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Synthesis by domain

MEA production is attractive due to limited competition in mobile applications 
despite limited penetration of FCEVs – Limited capacity in Europe as of today

Source: Roland Berger

• Demand for MEA1) for mobile applications 
expected to increase from 2030 due to 
expected growing FCEV market, though 
penetration should then remain limited vs. BEV

• MEA1) value chain is mainly integrated and 
dominated by players mainly known to produce 
MEAs1) for static applications; opportunity to 
specialize on mobile applications

• Large differentiation potential outside 
automotive industry 

• However, significant risk of technology 
adaption and substitution of FCEVs by BEVs

Market attractiveness

• French Tier-1s and OEMs are pushing FCEVs 
to the market, with numerous projects, some 
already at industrial stage (beyond MEAs)

• Overall CAPEX to set-up a production plant with 
average capacities is limited, amounting to ~ 
EUR 5-10 m 

• But R&D budgets are relatively high due to the 
need to explore options to increase 
manufacturing processes

• However, no production plants in France yet so 
knowledge mainly available at academic level

Market accessibility for 
French players

• Production of MEA1) in France possible in the 
long term, currently production is outsourced 
by players to low-cost countries due to high 
labor costs, with the aim of insourcing 
production facilities and capacities again after 
reaching the peak of operational efficiency

• French suppliers are well-suited to supply 
MEA subcomponents, especially carbon 
materials and PTFEs2) 

• MEA1) is the key technology enabler within 
the fuel cell stack, with the highest added 
value, to be considered as the main lever 
French players could activate to differentiate 
themselves

Attractiveness for France

A MEA – Overall assessment

1) Membrane electrode assembly 2) Polytetrafluoroethylene 
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MEA1) is the main value-added part of a fuel-cell stack, and consists in three key 
components – Key development focus to reduce costs of fuel cells for trucks

MEA components

Overview

Key comments

• Market is currently investing heavily in R&D to 
reduce production costs, increase durability of 
material and make technology accessible for 
mass market adoption

• MEA1) especially considered as a key lever to 
increase efficiency of FCEVs

• Potential alternative to battery electric vehicles 
due to the elimination of charging times

• MEA comprises three key components (PEM2) , 
CCM3) and GDL4)) are processed separately and 
combined in a final to form the MEA

• PEM: core component of a fuel cell, that 
helps produce the electrochemical 
reaction needed to separate electrons 
and in turn produce electricity

• The GDLs sit outside the catalyst layers 
and facilitate transport of reactants into 
the catalyst layer, as well as removal of 
product water

1

• Catalyst layers are added on both sides 
of membrane (anode & cathode layer)

• On anode side, catalyst enables 
hydrogen molecules to be split into 
protons and electrons

• On cathode side, catalyst enables 
oxygen reduction by reacting with the 
protons generated by the anode, 
producing water

• Ionomer mixed into the catalyst layers 
allows protons to travel through layers

2

3

Source: Desk research, Expert interviews, Roland Berger

1 Market Attractiveness
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The MEA market will grow strongly in the long term with a growth rate of 42%, 
mainly driven by evolution of product and stricter environmental regulations

Market evolution and trends

MEA European market size evolution [EUR bn; 2023; 2028; 2035] MEA market drivers

1 Market Attractiveness

0.1

2023

0.3
0.0

2028

1.6

2035

0.025
0.3

1.7

+62%

+42%

Trends

Stricter 
regulations

• Emission reduction and public procurement targets push OEMs 
and end-customer towards zero-emission vehicles portfolio and 
fleets, e.g., heavy-duty transport, city bans

Source: Desk research, Expert interviews, Roland Berger

Light vehicles Medium and heavy vehicles

Incentive schemes 
• Governments offer CAPEX incentives for production facilities and 

vehicle purchases to support uptake
• GAIA project funded by EU with objective to enhance MEAs

Development of 
fuel cells

• Current technology focus on lifetime improvements – Target for 
FC stack well above 25,000 h for heavy duty

Price reduction
• Industrialization and material innovation are expected to bring 

cost reductions that are essential to improve adoption

Limited H2
adaption

• Limited ramp-up of H2 production negatively impacts market 
demand for FCEVs, which in turn leads to negative trend for MEA 
manufacturing

Competition from 
BECVs

• The expected improvements in energy density, which means 
achieving lighter and smaller batteries for the same power, may 
lead to a higher risk of BEVs substituting FCEVs

Penetration 
rate (EU)1) 0% <1% 1%

EBIT

Price range 
(EUR)2) 16.000 12.000 10.000

Medium EBIT margins (~10%) high development and production costs are 
difficult to pass on to customers

Positive impact Neutral impact Negative impact

<1% 1% 3%

1) Penetration rate over total vehicles sales; 2) Average price of MEAs in fuel stack per vehicle  
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Slitting/cutting

Evolving dynamics: vertical integration dominates among leading static providers, 
yet market leadership for mobile application remains uncertain

Value chain and focus on key players  

MEA value chain and main players1) 
Market share

• Production at a commercial scale currently 
focused in Canada, Europe, Japan, Korea and 
China, whereas the US only has smaller scale 
MEA production, but is a center for R&D due to 
institutions such as department of energy 

• Market still fragmented with a couple of leaders: 
– Cummins
– Johnson Matthey
– Gore

• Players start to increasingly vertical integrate, 
GDL3) is often sourced from third-party 
manufacturers  

• Players focused on static applications and 
increasingly adding mobile applications (incl. small 
adjustments of input material) to product portfolio

• Currently low presence of French players, except 
for Symbio (backwards integrated)

• Strong footprint of companies specialized on 
electrolyzes in Europe and France, needed for 
PEM processing 

1 Market Attractiveness

1) List of players not exhaustive 2) Polymer electrolyte membrane 3) Catalyst coated membrane 4) Gas diffusion layer

Source: Desk research, Expert interviews, Roland Berger

MEAs are slit into 
several streams 
depending on 
MEA geometry
MEAs are formed 
into stacks

Hot pressing

The rolls are 
pressed between 
hot plates
Afterwards, hot-
pressed 
membrane and 
electrode are 
rewound onto a 
spool

Membrane 
processing

Layers of CCM3) 

and two identical 
hot-pressing 
GDLs4) are 
unwound from 
rolls and merge to 
form a five-layer 
MEA assembly

GDL production

CCM3) is in an 
unstable state and 
needs to be dried 
for further 
processing

Drying

Catalyst ink is 
applied to the 
PEM using a die 
coating process, 
resulting in a 
CCM3) 

Ink application

The PEM2) is 
typically a 
fluoropolymer 
(PFSA) proton 
permeable 
electrical insulator 
barrier

PEM1) processing

1 3PEM2) Catalyst layer MEA

Often sourced 
from third-party 
manufacturers

2 GDL4)

French players

Integrated players

GDL producersCCM producers MEA assemblers

1 2 3

Fuel cell stack 
assemblers
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MEA still at early stage of industrialization, with a roadmap to define and extensive 
R&D required, but provides opportunity for market positioning of new entrants

Source: Desk research, Expert interviews, 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

• Significant market risk due to uncertain penetration of fuel cell 
vehicles (trucks but esp. light vehicles) in the long run, with 
risk of substitution of FCEVs by BEVs 

• R&D to reduce production costs yet with uncertain outcome
• Various options still open for the manufacturing process, with 

two processes competing:
– CCM (catalyst coated membrane) and CCS (catalyst coated 

substrate)
– Though CCM1) expected to remain dominant one

• Technology still in its infancy and not yet accessible to the mass market due to its high 
price 

• Technology receives a lot of attention in terms of research from academic institutes, 
few companies that have specialized in it in practice

• Option for newcomers with a high willingness to invest in R&D 

• Positive environmental impact on automotive sector by supporting OEMs to move 
towards lower CO2 footprint; if the electricity used for production of H2 comes from 
renewable energies, FCEVs have a neutral carbon footprint

• Relatively low energy consumption, except for drying process
• Input material fluorine-based PFSAs2) is hazardous to the environment and difficult to 

recycle 

• Besides vehicle drive trains on road, fuel cells can also be applied in further industries, 
including marine, trains and space travel

• Additionally, fuel cells can serve as back-up power and ensure decentralized power 
supply in the event of power failures or other emergencies (e.g., for hospitals)

• Input material fluorine-based PFSAs1) likely to be replaced 
with fluorine-free hydrocarbon due to existing limitations: 
restricted temperature window of operation due to the 
insufficient thermomechanical stability, high cost, and 
questionable environmental properties

• Medium potential among direct competitors (FCEV):
– Industrializing fluorine-free hydrocarbon material input-

based manufacturing process 
– Increasing process automation
– Enhancing durability of material

1) Catalyst coated membrane 2) Perfluorinated-sulfonic-acid-based ionomers 

Uncertain evolution 
w/ identifiable trend

Potential 
differentiation

Entry possible

High potential 

Positive impact
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Barriers to enter MEA market lie in high R&D CAPEX, though CAPEX for 
manufacturing itself remain low – Partial know-how in France

Market accessibility – Assessment 

2 Market Accessibility

Technical barriers to entry

Manufacturing CAPEX Traction from French OEMs

Availability of the necessary skills

• Manufacturing: automated real-time quality control incl. 
continuous monitoring of thickness and stiffness 

• R&D: Currently biggest challenge: ensuring durability and 
lifetime of MEA 

• Reduction of price for technology to take-off, main lever is the 
raw material input and specifically the platinum loading

• Core processes of MEA production:

– Ink mixture development and application and drying

– Membrane processing and hot pressing

• Academic level competences available, but only moderate 
industrial, practical application of knowledge in France 

• However, strong push towards FCEV from politics & OEMs/Tier 1

• CAPEX for MEA manufacturing itself is relatively limited overall, 
especially :

– Assembly CAPEX is limited: for production set-up of a plant 
with capacities of around 20'000 units an initial investment of 
€ 5-10 m needed

– Concentrated in end-of-line (quality control)

• Yet, high amounts of R&D still required to improve processes 
to reach targeted lean cost structure

• Renault truck announced that they will offer a range of electric 
trucks powered by hydrogen fuel cells, mainly for demanding 
and heavy long-haul operations  

• Moreover, further players such as Stellantis are pushing for 
technology; i.e., Stellantis is buying one-third stake in fuel cell 
system Symbio, joining Faurecia, Michelin

• Renault and fuel cell specialist Plug Power have formed joint 
venture "Hyvia", which will include green hydrogen production, 
storage and distribution

Source: Desk research, Expert interviews, Roland Berger

Significant
barriers

Inexpensive for 
manufacturing

Compatible with 
France

Early adopter
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High material costs and low level of automation lead to outsourcing of industrialized 
production to low-cost countries to reduce overall costs

Attractiveness for France – Industrial set-up

89%

6%
2%

Labour cost

Raw Materials

R&M1)

2% 2%

2035

Energy

D&A2)

Footprint of key players

3 Attractiveness for France

1) Repair & maintenance 2) Depreciation & amortization

Source: Desk research, Expert interviews, Roland Berger

• Hyzon: US
- Hyzon Motors plans to build the largest 

fuel cell membrane-electrode assembly 
production line for commercial vehicles 
in the US at its new Hyzon Innovation 
Center in Bolingbrook

• Johnson Matthey: UK, China
– Fuel cell component facility in Shanghai 

with capacity to make 4 million MEA 
components per year, enough to power 
>10,000 buses and commercial vehicles

• Gore: US, Japan
– Fuel cell manufacturing plant in Japan 

and research center in US
• IRD Fuel cells: Denmark, US

– Production plants in Denmark and US

• Low level of process automation for now, expected to increase with maturity of 
technology

• Typically, sites are set up in low-wage countries to reduce labor costs until processes 
are more automated 

• If maximum of process automation is reached production sites are insourced again to 
improve quality

• R&D investment needed to improve processes and achieve lean cost structure with 
limited labor costs of 2% in 2035 (see graph)

Plants – location & cost structure  

• Clearly recognizable trend towards vertical integration, meaning that the process 
steps take place in one production facility

• Biggest players for static and mobile applications currently have production 
facilities located in South-East Asian countries with prototyping plants in high-cost 
countries

• European and North American production facilities at industrialized levels are 
expected to follow in 2028+

Target manufacturing footprint

Rationale
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France already possesses significant capabilities to process required raw materials, 
with further potential to expand its domestic production

Attractiveness for France – Materials and upstream impact

Breakdown of raw materials 

3 Attractiveness for France

40%

20%

20%

20%

Key Products

Platinum

PFSA2)

PTFE3)

Carbon materials

Potential sourcing in France1)

1) To what extent the materials are sourced in France 2) Perfluorosulfonic Acid 3) Polytetrafluoroethylene 

Source: Desk research, Expert interviews, Roland Berger

• No platinum sourcing plants or primary production 
facilities in France

• No potential for building up capacities due to 
location dependency on raw material deposits

• Several companies manufacture and supply PTFE 
products e.g., Eurofluor (French company), Norton, 
Teflon, Daikin Industries, Mersen (Global 
companies)

• Already existing production plants e.g., Hexcel, 
SGL Carbon, Cabot Corporation

• No PFSA production facilities established in 
France yet; Solvay established plant in Italy

• However, potential to build up capacities (typical 
sourcing countries incl. Italy, US, Japan, China)

• Carbon materials including carbon fiber and carbon 
black also required for industries outside of 
automotive such as aerospace, construction and 
renewable energy 

• Potential to provide additional activity for chemical 
companies with PFSA processing (set up of plants 
possible due to already existing plants in comparable 
countries) 

• Strong foothold of PEM processing in Europe that can 
be leveraged

High potential for 
sourcing main share of 

materials in France

Low souring potentialHigh sourcing potential
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Low expected volumes by 2035 lead to limited potential employment creation, 
though France may play a leading role in Europe for the H2 sector

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

Direct Employment [# FTEs]

3 Attractiveness for France

Support to resilience of French economy

Impact on Trade Balance

Skill Level Assessment

• Reduction of supply chain risks through vertical integration and manufacturing of MEA/fuel 
stack in France

• However, no significant effect due to small amount of volume produced and limited spill-over 
effects to other industries

• Potential to export MEAs/fuel stacks and create long-term partnerships with OEMs on 
exclusive supply of MEAs; MEA as key component with highest added value of fuel stack

• Low number of imported subcomponents due to high level of vertical integration
• However, high potential to be positioned as leading player if market takes off

• Depending on the degree of automation of the processes; assumption that in the long term 
only a small number of blue-collar workers will be needed to operate machines

• In addition, some technicians are needed for repair and maintenance of machines and 
workers for quality control

Source: Desk research, Expert interviews, Roland Berger

Medium skill 
development

No significant 
impact

Low potential

c. 450

2023-2035

c. 100

2023-2035

Hypotheses:
• c. 60% of European MEA market in 2035 will be produced in 

Europe; with ~3-4 production plants in France
• Now, manufacturing is still quiet manual, therefore production is  

outsourced to low-cost countries but processes are expected to get 
increasingly automated thanks to strong R&D investments, making 
assembly possible in France

Revenue generated per FTE is estimated to be around c. EUR 250 k

c. 450

2023
c. 0

2035

Job creation between 2023 
and 2035 [#FTEs]

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