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E4tech: 
Strategic thinking in sustainable energy 

• International consulting firm, offices in UK and Switzerland 

• Focus on sustainable energy 

• Established 1997, always independent 

• Deep expertise in technology, business and strategy, market 
assessment, techno-economic modelling, policy support… 

• A spectrum of clients from start-ups to global corporations 
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Analysis of global competitiveness of hydrogen and fuel 
cell systems and components; status of global markets 
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• Seven high impact components 
examined: 

• Stack 

• Catalyst 

• Membrane 

• Gas Diffusion Layer (GDL) 

• Bipolar Plates (BPP) 

• Hydrogen storage system 

• Carbon Fibre (CF) composite 

• Balance of Plant (BOP)  

• FC Balance of Plant (BOP) 

• Compressor/Expander/Motor (CEM) 

Cost breakdown assumptions based on 
Strategic Analysis (SA) cost models  

Fuel cell and storage systems cost is dominated by a few 
components, with specialist suppliers 



Making and supplying fuel cells to automotive standards 
depends on overcoming multiple bottlenecks 
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OEMs require: 

• Almost faultless part provision and 
exceptional QA rigour 

• Just-in-time delivery 

• More or less open book accounting 
and very small profit margins 

• Production scale flexibility 

• Secure supply chains (typically 
multiple suppliers) 

• Phase 1 supply chains are ‘locking 
down’… but won’t be final 

 

Fuel cells have: 

• Hundreds of identical repeat parts: 
very few defects 

• Very tight tolerances 

• Some (future) very high speed 
production requirements 

• Hard-to-stop reel-to-reel processes 
AND batchwork 

• Fragile or evolving resource chains 

• Multiple functional and other 
components 



In the specific areas examined, research bottlenecks vary 
widely. Highly uniform reel-to-reel output is one issue 

• Large-area reel-to-reel processes: 

• Membrane, MEA, GDL 

• Require: 

• Very uniform  products from sometimes stochastic inputs 

• High-speed in-line QA with means of controlling defects 

• New processes for higher quality – exceptionally low defects 

• More resilient parts, wider tolerances – ways to make tolerances wider 

• Simpler, cheaper … fewer?  

 



Other drivers include material supply and handling 

• H2 tank-grade carbon fibre supply is limited, and mainly goes to aerospace 

• New capacity requires significant demand 

• Other grades or other materials may improve cost or supply options 

• New tanks and new manufacturing techniques could outflank production limits 

• Fluorine chemistry is harsh and highly regulated, and FC quantities are low 

• Building new supply is dependent on other demand (the specific chemistry can be 
tweaked) 

• But competing, using a new chemistry, is hard too 

• Synthesising, managing, recycling and scaling new catalysts is a highly 
specialised activity 

• New catalysts aren’t always the answer 

• How can conventional catalysts be sensibly improved? 



And heterogeneity – even within a single OEM – causes 
scale problems 
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• Air handling is already unique to stack and system design 

• Changing pressures and flows between generations means new air handling 
machines and manufacturing lines 

• How much flexibility can you build into manufacturing or even into the machine? 

Toyota Mirai air compressor 

Honda Clarity Fuel Cell air compressor 



Focused research aligned with production is needed 
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• This project – and the thinking – are ongoing 
 

• But products are being built and sold and supply chains put in place 

• Design for scale, manufacture, assembly and cost are critical from early in the 
research process 

• Moving research into the industrial sphere will probably mean big, existing 
companies and not start-ups 

• Final process uncertainty remains high, 
but supply chain evolution could work against 
dramatic technology change 

• Rethinking production lines may also be 
important: the 2D parts revolution? 

You are here 



Thank you 
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