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Fragestallningar for dagen

»\arfor ar vatgas intressant for industri, transporter och
energisystemet?

=\/ad ar aktuellt inom vatgas i Sverige och globalt?
=Vilken infrastruktur behovs for anvandning av vatgas®?

*Hur kan vatgas produceras?
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1) Utbildning
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‘ Drivkrafter for vatgas

Klimatnytta
Minskade emissioner

Industriell insatsravara, grund for elektrobranslen,

drivmedel

smmmw [ OSsilfria produkter, affarer och export
Lokal produktion
Energilagring

Forsorjningstrygghet
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Vatgas — en energibarare & unik insatsravara
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Utgor en emissionsfri
del av vardekedjan

Vanlig gas i industrin

En energibarare Ny anviindning

Flexibel
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Varfor ar vatgas intressant for
iIndustri, transporter och
energisystemet?
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WORLD ENERGY
TRANSITIONS OUTLOCK

Vatgas for klimatet

FIGURE 1.1 Reducing emissions by 2050 through six technological avenues

= | storleksordningen 10 % reduktion av e
vaxthusgasutslapp majliga med hjalp removels(8ECCS) 14%
av vatgas till 2050. FF based CO,

capture and
storage (CCS) 6% /

25% Renewables

= \V/arldens stalindustri star for 7 % av
varldens utslapp, ycrogen 10%

36.9

Gt CO

25% Energy efficiency
Electrification 20%

Note: Abatement astimates include energy and process-related CO, emissions along with ermissions from non-ene
use. Renewables include renewable electricity generation sources and direct use of renewable heat and biom
Energy efficiency includes measures related to reduced demand and efficiency improvements. Structural chan
(e.g. relocation of steel production with direct reduced iron) and circular economy practices are part of ene
efficiency. Electrification includes direct use of clean electricity in transport and heat applications. Hydrogen
its derivatives include synthetic fuels and feedstocks. CCS describes carbon capture and storage from point-sol
fossil fuel-based and other emitting processes, mainly in industry. BECCS and other carbon remaoval measures incli
bioenergy coupled with CCS in electricity, heat generation and industry.

CCS = carbon capture and storage; BECCS = bioenergy with carbon capture and storage: RE = renewakb
FF = fossil fuel; GtCO, = gigatonnes of carbon dioxide.
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Investeringar for mer an 1 000 miljarder kr

tvinning och foradling av naturlig grafi
or tillverkning av anoder for litiumjon

Hgreen steel

Nytt stalverk for prog
5 Mton fossilfritt

GrupoFertiberia

jarnmalmspellets till fossilfri jarnsvamp
industriinvesteringen nagonsin i Sverige

Utvinning av sallsynta
“LKAB jordartsmetaller och fosfor

Ny ljusbagsugn och
nytt valsverk for fossilfritt stal

BotnialankenH2 - Ny vatgashub

Produktion av fossilfri ammoniak och konstgodsel

Hela Sveriges behov kan tillgodoses

Ref. LKAB, SSAB, H2GS, Grupo Fertiberia, Uniper, Talga, 2022/2023
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Tanka vatgas — for tunga transporter
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Varldens forsta dumper med bransleceller
Volvo HX04 — juni 2022,

"ett resultat av forskning i Sverige” [nergimyndigheten]
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Vad ar aktuellt inom vatgas |
Sverige och globalt?

LULEA

-. UNIVE RS T 1Y
’ s R BRSO OGY




Sweden as a frontrunner
in hydrogen

[Vatgaskonferensen 2023,
CH2ESS @ LTU]

World class
hydrogen
research

Green power,
biomass, distr
heating, green
CO2, H20,
capital

Front runners in
fossil-free green system
iron and steel etc innovations

« SSAB and research S:Ie'é

- LKAB with multiple Chalmers
« H2 Green Steel stakeholders Lund
 Ovako

and sector Uppsala

Energy

Active Major '
stakeholders component /N RISE

along the full suppliers
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Marine
applications
Gotland

Hydrogen
based fuel
production *

Liquid Wind .

World leading
steel and
metallurgy
research

and systems - Vg ] St1
Vattenfall e LTU

Uniper « KTH

SN « Swerim

innovation,
World class SME

Early network
of HRS

>60 stations
accepted for
public financial
support

High quality
heavy-duty
FCV

* Volvo

» Scania
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fuel cell
material,
components,
stacks and

systems
* PowerCell
* Alleima
» Cellimpact

e Permascand...

E.g for flights
with FC, GT,
hydrogen
storage

First movers

Stakeholders
active in
hydrogen and
fuel cell
research and
development,
all TRL




o Investeringar och produkter

Aktiviteter over hela Sverige langs hela vardekedjan

fran produktion, distribution, lagring och anvandning i
Q.0 industri, energi och transport.
Q Fossilfritt stal, elektrobranslen, forskning, produkter...
R R Karta med underlag insamlade under
~Q 5 Vétgaskonferensen december 2023 samt 2024
- Q Anlaggning i drift
_p Forsta spadtaget
. Projektering
7 . Férstudie
i F o Qe
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https://ltu.instante.se/V%C3%A4tgas/Hydrogen_map_English_112024.html

Figure 3.4 Map of announced low-emission hydrogen production projects
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MNote: Map also includes announced projects starting after 2030.
Source: |EA Hydrogen Projects, (Database, October 2023 release).

Announced projects are so far concentrated in Europe and Australia, but a growing number
are planned in Africa, China, India, Latin America and the United States.
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Betydelsen av geografisk strategi och prioritet

Major flows of hydrogen and derivatives 2050 - Further Acceleration,
Mt per year of hydrogen equivalent
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Source: McKinsey

Kalla: Global Energy Perspective 2023: Hydrogen outlook
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Hur kan vatgas produceras®?
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Energy source

Media

Conversion, distribution and storage
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Vilken infrastruktur behovs for
anvandning av vatgas?
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‘ On hydrogen distribution

Volume (tons/day)
1,000

Large

100 A

Distribution pipelines

i 0.06-0.22 0.22-182 <3.00 3+
Small CGH, @ lceH, @ @ @ Unlidble
" 065-0.76 068-173 0.96 -3.87 3.87-6.70

very b LoHC _
small rc:cgD Fc@ Fc@ Wnviabie

' 065-0.76 068-173 096 -3.87 387-6.70

1 Local 10 Urban 100 Inter-city 1 000 Inter- 10.000

continental

Distance (km)

Legend: [z IR Liquid Organic Hydrogen Carriers

Source: BloombergNEF. Note: figures include the cost of movement, compression and associated
storage (20% assumed for pipelines in a salt cavern). Ammonia assumed unsuitable at small
scale due to its toxicity. While LOHC is cheaper than LH2 for long distance trucking, it is less likely

to be used than the more commercially developed LHo>.
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Electrocatalytic production of liquid organic hydrogen carriers
(LOHC) and chemicals from lignin

Ener —
& |:|u?g Power grid connections Formic acid as hydrogen
mechanics carrier

Hydrogen from biomass

Pipeline flows x2
1 MW electrolyser (H2LABS)
Condition monitoring -
pipelines

Oxygen in iron oxide
process

Methanol as a storage

Carbon capture, storage
and use

Green Fuels

Industrial
Polymer for H2 tanks symbiosis, Bearing

performance

energy &

rock Fossil-free steel

Material

& Safet
¢ Ammonia — storage materials caverns (FINAST)
Safgty, (H2AMN)
permits & Laser welding for stationary storage
acceptance

(H2SIPP)

Heavy duty vehicles

Law &
Economics

Socio-technical challenges, stakeholders
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POLITICS ORGANISATION Hydrogen, Ammonia
and Methanol
in Hydrogen Hubs

in the Nordic Region
NORDIC HYDROGEN VALLEYS

Hydrogen Safety
and Improved

Permit
Processes
NORDIC HYDROGEN VALLEYS
ENERGY LINE ROCK
REGULATIONS SAFETY TECHNOLOGY CAVERNS
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@ Nordic Energy

Addressini maior barriers Research
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Center for Hydrogen Energy System Sweden -
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Hydrogen academy — Aimed at the public,
professionals, and undergraduate/graduate students

"
O

1. Hydrogen for sustainable solutions — Introduction to
the hydrogen value chain _

Massive Online Open Course MOOC (Swedish and
English), 12 hours, 14 lectures > 500 deltagare

2. Courses in undergraduate programs and for graduate 7~
students

- Master thesis
- Project courses
- Separate lessions and tasks

3. Education on demand, for companies and
stakeholders

Vatgassakerhet!

LTU.se/centres/CH2ESS/Utbildning
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Presentationer
CH2ESS Poster session
Research
Day 27'28/8 Ta med er

forskningsfraga!
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mailto:cecilia.wallmark@ltu.se

Kommunikation, web 2024

LULEA UNIVERSITY

OF TECHNOLOGY

- Centre for Hydrogen Energy Systems
Sweden

CHZESS is a research and knowledge initiative at Luled University of Technology with
a focus on hydrogen use in industrial processes and energy systems, in close
collaboration with Swedish industry.

Hydrogen is the key to a fossil-free energy systems and Luled University of Technelogy is involved and
secures that development in Sweden through groundbreaking research and skills supply. Luled University
of Technology is a strong research and education partner to the Swedish hydrogen industry with the aim

@ Centre for Hydrogen Eneray Systems Sweden CH2ESS at Luled U,
o ®
# Welcome to LTU CH2ESS Research Day 2024

Centre for Hydrogen Energy Systems Sweden CH2ESS at Lulea University of
Technology Research Day 2024 just started with over 120 participants.

We are happy to welcome companies, academics, and municipalities, and discuss
their research questions as  base for new demand-driven projects and innovation!
As Dr. Cecilia Wallmark highlighted during her opening speech, our objective is to
create broad multidisciplinary works involving all the different stakeholders.

Stay tuned for updates @

LULEA UNIVERSITY OF TECHNOLOGY

8y Dr. Ceclia Wallmark + 8/3:

@ Centre for Hydrogen Energy Systems Sweden CH2ESS at Lulei U.
®

nners are.

B And the

% Susanne Eriksson Rostmark, Annika Carlson, Aashna Raj. Ellen Handberg
and Erlk Fedler-Blackhammar Congratulations on your winning contributions in
the workshop o social scceptance!

n the final panel of the day, Marita Nilsson, Stegra and member of the CH2ESS
steering group, and the CH2ESS Chair Mikael Borjesson, expressed their thoughts
about the present research needs and inspiring ideas for improved ways of working
to implement ahead.

Our warmest thanks to all speakers and participants for their strong engagement
during the LTU CH2ESS Research Day! @

7]

C@O vinit Parida and 45 othe 2 reposts

of replacing fossils fuels and cope with the glcbal climate change.

Research

CH.ESS

WID LULEA TEKMISIA UMVERSITET g

Showcases groundbreaking
hydrogen research and innovation

Gentre for Hydrogen Energy Systems
Sweden (CH2ESS). recently brought
together researchers, industry partners,
and students to delve into the latest
breakthroughs in hydrogen research.

Education

In collaboration with companies within
CH2ESS, we further develop research
and training so that they match the
needs of hydrogen competence.

Overlooked technology for fossil-
free hydrogen

An important technology pathway that is
rarely mentioned in the constant search
for cost-efficient technologies to reduce
carbon dioxide emissions, is biomass-
based hydrogen production

About CH2ESS

ogen 2 an . [ ume
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Assessing Hydrogen Gas Transport
in pipelines

New research on hydragen gas
transport in pipelines was recently
published in the International Journal of
Hydrogen Energy.



https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden?l=en
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden?l=en
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden/activities
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden/research
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden/research
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden/education
https://www.ltu.se/en/research/centres-of-excellence-and-collaborations/centre-for-hydrogen-energy-systems-sweden/education
https://www.linkedin.com/feed/update/urn:li:activity:7234837119016333313

CH.,ESS Styrgrupp, aug 2024
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