
Besoin en métaux rares et 
gestion de la fin de vie des 
véhicules électriques
Enrico Benetto
Head of Unit
enrico.benetto@list.lu

22 septembre 2020

1

mailto:thomas.gibon@list.lu


Sustainability at LIST

2

Life Cycle Sustainability Assessment (LCSA)
Quantifying sustainability of technologies, products and policies 

Environmental Health (EH)
Assessing toxicology and eco-toxicology 

Environmental Policies (EPS)
Science-based policy support 

Sustainable Energy Systems (SES)
Smart grids, integration of renewable energy

Sustainable Urban and Built Environment (SUBE) 
Building information modelling and geocomputation

Environmental 
Research and 
Innovation 
Department
(ERIN)

Environmental 
Sustainability 
Assessment and 
Circularity Unit 
(SUSTAIN)

SUSTAIN key figures:
• 60 researchers
• 15 nationalities
• 3 members of ISO 

committees
• 3 European Registered  

Toxicologists

Mobility, 
Buildings & 
construction

Bioresources    

Sustainable 
Finance     

Manufacturing, 
process & 
chemical industry

Key competences Key sectors



(critical) raw materials & batteries: a scarcity problem? 
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Raw materials stage

15 Electric vehicles from life cycle and circular economy perspectives

Figure 2.1 Major raw materials commonly used in battery electric vehicles

Lithium-ion battery

· Anode — graphite
· Cathode — lithium plus manganese, 
  cobalt, nickel, iron, aluminium
  (depending on type)
· Electronics — copper
· Casing and cooling system — 
  steel, aluminium

Electric motor

· Magnet — iron plus neodymium, 
  dysprosium and praseodymium, 
  (depending on type)
· Windings — copper
· Other parts — steel, aluminium

Power electronics

· Copper
· Aluminium

Car body

· High-strength steel
· Aluminium
·�&DUERQ�ȴUH
· Plastic

Key:
Critical raw materials
Other materials

Source: Compiled from data in Hawkins et al., 2013; Mathieux et al., 2017; EC, 2018a; 2018b.

There are a number of environmental impacts that 
are exacerbated by the use of raw materials in larger 
quantities or exclusively in BEVs. These include:

• greenhouse gas (GHG) and air pollutant emissions 
from energy-intensive mining and refining 
processes;

• health and ecosystem impacts of: 

 –  air pollution from metallurgical processes;

 –  water and soil contamination from mining 
activities;

• ecosystem impacts of land use for mining;

•  depletion of CRMs and REEs.

Furthermore, while the issue of depletion of CRMs 
and REEs is not itself an environmental impact, it 
nonetheless has the potential to greatly magnify the 
HQYLURQPHQWDO�LPSDFWV�RI�WKHVH�PDWHULDOV
bH[WUDFWLRQ��
This is because raw material extraction may be 
restricted to locations where safeguards for human 
health and environmental protection are weak. For 
example, considering raw materials more broadly, 
Germany's Federal Institute for Geosciences and 
Natural Resources is currently working with the 
Congolese Ministry for Mines to improve safety 
and working conditions at tantalum, tungsten and 
gold mines in the Democratic Republic of the Congo 
��NR�ΖQVWLWXW���������

Although lithium is not officially classed as a CRM, 
its use in lithium ion (Li-ion) batteries and the rapid 
increase in demand from rising electric vehicle uptake 
could place pressures on the supply of this material.  
Considering CRMs and REEs is also key from the circular 
economy perspective.  

This chapter will be structured as follows, discussing in 
turn: 

• environmental impacts in terms of climate change 
impacts, health impacts and ecosystem impacts;

•  challenges for the supply of raw materials, with a 
particular focus on CRMs and REEs;

•  circular economy perspectives:

 – role of vehicle choice; 

 –  reduced input of REEs and making substitutions;

 –  encouraging reuse and recycling. 

2.2 Environmental impacts

Before discussing the environmental impacts of the 
supply of raw materials for BEV production, it should 
be pointed out that LCAs comparing BEVs and ICEVs 
frequently do not distinguish impacts associated 
with extracting and processing raw materials and 
those associated with the later stages of vehicle 
manufacturing and assembly. Instead, they tend to be 
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x Re-used/re-purposed (e.g. second use as a stationary energy storage) (discussed below).  

Depending on the recycling procedures different materials may be recovered for re-use in either new 
batteries or other applications. The literature review shows that many studies include the end-of-life 
phase in their assessment (see Figure 2.11), however only a small number of studies explicitly contain 
specific data on end-of-life (see Figure A29). 

The vehicle disposal at the end- of-life usually consists of several steps (B.P. Weidema, 2013): 

1. First the vehicle is being dismantled manually;  
2. Components like tires, batteries and mineral oil are recycled separately; 
3. The rest of the vehicle is then shredded, and different waste fractions are separated;  
4. Some metals (e.g. steel, aluminium or copper) can be recycled;  
5. Other fractions are generally disposed by either municipal incineration (e.g. plastics) or landfill.  

The lithium-ion battery can be disposed of in pyro-metallurgical or hydro-metallurgical processes, or 
hybrid approaches. In commonly applied pyro-metallurgical processes, battery cells are put in a furnace 
together with a slag forming agent like limestone. The electrolyte evaporates and the carbon containing 
components (e.g. the graphite anode or plastic components from the casing) are burned and provide 
additional heat. Direct CO2 emissions result from this process step. In addition to the slag an alloy 
containing iron, copper, nickel and cobalt is formed. This alloy may be further refined to separate the 
different metal fractions (J.B. Dunn, 2014). Impacts from this process step can be high, but are partially 
being remedied by the secondary material that is gained, especially if a credit for nickel and cobalt is 
given, since those two materials currently are almost entirely from primary resources.  The reduction of 
environmental impacts and resource use from battery recycling varies much by impact category and 
recycling approach as illustrated in Figure A28 below from (Hendrickson, 2015), which compares 
pyrometallurgical recycling (based on the Umicore process) and hydrometallurgical recycling (based on 
calculations using the GREET model). Accordingly, impact reduction can be as high as 50 % (PM2.5 
emissions with hydrometallurgical recycling) and consumption of fossil resources even decreased up 
to 70 % (use of coal with hydrometallurgical recycling). On the other hand, also higher impacts are 
possible for some categories such as VOC emissions and electricity consumption. 

Figure A28: Resource use and environmental emissions of battery production and recycling (using 
hydrometallurgy and pyrometallurgy), compared to virgin battery production, for the LMO battery design 

 
Source: (Hendrickson, 2015) EC DG Climate Action, 2020
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Figure 4.7: The impact of different recycling types on the net energy consumption for an LMO Li-ion 
battery 

 
Source: (Dunn, Gaines, Sullivan, & Wang, 2012) 

Figure 4.8: Resource use and environmental emissions of battery production and recycling (using 
hydrometallurgy and pyrometallurgy), compared to virgin battery production, for the LMO battery design 

 
Source: (Hendrickson, 2015) 

Table 4.2: Overview of LCA results for the recycling stage 

Method  GHG emissions, gCO2e/kg battery  Chemistry  

LithoRec 1  
(Prototype scale)  

-1035 (hydrometallurgy,  
see details in Table 4.3)  35% NMC, 35% NCA and 30% LFP  

Net energy consumption

JRC, 2019
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manufacturing and EoL impact of the battery pack are fully allocated to the first life (훼 =
훽 = 0), the adoption of a repurposed battery is not beneficial from an environmental 

perspective. 

The configurations in which no batteries are used (C.i, C.ii and C.iii) have the lowest 

impacts for all the assessed impact categories. Environmental impacts also depend on 

the design of the system: the increase of local use of renewable energy is beneficial from 

an environmental perspective. Considering the potential existence of curtailments for the 

energy fed into the grid, it is observed that the configuration with high curtailments (i.e. 

C.iii) has a higher impact than the configuration in which a repurposed battery replace a 

fresh battery. Note that the considered PV installation is sized according to the energy 

requirement of the house. Results could be different in case of oversized installation.  

Figure 26: Comparison between the different scenarios (for 1 year) 

 

According to the main outcome of the literature review (section 4.1), a sensitivity 

analysis was performed in order to estimate the relevance of the energy mix used in the 

assessment and the relevance of the battery chemistry to the overall impacts (results 

are presented in ANNEX VII). 

Concerning the energy mix, it is assumed that the house is stand-alone (e.g. on an 

island or in a remote location) and the energy not supplied by neither the PV installation 

nor the battery, is provided by a diesel-electric generator of 18.5 kW. The surplus of the 

energy generated by the PV is lost. Results depict that the adoption of a repurposed 

battery in a stand-alone configuration compared to its adoption in a grid-connected one 

is beneficial from an environmental perspective. The energy mix heavily affects the 

impacts of the assessed configurations and the . The adoption of a battery (either fresh 

or repurposed) revealed important environmental advantages compared to stand-alone 

configuration without any battery (C.i, C.ii and C.iii).  

Concerning the battery chemistry, a PbA with a lifetime of 4 years (Rydh and Sandén, 

2005) is considered. LCIA results show that the substitution of a PbA battery with a 

repurposed LMO/NMC is beneficial for all the assessed impact categories. This difference 

is mainly related to the losses related to the lower performance of PbA batteries 

compared to the LMO/NMC battery.  
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Repurposed xEV batteries for photovoltaic self 
consumption (1 year)

SASLAB report – JRC, 2018JRC, 2019
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Figure 4.9: Life cycle impact assessment indicator results for 1 kWh of power delivered by the Li-ion 
battery pack cascaded use for six indicators 

 
Source: Ricardo analysis of data from (Ahmadi, Young, Fowler, Fraser, & Achachlouei, 2015).  
Notes: No additional credits are included for end-of-life recycled materials, only impacts from recycling 
processes. GWP = global warming potential, POFP = photochemical oxidation formation potential, PMFP = 
particulate matter formation potential, FEP = freshwater eutrophication potential, MDP = metal depletion 
potential, and FDP = fossil-resource depletion potential.   

Figure 4.10: Life cycle impact indicator results for cascaded use of Li-ion battery pack versus 
conventional ICEV system, for six life cycle impact assessment indicators. Cascaded values are shown 
as a percentage of conventional values. 

 
Source: Ricardo Analysis of data from (Ahmadi, Young, Fowler, Fraser, & Achachlouei, 2015).  
Notes: (a) global warming potential (GWP), (b) photochemical oxidation formation potential (POFP), (c) 
particulate matter formation potential (PMFP), (d) freshwater eutrophication potential (FEP), (e) metal depletion 
potential (MDP), and (f) fossil-resource depletion potential (FDP) 
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Figure 5 Hotspots in the production of battery materials, considering mining stage  
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Social footprint? Hotspots in supply chains

JRC, 2020
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Social Risk Indexes 
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Table 10 Hotspots analysis results for battery materials 

 
1, low risk; 2, medium risk; 3, high risk; 4, very high risk. n.a. not available 

 

 (*) Risk levels provided by PSILCA database. Numbers in italics in the child labour category mean that original estimates are older than 2010 (China 2009, Mozambique 2007).

JRC, 2020
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Industry transparency initiatives 
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3. Risk assessment, whereby all suppliers are evaluated for their practices (Table 15Figure 6). Unacceptable 
practices (e.g. torture, child labour, corruption) are categorised as red flags and lead to the elimination of 
that supplier. Artisanal mining and hand-picking fall under this category and are therefore excluded by 
the Umicore supply chain. A materiality test is then applied, meaning that suppliers contributing less 
than 1 % of the total cobalt supply of the company are excluded from the following steps of the 
assessment. Mine visits are then performed, twice per year in the case of the DRC. The orange flag check 
includes the assessment of aspects that can be remediated by the supplier (including artisanal mining as 
a secondary source, which has to be remediated in a reasonable time frame, or lack of minimum 
required legal permits and certificates). The approval or exclusion of orange-flagged companies is 
decided by an approval committee. In the last phase of the risk assessment, Umicore assigns a risk level 
to the supplier, based on its sustainable procurement and ethical business practices. Companies with a 
low/medium to high risk score are further assessed through questionnaires. 

4. Risk mitigation, the last phase of the process, which includes the identification of remediation actions on 
the identified issues. 

Figure 6 Steps in the Umicore due diligence process 

 
Source: Umicore (2019) 

 

In line with the fourth step of the OECD Guidance, Umicore is committed to having its due diligence practices 
audited by independent third parties. The framework is audited by a third party and Umicore is reporting on its 
due diligence practices for cobalt in its annual report (e.g. ‘Due diligence compliance report cobalt 
procurement 2019’ (107)). 

                                                        
(107) https://www.umicore.com/en/cases/sustainable-procurement-framework-for-cobalt/compliance-report. 

• Due diligence – OECD guidance
• International Finance Corporation’s 

performance standards
• China Chamber of Commerce of Metals, 

Minerals & Chemicals Importers and 
Exporters’ (CCCMC’s) 

• Social Life Cycle Assessment (UNEP 
guidelines)

• Initiatives on Cobalt 
• Cobalt Industry Responsible Assessment 

Framework (CIRAF)
• Umicore due diligence process on Cobalt
• Responsible Cobalt Initiative of the CCCMC
• Responsible Minerals Initiative cobalt due 

diligence standard 
• Responsible artisanal small scale cobalt mining 

JRC, 2020
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The future… 

Forbes, 2020

Cobalt free, higher energy density materials Profitable business models for second-life In stationary 
energy storage

Circular Energy Storage, 2020
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