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Synthesis by domain

Post-LiB cells is a market of the future – based on a growing need for performance 
and driven by technology

Source: Roland Berger

• Post-LiB market appears to be a promising 
market driven by technology and innovation 

• The growing demand for more performant BEVs 
batteries and the race for product development 
is pushing battery players to collaborate with 
OEMs and research centers in order to define a 
new generation of battery cells

• Existing conventional LiB technologies will still 
prevail for several years, several competing 
chemistries (requiring adaptations of 
processes) are being explored, at various 
stages of industrialization

Market attractiveness

• Large existing players in the conventional LiB
sector also explore future technologies

• As for conventional LiB chemistry, Asian players 
benefit from several years of advance of R&D 
and are already opening sites for future 
chemistries, esp. in China

• Adapting current conventional production or 
partnering with R&D players seems to be an 
easier way to penetrate the market 

Market accessibility for 
French players

• Post-LiB batteries represents an important 
stake for France and Europe, with several key 
objectives:

– reducing the dependency to Asian players

– guarantying sovereignty and higher safety for 
the massification of the EVs production

– concentrating highly valuable skills in the 
European battery ecosystem for further 
integration

• However the cost structure is very dependent 
on raw materials which cannot be sourced in 
Europe

Attractiveness for France
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Besides current conventional lithium-ion chemistries, three battery cell 
technologies are being investigated by the industry: LMFP, Na-ion & solid state 

Selected post-LiB cell technologies in development

Source: Roland Berger

Overview of the Battery Cells Generations

Besides the conventional cell technologies (NMC, LFP), we focus 
here on the three main next cell technologies currently in 
development:

• Most demand will come from BEVs – Premium segments will use 
nickel-based technologies (e.g., NMC), mid/low will use 
LFP/LMFP and ultra-low/low Na-ion – OEMs have highest profit 
with premium segments and need LFP/ LMFP for volume 
segments – Thus, they are intrinsically motivated to improve these 
technologies

• There is greatest need for government subsidies regarding Na-
ion development to incentivize OEMs to bring ultra-low/ entry 
BEVs into the market 

1 Market Attractiveness

Today Short-term Mid-term                                 Long-term

Conventional lithium-ion Advanced LFP Next-gen. cell technologyFocus on BEV entry 
segment & ESS

Liquid electrolyte replaced 
by solid state electrolyte

LMFPNMC & LFP
Na-ion 

(Sodium-ion) Solid-State

Battery based on Na-ion 
instead of Li-ion

Evolved from LFP with 
Manganese (+ other metals)

Current chemistries used 
in the automotive industry 

• NMC as mainstream cell 
chemistry

• LFP gaining market 
share especially in the 
entry and mid market 
segments

• At cell level c.5-10% 
cheaper vs. LFP / kWh

• First application today in 
China – CATL is 
expected to supply 
LMFP batteries to Tesla 
with its M3P battery

• Lower costs than LFP 
and LMFP expected

• First applications 
expected in China by 
next year latest, first in 
ESS and afterwards in 
automotive ultra-low/ 
entry segment

• High energy density at 
low cost desired

• In development since 
years and not expected 
with high market share 
before next decade

1) In comparison with traditional Lithium-ion battery's performance – except for the Advanced LMFP compared with existing LFP battery model

Current LiB manufacturing 
process

Can be produced with the same 
equipment as NMC and LFP, only 
requires R&D and adjustments in 
cell design/ material formulations

Manufacturing process is 
similar to conventional 
technologies – First 
production capacities 
announced but mainly in China

Depending on the solid-state 
technology synergies can be 
realized from conventional 
production equipment.

Cell cost level [EUR/ kWh]

LFP
NMC

Non-exhaustive

1 2 3

Short term: LMFP - Developed from LFP by adding 
Manganese & other metals to increase energy density and 
decrease costs per kWh
Mid-term: Na-ion - New cell chemistry based on sodium 
instead of lithium. First ESS applications expected soon in 
China. Afterwards ultra-low/ entry BEV expected
Long term: Solid-State as more radical innovation 
regarding energy density and safety, but still requires 
technological improvement

1

2

3

• NMC : Nickel Manganese Cobalt
• LFP : Lithium Iron Phosphate
• Na-ion : Sodium-ion technology
• ESS : Energy Storage System

Glossary
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Europe battery market demand is expected to grow significantly to 964 GWh by 
2030, by far because of the fast pace of electrification of vehicle sales

Market demand in Europe for Li-ion and Na-ion batteries by segments [GWh] 

Source: IHS, SMM, Roland Berger

1) BEV and ESS CAGR including Na-ion demand; Abbreviations: BEV: Battery Electric Vehicle; MHEV, FHEV, PHEV: Mild Hybrid, Full Hybrid and Plug-in Hybrid Electric Vehicle; Light vehicle: Passenger cars and light commercial vehicles with up to 6 
tons; LSEV: Low Speed Electric Vehicle; 2- & 3-W: Electric Two and Three Wheelers
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• European demand for 
batteries is expected to 
increase from c.62 GWh p.a. 
(2020) to c.964 GWh p.a. 
(2030) with a CAGR of c.32% 

• In Europe, BEV demand is 
expected to increase from 
c.33 GWh p.a. (2020) to 
c.807 GWh p.a. (2030) with 
a 38% CAGR 

• CVs and ESS are expected to 
grow in demand from c.1
and c.2 GWh p.a. 2022 to 
c.46 and c.50 GWh p.a. 
(2030) respectively 

Historical
development

Forecast CAGR1)

2020-2030

38.8%
10.2%
26.2%

37.7%

5.5%
33.3%
55.9%

BEVOtherESS Commercial VehiclesESS Na-ion Consumer electronics 2- & 3-W 2- & 3-W Na-ion MHEV, FHEV, PHEV BEV Na-ion

1 Market Attractiveness
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• As of today, NMC (NMC 622, NMC 811), 
NCA (NCA, Advanced NCA) and LFP (normal) are the 
mainstream technologies

• The main three new technologies being developed 
are:

Continuous innovation is expected regarding battery cells technologies – Main 
chemistries in development are LMFP, Na-ion and Solid state

Source: Expert interviews, Roland Berger Integrated Battery Cost model C3

1) Foil or deposited;  2) Various ratios of Si/graphite and different Si morphologies possible; 2) ESS : Energy Storage System 

20302015 2020 2025

ElectrolyteAnode Cathode

NMC 811

Li-Sulfur ?

NCA

LiB technology roadmap and main next chemistries in development 
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NMC 622 

Graphite/
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1 Market Attractiveness

Hard carbon Liquid

N
a-

io
n

Prussian blue/ Ni 
layered oxide2

3
Short term : LMFP is being developed from 
LFP by adding Manganese and other metals to 
increase energy density and decrease costs 
per kWh
Mid-term : Na-ion is a new cell chemistry 
base on sodium instead of Lithium. Especially 
in ESS2) first applications are expected soon
in China and penetration into the ultra-low/ 
entry BEV market is expected
Long term : Solid-State would be the more 
radical innovation paving the way to a much 
larger EV autonomy and safety, but still 
requires technological improvement – Solid-
state not expected with high market share 
before next decade

1

2

3

Back-Up

Mn-rich

Adv. LFP (LMFP)1

LM
FP
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There are several technologies currently being developed in the battery technology 
space from improvements of current technology to next-generation technology

Source: Desk Research, Manufacturers announcements, RWTH Aachen University, Roland Berger

Overview of todays technologies and future ones in development for the automotive industry

1 Market Attractiveness

1) In comparison with traditional Lithium-ion battery's performance – except for the Advanced LMFP compared with existing LFP battery model ; 2) Anode made of c. 20% to 30% Silicon and Graphite ; 3) Made of Iron, Carbon and Nitrogen ; 4) Made 
of transition materials such as Fe, Mn, Cr, Cu, V, Ni, Co, Ru or Ir ; 5) Sodium Super Ionic CONductor (NaSICON)

Availability critical / high price volatility Availability uncritical Low performance High performance

Raw Material 
availability

Cell Energy 
density [Wh/L]

Fast charging 
capability1)

Lifetime1)

Cathode

Anode

Start of mass 
production for 
automotive

New cathode 
technology

Advanced LMFP

450-575

Lithium Iron Phosphate 
Manganese

Graphite

2024 (China)

FeLi Mn

Short-term market entry Long-term market entry

Mn-rich

Li Ni Mn

?
Lifetime not proven yet

Lithium Manganese

Graphite

500-600

After 2025

New cathode 
technology

NaFe

250-400

Prussian Blue3) / Sodium layered 
oxide4) / Polyanionic materials5)

Hard-Carbon
(electrolyte : Sodium)

2024 (China)

Na-ion

New cell technology

Silicon-rich

Li Ni MnCo

Silicon2) & Graphite

Lithium Nickel Cobalt 
Manganese

900

2024

New anode 
technology

Li Fe Ni

Lithium Iron 
Phosphate or Nickel

Li – Metal

>1,000

2030+

Solid-State 

Next-gen. cell 
technology

Lithium Sulfur

Li – Metal or Graphite

up to 800

2030 – 2035

LiS

Lithium-Sulfur

Next-gen. cell 
technology

Back-Up

Optional material
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Coating (incl. drying)

The manufacturing process is very similar across all chemistries – including post-
LiB

Cell manufacturing process

Source: PEM of RWTH Aachen University, interviews with market participants, Roland Berger

Illustrative

Calendaring Vacuum-drying …

1) Laser welding is an alternative, but not modeled in baseline

Coating machine and drying tunnel Rolling press or calendaring pressMixing and stirring 
machine

Machinery: Thermal (laser) or mechanical cutting 
machine

Vacuum drying chambers

1 Market Attractiveness

Slitting/ notchingMixing

Packaging/ cell assembly Filling & Sealing Aging & Grading Formation… Winding, stacking

Pick & place, ultrasonic welding1), 
impulse/ contact sealing

Electrolyte filling system with 
injection lance & vacuum sealing

Vacuum gripping, roll-to-
roll & other handling tech

Machinery: Storage system with contact springs for charging, storing and grading system

Not necessary in the Solid-State process
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EU battery demand is expected to grow significantly driven by BEVs – LFP/ LMFP 
with largest share, Na-ion is still being decided by OEMs but is not announced yet

Post LiB cells – Market evolution and trends

European battery cell demand evolution per cathode [GWh/a ; 2022 ; 2026 ; 2030] Post LiB cells – Market drivers

Source: Roland Berger

Positive impact Neutral impact Negative impact

Trends

1 Market Attractiveness

Solid-state 
penetration rate1) <0.1 % ~0.3 % ~1.5 %

Large adoption of xEVs 
and the need for better 
battery performance

• Booming xEV market in Europe due to:
– State incentives and subventions
– Stricter restrictions for ICEs (European ICE ban in 2035)

• An increased need for more autonomy and performance in 
terms of lifecycle and charging time, since the typology of 
drivers and use cases is about to be more diversified than 
ever

Instability of raw 
material resources

• Current battery cells for xEV are mostly made of volatile and 
critical raw materials such as Lithium and Nickel

• Last year we have seen significantly increased raw material 
prices due to bottlenecks in supply and too high demand

• New technologies reduce this dependency and enable less 
volatile and lower costs (e.g., LMFP reduces lithium demand 
per kWh and Na-ion is not requiring lithium at all)

EU incentives and 
regulations

• Important Project of Common European Interest (IPCEI) on 
European Battery innovation: 
– EUR 3.5 bn of public funding for this R&D program
– Develop disruptive technologies in terms of performance, 

manufacturing and safety for batteries cell
• Under the European Green Deal the 'Fit for 55' package will 

basically ensure 100% BEV sales by 2035 – As BEVs are 
driving the majority of battery demand this requires new 
developments to meet the demand

5 98

373

66

110

324

461

9
0

10 0

2022

2313

18
2026

36

1711
2030

134

468

964
NMCx

NCAx

Mn-rich

LFP/LMFP

Na-ion

Other

1) Solid state is a transversal technology not focusing on a particular cathode chemistry 
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Many incumbent companies & new entrants are developing new technologies –
However, Na-ion still shows low attention from European OEMs

Post LiB Cells – Competitive environment

Post LiB cells' value chain and main players 

Source: OEMs announcements, Desk Research, Roland Berger

French players

1 Market Attractiveness

Lithium-Silicon

Sodium-ion

LFP / LMFP

Mn-rich

Lithium-Sulfur

Solid-State

Battery cells players OEMs officially positioned1)

Tiamat is one of the few French start-ups active on the 
Sodium-ion technology :
• Focusing mainly on R&D since its spin-off from CNRS
• Its battery density has already reached 75% of its 2023 

target of 120 Wh/Kg

Positioning of French players
Saft is a subsidiary of TotalEnergies focusing on high-
technology batteries for industrial applications, including 
Lithium-sulfur battery
• R&D centers in France (Bordeaux & Nersac) to develop new 

technologies within the frame of the ACC cooperation 

1) Based on OEMs announcements

• The market is mainly dominated by Asian 
players benefiting from a large technological 
advance (e.g., CATL positioning in various 
technological segments)

• European players try to catch up and are 
massively investing on R&D 

• OEMs also explore inhouse development of 
such technologies 

• In Europe, Volkswagen remains the only 
OEMs with ambitions of vertical integration 
for cell manufacturing – Na-ion not in focus 
yet but expected

• Battery cells players, especially Asian ones, 
already develop plants and pilots' projects –
Tesla is planning to use CATL's LFP+ batteries

Market
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Post-LiB market is still very new and emerging in Europe – it is time for EU players 
to take action to compete with Asian players who are more advanced

Source: Roland Berger

Clear product roadmap

Potential for diversification outside Automotive

Environmental contribution

Potential for technological differentiation

1 Market Attractiveness

Market attractiveness – Other criteria

Window of opportunity for a newcomer

• Market uncertainties due to several chemistries competing, 
with no clear leading one (as depending on final use), with 
many automotive players waiting for a clearer outcome to 
decide where to invest (also considering large investment 
levels, esp. on R&D)

• Asian players are more advanced in this technological race, 
putting European players at risk without attempt to catch up

• Risk of Europe staying behind for less mature cell 
technologies too, or that Asian players would open or extend 
plants in Eastern Europe

Market uncertainties

• High differentiation potential considering many 
technologies are still at R&D stage

• Moreover, high technological diversity, esp. for solid-state 
(as several chemistries can be covered)

High differentiation 
potential 

Room for newcomers

• Primarily designed for the automotive industry, but highly replicable technology to 
many other purposes, in particular commercial vehicles

Commercial vehicles

• Similar environmental impact over different chemistries (current and future ones), 
since the manufacturing process does not differ greatly – all contribute to the transition 
towards greener mobility

• The less Lithium, Nickel, Cobalt and Manganese a cell contains, the smaller its 
footprint, due to the CO2  emissions associated with raw material extraction

Green mobility

• Many players investing the stage:
– battery players investing R&D not to miss the next revolution
– tech start-ups trying to reach broader target

• Most of the cell chemistries have their own specialized players – except for CATL
present in many segments

• Room for newcomers as the market has not consolidated yet
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Highly technical market, requiring high R&D investment level to enter – However, 
manufacturing requires relatively accessible adaptation of existing plants

Source: Roland Berger integrated LiB cell cost model, Roland Berger

Market accessibility – Assessment 

2 Market Accessibility

Technical barriers to entry

Manufacturing CAPEX Traction from French OEMs

Availability of the necessary skills

Partially available

• Cell chemistry: competency not well developed in France due to the 
relative lack of French players in new chemistries comparing to 
conventional ones

• Cell R&D: capabilities structured at academic, level but need for more 
players, with greater proximity with industry, to create a true R&D hub 
in France

• Cell manufacturing: Northern France turned into an industrial hub for 
battery cell manufacturing – No industrial footprint for post-Lib cells 
yet, but it could benefit from the skills ramping-up at sites under 
construction for conventional chemistries

• French OEMs explore but do not lead the shift towards Post-LiB cells; 
yet both OEMs have recently made some announcements  : 
– Stellantis has invested in the American start-up Lyten, in order to 

boost the R&D for their Lithium-Sulfur technology – but this remains 
at the R&D stage

– Renault has partnered with Airbus to develop research on the solid-
state technology to potentially implement it by 2030 R&D stage only

• Similar CAPEX level between conventional lithium-ion technologies 
(NMC / LFP) and LMFP technology:
– Estimated at ca. EUR 39 m/ GWh1) in terms of equipment

• CAPEX for a new plant would be of ca. EUR 1.6 bn (for a 40 GWh-
capacity plant); but CAPEX to adapt existing battery plant would 
lower to ca. EUR 100 m

1) Based on average rate for H1 2023 1 USD = 0.92 EUR

• Main barrier to entry remains the R&D effort related to each specific 
technology

• Existing players must adapt their manufacturing process and scale 
it for mass production in order to break into the market currently 
dominated by Asian players 

Complex technology 
to master

CAPEX intensive



12

Raw materials are by far the most important cost factor of any chemistry, even when 
excluding price volatility – Potential for further process automation under study

Attractiveness for France – Industrial set-up

Plants cost structure1) [France ; EUR/KWh ; 2023]  

Source: Roland Berger

Footprint of key players – Sodium-ion [Europe ; 2023]

3 Attractiveness for France

79%

7%
6%

5%
3%

LMFP

85

7%

41%

36

Na-ion

69

79%

7%
6%

5%
3%

LFP

97

84%

7%

118

NMC

2% 3%
4%

1) Should-cost structure model for pouch cells based on chemistry ; 2) NCM 811 battery technology

• Energy:

– Focus on green electricity to lower the CO2 
footprint

– Energy demand to reduce over time due to 
improving production process

• Raw materials: 

– Need to secure materials which are not available 
in Europe

– Need to develop new technologies like Na-ion, 
independent from conventional raw materials

• Labour cost: Increase of automation levels –
potential to reduce by over 80% by 2030 in China

• LFP and LMFP have similar cost structure, despite 
different cost per kWh: LMFP with better density 
than LFP, hence lower cost by kWh

Trends

Energy

Raw Materials R&D

Labour cost

Equipment amortization

Production 
& Logistic

Illustrative

SOP
Capacity
(%)Company

2023 3Altris AB
- 1Faradion
- 1Tiamat (ex CNRS)
- 1CEA – Naiades
- 1Arxada

Europe Na-ion 
production capacity 
accounts for 7% of 
global production –
China accounts for 
93%
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There is a strong momentum for European battery players to produce post-LiB
battery to secure European competitivity and independence

Attractiveness for France – Impact for France & other economic social benefits

Source: Roland Berger

3 Attractiveness for France

Support to resilience of French economy

Impact on Trade Balance

Skill Level Assessment

• Development of capacity of Post LiB Cells in Europe and in France would drastically reduce the 
dependency on Asia in terms of battery cells and along the downstream value chain of the xEV

• Dependency on raw material would be diminished as well with the new technologies such as Na-ion and 
LMFP where the quantity of lithium would be lower than with current technologies Strong

• Decisive impact on the trade balance thanks to cell factory in Europe
• Impact on trade balance also strongly tied to origin of raw materials, as they account for the vast majority 

of costs – on-going plans in Europe but majority still sourced from Asia
Positive impact

• R&D will be highly needed to develop such technology in France and in Europe, especially regarding the 
necessary technological improvement at chemical level

• Manufacturing skills will progressively increase in terms of technicity as process will increasingly get  
automated High Level Skills

1) Depending on material price

c. 8,800

2023-2035

c. 44,000

2023-2035

Hypotheses:
• 80% of European demand sourced from European plants
• Current EU cell assembly plants will likely convert to post-LiB cells 

plants in the coming years, hence partial transfer of current 
employment

• Share for France close to current level announced for LiB cells

Revenue generated per FTE is estimated to be at c. EUR 3 m1)

Direct Employment [# FTEs]

c. 44,000

c. 0
20352023

Job creation between 2023 
and 2035 [#FTEs]

Jobs in 2023 and in 2035 
in Europe [#FTEs]
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