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The Rapid Need to Decarbonise



H2 is an elegant Energy Vector



The H2 landscape

PRODUCTION TRANSPORT AND STORAGE UTILISATION



Start with something small and light..

Propensity to leak
Low Viscosity
Very high diffusivity
Likelihood of Embrittlement

Storage Volume
Transportation
Weight
Technical Challenges

Propensity to Ignite
Wide flammability range
Very low ignition energy
Spontaneous Ignition

Consequences of Fire and Explosion
Invisible Flame
Rapid Burning Rate
Possibility of detonation

90% of our Universe atoms are H2
10% of our Body
Common Water reference
Only element that can exist without neutrons



Perspect ives are Key



H2 We need to look at the whole system



Hydrogen Must Always be Considered as Complimentary in 
the Energy System based on Sound:

Economic
Thermodynamics and Metal lurgy
Environmental
Alternatives
Specif ic  Contexts
AND/OR – to Both?
Where is  the system boundary



Seasonal  Ef fect  of  Heat ing



Blending and the  Seasonal  Ef fect  of  
Heat ing



Efficiency Losses

20 - 30% of energy is lost in the process of creating hydrogen. The hydrogen must then be 

compressed and stored, losing another 10%. Finally, another 30% is lost when converting the hydrogen 

into electricity. This leaves you with 30 – 40% of the original energy used.





SAF vs Where we are Today



BACK TO HYDROGEN PROPERTIES

Propensity to leak
Low Viscosity
Very high diffusivity
Likelihood of Embrittlement

Storage Volume
Transportation
Weight
Technical Challenges

Propensity to Ignite
Wide flammability range
Very low ignition energy
Spontaneous Ignition

Consequences of Fire and Explosion
Invisible Flame
Rapid Burning Rate
Possibility of detonation

90% of our Universe atoms are H2
10% of our Body
Commonly found in water
Only element that can exist without neutrons





Options for Range Flight



Possible Roll-Out Scenarios?



System Scalability and Time

• 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.
• 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


Airport Challenges (aside from the Aircraft)
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Material TIC Digital World Physical World

Element – Assuring Your Energy Transition

LCSA (ESG) Services

Materials Knowledge

PRODUCTION TRANSPORT AND STORAGE UTILISATION



C o m b i n a t i o n  o f  Te s t i n g  a n d  D i g i t a l  E n g i n e e r i n g
:  F u l l  P r o d u c t  D e v e l o p m e n t  L i f e  C y c l e

feasibility 

study

concept / 

ideas

develop / implement / 

build/Operations

requirements

design

operate

validate

verify

test

Verify & 

validate 

against 

requirements



Physical Experience
PRODUCTION TRANSPORT AND STORAGE UTILISATION



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

Ref:Rosen



Examples for Metallics



Like  sand on the  beach – i t  gets  
everywhere! !

HE Cracking Mechanisms



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



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 

real-time 
solution

Decision 
making 

tool

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



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
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Challenge

Our Capabilities

Sloshing of cryogenic hydrogen tanks

In applications where cryogenic 
hydrogen storage is considered, 
the risk of sloshing-induced 
hydrogen boil-off must be 
assessed to determine 
overpresurization rates

Norton Straw have implemented a calibrated boiling model in the 
commercial CFD tool StarCCM+. This model has then been validated 
against experimental data and used to produce insights regarding 
sloshing-induced hydrogen boil-off.

We have assisted a UK 
government-funded 
Aerospace programme 
by delivering new 
insights  regarding the 
behaviour of the liquid 
hydrogen undergoing 
sloshing

Challenge Outcome
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Challenge

Our Capabilities

Cryogenic cooling using liquid Nitrogen

A client have approached 
Element asking for support in 
development of a tool that 
operated cryogenic N2 to cool 
metal structures

We have produced two analyses. A system-level analysis was conducted
using FlowMaster to determine pressure-drop in the system and the level
of heating of the Nitrogen. A CFD multi-phase analysis was then conducted
to determine the efficiency of the deployed Nitrogen jet to cool metal
structures

As a result of our work, 
our client could make an 
informed decision with 
respect to the viability 
and cost-savings 
associated with the tool 
they were deploying

Outcome



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

Turbine Component Lifing



34

Challenge

Our work

Hydrogen fuel cell performance optimisation

We have been 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. 

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

Outcome



Material TIC Digital World Physical World

Element – Assuring Your Energy Transition

Materials Knowledge

PRODUCTION TRANSPORT AND STORAGE UTILISATION



Where can we fit: Systems and Component Level



Hydrogen Must Always be Considered as 
Complimentary in the Energy System based on 
Sound:

Economic – Supply/Demand/Cost
Thermodynamic and Metallurgy
Environmental
Alternatives
Specif ic Contexts
AND/OR – to Both?
Where is the system boundary
Resistance to HE
In a t imely fashion….





Thank you for l istening… . .

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

D i r e c t o r  o f  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


