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Agenda

• 1. Review of status of current main battery chemistries for EV’s:

- Market prospects E-mobility/Li Ion

- Li Ion battery chemistries ; trends to NMC types

- Key to succes is cost reduction Li Ion 

• 2. Advanced materials pave the way to new battery chemistries:

- EU-SET Plan-10 targets and key actions

- Roadmap Li Ion 2020->2030 : - Advanced Li Ion batteries

- Solid State Li Ion batteries

- Beyond 2030: Novel chemistries

• 3. EMIRI battery program
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1. Market prospects E-mobility/Li Ion (Source Avicenne/Umicore 2017): X9 by 2025
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Li Ion to remain EV technology of choice

• Traction batteries are considered as a Key Enabling Technology in electric vehicle (EV) drive 

trains. Current traction batteries are, to a large extent, based on lithium-ion (Li-ion) chemistry 

which is expected to remain the technology of choice for many years to come (decades). In the 

longer future, other lithium (Li) and non-Li based chemistries are expected to gain ground.
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Li Ion battery chemistries: trends to NMC types 
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Major types cathode materials for 
rechargeable Li ion batteries:

 - Layered cathodes (incl. LiCoO2

(LCO), NMC, NCA) : > 90% of 
market

 - Phosphates (LiFePO4) (LFP)

 - LiMn2O4 spinel (LMO)
Umicore Markets Day Presentations - 03/09/2015
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Li Ion battery chemistries: trends to NMC types 
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Umicore Markets Day Presentations - 03/09/2015
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Key parameters
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Key to succes is cost reduction Li Ion                                                                

• Cathode Material = Key cost / performance driver
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By 2030, pack cost in € /kWh has to come down to < 100 €/kWh

For stationary applications down to < 0,05 €/kWh/cycle
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And cost is evolving to targets
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2. Advanced materials pave the way to new battery chemistries
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NiMH

(1.2V)

Li-Ion

(~3.8V)

Advanced Li-Ion

(3.8V-5.0V )

New 

Systems
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EU-SET Plan-10 targets and key actions
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R&I targets on performance, cost, manufacturing

• Basis: as set to the Implementation Plan of Key Action n07 of the SET Plan 
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R&I targets on performance, cost, manufacturing
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Implementation Plan Action 7 SET Plan endorsed and published
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Roadmap Li Ion 2020->2030
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Nationale Plattform Elektromobilität: Roadmap integrierte Zell-

und Batterieproduktion Deutschland, Jan. 2016 

Discussion paper EU 

Workshops Jan.18 
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Advanced Li Ion batteries 
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Future evolution to higher voltage battery systems
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Solvay R&I
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Developments 5V cathode materials: www.fivevb.eu
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Xu, J. T.; Dou, S. X.; Liu, H. K.; Dai, L. M. Nano Energy 2013, 2, 439

001-D122.pdf
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Paired with high capacity novel anode materials    www.spicy-project.eu

www.sintbat.eu

 Si/C composites

19IEA March 7,2018 Paris 

http://www.spicy-project.eu/
001-D122.pdf
http://www.sintbat.eu/
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Electrolyte modifications 
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Ageing to be controlled and prevented

Generally, the capacity fade of Li-ion cells is due to a combination of three main processes

• Loss of Li / loss of balance between electrodes

• Loss of electrode area 

• Loss of electrode material / conductivity
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Thesis State-of-Health Estimation of Li-ion Batteries: 

Cycle Life Test Methods: Jens Groot 2012
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Solid State Li Ion batteries

• Solid-state batteries are the next step on major OEM’s roadmaps (see e.g. example 

Volkswagen), they are an enabler for doubling the driving range, they would have better safety 

and would be denser thus allow potential reductions in the amount of passive components.
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Advantages vs Inconvenients - summary

SOLID STATE BATTERIES

Advantages vs Liquid Inconvenients vs Lquid

Safety:would eliminate Lower ionic conductivity: 

            thermal runaway         especially at lower temperature

High energy density: Poor interfacial contacts

            less inactive materials                Combined with Li metal anode:

            higher voltages possible          risk for dendrite formation

Less SEI formation: More expensive to manufacture?

            longer cycle life
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Key is the solid electrolyte

24

Varzi et al., J. Mater. Chem., 2016
IEA March 7,2018 Paris 



ENERGY MATERIALS INDUSTRIAL RESEARCH INITIATIVE

Bridging the Innovation Gap

Inorganic solid electrolytes :  target > 10-2 S/cm ionic conductivity at room t°

Li based glassy solid electrolytes: examples

1) Oxide electrolytes : Perovskite type structure e.g. Li3xLa2/3−xTiO3  with 10−3 S/cm 

2) LISICON type structure : LiM2(PO4)3 (M=Ge,Ti,Zr), e.g. LiTi2(PO4)3

3) Garnet type structure : LLZO e.g. Li7La3Zr2O12 

4) Sulfide solid electrolytes : e.g. Li2S–SiS2 , Li2S–P2S5 
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J.G. Kim et al. / Journal of Power Sources 282(2015) 
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Organic solid electrolytes : target > 10-2 à 10-3 S/cm ionic conductivity at room t°

• Polymer electrolytes are investigated as solid electrolytes, the most prominent example being polyethylene oxide (PEO). 

Others PAN,PEG… Polymers have obvious advantages in cost, production and processing (shaping, patterning and 

integration). Their low elastic moduli are especially favourable in flexible battery designs. In an ideal solvent-free polymer 

electrolyte, lithium salts are dissolved and solvated by the polymer chains.

• One possible strategy to improve the conductivity is to form a composite polymer gel by adding a solvent (organic or 

ionic liquids) as a plasticizer.

• Another strategy is the incorporation of inorganic fillers (Al203,TiO2,CuO…) into the polymer to form a composite 

polymer electrolyte.
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Inorganic and organic 

hybrid solid electrolytes 

for lithium-ion batteries 

Xiaotao Fu, 
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Beyond 2030 novel chemistries: ex. Metal (Zn,Li) - Air (TRL 2 today)      

Issues: dendrites,rechargeability,bi-functional air catalysts,electrolyte choice... 

28IEA March 7,2018 Paris 

sintef.no/zas

ucsd.edu

001-D122.pdf
001-D122.pdf
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www.alionproject.eu

www.naiadesproject.eu
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http://www.alionproject.eu/
http://www.naiadesproject.eu/


3. EMIRI battery program
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Among 23 topics promoted by EMIRIT IDI, 9 EV/ESS related topics are of interest 

to support Action 4 and 7 of Integrated SET Plan- Energy Union
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Thank you for your kind attention
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