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HySchool — Admitted PhD students (TA1) HySchool — Admitted PhD students (TA2)

TA2: Production
TA1: Society and environment [ RGN
Alicia San Martin Rueda NTNU | 1n-si rization of perows sing advanced techniques
Name Org. | Projectitle T | T2 | A3 | TM | TS i U8 | Nearied electrosinningfo elzctrochemical electrodes
John Sonith Fornando US| Carbon capture and g separation echno
1 Brynhild Stavland | UiS | Safety regulation of hydrogen as an energy carrier in society * L L P— w o ’p . “ ’,, - "
) Kistotter Skjotangor FVL_| Development of mathamstics and physicat models fo hycogen production i rotatig systems
Claudia Cheng UIT | Hydrogen: A new industry for the low-carbon energy transition in Arctic Norway pem— U8 | Designol novelcottyat forbormogeneous smemoninaynthes
Liina Sangolt UB | utitization of affshore wind for hydrogen production
Isabelle Viole Ui0 | Energy storage systems for a sustainably-powered telescope * * e -
" —— " o "
N Public policy co-production, visions and strategies - Understanding the new hydrogen hype in Luyang Wang
Kine Hove Johnsen | NTNU | \ w00 o the EU Marsello Gostamagna UB | Tawards sustainable ammonia production: development n of evolutionary slgorithms for catalyst design
Marus Frodricsan NTNU | Modeting,optimizstion and controtof electielysersytems
Martina Fantini NTNU | Sustainable aviation futures in Norway: Visions and trajectories A Megan Heath NTNU | Towards Loading
School no Mengsin wu U0 | performance don of posttrodzs for
. Using dynamic and multi-layer material flow analysis for hydrogen usage in high-temperature " Minh ChiTe uis
Moritz Langhorst NTNU . o
processes of the aluminium and steel industries Mohamed Safy
i o
Teymur Gogiyev NTNU ility analysis of hydrogen production and use in Norway Sivagawrl us
Stine Roen o +pltingn slectotyss
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HySchool — Admitted PhD students (TA3) HySchool — Admitted PhD students (TA4) HySchool — Admitted PhD students (TA5)

TA3: Storage and distribution TA4: Applications TAS: Safet
Name Org. | Projectitle Ta1 | T2 | A3 | Taa | Tas . Yy
Name Org. | Projecttitle TAL | TAZ | TA3 | TAd | TAS 2 Name Oz | Projectiitie RS
. . Abinavnataraj Ramakrishnan | UIS | Metal oreanic frameworks and zeolites for catalytic CO; hydrogenation to methanos
Abhishek Baneriee Uis | Stucture and dynamics in nydrogen-rich alloys for hydrogen storage NTNU | Safety solutions for hydrogen storage and transport * | *
Asutosh Mallick U | Etectrical system integration of targe maritime PEMFC T
. Energy storage systems for the integration of renewable energy sources into the power NTNU | L d hydrogen
Emil Hgj Jensen vo | By Storage sy & 2y David Zilles NTHU tuly of law-carbon fuel injection and foni velrogs |
ice Schi orm, jdrogen starage companents e " *
Inrid Marie St U | Supply chaimt 1 quality degradation for targe valarme hydragen on P Duc DuyNeuyen NTNU | Gombustion of ammania and hydragen fuel mixtures in marine engine Alice Sehiarol NTNU | Performance of hydrogen storage components exposed o ire with focus on cryogenic equipmer al
ingrid Marie Stuen i upply chain losses and quality degradation for large volume hydrogen transport chains -
Elena Baboi NTHU | Safe operations in hydrogen-based industry * * Anna Marie Lande USN_| Mitgation of rycrogen explosions
Mehmet Fazil Kapg1 NTNU | Materialintegrity of titanium alloys for hydrogen energy applications — NTN | Fiyrogen " — p— . Dikshya Bhandari Ui | identify " in hydrogen energy for safer integration )
Paula Endrds NTNU | Designing hydrogen resistant Ti-6Al-4V parts manufactured by electron beam melting GiuliaFede NTNU | H2GLASS: Hydrogen technologies and smart production systems ta decarbonise the glass and aluminum sectors UIB | Hydrogen as energy carrier in society: risk picture, risk awareness and public acceptance (HySociety) B
Raymond Mushabe UB | Experimentalreservoir physics Py Jiyong Alex Shin NTHU | Combustion dynamics * Farhana Yasmine Tuhi | NTNU | Reliability and resilience of green hydrogen production Systems ®
Raymond Mushabe
Keivan. i NTNU | Study of zero-carbon fuels forintemal combustion engines Federica Tamburini NTNU | Liquid hydrogen transport and use *
Sadegh Ahmadpour Uis | Hydrogen storage in porous media
Kinza Huma UiS | Synthesis, structure and dynamics of axyhydrid § i
- Leonardo Giann NTRU | L d hydrogen "
Sahra Louise Guldahl-Ibouder NTNU | Development of novel materials for low-temperature ammonia cracking * Liya Jacob NTNU | 510 reduction using hydrogen
Vadake Adat U0 | High entroy alloys for ydrogen storage Muhammad Bagir Hashmi Uis of hydrogen uelled gas turbines = B Lucas Claussner NTNU | Modelling of Loss of containment consequences of hydrogen technologies
Muhammad Salman UID | Green hydrogen from air (FAIR) E Matthijs van Wingerden | Ui | Chemical inhibition of hydrogen explosions
Vilde Gahr Sturtzel Lunde vio Magnetocaloric materials for hydrogen liquefaction - -
Reyhaneh Banihabib UiS | Development of real-time smart data analytic tools for monitoring and optimum operation of MGT systems Melodialucas UiB | improved madelling of hydrogen explosions
Wendpanga Jean Donald Minougou|  UiS PhD fellowship in geological storage of hydrogen Tristanvan Kaam NTNU | The use of hydrogen as a reducing agent in the production of rutile and ferro manganese alloys Petar Bos: USN | Development of a CFD methodology to reduce the hazards of hydrogen and ammonia systems in maritime and industrial sectors
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HySchool — Admitted PhD students (TA1)

TAl: Society and environment

Name Org. Project title

Brynhild Stavland UiS | Safetyregulation of hydrogen as an energy carrier in society

Claudia Cheng UIiT Hydrogen: A new industry for the low-carbon energy transition in Arctic Norway
Isabelle Viole Uio Energy storage systems for a sustainably-powered telescope

Kine Hagve Johnsen | NTNU

Norway and the EU

Public policy co-production, visions and strategies — Understanding the new hydrogen hype in

Martina Fantini NTNU [ Sustainable aviation futures in Norway: Visions and trajectories

Moritz Langhorst NTNU processes of the aluminium and steelindustries

Using dynamic and multi-layer material flow analysis for hydrogen usage in high-temperature

Teymur Gogiyev NTNU | Environmental sustainability analysis of hydrogen production and use in Norway

TA3 TA4 TA5
* * *
* *

*
*

Vedant Ballal NTNU | Environmental sustainability analysis of integrating the hydrogen economy with the bio-economy

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




Safety Regulation of Hydrogen as

an Energy Carrier
N

Introduction

A large-scale use of hydrogen as an energy carrier in
society will result in significant changes in the
production, distribution, use etc. of hydrogen
compared to the current context. The PhD project is
based on an assumption that these changes call for a
review of the current hydrogen regulations and
potentially development of a regulatory system that
are aimed at safety and security-related concerns
given a large-scale introduction of hydrogen as an

)

\energy carrier.
/

Objective

The primary objective of the PhD-project is to provide
scientific knowledge about how safety and security can
be regulated given a large-scale implementation of
hydrogen as an energy carrier.

~

4

F

-
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Systems thinking as a basis for regulating hydrogen
safety in society

Strength of Knowledge and uncertainties in safety
and security regulation of hydrogen as an energy
carrier

inished activities

Current activities

Framework for assessing knowledge quality in
hydrogen regulation (article in progress)
Factors that enable the choice of regulatory
strategies in the case of hydrogen as an energy
carrier in society (article in progress)

uture activities

Systems theoretical analysis of transport of liquid

Brynhild Stavland

University of Stavanger

Use for Efficient Implementation 2 (SH2IFT-2)

PhD-candidate in Risk Management and
Societal Safety

Educational background — political
science and societal safety

Estimated progress of the PhD project:

Just started ... <50% >50%

Related projects: HySociety, Safe Hydrogen Fuel Handling and

Almost done ©

hydrogen (planned paper)

HySociety

Publications
e Stavland, B. & Nj3, O. (2022). Systems Thinking as a Basis for Regulating
Hydrogen Safety in Society. Proceedings of the 32" European Safety and

Reliability Conference (ESREL 2022). DOI: https://doi.org/10.3850/978-981-18-

5183-4 R13-03-204-cd

Regulation of Hydrogen as an Energy Carrier. |: Proceedings of the 10th
International Conference on Hydrogen Safety (ICHS 2023). ISBN
9791221042740.5.1103-1114.

SCHIFTID ILS oy

-

e Stavland, B. & Nj3, O. (2023). Strength of Knowledge and Uncertainties in Safety
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https://doi.org/10.3850/978-981-18-5183-4_R13-03-204-cd
https://doi.org/10.3850/978-981-18-5183-4_R13-03-204-cd

Hydrogen: A new.industry for the low-carbon energy transition in

Introduction

Cheap electricity prices and proximity to the
majority of Norway’s remaining natural gas
resources makes Arctic Norway! an attractive
region to build a new industry based on blue
and green hydrogen. How can a just low-
carbon energy transition towards a hydrogen
economy come about in Arctic Norway?

Primary objective
Assess the prospects of a low-carbon
hydrogen economy in Arctic Norway

Secondary objectives

Examine the interactions between hydrogen
and the various regimes (natural gas, power
supply, maritime)

Assess Norway’s competitiveness of hydrogen
exports to the EU and the socio-
environmental implications

Study the potential for a green shipping
corridor in the Arctic based on green ammonia

Identify key drivers and barriers for the
development of a just and accelerated low-
carbon hydrogen economy

I Nordland, Troms and Finnmark counties & Svalbard

1
School.no Norwegian Research School
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Arctic Norway

Scenario A Scenario B Scenario C

Spatial distribution of onshore wind (dark blue) and offshore wind (light blue)
capacities for blue and green hydrogen production in Norway (in GW)

Grgtsund Industry port. Source: Tromsg Havn

VERSy,

t22: UiT The Arctic University of Norway

*,

Claudia Cheng

PhD Research Fellow

Department of Social Sciences

UiT Norway’s Arctic University

Changing Arctic Research School

Arctic Centre for Sustainable Energy (ARC)

Research interests:

* Hydrogen

* Energy transition

* Energy justice

* Socio-technical perspective

Estimated progress of the PhD project:

Just started ... <50 % >50% Almost done ©

Publication(s):
Claudia Cheng (2023). Does time matter? A multi-level

assessment of delayed energy transitions and hydrogen pathways

in Norway. ERSS. 100, 103069, 11 pp.
DOI: https://doi.org/10.1016/].erss.2023.103069

Claudia Cheng (in revision). A Green Shipping Corridor in the

Arctic by 20307 Barriers and opportunities In Handbook of Ocean

Governance and Maritime Affairs. De Gruyter.

C. Cheng, K. van Greevenbroek & I. Viole (manuscript in
progress). Can Norway save the European Union's hydrogen

ambition for 20307
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https://doi.org/10.1016/j.erss.2023.103069

Public Policy Co-production, Visions & Strategies — Kine Hgve Johnsen
Understanding the New Hydrogen Hype in Norway

Affiliation:
a nd the EU Norwegian University of Science
- N/ S and Technology (NTNU)
Introduction Fields/perspectives applied Related projects:
Policymakers around Europe have released From Science and Technology Studies (STS) FME HYDROGENi
a wave of policy documents, advocating for and Transition Studies
different hydrogen visions Bachelor in International

Environmental and
Development Studies

* Limited knowledge about what this new
hydrogen hype in European energy politics
and industry really entails from a transition

erspective
PP J

\

Master in Innovation
Studies

Estimated progress of the PhD project:

Primary objective
Just started ... <50% >50% Almost done ©

Explore sociotechnical aspects of the new [
hydrogen hype in Norway and the EU

Secondary objectives
* Understand how roadmaps and strategy
documents are produced (co-production)
* Explore various visions, strategies and
dimensions embedded in the hype and how
N these intersect y

@ NTNU

Norwegian University of
Science and Technology

EN EN

Hy1

Norwegian Centre for %%, ~ 5% UIT Norges Universitetet
.@ N ] §/4%) UNIVERSITETET e [T g niversitete
i SINTEF éDHYDROGENI x Environment-friendly € J 1OSLO I FL L5 arktiske universitet i Sorost-Norge
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Environmental Sustainability Analysis
of H, Production and Use in Norway

Introduction

Methods

Reducing the carbon footprint of the energy,
transportation, and industrial sectors is a major
challenge in the fight against climate change that
requires inventive solutions. This research aims to
improve hydrogen-based value chains in Norway
through advanced Life Cycle Assessment (LCA),
promoting sustainability-driven innovation. It aims
to quantify the climate change mitigation potential
and identify environmental co-benefits and trade-
offs of large-scale deployment of H,-based
technologies in Norway, particularly in hard-to-
abate sectors

Primary objective
* Promote H, technologies to fulfill a green shift in
Norway

Secondary objectives

* Identify environmental co-benefits and trade-
offs

* Assessment of H, impact on the environment

Hy1

School.no

Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

The research focuses on two key areas. Method
development involves refining integrated
assessment tools that combine LCA with future
scenario data for tailored prospective
assessments in Norway. Applications include
using these refined methods to assess specific
value chains representing different combinations
of hydrogen production and use.

ecé&invent

7 Brightway

—_—— e e e e — oy

TSI

Energy Research

Norwegian Centre for . :‘{3} Industrial
Environment-friendly &HYDROGENI B | q T l q l ] (ﬂﬁi Ecology
Kunnskap for en bedre verden Programme

Teymur Gogiyev
Affiliation(s): NTNU

Related projects: FME HYDROGENi

Educational Background:

. BSc Environmental Engineering
(ADNSU)

*  MSc Engineering (NTNU)
*  MSc Industrial Ecology (NTNU)
Supervisor: Francesco Cherubini

Co-supervisors: Nicola Paltrinieri;
Marcos Djun Barbosa Watanabe

Estimated progress of the PhD project:

Just started ... <50 % >50% Almost done ©

Publications (WIP)

* Environmental aspects assessment of offshore H,
production

* Environmental assessment of H, use as a reducing
agent in the metallurgical industry
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Climate impacts of advanced drop-in liquid

biofuels for transport applications

Introduction Hydrogen for upgrading

Main driver for GWP100 life cycle climate impacts

Biofuel production value chain

EU mitigation targets
55% reduction by 2030 (EU Fit-for-55 package)

90% reduction by 2050 (EU net-zero Green deal) Upstream Bio-oil Biofuel Downstream
processes Upgradlng processes
Difficult-to-abate transport applications (Feedstock to bio- (Intermediate) (Finished product)  (Until fuel reaches
L. L. . oil production) tank for use)
Aviation, Shipping, Road-freight transport need 4
- itiocati Hydrogen
renewable drop-in fuels for mitigation Today ydrog 2050

Advanced biofuels from forestry resources can
offer more than 90% GHG reduction per MJ

SMR of Natural gas  SMR of Natural gas PEM electrolysis

. . . GWP100 climate impacts of advanced biofuels
Primary objective

Technological conversion Pathways

Hydrothermal Liqufaction Integrated Alcohol-to-Jet

Identify emerging pathways for
fy ging p y (HTL) and Fast Pyrolysis (IAF)

advanced biofuel production for
climate mitigation in transport sector

H2: 50%

impacts

I

® - H2:65% *
g impacts -«
%

Today

Secondary objectives

* Scenarios for H2 sources for
upgrading

* Prospective climate impacts

» Lifecycle stage contribution analysis

0 5 10 15 2 2 30 3
(8CO2 eq. MI-1)

15 20 25 30 35
(8 €02 eq. MJ-1)

H2: 60%
impacts

0 5 10 15 20 2 30 35
(8.CO2 eq. MI-1)

2 20 ES

2050

Lifecycle stage

[ Forestry operations
Feedstock transport

(g €02 eq. MJ- 1)

Technological conversion

€ Impacts reduced " Impacts reduced
M Grey H2 for upgrading o o
[l Green H2 for upgrading by 70% " by 50%

H P ul '
0 5 10 15 20 5 30 35 25 20 35

M Distribution
(g CO2 eq. MJ-1)
School.no

e

H2 for upgrading scenarios- Today and Future

G I
H2: 77% I
impacts =« I
I

Norwegian Research School (gcoz eq. M- 1)

on Hydrogen and Hydrogen-Based Fuels

Legend for y-axis (feedstocks for biofuel production):

P- Pulpwood, FR- Forestry residues, IR- Industry residues, CF- Combined feedstocks

and Energy

Just started ...

| am studying emerging
technological pathways to produce
advanced biofuels and e-fuels for
difficult-to-abate transport
applications of aviation, shipping
and road-freight in Norway and in
Europe. This involves conducting
techno-economic and lifecycle
assessments for sustainability.

Supervisor: Francesco Cherubini
Co-supervisor: Marcos Djun Barbosa Watanabe

Vedant Ballal

Norwegian University of Science and Technology (NTNU), Trondheim

>50 %

Project: FME Bio4Fuels- Norwegian Centre for Sustainable Bio-based Fuels

Estimated progress of the PhD project:

<50 %

Almost done ©

Previous publication

Climate change impacts of e-fuels for
aviation in Europe under present day

conditions and future policy scenarios.

@ NTNU

Norwegian University of
Science and Technology
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HySchool — Admitted PhD students (TA2)

TA2: Production

Name org. Project title TA1 | TA2 | TA3 | TA4 | TAS
Alicia San Martin Rueda NTNU | In-situ characterization of perovskites using advanced techniques

Anders Even Kvale UiB Near field electrospinning for electrochemical electrodes *

John Senith Fernando uisS Carbon capture and gas separation technology B
Jonas Himmelstrup UiB Design of novel catalysts for homogeneous ammonia synthesis

Kristoffer Skjelanger HVL Development of mathematical and physical models for hydrogen production in rotating systems

Leif Eric Hertwig UiB Design of novel catalysts for homogeneous ammonia synthesis

Liina Sangolt UiB Utilization of offshore wind for hydrogen production * *
Lucas Cammann NTNU | Plantwide control for flexible operation of electrolysis systems B
Luyang Wang uio Minority bulk and surface proton conduction in ceramic positrodes for proton ceramic electrochemical cells

Marcello Costamagna UiB Towards sustainable ammonia production: development and implementation of evolutionary algorithms for catalyst design

Marius Fredriksen NTNU | Modelling, optimization and control of electrolyser systems & B3
Megan Heath NTNU | Towards reducingthe anodic Ir loading in PEM water electrolysers

Mengxin Wu uio Performance and degradation of positrodes for proton ceramic electrolysers

Minh Chi To uiS Green hydrogen production

Mohamed Safy uio Exploring the synergy of DFT and volcano plot analysis for the discovery of innovative catalysts in CO, hydrogenation

Patrick Ewerhardt uio Characterization and simulations of model electrodes in proton ceramic electrochemical cells

Sivagowri Shanmugaratnam UiB Green hydrogen production through photocatalytic water splitting

Stine Roen uio Electrochemical characterization of mixed conducting ceramic positrodes for water splitting in electrolysis

Thomas Benjamin Ferriday UIA Lr;wep():rt(:(\;icnﬁget:ﬁsz:;mbrane electrode assembly of an anion exchange membrane water electrolyser - A study of interfacial

Tomasz Adam Skrzydlo uis Catalytic cracking of methane over metal and carbon-based catalysts

Torbjern Egeland-Eriksen uio Energy management for a novel hybrid energy storage system for the integration of renewable energy sources into the power grid 8| = ﬁ o
Willow Dew NTNU | Palladium-based membranes for hydrogen and ammonia

@yvind Lindgard NTNU | Formulation and experimental validation of models for degradation and performance of catalytic layers for water electrolysis 4 >




Near field electrospinning for
electrochemical electrodes

~

The PhD project is developing a novel near-field electrospinning
method for preparing 3D structured nanofiber electrodes for
electrochemical electrodes. The method can be used for
production of several types of electrodes for electrolysis, fuel
cells, battery, flow batteries or super capacitors. Advanced 3D
structured electrodes can improve conductivity and increase the
electrode surface area resulting in enhanced reaction activity.
The development is an important measure to improve the
capacity and performance of energy storage devices and reduce
the need for critical raw materials. The project will focus on
electrodes for electrolysis of water and the challenging oxygen
evolution reaction, where today solutions require significant use

/Introduction

of the critical raw material iridium as catalyst.
~N

Primary objective

*  Prepare 3D structured electrodes with nano fibers for

improved electrochemical performance with a new novel near
field electrospinning method.

Secondary objectives

*  Fiber optimized for catalyst contact, pores for mass transfer
and electron/ proton conductivity

*  Reduce ohmic losses at the electrode

* Develop the method for preparing electrodes for batteries,

/

Solution
reservoir

\

High voltage Figure 1 Traditional

electrospinning

tailor cone”” method
-
Poreswith Hz0
i %53
A Figure 2:
£ } LPN'L &

Electrospun fibers
with electrochemical
reaction

Electrolyte/ionomer 7).

fiber

Catalyston
‘ support material I ‘

super-capacitors, and other energy storage devices

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

Anders E. Kvale

University of Bergen & Element One Energy AS

| have a M.Sc. Degree

in Engineering, Energy and
Process from NTNU and
worked for a couple of
decades in the energy
domain. The project is

an industrial PhD for my start-
up company Element One
Energy AS where | am the
founder

Estimated progress of the PhD project:

Just started ... <50% >50%

Almost done ©

/

UNIVERSITETET
I BERGEN

e N
Publications
*  Preparing a paper on "3d structured fiber with novel near-field
electrospinning method" and publishing post patent on the near
field method.
\. Y,

Eenek
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Decarbonizing H2 Production in the
Green Transition

ntroduction

In 2022, 62 % of global hydrogen was produced from natural
gas without carbon capture, utilization, and storage(1]. Steam
Methane Reforming (SMR) with water gas shift which is the
main process of H2 production from natural gas, yields a
product composition of 61% Hz, 19% CO2, and 20% H20
excluding the impurities [2]. It is essential to capture and store
the produced COz2 to produce blue hydrogen until the green
transition takes over [3]. For Hz to be utilized as a fuel with high
energy density, the H2 gas product mixture needs to be
treated to produce high-purity H2. The end-user applications
such as different fuel cells, demand H2 purities of 99.97% -
99.9995%. Therefore, the separation and purification unit
should deliver H2 at the highest recovery and highest purity
with minimal energy input.

The future perspectives include enhancing the affinity of
adsorbent materials for CO2 to improve selectivity with better
adsorption capacity and improving the material stability
towards water and impurities. These could be achieved by
modifying the surface areaq, pore sizes, and functionality of the

&noteriols.

~

Primary objective

+ Investigating the potential of porous materials in gas
separation.

Secondary objectives

« Developing PSA, TSA, and absorption-based systems using
porous materials for carbon capture minimizing the
drawbacks in current technologies.

« Purification and separation of gases such as hydrogen using
the developed method.

J

-
1
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Pressurization Adsorption Pressure Blowdown
Equalization
Step1 Step 2 Step 3 Step 4

Universitetet
i Stavanger

\\I/

Purge

Step 5

PSA Process

John Senith Ravishan Fernando!

PhD Candidate, MSc. in Environmental Engineering -
University of Stavanger, Norway, BSc. in Chemical &
Process Engineering-University of Moratuwa, Sri Lanka.

Supervised by :
Dr. Sachin Maruti Chavan!
Prof. Bishnupada Mandal?

Affiliations:

Functional materials and process chemistry (FUMAPRO) group
Department of Chemistry, Bioscience and Environmental Engineering,
University of Stavanger, 4036 Stavanger, Norway.

2Department of Chemical Engineering
Indian Institute of Technology, Guwahati, India

Project: New Porous Liquids for Gas Separation and Carbon
Capture.

Funded by Norwegian Research Council.

Estimated progress of the PhD project:

Just started... <50% >50% Almost done ©

Reference

1. IEA (2023), Global Hydrogen Review 2023, IEA, Paris https://www.iea.org/reports/global-hydrogen-
review-2023, Licence: CC BY 4.0

2. Lei L, Lindbrathen, A, Hillestad, M., & He, X. (2021). Carbon molecular sieve membranes for
hgdro en urificati?n from a steam methane reforming process. Journal of Membrane Science,
627. hitps://doi.org/10.1016/.memsci.2021.119241

3. Noussan, M., Raimondi, P. P., Scita, R, & Hafner, M. (2020). The Role of Green and Blue H ?rogen in
the Ene:jgy Transition—A TechnoloSQiccl and Geopolitical Perspective. Sustainability, 13(1 .
https://doi.org/10.3390/sul301029

fat

Norges

J
forskningsrad >

<



https://doi.org/10.1016/j.memsci.2021.119241

Hydrogen production from
fluctuating power sources

il =HINI EN =S I IS I S I S S S S S S S S S S - -y

’______N

OUTPUT N\

Hz|| O-

li:

shutdowns and start-
ups

€ LCOH

- e e e e s .

/

Primary objective
* Analyze the different variable power
sources that can be utilized for
hydrogen production
Secondary objectives
* Analyze how to size the electrolyzers
for the variable power input.

Vg INPUT MODEL
vy
Electricity from HP Alkaline electrolyzer
-ws -
e CAPEX W W W galance of facility
Electricity price Economic model
—— | | | | | | | | | | | | | | | | | | | -_—
/
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A

* Underwater storage safety aspects.

Liina Sangolt

Affiliations: = UiB, HVL

Related projects: HyValue, Centre for safety at sea by HVL

Master in Mechanical
Engineering, 17 years of
experience as a process
engineer in the oil and
gas industry, lecturing
in  Fluid Mechanics,
Petroleum Production,
and Technical safety in
Process Industries

Estimated progress of the PhD project:

Just started ... <50% >50% Almost done ©

( Publications:

* Sangolt L., Olivares A.F., Rognmo A.U., Quaysson E., Oltedal
V.M., (2024-03-06-08) Modelling hydrogen production from
small-scale hydropower, a case study, EHEC2024, Spain,
Bilbao

* Sangolt L., (2024-03-21), Hydrogen production from

run-off river power plant, EPHYC, Belgium, Ghent
N\

Western Norway
University of
Applied Sciences

J
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Plantwide control for flexible

operation of electrolysis systems

1890-Present
D> - —>

AEL

~

Introduction
Coupling alkaline electrolysis processes with
renewable energy sources requires rethinking

electrolyser operating practices that today assume
constant power supply. We are developing control
methods to enable safe and efficient operation for
renewably fuelled electrolysis systems, both on and
off the electricity grid. The methodologies used are
from the fields of process systems engineering,

optimization and control. D

‘\

Primary objective

. Develop control strategies for the plantwide
operation of electrolysis systems using renewable
energies

Secondary objectives

. Elucidate bottlenecks in current operational practices

. Improve ways of handling the power input as a
disturbance

. Analyse the control requirements for on-and off grid

operation
- J
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Lucas Cammann

Norwegian University of Science and Technology

TU Berlin (*15 - "18)

B.Sc. Chemical Engineering
TU Delft ("19 - "21)

M.Sc. Chemical Engineering

NTNU (22 -)

Ph.D. Candidate
Estimated progress of the PhD project:
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Publications

e Cammann, L., Jaschke, J. (in press),A simple constraint-switching control
structure for flexible operation of an alkaline water electrolyser, IFAC-
Papers Online

e Cammann, L., Jaschke, J., Comparing operational strategies for alkaline
electrolysis systems considering a probabilistic
wind power distribution, Computer Aided Chemical Engineering

® NTNU

Department of Chemical Engineering

DAl Iucas.cammann@ntnu.no
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Minority bulk and surface proton conduction in ceramic
positrodes for proton ceramic electrochemical cells

Introduction h
The positrode is critical for proton ceramic electrochemical
cells for hydrogen and ammonia, as a major contribution
to the over-potentials and hence losses in the whole cell. It
is challenging to characterise the proton transport in
predominantly electronic conductors.

We want to establish theory and methodology for
measuring minority protonic conductivities in electronic
conductors. The results will be used as input to other
project which perform computer simulations to seek
strategies for optimization and effects on electrodes in

scaled-up cells. /
\

\_

Primary objective
¢ Proton conduction in the bulk and on surfaces of
positrode materials.

Secondary objectives

» Surface protonic conductance by proton flux.

* Proton conduction on conductive metal oxides.

* Brick layer model for mixed electronic and protonic
conductive positrodes.
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Luyang Wang
University of Oslo

Related projects: FME HYDROGENi

I am doing PhD in Materials Chemistry at
the Electrochemistry group with Truls
Norby as my supervisor.

Bachelor in Environmental Engineering -
Huazhong University of Science and
Technology, China.

Master of Research in Green Chemistry:
Energy and Environment - Imperial College
London, UK.

Estimated progress of the PhD project:

Just started ... <50 % >50% Almost done ©
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Publications

. Wang, L.; Gu, Y.; Wei, J.; Wu, X. Li-Ni-Co-Mn oxides powders recycled
from spent lithium-ion batteries for OER electrodes in CO2 reduction.
Environ. Technol. Innov. 2020, 18, 13, Article. DOI:
10.1016/j.eti.2020.100732.

Dissertation of MRes

. Using DFT to calculate the dual-atom catalysts for oxygen reduction
reaction.
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Towards reducing the anodic Ir

loading in PEM water electrolysers

Changing/doping

Introduction the A-site\

Hydrogen production through PEM water

electrolysis (PEMWE) is: Changing/doping

4 Flexible and compact .
v Energy efficient the B-site
v Able to function with load changes

Expensive and scarce Ir used as oxygen evolution
reaction (OER) electrocatalyst limits the large-
scale implementation.

Ruthenium oxide is another excellent OER
electrocatalyst, but has poor stability.

We investigate ruthenium pyrochlores (Y,Ru,0,)
to increase the stability of Ru and reduce the
reliance on Ir. These pyrochlores are reported to
have better OER activity than IrO,2

References:

(1) Feng, Q.; Wang, Q.; Zhang, Z.; Xiong, Y.; Li, H.; Yao, Y.; Yuan, X.-Z.; Williams, M. C.; Gu, M.; Chen, H. Highly Active
and Stable Ruthenate Pyrochlore for Enhanced Oxygen Evolution Reaction in Acidic Medium Electrolysis. Appl. Catal.
B Environ. 2019, 244, 494-501.

(2) Kim, J.; Shih, P.-C.; Tsao, K.-C.; Pan, Y.-T.; Yin, X.; Sun, C.-J.; Yang, H. High-Performance Pyrochlore-Type Yttrium
Ruthenate Electrocatalyst for Oxygen Evolution Reaction in Acidic Media. J. Am. Chem. Soc. 2017, 139 (34), 12076—

@ NTNU
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Megan Heath

The Norwegian University of Science and Technology (NTNU)

HOPE project (Revolutionizing Green Hydrogen Production with
Next Generation PEM Water Electrolyser Electrodes

| am passionate about
conducting research pertaining
to the green energy transition.
| have a strong background in
(electro)chemistry. | have
conducted research on various
OER electrocatalysts using
electrochemical, physical and
in-situ techniques ( such as
Raman spectroscopy).

Estimated progress of the PhD project:

Just started ... <50 % >50% Almost done ©
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Primary objective

Reduce the anodic Ir loading in PEMWE

Secondary objectives

* Optimise the synthesis method and doping strategy of the
pyrochlores to obtain active and stable electrocatalysts.

* Develop standardised and rigorous methods to physically

characterise the material and test activity and stability.
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Noble-Metal-Free Core-Shell Plasmonic MOFs as Minh Chi To
PhOtocatalyStS for Green Hyd rOgen PrOdUCt|On University of Stavanger, Department of Mathematics

. \ Photocatalytic water splitting and Physics
Introduction
Metal-Organic Frameworks (MOFs) are semiconductor-like materials h did .
composed of metal nodes and organic ligands. These materials have the 2H, PhD-candidate in

potential to be good candidates for photocatalytic water splitting by
themselves and through further enhancement [1].

Material Physics

MSc in Physics from UiB
The use of plasmonic enhancement for photocatalysts, focus largely on 4H*
using conventional noble metals such as Ag or Au. This is due to their
good optical response in the visible-near infrared region [2]. These
metals, however, are scarce and have high cost, which is problematic
for large scale production. The use of alternative plasmonic materials
capable of surface resonance in the visible-near infrared region is

therefore important to investigate [3].

\_ DA o Estimated progress of the PhD project:

BSc in Physics from UiB

2H,0

Just started ... <50% >50% Almost done ©
/Primary objective A Synthesis of plasmon enhanced MOFs Single-core/shell _
. Investigate and Surfactant covered
characterize plasmon plasmonic
enhanced MOFs based on nanoparticle Heterogeneous - N
alternative plasmonic di . X Reference
materials Eereliel nucleation [1] Sergio Navalén, Amarajothi Dhakshinamoorthy, Mercedes Alvaro, Belén Ferrer, and

Hermenegildo Garcia. Metal-organic frameworks as photocatalysts for solar-driven over-
all water splitting. Chemical Reviews, 123(1):445-490, 2023. PMID: 36503233

. Compare hydrogen N < B
production to plasmon [2] Alberto Naldoni, Urcan Guler, Zhuoxian Wang, Marcello Marelli, Francesco Malara, Xiangeng
—_— —— . Meng, Lucas V. Besteiro, Alexander O. Govorov, Alexander V. Kildishev, Alexandra Boltasseva, and
enhanced MOFs based on Mu|t|-c0r‘e/she|| Vladimir M. Shalaev. Broadband hot-electron collection for solar water splitting with plasmonic
conventional noble metal. \ titanium nitride. Advanced Optical Materials, 5(15):1601031, 2017.
MOF

[3] Rou Li, Xianfeng Wang, and Ming Chen. Non-noble metal and nonmetallic plasmonic
\ / nanomaterials with located surface plasmon resonance effects: Photocatalytic performance and
components Epitaxial applications. Catalysts, 13(6), 2023.
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Green hydrogen as energy storage and energy carrier in
combination with offshore wind power: Production, energy
management and techno-economic analysis

/Introduction \

The global energy system is in a transition where the
intent is to reduce anthropogenic emissions of
greenhouse gases. The biggest cause of these
emissions is the burning of fossil fuels, and one of the
technologies that could potentially reduce fossil fuel
usage is green hydrogen, i.e., hydrogen produced with
renewable electricity. In my PhD project | have
analysed technical and economic aspects of hydrogen
as an energy storage medium and energy carrier in
combination with renewable energy, with particular
focus on the production of green hydrogen with

electricity from offshore wind farms. /

~

Primary objective

Perform research and analyses, collect data, develop computer models and

perform simulations to answer the four research questions:

1. What are the main advantages and challenges with green hydrogen as energy
storage in electricity systems?

2. What are the most important factors that influence the technical performance
of green hydrogen production from offshore wind power?

3. What factors have the largest effect on the production cost of green hydrogen
from offshore wind power?

4. ls it possible to improve the economic and technical viability of green hydrogen
production from offshore wind power by developing a model that uses
technical and economic factors to forecast and control the hydrogen

production?

J

1
School.no Norwegian Research School

on Hydrogen and Hydrogen-Based Fuels

Estimated FOWT capacity factor vs. actual capacity factor for final week of 1-year testing dataset
Second stage polynomial regression (degree=12) with adjustments
1.0 Actual

" Estimated

I 4 o
> o ©

Capacity factor

e
N

0.0 e MLJ

2021-01-13 2021-01-14 2021-01-15 2021-01-16 2021-01-17 2021-01-18 2021-01-19 2021-01-20 2021-01-21
Date

~ capacity factor

= capacity factor
Difference (abs)
— between model
and actual data

LCOH for offshore and onshore electrolysis

compared to blue hydrogen

Torbjern Egeland-Eriksen

University of Oslo & NORCE

| have worked on an industrial
PhD in cooperation with the
University of Oslo for the last
five years (thesis submitted). |
also work as a researcher with
NORCE, where | am part of the
Coastal and Ocean Systems
group in Haugesund.

Estimated progress of the PhD project:

Just started ... <50 % >50% Almost done ©
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Top figure and bottom left figure is from the third publication. Bottom right figure
is from the fourth publication.
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T. Egeland-Eriksen, A. Hajizadeh, S. Sartori. Hydrogen-based systems for integration of renewable energy in power
systems: Achievements and perspectives, International Journal of Hydrogen Energy (2021), vol. 46, pp. 31963-31983.
DOI: https://doi.org/10.1016/j.ijhydene.2021.06.218

T. Egeland-Eriksen, J. Flatgard Jensen, @. Ulleberg, S. Sartori. Simulating offshore hydrogen production via PEM
electrolysis using real power production data from a 2.3 MW floating offshore wind turbine, International Journal of
Hydrogen Energy (2023), vol. 48, pp. 28712-28732. DOI: https://doi.org/10.1016/j.ijhydene.2023.03.471

T. Egeland-Eriksen, S. Sartori. Techno-economic analysis of the effect of a novel price-based control system on the
hydrogen production for an offshore 1.5 GW wind-hydrogen system, Energy Reports (2024), vol. 11, pp. 2633-2655. DOI:
https://doi.org/10.1016/j.egyr.2024.02.016

T. Egeland-Eriksen, A. Oosterkamp. Electricity transport vs. hydrogen production from future offshore wind farms.
Accepted for publication (March 2024) in the proceedings of The 34" International Ocean and Polar Engineering
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Pd-based membranes for hydrogen and ammonia

Introduction

e To address distribution challenges in the
development of hydrogen systems,
ammonia is regarded as a high-potential
carrier.

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

* Palladium-silver (PdAg) membranes have

been shown to separate H, from gas

mixtures with high purity

o

~

)

.

. - )
Primary objective
* Investigate performance and stability of

PdAg membranes for hydrogen

separation in the presence of ammonia
Secondary objective
* Improve understanding of PdAg

membrane surface characteristics

J
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Willow Dew

Related projects: FME Hydrogeni
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PhD Candidate, Department of
Chemical Engineering, NTNU,
Norway

Education

* MSc. in Science Technology,
Aalto University, Finland

* MSc. in Engineering, Taltech,
Estonia

* MSc. Biology AgroSciences,
URCA, France

* BSc. In Chemical Engineering,
University of Alberta, Canada

Affiliation(s) = Norwegian University of Science and Technology (NTNU)
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film membranes. Journal of Membrane Science. 476. 602-608.
10.1016/j.memsci.2014.11.031.

-

Peters T, Caravella A. Pd-Based Membranes: Overview and Perspectives. Membranes
(Basel). 2019 Feb 1;9(2):25. doi: 10.3390/membranes9020025. PMID: 30717272; PMCID:

Vicinanza, Nicla & Svenum, Ingeborg-Helene & Naess, Live & Peters, T.A. & Bredesen,
Rune & Borg, Anne & Venvik, Hilde. (2015). Thickness dependent effects of solubility and
surface phenomena on the hydrogen transport properties of sputtered Pd77%Ag23% thin
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HySchool — Admitted PhD students (TA3)

TA3: Storage and distribution

Name org. Project title TA1 | TA2 | TA3 | TA4 | TAS
Abhishek Banerjee UiS Structure and dynamics in hydrogen-rich alloys for hydrogen storage

Emil Hgj Jensen Uio Z:Srgy storage systems for the integration of renewable energy sources into the power
Ingrid Marie Stuen UiB Supply chain losses and quality degradation for large volume hydrogen transport chains
Mehmet Fazil Kapci NTNU Material integrity of titanium alloys for hydrogen energy applications

Paula Endros NTNU Designing hydrogen resistant Ti-6Al-4V parts manufactured by electron beam melting
Raymond Mushabe UiB Experimental reservoir physics

Sadegh Ahmadpour UiS Hydrogen storage in porous media

Sahra Louise Guldahl-lbouder NTNU Development of novel materials for low-temperature ammonia cracking

Sreeshyam Vadake Adat uUio High entropy alloys for hydrogen storage

Vilde Gahr Sturtzel Lunde uUio Magnetocaloric materials for hydrogen liquefaction

Wendpanga Jean Donald Minougou UiS PhD fellowship in geological storage of hydrogen
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Structure and Dynamics for Hydrogen Storage in Hydrogen-Rich Alloys

Abhishek Banerjee’, Sato Toyoto?, Stefano Deledda3, Olena Zavorotynska*

Abhishek Banerjee

Affiliation(s): University of Stavanger (UiS)

1 Department of Mathematics and Physics, University of Stavanger, 4021, Stavanger, Norway
2 Department of Engineering Science and Mechanics, Shibaura Institute of Technology, Tokyo, Japan
3 Department of Physics, Institute for Energy Technology, Kjeller NO-2027, Norway
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Related projects: Hydrogen som Energibaerer, Equinor

/ Characterization Techniques to Understand Fundamental \
Properties

ﬁntroduction

Background: Short Bio
Pressure-Composition-Temperature (PCT)
Titanium-iron (TiFe) is known for its hydrogen storage capabilities at room 40 Temperature: 30 °C . .
temperature, high volumetric capacities (0.096 kgy,/L). However, it is prone to Extended X-ray Absorption Spectroscopy (EXAFS) 20 * Masters (MS) in Materials
oxide layer formation upon exposure to air, requiring energy-intensive @ - ® — 1 E 10 o B | . .
activation processes. [ VA “ y A €7 e Physics from Norwegian
E / \ _ s |/ \ e } 7% . . .

Challenges and Solutions: DA N\ | W7 University of Science and

£ D > w & Technology (NTNU),
1. Elemental Doping: Incorporating different transition elements as dopants R | R
can potentially replace Fe and Ti in the crystal lattice structure, enhancing T o * Y ) eoNbrsVoss Norway.
lattice size and creating new diffusion pathways. it | R e T I 7 R Y R T

@ R @ A . .
2. Mechanical Processing: Post-mechanical processing offers further solutions '; 2\ g ™~ X-ray Diffraction (XRD) e Currently pursuing PhD in
to these challenges. . |/ N~ EI‘, /N~ . Physics and Mathematics,
3.Research Gap: Limited studies exist showing correlative, quantitative E o 4 = g from University of
understanding between crystallographic structures and H, sorption properties p . Flad = M
for TiFe metal-alloy systems doped with elements: Nb, Ta, V and in i~ S oo EE S e R 5 T Stavanger (U'S)
. . [Fit Region k(A [Fit Region H\‘! £
combinations. 15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50
. . . Radial Distance (A) Radial Distance (A) Nb
Research Objectives and Methodologies I . .
20 40 60 80 100 ]
This project aims to address this gap by synthesizing TiFe samples with varied 26 (degree) / EStImated progress Of the PhD pI’O_/eCt.
Nb/Ta/V stoichiometries using synthesis techniques: vacuum arc-melting
(VAM) and mechano-chemical synthesis (for ex: ball-milling). / . \ Just started ... <50% >50% Almost done ©
Hydrogen Storage Methodologies

Utilizing state-of-art characterization techniques: Synchrotron powder X-ray
diffraction (S-PXRD), X-ray Absorption Spectroscopy (XAS), Extended X-Ray
Absorption Fine Structures (EXAFS) analysis to locate dopant position in TiFe
crystal structure and understand its related effects on H, uptake/storage

Qoperties. /

e N
Acknowledgements
*  Equinor ASA, Research Council of Norway, HyTack: Collaborative project between: UiS, USN,
Savitribai Phule Pune University (SPPU), India, Tohoku University (TU), Japan, Shibaura
Institute of Technology (SiT), Japan, IFE, NORCE, ISER, India.

Publlcatlons/Conferences

Deciphering Atomic Structure and Hydrogen Sorption Kinetics and Uptake of TiFe-Nb doped Metal-Alloys utilizing
Combined Techniques: Synchroton PXRD and EXAFS Techniques. Banerjee, A., Deledda, S. and Zavorotynska, O. (2023)
‘Research Exchange Program (REP)’, Oral Talk. Tokyo: Shibaura Institute of Technology (SiT), 22nd Aug—3rd Nov,
2023.

Cubic (S.G.: Pm-3m (221))
ce— @ a=298A
VIZ = 26.36 A%fu

Deciphering Atomic Structure and Hydrogen Sorption Kinetics and Uptake of TiFe-Nb doped Metal-Alloys utilizing
Combined Techniques: Synchroton PXRD and EXAFS Techniques. Banerjee, A., Deledda, S. and Zavorotynska, O. (2023)
‘Gordon Research Conference (GRC) - Hydrogen Metal System’, Poster Presentation, Les Diablerets, 25th June-30th

«  Staffs of ESRF (Grenoble, France) beamlines: BMO1 (Swiss Norwegian Beamline (SNBL) in
particular Dr. D. Chernysov) and BM31 (SNBL, in particular Dr. Stoian Dragos), respectively.
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June, 2023.

Sharma, A., Foppen, J. W., Banerjee, A., Sawssen, S., Bachhar, N., Peddis, D., & Bandyopadhyay, S. (2021). Magnetic
Nanoparticles to Unique DNA Tracers: Effect of Functionalization on Physico-chemical Properties. Nanoscale Research
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Supply Chain Losses and Quality Degradation
for Large-Volume Hydrogen Transport Chains

Introduction

My PhD project is part of the HyMe, “Reliable
metering for the hydrogen supply chain”, research
project. Our focus is on metering in large-volume
supply chains with transfer of hydrogen gas in
pipelines. For custody transfer of hydrogen, it is a
prerequisite that the quantity and quality are
measured accurately and can be traced to
international standards.

\_

~
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/Primary objective

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

Secondary objectives

* Identify high-risk nodes for loss and
quality degradation

* Cost efficient quality determination

* Mass and energy balance

Hy1

School.no

Norwegian Research School

on Hydrogen and Hydrogen-Based Fuels
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A wide range of contaminants can enter the hydrogen stream
along the supply chain. These must be measured to ensure
that the hydrogen quality adheres to the relevant standards.

H,O

00'1- CO
N,
cra H 2 °
ve %
NH, Ar

Example of hydrogen supply chain

Ingrid Marie Stuen

Affiliation: University of Bergen

Related projects: HyMe, HyValue

* PhD candidate in
measurement science at
the Department of
Physics and Technology

* Background in physics

Estimated progress of the PhD project:

Just started ... <50% >50%

Almost done ©
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[ Publications (planned)

* State-of-the-art and challenges for quantity and
guality measurements of large-volume hydrogen
transportation

* High-Risk Nodes for Losses and Quality
Degradation in Hydrogen Supply Chains
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Experimental reservoir physics for
underground hydrogen storage (UHS)

~

Introduction

I am conducting research in experimental
reservoir physics relevant for underground
hydrogen storage at core scale. The core of the
research work is to understand short-cycle
storage microbial effect on the hydrogen stored in
the subsurface porous media. The research is
being conducted at Centre for Sustainable
Subsurface Resources (CSSR) in collaboration with
University of Bergen.

-

N

Primary objective:
Assess porous media hydrogen storage through multi-scale and multi-phase flow tests

/
<

Project goals:

1. To understand coupled transport processes such as hysteresis and bio-geochemical
reactions as a result of exposure and history

2. Study at a core scale, microbial activity on stored hydrogen under anaerobic conditions
3. Utilise MRI-PET modalities to visualise bacteria growth and make in-situ saturation
measurementsin core samples

4. Correlate and upscale between core and pore scale experimental data
5. To provide quality laboratory data to validate a fully coupled numerical model

Why porous media:

Offers enormous volumes

Well distributed worldwide

Established expertise from the petroleum industry
Safety and environment

Microbial effect on UHS effeciency

1
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RAYMOND MUSHABE

Affiliation(s) = University of Bergen

Related projects: Centre for sustainable subsurface resources
(CSSR-NORCE) D i W h
: ™ 2

PhD fellow at UiB

MSc. Reservoir
engineering from
NTNU, Trondheim

BSc. Petroleum
geoscience and
production from MAK,

Uganda -
— c W=
Estimated progress of the PhD project:
Just started ... <50 % >50% Almost done ©

-
Publications (in the pipeline)

* In-situ visualization of microbial hydrogen consumptionin a
porous medium using high-resolution PET-MRI

* Predicting ultimate hydrogen production and residual volume
during cyclic underground hydrogen storage in porous media
using machine learning

¢ Quantifying microbial hydrogen consumption in porous media
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Underground Hydrogen Storage in
Porous Media

/Introduction
Storing hydrogen in depleted hydrocarbon reservoirs where the
infrastructures are already built is a promising and safe solution
to contribute to future hydrogen value chain. Porous geological
settings can provide huge capacity for hydrogen storage. In order
to store hydrogen in a safe and efficient way, the interaction of
hydrogen with minerals, and residual fluids are necessary.

GUIDELINES

Existence of microorganisms without the need of light or oxygen
in geological setting has created an opportunity for them to
consume hydrogen by microbial activities. The products of these
biochemical reactions, e.g., H,S are undesirable and can be toxic
and fatal. In addition, the size of hydrogen molecule is extremely
small that might diffuse through caprocks or adjacent formations.

o

~

)

Primary objective
* Biochemical reactions
=  Evaluation of microbial activities in contact
with excess hydrogen
* Diffusion and Dispersion of Hydrogen
= Evaluation of hydrogen loss through
diffusion and dispersion
* Geochemical Reactions
= |nvestigation of the interaction between

.

hydrogen and minerals

~
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Sadegh Ahmadpour

Affiliation(s): University of Stavanger (UiS)
* Ph.D. Candidate in

Underground Hydrogen

Storage

e MSc. in Petroleum

Engineering

Estimated progress of the PhD project:

Just started ... <50%

>50 %

Almost done ©
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Underground Storage Options Coupled with Microbial Community

(

-

Publications

¢ Ahmadpour, S., Gholami, R.,

“Hydrogen Sulphide in Underground

Hydrogen Storage Sites: Implication of Thermochemical Sulphate
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High Entropy Alloys for Hydrogen Storage

Introduction:

* Hydrogen, a clean and versatile energy carrier, is pivotal for a
sustainable energy future.

* Effective hydrogen storage is essential for promoting hydrogen-based
energy sources.

*Many metal hydrides demonstrate an exothermic hydrogen
absorption, offering compact and safer storage options with minimal
risk of major hydrogen leaks.

* High entropy alloys (HEAs) offer promising solutions with unique
properties for efficient hydrogen storage, while also enhancing safety

and storage capabilities alongside metal hydrides. )

.

Main Objective: )
* To develop fundamental insight into HEAs with respect to their
hydrogen storage performance.

Project Goals:

* Investigate why there is underutilization of hydrogen storage
capacity in certain materials.

* Enhance hydrogen capacities and stabilities via alloy composition
tuning.

* Explore hydrogen-to-metal ratios beyond standards in HEAs.

* Assess incorporating elements into HEAs while maintaining kinetics

and reversibility.
Examine the impact of non-hydride-forming elements in HEAs. /
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atomic
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Fig.1 Schematic illustration of the four core effects affecting
the properties of the HEAs [1]
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Fig.2 Different methods and phenomena of the various ~ \_ )
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Education and Experiences:
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Master’s Degree in Physics, Indian
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HySchool — Admitted PhD students (TA4)

° °
TA4: Applications
Name Org. | Project title TA1 | TA2 | TA3 | TA4 | TA5
Abinavnataraj Ramakrishnan uUiS Metal organic frameworks and zeolites for catalytic CO, hydrogenation to methanol
Asutosh Mallick uiT Electrical system integration of large maritime PEMFC
David Zilles NTNU | Experimental study of low-carbon fuel injection and combustion in marine engines
Duc Duy Nguyen NTNU Combustion of ammonia and hydrogen fuel mixtures in marine engine
Elena Baboi NTNU | Safe operations in hydrogen-based industry B
Giulia Collina NTNU | Hydrogen technologies to decarbonise the glass and aluminium sectors
Giulia Fede NTNU | H2GLASS: Hydrogen technologies and smart production systems to decarbonise the glass and aluminum sectors
Jiyong Alex Shin NTNU | Combustion dynamics
Keivan Afshar Ghasemi NTNU | Study of zero-carbon fuels for internal combustion engines
Kinza Huma uiS Synthesis, structure and dynamics of oxyhydrides
Liya Jacob NTNU | SiO reduction using hydrogen
Muhammad Baqir Hashmi UiS Performance assessment of hydrogen fuelled gas turbines *
Muhammad Salman Uio Green hydrogen from air (FAIR) B
Reyhaneh Banihabib uUiS Development of real-time smart data analytic tools for monitoring and optimum operation of MGT systems
Tristan van Kaam NTNU | The use of hydrogen as a reducing agentin the production of rutile and ferro manganese alloys
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Experimental study of low-carbon fuel
Injection and combustion in marine engines

/Introduction

Ambitious goals of the International Maritime
Organization envision a decarbonization of the
international shipping industry until 2050. New
synthetic fuels such as Ammonia (NH;) and Methanol
(CH;0H) are promising options to reduce green-
house-gas emissions from marine internal combustion
engines. Their thermophysical properties deviate
strong from conventional compression ignition fuels
resulting in slow reaction kinetics. These can be
improved by dual fuel injection strategies, injecting
small amounts of high reactive fuels as ignition and
combustion promotion.

~

)

/Primary objective

Identify and determine injection parameters supporting a retrofit

of current marine engines with low-carbon NH; and CH,0H.

Secondary objectives

* Characterize experimentally the dual fuel combustion of
NH,;/CH;0H (main injection) and various ignition promoters
(pilot injections) in a constant volume combustion chamber.

* Identify the maximum practical NH; and CH;0H energy share
for various pilot fuels to reduce ignition time and increase
reliability of combustion.

* Determine the best injection timings and spray interaction
between main and pilot injections.

~

J

1
School.no Norwegian Research School

on Hydrogen and Hydrogen-Based Fuels

blue — heptane injection
black — NH; injection

Fig.1: Spatial plume interaction of main and pilot

David Zilles

Affiliation: NTNU, Institutt for marin teknikk (IMT)

Master of Science degree in
Automotive Engineering from TU
[Imenau, Germany.
Specialization in internal
combustion engines
development and production.

Member of the ComKin work
group at EPT, NTNU and
HySchool.

Passion for green shift in
industry, experimental design,
Norwegian friluftsliv, road
cycling and running.
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Safe Operations in Hydrogen-based Industry

.

Introduction

As part of the HylnHeat project, through the
creation of safety training material, the
scholarship will assist with the integration of
hydrogen in high temperature heating
processes taking place within steel and
aluminum manufacturing.

The HylnHeat project is one of the first EU
funded projects that has a section in a Work
package that is dedicated to the creation of
safety training material.

~

/

.

Primary objective
e Creation of modular safety training
material covering:
 Normal operations
* Maintenance operations
e Critical events

J
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Elena Baboi

Affiliation: Norwegian University of Science and Technology

Related projects: Hydrogen technologies for decarbonization of
industrial heating processes (HylnHeat)

Master of Engineering of
Chemical Processes

Bachelor in Engineering in
Chemical Engineering

Experience in molecular dynamics |
for CO, capture, medical device
manufacturing, food engineering,
dyes, tensio-active agents
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Loss Prevention and Maintenance

Modelling for Hydrog
N

is part of the H2GLASS project

Description
This Ph.D.

The glass industry will have to be completely
decarbonised to reach net-zero emissions by
2050. This project aims to create the technology
stack that glass manufacturers need to realise
100% H2 combustion in their production facilities,
ensure the required product quality, and manage

this safely.
\ /
\

Primary objective
Guarantee safe operability of emerging hydrogen-
based industry

Secondary objectives
* Loss of integrity analysis: models and sensors

for H2 applications
* Risk-based inspection and maintenance model
development
o J
1 TA4 — Applications
Hy TAS5 — Safety
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

(https://h2-glass.eu/).
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Giulia Collina

PhD candidate at NTNU — Norwegian University of
Science and Technology

H2GLASS - advancing Hydrogen (H2) technologies and
smart production systems TO decarbonise the GLass
and Aluminium SectorS

. Master’s degree in Chemical
and Process Engineering —
University of Bologna (2020-
2023)

. Bachelor’s degree in Chemical
and Biochemical Engineering —
University of Bologna (2017-
2020)
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+ Collina, G. et al, (2023). Fragments generated during liquid
hydrogen tank explosions. Chem. Eng. Trans.

*+ Collina, G. et al. (2023). Risk-Based Maintenance models for
hydrogen systems: a review for the glass and aluminium industry.
Hazards33, IChemE.

* Collina, G. et al. (2023). Lesson learned from H2-related incidents:

Norwegian University of
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Digital Twin for integrated production and maintenance
planning in hydrogen-based process industries

-

Introduction

\claimed by many researchers.

Green hydrogen offers a promising path to decarbonize energy-intensive process industries like glass,
aluminium, and steel. H2GLASS, the EU initiative funding this research, is moving in this direction. The goal is
to demonstrate the feasibility of integrating green hydrogen into glass production and prove its
transferability to the aluminium sector. However, this transition may bring several challenges due to different
combustion conditions, potentially affecting glass quality and furnace integrity. To remain competitive,
process industries rely on maximizing production efficiency, leveraging effective maintenance to minimize
costly downtime and ensure continuous production. Maintenance becomes even more critical when a
hazardous substance is introduced in the process. To address the expected inefficiencies glass manufacturers
may face, Digital Twin (DT) has been identified as relevant for optimizing production and managing
maintenance. Furthermore, considering the interdependencies between these tasks, adopting an integrated
perspective on their related decision-making processes can enhance overall business performance, as

~

[ Simulation ][ Monitoring ]
[ Optimization ][ Prediction ]

Virtual System

Data Flow

[ Physical System ]

J

[Primary objective \
Investigate the benefits of integrating production and

maintenance planning using DT in hydrogen-based
process industries

Secondary objectives

. Develop a decision support tool to assess the
potential benefits of DT implementation based
on manufacturing process characteristics

. Investigate the implications of integrating
hydrogen into glass manufacturing from
production and maintenance perspectives

. Develop a DT-based framework for the joint
planning of production and maintenance in

hydrogen-based process industries /
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Giulia Fede

Norwegian University of Science and Technology (NTNU)

Related projects: H2GLASS - advancing Hydrogen (H2) technologies
and smart production systems TO decarbonise the Glass and
Aluminium Sectors

* PhD candidate at the Department of
Mechanical and Industrial Engineering
(NTNU)

e MSc in Management Engineering —
Analytics for Business at Politecnico of
Milano (2021-2023)

e BSc in Management Engineering at
Politecnico of Milano (2018-2021)
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Combustion instability in future hydrogen
combustors for power generation applications

Introduction )
My work is investigating the instability of
hydrogen combustion inside the gas
turbine systems. The ‘FlameSheet’ is a
versatile gas turbine combustor that can
accommodate various fuel types.
Pressure and heat release fluctuations
are the primary factors of combustion
instability, which can potentially

damage the combustor.

- )

(oo . N\
Primary objective
* Analyzing the dynamics of ‘FlameSheet’
combustor model system which is
relevant to combustion instability
Secondary objectives
» Analyzing the resonance frequency and
vortex shedding of the ‘FlameSheet’
combustor model system.
- J
1
School.no Norwegian Research School
on Hydrogen and Hydrogen-Based Fuels

Recent Progress
Non-Reactive flow analysis

PSD of Vortex generation frequency

Fig 1. Vortex generation analysis; Left-Location of vortex
generation, Right-Pressure Power Spectrum Density measured at
vortex generation point

.. Decomposition (DMD)
- pressure eigenvectors
H (associated frequency:

H nnnnn Fig 2. Dynamic Mode
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... on the gas turbine
system
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Fig 3. Acoustic wave observed at Main inlet centerline; Left-Mode
20 associated with 370.63 Hz, Right-Mode 164 associated with
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Jiyong Alex Shin
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MSc. Energy and
Environment
Technology from
University of South-
eastern Norway

BSc. Mechanical
Engineering from
Kyushu University
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Study of zero-carbon fuel for internal combustion

engines (ICEs) — Ammonia Injection

€

\

ntroduction

Addressing climate change involves reducing greenhouse gas
emissions. Hydrogen, a carbon-free energy carrier, is popular
but its storage and use in ICEs are confroversial due to its
properties.

Ammonia (NH;), with its high hydrogen content, existing
production infrastructure, and easy liquid storage, is a
promising ICE fuel. However, its unique characteristics, such as
high auto-ignition temperature and narrow flammability range,
require further research.

Direct injection (DI) of liquid NH; into ICEs can improve
combustion and emissions control. And allow co-injection with
other fuels like biodiesel. However, the rapid phase change
phenomena of liquid NH;, namely cavitation and flash boiling,
which are more likely to happen in this approach, need more
experimental data and precise numerical models.

~

Numerical Approach

Most cavitation models, using volume of fluid, treat the
phenomenon as isothermal, with mass transfer rates calculated
based on pressure differences between phases, i.e. mechanical
effect. However, if the superheated liquid nears its boiling
temperature, this approach may fall short, necessitating the
inclusion of thermal effects, which would be the case for
thermal fluids like ammonia.

The methodology for this project includes implementation of a
new thermodynamic cavitation model and a non-isothermal
cavitation solver in OpenFOAM, to simulate ammonia’s
cavitation and flash boiling inside the injector.

/
3
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Experimental Approach

There is a notable lack of comprehensive data pertaining to
the characterization of ammonia injection and spray. To
address this, it is crucial to conduct experimental
characterizations alongside numerical simulations. This dual
approach will facilitate subsequent validation and comparative
analysis of the results.

The methodology for this project incorporates the utilization
of a well-established experimental technique known as
momentum flux measurements. This is complemented by
high-speed imaging to effectively characterize the injection
and spray of ammonia.

and Technology

Starting with Aerospace Engineering, | found my passion
in addressing energy and environmental issues. My
bachelor's project simulated a new wind turbine design,
and my thesis developed an innovative natural gas
burner. In my master’s in Norway, | delved into hydrogen
research, focusing on safety aspects of compressed
gaseous hydrogen, including auto-ignition of leakages

and hydrogen-air mixing. My PhD research is on practical

Fig. Initial numerical results, i.e. comparison between models

applications of zero-carbon fuels in ICEs, with a special
focus on ammonia behavior.

Estimated progress of the PhD project:
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Ph.D. candidate at NTNU — Norwegian University of Science
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Publications

OpenSource Software, 2023, Edited by Nilsson.

http://dx.doi.org/10.17196/0S CFDHYEAR 2023.
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« K. Afshar Ghasemi, “Implementing a non-isothermal interPhaseChangeFoam
solver with a thermodynamic cavitation model,” In Proceedings of CFD with

doi:
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HySchool — Admitted PhD students (TA5)
TAS: Safety

Name org. Project title TA1| TA2 | TA3 | TA4 | TAS

Abhishek Subedi NTNU | Safety solutions for hydrogen storage and transport * | ®

Alessandro Campari NTNU | Loss prevention and operational safety of hydrogen technologies * | *
Alice Schiaroli NTNU | Performance of hydrogen storage components exposed to fire with focus on cryogenic equipment *
Anna Marie Lande USN Mitigation of hydrogen explosions

Dikshya Bhandari uUiS Identifying and mitigating risks in hydrogen energy for safer integration *

Efthymia Derempouka uiB Hydrogen as energy carrier in society: risk picture, risk awareness and public acceptance (HySociety) *

Farhana Yasmine Tuhi NTNU | Reliability and resilience of green hydrogen production systems *

Federica Tamburini NTNU | Liquid hydrogen transport and use *
Leonardo Giannini NTNU | Loss prevention and operational safety of hydrogen technologies *
Lucas Claussner NTNU | Modelling of loss of containment consequences of hydrogen technologies

Matthijs van Wingerden uUiB Chemical inhibition of hydrogen explosions

Melodia Lucas UiB Improved modelling of hydrogen explosions

Petar Bosnic USN Development of a CFD methodology to reduce the hazards of hydrogen and ammonia systems in maritime and industrial sectors
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Improved modeling of socio-technical
systems for hydrogen value chain

Introduction )
The need for a sustainable energy source is on the rise as fossil fuel reserves dwindle and the
impacts of climate change become more evident. Hydrogen is emerging as a potentially clean and
sustainable energy carrier. For viable integration of hydrogen into the energy value chain, the
hydrogen systems should be safe. It is important to realize that hydrogen systems are complex
socio-technical systems. Human and or operational aspects plays a crucial role in preventing
catastrophic events. These aspects serve as safety barriers to prevent, control, and or mitigate
undesired events. However, there is a challenge to correctly quantify these aspects. This requires
an absolute study towards improved modeling and quantification of socio-technical systems for
hydrogen value chain

-

Primary objectives

*  Assessment of hydrogen systems while considering socio-
technical factors.

* Innovate modeling techniques to enhance risk detection,
inspection, and maintenance of hydrogen systems.

*  Develop optimum and safe test procedures for hydrogen
experiments.

Secondary objectives

* Develop ad-hoc models to identify critical points of failure in
hydrogen systems.

*  Study and analyze emerging risk to enhance hydrogen system

\_ reliability and resilience

1
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Abhishek Subedi

Norwegian University of Science and Technology (NTNU)

PhD candidate at Department of
Mechanical and Industrial
Engineering, NTNU

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

Author of Compendium of
Fundamental of Hydrogen
Technology

Estimated progress of the PhD project:
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* Subedi, A., & Thapa, B. S. (2023). Compendium of Fundamentals of Hydrogen Technology (I). Kathmandu University.

* Subedi, A., Campari, A., Singh Thapa, B., & Paltrinieri, N. (2023). Safety Evaluation of Hydrogen Pipeline Transport: an
Approach Based on Machine Learning. Chemical Engineering Transactions

* Subedi, A., Campari, A., Alvaro, A., Thapa, B. S., & Paltrinieri, N. (2023). Evaluation of the Factors Determining Hydrogen
Embrittlement in Pipeline Steels: An Artificial Intelligence Approach.

* Collina, G., Subedi, A., Campari, A., Singh Thapa, B., & Paltrinieri, N. (2023). Lesson learned from H2-related incidents:
criticality of maintenance operations. In SYMPOSIUM SERIES.

* Ghimire, R., Niroula, S., Pandey, B., Subedi, A., & Thapa, B. S. (2024). Techno-economic assessment of fuel cell-based power
backup system as an alternative to diesel generators in Nepal: A case study for hospital applications. I.J. of Hydrogen Energy

* Niroula, S., Chaudhary, C., Subedi, A., & Thapa, B. S. (2023). Parametric Modelling and Optimization of Alkaline Electrolyzer for
the Production of Green Hydrogen. IOP Conference Series: Materials Science and Engineering

* Subedi, A., & Thapa, B. S. (2022). Parametric modeling of re-electrification by green hydrogen as an alternative to backup

\ power. |OP Conference Series: Earth and Environmental Science
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Loss Prevention and Operational Safety of Alessandro Campari
H yd rO g e n Te C h n O I O g i e S Norwegian University of Science and Technology NTNU

Towards Risk-Based Inspection of Hydrogen Transport and Storage Equipment Related projects: H, CoopStorage, SH,IFT — 2, SUSHy, NICOLHy
. \ HYDROGEN INCIDENTS AND ACCIDENTS DATABASE - HIAD 2.0
Introduction — ]
Hydrogen could replace fossil fuels and mitigate the issue of o— 0 PhD candidate at the Department of

Mechanical and Industrial Engineering (NTNU).
Visiting researcher at the Federal Institute for
Material Research and Testing (BAM).

global warming. However, equipment operating in H,

environments is prone to hydrogen-induced damages, which

manifest through a reduction of ductility, fracture toughness,

and fatigue performance. They may cause component failures Visiting researcher at the University College

at stress levels significantly below the design level, therefore - . | London (UCL).

determining loss of containment. 297 s I 5 ’ ; My research is aimed at developing a
a8 e methodology for inspection and maintenance

Inspection activities are necessary to preserve the physical

3275000

integrity of the containment systems, and the risk-based (RBI) plannfng ‘_3f hydrogen technologies through the
methodology is considered the most beneficial approach. b28 combination of ~experimental tests and
\_ ) machine learning tools.

Estimated progress of the PhD project:
Just started ... <50% >50% Almost done ©

~N

Primary objective

* Investigation of hydrogen embrittlement effects

* Development of machine learning models for inspection
and maintenance planning of hydrogen technologies

* Application of the RBI methodology to equipment
operating in gaseous hydrogen environments

Journal publications

° Experimental investigation of HE in pipeline steels . Campari et al., 2023, Lessons Learned from HIAD 2.0: Inspection and Maintenance to Avoid Hydrogen-
Secondary objectives Induced Material Failures, Computers and Chemical Engineering
. . f d-h . f b . f . Campari et al., 2023, A Review on Hydrogen Embrittlement and Risk-based Inspection of Hydrogen
De5|gn o a oc preventlve sa ety arriers or Technologies, International Journal of Hydrogen Energy
hyd rogen tech nologies . Campari et al., 2024, Inspection of Hydrogen Transport Equipment: A Data-Driven Approach to Predict
. M ulti-objective optimization of inspection and Fatigue Degradation, Reliability Engineering and System Safety
3 . A . Campari et al., 2024, Hollow specimen technique for in-situ hydrogen testing: a comparison of vintage
maintenance of hyd rogen transport plpelmes and modern X665 pipeline steel, Engineering Failure Analysis
\ / . Campari et al., 2024, Machine learning-aided risk-based inspection strategy for hydrogen technologies,

Process Safety and Environmental Protection

-
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Mitigation of hydrogen explosions

] N
Introduction

Hydrogen is considered to be an
important part of the energy
supply of the future and a major
driver of the green shift.
However, hydrogen is a highly
explosive gas. Therefore, safe use
of hydrogen is an important
research topic.

Water spray systems are a
possible active fire protection
method for mitigation of
hydrogen explosions. If water
spray is released when leakage of
hydrogen is detected, it might
prevent explosion pressure build-
up. However, models of this are
generally not validated, and
more research should be
conducted. Studies have shown
divergent results because of the
complex flow of gas explosion
interacting with water droplets.

- J
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Y. Xia et al., "Experimental research on combined effect of obstacle and local spraying water fog on

hydrogen/air premixed explosion," International Journal of Hydrogen Energy, vol. 47, no. 94, pp. 40099-40115

The nozzle of a regular water spray system produces a

distribution of water droplet sizes, a polydisperse spray. The droplet size is
one parameter that affects whether the spray will have a mitigating or
increasing effect on a gas explosion.

J/

Objectlves and Methods

\

The main objective is to determine the effect of a distribution of water droplet
sizes (polydisperse) on a hydrogen explosion in a computational fluid
dynamics (CFD) simulation compared to a monodisperse assumption.

The Open-Source CFD software OpenFOAM and the chemical kinetics
software Cantera will be used.

Anne Marie Lande

PhD Research Fellow, Ministry of Education and Research Position
Affiliation: University of South-Eastern Norway (USN)

Process Safety, Combustion and Explosions Research Group (USN)
Supervisor: Joachim Lundberg (USN)
Co-supervisors: Knut Vagsaether (USN )
& Mathias Henriksen (USN)

. BSc in Mechanical Engineering from
Hggskulen pa Vestlandet (HVL)
. MSc in Process Technology from USN

. Experience with CFD on both Master’s
Thesis and Research Project

Estimated progress of the PhD prolect
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Publications

e A. M. Lande and J. Lundberg, "Summary of mechanisms of water
droplets in hydrogen deflagration," Nordic Flame Days 2023,
Trondheim, Norway, 2023

e ). Lundberg, K. Vagsaether, R. Sikka, and D. Bjerketvedt, "Water
Mist Characteristics for Explosion Mitigation," in Tenth
International Seminar on Fire and Explosion Hazards, Oslo,
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Identifying and Mitigating Risks in Hydrogen

Energy for Safer Integration

Introduction

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

The concept of Strength of Knowledge (SoK) is crucial in this shift. SoK 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 fields and conduct larger experiments that better reflect real-world
conditions. Also, developing and testing the SoK within a broader systems
framework will help improve the precision of our safety, security, and risk
evaluations as we adopt hydrogen energy.
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Primary objective

* Develop novel frameworks for assessing and improving the SoK in risk
assessments for hydrogen-based energy systems.

Secondary objectives

* Identifying gaps in understanding and assessing risks, and employing a reliable
framework to address these issues

* Tocreate a new model, methods, or structured approaches that are innovative

\_ and different from the current methods industries use to assess risk today
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Education
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Hydrogen as energy carrier in society: risk
picture, risk awareness and public acceptance

ﬂackground

Widespread use of hydrogen and hydrogen-based fuels as energy
carriers in society may enable the gradual replacement of fossil fuels.
To facilitate this development, the providers of hydrogen
technologies must demonstrate that the risk for hydrogen systems
will be equivalent, or even lower to this achieved by conventional
fuels and energy carriers. This requirement is clearly stated in
international regulations, codes and standards (RCS), such as the IGF
Code from IMO (2016). To enable a comparison of the risk associated
with hydrogen use versus to the risk of conventional fuels and energy
carriers, it is vital to assess the strength of the knowledge in risk
assessments of hydrogen-based systems, including the inherent
uncertainties in the estimation of event frequencies and the
calculation of consequences.

Furthermore, societal factors such as the awareness and perception
of hydrogen risk amongst key stakeholders in the emerging hydrogen
economy including the public, will influence the attitudes towards
hydrogen technologies. Existing work (Thesen and Langhelle, 2008)
indicates that the framing of hydrogen technologies in the media,
\and the messages communicated by key-stakeholders

presumably the way people perceive the risk of hydrogen use.
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Fig 1. Results from the content analysis of the 14 documents. (Derempouka et al.,2022)

Primary objective
* To analyse barriers & drivers for the implementation of hydrogen
as an energy carrier in society.

Secondary objectives

* Toinvestigate the perception and awareness of hydrogen as an
energy carrier among key stakeholders in the emerging hydrogen
economy including the public.

*  To contribute towards the development of a science-based tool
for the assessment of the strength of the knowledge supporting
the risk assessment in hydrogen-based systems.
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Fig 2. Score on safety per sub-category for all the documents addressed in the two studies (Derempouka et al., 2021; 2022)
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Reliability and resilience analysis of green

hydrogen production process

/ .
Introduction

.

Hydrogen produced by water electrolysis using renewable energy sources is defined as green hydrogen. It’s a carbon neutral way of
producing H2 and it can assist in dealing with the variability of renewable energy. Reliability analysis of such production process can help to
extend functioning time of the equipment and thus improve efficiency, reduce production cost etc. However, studies focusing on the
reliability analysis of water electrolysis plant for producing green H2 is very limited to date.

This PhD work aims at performing reliability analysis for such system as well as identifying the challenges of applying the reliability analysis
methods in the field of green hydrogen production technologies. In addition, this PhD work will also include studying the green H2
production process from a new perspective, resilience engineering to improve the reliability of the whole process.

\
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Primary objective
production process and how to make the system resilient.

Secondary objectives

for green hydrogen production process.

to improve reliability and resilience of such system.

. Provide an effective tool for analyzing the reliability of green H2

* Identifying the challenges of applying reliability analysis methods

* Identifying research opportunities that can be explored in order

~

H20

B Bty ot

Feedstock water Water

purification system

J

1
School.no Norwegian Research School

on Hydrogen and Hydrogen-Based Fuels
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green hydrogen production. (Abstract submitted in H2Science conference, 2024)
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Risk-Based Inspection and Maintenance for

Safe Handling and

Introduction: My project focuses on
development and optimization of
inspection procedures for hydrogen
systems — Risk-Based Inspection (RBI)

Use of Hydrogen
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metal-hydrogen interactions and the
degradation of equipment working in
high-pressure gaseous hydrogen
environments.
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Primary objective:

* Provide insight to support optimal
inspection planning for hydrogen systems
considering material integrity.

Secondary objectives:

* Optimizing inspection programs through
cost-effectiveness analysis.

* Investigating hydrogen-enhanced fatigue

\_ in pipeline steels.
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Improved modelling of hydrogen

/Introduction

The consequence model system FLACS, developed by Gexcon, is
based on computational fluid dynamics. The capability of FLACS
to represent the consequences of accident scenarios involving
hydrogen has been developed as part of several research
programs. However, several of these initiatives have also
uncovered limitations in the predictive capabilities of the model.
range of

the predicted reactivity for a

concentrations of hydrogen-air mixtures has been found to be

For example,

overly conservative. A combustion model that alleviates this
problem exists in-house in Gexcon, however, this model requires
further development to be sufficiently general. Furthermore, the
present version of FLACS can only account for the mitigating
effect by introducing additional nitrogen to the atmosphere,
while it would be highly relevant to also represent the effect of
Q/ater, CO02, and various types of chemical inhibitors.

J

Primary objective
¢ Todevelop a general framework for modelling burning velocities of gas
mixtures containing hydrogen in the CFD tool FLACS.

Secondary objectives

* Establish a validation database.

* Develop scripts and establish model evaluation criteria.

* Generate a library of the relevant properties of hydrogen mixtures.

* Demonstrate the practical effect of improved model capabilities for one
hypothetical risk assessment study.
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Simulation and experimental results for one experimental campaign
testing different hydrogen concentrations. FLACS-CFD 22.1
version under development.
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HySchool in a Nutshell
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Norwegian Research School
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Objectives
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The primary objective of HySchool is to contribute to the global energy transition by
enhancing the quality of Norwegian doctoral training on the use of hydrogen and hydrogen-

based fuel as energy carriers.

Secondary objectives that support this aim include:
e To create positive learning experiences for PhD candidates.

e To create a meeting place for PhD candidates and supervisors from different institutions and

disciplines.
e To facilitate networking and mobility for PhD candidates.
e To offer arenas where PhD candidates can develop competence and skills.
e To expose PhD candidates to real-life challenges from industry and society.

e To develop courses and promote teaching practices and interdisciplinary research methods that

prepare PhD candidates for solving complex problems.
e To promote best practices for open and responsible research.

e To secure high relevance of Norwegian doctoral education on hydrogen and hydrogen-based

fuels for the labour market.
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Hy Active PhD Candidates by Topical Area
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