The impact of vehicles production to the environment – a Mercedes Benz Case Study
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The global automotive industry is currently in transition as its focus shifts away from internal combustion engine (ICE) vehicles and toward electric vehicle (EVs), in response to increasing concerns over climate change, air pollution and decreasing fossil fuel dependency (IEA, 2019). Major automakers like Mercedes are making substantial investments into developing and manufacturing EVs.
Though EVs produce no tailpipe emissions, their production can have considerable environmental effects. Manufacturing involves extensive energy and resource use as it relies on mining raw materials such as lithium, cobalt, and rare earth elements (Ellingsen et al., 2016). Furthermore, for climate benefits to be realized fully when charging an EV requires low-carbon electricity sources - something production of these vehicles will expand quickly in coming years requiring careful consideration and mitigation of impacts as the market matures further.
EV production is occurring amid a global climate crisis and shrinking resources, particularly lithium and cobalt supplies, which are limited and geographically concentrated, raising concerns of long-term supply security (Roskill, 2017). To ensure a truly sustainable mobility transition it will be crucial to understand and address environmental challenges of EV production.
Mercedes has long been considered an innovator in automotive sustainability, making a pledge to make their passenger car fleet carbon neutral by 2039 (Daimler, 2019). They have introduced multiple EV models - such as the EQC SUV and EQS luxury sedan - as well as investing EUR40 billion between 2022-2030 into electric vehicles (Daimler, 2019). As one of the world's premier luxury automakers, their approach to EV production could have significant ramifications on industry sustainability standards and practices; therefore evaluating impacts can provide invaluable lessons both for them and wider ecosystem.
Key objectives:
1. What are the primary environmental impacts associated with Mercedes' electric vehicle (EV) production chain? 
2. Which materials and processes contribute most significantly to their lifecycle environmental footprint? 
3. How does EV production compare with that of ICE vehicle production?
4. What are the most promising opportunities for reducing production impacts through material substitution, process efficiency improvements, renewable energy use and circular economy strategies?
Researching these questions seeks to expand upon existing knowledge on EV sustainability. Findings could guide Mercedes' future EV development decisions as well as policy discussions around incentives and regulations related to them. More broadly, this research could shed light on challenges and opportunities associated with sustainable production as the industry scales up production to meet global demand.
[bookmark: _Toc163662081]Chapter 2: Literature Review
Electric vehicles (EVs) can be defined as any vehicle powered by electric motors powered by electricity from batteries or fuel cells (IEA, 2019). Two main architectures for EVs are battery electric vehicles (BEVs), which rely solely on rechargeable batteries to power propulsion, and plug-in hybrid electric vehicles (PHEVs), which combine batteries with an internal combustion engine (ICE). EVs offer several environmental advantages over conventional ICE vehicles including reduced tailpipe emissions and costs as well as potential lower lifecycle greenhouse gas emissions (Ellingsen et al., 2016).
Producing electric vehicles (EVs) involves extracting and processing raw materials, manufacturing batteries and components, and final assembly (Bauer et al., 2015). Key materials involved in production include lithium, cobalt, nickel for batteries; rare earth elements like neodymium for electric motors; aluminum and carbon fiber as lightweight body materials (Roskill 2017); lithium batteries are particularly material and energy intensive to make; accounting for approximately 40% of overall vehicle production impacts (Kim et al. 2016).
Environmental impacts of electric vehicle (EV) production have become an area of increasing research interest. Most studies use lifecycle assessment (LCA) methods to quantify and compare cradle-to-grave impacts between EVs and ICE vehicles (Nordelof et al., 2014). Key impact categories considered are climate change impacts (measured as kg CO2-eq equivalent), resource depletion, human toxicity, ecosystem toxicity (Hawkins et al., 2012) as well as battery manufacturing (Ellingsen et al., 2017); however EV production tends to have greater impacts due to battery manufacturing (Ellingsen et al. 2017), although their lower lifecycle impacts can still achieve lower lifecycle impacts thanks to lower electricity use as well as zero tailpipe emissions (Hall and Lutsey, 2018).
Significant impacts can vary significantly depending on both the geographical location of production and specific technologies and materials utilized, including electricity grid usage and battery content (Kelly et al., 2019). Production using coal-heavy grids with batteries that contain high concentrations of cobalt can have significantly higher impacts (Kelly et al., 2019), thus emphasizing the significance of low carbon energy use, material efficiency improvements and responsible sourcing practices to achieve sustainable EV development (Ciez and Whitacre, 2019). Circular economy strategies like recycling batteries and using recycled materials could also play a crucial role (Olsson et al., 2018).
The rapid expansion of electric vehicle production and sales has raised concerns over future resource requirements and supply chain risks in the industry. Some studies project lithium and cobalt demand could increase by over 20 times by 2050, straining global reserves (Roskill, 2017). To counteract these projections, growing interest has emerged for alternative battery chemistries like sodium-ion and solid state batteries which use more abundant materials (Roskill, 2017). Furthermore, ongoing initiatives aim at creating closed-loop supply chains by improving recycling processes (Olsson et al., 2018).
Although lifecycle studies of specific EV models such as Tesla Model S and Nissan Leaf (Nealer et al., 2017) exist, little research has been conducted into Mercedes' production impacts of its EV lineup. As Mercedes is making significant investments in electrification with plans to release 10 new EV models by 2025 (Daimler, 2019), understanding these effects of production is critical in shaping this transition process.
Overall, literature indicates the necessity of adopting a multidimensional approach when assessing and improving the sustainability of EV production. This should take into account not only carbon emissions and resource use impacts but also supply chain risks, social issues and circular economy opportunities. By taking an in-depth view of Mercedes' EV strategy production lifecycle this research seeks to provide actionable insights that enhance its environmental and social performance.
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This research will take an integrative, pragmatic approach, recognizing there may be multiple perspectives and approaches that can shed light on a given research problem (Creswell, 2007). As for research paradigm, positivism will be employed with an aim of producing objective data about environmental impacts through empirical analysis (Mackenzie & Knipe, 2006).

An applied quantitative research methodology will be implemented, collecting and analyzing numerical data on material and energy flows associated with Mercedes' EV production (Leavy, 2017). This will follow an attributional LCA approach which seeks to quantify total impacts (European Commission, 2010). Research will be desk-based rather than experimental.
Research strategy will involve creating a model of Mercedes' EV production system from raw materials through final assembly, using data on material quantities, energy use and process emissions from numerous sources including life cycle inventory databases, company sustainability reports and product technical specifications. Where gaps in data exist, estimates will be made using industry averages or proxy data from similar production processes.
Mercedes EQC and EQS models represent their current EV offerings; thus, one vehicle will serve as the functional unit. System boundaries include raw material extraction and processing; component manufacturing and assembly processes; use phase impacts are ignored in favour of production impacts.
Data quality will be assessed through the Pedigree Matrix Approach, which scores data based on reliability, completeness, temporal correlation, geographical correlation and technological correlation (Weidema and Wesnaes, 1996). Sensitivity analysis will then be employed to test for effects of key assumptions or uncertainties on results.
This research will follow standard scientific research ethics, with full transparency regarding methods, assumptions, and uncertainties. Only publicly accessible information from Mercedes will be included for analysis; results could potentially be used to criticize their practices; however, the goal is objective evaluation to inform improvements.
Given the desk-based nature of research, primary considerations will focus on data access and quality. Every effort will be made to use reliable sources that are up-to-date, and if gaps in coverage arise, they will be identified in a way that allows the thesis author to communicate it clearly in their limitations section.

[bookmark: _Toc163662083]Chapter 4: Conclusion
This research proposal has presented a plan for quantifying and evaluating the environmental impacts associated with Mercedes' electric vehicle production using an attributional lifecycle assessment approach. By modelling their production system, identifying key impact drivers and exploring improvement scenarios this study seeks to provide actionable insights for improving their sustainability in terms of production of EV's.
Mercedes' findings will have far-reaching ramifications for their sustainability strategy and for the auto industry's transition to electric vehicles (EVs). OEMs, policymakers, and researchers can utilize them to identify impact hotspots, develop mitigation strategies and guide future technology development; ultimately ensuring maximum environmental benefits from this revolution.
Material criticality assessment and stakeholder mapping provide additional context on the wider strategic issues driving EV sustainability. Understanding risks and priorities within Mercedes' supply chain can assist with responsible sourcing initiatives and investment decisions, while engaging key stakeholders (politicians/NGOs/etc.) is also beneficial in building support for sustainable production practices of EVs.
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