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A Mentimeter

\Welke gedachte heb je bij Waterstof?
38 responses

mobilteit

grijze waterstof
energiedrager waterdamp uit de uilaat
holthausen

opslag

% industrie dUUr elektriciteit veel wind ﬂOdig
< sk o @ duurzaam  hydroger
5.3 &- S 7 toekomst
% + schoon MODIliteit transport
kost nog duur die prijs heilig en vergruisd

onderschat
alternatief voor batterij

+ 0
e ©



A Mentimeter

Op schaal van 1 tot 5

Hoe is jou kennis O&I’ waterstof?

Zou je enkele toepassingen van waterstof kunnen

noemen in de energietransitie?
27

|s waterstof de toekomst vooi mobiliteit?

Weinig
Veel

+ O
e ©



A Mentimeter

\Wat zou je vandaag willen leren over de waardeketen van waterstof?

Verwachte prijs Basiskennis Wat het is Toepassing
ontwikkeling

Samenspel Reéler kans/alternatief Toepassing en efficiént Prijsontwikkeling
gebruik



A Mentimeter

\Wat zou je vandaag willen leren over de waardeketen van waterstof?

Verdieping OpwekkingOpslag Haalbaarheid Voordelen en nadelen

Doorbreken kip-ei van FCEVicm.BEV's Relatie met windenergie
voertuigen en vulpunten
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2012
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Foundation
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+2005
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Global Network,
Local Presence

Brunelregions

45

Countries

120+

Offices

M Canada

Countries with Brunel offices

Countries with Taylor Hopkinson
offices

United States of America

M \vexico

M Guyana
M Suriname

M Brazil

grunel

W Norway
[l Denmark
United Kingdom The Netherlands

W Foland
Germany B Czech Republic Ml Kazakhstan

France; Il IlBelgium I Austria
Switzerland W Witaly M Romania

= Spain W Albania
W Gt o Sauthﬁyea
Japan
Isracl Mg W cChina
Kuwait [l China
United Arab Emirates
W Qatar By waivan
M India
M Thailand
M nNigeria W Vietnam
Malaysia, Il
Singapore
W Indonesia

W Papua New Guinea

HNamibia Wl Mozambique
Australia

W New Zealand



Srunel

Global Solutions & Services

o7

Project and Consulting
Solutions

» Project (Performance) Management
» Project Risk Assurance

» Third Party Vendor Inspection (TPI)
= Commissioning & Start-Up (CSU)

» QOperational Readiness & Assurance
* Project Management Offices (PMO)

SER
Workforce
Solutions

= Contract Hire

= Permanent Hire

» Recruitment Process Outsourcing (RPO)
= Executive Search

= Staff Secondment

» Training Courses

» Employee & Contractor Care

= Market Intelligence & Benchmarking

CX

Y
Global Mobility
Solutions

= Mobility & Relocations

» Employer ofrecord (EOR)

» Business/Country Start-Up Support

= Immigration

» Travel, Logistics & Accommodation

= Destination Assistance

» Medical & Emergency Repatriation

» Risk & Security Management

* Mobilisation/Demobilisation & Rotations
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Srunel

Mobiliteit in Waterstof




Srunel

Wat I1s waterstof?

@ Waterstof voor Groentjes - Aflevering 1 - Wat is waterstof?

Bekijken op 3 Youlube

https://www.youtube.com/watch?v=uAkQX7FLwmM



Final energy in 2020

Electrons: 20%

Molecules: 80%

Srunel

h <]
\®)q
L 2

More RE

30% RE power

Lo

— More electrification

10% biomass

Source: IEA - World Energy Outlook 2023



1
Final energy in 2050

Electrons: 50% Molecules: 50%

CCS (limited)
Biofuels (limited)
Green H,
H, carriers
« Ammonia
« Methanol
Other E-fuels

100% RE power 100% clean molecules

9

Source: IEA - World Energy Outlook 2023
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Colours of hydrogen

PURPLE/
GREY Brown BLack PINK/RED BLUE GREEN
HYDROGEN HYDROGEN HYDROGEN HYDROGEN HYDROGEN HYDROGEN
'-f_}-} [ :'_ .
r.}“?h. m G};\ Ih . L l—l I"\f ..1
% | w ||: =
WEQ ﬁﬁ o/ HED [ @4
The most Produced Also made Maturally These are As with grey Uses an
common type | from lignite from coal, but occurring created from hydrogen, electrical
of hydrogen coal. It may inthis case [REGHERTIGEELM various forms blue hydrogen current
made today. not surprise bituminous is found of nuclear is extracted obtained
It is made you to learn coal. underground pOWer. from fossil from
thraugh thatitis and can fuels - but its renewable
‘steam highly thearetically be producers sources to
reformation’ - polluting. captured then attempt | separate the
heating fossil through to capture hydrogen
fuels under fracking. As yet, and store from the
pressura - however, thare carbon oxygen in
particularly are no proven emissions. water.
natural gas. strategies for
obtaining it.

Hydrogen




Srunel

What Is a Hydrogen Value Chain

Electrolyser

Renewable O O\ A
Energy Lﬁ \@' Transport J%
CCS J—@ 1 ;% 'nd_us”y

D
Fossil ﬁ’iﬂ ‘O E M

X

Fuels

Steam Reforming Storage

/ Gasification Heat & Power



Srunel

What Is a Hydrogen Value Chain

Renewable O
Energy AR

Electrolyser

CCS (&) w1

Fossil fﬁﬂ ~OJ

Fuels

Steam Reforming
| Gasification




Production

Offshore
Wilgle

Large national goals and ambition, aligned with
European targets.

® e @
2023 2030 2050
Current — 4.5 GW Goal - 21 GW Potential - 70 GW

Esbjerg declaration signed 2022, to create
Green Powerplant of Europe at the North sea:

® ®
2030 2050
65 GW 150 GW

NL Netherlands




Srunel

Productie - Green

Alkaline electrolyser NEL PEM electrolyser Siemens PEM electrolyser
Hydrogenics

Alkaline electrolyser
ThyssenKrupp

P o

PEM electrolyser ITM Power Alkaline electrolyser McPhy SOEC electrolyser Sunfire

14

Source: Hydrogen Europe March 2020


http://profadvanwijk.com/green-hydrogen-for-a-european-green-deal-a-2x40-gw-initiative/

Productie

« Holland Hydrogen 1 = 200 MW

Source: Holland Hydrogen 1

 ISPT 1GW = 1000 MW Hydrogen Plant

Source: ISPT



https://www.kraaijvanger.nl/nl/projecten/holland-hydrogen-1/
https://ispt.eu/projects/hydrohub-gigawatt/

Srunel

Productie - Blue

«f

Purification

H,
Steam methane Water gas Hydrogen
reforming shift separation unit



https://www.mdpi.com/1422-0067/23/24/16064
https://www.linde-engineering.com/en/process-plants/adsorption-and-membrane-plants/hydrogen-recovery-and-purification/index.html
https://www.linde-engineering.com/en/process-plants/adsorption-and-membrane-plants/hydrogen-recovery-and-purification/index.html
https://www.gasunie.nl/nieuws/transport-en-opslag-van-co2-hoe-werkt-dat

Srunel

What Is a Hydrogen Value Chain

Electrolyser

Renewable O (\
Energy Lﬁ \é‘ Transport

ccs J ) () ) ;%

Fossil fﬁﬂ ~OJ

Fuels

Steam Reforming
| Gasification
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Transport
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https://hydrogentechworld.com/enabling-the-dutch-hydrogen-ambitions
https://www.rechargenews.com/energy-transition/special-report-why-shipping-pure-hydrogen-around-the-world-might-already-be-dead-in-the-water/2-1-1155434
https://hygear.com/news/hygear-expands-its-hydrogen-trailer-fleet-in-europe/

O

Energy Hub

Storage

Electrolyser

Industry cluster

Import

Offshore Hydrogen Receiving and Compression
Arena (OHRCA)

Wind area

Onshore hydrogen network

Offshore hydrogen network

Anticipated onshore hydrogen network

Other pipelines

X /,
| Den Helder

P

/%

5

f

B
)Y
ndi

|

Trossing bonfers m énengy

May 2022



Pipelines

Midstream - Infrastructure —

= UK

Transport, distribution and storage play a key role in scaling-up hydrog T Suee

@ 2021
Dutch government commits to a national
hydrogen network backbone.

@ 2022-2025
Construction of network starts.
First storage cavern created.

@ 2025-2030
Network connects supply and demand areas.
3-4 caverns for storage.

@ 2030-....
. Offshore infrastructure in development.

NL Netherlands




orunel

Transport

Gas

= 260 km bblcompany = 230 km
= € 600 mio = € 500 mio

= 1 GW capacity = 20 GW capacity

= € 230/kW/100 km = € 11/kW/100 km

= € 9/kW/100 km

21
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What Is a Hydrogen Value Chain

Electrolyser

Renewable O (\
Energy Lﬁ \@' Transport

Fossil

Fuels fiﬂ = O
Steam Reforming Storage
[ Gasification



Srunel
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https://www.airproducts.co.id/gases/hydrogen
https://www.hystock.nl/nieuws/succesvolle-open-season-ruime-belangstelling-voor-waterstofopslag-eerste-zoutcaverne-hystock

Srunel

Powerwall Battery Mega-battery Pumped hydro Storage in
storage empty natural
> gas field
o e, = [ e A o
10 kWh 100 kWh 130 MWh 250 CWh
H2 gas canister H2 tube trailer Liquid H3 storage H2 in salt
(Cape Canaveral) cavern

191 %

im == o

30 kWh 30 MWh 10 CWh 240 CWh 46,000 CWh

24

Source: Gasunie The world of hydrogen 2021


https://www.theworldofhydrogen.com/gasunie/the-world-of-hydrogen/

Srunel

Technology overview in power and time

10 GW

1 GW Pumped hydro storage

100 MW Compressed air

10 MW
1 MW

100 kW

10 kW

Super

T KW - capacitor

Minute Hour Day Week Season

Discharge duration

25
Source: Hydrogen Europe 2021


https://hydrogeneurope.eu/

Srunel

What Is a Hydrogen Value Chain

Electrolyser

Renewable O (\
Energy Lﬁ \@' Transport

ccs J ) () ) ;%

P A

Fuels

Steam Reforming Storage
[ Gasification

Heat & Power



Srunel

Industry
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https://www.yara.nl/over-yara/yara-in-de-benelux/yara-sluiskil/over-yara-sluiskil/wat-we-doen/
https://www.tatasteeleurope.com/nl/duurzaamheid/co2-neutraal

Heat & Power

N =
|| ]S

Gascentrales moeten over op waterstof, maar
niemand weet nog hoe

Door Jeroen Kraan

03 mrt 2024 om 05:08

Update: 5 dagen geleden [@ s ] [ e j

Om al onze stroom duurzaam te maken, moeten gascentrales de overstap
naar waterstof maken. Maar de twee grootste eigenaren van zulke
centrales waarschuwen dat die ombouw nog nauwelijks op gang komt.
Kabinetsplannen om de overstap te subsidiéren zijn onlangs geschrapt.

Srunel

Duurzaam :

Verwarmen met i

Naterstof zonder
CO,-uitstoot

28


https://www.nu.nl/economie/6303425/gascentrales-moeten-over-op-waterstof-maar-niemand-weet-nog-hoe.html
https://www.alliander.com/nl/energietransitie/pilots-met-waterstof/lochem/
https://www.ad.nl/wonen/oudere-woning-beter-te-verwarmen-met-waterstofketel-dan-met-warmtepomp~a0239beb/?referrer=https%3A%2F%2Fwww.google.com%2F
https://www.ad.nl/wonen/oudere-woning-beter-te-verwarmen-met-waterstofketel-dan-met-warmtepomp~a0239beb/?referrer=https%3A%2F%2Fwww.google.com%2F

MoDbility

Hydrogen
buses NL,
2021

Hydrogen

airplane US,

2020

orunel

Hydrogen
ferry
Norway,
2021

Hydrogen
trains NL,
2021

29



MoDbility

Weight /" Bubble size representing the relative annual
Tons . energy consumption of this vehicle type in 2013

B BEV

FCEV
10,000+ I ——— B Bio- and (H,-based)
synthetic fuels
1,000 -
100 ©
ercial vehicles |
| QJ A
1 - _1
0.1 e
10 100 1,000+
Average mileage per day/trip
_ : ; Km
1 Battery-hydrogen hybrid to ensure sufficient power 30

2 Split in A- and B-segment LDVs (small cars) and C+-segment LDVs (medium to large cars) based on a 30% market share of A/B-segment cars and a 50% less energy demand

Source: Toyota, Hyundai, Daimler
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https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/distribution-and-storage/hydrogen-refuelling-stations

Srunel

32



https://h2-map.eu/

Srunel

What Is a Hydrogen Value Chain

Electrolyser

Renewable O O\ A
Energy Lﬁ \@' Transport J%
CCS J—@ 1 ;% 'nd_us”y

D
Fossil ﬁ’iﬂ ‘O E M
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Price of Hydrogen

Srunel

Prior renewable H,

Low-carbon H,

Electrolyzer cost
2023 = 100%

2020

2025

2030

2035

2040

2045

100%
75
50 ;G;’I{g
—
- 25
2050
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Srunel

White Hydrogen

Massive underground reservoir of
natural hydrogen in Spain ‘could deliver
the cheapest H2 in the world’

35


https://www.hydrogeninsight.com/innovation/massive-underground-reservoir-of-natural-hydrogen-in-spain-could-deliver-the-cheapest-h2-in-the-world/2-1-1431515

Srunel

White Hydrogen

Earth's hydrogen factories
Rainwater Hydrogen is a carbon-free fuel, but manufacturing it is dirty and expensive. Some researchers @® Hydrogen
believe cheap, vast, and potentially renewable sources of natural hydrogen sit underground. ® Water

|\

- B
Microbial ) Sedimentary

consumption rock Eyﬂs

Hydrogen trap

Abiotic
—f— consumption

g _' Fault

36

Basement rocks

v Iron-rich mantle rock



Srunel

Is hydrogen a Hype?

Peak of Inflated
Expectations

Plateau of
Productivity

Expectations

Innovation Trough of
Trigger Disillusionment

Time
37


https://www.gartner.com/en/research/methodologies/gartner-hype-cycle

Srunel

Upstream Midstream Downstream

Electrolysis

Renewable

energy Power

Domestic

Renewable
hydrogen

”

Mobility

Compressed hydrogen

Carbon capture
& storage
Built environment

Low-carbon
hydrogen

Industry

Reconversion H

Conversion Liquid hydrogen

Ammonia
Synthetic fuels
Liquid organic hydrogen carriers

........................ 18 |- g I ...~ . -
Supporting themes L

Finance Knowledge Human Regulatory
capital framwork
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A Mentimeter

Scales

Waterstof gaat een bijdrage
1st hebben voor mobiliteit maar zal niet
de grootste zijn.

Waterstof kan een optie zijn maar
2nd daarvoor moeten er nog grote
stappen genomen worden.

Waterstof is de toekomst voor

3rd Mobiliteit.

Waterstof moeten we niet gaan

4th gebruiken in de Mobiliteit

(N )
be O



Feedback

Verhelderend en precies

op het goede niveau.
Bedankt.

Zeer interessant en geeft een
goed en volledig beeld van
de waardeketen

Goede presentatie en
fijne presentator

Heldere no-nonsense
uitleg. Heel interessant en
leerzaam. Thx

Superinteressant!

Goede presentatie en
iInhoudelijk ook goed
toepasbaar

A Mentimeter

Technisch maar
interessant

Helder, duidelijk en goed
verhaal. Juiste diepgang voor
dit publiek



A Mentimeter

Feedback

Voor mij te technisch Graag nog een keer, Bedankt voor de |_euk! Enthousiast! Niet te
verdiepend begrijpelijke uitleg in Jip angWellicht volgende keer
en Janneke taal Kennisniveau publiek van

tevoren checken?:)

Interessant, als “alfa” toch Dank voor de mooie Heel inzichtelijk gebracht
nog lastige materie. uiteenzetting. Mooie
iIntroductie op het thema
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