
The scenarios are used to develop a dynamic model to capture the demand and
track the mass flows of lithium-ion batteries and their materials up to the year
2050 using material flow analysis (MFA) for the prospective light duty vehicle fleet
on the UK road [4].

The second objective is to develop a life cycle assessment model [5], from year
2020 though to 2050. The quantities set to the life-cycle process for each year is
based on the dynamic material flow model.

LCA model takes account of the manufacturing of LDVs that are newly registered
in each year of the analysis, the use phase and decommission of LDVs that reach
their EoL in the same year of the analysis. The functional unit of the study is the
operation of the entire LDV fleet in the UK over the course of one year. Structure
of the LCA model comprises of the following key processes:

FOSSIL FUEL TO METAL, SHIFTING THE PROBLEM? 
Environmental opportunities and challenges of the UK's transition to EVs

Our research focuses on assessing the environmental trade-offs associated with the transition to electric mobility and the potential uptake of
shared mobility. Electric vehicles (EV) address the environmental concerns associated with tackling climate change and reducing air pollutions in
cities, at the point of use. However, these are two main challenges associated with the use of lithium-ion batteries for mobility: the environmental
impacts during the mining and production of electric vehicle batteries, and the concerns over the supply risk associated with some of the key
battery materials (eg. Cobalt and Lithium) [1]. Battery reuse and recycling represent an opportunity to mitigate some of these issues [2-3]. This
study investigates three scenario pathways for electric mobility of the entire light duty vehicle sector up to the year 2050:

1. Worst Case: Assumes no battery recycling and reuse.

2. Baseline: Considers the collection of end-of-life (EoL) batteries to be send for 2nd life and recycling, from 80% in 2020 to 99% in 2050.

3. Shared Mobility: Considers the uptake of electric shared mobility by 45% in 2050 and the collection of EoL batteries.
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METHODS

§ Understanding the demand for key
battery metals required for the
adoption of EVs up to the year 2050.

§ Exploring the environmental implication
in terms of global warming potential,
resource depletion and toxicity impacts
of the different mobility scenarios, to
help inform strategies for
environmentally sustainable pathways.
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§ Our research takes account of the entire light duty vehicle fleet
and highlights the importance of battery recycling and reuse on
the demand of critical metals.

§ The research explores the trade-offs during the transition from
ICEVs to EVs to help inform strategies for environmentally
sustainable pathways.

§ Next step is to conduct a sensitivity analysis on some of the key
parameters in the model and explore what impact that would
have on the overall demand for battery metals and the impact
on the environment.
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RESULTS

§ The net demand for battery metal (Li, Ni, Co, Mn) for the adoption of EV in the UK sees 82% to 85%
decrease in virgin metal in 2050 when considering battery recycling and reuse (i.e., 22.2 kilo tonnes to
3.9 kilo tonnes for Li, 18.7 kilo tonnes to 3.0 kilo tonnes for Co).

§ In the shared mobility scenario, there is an oversupply of battery metals from recycling due to the overall
decrease in the number of vehicles in the fleet, which can be used to support the adoption of electric
mobility in other transport sectors as well.

§ In terms of the environmental impact, the move to EVs, coupled with the co-evolution of the grid and the
closed-loop recycling of LIBs, is very effective at reducing carbon emissions. However, the growing
demand for LIB metals and Cu for EV powertrains risks worsening resource depletion and toxicity
impacts. A widespread adoption of shared mobility could limit the total net demand for critical metals,
and hence reverse these worrisome depletion and toxicity trends.
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• 2030: Sale ban on new ICE vehicles in the
UK

• 2050: Most light duty vehicles are electric
• Vehicle fleet projection is based on DfT
Road Traffic Forecast 2008.

• Grid Battery = Li-ion with LMO cathode type
• EV Battery = Li-ion with NMC cathode type
• The EoL batteries are first sent to fulfil the
grid battery demand and replacements,
remaining are sent straight to recycling.

• Grid storage projection is based on National
Grid FES 2020.

• Closed loop hydrometallurgical battery
recycling.
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