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1. [bookmark: _Toc53041646][bookmark: _Toc53041688][bookmark: _Toc161602057]Introduction 
In today's rapidly evolving automotive landscape, environmental sustainability has become an increasingly crucial concern across various automotive sectors. This report aims to investigate the environmental impact, sustainable practices and legislations, sustainability and technological challenges, and future outlook of the extraction of raw materials for the production of lithium-ion (Li-ion) batteries for electric cars. 
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Description automatically generated with medium confidence]The chosen aspect is becoming increasingly important with the UK governments plan to end sales of new petrol and diesel cars by 2030 (Department for Maritime and the Environment (UK GOV), 2020), leading consumers to look for greener alternatives such as battery electric vehicles (BEVs) or plug in hybrid vehicles (PHEV). Last year (2023) 1.9 million new cars were sold in the UK with 16.5% of those being BEVs second only to petrol models. BEV sales in 2023 have increased by 17.7% compared to the previous year, and annual BEV registrations have increased by 1929% since 2018 (We Buy Any Car Ltd, 2024; SMMT, 2024) and continue to grow year on year as seen in figure 1.1 below. Figure 1.1 – Number of plug-in cars registered in the UK from 2019 to February 2024  (We Buy Any Car Ltd, 2024; SMMT, 2024)



 Therefore, it’s important to understand and scrutinise the environmental and geopolitical impact associated with carbon footprint, resource depletion, pollution, and waste generation throughout the battery’s life cycle. Beginning at the raw materials stage through to the end of life and potential reuse and recycling options and their associated concern and problems.

 
2. [bookmark: _Toc161602058]Environmental and Global Impact 
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Description automatically generated with medium confidence]Commonly when referring to BEV’s or PHEV’s, they’re considered environmentally friendly, and are considered by many as the solution for the betterment of the automotive industries environmental footprint. But one of the main problems with this statement is the environmental impact of the battery itself. The battery and its manufacturing process is responsible for 35% of lifetime BEV emissions (Taub, E, 2022), whereas an internal combustion engine (ICE) car produces 75% of its emissions through its use (not including its manufacturing process) (Bieker, G, 2021). BEV’s produce more emissions through their manufacturing process than a fossil fuel equivalent. (Volvo, 2021) explain that the collected emissions from the materials construction and refinement of the Li-ion battery modules and manufacturing of C40 Recharge (BEV) are 70% higher than for XC40 (ICE). Conversely, the emissions for a BEV over distance driven is lower than for an ICE . Therefore, the biggest issue that BEV’s face environmentally are the early stages of the battery’s life cycle, including the raw material extraction, and the manufacturing processes of the Li-ion batteries. This is observable in figure 2.1 and 2.2 below. 
Figure 2.1 – Carbon footprint for C40 Recharge (BEV) and XC40 (ICE), with different electricity mixes. (Volvo 2021) 
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Description automatically generated]Figure 2.1 – Contribution to GHG emissions from production of different material types and Li-ion battery modules in the “Materials production and refining” phase.  (Volvo 2021) 


[bookmark: _Toc161602059]2.1 Raw Material Extraction 
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Description automatically generated]Li-ion batteries are composed of 4 main raw materials, lithium, nickel, cobalt, and graphite. Li-ion batteries are composed of two electrodes, a separator, and an electrolyte system. Lithium, nickel, and cobalt are the materials used as the cathode, and graphite as the anode (Costa, C.M. et al, 2021).
Figure 2.1.1 – Battery Raw Materials and Their Countries of Production (Costa, C.M. et al, 2021)

Due to the battery’s composition of rare-earth metals the raw material extraction phase is extremely difficult. (Cordier, D, 2024) of the U.S. Geological Survey, describes rare earth metals as "relatively abundant in the Earth's crust." Although extraction becomes complicated by the fact that the elements are combined together with many other minerals, and therefore require specific extraction techniques and processing methods. A study from the (Wall Street Journal 2019) revealed that 40% of the total climate impact caused by the production of Li-ion batteries is produced during the mining phase alone. 
[bookmark: _Toc161602060]2.1.1 Lithium Mining 
Lithium is commonly obtained through brine mining, extracting lithium from underground saltwater reserves, this is the most common production method with over half of the world’s lithium production obtained this way.  Brine deposits are found in underground reservoirs, typically in locations with dry climates such as Chile and Australia with those countries being the largest producers of lithium globally (Costa, C.M. et al, 2021). In this extraction technique the brine is first pumped up to the surface, where it converted to produce a lithium salt. This process can be very energy intensive, using pumps to extract the brine solution which typically use fossil fuels (SAMCO, 2024). 
Ecologically lithium mining is becoming devastating. (GlobalData Thematic Intelligence 2023) explains, that as more sources of freshwater are diverted in the arid regions to aid in lithium production. This leaves communities and local wildlife without water, an essential resource in such dry climates. (Greenfield, N 2022) states that this threatens the not only life but ancient cultures and the traditions of the people who live there, as they may be forced to relocate to survive. 
Furthermore, sulfuric acid and sodium hydroxide used in the extraction process can penetrate the soil and water, leading to the poisoning of ecosystems and endangering species. The National Institute for Occupational Safety and Health (NIOSH 2019) states that Sulfuric acid (H2SO4) is a corrosive substance, destructive to the skin, eyes, teeth, and lungs, and severe exposure can result in death. Additionally (NIOSH 2022) states that Sodium hydroxide (NaOH) is caustic and can harm people who come in contact with it, it can burn the eyes, skin, and inner membranes, and can cause temporary hair loss. Therefore, it is no wonder that in a report from the Royal Society by (Gutiérrez, J. S., Et al 2022) it was found that two species of flamingo in Chile are threatened due to the country’s lithium mining. Moreover, a report by (Kaunda, R. B. 2020) states that lithium disturbs the development of invertebrates. These are the complexities that makes lithium mining so difficult. 
[image: An aerial view of bright bluish-green rectangualr brine pools and processing facilities on a vast expanse of land]Figure 2.1.1.1 – Brine Pools in the Atacama Desert, The largest lithium deposit in Chile (Greenfield, N 2022)


[bookmark: _Toc161602061]2.1.2 Nickel Mining 
Shown in Figure 2.1.1 Indonesia is the largest producer of nickel ore in the world. Extracting the nickel ore is done through open mining similar to how Copper and Iron ore are mined. (BBC News 2023) displayed how nickel mining in Indonesia has had a devastating impact on the environment, showing that when raining the runoff from the open mines runs into water sources covering natural coral reefs in a thick sludge smothering and killing the reef. This then in turn has a detrimental impact on the local fish species that live in the reefs causing their numbers to reduce drastically. Leading to the local people who would typically fish to survive and provide for their families with less options to do so. Furthermore, the importance of coral reefs is described by (National Oceanic and Atmospheric Administration 2019) as they protect coastlines from storms and erosion and are culturally important to the indigenous people. Without the reefs the coastlines would be vulnerable and possibly become harsh environments for the locals to live in further reducing their opportunities.  The risk to life must also be considered as the mines produce tons of earth waste which is built into mountains of waste. In the (BBC News 2023) report this mountain of waste had recently caused a landslide running through a school due to heavy rainfall. This landslide is similar to that of the Aberfan disaster, Britain’s worst mining disaster, where 144 lives were lost 116 of them being children (British Geological Survey 2024). With the nickel production increasing due to global demand, the impacts will only become more detrimental. While open-cast mining stands out as the most cost-effective, and secure means of accessing mineral reserves located near the surface. Although it brings significant drawbacks as explained by (UIA 2020), This method alters the landscape, leaving lasting scars if not restored. 
It covers essential topsoil, disturbs natural drainage, and diminishes the fertility of agricultural and woodland areas, impacting their visual and communal appeal. Furthermore, it poses risks of water contamination and [image: The Carajas Mine in Brazil, one of the largest iron ore mines on the planet (Credit: Getty Images)]severe disruption to ecosystems.
Figure 2.1.2.1 – The Carajas Mine in Brazil, one of the largest iron ore mines on the planet (Fisher, R & Hirschfeld, J, 2020)

[image: ]Figure 2.1.2.2 – The Codelco Chuquicamata copper mine in Chile (Otto, J, 2021)
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Description automatically generated]Due to the trade ban of nickel ore out of Indonesia (International Energy Agency 2023), Indonesia now produce the final nickel product used in car batteries themselves using the high-pressure acid leach process (HPAL). HPAL subjects the ores to high pressure acid leaching where sulfuric acid reacts with the ore under temperatures of 255C and pressures of 50 Bar (Taprogge GmbH 2024) this is currently the cheapest option for the refinement of nickel ore.
Figure 2.1.2.1 – HPAL for Laterite Nickel  (Taprogge GmbH 2024)

The HPAL process in Indonesia has to go through various additional steps compared to other HPAL operations as the waste products formed are usually sent straight to a deep-sea tailing placement as a slurry. This is not possible in Indonesia as the environmental impacts have been considered causing the waste products to go through additional scrubbing processes to alter the composition of the waste material making it safe to be pumped into a sea canyon 200m below sea level (Gultom, T., & Sianipar, A. 2020). The additional scrubbing will cause the HPAL process to have a significant increase in power consumption over its life span. Furthermore, only growing its emissions as Indonesia relies almost solely on fossil fuels for its energy production as per (UNIVERSITAS GADJAH MADA 2023). Additionally, the waste produced during this process is substantial for every tonne of nickel produced around 1.4 - 1.6 tonnes of waste is produced this shows that the process is inefficient and wasteful of natural resources (Wood Mackenzie 2024). This process is used to produce the final cobalt product also as they can be refined simultaneously.  



[bookmark: _Toc161602062]2.1.3 Cobalt Mining 
(Gulley, A.L., 2022) states that cobalt is best known for its use in Li-ion batteries, in 2020 64% of world refined cobalt was used in the manufacturing of batteries. As seen in Figure 2.1.1  the largest producer of cobalt is the DR Congo (DRC) producing close to 4 million mega tonnes (Costa, C.M. et al, 2021). 
The DRC has a dark history associated with its recourses including cobalt, characterized by political instability, economic struggles, and conflicts over control of its mineral resources, beginning in the mid 1900’s and continuing today (Gulley, A.L., 2022).  
[image: ]Economic struggles have been exacerbated by a combination of factors, including mismanagement of resources, corruption, and external pressures. Despite being rich in natural wealth, the DRC has grappled with poverty, underdevelopment, and a lack of basic infrastructure, leading to widespread socio-economic disparities and hardships for its population. 

Figure 2.1.3.1 – Congolese displaced civilians flee tensions in the North province of the DRC, (Center for Preventive Action 2024).


Today, the DRC continues to confront the legacy of its resource-driven conflicts and the challenges of managing its natural wealth for the benefit of its people. Despite efforts to promote transparency and responsible resource management, the exploitation of cobalt and other minerals remains a contentious issue, with concerns about human rights abuses, environmental degradation, and the perpetuation of cycles of violence and instability (Niarchos , N, 2021), (Center for Preventive Action 2024).
(IMPACT 2023) reports that child labour is used in many of the DRC’s cobalt mines, and that poverty is the driving factor behind this. Artisanal cobalt mines provide the highest income in the area for children and their communities, with children earning up to $2.50 USD each day. With most of their earning going to their parent to provide for basic necessities. This issue was discussed in the UK parliament as recently as November of 2023, with the UK government having placed sanctions on the DRC regarding its human rights in 2019 (THE DEMOCRATIC REPUBLIC OF THE CONGO (SANCTIONS) (EU EXIT) REGULATIONS (2019)). 
The DRC possesses 70% of the world’s cobalt and is a vital resource for the production of many materials including Li-ion batteries, therefore the integrity of the cobalt supply is an important factor not only financially but ethically (HL Debate 2023). Cobalt is classed by the UK government (SAGCS 2022) as a carcinogen, mutagen, and as reproductive toxicant; therefore, it poses a significant risk to the lives of the workers and children who mine it daily. 
In summary, the DRC's history with cobalt and other mineral resources epitomizes a nexus of political, economic, and social dynamics, characterized by exploitation, conflict, and enduring challenges in the pursuit of sustainable development and peace.
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 Figure 2.1.3.2 – After cobalt was discovered beneath one neighbourhood, Congolese began digging under their houses. Some tunnels extended into neighbours’ properties. (Niarchos , N, 2021)



[bookmark: _Toc161602063]2.1.4 Graphite Mining 
China's graphite reserve is the largest in the world. China is also the largest graphite producer and exporter in the world (Yang, Q, Et al 2017). Graphite ore extraction begins with excavating graphite ore. Homogenization follows, arranging the ore into feeding piles to mitigate natural variability. Mechanical concentration then commences, involving grinding and separation processes to extract graphite while preserving its physical properties. Subsequently, chemical concentration further purifies the graphite, with measures taken to manage residues responsibly and prevent environmental contamination. Finally, the graphite undergoes extensive washing with demineralized water to achieve neutral pH, followed by moisture removal through press-type filters and rotary dryers (Nacional de Grafite 2020). 
[image: MASHAN, CHINA - MAY 28 A graphite worker walks across the Jin Yang graphite factory in the town of Mashan, China on May 28, 2016. Workers say they have very little safety equipment at many of the graphite factories. The northeastern province of Heilongjiang is rich in graphite and there are numerous mines and factories in the region. Locals who live in proximity to the factories complain of contaminated air and water affecting their crops and health. The graphite is a key ingredient in lithium batteries for mobile phones and electric cars. (Michael Robinson Chavez/The Washington Post)]Similar to that of the aforementioned nickel mining, graphite mining and production have significant environmental consequences. The extraction process disrupts habitats, consumes substantial energy, and generates water and air pollution. Dust emissions, waste materials, and carbon dioxide emissions contribute to air and water quality degradation. Additionally, health risks for workers, biodiversity impact, and land degradation are associated with graphite mining explained by (Whoriskey, P 2016) & (Zhang, Z, Et al 2024). Figure 2.1.4.1 – A worker at the Jin Yang graphite factory in Mashan, in China’s northeastern Heilongjiang province (Whoriskey, P 2016)



China's graphite export prices are much lower than their import prices, leading to other countries to import graphite resources from China. (Yang, Q, Et al 2017) describes the prediction that China's current graphite resources will be depleted within 20 years under the current trend without any form of restrictions to prevent it.  

3. [bookmark: _Toc161602064]Sustainable Practices and Legislations 

Due to the aforementioned issues facing the raw material extraction of the components required for the production of li-ion batteries, development of sustainable practices and legislation has become a vital part of resolution of these issues. 
[bookmark: _Toc161602065]3.1 Lithium 
In areas of interest for proposed lithium mines, legislation has recently been introduced in the US. This is to ensure that the mining operations are held to strict social responsibilities, and environmental responsibilities. These would include ensuring that indigenous peoples rights, territories, and livelihoods are not seriously threatened by the global pressure for the extraction of resources. Minimizing the extraction site of materials to reduce demands for material and energy. Using already existing mining operations to also mine/process lithium reducing the need for new mines to be dug reducing the geological scarification. Finally implementing plans to recycle the lithium and related materials from spent batteries to reduce the need for new lithium to be mined (Stanford 2021). 
Unfortunately, legislations like this are not widely adopted as of yet including in Chile, and the US production of lithium only equates to 1% of global lithium production (Ostrow, T 2022).
[bookmark: _Toc161602066]3.2 Nickel 
A full ban on the exports of nickel ore has been in place in Indonesia since 2014, requiring the raw material to be refined before being exported. The World Trade Organization (WTO) confirmed that Indonesia’s measures on production were inconsistent with that of the WTO’s rules. Indonesia appealed in December of 2022 and was unsuccessful. This suggests that the WTO upheld its initial judgment regarding Indonesia's production measures, implying that they did not comply with international trade regulations set by the organization.
Australia is the second largest producer of nickel in the world, and unlike Indonesia has legislation in place for sustainable practises. Some of these legislations include health monitoring for workers under exposure to nickel (Safe work Australia 2000), and Australia’s Labour government has placed nickel on the Critical Minerals List, meaning companies will be eligible for government financing, ultimately meaning that Australian nickel companies will have an increase in funding for renewable energy generation for the production of nickel (McNeill, M 2024). 

[bookmark: _Toc161602067]3.3 Cobalt 
The EU due diligence act was a proposed legislation to directly improve the health of artisanal and small-scale cobalt miners’ health in the DRC. Unfortunately, it was found that this act was unlikely to change the health of the miners. It was found through the act that context-dependent reforms may sustainably improve working conditions for artisanal and small-scale cobalt miners in the DRC (Elbel, J., and O'Reilly, S.B., 2023).
(Muhammad, H 2023) reports that Zimbabwe, and the DRC have imposed bans on the export of unprocessed lithium, in a bid to stop artisanal miners taking the mineral across borders. This will in turn reduce the amount of child workers in the region. But could also lead to increased poverty as what little money they made through artisanal mining will now be reduced or even gone. 
[bookmark: _Toc161602068]3.4 Graphite 
As aforementioned China’s graphite resources may be expended within 20 years. (Yang, Q, Et al 2017) recommends that the Chinese government implement technological improvements to develop the production of advanced graphite, and an increased research budget to support innovative technologies to increase graphite production. Furthermore, research is being conducted on the viability of recycling batteries to harvest materials including graphite, for reuse. This is important as it may ease the strain on new graphite production (Olson, D.W., Et al, 2016). 
The British Government has produced a compliance guide on how to comply with the environmental permit on the production of non-ferrous metals including graphite (Environmental Agency 2009), although is only applicable to the production of graphite in the UK, though these regulations do not apply to China, the world’s largest producer of graphite.  









4. [bookmark: _Toc161602069]Conclusions 
When developing a supply chain for the production of li-ion batteries the aforementioned points must be considered. The production of the batteries should be as eco-friendly as the legislations that popularised them. Currently this is untrue. Due to the lower cost of material, source from the cheapest seller. The raw materials extraction is currently one of the dirtiest phases of a li-ion battery’s life. To change this, continued legislation should be imposed upon major manufactures to ensure that the practices they use are more sustainable. One way to achieve this would be by using green energy sources for the extraction and manufacturing rather than fossil fuels. Additionally, many of the current mining operations are unethical and geologically harsh, this also must change. Adopting the US approach  of legislation to ensure the ecological, and social impacts of mining is as low as possible across various other locations such as Chile, would accomplish this. Finally, recycling will play a major factor in the future of the industry as methods of recycling li-ion batteries advance, the need to source new materials will be eased, as they will begin to get reused. Easing the global demands for un-ecological raw materials.  
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