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The rapid growth of electric vehicles, portable electronics, and renewable energy storage has 

substantially increased the demand for lithium-ion batteries (LIBs), creating the need for more 

sustainable battery-grade lithium production. Although hard-rock spodumene extraction 

requires more resources and energy than brine extraction, it remains the dominant source of 

lithium hydroxide monohydrate (LHM) because of its higher purity, shorter processing time, 

and greater scalability, particularly in Europe. More than 60% of hard-rock lithium is converted 

into lithium hydroxide and lithium carbonate, while China accounts for approximately 78% of 

global refining capacity. Consequently, nearly 85% of Australian spodumene is exported to 

China for LHM production, which reinforces China's leading role in the global lithium supply 

chain (Petrakis et al., 2025). Conventional Australian hard-rock production emits 

approximately 15.7 t CO₂-eq/t LHM, requires about 187,200 MJ/t of energy, and consumes up 

to 69 m³/t of freshwater, which considerably exceeds brine-based production (Kelly et al., 

2021). Despite numerous life cycle assessment (LCA) studies that compared hard-rock and 

brine extraction, comprehensive environmental assessments of integrated spodumene-based 

LHM supply chains remain scarce. In this context, this study presents the first cradle-to-gate 

LCA that compares three major spodumene processing routes: the conventional Australia–

China supply chain (baseline), an integrated Australian refining route, and an emerging 

European production route (Finland). Environmental performance was evaluated across 15 

impact categories, with emphasis on climate change, cumulative energy demand, freshwater 

use, and resource consumption. The results demonstrated that integrated regional routes 

achieved lower greenhouse gas (GHG) emissions, lower energy demand, and lower 

transportation-related impacts than the conventional Australia-China supply chain. The 

findings support the diversification of battery-grade lithium production, strengthen European 

supply-chain resilience, reduce dependence on geographically concentrated refining capacity, 

and contribute to a more secure and sustainable lithium value chain for the battery industry. 
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