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Chapter 1: Introduction

Transportation is a major contributor to global greenhouse gas emissions and climate change, accounting for 14% of emissions worldwide (IPCC, 2014). Electric vehicles (EVs) are a promising solution to reduce carbon emissions and mitigate climate change, and Tesla, Inc. is at the forefront of driving mass adoption of EV technology (Stringham et al., 2015). However, concerns have been raised about the environmental impact of EV production, including increased mining of rare-earth minerals and the carbon intensity of the electricity used to charge the EVs (Hawkins et al., 2013; Nealer et al., 2015).
This topic is significant because we urgently need the transition to sustainable transportation systems to achieve climate targets. To guide this transition, it is crucial to have a comprehensive understanding of the environmental impacts of EVs throughout their lifecycle. While existing literature compares EVs to internal combustion engines (ICEVs) on a general level, there is a lack of detailed company-specific assessments of leading EV makers like Tesla.
The purpose of this research is to quantify the environmental impacts of Tesla's production of EVs, including key metrics such as carbon emissions, resource consumption, and waste creation. The research aims to provide a comprehensive evaluation of environmental costs and benefits that can inform consumer decisions, industry practices, and environmental policies within the EV sector.
Proposed aim: To assess the environmental impacts of Tesla's electric vehicle production through a life cycle assessment (LCA) approach.
Objectives:
1. To quantify the carbon footprint, water usage, mineral depletion, and toxicity impacts associated with Tesla's EV production process.
2. To compare the lifecycle impacts of Tesla's EVs with equivalent internal combustion engine vehicles (ICEVs).
3. To identify environmental hotspots in Tesla's EV supply chain and opportunities for impact reduction.
Research Questions:
1. How does the lifecycle carbon footprint of a Tesla EV compare with an equivalent ICEV?
2. What are the major environmental hotspots in Tesla's EV supply chain?
3. How can the environmental impacts from Tesla's EV manufacturing be minimized?
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Chapter 2: Literature Review

Electric vehicles are vehicles powered entirely or partly by electricity. They are usually equipped with lithium-ion battery packs and electric motors. EVs are a great way to help reduce greenhouse gasses from the transportation industry, one of the biggest contributors to global warming (Hawkins et. al., 2013). EVs can offer significant reductions in emissions compared with traditional internal combustion engines (ICEVs) according to lifecycle assessment (LCA), which assesses the cradle-to-grave impacts (Nordelof et. al., 2014).
The production of EVs is more environmentally intensive than that of ICEVs. This is mainly because of the mining and processing materials in the battery such as cobalt, nickel, and lithium (Dai et. al., 2018). These critical raw materials are linked to resource depletion and toxicity in the producer countries. Another key factor that influences the lifecycle emissions from EVs is the carbon intensity of electricity used to charge the vehicle (Moro and Lonza 2018).
Several LCA methods and models have been developed by Argonne to evaluate the environmental performance of EVs. These include the Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET model) by Argonne (2021) as well as the Transport Lifecycle Assessment Tool by Ricardo. ISO (2006) has provided a standard framework for LCA studies.
The handling of uncertainty and variability in data and assumptions is a key challenge for the LCA of EVs (Ellingsen et. al., 2016,). Yang (2016) notes that integrating consequential aspects such as the impact of EVs in the mix of electricity grids and battery recycling rates adds to the complexity. LCA results are often outdated due to the rapid pace of battery technology and production process development (Peters, et. al., 2017).
LCA is still a valuable tool to identify improvement opportunities and support decision-making within the EV industry. Kim et. al. (2016) has conducted comparative studies that highlight the importance of battery sizing and lightweight for environmental optimization. LCA can be combined with other sustainability assessment methods, such as life cycle costs and social LCA, for a more comprehensive evaluation (Onat, et. al., 2014).
Tesla has been the focus of several LCA studies, due to its pioneering role in the EV industry. Ambrose & O'Dea (2020) estimated the carbon emissions payback period of a Tesla Model 3 compared with a Toyota Camry to be about 5,500 miles using the current U.S. electric grid. Malmgren's (2016) study quantified materials used and CO2 emissions in the production process of a Tesla Model S. This highlighted the importance of the battery. There are no comprehensive or up-to-date LCA studies for Tesla's newest EV models or production processes.
This research is designed to fill this gap, by providing a detailed study of the environmental impacts of Tesla’s EV production. This study, which uses primary data from Tesla, along with state-of-the-art LCA methods, can provide valuable insights to the company, industry, and policymakers who are working towards a sustainable EV switch.
The environmental impact of EVs is highly dependent on the source of electricity used for charging. When charged with renewable energy sources such as solar or wind, EVs can significantly reduce greenhouse gas emissions compared to ICEVs. However, when charged with electricity from fossil fuel sources like coal, the environmental benefits of EVs can be greatly diminished or even negated (Kamiya et al., 2019). This highlights the importance of decarbonizing the electricity grid in parallel with the adoption of EVs. Policies that promote renewable energy and phase out fossil fuels can amplify the climate benefits of EVs (Plötz et al., 2017). Additionally, smart charging strategies that optimize the timing and location of EV charging can help to integrate more renewable energy and reduce the carbon intensity of electricity (Szinai et al., 2020).
The end-of-life management of EV batteries is another critical factor in their environmental impact. While the reuse and recycling of EV batteries can help to offset some of the impacts of production, current recycling rates are low and processes can be energy-intensive (Harper et al., 2019). Developing efficient and economical methods for battery recycling and recovery of critical materials is an active area of research (Lv et al., 2018). Policies that promote battery recycling and the development of a circular economy for EV batteries can help to minimize resource depletion and environmental impacts (Kosmol, 2020). Additionally, the design of EV batteries with end-of-life in mind, such as using standardized and easily separable components, can facilitate recycling and reuse (Gaines, 2014).
The growth of the EV market also presents socio-economic implications that should be considered alongside environmental impacts. The transition to EVs can create new jobs in areas such as battery manufacturing, charging infrastructure, and EV maintenance (Garrett-Peltier, 2017). However, it may also lead to job losses in the traditional automotive and fossil fuel industries (Vona, 2019). Ensuring a just transition for workers and communities affected by the shift to EVs is an important social sustainability consideration (Köhler et al., 2019). Additionally, the adoption of EVs has the potential to exacerbate existing inequalities if access is limited to higher-income households (Mattioli et al., 2020). Policies that promote equitable access to EVs and charging infrastructure, such as targeted incentives and investments in underserved communities, can help to ensure that the benefits of EVs are widely shared (Bauer et al., 2021).
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Research Philosophy and Rationale: This study will adopt a positivist research philosophy, which assumes that an objective truth exists and can be discovered through empirical observation and measurement (Saunders et al., 2015). This philosophy aligns well with the quantitative nature of the life cycle assessment (LCA) method, which involves collecting and analyzing data to quantify environmental impacts.
Research Paradigm and Rationale: The research paradigm will be post-positivist, which holds that while objective truth exists, our understanding of it can always be revised based on new evidence (Henderson, 2011). This paradigm is well-suited for the iterative approach of LCA, where results can be updated as new data or methodologies become available.
Research Approach and Rationale: The research will follow a deductive approach, where existing theories and frameworks related to LCA will be used to guide the data collection and analysis (Saunders et al., 2015). This approach is appropriate for testing hypotheses and generating quantitative data, which is the primary focus of this study.
Research Methodology and Rationale: The research methodology will be quantitative, utilizing the Life Cycle Assessment (LCA) method as the primary research tool. LCA is a standardized technique (ISO 14040/14044) that allows for the evaluation of environmental impacts associated with a product or system throughout its entire lifecycle, from raw material extraction to disposal (Curran, 2015).
Research Strategy and Rationale: The research strategy will be a case study focused on Tesla, representing a leading EV maker. Case studies are suitable for investigating contemporary phenomena in depth and within a real-world context (Yin, 2014), making it an appropriate choice for this study.
Sampling Method and Rationale: The sampling method for data collection will be purposive sampling, where participants will be selected based on their expertise and relevance to the study (Saunders et al., 2015). This approach is well-suited for obtaining high-quality data from knowledgeable individuals within Tesla and other stakeholders in the EV industry.
Data Collection Methods: The primary data collection method will be surveys or questionnaires administered to Tesla representatives and other industry stakeholders. The surveys will gather information on material compositions, energy consumption, waste production, and other relevant data required for the LCA inventory analysis. Secondary data sources, such as LCA databases, peer-reviewed literature, and industry reports, will also be utilized.
Data Analysis and Interpretation: The collected data will be analyzed using the OpenLCA software, which is a widely used tool for modeling and assessing environmental impacts in LCA studies. The ReCiPe 2016 method will be employed for impact characterization, focusing on midpoint impact categories relevant to EV production, such as climate change, resource depletion, and human toxicity (Huijbregts et al., 2017).
Sensitivity analysis and scenario analyses will be performed to evaluate the impact of assumptions, uncertainties, and different production methods or end-of-life scenarios on the results. The findings will be validated through comparisons with existing literature and expert reviews.
Time Prospects of the Research
Here is a Gantt chart in the form of a Word table, indicating the start date and duration of each research stage in weeks:
	Task
	Start Week
	Duration (Weeks)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Literature Review and Research Design
	1
	12
	*

	*

	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	
	
	
	
	
	

	Data Collection (Surveys, LCA Inventory)

	13
	4
	
	
	
	
	
	
	
	
	
	
	
	
	*
	*
	*
	*
	
	

	Data Analysis and Interpretation
	17
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	*
	*

	Validation and Reporting
	21
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dissemination & Stakeholder Engagement
	25
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Notes:
· The research project is assumed to start in Week 1.
· Each asterisk (*) represents one week of work on the respective task.
· The Gantt chart covers a total duration of 18 weeks.
Ethical Considerations: The study will adhere to best practices in case study research and LCA (ISO 2006) including transparent reporting and data triangulation. External reviews and external reviews are also included. To address ethical considerations, the study will obtain informed consent from participants in interviews, protect confidentiality, and avoid undue influence or burden on stakeholders. In framing the research and interpreting its results, it will strive to be impartial and balanced.
This study design provides valuable insights into the environmental performance of Tesla EVs over their lifecycle, as well as shedding light on broader challenges and possibilities for impact reduction within the EV sector.
Nevertheless, certain limitations and challenges must be acknowledged. These include the reliance upon company-reported information, the possibility of subjectivity in the interview responses, as well as the rapidly changing nature of EV markets and technologies. Nevertheless, this study, by maintaining a systematic, reflexive, and transparent approach and by transparently navigating around these limitations, can make a significant contribution to the existing knowledge on EV sustainability.
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This research proposal presents a case study that examines the environmental impact of Tesla's production of electric vehicles. The study uses a quantitative LCA method  to assess the environmental benefits and costs of Tesla's EVs.
This study's findings can have a significant impact on the sustainability of the EV sector. The research, by identifying hotspots of impact and opportunities for improvement within Tesla's processes, can help inform sustainability strategies and practices. These insights can be useful for other EV producers, suppliers, and policymakers who are looking to improve the environmental performance of this sector.
This study, in a broader sense, can contribute to the growing body of knowledge about the sustainability of EVs over their lifecycle, which is crucial for guiding the shift towards low-carbon transport systems. The research, by providing a transparent and rigorous assessment of a leading EV maker, can inform stakeholder discussions and evidence-based decisions about the future of mobility.
It is important to note that this study is only one part of the puzzle when it comes to EV sustainability. Other aspects will need to be investigated, such as the economic and social impacts of EV production. The role of consumer behavior and market dynamics.
This study, however, can be a useful reference and catalyst for future innovation and research in this area, as it provides a solid base of data and analyses on the environmental impacts of Tesla EVs over their lifecycle. The ultimate goal is to develop a sustainable, equitable, and resilient transportation system capable of meeting the needs of people and the planet.
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