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1. Introduction

Lithium-ion batteries (LIB) increasingly applied to electric vehicles (EVs) and
stationary storage for electricity produced by renewable sources

Challenges:

Cathode material is a critical component with regards to the working voltage,
energy density, rate capability and battery cost

2. Methodology
First : Common cathode materials for LIBs and their characteristics (Table 1)

Second: Cathode materials are analyzed

Third: the evaluated economic and environmentally sound cathode materials
for LIBs are compared to cathode materials in commercial EVs

3. Results and Discussion

Cost reductions in LIBs achieved by substituting battery materials, economies
of scale in the production process and/or through the establishment of new
material supplies

Cathode materials incorporate raw material transition metals such as Cobalt,
Nickel and Manganese, of which some have shown substantial trading price
inconsistencies over recent years

Results of average costs for the studied cathode materials show that the
impact of volatile raw material prices is evident (Figure 1)

4. Conclusions
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Table 1. Available cathode materials
Cathode LiCoO2

Lithium Cobalt 

Oxide

LiFePO4
Lithium Iron 

Phosphate

LiMn2O4
Lithium 

Manganese Oxide

LiNiMnCoO2
Lithium Nickel 

Manganese Cobalt 

Oxide

LiNiCoAIO2
Lithium Nickel 

Cobalt Aluminum

Oxide

Abbreviation LCO LFP LMO NMC NCA

Anode Graphite Graphite Graphite Graphite Graphite
Specific
energy 
Wh/kg

150-200 80-120 100-130 160-220 180-250

Cycle life 300-500 1000-2000 300-700 1000-1500 500
Voltage (V) 3.6 3.2/3.3 3.7 3.6/3.7 3.6
Applications Portable 

consumer 
electronics,

Tesla 
Roadster

Power tools,
Electric 

powertrains

Power tools,
Electric 

powertrains, 
Medical 
devices

Electric 
powertrains, 

E-bikes, 
medical 
devices, 

industrial

Electric 
powertrains

, medical 
devices, 

industrial
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Figure 1. Costs of cathode materials

Reference CO2- equivalents
kg/kWh battery

Cathode chemistry 
studied

Notter et al. 2010 52 LMO

Frischknecht 2011 134 Not specified

Majeau-Bettez, Hawkings
& Stromman 2011 200 NMC

Majeau-Bettez, Hawkings
& Stromman 2011 166 LFP

Table 2. Cathode LIB production emissions

EV demand increase: critical raw materials will become gradually rarer and
hence prices will increase radically

Need for more aggressive recycling efforts on critical materials such as Cobalt
and Nickel, which are today often motivated merely by their high economic
values

Figure 2. Cathode materials in commercial EVs

Economic and environmental performance of commercial available cathode
materials for LIBs directly impact overall EV cost and performance

Both, at the economic and environmental perspective, LMO/LFP based LIBs
perform superior compared to NCA/NMC cathodes

EV companies have to reach a compromise between driving ranges and
affordable total vehicle cost, which directly relate to the choice of cathode
material

So far, there is no battery that can satisfy both, economic and environmental
concerns while offering an overall excellent performance

LMO, NMC and NCA are the predominant materials in available commercial
EVs as low cost vehicle is desired (Figure 2)

Choice of cathode material chemistry has a direct impact on total vehicle cost
and driving range
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