
Top of Form


Bottom of Form



[bookmark: _Toc230810012]Conclusion
The aim this project was to design a small-scale renewable energy system, for which we chose a solar panel and energy storage system. The team worked together looking at design, sustainability, costing, material and technical analysis in order to create the best possible system. At the mid-term point, we realised there were limitations to our design, and after researching real-world problems with solar panels and solar farms, it was decided that the issue of soiling was something we needed to address to improve the efficiency of our solar panels. During collaboration, the wiper mechanism was discussed and researched further before reaching our innovative new design. This integrated self-cleaning system is designed to reduce efficiency losses caused by environmental contamination and is supported by engineering understanding and analytical work. As discussed, this system will increase production complexity and cost, however it will provide a practical solution to a real-world problem that is encountered by solar panels. This highlights the importance of looking at real-world operational conditions in engineering designs, rather than just focusing on ideal performance values in optimum conditions. Overall, the project successfully identified a real-world problem and developed an innovation that will enhance the performance of our solar photovoltaic system. Some sections of the group project were incomplete due to group members dropping out during the project timeline. The roles affected were the Procurement Specialist and Sustainability Specialist positions, which created gaps in key areas of the project. As a result, responsibilities related to procurement planning, supplier analysis, and sustainability considerations could not be fully completed within the available timeframe.
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1. Instantaneous Power (W): P = E x A x n

« E = irradiance (W/m?) It is power per unit area (Lenght of the panel *Width of the

Panel)

+ A = panel area (m?)

« n = panel efficiency

2. Daily Energy (kWh/day): E day =S x A x n x PR

+ S = daily insolation (kWh/m?/day)

* PR = performance ratio (0.70-0.85)

3. PV Capacity Needed (kW): P_pv = E_required / (S x PR)

4. Number of Panels: Panels = P_pv / P_panel
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Declination angle is calculated by the following equation.

Declination angle is calculated by the following equation.

§ = 23.45°sin[Se2(n — 81)] )

The altitude angle is calculated as:

BN = 90° - L +5 @ ) Monthly tilt angle for Duhok city
where L is the latitude of the site. The tilt angle that is given by: 60

Tilt (@)= 90° - BN 3) &

Equations (1-3) are used to calculate the declination angle and

Angle (Deg)

tilt angle for solar PV modules for each day of the year [15].

Using equation (1-3), the tilt angle of the first day of each 10
month in a year for Duhok city written in the Matlab program 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
using the formulas about solar angles is shown in Fig.3. Month of the year

Fig. 3 Monthly tilt angle for Duhok city
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Property

Specification

Geometry pseudo square
Bevel edge shape Round

Wafer Side length 182+0.25 mm
Wafer Diameter $247+0.25 mm
Angle between adjacent sides 90° +0.2°

Thickness

180 + 20/ - 10 pm
175+ 20/ - 10 pm
170 + 20/ - 10 pm
160 + 20/ - 10 pm
150 + 20/ - 10 pm

[Other

V (Total thickness variation)

<28um
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1-square

2 - cylinder - smaller
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Thermal properties

Glass temperature (6] 215 - 217 °C
Heat deflection temperature 0.45MPa (6] 207 - 210 °C

Heat deflection temperature 1.8MPa (6] 197 - 200 °C
Vicat softening point ® 205 - 225 €
Maximum service temperature (6] 161 - 179 °C
Minimum service temperature ® *-49 - 29 °C
Thermal conductivity (6] 0.123 - 013 W/m.°C
Specific heat capacity ® *1.47e3 - 1.53e3 J/kg.°oC
Thermal expansion coefficient ® 84.6 - 101 pstrain/°C
Thermal shock resistance ® * 255 - 313 °C
Thermal distortion resistance (6] 0.00125 - 0.0015 MW/m
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DETAIL a

SCALE 4:1

ITEM NO. PART NUMBER Material QTY.
1 Backing film PVF 1
2 Encapsulating Layer| EVA 45deg Shore A 2
3 PV Cell Silicon 60
4 Glass Glass 1
5 frame 6061 Alloy 1
6 sealant Silicon Rubber 1
7 Junction Box PBT General Purpose 1
8 IMC4_female PBT General Purpose 1
9 IMC4_male PBT General Purpose 1
10 positive cable Rubber 1
1 negative cable Rubber 1
12 Wiper assembly SEE TABLE 1

12.1 Blade Silicon Rubber 1
12.2 Wiper housing PEI 1
13 Linear Rail 201 Annealed Stainless Steel (SS) 2
14 Carriage 201 Annealed Stainless Steel (SS) 2
15 Belt Rubber 2
16 Idler pulley Cast Stainless Steel 2
17 drive gear Cast Stainless Steel 2
18 small belt Rubber 1
19 Medium belt Rubber 1
20 Gearbox PBT General Purpose 1
21 Motor PBT General Purpose 1

Water connector

PEI
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Comparison table

Criterion Aluminium Frames Steel Frames
Weight Very light; simplifies handling and roof Heavy; increases handling effort and load
eigl
loading onstructure
Corrosion Good intrinsic resistance via oxide layer; Often requires galvanising or paint for
behaviour anodising optional outdoor longevity

Stiffness for long
spans

Lower modulus; may need larger profiles or
more bracing

High modulus; compact sections for
similar stiffness

Thermal expansion

Higher; allow for movement in long rails

Lower; less movement but higher mass

Assembly speed

Fast with T-slot systems and standardised
connectors

Slower if welding, drilling, and coating are
required

Maintenance

Low; inspect fixings and joints periodically

Coating inspection and touch-ups

commonly required

Typical use

Rooftop arrays, light commercial, rapid

deployment

Heavy-duty ground mounts, high-impact
environments
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