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Hydrogen research team at RGU
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Recent hydrogen projects (examples)
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Hy-ONE

Scotland’s Comprehensive
Hydrogen Storage Testing Facility

https://www.hy -one.co.uk/ ~”

Riaghaltas na h-Alba
’A‘ gov.scot
Energy Transition Fund, Hydrogen

Innovation Scheme, Stream 2; and ROBERT GORDON
Robert Gordon University UNIVERSITY

Project No. EETF/HIS/ APP/007

Scottish Government

Funded by ScotGov : Emerging

Total budget: £3.9m


https://www.hy-one.co.uk/
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Filament Winding - Composite cylinder manufacturing
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Hy-ONE objectives

PROTOTYPE AND CONCEPT
DEVELOPMENT

* Hy-One will engage with prototypes and concepts
through the different scales of TRL1 to TRL9,
particularly supporting early -stage concept
evaluation.

Providing advice for businesses in terms of developing
prototypes and concepts and a guide to storage
vessel developers and manufacturers on the best
practices for testing, improving, and evaluating
upcoming and new technologies.

HYDROGEN CLUSTER
DEVELOPMENT

+ Hy-One will facilitate the development of a hydrogen

cluster in Scotland. Support the creation of job
opportunities within the sector through technological
development and economy expansion.

Facility and hydrogen cluster will also provide confidence

in the mobility of smaller scale hydrogen storage as a
business and a social behaviour in support of the
technological developments.

Facility will provide training and development for the local

and regional supply chain within the hydrogen cluster.

COMPONENT TESTING

Hy -One will provide technical reports on current and future
understandings of technology and influence governmental
standards for the development of compressed hydrogen
storage vessels.

Hydrogen exposure permeation and leakage testing for
materials, valves, tanks, links and connections of the storage
vessels.

Using sensors, measurement equipment and data acquisition
system

Exposure testing for absorption/desorption quantification
Above ground, underground, underwater and component

testing
a CERTIFICATION

Hy-One will also provide comprehensive certifications and
compliance qualifications aligned with the current national
standards, practices and guidelines

Allowing suitable compressed storage vessels developed in
Scottish hydrogen supply chain and support further
renewable hydrogen production and the integration of
hydrogen into our energy systems.

HY-ONE

SCOTLAND’S HYDROGEN
HYDROGEN VESSEL AND it i
AT ROBERT GORDON UNIVERSITY
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Inspection

Health & Safety

Hazards, risk assessment &
planning, testing
environmentalcontrol, PPE,
leak detection & monitoring,
emergency response,training
& competence,compliance,
post-test safety protocols

Hy-ONE workspace

Testing

Inspection preparation
and inspection,
reporting

Certification

Product design & development,
Laboratory test selection (drop
weight, high velocity impact,
endurance testing, underwater or
underground testing, pressure
testing, refilling station ), Sample
collection or delivery,  Testing
process

Guidelines, certification
audit, issue of certificate

Training Courses

All Things Hydrogen,
testing, inspection,
certification, training
certificate

Research & Consultancy

Hydrogen value chain

>

HY-ONE

SCOTLAND’S HYDROGEN
STORAGE TESTING FACILITY
AT ROBERT GORDON UNIVERSITY
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Hy -ONE testing workspace

Drop weight impact High velocity impact Endurance testing Underwater/Underground testing pool
testing machine (puncture test) (pressure load, leak, burst) (fatigue and endurance testing)

Pressure testing systems High pressure testing bunker Other tests

300 bar

>

HY-ONE

SCOTLAND’S HYDROGEN
STORAGE TESTING FACILITY
AT ROBERT GORDON UNIVERSITY
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Hy -ONE testing workspace
(other tests)

Mechanical testing

Material testing

Fluid & structure testing

Analytical lab testing

Tensile, shear,
compression, fracture
toughness, fatigue &
fatigue crack growth,

creep, hydrogen
permea bility, ductility

SEM, EDS, Hardness
(metals & alloys,
polymers, ceramics,
composites, coatings)

Multi-phase flow

Purity testing [Gas
chromatography (GC),
mass spectrometry

(MS)]

Composite manufacturing

Sensors & instrumentation lab

Simulation & analytical

Manufacturing & flaw
tests

Destructive and non -
destructive testing

FEA/CFD/Analytical

Additional tests

>

HY-ONE

SCOTLAND’S HYDROGEN
STORAGE TESTING FACILITY
AT ROBERT GORDON UNIVERSITY
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How to work with us?

 Membership model to access state -of -the -art facilities

» Strategic partnership

« Research collaboration programmes (<6 months; = 12 months)
« Case studies

« Targeted investigation on given topics

* Networking

« Public engagement

* Impactroad-mapping and assessments

>
i About... Publications... Services News Get Involved

o ot L

hy-one@rgu.ac.uk
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Scalable meta material thermally sprayed catalyst ) N/
coatings for nuclear reactor high temperature solid Wil Prathuru
oxide steam electroly sis (METASIS)
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Solid oxide steam electrolysis (SOSE)
|1+

2e Industrial sectors where large amounts of high -
Hydrogen in Steam )\ (-) temperature heat energy are available:
Pure Oxygen * nuclear power plants
‘ » solar thermal plants
' « geothermal plants
o* « steel plants
« ammonia and methanol production plants
[> * paper mills
« petrochemical plants
Steam ’ _~ Gas-tight Electrolyte
o .

Porous cathode / ~— Porous anode
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Ambition of the nuclear sector - produce 75 TWh of hydrogen by 2050 I N

I.-' W)
———————————————————————————————— - AN . L {r'f
r—— - - - - - - - ————————— — —— — — —— g { Rt
| Electrolyser carbon footprint I = J N oy
| SOSE (0.577 kg CO ,-eq./kWh) I 74 N. Irélaigy = (
| AWE (0.651 kg CO ,-eq./kWh) I BTNy e [ N
| PEM (0.676 kg CO ,-eq./kWh) I T (
———————————————————————————————— = ' -
r—e—————_——_—_—_—______-__ - - _-_ - _ - - - _  _ _ _ _ - _-__-—_-— - o e S L il
| Total heat waste from UK industry and electricity generation was I g 5 | :,?’J A
| nearly 391,000 GWh per year (in 2018) | Lo Jf 7 ";
- - - - -T-T-T-------------o-----o-o-o-m-mm - 3 Ly
r : : = b “Wal
| Current hydrogen production cost using nuclear power and waste I cf?f b g
| heatis €3.3 -6.8 (or £2.79 -5.74)/kgH , | o il ce
I . I r"::._ o
| According to UK NNL estimates, the levelised cost of nuclear coupled | / S
| hydrogen in 2050 is expected to be in the range of £1.24-2.14/kgH , | Vi =
| y

| for steam electrolysis
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Design & modelling

e

METASIS project

Interconnect (Ag)

Anode (GDC-LSCF)
o Electrolyte double layer
(electron blocking layer) (YSZ)

AN Electrolyte layer (GDC)
Cathode (NiO-GDC)

Interconnect (Ag)

Metal support (titanium)

Tubular solid oxide

steam electrolyser cell -
(cross-section)

Thermomechanical
stresses in a multi-
material and multi-layer
tubular system

0% )

Victoria et al. Journal of Power Sources (2025);

https://papers.ssrn.com/sol3/papers.cfm?abstract id=5015628

Metasurface patterned anode for enhanced performance of solid oxide electrolyser

Comparison of metasurfaces
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Victoria et al. Engineering Fracture Mechanics (2025);

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5021100
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ROBERT GORDON METASIS project

wersyceoesn Gl fabrication stages ‘J%

Electrodeposition of silver on SS & Ti
tubes

Half cell fabrication (dip coating slurries,
current collector & cathode functional
layer)

Full cell fabrication (electrolyte and
anode layers, anode current collector
and sealing)

Ultrasonicated slurries, high -
temperature sintering (950 -1100 C)




METASIS project

@ ROBERT GORDON
UNIVERSITY

Manufacturing

Electrodeposition
Dip coating

Air plasma spray coating




Environment

MBSO METALYSIS Project

Molten salt, steam, radiation

Challenges
~ (measurement, material
loss/degradation/retention/contamination)

conditions
J

Functional multiple layers (sacrificial layer with low
— porosity, resistant against molten salt corrosion, good
thermal stability, hardness, and wear resistance, no

_ oxidation or colour change, better thermo-physical
properties, and improved chemical inertness against

| foreign deposits). Need to have lower thermal

-1 conductivity values than bottom layer.

_ Thermal insulating layer (with good
adhesion properties).

Coating package

Superalloy bond coating | Thermal barrier layer (to enhance mechanical
(thermal barrier layer) (layer 1) | bonding with top layer, low thermal conductivity,
— low thermal expansion coefficient); Heat treatment

of the layer could provide highest strengthening
effect and can influence grain size.

Superalloys substrate (which can be used at
high temperature. Creep and oxidation resistance
are the prime design criteria).

Substrate 1

Structural parts
(Substrate package)
|
S

MCAPO034

Structural materials and meta -data for high
temperature electrolysis (METALYSIS)

Muthukrishnan et al., High Temperature Corrosion of Materials (2024);
https://link.springer.com/article/10.1007/s11085 -024 -10312-4

e E s s s s s s s s s ——————————

Machine Learning
(training, model update)

Classified data

Big Data (Electrolyser)

e

o= - N

Electrolyser Data [

. ; Data from Data from |
(physical space) » oM cmulations  experiments :
(available data, missing data) | [Merature I

Molten salt nuclear
power plant (based

\-----------------*

Molten salt channel for thermochemical

1
1
|
on molten salt, fissile Molten Salt 1 water splitting
material dissolved in Reactor (MSR) 1 -
liquid salt, nuclear fuel ( \ Heat : I
in liguid form) exchanger 1 High temperature steam :
. H channel for water splitting H
. 1 + :
H 1 I R 1
Fresh and v . H HH
purified fuel -' .z :: Electricity
Molten fuel Sy 4§ (voltage)
(liquid form) S =i
-3 3 lﬁ
=
Spent fuel F Electricity
1
J !
1
Chemical 1
reprocessing module :
(separation of N 1
fissionable material Holding tank 1
from spent fuel) :
________________________________________ \
] [ ] °
HENRY
] ] [
REO: ¥ CE
] [ ] [} .
Investigators

INSTITUTE

Prof Nadimul Faisal
Prof Mamdud Hossain
Dr Anil Prathuru
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R GORDON THERMOSIS Project

€3%H, aqueaws]  ghields, radiator, tank,
fans, and fittings, etc.

Molten salt, water/steam channel Multimode material degradation
Thermochemical i = (structural parts) (Corrosion, erosion, radioactive
cycle Pe . [ — Structural parts: vessels, contamination, retention, loads, ageing)
i sraie | H sheet, plate, strip, billet,
Pl i I o} rod, bar, heat
- el exchangers, pipes,
. pumps, flanges, bellows,
cu (uuwul(- g
Cus2 (aque: 2 : [RrR— seals, valves, thermal
s .

|zcl|qou:

:I—lL

—_— 110 ,’__———————————————————..\ Thermo-
EM membrane [ \I mechanical
I i s deformation
|
Molten salt : 1
High temperature, abrasion, erosion, 1 1
corrosion, contamination, retention, 1 1 Coating buckling .
mechanical loads, ageing etc. i 1 Compressive stress H Igh
Anode i 1 residual
Molten salt s I N
Membrane —Lt I H compressive
Cathode 5 l\ 7 stress in
| ~ ’ Substrate .

Coating

N

Flow channel Coating peeling High
(e.g. tubular) .
Tensile stress residual
Interaction of molten tensile
salt with flow channel Substrate {ag, Eg, Vs, dp) stress in

or structural part coating

Substrate

Coating-substrate system

GC 596

Thermally sprayed coatings for thermochemical
electrolysis at nuclear reactors (THERMOSIS)

'I
NATIONAL NUCLEAR '.
| ABORATORY &
L ]

Investigators
Prof Nadimul Faisal
Prof Mamdud Hossain
Dr Anil Prathuru
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Consumer Perceptions Toward Hydrogen Fuel Cell S
Vehicles: A Demonstrator Project

i TRANSPORT
University of SCOTLAND

COMHDHAIL ALBA

Aim: Developing ot e Q
public awareness of
hydrogen fuel cell
technology and
assessrealworld
response of
potentialconsumers
to hydrogen fuelcell %
cars through a
typicalroad drive
experience (drive
clinic).

) Bridge of Dee
SRoundabout

89077

Investigators
Prof James Njuguna
Prof Nadimul Faisal
Dr Bridget Menyeh
Tiwaoluwa Oladigbo
Alexander Oburoh



ﬂlﬂvBEEIs‘I.;YGORDON Underground Hydrogen Storage: Evolution of Porosity and Mineralogy

Maintaining the integrity of underground hydrogen storage systems through monitoring of
porosity and mineralogy evolution
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_ Investigators
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Underground Hydrogen Storage:Evolutions of the caprock Dr Ruissein Mahon
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Kennedy Antwi
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Hemispherical head

, Composite Cylinder

V-Block support
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Hydrogen Upskilling Course, Public Engagement

ALL

ROBERT GORDON
UNIVERSITY ABERDEEN
A Study > Courses > Hydrogen Energy Systems THINGS
- School of Computing, Engineering and Technology H Y D R o G E N

Hydrogen Energy Systems %EE'E?R 2

Short Course - 15 credits at SCQF level 11

A COLLABORATION BETWEEN THE

https://www.rgu.ac.uk/study/courses/6325 -hydrogen -energy -systems 18 March 2025 — National Subsea Centre (NSC), Aberdeen

Thank you


https://www.rgu.ac.uk/study/courses/6325-hydrogen-energy-systems
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