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['\-2-"] Vety osana hiilivapaata yhteiskuntaa

Vetya on kaytetty teollisuudessa jo pitkaan — mutta valmistettu
pddasiassa maakaasusta hoyryreformoinnilla

Euroopan nykyinen tuotantokapasiteetti vuodessa on noin 11.5
Mt, josta 99.3% perinteisin menetelmin

Vety voi korvata mm. maakaasun useissa teollisissa prosesseissa
energialahteena — ja sita voidaan jatkojalostaa polttoaineiksi

EU (esim. European Green Deal, “Fit for 55”) on tunnistanut
puhtaan vedyn avainteknologiaksi Euroopan hiilineutraaliuden
saavuttamiseksi seka energiahuoltovarmuuden kannalta
(REPowerEU)

Tavoite on 10 Mt/a vuotuinen puhtana vedyn tuotanto
Euroopassa sekd 10Mt/a tuonti vuoteen 2030 mennessa — joka
vksin vahentaa hiilidioksidipaastoja n. 140 Mt/a pelkastaan
tuotannon osalta

FIGURE &

Hydrogen generation capacity by the production process
in 20207
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Source: Hydrogen Europe based on work for Fuel Cells and Hydrogen Observatory.

From Clean Hydrogen Monitor 2022 (Hydrogen Europe)
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['C"] Suomen asema uusiutuvan vedyn suhteen?

FIGURE 7

Carbon intensity of hydrogen produced from grid
electricity, compared to selected benchmarks
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Source: Hydrogen Europe, based on EEA data

Note: SMR Hydrogen: 9.0 kg CO, / kg H, (75.0 gCO,/ MJLHV), EU Taxonomy threshold for sustainable hydrogen manufacturing:
3 kg CO, / kg H, (25 gCO,/ MJLHV), CertifHy threshold for low carbon hydrogen: 4.4 kg CO, / kg H, (36.4 gCO,/ MJLHV),
RED Il threshold for RFNBO: 3.384 kg CO, / kg H, (28.2 gCO,/MJLHV).

From Clean Hydrogen Monitor 2022 (Hydrogen Europe)

FIGURE 1

Total hydrogen production capacity by country.*
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Source: Hydrogen Europe based on work for Fuel Cells and Hydrogen Observatory.

FIGURE 5
Grid-connected electrolysis hydrogen production costs in
the EU in 2021 (in EUR/kg)?
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Sous Hydrogen Europe. .Glidfees .Taxec .wholesaleelecuicitymices - CAPEX and maintenance
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Production type

SMRor POX Eastman, Oulu

. Electrolysis Nouryon, Oulu
"
. By-product (electrolysis)
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LTU, Boden a hub for hydrogen in the Nordic region Neste, Porvoo
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Multidisciplinary and intersectoral research on H,

Production

* (Photo)catalysis, methane Steels in storage, transport and Hydrogen reduction, Power-to-X
pyrolysis, CCS & CCU, use of H, Business Finland, Academy of
distributed production methods Business Finland, Academy of Finland, EU

* Business Finland, Academy of Finland Strategic cooperation with
Finland, EU-ERC-CoG" metals production industry

* European Research Council funding

Impact: ESTEP (European Steel Technology Platform), EERA (European Energy Research Alliance), ECHA (European Clean Hydrogen
Alliance), HER (Hydrogen Europe Research), EIT Raw Materials, RFCS (Research Fund for Coal and Steel, member TGA3), EN (European
Standards), BEPA (Batteries European Partnership), IIW (International institute of Welding)

\ < Hb _% Centre for Advanced
Steels Research o
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Reforming and Partial Oxidation

Water Gas Shift Reaction \
Carbon Capture & Utilization N I

| _
PRODUCTION Turquoise H, Production Technologies [aesit > eeIGINEE R

Grey & Blue H, Production Technologies

-— ) ) |
Water Gas Shift Reaction |

. . Non-electrical H, from Biogas
Green and Clean H, Production Technologies [ |
|

Hydrogen Resistant High- and Ultrahigh-Strength Steels
PRODUCTION, STORAGE AND TRANSPORT \

Reaction mechanisms N I
. Ferrous and non-ferrous metals production'

H yd roge n Red uction Hydrogen plasma technology N I

CO; Capture & Use I
Power-to-X Solutions syntheticfuels  TOWARDS CARBON FREE

SOCIETY
H; Burners & Flame Analytics
Scale Formation N ) I
Hyd e el Energy Source Gas Engines & Fuel Cells " /
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Grey & Blue: natural gas as raw material with CCS (blue) or without (grey); Turquoise: solid carbon as a by-product; Green and Clean: sustainable energy, CO2 emission free
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Suuri haaste 2023 eteenpain!

Elektrolyysiin pohjautuva strategia nojaa edullisen
sahkdenergian hyvaan saatavuuteen

Arvioitu vedyn tarve EU:ssa 2050 on n. 2800 TWh/a (European

Hydrogen Backbone, 2021)

Sdahkabdenergiassa mitattuna tama on jopa 4670 TWh (= 330
ydinvoimalaa tai 250 000 — 460 000 tuulivoimalaa)

Suomen sahkontuotanto 2021 oli n. 69 TWh, 2022 alijaamainen

n. 95% ajasta

Sahkon kysynta ja hinta
vetya tuotetaan elekt

2030 EU27 HYDROGEN SUPPLY FLOW,
BASED ON 10 MILLION MT/YEAR PRODUCTION TARGET

Fit for 55 package -

Industry
(50% target)
E fuels agg"m"; e
3.9 million mt
(130 TWh)
/
Renewable Fuel i Transport
electricity jatonversion (2.6% target)
e losses -
14.3 million mt B0 million mt 2.9 million mt
(477 Twh) ‘ (130 TWh) (97 TWh)
Electrolysis
conversion losses
4.3 million mt
(144 TWh)

Potential H2 imports
1.0 million mt
(33 TWh)

¥ Conversion losses
0.5 million mt
(17 TWh)

Source: Future Energy Outlooks, S&P Global Platts Analytics; EU Fit for 55 package

TUULIVOIMA 2022  Tuotannot kuukausikeskiarvona (MW)
Alle 500  Alle 1400 Tehokkuus

Tammikuu 137 350 51,6
Helmikuu 17,2 46,6 43,2
Maaliskuu 15,8 44,5 43,9
Huhtikuu 36,3 76,4 25,0
Toukokuu 27,6 64,9 30,3
Kesakuu 35,6 80,8 21,2
Heinakuu 36,6 89,1 19,2
Elokuu 21,4 60,9 30,1
Syyskuu 23,4 68,8 254
Lokakuu 14,8 36,9 39,7
Marraskuu 52,9 81,1 17,5
Joulukuu 18,3 46,4 33,9

Vuosi 26,1 61,0 31,8
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>20 PIs International & industry
>200 researchers collaboration

FROM CARBON FOOTPRINT TO A GREEN HANDPRINT

H2-materials interaction T1-2, T4
Advanced characterization S1
Ab initio theory T3

)
KEY CONSUMPTION

STATE-OF-THE-ART RESEARCH INFRASTRUTURES (TRL 1-8)

IMPACTS:
Key industry, *
transport and

storage sectors

O

\ KEY MATERIAL

3

CENTRE FOR MATERIALS (PHOTO)CATALYST FABRICATION, SCALE-UP
ANALYSIS SYNTHESIS, TEST & AND COMMERCIALIZATION
VALIDATION

National profilation project H2FUTURE 2023-2028

CO, free and energy efficient H2 production methods: solar H2 and
(bio)methane pyrolysis

Energy materials research: electroceramics
Solar panels and nanocoatings

Coordination of Hydrogen Research Forum Finland (9 research organization
members): Research based view on hydrogen transition

National graduate school on H2 transition under construction
I4AWORLD EU-Horizon MSCA docotoral program focusing on UN SDG themes

Offering courses on energy technology and systems, minor on sustainable
development

Open university and continuous learning, education on H2 transition
(FiTech) and UNIC collaboration

14WORLD ik

UNIVERSITY Co-funded by
OF OULU the European Union
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E\'\‘E;/] Vaihtoehtoiset vedyntuotantomenetelmat: (Bio)metaanin

termokatalyyttinen hajottaminen (TDC)

Direct Minimum
CO, emissions energy demand
in kg CO,/kg hydrogen hydrogen
ofthe. Steam reforming CH,4 + 2H,0 > ~
Ll — State-of-the-art ¢ otural gas 4H,+ CO, &8
Option 1 Water electrolysis ~ 2H,0 > 2H, + O,

[ Option 2 Methane pyrolysis CH, > 2H, +C 0 . ]

Daloz, W., Frederik Scheiff, Kai Ehrhardt, Dieter Flick and Andreas Bode, The quest for CO2 -free hydrogen — methane pyrolysis

Z at scale, ARPA-E Methane Cohort Kickoff, Houston (US), Dec 10, 2019.

Materials and reactor

Methane ."'c.-"." v !
-y | ‘Reactor Innovation
..'.:-....

Full utilization of side streams

T v
Carbon Storage CNT, CNF

Solid Carbon

» Battery industry
» Electric vehicles
(supercapacitors)

» Catalysts

Activated carbon

» Water treatment

» Pharmaceutical purification thcamite

» Industrial applications

ResearcHunir  contact:
OF SUSTAINABLE ) |
CHEMISTRY Prof. Ulla Lassi o : E;iﬂyezgﬂfﬂ;‘{eﬁa,s _

u%'é’%ﬁ'uw E'mall: U I Ia . IaSS| @OU I u f| automotive and aerospace
industry

)
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%{] Vaihtoehtoiset vedyntuotantomenetelmat: valokatalyysi
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Perinteisen ja HYBRIT-teknologian erot

MASUUNI

TUOTANTOINTENSITEETTI RAAKATERASTONNIA KOHDEN
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Contact:
[L\:’u] Prof. Timo Fabritius
UNIVERSITY E'mall: tImO.fabrItIUS@OU|UfI
OF OULU

Vihreita teraksia vedylla
Ll y

Carbon-containing reducing agents are replaced
with hydrogen for reduction in solid state.
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1 000 kg steel
~ 2 000 kg CO,

Steel production equals CO,
7-8% total CO, emissions
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3 F9203 + H, — 2 Fe304 + L H,O
':.WBRIT FesO4 H, - 3FeO + CQ, H,O
HYBRIT — SSAB:n, Vattenfallin ja LKAB:n yhteisyritys Feo H2 - Fe + HZO
TUOTANTOINTENSITEETTI RAAKATERASTONNIA KOHDEN
HYBRIT z:
& Non-fossil fuels ".:' |r0n ore
H,0 + H,
grafiittia
560
FFS
L)
o HYBRIT
PP > FOSSIL-FREE STEEL
SSAB

AN

H;

Sponge
iron


mailto:timo.fabritius@oulu.fi

.1, Metallurgiaa kehittyneiden hiilineutraalien terasten
g valmistukseen
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* Development of 4th generation ultrahigh-
strength steels with extremely good mechanical
properties

* Physical metallurgy enables novel composition
and process designs.

* Significant reductions in the weights of steel
structures ensure substantial reductions in
greenhouse gas emissions and raw material usage

Hydrogen at Hydrogen at Hydrogen at phase
dislocations precipitates and their boundaries
Hydrogen in vacancies
’
5900000000098 5 4+
FE0000 s
Hpcopso s BEEEY 00 lattice defects

1900000000904+ +
290000009994+

Hydrogen at grain
bondaries

Hydrogen at grain
bondary triple lines

W"—“
voids

Recent progress in microstructural hydrogen mapping in steels: quantification, kinetic
analysis and multi-scale characterization. Source Kayama et al., 2017
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Climate neutral, justified and sustainable H, transition Interact, support, influence

Research Public sector
J I I T = Academic r h, education, k I support, regulation, land pl
u st 2 ra n S I t H2Forum Finland FITECh Ministries (TEM, YM, MM),
@M tydrogen Europe city planners, ELY and AVI officials,
Strategic Research Council (SRC) wﬁﬂ-'@s‘"ém </ Résearch . regional councils,

2023-2029 Just Energy initiative and Tukes

|
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Prof. Marko Huttula National Doctoral School () [E:_‘l:] LuT
University of Oulu on H2 economy 5 - e Wersiy
8 JustH2Transit
Busi . = General Publi
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UNIVERSITY NATURAL RESOURCES
OF OULU INSTITUTE FINLAND

ra nSit JustH2Transition
Hydrogen Impact Forum

BotH:nia

ble net-zero carbon society by
rgy storage and means of powering

* 4 workshops / year for ongoing governance and
society dialogue in Finlan

* Representatives for central stakeholder groups
identified in local hydrogen valleys

* Representatives for municipal, regional and
national officials

¢ 2 hour Teams meetings in workshop form,
including small group discussions when needed

* Focus in monitoring and management of impacts
from hydrogen development projects

= producing a handbook for governance and
society dialogue

=replicable in Sweden, Norway, Estonia, other
Baltic States

to renewable H, by 2030 by developing
ns for the production of renewable H,

2, energy efficient and scalable.

i

rmittent renewable energy sources by
ydrogen production that can operate

newable energy inputs.

and understanding of the benefits of
1ent of the energy transition

g industry, government, and academic

e adoption of the vital technology www.both2nia.con ' [




Hub for Hydrogen-Materials Interactions Research
Infrastructures
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Ambient Pressure XPS

Mining industry

Fossil-free steelmaking

Steel processing

Sidestream utilization
Materials for solar hydrogen
production and light harvesting
Catalytic materials

Battery materials

o

(

- Tampere

Tribometer, micromechanics,

uversty Axial-Torsion H; load frame

Mining, excavation and mineral
processing equipment
Manufacturing industry
Mechanical engineering

Parts and components for energy
production, engines, windpower
Coating technology
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VTT TOF-SIMS, H, tribometer

* Materials characterization

* Materials performance under extreme
environments (process, energy, marine
industry, mechanical engineering industry)

*  Hydrogen production, distribution &
transportation, utilization

* Integrated computational materials
engineering and data sciences

Funded by the
European Union
NextGenerationEU
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Green Arctic Hydrogen Valley Initiative

FarFarNortH2

Knowledge exchange &

Replicating valleys
Berlevag
Kirkenes

) GreenArcHy
/

4
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Hydrogen and Hydrogen in Hydrogen in Hydrogen as power
district heating buildings mobility/transport reserve / energy storage

UTAJARVI (200 t/a)
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partners
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WP4 Regulation & Social acceptance,

Renewable
Energy '\value chains & business models, logistics (“Governance & business analysis”)
Production
Hydrogen production Hydrogen storage & Hydrogen end use
L transport
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Hydrogen Fuel
Cell co-generation

Hydrogen Re- Hydrogen storage
Fuelling Station?

| Pilot OULU + UTAJARVI Heavy Duty Transport using H2

Pilot
ouLu

Pilot
UTAJARVI

| Electrolyzer

Hydrogen storage

Hydrogen
Fuelling Station




