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Modeling and Control of PEM Water
Electrolyzer Systems

Introduction )
Green hydrogen can be produced from water
electrolysis powered by renewable energy. Th
variability of renewable energy is a challenge
for electrolyzer plants, as it leads to fluctuating
process conditions.

Dynamic process modeling can be used as a
tool to analyze and optimize the operation of
electrolyzer plants under such conditions. By
using a dynamic process model, different
control designs and operating strategies can b

D

tested and evaluated. /
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Primary objective )
A Optimize operation of industrial scale
PEM water electrolysis systems couple

with wind and solar power

Secondary objectives

A Develop a dynamic model of an
industrial scale PEM water electrolyzer
plant to describe the transient behavior
of the process variables

A Develop different controllers and

operating strategies that can improve

Amalie Bisgaard Mgllel

Affiliation: Department of Technology Systems, University of Oslo &
Hydrogen Department, Institute for Energy Technology
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Transition metalcatalyzed synthesis
of ammonia from air and water

-

Introduction )

Ammoniais a promisingcarbonneutral energysource,yet
its current production via the HaberBosch processis
highly energyintensive,relyingon hydrogenfeedstock In
nature, nitrogenase enzymes reduce atmospheric
dinitrogento ammoniaunder ambientconditions Inspired
by this, ammonia formation at enzymatic rates and
ambient conditions was shown to be facilitated by Mo-
catalystsin conjunctionwith Sm}, asreductant,and water
as proton source Despitethis remarkablereactivity, the
underlying mechanism and catalystreductant synergy
remainpoorly understood Gainingsuchinsightis essential
to guide the designof robust catalystand enable future
directelectrocatalytiadinitrogenreduction /
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a) Haber-Bosch Process

b) Nitrogenase Enzymes
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Introduction

Minority bulk and surface proton conduction in ceramic
positrodes for proton ceramic electrochemical cells

~

The positrode (AMO;) for proton
ceramicelectrochemicalcells (PCECah
H, and NH; production, has a major
contribution to the over-potentials and
hencelossesn the whole cell.

We want to establish theory and
methodology for measuring minority
protonic conductivities in electronic

conductors
J

.
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Primary objective

\

A Proton concentration and migration in
the bulk and on surfaces of oxides.

Secondary objectives

AHh STFS00 a-tygeyonduetiank

A Theoretical model of water adsorption.
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A NiO thin film on interdigitated electrode (IDE

A Surface protonics with blocked electronic
conduction by NiO/CeO

UNIVERSITY ¢ Centre for Materials Science

fat

and Nanotechnology

v
>

<

4



Modeling, Optimization, and

Marius Fredriksen
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The successfulshift towards a hydrogenbased
energyeconomydependsheavilyon the efficiency
and sustainability of the available hydrogen
production methods Among the promising
technologies, water electrolysis with proton
exchangemembrane (PEM) electrolyzers stands
out for its high energy efficiency and flexibility.
However, as renewable energy sourcessuch as
wind and solarare highlytransient, proper control
is crucial to improve stack performance, extend
lifespan,and meet critical safety constraints

/Introduction:

[ PrimaryObjective

A Develop control strategies for PEM
electrolyzer systems

SecondaryObjectives

A Developa dynamicmodelfor PEMstacks

\A Studyoptimal operatingconditions

1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

o

/Current activities:
Investigating the optimal operating
regime of multi-stack PEM systems

~

andsuitablecontrol structures

Developingmodel predictive control
(MPC)for PEM singlestack systems
Using power forecaststo proactively
mitigate safetyrisks,suchasthe HTO
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Characterization and si

electrodes in proton ceramic electrochemical cells

Introduction )
Proton Ceramic Electrochemical Cells (PCECs) are promising
devices for converting and storing renewable energy via
hydrogen. They can operate reversibly in electrolysis and fuel ¢
modes using solely hydrogen, oxygen and steam, but are capa
of operating with other fuels as well.

However, current cells suffer from slow reaction kinetics
especially at the steam electrodpdsitrode) ¢ and by poor
durability. While most work focuses on improving existing and
finding new materials, detailed studies of the underlying reactio
pathways are rare. Therefore, we focus on fundamental
mechanism and aim to identify limitations of operating cells usir
\patterned electrodes with welllefined geometries. /

\

/Primary objective
Fundamental understanding of the
electrodes and their limitations
Secondary objectives
A Fabrication and characterization
procedure for model electrodes
Profound understanding of electrode
materials through structural

A

o

mulations of patterned

Ket,ope

on?

Protonic electrolyte

P
Results
A Electrochemical characterization
(Impedance spectroscopy) of patterned
electrodes indicates importance of bulk

characterization electrode pathway
- DZAN
1
Yy GJO H ’ DR 0 GEN .
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Just started ... <50 % > 50 %

Almost donelJ

s

References
A Doppler, M. CFleig J., Bram, M., & Opitz, A. K. (2019). Comparison of

electrochemical hydrogen oxidation on different metal/ceramic model anode$

and mechanistic implicationdournal of Physics: Enerdy3).

A {KAYyS | ® YAYZI , o {lFIyRSNEZ
¢CdzyAyad GKS /2kCS NIGA2 Ay
and electronic conducting oxide, to boost electrolysis and fuel cell
performance.Journal of Materials Chemistry 20(46), 2483§24853.

adx

./ 2ECSn

Lt
Py

UNIVERSITETET

fat
10SLO <

v
>




Methane cracking for hydrogen production Tomasz Skrzydlo
on metal and nonmetalbased catalysts

-

Introduction A

This project aims to explore the activity of metal and ©ion
metal (e.g., carbon) catalysts for hydrogen production fromm
methane cracking. This investigation will also look into
fine-tuning the solid carbon product type by judicious
choice of catalyst compositions and the reaction conditions.
The methodology consists of a series of experimental
investigations, encompassing catalyst design and syntheg
catalyst characterization, catalyst performance evaluation
on their effects on the final product and reaction process,
mechanistic exploration, as well as carbon product
characterization.

- )

‘\

S,

[Primary objective
Determine which type of the catalyst is most
efficient for the catalytic cracking of methane
Secondary objectives
Tuning metaland carborbased catalysts to
produce carbon nanotubes as product with specific
electrical properties
Optimization of reaction conditions for scalability

- J
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Pdbased membranes for hydrogen and ammonia

. )

Introduction

A To address distribution challenges in the
development of hydrogen systems,
ammonia is regarded as a higbtential
carrier.

A While this solution would improve
economic and safety considerations of
hydrogen transport, it requires efficient
separation and purification of hydrogen
prior to end use.

A Palladiumsilver (PdAg) membranes have

been shown to separate Hfom gas

mixtures with high purity
/
)

o

/Primary objective
A Investigate performance and stability of-Pd
Ag membranes for hydrogen separation

when exposed to ammonia

Secondary objective

A Improve understanding of PAg membrane
surface changes (adsorption, segregation)
in presence of impurities

1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels
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Topical Area 3: Storage and distribution

Name (affiliation) Title of PhD project

Tank and thermal insulation design for safe and efficient liquid
hydrogen storage

Anna Piazzi (NTNU)

i ) Biogeochemical interactions in multiphase system (bacteria -rock -
Frank Viveros Acosta (UiB) . .
gas -water): Implications for underground hydrogen storage
) . ) ly chain | n lit r tion for lar -volum
Ingrid Marie Stuen (UiB) Supply chain losses and quality degradation for large olume

hydrogen transport chains

Johan Raftevold Espelund (NTNU) |Computational fluid dynamics simulations of cryogenic storage tanks
Josef Kosler  (UiO) Magnetocaloric metal -oxides for efficient hydrogen liguefaction

Numerical Modelling and Simulation of Underground Hydrogen
Melito Soares (UiB) Storage: Capturing Multiphase Flow Hysteresis and Operational
Dynamics in Porous Media

Sadegh Ahmadpour (UIS) Hydrogen storage in porous media

Sustainable Nano -Enhanced Bio -Based PCMs for Thermally Requlated
Hydrogen Storage Systems

Samad Ali Taj (UIT)

Hydrogen Supply Chain Resilience and Optimization for
Decarbonizing Energy _ -Intensive Industries

Victoria Dimuro Duckwitz (NTNU)
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Tank and Thermal Insulation Design for
Safe and Efficient Liquid Hydrogen Storage ewcaieamasowegan uiversiy of scence an ecnocs

/I ntroduction \

The transition towards a climate-neutral energy system requires the
developmentof efficient and scalableliquid hydrogen (LH) storage
solutions However,current large-scalestationary storagetechnologies
rely on spherical doublewalled vacuuminsulated vessels, with a
maximumcapacityof approximately4,700m3,

The scalabilityof these systemsis limited by long construction times
and low failure tolerance Thishighlightsthe needto increasestorage
capacitieswhile introducingsaferand more efficientinsulationsystems

This PhD project is conducted within the Europeanproject NICOLHy
which investigates novel insulation concepts based on Vacuum
Insulation Panels (VIPs)to enable largescale LH, storage systems,
targeting capacitiesup to 200,000 m? for stationary applicationswhile
limiting boil-off lossesto 0.1% massper day. The researchfocuseson
the modellingand assessmenbf the thermo-mechanicalperformance
of these novel insulation systems,while accountingfor safety aspects
velatedto insulationdegradationandfailure scenarios

Primary objective

To model the thermo-mechanical behavior and investigate safety-
related aspectsof novel insulation systemsfor large-scaleLH, storage
tanksusingnumericaltools (FEAand CFD)

Secondary objectives

U Model the structural responseand investigatethe reliability of
the insulation system during operation, including filling phases
andthermal contractioneffects

U Analyse the insulation conditions and accidental scenarios
(e.g., partial lossof vacuumwithin the insulationsystem)
U Support the benchmarking and comparison of alternative

insulationconceptswithin the NICOLHproject

1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels
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Biogeochemical interactions in multiphase system Frank Viveros Acosta

(Bacteria-Rock-Gas-Water): Implications for
underground hydrogen storage

UiB . University of Bergen.

HyDra - Diagnostic tools and risk protocols to accelerate
underground hydrogen storage.

BSc. Petroleum Engineering
Introduction MSc. Chemical Engineering
Hydrogen (' 8§ has emerged as a promisingenergy vector and alternative fuel. Despite its high gravimetric Publications .

energy density, its low volumetric energy density limits large -scale surface storage, making underground A Viveros, F. E, Etal. (2024. Hydrogenstorage

. . in depletedyasreservoirsusing methanecushion
hydrogen Storage (UHS) an attractive solution. gas An interfacial tensionand pore scalestudy.

Journal of Energy Storage,98, 113110

A Viveros, F. E., Et al. (2025. Biogeochemical
Interactions and Their Role in European
Underground Hydrogen Storage Minerals,
15(9), 929

However, UHS promotes biogeochemical interactions. Indigenous microorganisms can use' %as anelectron
donor and surrounding minerals aselectron acceptors, activating their metabolic pathways. This process can
result in the formation of by-products that reduce the purity O wUT | w' & wpe@dphysical (pbropkutiésofl |w

the porous medium initially. A Zapata, K. Viveros, F. E, Et al. (2026.

Immobilized Nostoc sp on biopolymers for
enhanced " . & photoconversian Molecular
Catalysis, 589 115571

Hy Microorganism Estimated progress of the PhD project:
D —— =

WorkPackage Q S @
WP1 = /0 00 0
\ L0 i. Evaluate the feasibilty @ of UHS coupled

Electron acceptor

Electron donor

biogeochemicalin a multimineral system.

WISl Microbial Impact ii. Assess the influence of microbial activity, brine

BioGeoChemical ' ByProducts ' chemistry, rock type, and thermodynamic conditions.
e iii. Investigate hydrogen behavior across pore, core, and
. meter scales
| WP12 |

v #(

Objectives
Risk identification

and management ( 3

on Hydrogen and Hydrogen-Based Fuels

1 guidelines ﬁ @
Hy UNIVERSITETET HyDRA @ CSSR >

School.no Norwegian Research School




Supply Chain Losses and Quality Degradatiltﬂgrid Marie Stuen

for LargeVolume Hydrogen Transport Chain

for hydrogen gas grids.
L ydrogen gas g )

Traceability,
verification, and
diagnostic

Supply chain losses
and quality
degradation

How do different metering |How to combine meters at | How to calibrate/prove!
technologies respond to measurement points along | meters along the suppl
hydrogen? the supply chain? chain?

How to detect and quantify
losses and quality changes
along the supply chain?

. .

Primary objective

A Develop methods to detect losses and quality
changes along hydrogen supply chains

Secondary objectives
Investigate effects of uncertainty correlation effect$
on detection limits for mass balance

A Simulate pressure drop from leaks in hydrogen gap

! 0 , and random 190
grids uncetainty, 6
. J 0 1 2 3 4 5
Time [h]
P — \

1 Justervesenet = ?Totulsnergies Funded by

H N it R C E = 'S Coucy of Norway
y T ~
School.no Norwegian Research School eqL"nO }) Gn SSCO W H yVq I U e
on Hydrogen and Hydrogen-Based Fuels

on internal leak detection methods and quality changes

x 3 kagls

A Imbalance from 1% 5

A Detection limit dependene

A 1 definedby systemati¢

- J

4 . N At aa < - N
Introduction abaa oLtlyOos L
. A = . . . A, . LAaSR_2 FTAaOlIf FTt26 ol y Im]]l{dzlf)\ueu YSI adz2NBYSyi
aé tK5 LINReSOu Aa LINI 27 AUK&RYLIESS Am@ﬂhheySAoﬂ-Squ KEPHD"da]H&da{eyr‘l? ZdzuLszu
F2NJ 6GKS Ke@RNRIASYy &dzLJLI & OKAI- A?fxg%dszt thrr?s NJart<H EBSOnu¢
focus is on metering in largelume supply chains with dz; Oese‘,:\l'ﬁ I A )})u POte 2 Ta eg KSS as %|.Of ée( RS Rmeabsurement Sftcl'e{/]%esat
transfer of hydrogen gas in pipelines. My work focusep Total uncertainty depends on correlations in time and the epartmen of

between meters

Pressure point analysis

A Monitor pressure at fiscal measurement points

A A Iprel;ssure drop at one or several points may indicatg
alea

A Detection limits based on pipeline simulations and
measurement uncertainties

Case ficolmiated imta)

B /. ccumulated mass imbalance |
Accumulated uncertainty (r=0.6)
Accumulated uncertainty (=0.9)

and uncertainty

x pkgls 00

600
x ckgls 50
metering error in source % “°|

on time correlation factor,
i 200

Related projects: HyMeHyValue

A Background in physics

éffiliation: University of Bergen

Physics and Technology

Estimated progress of the PhD project:

Just started ...

<50 % > 50 % Almost donelJ

p
Conference contributions

A Measurement Uncertainty and Time Correlation
Effects on Mass Balance Thresholds for Detectin
Leaks in Hydrogen Networks, Mathmet 2025

A Monitoring of hydrogen gas networks: pressure

and mass balance, EHEC 2026

~N

P~

J
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Computational Fluid Dynamics Simulations Johan R. Espelund
of Cryogenic Storage Tanks Nonegian Uriversy of Sience and Technology.

Sintef Energy Research
/Introduction \

Supervisor: Corinna Schulze-Netzer (NTNU)

Co-supervisors: Asmund Ervik (Sintef), Svend Tollak Munkejord (Sintef),
To minimize boHoff losses during largescale storage and transport Luca Brandt (Politecnico di Torino)
of liquid hydrogen (LHP), accurate prediction of evaporation rates
and boiloff temperatures is essential.

A 2022: MSc Mechanical
Engineering (NTNUY
CFD simulations of
heat exchangers

A 2022-2023: Master of
Science at Sintef
Energy Research (CFD,
heat exchanger
modelling)

In my PhD, | use Computational Fluid Dynamics (CFD) to simulate
how natural convection influences evaporation and thermal
stratification inside LHrtanks. Heat ingress through the tank
insulation drives convective flow in the gas phase, enhancing heat
transfer to the liquid surface and accelerating evaporation.

|U| (mm s 1)

These flows are highly transient, can transition to turbulence, and
span a wide range of spatial and temporal scales. Due to the cost
and safety challenges of detailed LHexperiments, CFD can be a

Estimated progress of the PhD project:

valuable tool to predict flow behaviour under various conditions.
\ / Just started ... <50 % > 50 % Almost doneJ
—— \ I I B
Primary objective
A Use CFD (OpenFOAM) to predict evaporation and
thermal stratification in LH storage tanks ( blicati )
A Use two-phase direct numerical simulations (DNS) to APU Ications _
model phase change phenomena in Lifat smaller scales Fapeling 0 Slmesi M Bt S, et € 202, Novemten
Secondary objectives cryogenic storage tanks. INAPS Division of Fluid Dynamics Meeting
A Use CFD to improve accuracy of heat transfer Abstracts (pp. J32-001). (conference presentation)
correlations in thermodynamic models of |arger tanks A SUbittﬂ.'IedItO IJHMT:I_mpact_ of buoyan_cy production and tank thermal
\_ ), T R modelling in RANS simulations of liquid hydrogen storage tanks

Hy ®NTNU

Department of Energy . S I N I EI

School.no | Norwegian Research School and Process Engineering
on Hydrogen and Hydrogen-Based Fuels
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Magnetocaloric Metabxides for Efficient H

Liquefaction

Introduction

A Storage and transportation of,tare key
challenges in the hydrogen value chain.

A Liquefaction by cooling down to 20 4#5%3°C)
is a promising solution, but highly energy
AYyiSyargdsS oArilK

A Magnetocaloric cooling uses magnetic
materials and strong magnetic fields to
achieve an up to 50 % higher efficiency.

- )

4 )

Primary objective:
To identify and produce promising materials for
magnetocaloric Kliquefaction

Secondary objectives:

materials
A Optimize the Hg,Nd,VO,material class

Hy1

School.no

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

~

G2RI &

A Identify design principles for magnetocalori¢

- J

Qa
-

4 . . .
Magnetocaloric cooling principles
A Transitions between ordered and disordered
magnetic states are used to store and release

thermal energy

A Application or removal of an external magnetic
field is used to trigger these transitions, leading

Ut§ LB brhéify of the material.

J

A) Ambient temperature

and magnetic dlsorder magnetic order

Appllcatlon of
magnetic field,
magnetization

Heat transfer Removal of heat

from H,

Removal of magnetic field,
demagnetlzatlon

D) Low temperature and
magnetic disorder

C) Ambient temperature
and magnetic order

OF OSLO

B) High temperature and

UNIVERSITY

Josef Kosler

Affiliations: University of Oslo, Institute for Energy Technology

Related projectsHYDROGEN; %\x 3@?

WUNET X

Research interestenergy
materials, structural
characterization and
optimization, hydrogen
liquefaction, magnetocaloric
materials

BackgroundNanoscience and
materials chemistry

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

/

Project future
A Investigating magnetocaloric properties in HNd,\VO,
A Connect cooling properties with structure
properties
A Maximize cooling effect (J/kg) and working
temperature range

IFc
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<
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Numerical Modelling and Simulation of Underground Melito Soares
Hydrogen Storage: Capturing Multiphase Flow Hysteresis Affliation(s):

University of Bergen

and Operational DynamiCS in PorOUS Media Related projects: Centre for Sustainable Subsurface Resources

(CSSR- NORCE)

Introduction

Underground hydrogen storage (UHS) in geological reservoirs is a promising solution for balancing energy
supply and demand. However, 1 a E U O lunigOe foperties, along with its interactions with reservoir fluids,
rocks and microbes, make its behaviour in porous media complex.

A, EUUIlddgrdd in Mining & Geological
Engineering from IST+ University of Lisbon

s A Currently a PhD student at the Department of
A% Physics and Technology, University of Bergen
Key processessuch as hysteresis, capillary trapping and multiphase flow significantly affect storage capacity
and recovery, yet are often simplified or neglected in current models. As a result, reservoir-scale predictions
remain uncertain, particularly under cyclic operations and in the presenceof cushion gases(e.g.,- $"O 1"O & A

Ongoing Work:

A A Comparative Reservoir-Scale Evaluation
of Relative Permeability Hysteresis Models
CSSR for Underground Hydrogen Storage

SUBSURFACE UNDERSTANDING

Qgi\\\ WP1: Energy-efficient and WP2: Short-cycle energy APPRAISAL
%Do effective reservoir drainage storage efficiency RESERVOIR BEHAVIOR

Estimated progress of the PhD project:
Just started ...

1 <so%)
LOCAL NET-ZERO
RESOURCE WP7:
@ﬁ WP6: Sustainable re- SCREENING & Integration, . .
. use of depleted fields ASSESSMENT feasibility and b
— best practice O Jectlves

A Develop multi -scale models for hydrogen storage
iN porous reservoirs.

A Incorporate hysteresis and multiphase flow effects.

A Improve prediction and optimisation of UHS

RESERVOIR MANAGEMENT

WP3: WF4, WFS CLOSED LOOP

Optimisation and From physics- to Multi-method for
L data assimilation data-driven models reservoir simulation WORKFLOW

Hy1 &y

performance.
:RCE

School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

UNIVERSITETET Y
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Hydrogen Storage in Porous Mediasadegh Ahmadpour

mtroduction \

Storing hydrogen in depleted hydrocarbon reservoirs where the
infrastructures are already built is a promising and safe solution to
contribute to future hydrogenvalue chain Porousgeologicalsettings
can provide huge capacity for hydrogen storage In order to store
hydrogenin a safeand efficient way, the interaction of hydrogenwith
minerals,andresidualfluids are necessary

GUIDELINES

Existenceof microorganismswithout the need of light or oxygenin geological
setting hascreatedan opportunity for them to consumehydrogenby microbial
activities Theproductsof thesebiochemicakeactions,e.g., "O "Yare undesirable
and can be toxic and fatal. In addition, the reaction between pyrite (mineral)
anddissolvedhydrogenmight occurat temperatureabove100 °Cleadingto the
productionof H,Sin the storagesite.

Size of hydrogen molecule is extremely small that might diffuse through
caprocks,adjacentformations, or into the formation water. The diffusion of
hydrogen in the formation water is the primarily mechanism for the
geochemicaland biochemicalreactions Diffusion of hydrogenin formation
water combined with gravity force causesdensity driven convection mixing

increasinghydrogenlossandthe amountof dissolvedhydrogen
Coexistencef the hydrogenand cushiongasedeadsto the mixingandincrease
in hydrogenlossandimpurity. Thisphenomenonis calledmechanicabispersion
which is intensified by the injection and production rate, and rick and fluid
Kproperties /
4 Primary objective h
A Diffusion and Dispersion of Hydrogen
A Evaluation of hydrogen loss through diffusion
_and dispersion
A Evaluation of hydrogen loss through density
driven convection mixing
A Geochemical Reactions
A Investigation of the interaction between
hydrogen and minerals

Depleted Hydrocarbon

Rasermli’ = Electricity production

o via burning of H, in a

H, Production( N fuel cell
via \_ ; e W Microbial H,-Consumption
Electrolysis 1
Tl . Components

H, +
. in place

- 0*0

-Precipitation of Fe$S
Biofilm formation-

—H,S/CH, Preduction--
--Metal Corrosion--

i
Renewable Energy

Generation ~H; loss--

Publications )

A Ahmadpour, Sadegh, Raoof Gholami, and Mojtaba Ghaedi.
"Density driven flow in CO, storage sites: A new formulation for
heterogeneous layered porous media." Fuel 381 (2025):
133721.

A Ahmadpour, Sadegh, and Raoof Gholami. "Hydrogen sulfide in
underground hydrogen storage sites: Implication of
thermochemical sulfate reduction." Deep Underground Science
and Engineering (2025).

A Ahmadpour, S., Gholami, R., Ghaedi, M., & Blunt, M. J. (2025).
An experimental study and mathematical formulation for
hydrogen diffusion in water. Scientific Reports, 15(1), 44790.

A Ahmadpour, S., Gholami, R., & Ghaedi, M. (2026). A kinetic
model for abiotic pyrite reduction in aqueous solutions under
low  temperature conditions. Gas Science and

Engineering, 148, 205866.

- J
1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

- J

Affiliation(s): PhD in University of Stavanger (UiS)

A Ph.D. Candidate in
Underground Hydrogen Storage

A MSc. in Petroleum Engineerin
from UIS

‘. 1

Estimated progress of the PhD project:

Just started ...

<50 % >50 % Almost doneld

D

University

[ University of Stavang%r

of Stavanger
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Sustainable NaneEnhanced BiocBased PCMs for
Thermally Regulated Hydrogen Storage Systems

/Primary Objective

Secondary Objective:

To enhance heat transfer in metal hydride systems usingerd#manced bidoased PCMs
for efficient hydrogen absorption and desorption.

-To synthesize and characterize wadégived biebased phase change materials.
-To incorporate nan@dditives for improved thermal conductivity and heat transfer.
KTO assess energy efficiency and reduction in external heating/cooling demand. /

~

/ Key Features
-Biobased
Waste derived, Low Cost,
BiodegradableSustainable
-Nano-Enhancement
Improvemenin Heat Transfer
-Hydrogen Synergy.
ReduceEnergyLoss, Efficient

Qtorage

1
[Fly
s

MNorwegian Research Schoaol
- on Hydrogen and Hydrogen-Based Fuels

School.no

N

B - -
/ K Heat Released

Methodology

1. Hydrogen Charging 2. Energy Storage

H, Absorption (Exothermic)

Thermal Energy Stored

Heat Stored

BTN | |
T ER
. et
’ a! Hydride ! f
| TN T Heat

<

3. Hydrogen Release

H, Desorption (Endothermic)

& E
N

Released
to Hydride

/

PCM Heats

Norwegian Directorate
for Higher Education
"\ and skills

&-'

Samad Ali Taj

Affiliation(s):
PhD CandidatelBEM
UiT The Arctic University of Norway

Research Interest:

Energy Storage Materials, Nanomaterials, Thermal
Energy Storage,

Estimated Progress of the PhD Project:
Just Started <50 % >50% Almost Done @

é ; UiT The Arctic University of Norway

/ Deliverable Outcomes \

-Improvedhydrogenreleasekineticsin cold
environments

-Reducedexternal energy requirement for
storageandtransport

-Sustainability assessmghiodegradability,
@St, waste utilization) /
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Hydrogen Supply Chain Resilience and Optimizatigrctoria Dimuro Duckwitz
for Decarbonizing Energgtensive Industries

Affiliation =Norwegian University of Science and Technology (NTNU)

. . PhD candidate at the Department of
mntrOdUCtlon \ /Featured Project: - . \\ Mechanical and Industrial
Energyintensive industries (Ells) face a structural imbalance in Absorptive Adaptative Engineering (NTNU) since June 202
capacity capacity

the energy transition: Education:

A MSc. in Hydrogen Systems and

A The mismatchWhile variable renewable energy is System

intermittent, industrial demand is continuous and rigid.

A The solutioniowcarbon hydrogen could act as both a clea

fuel and a feedstock, addressing production and dema
mismatches.

A The problemCurrent hydrogen infrastructure is in early

nd

development, and existing models often overlook system

behavior under stress or disruption.

A The needA holistic approach that integrates technical

feasibility, economics, storage strategies, reliability, and

resilience

HUTRIO

Tool for Resilience
Informed Optimization of
Hydrogen Supply Chains\_

Restorative capacity

(e}

J

This project will bridge the gap between deterministic eost
minimization and reaorld industrial risks.

Main objective

Enabling Technologies, NTNU,

Norway.
A MSc. in Energy Engineering,
Politecnico di Milano, Italy.
A BSc. In Environmental
Engineering, URJC, Spain.

A BSc. In Energy Engineering, UR.

Spain.

Estimated progress of the PhD project:

safety. Todevelop and demonstrate a resilienagormed optimization
Research Objective mgthodc_;logythat gmbgds probabi!istic failure behavior and _ Just started ... <50 % >50 % Almost doneld
epistemic uncertainty into the design of energy systems. This
The primary goal is to develop an integrated decisitaking methodology will be validated usiritydrogen supply chairfsr _
framework for designing hydrogen supply and storage systw Qnergyintensive industries.
~N

V  Energymodelling Production
V Techneeconomic
assessment
Stochastioptimizat

Reliability analysi

Transport

Storage Enduse

( Publications
A Duckwitz, Victoria; Paltrinieri, Nicola; Kyaw, Kh{@625)"Are Microbes

Going to Eat My Investment?": an Economic Assessment of Microbial
Activity in Underground Hydrogen Stora@ghemical Engineering
TransactionsDOI:10.3303/CET25119021
A Duckwitz, Victoria; Paltrinieri, Nicola; Kyaw, Khine. (2026). Strategic F

<<<

in Underground Hydrogen Storagkurnal of Physics: Conference Serie
DOI10.1088/17426596/3195/1/012002

Ongoing work
A Duckwitz, Victoria; Sgarbossa, Fabio. (200@}imizing
Hydrogen Supply Chains for Enelgtensive Industries:

LCA

(OXONXOXOXOXOXONOXONOCNONOXONONONONOXOXOXOXOKO,

A CostEfficient Framework. Submitted taternational

Journal of Production Economics. ﬁ
Duckwitz, Victoria; Paltrinieri, Nicola (2026). Integratin
Resilience Metrics into Optimized Hydrogen Supply Chain
Design. Accepted in the R.A.M.S. Europe Conference <]

Hy1 A

Norwegian University of
Science and Technology L

v
@ NTNU >
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Topical Area 4: Applications

Name (affiliation)

Title of PhD project

David Zilles  (NTNU)

Experimental study of low - carbon fuel injection
and combustion in marine engines

Giulia Fede (NTNU)

Integrated production and maintenance planning in hydrogen supply

systems for industrial decarbonization: from system design towards

Digital Twin -based operations

Muhammad Uzair Azhar (UIT)

Development and Optimization of a Hybrid Fuel Cell based Combined

Heat and Power System

Sahra Ahmed  (UIO)

Design of MOF -based single -atom catalysts for CO , hydrogenation

Qingging Shao (UIO)

Hydroxide -ion Conducting MOFs for Alkaline Fuel Cells

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels




Experimental study of lowarbon fuel
Injection and combustion in marine engiNes asiaton: NTnunsiiutt for marinteknikk(iMT)

. )
Introduction
Ambitiousgoalsof the InternationalMaritime Organizatiorenvision
a decarbonizatiorof the international shippingindustry until 2050
New syntheticfuels suchas Ammonia(NH;) and Methanol (CHOH)
are promising options to reduce greenhousegas emissionsfrom
marine internal combustion engines Their thermophysical
properties deviate strong from conventionalmarine fuels resulting
in strong coolingand slow reactionkinetics Thesecanbe improved
by dual fuel injection strategies,injecting small amounts of high
\reactivefuelsasignition andcombustionpromotion. )

/Primary objective )
Determinedualfuel injection strategiessupportinga retrofit of current
marineengineswith low-carbonNH; and CHOH(fuelflexible)

Secondary objectives

A Identify injection parameters controlling combustion (main +
pilot).

A Characterize various pilot fuels.

A Identify the maximum practical Nldnd CHOH energy share for
various pilot fuels to reduce ignition time and increase reliability]
combustion.

ASOE [ms]

of

A Develop a software tool predicting the ideal pilot and main spra
\ interaction, validated with experimental data. /
1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

umbrella angléi.

X
v

Fig.1: Spatial plume interaction controlled by pilot Egtimated progress of the PhD project:

Fig.2: Temporal plume interactigrBOK; relative
start of injectionexemplary for HTL bifuel pilot

and ammonia main.

@ NTNU

Department of Marine Technology

NH3
251 AL
. NH;
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ComKin

EI%EI
[=]55

ntnu.edufcomkin

David Zilles

Background in Automotive
Engineering from TU
[lImenau, Germany.
Specialization in internal
combustion engines
development and
production.

Member of theComKinvork
Elroup at EPT, NTNU and
ySchoal

Passion for green shift in
industry, experimental
design, Norwegian outdoors,
road cycling and running.

Just started ... <50 % > 50 % Almost donelJ

L 138870 https://doi.org/10.1016/j.fuel.2026.138870

\
Publications

Zilles, D., Emberson, D.R., 2026. Exploring Heat Release from Liqui
Ammonia Injections Dudtueled with Heptane. Energy Fuels 40,
5346c5368.https://doi.org/10.1021/acs.energyfuels.5c06353

Zilles, D., Emberson, D.R., Castello, D., Achour, A., 2026. Heat reje
analysis of dualuel direct injected ammonia and HTL fuels. Fuel 419

J
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https://doi.org/10.1021/acs.energyfuels.5c06353
https://doi.org/10.1016/j.fuel.2026.138870

Integrated production and maintenance planning in hydrogen supply systems for
industrial decarbonization: from system design towards Digital -Based operations

Giulia Fede

[Introduction

\transitionto hydrogenrbasedmanufacturing

Green hydrogen presents a promising solution for decarbonizingenergyintensive industries like glass,
aluminium, and steel The EUfunded initiative H2GLASSwhich supports this research,aims primarily to
demonstratethe feasibility of hydrogenadoption in the glasssector. However,transitioningto hydrogen
comeswith some challengesjncludingthe lack of hydrogenrelated infrastructure in manufacturingplants
andthe needto ensurea continuousand reliable hydrogensupplyfor industrial furnaceswhile maintaining
safeoperations Tofacilitate this transition, Digital Twin (D T)technologyhasbeenidentified asa valuabletool
for supportingproductionand maintenanceplanningdecisions Giventhe stronginterdependenciedbetween
thesetasks,an integratedapproachto decisionmakingcanenhanceoverall performance With its reaktime
synchronizationcapabilitiesand ability to provide a unified view of manufacturingprocessesDT has the

potential to improve collaborative and dynamic decisionrmaking ultimately enabling a more efficient [

-

[ Simulation ][ Monitoring ]

NorwegianUniversityof Sciencend TechnologyNTNU)

Relatedprojects: H2GLASS advancingHydrogen(H2) technologies

[Optimization][ Prediction ]

and smart production systems TO decarbonise the GLassand
AluminiumSectorS

Digital model

Data F|OW(‘ 2

A PhDcandidateat the Department
of Mechanical and Industrial
EngineerindNTNU)

ﬁ’rimaryobjective \

Investigatethe benefits of using DT to support
integrated planning of production and
maintenance operations of hydrogen supply
systemdor industrialdecarbonization

Secondaryobjectives
Develop a multi-objective assessment
framework guidingthe designof hydrogen
supply systemsthat considersproduction
andmaintenanceperformanceindicators

A Developa simulation and an optimization
model to supportintegrated planningand
execution of production and maintenance
operationsin hydrogensupplysystems

A Developa DT-basedframeworkto support
integrated planning of production and
maintenance operations in hydrogen

Electrolyzer operating load

ﬁ-@:—

Grid
power

Electrical
grid

%&

+i_

consumption

Physical System ] . . .
Y Y A MScin ManagementEngineering
) Digital Twin concept Analyticsfor Businesst Politecnico
of Milano (2021-2023
Renewable Electrolyzer, . . .
energysourc% Renewable ~ Power Hydrogen - Hydrogen Hydrogen A BSdn ManagementEngineeringat
power consumption pl‘OdUCIIOﬂ storage consumption

Hydrogen
delivery

Storage
tank

delivery

==

Furnace

Hydrogen supply system

Politecnicaf Milano (20182021)

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

/Relevant publications

\

A G. Fede,F. SgarbossaN. Paltrinieri (2024). Integrating production and maintenanceplanning in processindustriesusing
Digital Twint Aliterature review IFAGPapersOnLiné&8(19), 151-156. https://doi.org/10.1016] .ifacol.202409.124

A G. Fede F. SgarbossaD.F. Silva,G. Collina (2025. A modetbasedapproachto hydrogensupplyscenariogor decarbonizing
the glassmelting processIFAGPapersOnLin&9 (10), 178183, https://doi.org/10.1016]j.ifacol202509.032

A G.FedeG. Collina,A. Tugnoli,M. Bucelli,D.F. Silva,F. Sgarbossa(2025. Hydrogensupplyscenariogor the decarbonizatiorof
energyintensiveprocessindustriesconsideringcosts,safety and environmentalperformance A multi-objectivemodetbased
approach InternationalJournalof HydrogenEnergy 175, 151373 https://doi.org/10.1016.ijhydene2025151373

K supplysystems

r
School.no

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

mmm Share of renewable power

@ NTNU

30 100 150 200 250 300
Hour
Share of grid power

mmmm Scheduled truck delivery

Optimal hydrogen supply system operations

Production Management
Research Group

- LOGISTICS 4.0 LAB -

A G. Fede,F SgarbossaD.F. Silva (2026. Optimization of hydrogensupply operationsfor decarbonizingenergyintensive

industries A multi-timescalerolling horizonapproach Acceptedor submissiorin AppliedEnergy
A G. Fede,F. SgarbossaD.F. Silva(2026. Analyzingoperational and maintenancestrategiesfor electrolysishasedhydrogen
K productionfor industrial decarbonizationSubmittedto the 40th ECM3nternational Conferenceon Modellingand Simulation/

;'**..' Co-funded by
LN the European Union

OH,

GLA>SS

DECARBONISING OUR FUTURE

v

fat
<

>




Development and Optimization of a Hybrid Fuel Cell

based Combined Heat and Power System Muhammad Uzair Azhar

/ \ Affiliation(s):

Primary Objectives: PhD Candidate, IBEM

A Design a novel SOFCi GT design for power generation and perform thermodynamic and UiT The Arctic University of Norway
CFD-based parametric analysis under varying operating conditions.

A Optimize the system for efficiency, emissions, and application-specific performance.

Secondary Objectives:

A Evaluate environmental and economic feasibility through life cycle and cost-benefit
analysis of the system.

Q Validate results through experimental testing or prototype development.

-

Research Interest:
Energy Conversion Systems,
Fuel Cell Hybrid Power Plants

Estimated Progress of the PhD Project:

Just Started <50 % >50%  Almost Done ©
Research Methodology

Key Features . [ T | | |
Solid Oxide Fuel Cell (SOFC)
\/g‘[’/{ Hi - SO o
< . . = igh-Temp Modeling & Th L& Opti t Results &
A ngh EfﬂC'enCy Power - f Exhaust S?mﬁllar;igon Electriec;T:nalysis §¢|(':noli:r3n E::ll:nation / \
Generation. LN — | el l Planned Outcomes
A Waste Heat Utilization. + - e | - ) - : .
A Improved Scalability Gasmrbinesystemam*-> oz ﬁ = = = i@% - Low emissions and high efficiency, fuel cell
Modularity, Flexibility DR || | | ey ||| | oo based robust power plant for transient and
and System Reliability. g = e N Eir—— fluctuating loads.
A Low Emissions and Turbine & Generator =2y SHeMEREIE e S——— - Comprehensive thermo-fluid and life cycle
Integrated Thermal | ] I | assessment of the system

K Management / - Application based evaluation for deployment in
K Data Collection System Optimization / Kstationary and propulsion systems.
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Design of MOF -based single -atom Sahra Ahmed

CataIyStS fo r CO hyd ro g e n atl O n Affiliation(s) Centre for Materials Science and
_________ - Nanotechnology, Department of Chemistry, University of Oslo
g Introduction h / Methodology \\ 2023: BSc in Chemistry
Project | atuio

2025: MSc in Organic
Chemistry at UiO

2025 anow: PhD
candidate in Material
Chemistry at UiO

A Pd single atoms and NPs
immobilised in UiO-66.

| ® Node
Cp* I _® Functionalised linker

Hzo\lr/\N z I _
7‘)\/) @® Pd single atom
o '

This work : Zr-UIO-66 MOFs serve as PEIEE: 1L

_-— .y

________

s.a.ahmed@kjemi .uio.no

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

|

l
a suitable heterogeneous platform | | A gn(clzlrll)orrgzl e()(:’luﬁir()cc-)&plexes
\for Immobilising single -site catalysts. / : -
|
l

: Publications

A E. Tezelet al., J. Mater. Chem. A, 2026 ,
Manuscript accepted.

A R.Kanega et al., J. Am. Chem. Soc.,

/ 2021 , 143, 1570-1576.

( )
composition

H207|F\N/ I
N
Primary objective / @\ \ ©/ E/Qﬁ
\

structure —— performance
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Hydroxideion Conducting MOFs for

-

Introduction

Hydrogenbased energy technologiesare key to

sustainableenergysystems Alkalinefuel cellsare
attractive due to low-cost catalysts, but are
limited by the lack of efficient h I &onducting
membranes Metal-organic frameworks (MOFs)
are promising due to their tunable porous
structures This project develops alkaltresistant
MOFswith intrinsic hydroxideion conductivityvia
ionic functionalisation It alsoaimsto understand
ion transport mechanismsand guide material

design
/

~

Primary objective

A To develop alkatiesistant MOFs with intrinsic
hydroxideion conductivity for alkaline
membrane applications

Secondary objectives

A Synthesize MOFs stable in strongly alkaline conditiong

A Measure ionic conductivity under controlled conditions

A Understand ion transport mechanisms

Alkaline Fuel Cells
I

- J
1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

Qingging Shao

Supervisor: Petra Agota Szilagyi

Cosupervisor:TrulsNorby

| am a thirdyear PhD candidate
in Materials Chemistry at the =&
University of Oslo. My research
focuses on hydroxiden
conducting metajorganic
frameworks for alkaline fuel
cells, with an emphasis on
stability and ion transport.

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

OH- OH-

20 M Alkaline Solution A Zzihan Zhong#, Qingging Shad#oxinNi#, et al., andieshengVang*. HOFEnabled Synthesis of

Publications
A Qingging Shao, Bo Jiang, Dipankar S@hasNorby, and Petra Agota Szilagyi*. Intrinsic Hydroxate

A Qingging Shao and Hui Gu*. Transition layer rim structures for the martehsfiigtransition in

\
Conductivity of the Highly AlkalirResistantCoTBMetal-Organic Framework. Under revision of
Communications Chemistry

Porous PEDOT as an Improved Electrode Material for Supercapacitor. ACS Applied Materials &
Interfaces, 2025, 17(10), by cafEb804;15812, DOI: 10.1021/acsami.4c19109

sinteredSiCceramics. Journal dflateriomics 2023, 9(2), 29809. DOI: 10.1016/j.jmat.2022.10.004

A Alkaliresistant MOFbased membranes for alkaline fuel cells. Invention Disclosure submitted to Invgn2

(Technology Transfer Office, University of Oslo), DOFI No. 25101 (First inventor)
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Topical Area 5: Safety

Name (affiliation)

Title of PhD project

Abhishek Subedi (NTNU)

Improved modeling of socio -technical systems for hydrogen value chain

Anne Marie Lande (USN)

Mitigation of hydrogen explosions

Dikshya Bhandari (UIS)

Identifying and Mitigating Risks in Hydrogen Enerqgy for Safer Integration

Farhana Yasmine Tubhi (NTNU)

Reliability prediction for PEM water electrolyzer

Kangxue Zheng (UiB)

Mitigation hydrogen explosions by chemical inhibition I Experiments and

simulations

Lucie Pratabuy Tran -Quang
(UiB)

Hydrogen Explosions in Complex Geometries: Risk & Knowledge

Nicolas Dobler (NTNU)

Model Predictive Control for Safequarding Water Electrolysis

Petar Bosnic  (USN)

Deflagration -to-Detonation Transition in Hydrogen - Air Mixtures for Explosion

Safety

Sudesh Rathnayake (UiB)

PhD project on hydrogen safety: modelling hydrogen explosions in complex

geometries with an open -source PDR model

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels
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Improved modeling of socitechnical
systems for hydrogen value chain

Introduction

Hydrogen technologies offers a sustainable solution
to climate change problems, but its systems must be
safe. Hydrogen systems are complex sdehnical

Research Gap and Objectives
i-—

Safety barrier analysis 1 Consideration of the Safety barriers to be

Gap

systems. Human or operatlonal organlzatlonal alondnethods are insufficient i safet.y barrle.rs as assess.ed as socio
for complex hydrogen | socio-technical technical systems

with technical aspects plays a crucial role in systems I systems (STS).

preventing catastrophic events as safety ’

barriers. However, thorough Objectives

study & improved

AAssessment of hydrogen systems while
modeling is required

considering socibechnical factors.

End Use
for properly Alnnovate modeling techniques to
guantifying these . .
factors Mﬂ enhance risk detection,
. w inspection, and maintenance
(@
i ‘ Human/operational of hydrogen systems.
barriers .
‘ | ’ . ADevelop optimum & safe
- Organizational
B \ barriers test procedures for
Storage & Hazard hydrogen experiments

Technological
barriers

Hydrogen
production

Major

accident

r
School.no

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

Abhishek Subedi

Norwegian University of Science and Technology (NTI
abhishek.subedi@ntnu.no

PhD candidate at Department of
Mechanical and Industrial
Engineering, NTNU

Master by Research (Hydrogen
Safety)from Kathmandu
University (2022/23)

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

Status and Publications

2024-Feb

LEYE amcle
Reframing Safety Barriers as Socio-Technical

Systems: A Review of the Hydrogen Sector
A. Subedi, M. Bucelli, and N. Paltrinieri, Safety Science

e

2025

Research article

Functional resonance
analysis method for
emerging risks in hydrogen

=

~
handling: An analysis of an [~ Il Q@ EI g Sso 2027 Feb

experimental test Barrier Conference Paper ===

5. I. Pezeshki, A. Subedi, T. Gogivey, A. | management Al-based Exploration of Socio-technical Safety Barrier
Falegnami, F. Ustolin, and N. Paltrinieri for hydrogen A

Journal of Safety and Sustainability A 8 Dynamlcs

A. Campari, A.J.N. Akel, A. Subedi, & N.
Paltrinieri, Chapter 9, Safety Measures
for Hydrogen Fueling Stations

g Conference Paper

Introducing socio-technical safety barriers for

hydrogen systems
A. Subedi, G. Collina, and N. Paltrinieri
0P Conference Series: Earth and Environmental Science

A. Subedi, N. Flehmig, S. Yin and N. Paltrinieri,

Submitted to ESREL26

Hp Safety Training Modules

Modular training courses &
material for safe operations

of H heating processes
A. Subedi and N. Paltrinieri
HyinHeat Project
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Mitigation of hydrogen explosions

Introduction

safety is an important research topic.

\_With water droplets

Water spray systemsare identified as a possibleactive
fire protection method for mitigation of hydrogen
explosionsIf water sprayis releasedwhen a leakageof
hydrogenis detected,explosionpressurebuild-up might
be prevented However, such models of are generally
not well validated, and more research should be
conducted Studies have shown divergent results
becauseof the complexflow of gasexplosioninteracting

Hydrogen is a highly explosive gas. Therefore, hydrcg

J

/The aim of this PhD project is to analyze the
a hydrogen explosion.
Erimary objective

a distribution of water droplet sizes
(polydisperse) on a hydrogen explosion

Eecondary objectives
used for the simulations.

will also be investigated.

\_

mitigating effects of an actual water spray system on

The main objective is to determine the effect of

compared to a monodisperse assumption in a
computational fluid dynamics (CFD) simulation.

The opensource CFD software OpenFOAM is

A Water droplet injection in the poslame region

~

)

1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels
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PhD workflow

A Develop a numerical model of a premixed hydrogén
deflagration

A Validate the combustion model against experimental data

A Inject water droplets into the deflagration model

A Analyze the effect of droplet size on overpressure and flamg
propagation

A Compare polydisperse and monodisperse droplet size

Anne Marie Lande

PhD Research Fellow
Affiliation: University of SoutRastern Norway (USN)

Process Safety, Combustion and Explosions Research Group (USN)
Supervisor: Joachim Lundberg (USN)
Cosupervisors: Knut Vagseether (USN )
& Mathias Henriksen (USN)

A BScin Mechanical Engineering fris 2
Hggskulempa Vestlandet(HVL) :

A MSc in Process Technology from §
USN v
A Experience with CFD on hoth P
alauSNNa ¢KSaAa .
Project /’ o) e

I

Lt

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

-
Publications

distributions

~

A A.M. Lande, J. Lundberg and M. Henriksen, "Modeling Monodisperskd
Water Droplets in Hydrogen Deflagration Using OpenFOAM ," The
International Seminar on Fire and Explosion Hazards (ISFEH), Romsg,
Italy, 2025

A A.M. Lande and J. Lundberg, "Summary of mechanisms of water
droplets in hydrogen deflagration,” Nordic Flame Days 2023,
Trondheim, Norway, 2023
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ldentifying and Mitigating Risks in Hydrogen

Energy for Safer Integration
-

Introduction A

As society moves toward using hydrogen as a major energy source, it
opens upopportunities to rethink our approaches to safety, security, and
risk management. Traditional safety studies on hydrogen have been
limited, focusing on specific uses and conducting ssle experiments,
with the assumption that hydrogen's use will grow significantly. This asp
might not fully cover the complex challenges and uncertainties of
switching to hydrogen energy.

The concept of Strength of Knowled@&o{ is crucial in this shifSoK
emphasizes the importance of deeply understanding the risks involved,
beyond simple predictions from past data or small tests. It's about
exploring unknowns to make our risk assessments as accurate and
trustworthy as possible.

To address these challenges effectively, we need to combine knowledge
from different disciplines and apply a broader systems perspectiies
helps evaluate how current frameworks perform and where improvemernt

Qre needed. /

4" . . I
Primary objective
A Evaluate how well existing risk assessment methods, principles, and
frameworks handle uncertainty and knowledge gaps in lsgme
hydrogen systems.

Secondary objectives

A Assess how well current risk assessment methods handle uncertainty
knowledge gaps in hydrogen systems.
Explore approaches that better represent seteohnical factors and
system interactions.
Support safer decisiemaking when knowledge is limited and )

Haeartamnhvwviehickh
arrecramrity S ThytT.

4%

.

WP4: Safety science and risk

= HyValue

r
School.no

Norwegian Research School

on Hydrogen and Hydrogen-Based Fuels University of

Stavanger

a

O

new framework

7 STRENGTH
OF
KNOWLEDGE

Dikshya Bhandari

University of Stavanger
Related projectsHyValueNP4 Hyvalue Centre for Environment
friendly Energy Research (FME)

PhDcandidate in Risk Management and
Societal Safety

Education

A Master (MSc) inRisk andsafety
Management

A Bachelor of Science in Statistic?

Experience

A Data analysis Modeling Financial
management Risk analysis

Estimated progress of the PhD project:

Just started ... < S ¥ > 50 % almost done &

PhDSupervisors: Jon Tgmmeras Selvik, Eirik BjorAgimahamsen&

/Publications

nd

I. Bhandari, D., & Selvik, J. T. (2025). On the Use of Fault Tree Analysis to Capture Dynamic and Mu
Aspects in the Analysis of Hydrogen Systems. Chemical Engineering Transactions,-168, 157

[I. Bhandari, D., Selvik, J.Glette-lversen, I., & Abrahamsen, E. B. (2025). On the use of the
precautionary principle in the context of the hydroggystems.Irthe 35th European Safety and
Reliability & the 33rd Society for Risk Analysis Europe Conference. Research Publishing Singapore.

[ll. Bhandari, D., Selvik, J. T., & Abrahamsen, E. B. (2025). A Systems Thinking Perspective on Hydlrg
Safety: Reviewing Models and Applications Submitted for Possible Publication to the Intérnatipnal
Journal of System Assurance Engineering and Management. i

IV. Bhandari, D., Selvik, J. T.(2026). Integrating Event Tree Analysis andT®ysisgtic Process-Analysis
\for Hydrogen Refueling Station Safety
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Reliability prediction for PEM water Farhana Yasmine Tuhi
e | eCtrO |yzer _ Affiliation = Departmentof mechanica& industrialengineeringNTNU

— Related projects HYDROGENiIHYDROGENMiill spearheadresearchand

/ |ntr0duction \ PEM L innovationsneededto fulfil the 2030 and 2050 visionsof the Norwegian
Sinceoperational experienceof PEMWEremainslimited, the lack of electrolyzer hydrogenroadmap
failure/ degradation data continuesto be a major challenge for O
reliability prediction of PEMWEIt is noticed that PEMWEhas similar _ A PhDcandidate ( Startedin April
hardwarewith the well-establishedPEMfuel cell(PEMFQechnology, 2023
eventhough its operating principlesare essentiallythe reverse It is A al adSddrae in RAMS
natural to assumethat experiencesand knowledge obtained from PEM fuel engineeringfrom NTNU (2020 -
PEMFGegradationandfailure eventscanbe usedfor electrolyzers cell 2022
Basedon this, the presentstudyaimsto introducea novelframework ‘ A 'enl- ir%gri%de%g?\ﬁm %A:r?hgglé:SL
to predict PEMWEreliability by conducting degradation modeling BPP Anode  Anode  PEM  Caliode Cafiode BPP (20915_2013 g
This study seeksto overcomethe data limitations associatedwith Fig 1: Structural layout of PEMWE (above) and PEMFC (Below)
PEMWE by utilizing existing data, thereby enabling further
guantitativeanalysisasedon the predictedreliability metrices Step 1: Comparationbased failure analysis
Task 1.1 Task 1.2 Task 1.3 H H .
\_ B — — , , Estimated progress of the PhD project:
Failure information collection of the | Categorization based on failure modes, | Comparison of the
known and the studied system causes and mechanisms failure analysis JUSt Started . < 50 % > 50 % AImOSt doneJ
4 Research objectives ) [ R N B
J Step 2: Adjustment of degradation rate retrieved from the known system
. . - Task 2.1 Task 2.2 Task 2.3
A Proposing a novel framework for reliability E i e e N
I’edICtlon Of PEMelectrol zer known failure causes of the knows Degradation rate screening Degradatlorj AElEe ¢ / - - \
p y Sy the studied system P u bI I Catl O ns
A Conducti fail lvsis t identi fail A Tuhi,E Y, Bucellj M., & Liu, Y. (2026. & w S t A praglisgtibriotiREMwater
onducting tallure analysis 10 1den ify failure o - o , electrolyzerusing heterogeneousi 2 dzNJB8binittedto ProcessSafetyand
mOdeS,CauseﬁgL meChanlsmS Step 3: Failure probability prediction of the studied system EnwronmenIProtectlon)
llasKSTT lE=KST2 caiskas Task 3.4 Task 3.5 A Tuhi,F Y., Bucellj M., & Liu, Y. (2025. 6A comparativeassessmentf failures
. . R Determinatior] Modeling of time to failure forl | Frediction of time to| | Prediction of betweena PEMelectrolyzerand a PEMfuel cel€. In ICHSconference,Seoul,
A Suggesting recommendations for  reliability of fallre | degradation paihs 1 ot eqraao | fAIUTe probabilty [ MTTF and falurs SouthKorea
improvementof PEMelectrolyzer fresho coch e cavee path ethuon sty A Tuhi,E Y, Bucellj M., & Liu, Y. (2024). dTechnicaFailuresin GreenHydrogen
\_ Y, Production and Reliability EngineeringResponsesinsights from Database
Step 4: Reliability prediction of the studied system é—\nalyswgndﬁ a LiteratureReviewé InternationalJournalof HydrogenEnergy94
- December)p08¢25.
Lo Sk A Tuhi,E Y, FredriksenM., Jaschkeld, Bucellj M. & Liu, Y. (2029. oAcmdents
B —— Calculation of the Review and Control Assessmentfor Reliable Operation of—PEM, \Water

Fig 2: Proposed reliability prediction framework

1 BN ElectrolyzeStacks. In ESREtonference Krakow,Poland
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Mitigation hydrogenexplosiondoy chemical
Inhibition ¢ Experimentsa

-

Introduction N

Hydrogenis a carbonfree fuel that canenablea transition
of the energysystemstowardsincreaseduse of renewable
energy sources However, it is not straightforward to
achieve the same level of safety for hydrogen energy
systems, compared to systems based on conventional
hydrocarbon fuels Therefore, research on chemical
inhibition of premixed hydrogenrair flames is highly
relevant for the safe implementation of hydrogenas an
energycarrierin industryandsociety

Recentstudieshave primarily focusedon inert gasessolid
inhibitors, water mist, and halogenatedhydrocarbons This
PhD project will explore alternative substancesjncluding

Kphosphorusx:ompounds /

[Prlmary objective )

A To support the developmentof systemsfor explosion
protection in congestedand confined environmentsby
chemicainhibition.

Secondary objectives

A Toinvestigatethe effects of variouscompoundson the
inhibition of hydrogenair explosions through a
combinationof eerrimentahndt eoreticalmethods

A To contribute to the generaldevelopmentof hydrogen

safetyand the measuresrequiredto reducethe risk for
hydrogeninstallationsto anacceptabldevel

- J
1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels
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Kangxue Zheng

Affiliation: University of Bergen

Related projectsSH2IPS

Education Y/
A Master of Safety Science
and Engineering
A Bachelor of Safety
Engineering

Estimated progress of the PhD project:

Just started ... <50 % > 50 % Almost donelJ

Mole fraction

4 0.00
3.70

4 ] ] N\
Publications

A ZhengK, Skjold,T., Hisken H., 2025 Numericalanalysisof
the inhibiting effect of phosphorus compounds on
hydrogenair  explosions Proceedings International
Conference on Hydrogen Systems (ICH%1), 23-25
September2025 Seoui 507-518.
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Hydrogen Explosions in Complex LuciePratabuyTranQuang

Geometries: Risk
7 I

Introduction

A Hydrogenis a cleanenergycarrier but highlyreactive,
with low ignition energy and a high risk of
deflagrationto-detonationtransition(DDT)

A Mitigation strategiesfor conventionalfuels are often
ineffective for hydrogendue to its unique explosion
behaviour

A Astrongstrengthof knowledgerequiresreliabledata,
expert consensus,and accurate predictive models
(Aven,2013.

A Stateof-the-art models can currently deviate from
experimentakesultsby 1-2 ordersof magnitude

A Uncertainties stem from both inherent model

K limitationsand errorsmadeby the modellers /

( Objectives )

A Review largescale experimental investigations of hydrogen explosions in
complex geometries.

Coordinate the blingbrediction benchmark study in FME HyValue WP4.
Design an experimental facility and perform laboratsoale experiments.
Validate predictive models by comparing numerical simulations with
experimental result.

To o 3>

\- J
N

References
Aven, T. (2013). Practical implications of the new risk perspectives. Reliability Engineering & Systf
Safety, 115: 13845. DOI: https://doi.org/10.1016/j.ress.2013.02.020

Skjold T., Hisken H., Bernard,L, Mauri, L, Atanga G., LakshmipathyS, LucasM., CarcassiM.,
Schiavetti M., Rao,V. C M., Sinha,A,, Wen, J X, Tolias I. C, GiannissiS G, VenetsanosA. G.,
Stewart, I R, Hansen,O. R, Kumar, C, KrumenackerL, ... Huser A (2019. Blind-predictiort

Estimatingthe consequencesf vented hydrogendeflagrationsfor inhomogeneousmixturesin 20
foot 1SO containers Journal of Loss Prevention in the Process Industries 61, 220¢236

&. Kn OWI e d g e Affiliation: University of Bergen

Design Not toxic or asphyxiating % Related prOJeCtS Hyvalue, PDR A"Iance
o INTIATING  Nolgnitiong - —
Dpem";: EVENT Toxic or asphyxiating sumcati,n:r
éf;;;:;’;;:;n Immediate ignition - A 2026: PhD Candidate, Department of
aintenance HH . .
Human factors T Ignition Weg [ inancement [Rashre }+ Physics and TechnologyiB Norway

Force majeure | Release point, leak

direction, flow rate,

inventory, ... —> | Delayed
Dispersion, ventilation, cloud size, ...
Ignition position, time of ignition,
Degree of congestion & confinement, ...

(Supervisor: Trygve Skjold)

Enhancement

Strong [ Detonation }---! A 2025 Experimentalstudy of hydrogen

Figure 1 Typical event tree for accidental feadl explosions initiated by loss of containment flames_ In" narrow channels, IRPHE
(credit: Trygve Skjold) Marseille,France

A MSc. in Engineering: Energetic materials § :
and combustion, ENSTA, Brest, France

Estimated progress of the PhD project:

_ , o _ Just started ... <50 % >50 % Almost doneJ
Figure 2 Experimental results of a&rtedhydrogen deflagration in a 2fdot ISO containetHySEA

project, test 61). Comparison with blipdediction study benchmarks (Skjold et al., 2019). _

W Do not know) prefer not e answer Neutral f \
| Mot relevant for feal applications W |nberesting, further knowledge useful Number of respondents - -
sufficiently covered elsewhere ® Highly interesting. prioritised (] 1 20 E ] 40 50 & w P u b I I Catl 0 n S

Necessary conditions for the occurrence of DDT

A MejiaBotero, C. CRratabuyTranQuang, L., &Imarcha C. (2026, July 226).Cell
size distributions dfiydrogenair flamesduring propagation inHele Shawburners
[Paperpresentatior]. 41st International Symposium on Combustion, Kyoto, Japan.

Flame propagation in fuel-air douds located in congested regions of varying obstacle density
Flame propagation in fuel-alr clouds generated by high-pressure gaseous releases

Flama propagation in fuel-air clouds with high degrees of initial turbulence Mejl’a—Botero, C CF,’ratabuyTrar‘rQuang, L., Chen, Z., BOiVin, PAI&archaC
(2026, July 2426).Flame propagatiotimit and consumptionspeed ohydrogenair
flame innarrow channelgPaperpresentatiorj. 41st International Symposium on

Flame propagation between separate congested reglons (e.g. safaty gaps)

R
To

brinlame front propagation through openings In enchosures fitked with venting devices, louvre panels, st

Flame propagation i near-quiescent clouds with layers of vanying concentration

Flame front interaction with various types of objects [shape, anientation, etc.)

Flarne propagation in fuel-air clouds with non-atmespheric pressures and temperatunes

UNIVERSITETET I BERGEN

https://doi .org/10.1016] jlp.201906.013
y ’

School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

Figure 3 Survey results: Priority physical phenomena for investigation in upcomingdaete =
hydrogenexperimental campaign$iy\Value2027). LS

e HyValue

Combustion, Kyoto, Japan.
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Model Predictive Control for Safeguarding Nicolas Dobler
Water Electrolysis

Introduction A

The project goal is to researchand develop a novel method to
control the hydrolysisof water with a specialfocus on safety.
There has been a lot of researchon how to run hydrogen
production processesat the optimum and how to find these
optimal working conditions Often this research focuses on
solvingthe academicoptimization problem while neglectingthe
realworld challenges of chemical process industry. Many
chemicalsare toxic, flammable, explosive or in other forms
dangerouswhich is why the control of chemicalprocessesalso
needsto include a safety aspect Thisis where this project tries
to inherently include safety aspectsinto modern control theory
method. The main goal is to explore new safety monitoring
processes&nd control strategiesfor optimal operationunder safe

. A
Other heading(optional text box, can be
RSt SGSRZ NBLX I OSR

[2]

circumstances /

.

~

Primary objective

A Proposal of a robust, fautblerant, and safetyfocused
modetbased control strategy that provides contingenc
plans for equipment and sensor failure.

Secondary objectives

A Vvalidation of the approach on simulations
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