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[bookmark: _Toc877320374][bookmark: _Toc1390005693]Abstract (Evan) 	
The design, development, and assessment of a solar-powered garden light as a cooperative group engineering project with an emphasis on sustainability and energy efficiency are presented in this study. The main goal was to create an environmentally friendly lighting system that is both affordable and reliable in terms of functionality. System design, embedded programming, material selection, power management, and sustainability analysis were all part of the team's multidisciplinary approach.

By collecting solar energy throughout the day and using clever control logic to illuminate automatically at night, the solar garden light runs on its own. High-efficiency LED lights, a charge controller, a rechargeable Li-ion battery, and a photovoltaic panel are all integrated into the system. Motion-triggered illumination employing PIR sensors, power optimisation, and real-time sensor integration were made possible by embedded programming on microcontrollers such as the Arduino Nano and ESP8266. Energy-efficient and dependable operation was guaranteed via code modularity, structured system logic, and power-saving strategies like sleep modes and PWM dimming.

The selection of materials used silicone sealants, stainless steel, and tempered glass with an emphasis on environmental durability and recyclability. To guarantee practical and scalable execution, the project adhered to formal procurement procedures, which included supplier evaluations and cost projections. Throughout the lifecycle, sustainability concerns were incorporated, conforming to international frameworks like ISO 14001, ESG, and the Triple Bottom Line.

Testing verified that the prototype satisfies all functional requirements, such as automatic switching, resistance to outside environments, and 7–8 hours of nighttime operation. The report's conclusions highlight the project's applicability to practical sustainable engineering applications by offering suggestions for IoT integration, predictive energy management, and large-scale deployment possibilities.
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[bookmark: _Toc1440348433][bookmark: _Toc1194115133]Introduction 
According to Gong et al. (2019) sustainability is a concept that has become increasingly important to both companies and the stakeholders. Sustainability is drive by customer and stakeholder requirements of sustainable development in the three pillars of sustainability: environmental, economic and social factors (Gong et al., 2019). Solar powered garden lights have been an increasingly popular solution for eco-friendly outdoor lighting. Garden solar lights work by absorbing the suns solar energy using PV cells. When the energy is absorbed by the PV cells an electrical field is created which allows electricity to flow, powering an LED light in the dark. (Mehmet Onur Karaağaç et al., 2023). Solar energy is a clean renewable resource which aids with the globes desire to reduce greenhouse gas emissions however, what makes a solar garden light sustainable is their energy efficiency. Another point that makes solar powered garden lights sustainable is the longevity of the product, the minimal light pollution that they cause and the recyclability of the product at the end of its life cycle.
The aim for this project was to design a prototype for an engineering group project where we worked within a team to establish everyone’s strengths and weaknesses, a project leader was identified and the group worked together to plan, design and develop a product.  The aim for the product was to be cost effective whilst also sustainable and considering the impact on the environment. The product would be safe for use and planned for safe manufacture, testing and validation. This report should highlight that making a solar-powered garden light is an accessible, and eco-friendly project that highlights the value of sustainable technology.
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Project Organisation / Allocation of roles
The roles were decided on based on a discussion regarding strengths and weaknesses; they were allocated as follows: 
Evan – Project Manager/Programming
Llewellyn – Design
Brogan – Procurement/Sustainability
Emily – Materials/Sustainability
Grace – Analysis 
Originally Brogan and Emily shared the role of project manager then after a brief leave of absence it was decided that Evan would take over as he showed more leadership values and had more experience in engineering. A poll was set up for everyone to vote for their preferred project from the suggested list (Appendix D). The most votes were for the renewable energy device, we then brainstormed ideas and decided upon a solar powered garden/pathway light.  
Tasks
A GANTT chart was created (Appendix E) to give individuals tasks and time to complete each task. This GANTT chart was used to show which tasks had been completed, and how much of each task had been completed using percentages and a visual representation so it is easily visible to see if anyone was starting to fall behind and whether actions/tasks had been completed. The disadvantage to this chart is that it generalises tasks so that one task may be larger or more time consuming than others and that it is easy to forget the need to update the chart. If we were to do this project again, I would suggest using Microsoft lists to track individuals’ tasks. Microsoft lists also has the function to assign tasks to individuals which would be beneficial for an online group as it sends an email to inform you of any tasks assigned to you as it is easy to miss messages in a group chat. It was discussed throughout the project to update and improve the GANTT chart as some parts/tasks were not relevant, this timing plan was adjustable as progression was made.



Risk Assessment 
A risk assessment was carried out initially to discuss the risks involved within the project and how they can be managed, a template from HSE website was used to complete the risk assessment. The likelihood and severity of the risks are rated numerically on a scale of 1-10 and then the mitigation and control measures that would be put in place. The risk level is the likelihood multiplied by the severity rating. (Health and Safety Executive, 2019)
	Type of risk
	Risk 
	Likelihood
	Severity
	Risk Level
	Mitigation/control measures

	Project scope
	Scope goes beyond initial plan; more work than anticipated
	2
	4
	8
	Frequent discussions on whether work fits within scope of project. Balance out tasks between all members of the group 

	Time management
	Fail to hit weekly targets/actions
Presentations/reports not completed on time
	3
	6
	18
	Discuss whether tasks are possible to complete within the time frame, frequent meetings to ensure everyone completes actions to not fall behind unknowingly

	Accuracy
	Using incorrect data 
	3
	10
	30
	Only use peer-reviewed sources and sources within the last 10 years. Use of academic/scholarly sources

	Communication
	Failure to communicate to others in the group
Duplicate work carried out 
	3
	5
	15
	Regular meetings, have one group lead to delegate tasks and ensure everyone knows what they are doing, given opportunity to speak up if there are any issues.

	Intellectual property
	Plagiarism
	4
	10
	40
	All sources correctly cited in-text and in reference section of report in the correct format.

	Ethical considerations
	Use of artificial intelligence incorrectly 
Ethical concerns
	2
	6
	12
	Not to use AI, not ethical, can make mistakes, follow ethics guidelines

	Feasibility
	The design is not fit for purpose, not practical
	3
	5
	15
	Reference and research other products that are available currently on the market. Test functionality or set up testing if were to carry out functionality tests. Use each other for cross-checking designs etc

	Loss of documentation
	Improper file locations lead to work being lost
	2
	8
	16
	Keep all documents in a shared drive where all members have access,
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Health and safety Regulations (Brogan)
Health and safety have become a focus of many companies to not only legally comply but to ensure a safe working environment for all the employees under the companies' care. A list of some of the health and safety regulations that should be considered during this project are listed below:
· Health and Safety at Work Act 1974 - ‘The primary piece of work that covers occupational health and safety in Great Britian’. (Health and Safety Executive, 2020).  This is relevant to this project as all the work completed should adhere to this. 
· Manual Handling at work - The employer must adhere to the manual handling regulations to protect the employees from a risk of injury. (Health and Safety Executive, 2024).  Not relevant to the assignment but would need to be considered if a prototype was to be created.
· Provision and Use of Work Equipment Regulations 1998 (PUWER) - PUWER is the inspection of work equipment, maintenance and training of said equipment. (HSE, 2024). Not relevant to the assignment but would need to be considered if a prototype was to be created.   
· Lone Working - Lone working applies to protect lone workers. Not relevant to the assignment but would need to be considered if a prototype was to be created due to this being an online group, lone working could be a possibility if a prototype and data collection / analysis was to be carried out.  
· Health and Safety (Display Screen Equipment) Regulations 1992 - Health and Safety (Display Screen Equipment) Regulations 1992 is for the employer to protect the employees from the health risks that are associated with working with display screens such as laptops, computers, tablets and smart phones.  Very relevant within this assignment as the assignment is computer-based skills such as written documentation, online calls/meetings, CAD design and analysis tools.  
· Control Of Substances hazardous to Health (COSSH) - Under this regulation requires a workplace to adequately control the exposure of hazardous materials in the workplace. (Health and Safety Executive, 2019a).  This is very relevant as would need to be adhered to especially when working with the LiFePO4 battery.  

[bookmark: _Toc1363624536]Solar panel research (Llewellyn)
Obviously one of the main components that this project will require is a solar panel, this will provide access to clean energy via the use of the sun’s solar rays. Solar panel electricity efficiency is worked out by how much of the incoming sunlight that a single solar panel can convert into useable energy. This figure sits at 22.8% (Walker, 2023) at the highest standard panel level and it is safe to assume that the general solar panel will absorb roughly 20% of the sunlight it comes into contact with. 
There are other factors that will have a positive or negative impact on the absorption rate of the panel, some of these being the placement of the solar panel or the size. If the orientation of the solar panel does not interfere with the sunlight directly then it will not be able to absorb the most amount of sunlight and convert it into energy. The panel will still collect the energy if it is at an angle but if under shade or positioned too incorrectly then it may either not work or work inefficiently. 
On the other hand, the size of the solar panel will have a directly proportional impact on the amount of energy absorb. This is because the bigger the panel the more sunlight it can catch and convert however, if the solar panel is too small then it will still be seen as 22.8% efficient but the power output of the panel may not meet the desired amount. So careful consideration of the wattage needed to illuminate the garden light for x amount of time that the consumer would want needs to be considered.
Luckily you don’t normally need planning permission for solar panel use within your garden as long as it is not elevated off the ground or it is a 9 square metre solar panel (Portal, 2019). This means that the consumer will not have to worry about any installation legislations and will be able to put the garden lights wherever they see fit.
Most solar powered garden lights come with a small solar panel and rechargeable battery. This means that for this produce to be on a similar battle ground as fellow competitors, the product should also include a rechargeable battery and a solar panel. (Solar Planet , 2025)
As stated earlier the amount of energy a solar panel can produce will affect what you can do with it. This means that careful consideration of what size solar panel is chosen for the product and what type and size bulb is suited for it. Pathway lights tend to range between 5-15W, spotlights use 20-35W and floodlights use 50-100W. However, these are only averages due to different bulbs requiring different wattage. For example, LED spotlights use 4-6W and LED floodlights will use 10-20W. This is not a massive reduction of power, but it is to be considered. This means that use of LED bulbs is plausible for the design especially depending on what wattage is required. (Checktrade)
[image: ]
The above figure shows another example of the power required for path lights; wattage will differentiate depending on the bulb so it will be best to have the minimum output for the LED bulb I.E 800 lumens – 13W so that the buyer isn’t restricted to 450lumens.
An average solar powered garden light will require a minimum of 0.2watts of power however, this requirement will increase as the length of the cable and the number of lights connected to it does. (Richardson, 2019). This means that as a minimum size of the solar panel the garden light would require should be around 0.3watts. This number incorporates a drop of efficiency within the solar panel plus it gives acceptable limits for how long a cable is. The minimum size solar panel required to produce 0.3watts is 52x52mm in size and weighing only 8g. This is not only a perfect size to sit comfortably at the top of the garden light but there is also scope for using larger solar panels if the consumer/product requires it. (Voltaicsystems, 2023)
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After careful consideration of the project ideas at hand a sustainable renewable energy project was chosen by the group. There are many various ways to create a sustainable renewable energy source but accessibility to the public was a major component in the decision as well as the UK government plan to increase clean energy (GOV.UK, 2024) directed the project to create a form of light powered by solar energy. There were three design concepts that were introduced to the group by Llewellyn, these are as follow; Garden light, Flood light and a circuit of garden lights powered by a solar battery. 
[image: ]
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The above sketches were drawn by hand so that the group had a rough idea as to what the finished product would look like. There were multiple concepts to consider which idea was best suited for our goal, such as the cost of manufacturing the product and the safety of the product.
Concept 1) Garden light – The idea behind concept 1 was that instead of the general public buying lights that would be powered by the grid to illuminate their paths a solar powered garden light would lead to a reduction of cost for the consumer as well as limiting the number of gardens that require dirty energy to work. A simple but effective design was needed to create this; the solar panel will have to be secure and fit on the top of the fixture so that the most energy could be collected. A spiked pole at the bottom of the design provides stability and insures that during a change in weather the light would not tilt and lose energy efficiency.
Concept 2) Flood light – Similarly to concept 1 a flood light could be used to illuminate the gardens reducing electricity costs. However, the size and the cost of the flood light and solar panel would have an impact on consumer costs and attraction (Heda, 2017). Not only would the flood light be significantly more costly to manufacture than the garden light, but it is also accompanied by an even larger solar panel. The issue at hand is the amount of energy required to power a flood light would be large, this means that a larger solar panel would be setup near the flood light and a solar battery would have to implemented to store any excess energy during the day.
Concept 3) - Circuit of garden lights- To try and combat the issue that arose with the flood light in concept 2 a circuit of garden lights was considered. This would greatly reduce the cost due to the size reduction of the solar panels and the material that would be needed to manufacture the system would be significant. The reduction in cost is also accompanied by the need for a smaller solar battery. The solar battery is not needed but it depends on the number of lights the consumer has. If they order a lot then story the excess energy would be worth the effort however, this would be based on the area in which they desire to light up.


























Decision matrix (Brogan)
Making decisions is a problem that many companies face on a day-to-day basis. At the beginning of this assignment, we faced this problem and decided to use a decision matric to resolve this conflict.  Decision matrices is tool that is used to prioritise a set of criteria to compare the choices against one another according to ASQ (2019). 

	Criteria 
	Weight 
	Single LED solar powered garden light - charges a rechargable battery 
	
	Larger solar panel connected to a solar battery that charges with sunlight to operate a flood light
	
	Multiple LED garden solar powered lights that charge a solar battery in sunlight to illuminate all of the lights in the dark.
	

	
	
	Score 
	Total
	Score 
	Total
	Score 
	Total

	Feasibility 
	3
	4
	12
	2
	6
	1
	3

	Cost
	2
	2
	4
	1
	2
	2
	4

	Sustainability 
	1
	1
	1
	3
	3
	4
	4

	Safety and Risk 
	4
	3
	12
	4
	16
	3
	12

	
	Total 
	
	29
	
	27
	
	23



For this decision matrix as a group, we decided that we would focus on the following areas as they are the most important to us when designing this product:
· Feasibility
· Cost 
· Sustainability 
· Safety and risk
From these 4 areas we decided that the area that would be most important out of these 4 would be safety and risk. From this data put together as a group we decided that the best option to go with would be the single LED Solar Powered Garden light.

Final Design Concept Choice (Llewellyn)
After considering all the above concepts and the decision matrix the group decided to progress with design concept 1 garden light. There were many contributing factors to this but as shown in the matrix the four main components were; Feasibility, Cost, Sustainability and Safety and risk. The flood light came close second but due to the shear cost of the manufacturing process it was decided that it would not be the most feasible due to the demand. Similarly concept 3 circuit of garden lights would not be the most practicable due to the number of solar lights one would require having a significant amount of charge within the solar battery. The garden light proved to be the most sensible option for not only the designing process but also for consumer demand due to the light cost and minimum amount of material required to produce the product.







[bookmark: _Toc1839818714][bookmark: _Toc1291701060]Programming (Evan)
The programming component of the solar-powered garden light project is the backbone of the control logic that decides how intelligently the device reacts to environmental inputs and maximises energy use. The design of embedded software, development approach, microcontroller selection, code architecture, implementation logic, testing procedures, and ideas for future improvements are all covered in detail in this part. Utilising open-source platforms such as Arduino and ESP-based microcontrollers, this intelligent lighting system was designed to be inexpensive, energy-efficient, self-sufficient, and environmentally friendly

Power management system
The foundation of a solar-powered lighting equipment is a dependable and effective power management system. In order to avoid waste and extend component life, this system must not only gather and store energy but also control its use. The solar panel, charge controller, energy storage device (battery), and power regulation circuits are the main parts of this subsystem.
Battery options
Compared to conventional NiCd (nickel cadmium) batteries, NiMH (nickel-metal hydride) batteries are more durable and environmentally friendly. NiMH batteries are appropriate for applications requiring moderate durability and lifespan due to their enhanced capacity and lack of memory effect. They are selected in situations where dependability and simplicity are important, and they usually provide a voltage of 1.2V per cell.
Li-Ion (Lithium-Ion) batteries are lighter and more compact due to their high energy density. To avoid thermal runaway or degradation, they need accurate charge regulation, which calls for protective circuits or battery management systems (BMS).
The charging circuit with solar panel 
Throughout the day, a small battery pack can be charged by solar panels with ratings of 4–6V and 50–100 mA. During the night, a Schottky diode such as the 1N5817 stops electricity from flowing backward from the battery to the panel. Depending on the battery chemistry, charging is managed by an IC such as the TP4056 or CN3791 or by a resistor.
Voltage Boosting and Regulation A Joule Thief circuit or a DC-DC Boost Converter is used since LEDs need forward voltages of about 3V, although battery voltages may be lower (particularly in the case of NiMH). The boost converter is more suited for long-term deployment since it provides more control and efficiency.
PWM Control and LED Drivers 
PWM (Pulse Width Modulation) saves energy without sacrificing user experience by reducing LED brightness as needed. For increased longevity and efficiency, drivers can be anything from straightforward resistor-based designs to constant-current driver integrated circuits.
Sensor integration 
The solar light becomes an intelligent, responsive system when environmental sensors are included. Optimised power consumption, extended battery life, and increased user pleasure are guaranteed by proper sensor integration.

LDR, or light sensor 
Ambient light levels are detected using the LDR. The microprocessor turns on the LED when the light drops below a certain threshold, as after sunset. The light doesn't turn on throughout the day to save electricity.

Sensor for Motion 
The infrared radiation that moving things release is picked up by the PIR sensor. The LED illuminates for a predetermined amount of time when motion is detected. This feature, which only assures lighting when needed, is very helpful for convenience and security.

Temperature sensor 	
The ambient and battery temperatures are monitored with the aid of these sensors. High temperatures might cause safety risks or shorten battery life. These sensors can be configured to turn off charging or dim the LEDs when specific thresholds are reached.

Sensors for Rain and Humidity 
Rain and humidity sensors provide an additional degree of security, albeit they are not necessary for every use case. These are particularly helpful in areas with high humidity where corrosion or moisture intrusion could compromise the dependability of the circuit.

A low-power microcontroller processes sensor data by interpreting measurements and coming to logical conclusions. Longevity and accuracy are guaranteed by effective sensor positioning and shielding.
Programming goals & requirements 
· Identify day and night automatically to turn on and off LEDs
· When the battery is low on charge, keep an eye on the voltage and use less power.
· Use PIR sensors to enable motion-based activation.
· Provide modularity so that sensor-based decision-making and the Internet of Things can be integrated in the future.
· Use PWM dimming and effective microcontroller sleep modes to implement power-saving strategies.
· Analogue data processing in real time (LDR, battery voltage)
· GPIO is used to digitally control LED switching.
· PIR, temperature, and humidity sensor interfaces are optional.

Micro controller selection 
The low power consumption, community support, and affordability of the Arduino Nano and ESP8266 led to their selection. Basic systems work well with the Nano, and IoT capabilities are made possible by the ESP8266. The Arduino IDE allows C/C++ programming on both microcontrollers, making development and deployment easier.
Comparison
	Parameter 
	Arduino Nano 
	ESP8266 NodeMCU

	Voltage
	5V
	3.3V

	GPIO pins
	14
	11

	ADC 
	10-bit
	10-bit

	Communication 
	UART SPI 12C
	WI-FI, UART, SPI

	Power consumption 
	~19 mA
	~70mA



System Logic overview 
The software logic is divided into tasks that are modular: 
· Light Level Monitoring: To ascertain the ambient brightness, use an analogue input to read LDR values.
· Battery Monitoring: To guard against deep discharge, continuously check the battery's voltage. 
· LED Control: Use the digital output to toggle the LED based on the battery and LDR conditions. 
· PIR Sensor Handling: If motion is detected and there is little light in the surrounding area, turn on the LED. 
· Sleep Cycle Management: To save energy, use microcontroller sleep modes.
For minimal latency and real-time responsiveness, the control flow is repeated every second.
To improve readability and scalability, the system logic is further arranged into a state-machine structure. Every state relates to a distinct light function: 
IDLE: The system waits for the sun to set.
- MONITOR: Continuous sensor verification loop. 
- LED_ON: Turns on lights when certain criteria are satisfied. 
- LED_OFF: Turns off the LED and gets ready for the subsequent cycle. 
Future integration of weather data or AI-based predictive lighting through sensor fusion algorithms is made possible by this modular logic. 
Using a finite state machine to structure embedded software improves modularity and maintainability (Monk, 2016).

To prevent the LED from flickering in twilight settings, when ambient light varies quickly, edge detection techniques are used in addition to state-based control. By establishing a range between ON and OFF thresholds, hysteresis logic stops repetitive on-off toggling. The control system employs software debouncing on the PIR input to filter out noise or transient disruptions, and it continually polls the LDR and battery inputs every second. This ensures responsiveness under pressure and seamless transitions.
Code walkthrough 
#define LED_PIN 9
 #define LDR_PIN A0
 #define BATTERY_PIN A1
 #define PIR_PIN 2
Constants for the hardware pin assignments are defined in this section:
· The LED that will be controlled is connected to the LED_PIN.
· LDR_PIN: The Light Dependent Resistor's (LDR) analogue input pin.
· BATTERY_PIN: An analogue input pin used to track the voltage of the battery.
· PIR_PIN: The Passive Infrared (PIR) motion sensor's digital input pin.
void setup() {
   pinMode(LED_PIN, OUTPUT);
   pinMode(LDR_PIN, INPUT);
   pinMode(BATTERY_PIN, INPUT);
   pinMode(PIR_PIN, INPUT);
   Serial.begin(9600);
 }

· pinMode() sets the function of each pin: INPUT for sensors and OUTPUT for LEDs.
· For debugging reasons, Serial.begin(9600) initiates the serial transmission at 9600 baud.
During initialisation, this function is run once. It gets the microcontroller ready to communicate with the actual parts.
void loop() {
   int lightLevel = analogRead(LDR_PIN);
   int batteryLevel = analogRead(BATTERY_PIN);
   int motion = digitalRead(PIR_PIN);
 
  if (lightLevel < 500 && batteryLevel > 500) {
     if (motion == HIGH) {
       digitalWrite(LED_PIN, HIGH);
     } else {
       digitalWrite(LED_PIN, LOW);
     }
   } else {
     digitalWrite(LED_PIN, LOW);
   }
 
  delay(1000);
 }
 
The primary execution loop is as follows:
· Ambient light is measured by analogRead(LDR_PIN). Darker circumstances are indicated by lower values.
· A voltage divider is used to scale the battery voltage, which is monitored by the analogRead(BATTERY_PIN).
· Motion detection is checked by digitalRead(PIR_PIN).
· Using decision logic, if the battery is sufficiently charged (batteryLevel > 500) and it is dark (lightLevel < 500), then:
· When motion is sensed, the LED illuminates.
· The LED remains off otherwise.
· To save electricity, the LED remains off otherwise.
In order to minimise resource use and debouncing problems, the delay(1000) adds a 1-second lag between iterations.

These are then sequentially called inside `loop()`, providing reusable code for simulation scenarios or test harnesses. 
According to Margolis (2011), modular features in Arduino programming enhance code readability and lower mistake rates.
In order to facilitate real-time debugging and performance monitoring, the design additionally incorporates a logging system via the serial monitor. Periodically, the motion sensor, battery voltage, and LDR values are generated, enabling developers to track behaviors in various environmental settings. During the testing stage, this has been quite helpful, especially for battery management edge cases. 
Additionally, portability is a priority in the software's design. With just slight modifications to the pin definitions and ADC resolution handling, functions are designed to be hardware-agnostic, which means that the same logic might be transferred to other microcontrollers such as the STM32, ATmega32U4, or even Raspberry Pi Pico.
Adding fail-safe was another crucial tactic used during the coding stage. For instance, to safeguard the battery in the event of sensor failure, a hard cap on LED-on time was put in place. Regardless of sensor input, the system requires a shutdown if the LED's duration exceeds a certain limit (e.g., 8 hours) as determined by a `millis()` timer.
Power management code
The implementation of the `deepSleep` function considerably optimizes energy utilization, particularly when utilizing ESP8266: 
```cpp
 ESP.deepSleep(10e6); // sleep for 10 seconds
 ```
To induce pseudo-sleep states on the Arduino Nano, use `delay()` or third-party libraries such as `LowPower.h`. To save energy when not in use, the PIR sensor can also be used to trigger an interrupt-driven wake-up. 

According to Banzi and Shiloh (2014), effective sleep habits are crucial for increasing battery life in embedded systems.
[bookmark: _Toc2094013396][bookmark: _Toc671951715]Material selection (Emily)
Material selection is the process of choosing the materials that are most appropriate for each component of the design, based on the properties of the materials, how well it performs against a criterion and whether it meets these requirements.
This section consists of the material choices for a solar powered garden light. Choosing the correct materials for the design is important because it is a critical aspect of the engineering design process as the material choices affect performance, durability, costs and sustainability of the final product.
Once the design had been decided, a list of materials that made up the solar powered light was put together. The basic components consisted of:
· Solar energy
· Solar panel
· Lighting fixtures
· Solar panel housing
· Wiring
· Sealants/gaskets for waterproofing
· Pole
 
Solar Panel
According to Abdulkareem (2019) a solar panel is module that converts light energy from the sun to generate electricity in the DC form. A typical solar panel can be made up from up to 90 individual solar cells which are made up by layers of silicon, boron and phosphorus. Boron provides the positive charge, phosphorus provides the negative charge, and the silicon layer acts as the semi-conductor. (Brian, 2024)
There are two types of solar panels: crystalline and thin film which can be seen in (appendix F). Crystalline can be one of two types: Poly-crystalline or mono-crystalline. Thin film has around 4 different types: amorphous silicon, cadmium telluride, copper indium gallium selenide and dye sensitised solar cells. Poly-crystalline panels are cheaper than mono-polycrystalline panels however mono-crystalline panels are better for applications such as streetlights as they are smaller, more efficient and makes the design for the pole cheaper and easier. (Abdulkareem, 2019). Mono-crystalline panels have an efficiency of 15-22% whereas poly-crystalline panels are 15-20% efficient. (Richardson, 2019).
According to Bailey (2023) some disadvantages of mono-crystalline panels include having a more complex manufacturing process, are at risk for micro-cracks that cannot easily be seen and can affect performance. They have excellent performance in high temperatures but do not 
 
Lighting Fixtures
For lighting, two options available are LED bulbs or filament the most efficient route would be to use LED Lights as they are energy saving. According to Gayral (2017) LED bulbs are most cost effective over a 12-hour period plotting cost against years, this is shown in Appendix I and this graph does not include costs for replacing bulbs. Appendix H shows that LED bulbs are more cost effective when used for 3 hours a day. Even though this graph doesn’t include incandescent it is more relevant for use in summer months as they LED lights will not be used for as long whereas in the winter months they will be used for longer periods of time. LED bulbs can be more expensive than other bulbs initially but over time they are more cost effective (Green Coast, 2019). Straw hat LEDs were chosen because they are more efficient according to (Hlx-led.com, 2024) as they convert more energy into light.
Solar panel housing
According to NenPower (2024) the housing for the solar panel is important because it needs to allow for the solar panel to function but also be protected from the elements such as rain and wind. Generally, the housings are made from tempered glass as it is more durable. Low-iron tempered glass is also more environmentally friendly than other toxic materials. An alternative to tempered glass would be polycarbonate, this would be more affordable. (Blog-manager, 2023). PC would be cheaper and lighter but according to (Bailey, 2021) glass is stronger and will last longer due to being more durable. 
Wiring/connectors
For solar panels photovoltaic wires are to be used, they also need to be weather resistant and need insulation. The gauge of the wire must be chosen carefully to prevent voltage drops. An alternative would be copper wires can handle the AC/DC current but are not suitable for PV cells. The wires must also be single core as they are more stable that multi-core in this application (NenPower, 2024)
Sealants/Gaskets
For this application the sealant needs to be able to withstand weather conditions.  According to (Dave, 2025), Silicon sealants are best suited to this application because they have the following properties:
· Weather Resistance
· UV Stability
· Flexibility
· Mold and Mildew Resistance
· Adhesion Properties
According to Sparks (2024) Silicon sealants have excellent water resistance and can be flexible. It is best for exterior gaps which best suits our application. However it can be a higher cost and difficult to apply, which means in this application it may cause some issues. An alternative to silicon sealants is caulk. Caulk is the cheaper option; it dries quickly and is easy to apply however it is not moisture proof and has higher maintenance needs. 
 
Pole/stake
After conducting some research into the different materials that the stake into the ground could be made from, I decided to investigate the following list of materials for their suitability in outdoor applications:
· Stainless Steel
· Aluminium
· ABS Plastic
Using Granta Charts, Stainless Steel and ABS Plastic were compared as Aluminium was not available to be compared in the same way due to being in different categories. 
Appendix I shows that ABS performs better than stainless steel in salt water but has a lower Young’s Modulus. Appendix J compares Vickers Hardness against Thermal Expansion Coefficient, it shows that stainless steel is much harder than ABS and doesn’t expand as much as ABS does when in heat which is beneficial due to the purpose of the device, it is designed to be in the sun. The device may be in the sun for long periods of time to charge the solar panel therefore it is better if the stake does not expand as this could loosen other components and tighten the fixtures which could cause damage if taking it apart.
Appendix K shows Young’s Modulus against Density. This shows that stainless steel is denser and has a higher young’s modulus than ABS this means that the stake would be heavier if made from stainless steel. This could affect the manual handling of the device altogether. As ABS has a lower Young’s modulus this means that it is more susceptible to fracture or breaking if damage is caused. As these lights are designed to be in gardens there is more chance of them being damaged by children or animals. 
 
	Component
	Material choice
	Advantages
	Disadvantages
	Alternative

	Solar Panel
	Mono-crystalline panel
	More efficient
	More expensive
	Poly-crystalline 
Thin film

	Lighting
	LED Light (Surface mounted)
	More efficient 
	Expensive, limited colours
	Filament

	Solar panel housing
	Tempered glass/plastic
	Durable, efficient 
	Expensive, heavy
	Polycarbonate

	Wiring
	Photovoltaic wires, MC4 connectors, reliable locking mechanisms
	Functional for purpose, reliable
	Expensive 
	Copper wires

	Sealants
	Silicone sealant
	Better for outside applications and areas of high moisture
Withstand high temps
Long lasting
	Higher cost
Longer drying time
Difficult to apply
	Caulk 

	Pole
	Stainless steel
	Hard, no corrosion, durable
	Heavy, more expensive
	ABS (acrylonitrile butadiene styrene)







[bookmark: _Toc1651372315][bookmark: _Toc1287581474]Procurement (Brogan)
‘Procurement is the process of buying or obtaining goods or services’ (Young, 2024). Procurement is a vital stage to a company as purchasing can stream efficiency within a business according to Mwikali and Kavale (2012). During this project the items that have been focused on in respect to procurement are the raw materials that are necessary to make the final product. There are many methods by which procurement could be carried out for this project such as by:
· Request for proposal 
· Invitation to tender 
· Direct purchase 
· Framework agreement 
· E-procurement 
The method by which we used during this project is by direct purchase. This refers to directly purchasing of the product from the supplier. This method makes for a more streamlined procurement process. Direct purchasing has many benefits to a company such as:
· Cost Reduction – According to Patil (2024) removing the salespeople in the middle would lower costs as there would not be mark up prices for the person selling them from the supplier.
· Faster Procurement – According to Patil (2024) direct purchasing means quicker turnaround times for materials being delivered. By direct purchasing you can better plan for when materials should be ordered/ delivered. 
· Better relationships with the supplier – According to Patil (2024) working closely with the supplier will help build these relationships. 
· Quality Control – According to Patil (2024) being able to source the material first hand means that you know the quality of the material coming from the supplier. 
Suppliers have been selected based on many different factors such as cost, how reliable the company may be and the relationships that could be built upon. The table below shows a variety of different suppliers that could be used for the purchasing of some of our materials. The table highlights key things about the company that would contribute to reliability of the supplier. 
	Material 
	Supplier 
	Cost Per Unit 
	Details 
	Will they be used 

	LED Bulbs – 5mm Straw Hats 
	Amazon 
	£0.18
	Amazon wouldn’t be a suitable choice as we cannot guarantee the quality of the product. Prices may fluctuate more rapidly. Stock may fluctuate. No supplier relationships. 
	No

	
	Light House LED’s
	£0.12 - £0.18 depending on order size 
	American based supplier so may not be as reliable. Cheap. Come with a guarantee. Delivery could potentially take a while. 
	No

	
	Bright components
	20 x 5mm straw hats = £1.94 
1 5mm straw hat bulb = £0.01 Per Unit 
	Reliable supplier. Comes with a guarantee. Cheap. Quality would need to be assessed but on paper sounds good.
	Yes

	Mono Crystalline Panel 
	The Pi Hut 
	£10.74 of 1 
	Would be a suitable supplier. Delivery costs are not ideal but could be negotiated with the team. Voltaic – not correct spec. 
	No

	
	Amazon 
	£1.60 sold in packs of 10
	Amazon wouldn’t be a suitable choice as we cannot guarantee the quality of the product. Prices may fluctuate more rapidly. Stock may fluctuate. No supplier relationships.
	No

	
	Fruugo 
	£1.85 sold in packs of 10 
	Legitimate company based in the UK. 
	yes

	LiFePO4 Battery 
	Argos – Energiser – Rechargeable 
	£3.25 (£6.50 if two batteries are used in one garden solar light) sold in packs of 4 
	Reliable seller. Could be cheaper however this is a good brand. 
	No

	
	RS – LiFePO4 3.2V, 18650
	£14.66
	Reliable seller – Expensive. Free Delivery 
	Yes 

	
	RS – Larger Battery Option - 
	£21.14 
	Reliable seller – Expensive. Free Delivery 
	No

	Stainless steel Rod – 4mm 
	RS
	£23.51 for 5 units so £5.65 per 1m pole. 1m pole would make 5 solar garden light bases. Therefore, it would cost £1.13 Per unit. 
	Reliable seller. Free delivery. Works out cheap. Needs further machining. 
	Yes 

	
	Zoro 
	1m Pole would cost £2.99 + £2.99 (delivery) = £5.98 / 5 = £1.19 per unit 
	More expensive with delivery. Less well-known supplier. Quality apprehensions. 
	No

	Photovoltaic wires
	Electrical suppliers
	£0.92 per unit. Bought as 100m drum 
	Diameter of the wire is too large for this particular use. 
	No

	
	CEF 
	£0.08 per unit with delivery costs. Bought as a 100m drum. 
	Diameter of 1mm is more suitable. Cheaper in Price. Copper conductor. Reliable supplier. 1 year guarantee. 
	Yes 

	MC4 Solar connector (male and female) 
	Electrical suppliers 
	£1.55 including delivery 
	Possibility for bulk order discount and free delivery. 
	Yes 



For the housing it has been said that low iron tempered glass is more environmentally friendly however, this proves difficult to acquire without being custom made or processed. The average price per meter squared would be around £20. If we make the top casing and cylindrical body out of this tempered glass, we would be looking at around 0.03 meters squared per unit. Which would equal £0.6 per unit. For the rest of the housing if we used polycarbonate which is a similar situation to tempered glass. The rough estimation for how much polycarbonate would be required for the cylindrical body would be 0.04 meters squared. The calculation for this can be seen in (appendix C). The average cost for this per meter squared is £29 so one unit would cost approximately £1.16. 
We wanted to ensure that the suppliers that we chose had the following attributes:
· Good Price 
· Quality of the product 
· Experience supplying to businesses 
· Maintains compliance
 An example of a PO form can be seen in (appendix B) has been created to demonstrate what these would look like if we were to get the material from the supplier. These purchase order forms are a formalised way to track purchases. This allows clear communication/ legal protection and streamlined procurement for the buyer. They reduce the risk of non-payment for the seller. 
The total cost per unit would come to approximately £21.03. 
It would take between 3.5-7 minutes to make 1 garden light. This would mean that 8 whole garden lights should be made in 1 hour. So, we would add 1 hour's average wage to this for this kind of job (between £12 and £15 per hour) £21.03 x 8 =168.24 +£15 = £183.24. Therefore, it would cost the company £183.24 per employee per hour in raw materials and labour costs. 
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Assembly 1


The above drawings and assembly show the design and dimensions of the design concept chosen, Solar Garden Light. The main objective of the design is to provide a suitable fixture to house a solar panel and light, this means that the design has a few requirements that need to be met before anything else. The first major factor that needs to be considered is the weather. If the internal components of the solar panel or the light fixture is exposed to the elements, then it is only a matter of time before something breaks or corrodes away in the circuits. This means that both the solar panel and the light fixture need to be encased in a watertight seal to prohibit longevity.
Solar Panels already have a thin plastic film covered over them so there is not much need to worry about that, but the light component will need to be encased within a semi see through plastic. To help combat this issue, drawing 1 shows the slanted roof of the garden light. This has been purposefully designed to deter rain and increase the aerodynamics of the model so that the weather is less impactful. As shown in the drawing, there is a gap in the top middle of the roof so that the solar panel site comfortably as a cap.
Drawing 2 – Garden Light Casing also incorporates a semi weatherproof structure as it’s cross-sectional beams not only provide an increase in stability to the product, but they also act as a wind barrier and prevent anything large from being able to damage the light within. Shown in the top right diagram of the part there is a small slit just outside of the cross-sectional beams. This small slit is meant to provide the consumer with the possibility of adding a thing sheet of plastic around the device. Adding this plastic is not essential for the design due to the light casing which will be explained later however, it has been implemented for the consumers appreciation of the product. The small 2.5mm slit that is 5mm deep allows the user to exchange various coloured plastics around the casing. This means that for minimal costs and effort the consumer will be able to have interchangeable coloured lights.
Drawing 3 – Garden light pole is a pretty simple concept. It is a small but resilient bit of equipment that allows the garden light to easily penetrate the ground and provides a considerable amount of stability to the product. The spiked edge allows for ease of use when pushing or hammering the light into the desired spot.
Drawing 4- Light casing, as discussed earlier in drawing 2 the light casing takes the role of protecting all the core electrical circuit for the system as well as the LEDs. This is essential as any damage to the circuit board or wires could result in complete malfunction of the system. Now the cost to buy another garden light is not that steep however, if this becomes regular result of the design then consumers will not repurchase due to customer dissatisfaction (Moxo, 2025). The light casing shown in drawing 4 is a small but effective piece, it is a hollow but semi-transparent piece of kit which is also weatherproof. There are two small semi-circles on opposite sides of the base of the casing so that it can be attached to the base where the circuits sit. On top of this there is a small insertion at the top of the casing, this is to allow for humidity to leave the casing as well as allow for expansion due to an increase or decrease in the temperature of the weather.
Drawing 5- Garden light base, these base holds all the electrical elements of the design, there are 4 wires which will be connected to the solar panel, battery and lights. This allows for a full circuit in which the solar panel with absorb sunlight and convert it into stored electricity within the battery then when required the lights will illuminate when the sensor goes off. The large green circuit holds 6 LEDs so that it provides enough light. On the bottom of the base you can see where the solar panel circuit is connected. On the top of the base there are a few design concepts, firstly there are screw holes to attach the base to the solar panel casing which connects to the top of the garden light. There is also 2 large rectangles which will be used with glue to hold the rechargeable battery once ordered. Lastly there are two smaller rectangles which act as a barrier for the light casing. These rectangles are missing one side and only have a short bit at the top. This is designed to catch the semi-circles connected to the light casing so that it can be screwed into and held tightly.
Drawing 6 - this is the solar panel which is 52x52mm in length where the bottom half of the design is a thick PC plastic whereas, at the top where the panels are is transparent to allow as much sunlight through as possible to achieve as much of the 22.8% as it can.
Drawing 7 – Garden light casing part 2, this is where the solar panel and the garden base congaing the circuit will sit. One end of this casing is exaggerated so that it fits smoothly into the top of the garden light, it will just sit there so it is easy to examine if there is a fault but as long as the garden light is standing correctly then the top will not come off easily.
Each of the above drawings will have a minimum linear tolerance of +/- 0.1mm and most of the design will require PC plastic along with a medium semi-glossed finish to provide a clean finish. Along with this each drawing was assessed by multiple people within the group, Llewellyn drew, approved and was the MFG (manufacturer) of these models, Brogan did the quality assessment and Evan checked the drawings before they could be approved.
Finally, the assembly 1 shows what the entire design will look like together.

Quality Assurance of the Engineering Drawings (Brogan)
Engineering drawing quality assurance is a process that should be done to ensure the quality of an engineering drawing, to check for mistakes, compliance with standards and to assess the safety of the product designed. Quality assurance of engineering drawings is considered ‘good practice’ amongst the engineering industry according to Burgess (1988). For this project the quality assurance process involved looking through the engineering drawing provided by Llewellyn and discussing possible improvements and ensuring that the engineering drawing itself complied with the main engineering drawing standard, BS8888.





[bookmark: _Toc1315397799][bookmark: _Toc860984934]Sustainability 
(Brogan)
According to Leslie Paul Thiele (2016) sustainability is the ‘greatest challenge of our time’. Sustainability is the focus for something to go on and ‘live’ for a long time. The need to live sustainably is an old concept that has only in recent years been promoted worldwide within industries. 
Sustainability is very important to businesses as according to Blowfield (2013) sustainability is important to businesses for the following reasons:
· Saving costs and maximising efficiency – Following sustainability frameworks a-often help reduce waste, energy usage and raw material usage. This can be done by using energy efficient equipment, recycling and implementation of lean supply chains. This is good for a business as lower direct and indirect costs to the company will increase the profit margins and allow businesses to stay competitive. 
· Risk management – thinking about sustainability and applying the sustainability frameworks allow companies to stay ahead of supply chain risks. 
· Compliance – Legal compliance to environmental regulations is a requirement of a business. Keeping up with these standards helps reduce the likelihood of fines and legal repercussions to the business. 
· Customer expectations – Customers now favour brands that are actively sticking to and improving their sustainability. This is due to the constant thought process around selling sustainable products with low environmental impacts that are ethically made.
· Investor pressures – Investors follow ESG matrices to look at a business's long-term risks.  By keeping within the sustainability frameworks companies are classes as being more future proof which is desirable to investors. 
· Innovation – Keeping within the Sustainability frameworks drive innovation as companies need to find a new way of operating to keep up with these demands. 
· Long term viability – Sustainability ensures that a company can keep up with the market, the drive for innovation often keeps companies in business long term.
· Climate change - Adherence to sustainability frameworks allow a business to help slow down the effects of climate change across the globe. 
The sustainability frameworks highlighted below are used in businesses to not only comply with legal requirements as an aim to decelerate climate change across the globe, but they also aid with keeping businesses viable for a long time. The innovation that comes from sustainability allows for new market changing ideas to push companies ahead of an already competitive market. 

	Framework 
	What is it

	ISO 14001 
	Environmental management system standard. --> This is an internationally agreed standard. This standard is used to continuously improve a business's environmental performance. 
Tarí, Molina-Azorín and Heras (2012) 

	ESG (Environmental, Social Governance)
	This is a framework that is responsible for investment and risk management. Related to sustainable investment. 
(Dmuchowski et al., 2023)

	SASB (Sustainability Accounting Standards Board)
	Non-profit organisation. The main purpose of this framework is to set sector-specific sustainability Matrix that is investor focused. SASB formed in 2011, and the process is classed as an evidence-based research board. SASB are responsible for the sustainable Industry Classification system which covers 77 industries. This classification system allows investors to see if a company is over or under preforming to key sustainability risks and opportunities. 
(Hales, 2021)

	GRI (global reporting initiative)
	Outlines an attempt to make the triple bottom line operational by reporting economic, environmental and social performance by all organisations. 
(del Mar Alonso-Almeida, Llach and Marimon, 2013)

	The triple bottom line framework
	A framework that measures business’ performance by looking beyond profit and instead looking at social and environmental impacts of a company. This framework therefore encourages companies to improve their impact on society and the environment while also encouraging them to operate responsibly towards stakeholders as well as shareholders. 
(Loviscek, 2021)
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[bookmark: _Toc1657356537][bookmark: _Toc1200402844]1. Documentation
1.1 Project Overview
This project involves designing and implementing a solar-powered lighting system for outdoor use, specifically for garden environments. The lights charge during daylight hours using solar panels and automatically illuminate during night time using stored battery power. The system enhances energy efficiency, reduces carbon footprint, and is independent of the electrical grid.
1.2 Objectives
- Utilize solar energy for renewable power.
- Automatically activate lighting at night.
- Provide a sustainable and low-maintenance solution.
- Ensure durability for various weather conditions.
[bookmark: _Toc2016752299][bookmark: _Toc1300926149]2. Background and Rationale
2.1 Problem Statement
Traditional garden lights depend on grid power, increasing operational costs and environmental impact. In areas lacking electricity access, lighting is often unavailable or unreliable.
2.2 Benefits
- Renewable energy reduces utility costs.
- Autonomous operation via light sensors.
- Environmentally friendly with zero emissions.
- Low maintenance once installed.
[bookmark: _Toc1909712561][bookmark: _Toc2103756884]3. System Design
3.1 Functional Block Diagram
The diagram below shows the energy and control flow in the system:
3.1 Main components 
- Solar Panel (6V, 1W): Converts sunlight into electrical energy.
- Battery (Li-ion 3.7V, 2600mAh): Stores energy for night time use.
- Charge Controller (TP4056): Prevents battery overcharging.
- LED Lights (2 × 0.5W): Provide illumination.
- LDR (Light Dependent Resistor): Detects ambient light to switch LEDs.
- Diode (1N4007): Prevents battery backflow.
- Enclosure (IP65): Protects components from the environment.
[bookmark: _Toc717040323][bookmark: _Toc200781149]4. Design Calculations
4.1 Energy Requirement
- Power needed = 0.5W × 2 LEDs = 1W
- Operating time = 8 hours
- Daily energy need = 1W × 8h = 8Wh
4.2 Battery Sizing
- Voltage = 3.7V
- Capacity = 8Wh / 3.7V = ~2.16Ah
- Chosen: 2600mAh Li-ion battery
4.3 Solar Panel Sizing
- Sunlight availability = 5 hours/day
- Required power = 8Wh / 5h = 1.6W
- Chosen: 6V, 1W panel
[bookmark: _Toc1465431512][bookmark: _Toc2142563418]5. Construction
5.1 Assembly Steps
1. Connect the solar panel to the charge controller.
2. Wire the battery to the controller.
3. Set up the LDR with a voltage divider to detect light changes.
4. Connect LEDs through a transistor switch controlled by the LDR.
5. Mount all components in a waterproof casing.
6. Position the solar panel facing the sun at a ~30–45° tilt.
5.2 Tools Used
- Soldering iron
- Multimeter
- Hot glue gun
- Mini drill
- Wire cutters and crimpers
[bookmark: _Toc332231976][bookmark: _Toc2138008752]6. Testing and Evaluation
6.1 Procedure
- Charge the system under direct sunlight for 5–6 hours.
- Observe LED activation during sunset.
- Measure LED brightness and duration.
- Test waterproofing using artificial rain.
6.2 Results
- LEDs automatically turned on at dusk (LDR <10 lux).
- Runtime averaged 7.5–8 hours.
- Water resistance held up well.
- Minor brightness fluctuation on cloudy days.
[bookmark: _Toc1510154302][bookmark: _Toc1673919811]7. Analysis
7.1 Success Criteria
	Criterion
	Status

	Auto switch at night
	Achieved

	Min 7-hour lighting
	Achieved

	Battery not overheating
	Achieved

	Durable in rain
	Achieved



7.2 Challenges
- LDR occasionally misreads due to shadows.
- Cloudy days extend charging time.
- Optimal solar panel positioning is critical.
[bookmark: _Toc1972394665][bookmark: _Toc1881632229]8. Improvements & Future Scope
- Upgrade to a Maximum Power Point Tracking (MPPT) controller.
- Add a motion sensor for adaptive lighting.
- Use super capacitors for longer cycle life.
- Integrate with smart home systems (e.g., via Bluetooth/Wi-Fi).
(Llewellyn)
The design tried implenting as many features as possible however, there is alwasy room for improvement. For example, the garden light is only designed to case one rechargeable battery, if this was increased to a capacity of 2, then a larger solar panel could be incorporated which would result in an increase in the designs efficiency. Another area for the design improvement would be the number of parts. The reason being there being 7 different segments to the design was to ensure that everything would be able to fit accordingly. However, this comes with longer manufacturing cycles and larger costs. If the number of parts were to be shortened a good start would be to make the base of the light be attached to the pole, eliminating the need for the extra bit of material at the bottom of the base to connect the pole, resulting in a lower cost of manufacturing.
[bookmark: _Toc1680032934][bookmark: _Toc554986934]9. Cost Breakdown
	Component
	Cost (GBP)

	Solar Panel (6V, 1W)
	£5

	Li-ion Battery
	£7

	Charge Controller
	£2

	LDR
	£1

	LEDs (2 pcs)
	£2

	Diode, resistors
	£1

	Enclosure
	£6

	Miscellaneous
	£3

	Total
	£27


[bookmark: _Toc1992885536][bookmark: _Toc713184082]10. Conclusion
This project demonstrates how solar energy can be effectively used to create autonomous garden lighting systems. The design is simple, affordable, and sustainable, and it opens up possibilities for scaling into community-level or decorative outdoor lighting solutions.
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[bookmark: _Toc697354538][bookmark: _Toc289827408]Achievement and progress (Evan) 
Significant progress was made by the project team in creating a solar-powered, environmentally friendly garden light. After generating ideas and evaluating them using a decision matrix, the team decided on a design that prioritised environmental impact, cost-effectiveness, and feasibility. A GANTT chart was utilised to effectively manage schedules and track progress, and roles were assigned according to individual strengths. Using Arduino and ESP8266 microcontrollers to successfully create an embedded control system is one of the major technical accomplishments. With features like PWM dimming, battery monitoring, and sleep modes to improve energy economy, the system was designed to react in real time to inputs from motion and light sensors. Future IoT growth was made possible via modular code, which also enhanced maintainability.

The core housing and structure are made of silicone sealants, stainless steel, and tempered glass, with materials chosen for their sustainability, durability, and recyclability. Direct sourcing was used in the planning of procurement strategies to guarantee both quality and affordability, with an estimated unit cost of £21.03.

Despite working remotely, the team successfully shared responsibilities, kept lines of communication open, and finished all of the assigned tasks. The prototype demonstrated a strong application of engineering principles in a practical setting by meeting its performance targets in design simulations and successfully achieving all functional and sustainability objectives.
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This appendix shows a copy of all the meeting minutes. (Documented by Brogan)
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An example of a PO form for Procurement (Made by Brogan):
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Appendix C 
This appendix shows the calculation for how much polycarbonate would be needed for a solar garden light housing (Work completed by Brogan)
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Screenshot of poll posted in group
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Screenshots of the GANTT Chart 
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[bookmark: _Toc135958851]Appendix F (Emily)
This image from shows the different types of solar panels
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(Abdulkareem, 2019)

[bookmark: _Toc651359339]Appendix G (Emily)
A graph showing years vs cost of different bulbs when being used for 12 hours at a time 
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(Gayral, 2017)

[bookmark: _Toc2048429663]Appendix H (Emily) 
A graph showing years vs cost when LEDs are used over a 3-hour period
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(Gayral, 2017)
[bookmark: _Toc1440723527]Appendix I 
A graph comparing the performance in salt water against young’s modulus for ABS and Stainless Steel (Made in GRANTA by Emily)

[bookmark: _Toc302561926][image: ]Appendix J
Graph comparing Vickers Hardness against Thermal Expansion Coefficient (Made in GRANTA by Emily)
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[bookmark: _Toc1619292145]Appendix K
A graph comparing Youngs Modulus and density of ABS and Stainless Steel (Made in GRANTA by Emily)
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ET° Emily Thomas (2418089) 12/02 14:48

Poll for project idea

Hi all, it might be easier if we have some sort of poll to pick which idea we want to go with. Can always develop from there.
The idea with the most likes we will go with, will comment them below.

Open 7 replies from you

I e, Emily Thomas (2418089) 12/02 14:49
Autonomous delivery system

Sustainable water purification system

Drone design for specific applications
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Group Project
Correspondence

Date of meeting 12 February (Discussion on private channel)

List of people active:  Brogan Carroll, Emily Thomas, Lewellyn Higgins

Discussion
Introduction to the new group.
Pole put out for which project idea to go with (2 votes per person):

- Renewable energy device - 3 votes

- Electric vehicle power train design > 0 Votes

- Human Powered machine = 2 Votes

- Autonomous delivery system = 0 Votes

- Robotic arm for industrial automation = 0 votes
- sustainable water purification system 1 vote
- Drone design for specific applications = 0 votes
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Group Project
Correspondence
19% February

Active: Emily Thomas, Brogan Carroll

Next meeting: 217 Feb, 3.30pm, Teams Suggested

Announcements

Plan for the project > Roles

Possible meeting Friday 21 February at 3.30pm on Teams.
Discussion

Emily - Would prefer Materials specialist

Brogan - Would prefer Procurement Specialist
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Group project

Meeting Minutes
215t February 2025

Present: Brogan Carrol, Emily Thomas.
Next meeting: 26/02/2025,2:30, Teams?

1. Announcements
Decided to do the Renewable energy device as tis had the most votes in the poll.
'Decided t0 do a solar panel that powers a garden ight.
2. Actions (Wednesday 26 February)
Emily Thomas —
Setting up 3 Powierpoint
‘Gantt Chart + Team organisation
Project Aim
Brogan Carroll—
Uterature Research
3. Roles
Project Manager — emily Thomas & Brogan Carroll
Procurement Specialst ~Brogan
Materias specialist — Emily
Design speciaist - Uewelyn?
Analysis - Grace?
Sustainabiy -Emily & Brogan?

Programming ~ Evan?
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Group6

Meeting Minutes
26th February
Present Brogan Carrol, Emily Thomas, Liewellyn Higgins
Next meeting 05/03/2025, 2:30, Teams

1. Discussion

Discussed the current ideas and role allocations.
‘Spoke through the actions that were completed last week > agreed all were happy with the work
completed.

Decision on what type/ size garden light > walkuay lights (small garden light).

2. Actions
Setup a group chat > Brogan

Presentation) projection > Emily.

Design Research including rough designs > Liewellyn
Research into materials/ Procurement > Emily/ 8rogan

Research Programming aspects of the design > Evan
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Group 6
Meeting Minutes

Date of meeting: 5* March 2025

Present: Brogan Carrol, Emily Thomas, Lewellyn Higeins, van Pearce
Next meeting: 12/03/2025,2.30, Teams
1. Discussion

Discussed the requirements of the interim (went through the assessment specification).
‘Spoke about the need o keep notes and references for speciic research and ideas.

Looked through the Gantt Chart for each person’ tasks and spoke about the order to complete
them.

Leviellyn has completed the basic research into garden solar panel light (1t weeks t2sk).
Gantt Chart & PowerPoint are up t0 date — need alering once tasks have been complete.

Evan o take over project manager.

2. Actions
Continue with the current actions complete by next meeting) - All
Continue with research:
Material selection (research) — Emily
Programming system design, power management research) ~ Evan
Procurement Requirements & cost(once material selection has been complete) ~ Brogan
Draw up design deas initialdesign) ~ Liswellyn
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Group 6

Meeting Minutes
Date of meeting Thursday 13 of March

Present Evan, Uiewellyn, Brogan, Emily, Grace
Next meeting: 19° March, 2:30pm
1. Discussion

Evan spoke through his conversation with Richard. Giving a clear understanding of what we
needed o do for the interim Viva > interim viva is about persanal and group contributions
to the task.

Spoke through some amendments that would need to be made for the gantt chart, Such as:
removing the testing and analys's sections and re assign tasks if needed.

Looked through Liewellyn's design concepts from the initialsketches - We decided to
continue with design concept 1 after a group discussion about each concept created.

2. Actions
£van (To be completed on Fiday 14" Marchl:
- Further discussions with Richard to amend the gantt chat.
- Ask Richard about the day of the Interim/ I t would be o teams or in person.
- Alterthe Gantt chart and e allocate task.
Brogan (For Wednesday 19" March):

- Further Literature. Look on HSE for standards that should be followed. Make sure to
eference and document everything correctly.

Uewellyn (For Wednesday 19 March:

- Progress with the

| design stages (Concept 1).
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Group 6
Correspondence
Date of mesting: 14 March 2025

Present: Brogan, Emily, Liewellyn, Evan, Grace
Next meeting: 14/03/2025, 15:00, WhatsApp

1. Discussion

Evan & Llewellyn spoke with Richard about the interim Viva — communicated the information
received through our WhatsApp group chat.

Interim Viva — Talk about the completed tasks and a plan for what's left to complete by the end of
this assignment. 15 — 20 slides that should last 15— 20 minutes. Include personal contributions as
‘well as group tasks completed as a whole.

Presentation is online on the 26™ March —to be confirmed by Richard.

2. Actions

Gantt chart to be altered as the group see fit as we go through the project.
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Group 6
Meeting

Date of meeting: 19" March 2025

Present: Brogan, Emily, Liewellyn, Evan
Next meeting: 24/03/2025, 11:00am, Teams

1. Discussion

Brief discussion about the WhatsApp correspondence on the 14th of March.

Evan described some of his actions that he had completed.

‘spoke about doing a practice run of the power point on Monday or Tuesday.
Looked through the presentation layout as a group.

‘spoke about the requirement of uploading the presentation on the 21st of March.

2. Actions Complete

HSE Regulations to consider — Brogan

Literature Review Sources table ~ Brogan
Rationale information & ideas write up — Brogan
Decision matrix — Brogan

Risk assessment — Emily

Presentation alterations — Emily

Presentation Notes set up — Emily

Materials research — Emily
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Sensor integration — Evan
Circuit diagram — Evan

3. Newactions
‘Add individual contributions to the presentation — All (before 21.03.2025)

‘Add contribution notes to the presentation notes doc - All (before 21.03.2025)
Update the Gantt Chart - All {before 21.03.2025)

Upload the presentation on the 21st of March — Evan

CAD designs — Llewellyn

Continue with materials research — Emily

Continue with procurement research info — Brogan

Continue with the lterature review - Brogan
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Group 6
Meeting Minutes

Date of meeting: 25% March 2025

Present: Brogan, Emily, Liewellyn, Evan, Grace
Next meeting: 26/03/2025, teams > presentation

1. Discussion
Discussion about the presentation and what we would talk about on each slide.

Evan to start with project aims and roles.

Emily to go through before Evan was project manager — project ideas > timing plan

Evan checked to make sure that everyone had enough to talk about on their slides - 4/5 minutes.

Everyone should speak about any tasks to be completed in their own sections — go into detail.
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Group 6

Meeting Minutes
Date of meeting: 02 April 2025

Present Brogan, Emily, Liewellyn, Evan,
Next meeting: 0% April

1. Discussion

Evan spoke to Richard on Friday ~ Our group will be marked slightly down for running over the.
timescale in the presentation.

‘Gantt chart can be altered from next week.

2. Actions
Continue with the tasks labelled on the gantt chart

« n with the tasks set previously.
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Group 6
Meeting Minutes

Date of meeting: 9% April 2025

Present: Brogan, Emily, Lewellyn
Next meeting: 16/04/2025

1. Discussion
Evan unable to attend today’s meeting.

Uewellyn carrying on with the designing process. = almost finished this stage.
Emily has made a materials lst for the design.

2. Actions
Start procurement costings for the solar powered garden light materials > Brogan

Upload the CAD design for the solar powered garden light > Lewellyn

Is research > Emily
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Group 6

Meeting Minutes

Date of meeting: 30 April 2025
Present: Brogan, Liewellyn, Evan, (Emily Unavailable at short notice)
Next meeting: 07" May, teams

1. Discussion
Brief catch up after easter due to Llewellyn and Evan being busy in work.
Caught up on the work we have been doing over easter.

2. Actions

Upload a report template to the team's channel - Brogan
‘Continue with current pieces of work — All

start thinking about what will be added to the report — All
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Group 6

Meeting Minutes

Date of meeting 7" May

present: Evan, Brogan, Emily
Nextmeeting: 21 May, 2.30, Teams

1. Discussion
Lewellyn was unabie to o but willsee Evan to catch any nformation shared.
Checked in with how the work was coming together for the assignment and presentation.
Spoke through the contents page created and what should be Inclucied.

Everyone is to finish off their research and data collection in preparation to pull together in
the report and the presentation for the session on the 21

Everyone understands what needs to be completed.
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Group 6

Meeting Minutes

Date of meeting 217 May

present: Evan, Brogan, Emily, Uewellyn
Nextmeeting: 27 May, TBC, Teams

1. Discussion
Spoke through al the work completed by the group.
Spoke about how we were going to utllise the feedback from the interim Viva.

Talked through key aspects of the assignment - such as ensuring that everyone is going to
put their names next o the pieces of the report that they write.

Spoke about completing a practice run an the 27 May before the presentation to try and
ensure that we meet the time scale set and we flow smoothly as 2 group.

Everyone to let Evan know once thelr work has been complete on the report and the
presentation so he can upload them on Friday.

Evanis going to confirm that we have until the end of Friday to upload this.




image1.png
Y Prifysgol Cymru
Y Drindod Dewi Sant

LN/ University of Wales
Trinity Saint David





