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Abstract 

Battery electric vehicles (BEVs) are disrupting the transportation 
market, because of their costs being driven down rapidly, their 
impressive performance and a series of potential environmental 
benefits. Li-ion batteries (LIBs) are one of the most critical components 
driving the BEV revolution, constituting one the most important cost 
and environmental impact contributors over a vehicle’s lifetime. 
Improved LIBs, offering higher mass specific energies, volumetric 
energy densities, potential differences and energy efficiencies are the 
key enablers of the transformation. Most LIBs used in automotive 
applications combine nickel-cobalt-manganese (NCM) oxide cathodes 
with graphite (Gr) anodes intercalating lithium ions from organic 
electrolyte solutions of lithium salts. The most promising technological 
development in the near term involve the use of high-nickel cathodes 
and silicon-graphite (SiGr) composite anodes. While China dominates 
battery production, controlling more than 50 % of the value chain, and 
mega-factories are planned in different regions of the world, it is 
important to consider whether the manufacturing location also affects 
environmental impacts. 

Life Cycle Assessment (LCA) has been reported widely as a reliable tool 
for the quantification of the environmental impacts over a LIB’s lifetime. 
The environmental implications of the Chinese domination of battery 
production and the combined environmental performance of nickel-
rich cathodes and SiGr anodes remain to be quantified. Also, one of the 
most critical parameters to be implemented accurately in LCAs, is the 
battery lifetime during the utilisation phase, with previous LCA studies 
on this topic arbitrarily specifying a distance travelled over the battery’s 
lifetime.  

This paper reports on the development of a detailed unit process-based 
Life Cycle Inventory (LCI) model (Kallitsis et al., 2020), which is used to 
assess the production of current and future NCM batteries in China. The 
definition of the product system studied and LCI model produced is 
followed by the introduction of four different battery production 
scenarios, which were developed to assess the impacts of producing 
batteries in China, to study the introduction of silicon in anodes and 
examine the effects of two novel cathode chemistries with increased 
nickel content (NCM622, NCM811). 

 

 

 

The production phase analysis is complemented by the development of 
a gate-to-gate model, including an accurate description of battery 
lifetime, in order to benchmark the environmental impacts of using a LIB 
in a passenger vehicle in China. Results indicate that the production of 
LIBs in China comes at a high environmental cost of 40 % higher Global 
Warming Potential (GWP) than earlier literature suggests and that the 
increased energy densities of novel batteries reduce environmental 
impacts. The GWP of using a LIB in China is shown to be significantly 
higher, as a result of the increased coal intensity of the local electrical 
energy mix as compared to other regions. 
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Fig. 1 Global Warming Potential of the production of commonly used NCM 
and novel LIBs (CO2-eq kW-1 h-1 battery-1). 
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