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1) CEA: Commissariat à l’énergie atomique et aux énergies alternatives

10 research centres
19925 technicians, engineers, researchers and staff
1 351PhD & Post Doc
750 priority patents filed / year
200 start-ups since 1972 in the innovative technologies sector

The CEA is active in
four main areas:
Å low-carbon energies
Å defense and security
Å information technologies
Å health technologies

CEA is “The World's most 
innovative research 
institution” 

(Reuters, 8th of March, 2016)
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https://www.cea.fr/
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1) CEA H2 70 MPa CPV R&D activity since2002 at CEA Tours

Å Materials
Å Polymer synthesis and transformation
Å Characterisation and H2 permeation
Å New Fastcuring Towpreg

Å CPV Concept & Design & Mech. Simulation (FE calculation)

Å Fiwiqus : CEA filament winding tool for Abaqus

Å Process and simulation (reactive/non reactive Rotomolding, Filament Winding, Curing…)

Å Manufacturing (Liner, Composite)

Å Instrumentation
Å Testing Process : Proof, Burst, Cycling Text, Creep, Flaw, Gun, Impact, Fire, Chem, Proof … 

Å CPV Testing (Standard, Regulation EC79 or R134, additional severe conditions)

Å PHM, SHM
Å RCS participation (AFNOR, ISO-TC197, EC-SFEM, UNECE-GTR13)

Å HRS : Fast Filling (FCH-JU PRHYDE Project)

Å CPV prototyping and testing
Å R&D collaborative projects (with academics, industrials)

Å Industrial transfer (ex. Liner manufacturing to RAIGI)

Å Patents, IP
Å Education
Å Conference (H2PV http://h2pv.org/,  ICHS,  ICCM 27 - 31 July 2009 Edinburgh, others)

Å Expertise
Å Consulting (industrials, end-users)

CPV : Composite Pressure Vessel

Dedicated R&D CPV plateform at CEA

CPV design, prototyping and testing
plateform

http://h2pv.org/
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1) Processand CPV Manufacturingat CEA

CEA H2 62L 700 bar  CPV

Full thermoplasticCEA H2 37L 700 bar CPV 

CEA liner products

105L
37L

62L

23L



Commissariat à l’énergie atomique et aux énergies alternatives « New Fastcure 2 Towpreg for Hydrogen 70 MPa On-board type IV CPV Manufacturing»     S. Villalonga,    19/05/2022 6

1) Testingand Certificationtests at CEA (EC79 & R134)
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1) FCH-JU PRHYDE project: Heavy-duty hydrogenrefuelling

7

uPRHYDE, a European-funded project, is working on 3 types of 
protocols reducing the worst-case assumptions in SAE J2601 
that would lead to excessive fuelling times when refuelling 
HD vehicles 

uProject lifetime: January 2020 - September 2022

uExpected results: recommendations to the relevant 
standardization forums – with the aim of achieving 
standardization at ISO level (e.g. ISO TC197 WG24 – Task-
Force 3, targeting ISO 19885-3 standard)

u For further information, see www.prhyde.eu

http://www.prhyde.eu/
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2) Standard TypeIV H2 CPV definition

1 tow of 24k filaments
7µm filament diameter

thermoplastic powder

ÅMetallic boss (AL)
ÅPlastic liner (PE, PA)
ÅComposite shell (CF+epoxy)
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First order evaluation

Application example:
Å 62L, 700 bar, type IV
Å EC79-RM134 Burstratio: 2,25=> 1575 bar

CPV Total mass=0.42 .10-3* 62 * 1575 = 41 kg 

2) CPV types
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3) Standard TypeIV CPV manufacturingsteps

62 L, 700 bar H2 CPV
Rotomolding: 40 min

Filament Winding: 1h30min

Epoxy Curing: 12h00-18h00

Total = 14h00-20h00

Time order for automotive industry : 

minute

Time order for CPV manufacturing:

hour
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CEA : project leader

2016 : CEA Storage system Cost Study (CAPEX, OPEX) 
Ý600 € / H2 kg  for 9 000 « 700 bar 62L » units / year
ÝManufacturing ratio: 35% => 200 € / H2 kg 

3) Standard TypeIV CPV Manufacturingcost

11



Commissariat à l’énergie atomique et aux énergies alternatives « New Fastcure 2 Towpreg for Hydrogen 70 MPa On-board type IV CPV Manufacturing»     S. Villalonga,    19/05/2022

4) Composite Pressure Vessel Fastcuring
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4) FCEV, Bussesor Trucks: Multiple CPV
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Toyota Mirai 2

BMW iX5 H2

Hyundai Nexo
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CEA H2 62L 700 bar  CPV

Goal 2020 - 2023: increase CPV manufacturing rate

SOA: thick carbon- epoxy curing at low T: 12 h to 18 h

Ideal goal: 1 h, Acceptable goal: 5-6 h for thick composite (3 cm) at low
curingtemperature(PE ou PA liner)

2020 – 2021 task: resin formulation
Å towpreg formulation (2021) => 1 patent
Å Resin formulation for wet winding (2022) => 1 patent

Project partners

4) Fastcure2 project
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4) Fastcure2 Project : Towpregformulation (130°C)

FASTCURE (6h)

Potlife Tamb (>6 month)

Hotmelt formulation

Thermo mechanical properties

Impregnation

CPV processability

700 bar CPV performance

u DGEBA/IL towpreg formulation patented (2021)

u Matrix with similar propertiesthan Epoxy-Amines

u Validation on prototype manufacturing(130°C => 
PA liner), dry Tg=136°C, additional work: needto 
increasethe bobin rigidity

u 2022-2023 : first 700 CPV manufacturing+ burst
test + cyclingtest

Fastcure 2 towpreg Towpreg Filament 
Winding on liner

Towpreg Filament 
Winding on liner

130°C Towpreg curing cycle : 
4h45min
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4) Fastcure2 Project : Wet winding formulation (105°C, 130°C)

FASTCURE (7h)

Potlife (>48 hours)

Low visocisty resin (< 1 Pa.s)

Thermo mechanical properties

Impregnation

CPV processability

700 bar CPV performance

u DGEBA/IL wet winding formulation patented (2022)

u Matrix with similar propertiesthan Epoxy-Amines

u Validation on prototype manufacturing(105°C & 
130°C => PE & PA liner)

u 2022-2023 : first 700 CPV manufacturing+ burst test 
+ cyclingtest

Impregnation Bath 
with Fastcure 2 resin

Wet Filament 
Winding on liner

Plot

Fibre

Matrix

Pull out test with fastcure 2 resin
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5) Conclusion

V 2 resin formulations for thick composite at low curing temperature for H2 700 bar on-
board type IV CPV

V 1 towpreg at 130°C (patented): 6 hours

V 1 resin for wet filament winding at 105°C & 130°C (patented): 7 hours

V => Curingtime dividedby 2.5 (12h-18h=> 7h)

V => CPV manufacturingtime divide by 2 (14h00-20h00=> 9h00) 

2022-2023

V 700 bar pressure vessel Type IV CPV manufacturing at CEA

V 700 bar CPV regulation tests (burst, cycles) at CEA

V Scientific paper on resin formulation & characterization

17



Commissariat à l’énergie atomique et aux énergies alternatives « New Fastcure 2 Towpreg for Hydrogen 70 MPa On-board type IV CPV Manufacturing»     S. Villalonga,    19/05/2022

Acknowledgment

French National Agency (ANR) for the financialsupport

S2E2 Smart ElectricityCluster

Fastcure2 partners

18



Commissariat à l’énergie atomique et aux énergies alternatives « New Fastcure 2 Towpreg for Hydrogen 70 MPa On-board type IV CPV Manufacturing»     S. Villalonga,    19/05/2022

Commissariat à l’énergie atomique et aux énergies alternatives - www.cea.fr

Thank you for your attention

stephane.villalonga@cea.fr


