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Physical Challenges and Services in Hydrogen 

Digital Opportunities  and Services with Hydrogen 

Concluding Remarks 

To Test: 

 

 

‘a procedure/measures intended to 

establish the quality, performance, 

or reliability of something, 

especially before it is taken into 

widespread use’. 

 



H2 is an elegant Energy Vector 

Ref: Irena 



Perspec t i ves  a re  Key  
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System, Product  Scalability, Time and Cost  

• Global H2 ~ 75 million tonnes per year - demand > projected to 621 million tonnes 2050. 
• 75 Million Tonnes is Grey – without little or no CCUS infrastructure.  

• e.g.Paris Orly Airport - filling up 30 percent of flights H2 - 270 tons of ‘liquid’ hydrogen per day. 

 

• Largest single liquefier - 32 tonnes per day (TPD), global capacity is 350 tonnes per day.  

 

• Liquifaction – energy losses (~40%), Safety, Scale…. 

 

 

 

 

 

 

International Energy Agency (IEA), Energy Technology Perspectives 2020, Paris, France, 2020. 

 Hydrogen Liquifaction (Review Article) Energy Environ. Sci., 2022, 15, 2690-2731 

• Hydrogen from Electrolysis - 18 gigawatt-hours every day - one typical nuclear plant 900 MW. 

•  If the electricity is produced through solar power, 44 square kilometers of solar panels would be needed—a 

footprint representing three times the entire surface area of the airport.  

• Largest hydrogen-electrolysis plants today ~20 megawatts of capacity - maximum production of just 0.5 gigawatt-

hours a day—A growth factor of 50x. 

https://doi.org/10.1039/1754-5706/2008
https://doi.org/10.1039/1754-5706/2008
https://doi.org/10.1039/1754-5706/2008


S m a r te r  Te st i n g :  C o m b i n a t i o n  P hys i c a l  Te st i n g  a n d  
D i g i ta l  E n g i n e e r i n g  

A c r o s s  F u l l  P r o d u c t ,  ( a n d  S y s t e m )  D e v e l o p m e n t  L i f e  C y c l e  
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H2 Piping – Evolving Infrastructures 

Non Metallic Polymer/composite Pipe / Joints / Fittings / 
Coatings / Seals / Permeation 

• H2 Blends 
• Impurities 
• 100% Hydrogen 
• Cryogenics 

CO2 Pipelines 

Metallic Pipe / Welds / Fittings / Jointing /  
Coatings / Seals 



Physical Experience 
PRODUCTION TRANSPORT AND STORAGE UTILISATION 



Examples for Metallics 



Fatigue Endurance - in-situ 

Surface Crack Initiation 

ASME B31.12 Standard on Hydrogen Piping and Pipelines contains requirements for piping in gaseous and 
liquid hydrogen service and pipelines in gaseous hydrogen service.  



N o n - M e ta l l i c  Ef fe c t s  o f  H 2  

Permeation 
Thermoplastic hydrogen 40 bar 40 °C:   

   

 
Rapid Gas Decompression with H2 



PROPULSION DEVELOPMENT 
TESTING  

 
(NTS/Element) 

THERMAL SHOCK 

• High temperature soak followed by high flow 
low temperature fluid 

• 700 gpm liquid hydrogen 

• 500 gpm liquid nitrogen 

• Low temperature soak followed by high flow 
high temperature fluid 

• Oxygen at 4,500 psi and 700 deg. F 

• Nitrogen at 4,500 psi and 550 deg. F 

• Nitrogen at 2,500 psi and 1,500 deg. F 

• Nitrogen at 1500 psi and 1,100 deg. F 



Digital Experience 
PRODUCTION TRANSPORT AND STORAGE UTILISATION 

• EXPLOSION RISK AND CONSEQUENCE 
MODELLING OF ELECTROLYSERS 
 

• ELECTROCHEMICAL MODELLING OF 
ELECTROLISER STACKS 

• PLUME DISPERSION AND IGNITION RISK 
MODELLING 

• SYSTEM-LEVEL MODELLING OF STORAGE CONTAINER RE-FUELLING OR 
DISCHARGE OPERATIONS 

 
• THERMO- AND FLUID DYNAMICS OF CRYOGENIC HYDROGEN STORAGE 

AND TRANSPORT 
• LEAKS AND EXPLOSION MODELLING OF TRANSPORT INFRASTRUCTURE 
• PLUME DISPERSION AND IGNITION RISK MODELLING 

• FUEL CELL THERMAL AND FLUID DYNAMIC 
MODELLING AND OPTIMISATION 

 
• FUEL CELL EXPLOSION AND CONSEQUENCE 

ANALYSIS 



Digital Asset Management 

Digital Twin 

Sensor 
Data 

Machine 
learning 

Physics-
based 

models 
Near 
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Platform 

• D i g i t a l  t w i n  t e c h n o l o g y  f o r  
r e a l  t i m e  c o n d i t i o n  
a s s e s s m e n t  

• L i f e  e x t e n s i o n  /  e x t e n d e d  t i m e  
b e t w e e n  o v e r h a u l  

• M a i n t e n a n c e  b a s e d  o n  a c t u a l  
u s e  n o t  c o n s e r v a t i v e  d e s i g n  
a s s e s s m e n t  

 



Hydrogen fuel 
cell 

performance 
optimisation 

Norton Straw were approached by a fuel 
cell manufacturer to support the 
troubleshooting of in-service operation of 
their fuel cell. 

• Computational Fluid Dynamics models were 
built and used to predict flow distribution and 
characterize non-uniformity in the catalyst and 
the cell itself. 

• The team proposed a design modification 
consisting of porous strips used to improve flow 
uniformity within the fuel cell.  

 

Our work 

Challenge 

The client received a solution 
which helped reduce wear of 
fuel cell whilst in operation 
saving costs of maintenance 
over time. 



Challenge 

Our work 

Hydrogen Bus  Fue l  Tank  In tegr i t y  

O u r  c u s t o m e r  d e s i g n s  
f u e l  s t o r a g e  s y s t e m s  f o r  
h y d r o g e n  v e h i c l e s ,  
w h i c h  m u s t  r e a c h  a  v e r y  
h i g h  s t a n d a r d  o f  
i n t e g r i t y .   T h e y  a s k e d  
f o r  o u r  s u p p o r t  i n  u s i n g  
a n a l y s i s  t o  d e m o n s t r a t e  
t h e  s t r e n g t h  o f  t h e i r  
d e s i g n .  

W e  u s e d  a d v a n c e d  F i n i t e  E l e m e n t  A n a l y s i s  ( F E A )  
m o d e l l i n g  t o  d e t e r m i n e  t h e  r a n g e  o f  s t r e s s e s  i n  t h e  
s y s t e m  f r o m  s t a t i c  a n d  d y n a m i c  l o a d s .   W e  t h e n  
u s e d  o u r  e x p e r t i s e  i n  i n t e g r i t y  a s s e s s m e n t  t o  a s s e s s  
t h e  s t r e n g t h  a n d  l i f e  o f  t h e  f u e l  s t o r a g e  s y s t e m .  

W e  p r o v i d e d  o u r  
c l i e n t  w i t h  a  
r e s p o n s i v e  
a n a l y s i s  s e r v i c e  
t h a t  q u i c k l y  
i d e n t i f i e d  a r e a s  
w h e r e  t h e  d e s i g n  
c o u l d  b e  i m p r o v e d  
a n d  s u g g e s t e d  
m o d i f i c a t i o n s .   
T h i s  h a s  l e d  t o  a n  
o n g o i n g  s u p p o r t  
a r r a n g e m e n t .  

Not the actual bus 

Outcome 



CFD -  S losh ing  o f  c ryogen ic  hydrogen 
tanks  

The Challenge 
 
Cryogenic, liquid hydrogen storage in aerospace applications 
carries the risk over-pressurization due to sloshing-induced 
hydrogen boil-off. 

The Outcome 
 
We delivered significant, new insights into the behaviour of 
liquid hydrogen sloshing to a UK government-funded 
Aerospace program. 

Our Approach 
 
We implemented a calibrated boiling model in the commercial 
CFD tool StarCCM+. This model was validated against 
experimental data and used to produce insights regarding 
sloshing-induced hydrogen boil-off. 



Safety: Explosion 
modelling and 

structural response 

Our work 

Challenge 

• S i m u l a t i o n  u s e d  t o  
a s s e s s  c o n s e q u e n c e s  o f  
a c c i d e n t a l  g a s  r e l e a s e s  
a n d  q u a n t i f y  b l a s t   
o v e r - p r e s s u r e s  a l o n g  
w i t h  a s s e s s m e n t  o f  
h e l i d e c k  s a f e t y  a n d  
s t r u c t u r a l  r e s p o n s e  
 

• S a f e t y  s t u d i e s  f o r  F P S O  

• D i s p e r s i o n ,  h e l i d e c k  s a f e t y  &  
b l a s t  r e s p o n s e  

• S i m u l a t i o n  u s e d  t o  s u p p o r t  
F P S O  d e s i g n  

 
Explosion risk assessment 
generated, submitted and 
accepted by the safety 
authorities.  The vessel is now 
in service. 

Outcome 



Turb ine  Component  L i f ing  

Our Experience 
 
• Development of novel materials test programs to support 

• Constitutive model development 
• Creep-fatigue lifing models 
• Corrosion / coating models 

 
• Lifing model development 

• Classical N/Nf and t/tr approaches 
• Development of ductility exhaustion methods, e/ef 
• Combined Creep-Fatigue 

 
• Implementation to Finite Element Analysis 

• Development of User Elements / UMATs for industry  
standard solvers 

• Development of bespoke FEA solutions 
 

• Methods development to support life extension of UK 
Nuclear AGRs 

 



Through benchmarking against 
results from Internal 1D Modelling 
tools, Element Digital Engineering 

are evaluating two software 
platforms, to model flow rates, 

pressures and temperatures across 
the internal air, oil, and fuel systems. 

 

 

 
Full results due mid=2023. 

 

1D MODEL 
BENCHMARKING 

Phase 1. Individual Components 

• Compare the functionality of relevant 
components 

• Create customised components by 
importing Client scripting 

 

Phase 2. Sub-system Modelling 

• Evaluate the performance of 
simplified sub-system models, e.g. 
the HP turbine blade feed system 
(right).  

 

Phase 3. Full Engine Modelling 

• Test full-scale engine models with 
interactions between sub-systems. 



Material TIC  Digital World Physical World 

Element – Assuring Your Energy Transition 
 
 

Materials Knowledge 

PRODUCTION TRANSPORT AND STORAGE UTILISATION 



Smarter Testing: Systems and Component Level  



Thank you for l istening… . .  

D r  M a r k  E l d r i d g e  

M a r k e t  D i r e c t o r ,  R e n e w a b l e s  &  H y d r o g e n  

0 7 8 2 7 9 2 6 7 5 7 ,  m a r k . e l d r i d g e @ e l e m e n t . c o m  


