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Sessions on end-uses: transport

28th Oct. 11:45 – 13:30 

End-Uses: Transport

28th Oct. 09:30 – 11:15 

Building Blocks for Transport 

Applications

27th Oct. 13:45 – 15:30 

Manufacturing (for Supply 

Chains)



Hydrogen
transport

Cars: Taxis fleets continuing the 
market uptake

Trucks: Testing the prototypes 

Aviation: testing the FC on-
ground and soon in the air  

Building blocks

Transport modes

Buses: 250 buses in daily
operation and collecting data 

Train: tests on rail on-going

Maritime: ready to start the 
equipment integration

Addressing the main challenges of demanding transport modes

Decarbonizing transport: Moving from automotive to heavy-duty



Light duty vehicle demonstration

Achievements
▪ 1.791 cars funded / 1.678 cars deployed

▪ 1,1 million h of operation / 297.7 tH2consumed

▪ 328 tCO2 avoided in 2021 alone 

Fleets are bringing the mileage with > 99% vehicle availability 

FCEVs cumulative distance driven 
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FCEVs fleets

35 million km 

0,6 million km

▪ Reaching out other ZE cities 

▪ Infrastructure + vehicles 

▪ Mobility as a service for 

independent professional 

and private users

Gathering conclusions of projects

Fleet business models

x60 in 6 years

▪ Significant data collection and 

analysis publicly accessible

▪ Drivers feedback integrated to 

improve operational efficiency

of vehicles and hydrogen
infrastructure
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▪ Demand for coaches and 18m buses

▪ Road Show planned 2022/2023 in Eastern 

and Central Europe

▪ Zero Emission Bus conference

▪ New bus OEMs entering the market 

▪ Best practices guide available: 

www.fuelcellbuses.eu

Increasing market and awareness

▪ Range similar to diesel bus (>350km) 

▪ Excellent fuel efficiency 6-7kgH2/100km

▪ About 6.5 million km driven 

▪ Expected infancy issues cleared

Real operational data 

Sixteen fleets of 5-50 buses in daily operation

Fleet data 

Hydrogen buses witnessed in 6 countries – test one today  

http://www.fuelcellbuses.eu/


Fébus: Pau’s zero emission hydrogen bus

▪ High level service line, 6km, 

backbone of the network, linking

key points with main activity areas

▪ Increase city attractiveness

▪ Create high value jobs locally

▪ Renew vigour for public transport use

Buses as springboard for local development 

Fébus

Benefits and operational data 

Pau

France

Best Bus Awards in 2019



Road heavy-duty from urban to long-haul

Operations started

Urban bin lorries

▪ 4 bin lorries operational in NL

▪ Data collection started:

▪ 1.5 t of H2 used

▪ ~1.000 hours of operations

▪ 16.000 km driven

▪ 17 minutes for refuelling

Deployment imminent

Deployment started

Long haul trucks

▪ Prototypes from 2 OEMs 

▪ 16 trucks to deploy in 

2022/23

▪ Vehicle and infrastructure 

coordinated deployment

Next phase (2022)

10s
100s



R&D vessel 

CH2 PEM

Barge vessel

CH2 PEM

Ro-Ro vessel 

LH2 PEM

Platform vessel

NH3 SOFC

2 cargo vessels 

CH2 PEM

Fluvial

Maritime

At least 5 inland 

vessels

2017 2018

/ 0,38 MW

/ 2 MW

2019

> 1 MW

/ 0,16 MW / 3 MW

2020 2022

2.5 – 7 MW

Building the pilots and experiments to speed up standards for waterborne applications 

Ships: towards larger vessels and H2 delivery by ships

Best Outreach 

winner 2022

Pre-Normative 

Research

Hydrogen for passenger 

vessels

▪ Experimental data

▪ Guidelines for safe 

design for the new IGF 

chapter on hydrogen 

▪ Regulations – IGF code of 

IMO “H2 as a fuel”

▪ Definition of bunkering 

protocols and 

infrastructure

Contributions



Ports as hydrogen « coastal hubs »: trials and study

Pilots for clean port operations in container and ferry terminals

Pilots for ports operations

Heavy machinery for container handling

Study on hydrogen in ports and 

industrial coastal areas 

Heat and on-shore power for ferry terminals
Timing

▪ Nov. 2021 – Oct.2023

Forecasting

▪ Estimate hydrogen demand

and supply transiting through

European ports in 2030, 2040 

and 2050

▪ Project assistance for 4 case 

study ports

▪ Port of Palma = 100kW 

▪ Port of Orkney = 75 kW 

▪ Port of Tenerife = 100kW 

▪ Port of Valencia

Community building 

▪ Create an European Hydrogen Ports Network

▪ Exchange with Global Hydrogen Ports Coalition 

- CEM initiative 



Supporting the uptake of clean rail

Taking the steps towards zero-emission rail

10

▪ Identify gaps normative framework

▪ Modifications of relevant standards 

and technical specifications for 

interoperability

▪ Develop a bi-mode fuel cell hybrid 

train to operate on catenary and on 

FC/battery propulsion

▪ Test, validate and carry out the 

homologation of the prototype

Objective

Regulation, codes and standards

▪ Integration of FC and 

battery pack at test 

bench

Integration completed

▪ Integration of power 

pack on existing train

▪ Tests ongoing on 

railways in Spain and 

Portugal

Tests on rail ongoing



Toward a clean aeronautic transport 

From small planes to long range H2 powered aircrafts

2018 – Aircraft 

propulsion: Flying demo 

end 2023 with LH2 tank

From APU to aircraft propulsion 

▪ Dedicated Fuel cells for Aviation from 

stack to full system (MW)

▪ Disruptive next-gen high temperature

Fuel cells for future aviation

Power density

>1.5kW/kg @ system level

>3 kW/kg @ stack level

20.000 hours 

durability 

in 2024

Flight demos as of 2030

▪ Specific safety measures

▪ Liquid hydrogen storage and infrastructure

▪ FC stack size up to 1.5MW

Challenges 

2012 - APU for 

secondary 

electrical system

2017 – FC for 

emergency 

operation

Next phase (2022)



Hydrogen
transport

FC stack components, 
BoP: continuing development

Hydrogen infrastructure: 
improving efficiency of delivery

Hydrogen tanks: optimising
space with comformable tanks

Building blocks

Transport modes

Stack manufacturing: 
integrating sustainbility concepts 

Addressing the main challenges of demanding transport modes

Decarbonizing transport: Moving from automotive to heavy-duty



Development of durable 

and high-power density 

MEAs for trucks

Driving forward fuel cell technology for HD 

Advanced fuel cell components meeting performance and durability targets

High performance MEA components for LDV

→ 1.8 W/cm2 - power density 2024 target achieved (@ 0.6 V)    

(20 % - increase in power density over SoA)

→ 0.25 g Pt/kW – still above the industry 2030 target

→ 11 - 14 μV/h – voltage loss (< 10% degradation over 6000 hours)

→ 6 EUR/kW – MEA cost (including recycling on Pt and ionomer)

Achievements

Development of stacks 

for heavy-duty 

applications focusing on 

increasing the durability

Success stories 

winner 2022

Next steps (2022)

Durability goals

Ongoing efforts



Standardised modules for HD applications

Making fuel cells a mainstream technology

Definition of the 

specifications

▪ Define dimensions

▪ Physical interface

▪ Application Program 

Interface

▪ Partners are building and 

testing the FC modules

Testing campaign

▪ Exploitation workshops 

already started (more to 

come!)

▪ Public deliverables

Dissemination



Manufacturing of fuel cells components

Scaling up production to match expected demand 

Manufacturing lines Design for manufacturability MEA

▪ Yearly capacity up to 

50.000 units stacks

▪ Digital characterisation of 

materials

▪ Assessment bottlenecks

▪ Development of online QC 

techniques

▪ Abatement of BoP costs 

via redesign of 

components

▪ Mass manufacturing 

techniques for stack 

production

▪ CCM = 3 GW/line/y



Hydrogen on-board storage and transport

Developing solutions spanning from gas to liquid hydrogen 

Next phase (2022)

Specific LH2

▪ Conformable tanks: Fitting 

solutions for tight spaces 

Automotive applications

Gas @ 700 bar Liquid

▪ New materials (type V): cost 

effective thermoplastic 

composite

Tank cost target: 400€/kg of H2

▪ Mass manufacturing of 

cylindrical automotive tanks

▪ LH2 tanks for 

aviation: 50-150kg 

with 16% gravimetric 

efficiency (in synergy 

with Clean Aviation JU)



Hydrogen refuelling station

Developing standards for speeding hydrogen refuelling stations

▪ Tank: up to 100 kg H2

▪ Speed: up to 300 g/s

INPUT
▪ Tank:~5 kg H2

▪ Speed: Max 60 g/s

Standard SAE J2601

Next phase (2022) 

Hardware for high flow
Development certification & testing 

of components for HDV refuelling

▪ Target 170 g/s, with peak 300 g/s

▪ Protocols based on communication 

between HRS and vehicle

Protocols

Challenge

ISO TC 197 

WG 24 (TF 3) 

Need for new 

international 

standard

INPUT

NEW: Type 3: Dynamic data on CHSS status,  e.g. temp., pressure,…

NEW: Type 2: Static data on CHSS design

t

t

IMPROVED: Type 1: No communication



Shifting from hundreds to tonnes of H2 per year month for large and solicitated 

stations

Witnessing the operation of the new generation HRS

▪ Larger HRS sustaining fleets of buses or cars 

▪ Operators handling a network of HRS 

▪ Managing a continuous supply of H2 in large 

quantities

▪ Improved customers experience (payment

system, back-to-back, multidispensers, etc.)
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European HRS Availability System

https://h2-map.eu/

Robust HRS service
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Bus: Reaching out and opening new markets in Europe 

Trucks: consolidated efforts in research and preparation of 

infrastructure for heavy duty applications

Ships, aircrafts, trains and heavy machinery: preparing the 

commercial products in the heavy duty segment

R&D Building blocks: improve the power density and durability in 

PEMFC 

Conclusions


