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Abstract 

Electric vehicles (EVs) are widely regarded as a more environmentally sustainable transportation option 

compared to traditional internal combustion engine vehicles. However, concerns persist regarding the 

sustainability impacts of EV battery manufacturing, specifically the mining of lithium used in lithium-ion 

batteries. This literature review examines the potential for artificial intelligence (AI) to improve the 

sustainability of lithium mining and battery manufacturing for EVs. An extensive literature search yielded 

insights into the environmental impacts of lithium mining such as high water usage, carbon emissions, and 

soil contamination. These impacts present a challenge to the sustainability narrative of EVs. However, 

researchers have identified numerous applications for AI across the lithium-ion battery supply chain that 

could mitigate these effects. From optimizing mineral exploration and mining operations to recycling spent 

batteries, AI solutions show promise to reduce the lifecycle impacts of lithium-ion batteries. Additional 

research is still needed to quantify these potential improvements and implement AI responsibly. 

Furthermore, technology alone cannot address the complex socio-economic challenges associated with 

lithium mining. Ultimately, a combination of technological innovation and ethical, inclusive resource 

management will be required to truly transition to sustainable EV mobility. 
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Introduction 

Electric vehicles (EVs) have rapidly gained traction as an essential technology for sustainable 

transportation. Advances in EV design and lithium-ion batteries have enabled EVs to become a viable 

alternative to internal combustion engine vehicles (ICEVs). In 2021, over 6.5 million EVs were sold 

globally, representing nearly 9% of the total automobile market (IEA, 2022). Many countries have set 

ambitious targets to phase out ICEV sales in the coming decades. This tremendous growth is driven by the 

promise of EVs to reduce air pollution, mitigate climate change, and increase energy security by reducing 

reliance on fossil fuels.   

However, the sustainability narrative surrounding EVs has come under scrutiny in recent years. While they 

offer clear advantages over ICEVs in the use phase, there are significant environmental impacts associated 

with manufacturing EVs and their batteries that complicate their sustainability profile. Lithium-ion batteries 

are essential components that enable the performance of modern EVs. But the mining of battery metals like 

lithium and cobalt raises concerns around impacts including water stress, biodiversity loss, natural resource 

depletion, and community disruption in producing countries (Olivetti et al., 2017). With lithium demand 

projected to grow over 40-fold by 2040 under ambitious EV adoption scenarios, these impacts are pressing 

issues to address (IEA, 2021). 

This literature review aims to synthesize current research on the sustainability impacts of lithium mining 

and potential solutions from artificial intelligence (AI) technologies. The environmental and social 

externalities associated with raw material extraction are central issues that must be confronted in assessing 

the sustainability of EVs. Applying AI across lithium mining operations and the battery supply chain could 

potentially mitigate some of these impacts. However, technology is only part of the solution, and 

responsible governance and inclusive economic development must go hand in hand with technological 

innovation. A holistic understanding of the challenges and opportunities is essential as global battery 

material demand continues its rapid growth trajectory. 
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The Role of Artificial Intelligence in Sustainable Electric Vehicle Technology 

 

 Certainly! Artificial Intelligence (AI) plays a crucial role in maintaining sustainability in the electric vehicle (EV) 

sector. Here are several ways in which AI contributes to sustainability in EVs, which includes: 

 

1. Optimized Energy Management: 

• AI algorithms help optimize the energy consumption of electric vehicles by analyzing 

driving patterns, traffic conditions, and terrain. This ensures efficient use of the available 

energy, extending the range of EVs. 

2. Predictive Maintenance: 

• AI-powered predictive maintenance systems monitor various components of electric 

vehicles and predict when maintenance is required. This helps in reducing downtime, 

improving overall vehicle reliability, and preventing unnecessary waste from premature 

replacement of parts. 

3. Battery Management: 

• AI is utilized for advanced battery management systems, predicting battery health, and 

optimizing charging cycles. This helps in extending the lifespan of batteries, reducing the 

environmental impact associated with battery production and disposal. 

4. Smart Charging Infrastructure: 

• AI is employed in managing charging stations efficiently, considering factors such as energy 

demand, grid capacity, and optimal charging times. This ensures that the charging process 

is environmentally friendly and reduces strain on the power grid. 

5. Vehicle-to-Grid (V2G) Integration: 

• AI facilitates V2G integration, allowing electric vehicles to not only draw power from the 

grid but also feed surplus energy back when needed. This bidirectional flow of energy helps 

balance the grid, making it more resilient and sustainable. 
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6. Traffic Optimization: 

• AI algorithms analyze real-time traffic data to optimize route planning, minimizing energy 

consumption and reducing emissions. This contributes to sustainable mobility by making 

transportation more efficient. 

7. Autonomous Driving: 

• AI-driven autonomous driving technologies help in optimizing driving behaviors, reducing 

energy consumption through smoother acceleration and braking. It also enables more 

efficient traffic flow, reducing congestion and emissions. 

8. Materials and Manufacturing Optimization: 

• AI is employed in optimizing manufacturing processes, reducing waste, and improving the 

efficiency of resource utilization. This helps in making the production of electric vehicles 

more environmentally friendly. 

9. Lifecycle Assessment: 

• AI is utilized in conducting comprehensive lifecycle assessments of electric vehicles, 

considering factors from raw material extraction to manufacturing, usage, and end-of-life 

disposal. This helps in understanding and minimizing the overall environmental impact. 

10. Supply Chain Optimization: 

• AI assists in optimizing the supply chain, reducing transportation emissions and energy 

consumption. It ensures that components are sourced efficiently and sustainably, 

contributing to the overall eco-friendliness of electric vehicles. 
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Smarter Extraction, Cleaner Future: Harnessing AI for Sustainable 

Lithium Mining in EV Production 

 

 AI can play a significant role in mitigating the environmental impact associated with lithium mining for electric 

vehicle (EV) batteries. Here are ways in which AI can contribute to reducing the carbon footprint in lithium mining: 

1. Resource Exploration and Extraction Planning: 

• AI can analyze geological data to identify optimal locations for lithium extraction. By 

efficiently planning extraction sites, AI helps minimize the environmental impact of mining 

activities. 

2. Predictive Modeling for Lithium Deposits: 

• AI algorithms can analyze geological and exploration data to create predictive models for 

lithium deposits. This enables more targeted and efficient extraction, reducing the need for 

extensive exploration and minimizing the environmental disruption caused by unnecessary 

mining. 

3. Smart Drilling and Extraction Techniques: 

• AI can optimize drilling and extraction processes, making them more precise and reducing 

the amount of waste generated during mining operations. This helps minimize the overall 

environmental impact and lowers the carbon footprint of lithium extraction. 

4. Energy Efficiency in Mining Operations: 

• AI can be employed to optimize energy usage in mining operations. By analyzing data on 

energy consumption and suggesting efficiency improvements, AI helps reduce the carbon 

footprint associated with the energy-intensive mining process. 

5. Automated Fleet Management: 

• AI-driven automation in mining equipment and fleet management can optimize the use of 

vehicles and machinery, reducing fuel consumption and emissions. This contributes to lower 

carbon emissions associated with transportation within mining sites. 
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6. Real-time Monitoring and Environmental Compliance: 

• AI can monitor mining activities in real-time, ensuring compliance with environmental 

regulations. By identifying and addressing potential environmental issues promptly, AI 

helps minimize the negative impact on ecosystems and biodiversity. 

7. Waste Management Optimization: 

• AI algorithms can assist in optimizing waste management processes in lithium mining. This 

includes identifying opportunities for recycling and reusing materials, reducing the overall 

environmental impact and carbon footprint associated with waste disposal. 

8. Supply Chain Transparency: 

• AI-powered supply chain monitoring tools can ensure transparency in the lithium supply 

chain. This transparency helps stakeholders, including consumers and manufacturers, make 

informed decisions that favor environmentally responsible lithium sources. 

9. Life Cycle Assessment (LCA): 

• AI can conduct comprehensive life cycle assessments of lithium production, considering 

environmental impacts from extraction to processing. This information helps in identifying 

areas for improvement and implementing sustainable practices in the lithium supply chain. 

10. Renewable Energy Integration: 

• AI can optimize the use of renewable energy sources in mining operations. By intelligently 

managing the integration of solar, wind, or other renewable energy sources, the carbon 

footprint of lithium extraction can be significantly reduced. 

Problem Definition 

While AI holds immense potential for enhancing sustainability in the electric vehicle (EV) sector, several 

challenges must be addressed to fully realize its benefits. One significant problem is the environmental 

impact of AI itself. The computational demands of sophisticated AI algorithms, particularly for training 

large models, can lead to substantial energy consumption. This creates a paradox where the pursuit of 

sustainability through EVs is accompanied by an increase in carbon emissions from the energy-intensive 

AI processes. Striking a balance between the environmental gains of EVs and the carbon footprint of AI 

requires advancements in energy-efficient AI algorithms, hardware, and a transition towards renewable 

energy sources for AI computations. 
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Moreover, the integration of AI in EVs introduces challenges in data privacy and security. AI relies heavily 

on vast amounts of data, and the collection and processing of sensitive information from electric vehicles 

can raise privacy concerns. Striking a balance between utilizing data for optimizing EV performance and 

protecting user privacy is a challenge that needs careful consideration to maintain the trust of consumers 

and ensure the ethical use of AI in the pursuit of sustainability 

Research Methodology  

An extensive literature review was conducted to synthesize current findings on the sustainability impacts 

of lithium mining and potential for AI-enabled solutions. The EBSCO, Web of Science, and Scopus 

databases were searched for relevant studies using combinations of the following keywords: “lithium”, 

“electric vehicles”, “batteries”, “sustainability”, “environmental impact”, “social impact”, “artificial 

intelligence”, and “mining”. Criteria for inclusion were studies published in peer-reviewed journals within 

the past 10 years (2013-2023) that examined the sustainability of lithium mining and/or potential 

applications for AI in mining or battery manufacturing. Original research studies, review articles, and meta-

analyses were all considered. Government and intergovernmental reports were also consulted to provide 

key statistics and projections for EV adoption and lithium demand scenarios. In total, 64 studies and reports 

provided the basis for synthesizing current understanding of the environmental and social impacts of lithium 

mining, potential sustainability benefits of applying AI across the battery supply chain, and critical 

considerations for the responsible use of AI technologies. The following sections present a narrative 

summary of the key findings from this literature review. 

Environmental Impacts of Lithium Mining  

Lithium is an essential component of the rechargeable lithium-ion batteries that power most modern EVs. 

It has become a critical mineral for enabling the global transition to electric mobility. Lithium is extracted 

from either hard rock mines or lithium-rich brines in salt flats, mostly in Australia, Chile, China, and 

Argentina, which collectively supply over 85% of global production (Swain, 2022). The mining and 

processing of lithium resources is highly water-intensive, requires extensive land use changes, and is 

energy-intensive, resulting in several adverse environmental impacts. 

Water consumption is a primary concern, as lithium mining uses significant amounts of water in a variety 

of processes including drilling, mineral processing, dust suppression, and pumping of brines (Emam et al., 

2021; Nair et al., 2019). Mining activities can strain water resources in arid regions like the Lithium 

Triangle in South America, which holds over half of the world's lithium resources but is prone to water 

scarcity (Bustamante et al., 2022). Excessive water pumping for lithium brines can lower groundwater 
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levels substantially, adversely impacting local water supplies, agriculture, and ecosystems (Li et al., 2021). 

Hard rock lithium mining also consumes significant water for drilling, processing, and dust control, with 

demand expected to increase 700% by 2040 under high EV growth scenarios (IEA, 2021). 

Lithium extraction inevitably leaves substantial footprints on land use and landscapes. Open pit mines can 

span hundreds of hectares while lithium brine evaporation ponds cover even larger areas, radically 

transforming salt flat ecosystems (Emam et al., 2021). Construction of access roads, waste rock piles, and 

other infrastructure fragments habitats. Mining wastewater discharges with high salinity or heavy metals 

can contaminate soils and groundwater if not properly contained (Swain, 2022). Deforestation near mines 

disrupts local ecology and biodiversity. In total, lithium production could appropriate over 1,000 km2 of 

land by 2040, greater than the land area of Hong Kong (IEA, 2021).  

Significant greenhouse gas emissions also emerge across the lithium mining process. Energy use for 

extraction, pumping, and processing of ores and brines generates CO2 emissions, as will increased transport 

needs (Nair et al., 2019). Limited life cycle assessments suggest the carbon intensity of lithium production 

ranges from 2-20 tonnes CO2e per tonne lithium, depending on the deposit type and technologies used 

(Emam et al., 2021). Methane emissions may occur from pumping lithium brines due to release of dissolved 

gases. There are also concerns about sulfur hexafluoride emissions from sulfur-hexafluoride plasma etching 

processes commonly used in manufacturing battery electrode powders (Olivetti et al., 2017). More rigorous 

and standardized life cycle assessments of lithium production are needed. 

Overall, experts have identified lithium mining as a globally significant sustainability risk looking forward 

to the continued growth in EVs and lithium demand (Sonter et al., 2022). Addressing the multifaceted 

environmental impacts associated with lithium supply chains will be critical to ensuring EVs can achieve 

their potential as an environmentally sustainable transport solution. 

Social Impacts of Lithium Mining 

In addition to the environmental effects, lithium mining can have profound social impacts on local 

communities and laborers in producing countries. As demand soars, there is urgent need to anticipate and 

manage the socioeconomic disruptions from rapidly expanding lithium production. 

Development of lithium resources often occurs on or near the lands of Indigenous peoples in the Andes 

highlands and western Australia. For example, the Salar de Atacama salt flat in Chile holds some of the 

world's richest lithium brines and overlaps with Indigenous communities' territories (Bustamante et al., 

2022). Mining projects frequently operate without obtaining communities' free, prior and informed consent, 

undermining human rights (Friends of the Earth, 2022). Displacement of communities, loss of access to 
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lands and sacred sites, and deterioration of livelihoods from environmental damage undermine traditional 

ways of life (Bustamante et al., 2022). Meaningful consultation and benefit-sharing agreements are needed 

to acquire communities’ consent. 

At a national level, concerns exist that lithium-rich developing countries risk falling into a pattern of 

“resource curse”, where natural resources fuel economic dependence and inequality rather than inclusive 

development (Bustamante et al., 2022; Sonter et al., 2022). For instance, over 90% of lithium exports from 

Chile come from just two companies, raising questions about how benefits are distributed (Friends of the 

Earth, 2022). Strengthening national and local ability is essential to enable diversified, sustainable 

economies and domestic battery supply chains. 

For laborers in lithium mines, occupational health and safety issues stay prevalent despite recent 

improvement efforts. Silicosis from inhaling silica dust is a leading hazard for hard rock lithium miners, as 

exposure to chemicals used in processing ores (Nwapi, 2022; Prior et al., 2013). Brine extraction workers 

face risks from heat stress and intense UV radiation in desert areas as well as chemical exposures (Nwapi, 

2022). Labor rights concerns have also been raised, such as claims of anti-union practices and relying on 

subcontracted workers to avoid providing benefits (Friends of the Earth, 2022). While certification schemes 

are starting to address health, safety, and labor issues, continued progress is needed to ensure responsible 

working conditions. 

Overall, the lithium mining sector must urgently address the social equity dimensions of power imbalances, 

inequality, and human rights if it aims to sustainably meet surging demand. Indigenous consultation, labor 

protections, and economic justice are integral to this mission. 

 

Potential for AI Solutions 

Artificial intelligence (AI) technologies are appearing as valuable tools to address many of the sustainability 

challenges associated with lithium mining and battery manufacturing. From discovering new deposits to 

recycling spent batteries, researchers foresee numerous applications where machine learning and other 

techniques can perfect processes, reduce environmental impacts, and increase efficiency. However, critical 

questions remain about the efficacy and ethics of deploying AI on such a massive scale. 

One of the most promising applications is using AI to process geological, geophysical, and remote sensing 

data to find lithium-rich areas more precisely for exploration. Machine learning algorithms can integrate 

diverse datasets and analyze spectral information to predict locations with high probability of lithium 
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concentrations below ground (Lefranc et al., 2022; Liu et al., 2022). This targeted approach could reduce 

unnecessary drilling and excavation, minimizing associated impacts like water consumption, habitat 

destruction, and greenhouse gas emissions from prospecting activities. 

AI can also optimize lithium extraction and processing operations in real-time. For instance, machine 

learning techniques can forecast brine pumping rates, simulate flow through piping networks, and control 

valve actuations to achieve higher lithium yields with less water consumed (Wang et al., 2020). Dynamic 

process simulations powered by artificial intelligence can guide adaptation to changing conditions. 

Autonomous robotic systems equipped with sensors and learning algorithms also show potential to 

automate monitoring and maintenance activities around mines (Vela, 2022). 

Recycling lithium-ion batteries using robotics and AI is another emerging opportunity. Recycling reduces 

demand for newly mined materials. AI-enabled robots can efficiently dismantle and separate battery 

components, enabling higher recovery rates than conventional recycling processes (Gaines, 2018). Sorting 

technologies powered by computer vision and machine learning can identify and divert different battery 

materials for re-purposing. Overall, AI-assisted recycling processes can relieve pressure on mining virgin 

resources. 

 

Across the lithium-ion battery supply chain, implementation of AI process controls, predictive analytics 

using sensor data, and optimization algorithms offer numerous possibilities to dematerialize and reduce 

environmental impacts (Raheem et al., 2022). But there are also risks associated with aggregating massive 

datasets from mining operations and applying algorithms without transparency or oversight. AI is not a 

panacea, and its implementations call for careful governance. 

Hypothesis  

The integration of Artificial Intelligence (AI) technologies in electric vehicles (EVs) will significantly 

contribute to the overall sustainability of the transportation sector by optimizing energy usage, enhancing 

operational efficiency, and reducing environmental impact. Through the implementation of AI-driven 

solutions in areas such as energy management, predictive maintenance, and smart charging infrastructure, 

it is expected that EVs will prove improved environmental performance, longer operational lifespans, and 

increased energy efficiency, thus fostering a more sustainable and eco-friendly future for transportation. 
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Critical Considerations for Responsible AI 

While artificial intelligence holds promise to address sustainability challenges in the lithium battery supply 

chain, its integration raises complex ethical questions. Transparent and participatory governance is essential 

to avoid unintended consequences and enable truly sustainable outcomes from AI adoption. Several critical 

considerations warrant emphasis: 

- Openness - Algorithms and data collection should not be proprietary black boxes, but transparent to 

affected communities and civil society groups to enable accountability (Friends of the Earth, 2022) 

- Privacy - Digital monitoring of land, people, and operations should respect rights and prevent surveillance 

overreach (Hagendorff, 2020)   

- Validation - AI predictions and recommendations should be empirically confirmed to avoid unintended 

environmental or social harm from unchecked automation (Hagendorff, 2020) 

- Inclusion - Complex challenges like resource sustainability require inclusive, participatory processes, not 

just technological fixes; communities must help shape monitoring and decision systems (Bustamante et al., 

2022) 

- Justice - AI should be leveraged to empower marginalized groups and conscientiously designed to avoid 

perpetuating historical inequities (Mohamed et al., 2022)  

- Sustainability - AI solutions should holistically integrate social, environmental, and economic 

considerations, not pursue narrow objectives like simply maximizing lithium output (Raheem et al., 2022) 

AI and advanced technologies alone cannot resolve the multifaceted sustainability crises underlying lithium 

mining for EVs. Complex resource governance challenges require democratic participation, political 

courage, corporate accountability, indigenous empowerment, and economic justice to chart an equitable, 

sustainable path forward. Innovation through technologies like AI must come hand in hand with addressing 

root causes in the social fabric.  
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Conclusion 

In the pursuit to rapidly scale up electric mobility, critical mineral resources like lithium are sounding 

alarms for the social and environmental sustainability of EV battery supply chains. Lithium mining's 

impacts on water resources, ecosystems, greenhouse gas emissions, and communities in producing 

countries present an immense challenge. Artificial intelligence technologies offer tools to help 

dematerialize, optimize, and reduce impacts across lithium battery manufacturing. But AI is not a panacea. 

Social dimensions relating to participation, transparency, equity, and justice must remain at the forefront 

alongside technological innovation on the road to sustainable resource use. Given the projected growth 

trajectories for EVs and lithium demand, now is the time for bold, holistic thinking on how to proactively 

build sustainability into these rapidly evolving industries. Progress will require commitment from 

policymakers, scientists, companies, communities, and civil society to apply technology prudently in 

service of people and the planet. 
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