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1.0 Environmental Impact Analysis
· Outline the environment impact of your product at various stages of its life cycle (manufacture, normal use, disposal/recycling) – e.g., any product using rechargeable batteries represents a potential environmental hazard, any product with a printed circuit board requires hazardous chemicals in its manufacture and is not inherently biodegradable.
· Discuss how you would address each of the environmental impact concerns outlined above (e.g., provide explicit means/process for reducing use of hazardous chemicals in manufacture, extending your product’s useful lifetime, recycling hazardous materials).

To start the FairwayFinders Environmental Impact Analysis we’ll first look at the product at various stages of its life cycle. The first stage in the life cycle will be the manufacturing phase. The manufacturing phase of the FairwayFinder will include the production of batteries, PCBs, pushcart enclosures (metal/plastic chassis), sensors, and motors. For battery production, if we were to take the FairwayFinder to market, we would most likely use lithium-ion batteries which involve mining cobalt, lithium, and nickel, which is often linked to unethical labor and environmental impact [1]. Additionally, the manufacturing process will generate carbon dioxide emissions and hazardous waste. For printed circuit boards, they require toxic chemicals for the etching process which is linked to environmental impact [2]. Additionally, PCBs are not biodegradable and contribute to e-waste if not handled properly [3]. For the pushcart enclosure the use petroleum-based plastics and metal frames has an environmental cost, extraction, processing, and machining. For sensors and the motor system, they contain rare earth metals, which are difficult to recycle and cause an environmental impact if not managed correctly. 

The next stage of the life cycle is the normal use phase. The first thing to take into consideration is energy consumption. Regular charging requires electricity, which may come from non-renewable sources depending on user location. Over time, the battery will start to degrade which may result in the battery leaking hazardous materials affecting the environment. Additionally, the chassis will experience wear and tear over time. With tires and mechanical parts degrading over time they may release microplastics or metallic particles over time. 

The last part of the life cycle will be the End-of-life/disposal phase. Battery disposal can prove to be tricky. If not recycled correctly, the battery poses a fire risk and the chance of toxic chemical leakage [4]. The improper disposal of PCBs can lead to long-lasting e-waste with hazardous substances like lead entering the environment which can become very troublesome. For the chassis, if there are non-recyclable plastic components then they can contribute to landfill accumulation and affect the environment that way. Lastly, for the metal, wiring, sensors, and motors they may be recyclable but some disassembly would be required. If not taken care of appropriately be a proper facility they can contribute to landfills similar to the non-recyclable plastics. 

Now in order to address the environmental concerns outlined above there are many options our team can implement. To start, we can focus on sustainable manufacturing. For component selection, we could choose a PCB manufacturer with RoHS compliance to avoid any risk of hazardous materials entering the environment [2]. Additionally, we could focus on using recyclable and bio-degradable plastics and metal in the design of the FairwayFinder to ensure environmental safety. For battery sourcing our team can partner with suppliers that have ethical and sustainable lithium sourcing [1]. Additionally, our team can use local manufacturing in order to reduce shipping emissions. 

Now another way our team can tackle these environmental impacts is to be “Eco-Conscious” with the design and functionality of our robot. For example, we can optimize motor control and path algorithms to conserve energy. As well as using low power components where it is possible to conserve energy. Additionally, our team could design the cart so that individual parts can be replaced or upgraded without scrapping the whole product. 

A huge problem is the waste that the robot would create once it’s no longer in use. So, our team can focus on creating a battery recycling program to all customers. Where our team can offer to take back the robot or partner with certified recycling companies in order to safely recycle the battery [4]. Additionally, our team could include disposal instructions and point to nearby recycling facilities in the user guide to help with successfully recycling the materials. Lastly, our team can focus on designing for easy disassembly. For example, use screws over glue to make parts easily separable for recycling. As well as labeling recyclable parts clearly. 

2.0 Ethical Challenges

· Outline the ethical challenges your team would have to resolve in the process of bringing your design to market 
· Discuss how you would address each of the ethical challenges outlined above. (testing under a variety of operating conditions, placement of warning labels, providing cautions in user documentation, adding safety or anti-tampering mechanisms).

In order to bring the FairwayFinder to market there will be a lot of ethical challenges. To tackle these challenges, it is important to acknowledge product safety. Our team will have to work hard to resolve and reduce the risk of injury from autonomous movement. As well as the risk of malfunction due to poor weather, terrain, or electrical failure [5]. Another ethical challenge will be user transparency and consent. Users must clearly understand what the cart does, is capable of doing, and how it behaves. Additionally, the user must be aware of the potential for confusion around boundaries of autonomy and when the manual override must become a necessity. Another ethical challenge that our team would have to resolve is data privacy. Since our product is using GPS we must acknowledge that collecting location data could lead to privacy concerns [6]. Additionally, our team must acknowledge accessibility and inclusion limitations, while our design might not accommodate to all users our team should strive to make it as user friendly as possible [7]. Additionally, our product pricing may make it only accessible to wealthier players/clubs, which could raise equity concerns. Lastly, our team must be aware of the environmental ethics. As discussed earlier, battery and electronic waste if not properly managed could harm the environment. 

Now that the ethical challenges have been clearly outlined. It is time to understand how our team will address these issues. The first strategy our team will implement is safety protocols. Our team will test across diverse use cases. For example, we can conduct testing on hills, wet grass, sand traps, etc. Then we can simulate failure scenarios to ensure recovery or safe shutdowns. After we focus on testing unique scenarios, we can focus on our safety features. For example, our team will implement an emergency stop button and have collision avoidance sensors. Additionally, our team can implement an audible or visual alert during motion to alert the user that it is moving. The last thing our team will implement in our safety protocols is proper documentation. Making sure the user is given clear warnings and operational limits like don’t use the product in heavy rain can greatly reduce the misuse of the product. Additionally, our team can implement maintenance reminders on the robot to keep it running in top shape. 

Another way we can mitigate ethical challenges would be to provide the user proper education on how to use the product safely. Providing tutorials, videos, and start guides would be great for the user and reduce risk in using the product. Additionally, a clear interface with light indicators showing the status can greatly improve the user friendliness. Another way our team can mitigate ethical challenges would be to focus on data privacy protection. Our team can focus on collecting minimal data and only store what’s essential for navigation [6]. As well as use secure encrypted data transfers between the phone app and cart. Lastly, our team can focus on equity and accessibility to mitigate ethical challenges. Focusing on offering basic and advanced models to the public can broaden accessibility to users with different budgets. 
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