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Dr. Dr. Magnus Buhlert

Referatsleiter

Nds. Ministerium fir Umwelt, Energie, Bauen und
Klimaschutz

" H2-Portfolio:
Hoheitliche Aufgaben, Forderung, rechtliche
Rahmenbedingungen
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Tjisse Stelpstra

GedeputeerdeEnergie, Klimaat en Europa
Provincie Drenthe

H2-Portfolio:
Een vruchtbare bodem creéren voor
waterstofinitiatieven op het gebied van productie,

infrastructuur, mobiliteit, industrie en de gebouwde
omgeving
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Status quo: internationale Wasserstoffwirtschaft und
grenzuberschreitende Entwicklungen

Status quo: internationale waterstofeconomie en
grensoverschrijdende ontwikkelingen
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Dr. Rene Peters

Director Gas Technology

R

3 . 1 H2-Portfolio:
\ & (| Electrolysis (PEM, AEM and SOE)
> ’ Hydrogen transport and distribution

\ " “" Offshore hydrogen production
Hydrogen use in industrial applications
Large scale hydrogen storage
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- Michael Bakman
. Experte H2.&synthetische Energietrager
Deutsche Energie-Agentur (dena)

H2-Portfolio:

Unterstutzung und Beratung der Ministerien bei der Umsetzung
wasserstoffbezogener Projekte

Erstellung von Studien, Factsheet und Hintergrundpapieren zum
Thema Wasserstoff

Organisation von Fachdialogen und konstanter Austausch mit der
Industrie, Behorden und der Wissenschaft zum Thema
Wasserstoff
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INTRODUCTION HY3

The Dutch, German and Nordrhein Westfalen governments asked TNO, DENA and FZ Julich to study
the feasibility of a transnational hydrogen economy at the border of the Netherlands and Nordrhein
Westfalen.

Project goals are:

)

Analyse the feasibility of a transnational green hydrogen infrastructure in the border area of the Netherlands and North Rhine-
Westphalia

Examine the potential of GHG-reduction and increase of the renewable energy deployment in the industry sector by a
transnational green hydrogen infrastructure

Examine possible business cases for future green hydrogen infrastructure by using transnational (Dutch-German) hydrogen
production and existing transportation and storage facilities

Examining industrial interest in green hydrogen infrastructure and potential field of applications as well as potential synergies
with hydrogen applications in other sectors

Describing the existing regulatory framework in the context of green hydrogen production, transport, storage, trading and
usage and examining the framework that would be needed to establish transnational green hydrogen infrastructure as well as
respective business cases
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SCOPE OF WORK

X DEMAND

) Technology assessment hydrogen
applications

) Market assessment hydrogen
applications

) Market synergies (mobility &
industry)

) Expected market entrance

{3 TRANSPORT & STORAGE

) Hydrogen transport scenarios
) Infrastructure modifications
) Hydrogen storage options

) Regulatory framework for transport
and storage

% PRODUCTION

Offshore wind regions & capacity
potential

Greenhouse gas emission
reduction potential

Regulatory framework for offshore
wind and grid development

Locations for hydrogen production
and grid connections

Knowledge sharing, country-specific input & review
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SCOPE & RESOLUTION

Project goals are:

) Geography: Netherlands and North Rhein
Westfalia with main clusters as granularity

) Time: 5 year steps with a hourly resolution per
year; up to 2050

) Technology & application:

) Supply: green hydrogen from offshore wind &
import

) Demand: industry, transport, refinery and PtL

) Transport: repurposed pipelines and new
pipelines

) Storage: subsurface cavern storage
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DEMAND GROWTH TOWARDS 2050
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SUPPLY CONCEPT

Concept
A

Concept
B
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SUPPLY RESULTS

250

1.0
__ 200 60 =
) Offshore wind parks of ca. 68 GW in = =
the Netherlands and ca. 53 GW in £ 2 -
Germany by 2050 E 130 o=
E 104 3,0 E‘
) By 2050, annual hydrogen production T ki
from offshore wind could be 54 - 139 B 20 8
TWh for the Netherlands and 37 - 100 * 50 =

TWh for Germany 10
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= Min Supply (A1) = Max Supply (AZnear-B1)

Figure 25; Hydrogen production quantities as the sum for all three feed-in points from the min supply scenario (A1) and max supply scenario
(AZnear-Bl).
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SUPPLY RESULTS

7€
) Under conservative assumptions, costs W6
for green H2 will drop to ca. 4 -5 @
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) For most supply & demand scenario [
combinations, green H2 supply scenarios - Demand: Base

cannot meet the demand. [ —©— Supply: Max

) annual hydrogen demand is higher than L |—©—Supply: Min
supply by 6 - 21 TWh in 2030 and by 162 [
- 310 TWh in 2050.
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) Linear growth supply

) Fast(er) growth demand

N

o

o
)

) In order to meet the projected demand,
either additional supply will be necessary
or H2 will have to be imported.
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IMPORT RESULTS

) Import need in scenarios: 162 - 310 TWh/yr in 2050. | | | '
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) TOTAL STORAGE CAPACITY

) Storage capacity and number of caverns shown for the Netherlands and the NRW (DE) region combined.
) We assumed storage capacity is spit equally across the 4 sites -

) Zuidwending (NL), Epe (DE), Xanten (DE), Jemgum (DE).

I Medium | A2-B1

15 t | I Medium | A2-B1 _ o, | [ vegum | A1
R Medium | A1 1 cavern = 250 GWh (LHV H,)

-
o

Storage capacity
(TWh)
Number of caverns (-)
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BACKBONE ROUTING WITH NODES

@ Demand
) Using existing NL & DE H, backbone visions, we : gzgg:h —_—
model the integrated network of demand, supply : Storage
Hubs

and storage nodes.

) The model employs non-linear programming
technique to balance network flow while minimizing
the product of flow and distance.

) H, flows are balanced hourly to identify backbone
utilization and bottlenecking.

) Results provide insight into capacity bottlenecks,
inventory of needed pipeline and storage
infrastructure

Y



) RESULTS 2050

) Bottlenecks identified, especially
around the import connections in
these scenarios.

) Some of these debottlenecking
approaches are explored (adding
strings, pipeline connections, import
points)

) More approaches should be
examined to work towards a more
optimal roll-out of the hydrogen
infrastructure.

Year: 2050, Demand: Base, Supply: Max, Import: Rotterdam & Wilhelmshaven
Increased grid capacity by adding 1 string of 48" to the entire network
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German-Dutch cooperation will have a positive impact on the development of the hydrogen markets in NRW and the NL
Joint market doubles demand potential for hydrogen cooperation enables the use of synergies

Higher market volume enables better utilization of infrastructure

Minimizes the risk of stranded assets

Increases security of supply

Integrated development favors better scaling and utilization of hydrogen infrastructure

Changing petrochemical and chemical industry structures in the cross-border region will drive hydrogen demand.

Initial H2 demand from chemical and petrochemical industries.

Variety of applications for green H2 in these industries, e.g. for methanol and ammonia production or for decarbonization
of fuels

_dena TNO
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Offshore H2 generation can contribute to the utilization of the wind energy potential of the North Sea and to the inland

hydrogen supply. When considering onshore and offshore hydrogen production in the North Sea in conjunction with other
hydrogen sources, the following aspects should be considered:

Strategic advantages of domestic production, security of supply, public acceptance

Onshore & offshore H2 production concepts need further research on practical and system level regarding the choice of
location and optimal operation mode of electrolysis.

To meet the future H2 demand in NL and in NRW, other sources are needed besides green H2 from offshore wind in the
North Sea.

Green hydrogen from offshore wind in the North Sea has an enormous production potential
Not sufficient to meet projected H2 demand.
Additional sources of hydrogen will be needed in the future

Domestic production of green H2 from PV/ onshore wind.

Domestic blue H2 and imported H2

_dena TNO
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Repurposing of existing infrastructures in NL and D leads to sufficient transport and storage capacities for
hydrogen until 2030.

Hydrogen storage in new and existing salt caverns 2030: 1-5 caverns
2050: 49-57 caverns
Coupled binational approach brings synergies e.g. in terms of capacity and use of pipelines/storage facilities

Repurposing of networks is taking a considerable amount of time, highlighting the urgent need for coordinated
action between NL and DEU.

_dena TNO
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Dutch-German cooperation for green H2

Further investigate and push potentials and instruments of cooperation.

Involve relevant stakeholders in the cross-border region (e.g. authorities, energy agencies and project coordinators)
Establish continuous exchange of experience on issues related to the use, production and transport of H2

Use cooperation between the Netherlands and Germany as a forerunner project to make development of transnational
hydrogen value chains visible in Europe

Electricity and gas networks and storage infrastructures
Joint approach: bringing together Dutch and German network operators for electricity and gas

|dentify potentials and cooperation projects in the field of network infrastructure and storage

Hydrogen market and trade

Support the transnational market and H2 trade: exchange market information and develop strategic measures for the
import and integration of H2 from international markets.

In the long term, development of a Dutch-German hydrogen market linking actors on the demand and supply side

_dena TNO
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Industrial transformation
Exchange with industry partners should be continued

The governments should establish and support transnational networks and working groups of industrial enterprises with
high transformation pressure to accompany change in the industrial value chain

Joint strategy for the transformation of industrial regions

Research & development and innovation

Jointly address research issues on electrolysis, hydrogen transport and storage, and industrial applications, and promote
them through regulatory frameworks

Further promote information transfer and dissemination of new technologies, concepts and services of both countries

System level approach
Analyze results of this feasibility study on system level

Develop demonstration projects in a binational and European context, e.g. this could be supported by the governments of
NL, DE and NRW in the framework of the EU IPCEI funding.
_dena TNO
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TOWARDS A CROSS-BORDER INFRASTRUCTURE HY3+

FOR HYDROGEN(-DERIVATIVES) AND POTENTIALLY OTHER COMMODITIES (C02)
The cross-border infrastructure initiative HY3+ allows for

alignment over investment decisions in Belgium,
Germany and the Netherlands. Cross-border Infrastructure Initiative

Separate sub-projects in each country funded from I I I

public and private funds.
O TRILAT O TransHyDE @ Hy3+

Joint fact-finding, data exchange and dissemination
EC DECHEMA TNO

processes will take place through a Cross-border
Alignment work package. % Fraunhofer A ARCADIS

Work package ‘Cross-border alignment’ F9\ DECHEMA
Joint fact-finding - Data exchange - Dissemination '
7~ Vito|

Offshore H2 grid
—— Onshore H2 grid
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SUMMARIZING: NEW IN HY3+

More commodities | H2 and CO2, LH2, MeOH, NH3, LOHC (import)

Larger geographical scope | Belgium, rest of Germany

More details in import and local storage | H2 import and tank storage in harbours

More detall in infrastructure impact | PESTLE, integrated network modelling, CO2 transport model
More Infrastructure options | train, road (for derivatives)

Concrete Investment project evaluation | Regional hydrogen infrastructure and storage projects:

- HyTransPort.RTM: backbone on H2 - Port of Rotterdam

- H2 storage project NL (Gasunie - Zuidwending) and D (EWE)
- H2 tank storage pilots (ACE, VOPAK, PoR, PoA)

- Delta corridor (H2 + CO2 R'dam - Chemelot and NRW)

- CO2 transport (Antwerp@C) - Antwerp - R’'dam

- H2 infrastructure initiatives Germany

GIS based visuallsation of energy streams

Interested? Contact us via www.hy3.eu
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HYDROGEN EUROPE in numbers O e

450+ Members

We encompass the entire value chain of the
hydrogen ecosystem: from production, distribution
to end uses, including Industry, EU regions & H2
National Associations. Meet Our Members

1 Z O k Followers
on Social Media

Follow us on:



https://hydrogeneurope.eu/members-locations/
https://twitter.com/H2Europe
https://www.linkedin.com/company/hydrogen-europe

EU’s response to the challenges

Net —Zero industry act

Scaling up
manufacturing

of net-zer

technologies

Strategic Net Zero Technologies:

Solar photovoltaic
and sofar thermal

Sustainable
biogas/
biomethane

Heat pumps and
geothermal energy

Electrolysers Onshore wind and
and fuel cells offshore renewables

Batteries Carbon capture
and storage and storage
. Grid technologies

m Hydrogen

Europe
Critical Raw materials act
Critical raw materials are To enhance our long=-term To mamtain o opsen
neaded for the green and competitiveness strategic autonomy in a
digital transitions as well as fast-changing and increasingly
for defence and space challenging geopolitical

ErArRmIE

r*/

Setting 2030 benchmarks for strﬁegf’c/raw materiaLs\

- ~
2 & 5 &

~

EU EXTRACTION EU PROCESSING EU RECYCLING EXTERMAL SOURCES

At least 10%s of At least 409 of Al least 15% of Mat rmisne than 654

the ELI's annual the ELNs annual the ELI's annual of the ELI's anmal

consumgption for consumption fod consumplion for corsarmption of each

extraction processing recycling strategic raw material
at any relevant stage
of processing from a

single thard country



Hydrogen Bank

European Hydrogen Bank: Proposed activities

1. Domestic market creation 2. Imports to the EU

Auction under the EU Innovation Fund Green premium auction for hydrogen
(DG CLIMA) imports (DG ENER)

3. Transparency and coordination

- Demand assessments - Infrastructure needs
- Hydrogen flows - H2 cost data

4a. Existing European financing instruments 4b. Existing international financing instruments

- InvestEU - Concessional loans
- Structural funds - Blending
- Innovation fund - Guarantees

m Hydrogen

Europe



Thank You

(0 e

Av. de la Toison d’Or 56-60
Brussels / Belgium

secretatariat@hydrogeneurope.eu

hydrogeneurope.eu
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Markteintrittschancen fiir Unternehmen: von
regionalen Wertschopfungsketten zu
grenzUberschreitenden Kollaborationen

Markttoegangsmogelijkheden voor ondernemingen:
van regionale waardeketens tot grensoverschrijdende

samenwerking
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René Schutte
Director
HyNorth

H2-Portfolio:

Aanjagen van de waterstof investeringen in Noord
Nederland

Verbinden van de partijen in de keten
|dentificeren en mitigeren van knelpunten
Synchroniseren van investeringsbeslissingen




Development from regional value
chains to cross border cooperation

22 March 2023




HY,
NORTH
Transformation &
Coordination Office

Investment Plan
Hydrogen
Northern-
Netherlands
2020 (McKinsey)

Unique access to essential means

I
' systemic approach

Project pipeline with >50 planned projects

g . R LD NP0 GROMINGEM SEAPORTS
Crossing borgers in L"Qh"'"

A
PGS groningen

provincie jrenthe
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NORTH
Transformation &
Coordination Office

What is needed?

Scaling-up Demand development
Funding Offshore wind
Larger ecosystem National systemic approach

Steering
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Coordination Office

Mission HyNorth:

The Hydrogen Valley is a functioning eco system in Northern Netherlands

Build a new eco system and develop hydrogen market

* Renewable energy

* Production (supply)

* Transport

+ Storage

* End users (demand)

& Manufacturing Industry

& Human Capital (knowledge and jobs)

Synchronise investment decisions all links in the chain

HyNorth connects the partners in the chain
* Integration & Coordination

* |dentify gaps

* Facilitate available funding

* |dentify barriers




The value chain: Hub and Spoke

HY
NORTH

Transformation & $
Coordination Office

What is
the critical
mass to
get the
Northern
Hydrogen
Valley
moving?

‘ Hyhub

- Pipeline

1 mm Connection
(per axle; tubetrailer,
pipe, ship, etc.)
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Supply & demand
uncertain (FID
possible?)

Balancing &
storage crucial, but
always recognised

Hydrogen purity is
crucial

Cross Border:
Additional Dimension to Complexity

Timely stakeholder
engagement
essential

Local chain
coordination
necessary?

Access to
(offshore) green
electricity necessary

Access to
(confidential)
information is

difficult

Green H,

certification unclear
(REDII)

Subsidies,
Financing & Price
are question marks

Training/Knowledge/
Change management
insufficient priority

Permits for surface
storage

No clear (tried & tested)
regulation

Role for distribution
(public or private)?

Support of governmental
organisations, how to
improve?
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Transformation &
Coordination Office

Northern Netherlands:
The Hydrogen Valley in
Europe!

The Northern Netherlands is uniquely positioned to develop a strong green hydrogen
ecosystem, attract talent and innovation, and serve as a blueprint for other European regions

£ Enablen of the Norfem Netardands scompten
‘ Urique hydhoganceaned ssiets » the Notber Nethedards

Parallel gas
infrastructure

6 GW 100 PJ 400 PJ >EUR 9bn 5,000 FTEs
Dedicated Hydrogen Addressable Investments Job creation




l: www.HyNorth.nl
E: info@hynorth.nl
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Aldo Lodder

Senior Projektleiter Absatzberatung
Deutsch-Niederlandische Handelskammer
(Den Haag & Dusseldorf)

H2-Portfolio:

Geschaftsanbahnung, Markteintritt & Delegationsreisen
Individuelle und institutionelle Absatzberatung

Zusammen sind wir H2-Weltmeister

Der nachste Schritt in der energetischen Wirtschaftsentwicklung
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Kurz zu lhrem Sprecher

Projektleiter bei der DNHK (seit 2011)

e MarkterschlieRungs- und Unternehmensberatung in beiden Landern

* Organisation und Moderation von Delegationsreisen und Netzwerktreffen fir Unternehmen
in/aus beiden Landern

 DNHK: 1905 gegriindet worden, ca. 1.600 Mitgliedsunternehmen, offizielle Vertretung des BMWK
in den Niederlanden, Teil des Netzwerkes der DIHK
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Markteintrittschancen und Zusammenarbeit

* GroRprojekte sind ein wichtiger Anreiz, oft EU-mitfinanziert

* Beispiele:

* RH2INE, gefordert von dem NL-Infrastrukturministerium, der Provinz Stidholland und dem
NRW-Wirtschaftsministerium, zusammen mit Port of Rotterdam, Duisport, RheinCargo, DNV,
Buck, ZBT Duisburg, KIWA und CE Delft

* NortH2, Konsortium von Eneco, Equinor, Groningen Seaports, RWE und Shell, zusammen mit
Gasunie und unterstutzt von der Provinz Groningen

» Aktive Rolle der Hafenbetriebe, v.a. Rotterdam, Duisburg und Groningen
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Rhine Hydrogen Integration

Network of Excellence

N
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Mehrere |nitiativen aus Forschung,
GrolRkonzernen und Mittelstand

 HY3 (Projektteam in Utrecht, mit Beteiligung von TNO, FZ Julich und mehreren GroRkonzernen),
fokussiert auf griinen Wasserstoff in der Grenzregion

* PosHYdon: Pilotprojekt vor der Kiiste von Den Haag, zur Offshore-Produktion (griin), mit
Beteiligung von TNO, Nexstep und Marktspielern

* Energiehub Connectr (Arnhem): Innovationsprogramm, Innovationslabor und Shared Facilities fur
Unternehmen, um die Energiewende zu beschleunigen
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VVon Pilots und GrolSprojekten zu Marktchancen
fur den Mittelstand und Startups

* GroRkonzerne: meistens langfristig orientiert, finanziell stark aber eher risikomeidend
* Mittelstand und v.a. Startups: projektmalSig stark und flexibel, aber wenig finanziellen Raum

* Verbindungen schaffen durch
* Fordermittel (regional, national, europaisch)
* Inhaltliche Zusammenarbeit mit Forschungsinstituten
e Vertrauen und Unterstutzung durch Behorden, Politik und Unternehmerverbande
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WATERSTOF
H, NDUSTRIE
2 CLUSTER
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bt D

Warum viele Benelux-
Initiativen?

Sprache

Zusammenarbeit zwischen Unternehmen

Zusammenarbeit zwischen Hafen

Verstandnis fir Kulturunterschiede

Vergleichbare Grof8en?
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Starken und Zukunftschancen fur KM U-
Unternehmen im Wasserstoffbereich

e Deutschland: v.a. Fokus auf Zulieferindustrie
* Niederlande: Weniger Hersteller, mehr Fokus auf Installationsbranche

e Einschatzungsgemall eine aktivere Rolle niederlandischen Startups (nicht risikomeidend!), z.B.

@JJ Battolyser Systems YGCRO
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Wichtige deutsche Initiative:
Regionale Industrieinitiativen

der DIHK

IHK
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Wichtige mederland%sc e
Initiative: .

Projekte- Datenban <
Topsector Energie
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Eine bevorzugte geschaftliche Vorgehensweise

 Zusammen sind beide Lander starker und kommen sie weiter. Sprache und Kulturunterschiede
kann und sollte man aber nicht ignorieren

* Projektinitiativen brauchen einen positiven , Early warning“ in Richtung des Mittelstandes und der
Startups: Man sollte sie aktiv miteinbeziehen, v.a. bei internationalen Projekten!

* Unternehmer:innen sollten sich regionalen Netzwerken anschlielSen und sich informieren lassen
uber binationale und EU-Initiativen: Dies ist eine Investition, die sich bezahlt machen kann
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Roy van Son
Area sales Manager
Resato

H2-Portfolio:

Safety

Permitting

Businesscase: customer/end user central
Maintenance/service =2 local partners
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Hydrogen as source of energy rRESaton

Examples

Cars Busses Sweepers Trucks Garbage trucks
Typical filling 4 kg 25-30 kg 8 kg 30-40 kg 12 kg
Pressure 700 bar 350 bar 350 bar / 700 bar 350 bar 350 bar
Average ~ 1 kg/100 km <10 kg/100 km -- ~ 1 refuel/day ~ 1 refuel/day
consumption?
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H2Refuel Full Sized Station esat®

Holthausen Energy Points — Groningen

auto 7i%E
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Groene

Waterstef

Booster"

Green Hydrogen Booster

* Connecting innovative SME’s in Northern Netherlands, interested in
the possibilities of hydrogen in their businesses, with knowledge,
expertise and/or use of hydrogen facilities @ fieldlab EnTranCe

* Project: 12 partners, Hanze University of Applied Sciences

* Networking, knowledge sharing, hydrogen infrastructure,
development educational programmes







- vier bedrijven
intrinsieke motivatie

gedreven mensen
vanuit eigen visie

durven doen
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Drs. Geerte de Jong
Programme manager HEAVENN
New Energy Coalition

w..__! H2-Portfolio:
3 Project management, EU subsidies, Clean
Hydrogen, Horizon
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HEAVENN: Hydrogen Energy Applications for Valley

Environments in the Northern Netherlands

* Goal: an integrated green hydrogen infrastructure: production,
transportation, end use, research and replication.

* 31 partners, 6 countries
* Financial scope: 96 million (subsidies and cofinancing)

* ¢ 100% Green H2 production
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Daniel Schonbohm

Leiter Vertrieb.und Marketing
MACEAS GmbH

H2-Portfolio:

(Vollautomatische) Anlagen zur Qualitatssicherung in der
Produktion

Dichtheitsprufanlage fur die Bipolarplatte der Brennstoffzelle
Dichtheitsprufanlage fur Komponenten des Elektolyseurs
Dichtspruf- und Montageanlage fiir Stacks (BZ und EL)
Dichtheitsprifanlage fur H2-Speicherbehalter




Worthmann Maschinenbau

Special machinery Automation Leak testing devices

MACEAS

LEAK TESTING BY
Leak Testing by Excellent — Hydrogen Cross Border Conference 2023 - Emmen

WORTHMANN , ’ =

’/" MASCHINENBAU MACEAS

LEAK TESTING BY
D. Schonbohm 03.03.2023




Leak Testing by Excellence |
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= Hydrogen storage cylinders

,,= MACEAS GmbH

MAC EAS Tel.: +49 4497 / 921 90 20 | info@maceas.com | www.maceas.com 74
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Leak Testing by Excellence |

Leak testing solutions for
Hydrogen Applications

= Leak test as part of quality
assurance in series production

=  Many national and
international customers

=  Growing market

= Alot of development work
necessary

=  Partnership cooperation with
Dutch companies such as
AWL-Techniek B.V.

,,= MACEAS GmbH

MAC EAS Tel.: +49 4497 / 921 90 20 | info@maceas.com | www.maceas.com
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Leak Testing by Excellence

Thank you very much for your attention!

MACEAS GmbH
Konigsstr. 2
26676 BarfRRel-Harkebriigge
+49 (0) 4497 9269 0

WwWww.mdceas.com

MACEAS

+49 (0) 4497 9269 90

LEAK TESTING BY +49 (0) 151 53 81 2886
d.schoenbohm@worthmann-ma.de

MAC EAS Tel.: +49 4497 / 921 90 20 | info@maceas.com | www.maceas.com
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Phase 1
installation capacity 20MW:
* Photovoltaic capacity 35 MWp

* Wind power 9 MW

* Biogas 5 Mil. m¥ year

* Detail engineering and material selection

» Start construction: 1 quarter of 2025
» Start production: 1 quarter of 2026

Phase 2 scale up installation capacity to 100MW:
» Additional connection with offshore wind power 100MW
* Extend the production installation with SOEC / ATR technology



VORWERK

The VORWERK pilot project in Wiesmoor covers the entire hydrogen value chain
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VORWERK pilot project: Bohlen & Doyen Wiesmoor electrolysis project In cooperation with .2 i
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VIRWERK
Detall Engineening
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VORWERK covers all critical components of the hydrogen value chain

Water elecirolyzer ransport pipelines
Q Q

produces hydrogen through the ensures hydrogen remains connecting the producton act as gatewsys” and i
chemical decomposition of pressurized dunng of ydrogen and safely enable safe daily operations Industry uses
waler into hydrogen and oxygen transportation transport 10 the customer & maintenance Industry-heat and feedstock
f |4 134 i 1
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Synthetic fuels
Kacosane, dissal replacement

Hydrogen storage Combined heat-and-power Pressure regulation & metening (GDRMA) I&I
Q 2n Q)

Building heat
Building heat

enables long-term storage using the stored hydrogen to placed at 1ransa and &t stanons 10 raduce
across seasons, 8., for produce low-carbon elecinaity pressure levels and feed hydrogen through to
POWEr genaranion and haat end-use systems via distnbution network



Full turnkey competence across all core end-markets from one source

® ® ©

Natural gas Electricity Hydrogen pportunitie:
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Planning & Design
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Energy
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Ir. Sander Roosjen
ol R&D Manager
=9 Koedood Marine Group

H2-Portfolio:

Onderzoek, waardeketen ontwikkeling, product
ontwikkeling en productie van maritieme
brandstofcelsystemen




CO, emissions per capita vs GDP per capita

Per capita consumption-based CO, emissions o )
o Singapore
20t _
CO:2 emissions °.umted States
are too high e
15t = Switzerland
. y .S_outh Korea
84 -.J.apan
Pt e .Unit.e'd Kingdom
. Chinz « ® °Sweden
Energy poverty . ke, ® France
Ukraine el & o Spain
5t — 8 Namibia.  o&Mexico® '
d amibia Y .
India S ’ .
25t = Pko’g..o - Energy access with
ey Shicrae gl @b o Guatemala 0o1°Si2 net-zero CO: emissions
$2,000 $5,000 $10,000 $20,000 $50,000 $100,000

GDP per capita (int.-$)
To end climate change the long-run goal is that net-emissions decline to zero.

Data for 2017: Global Carbon Project, UN Population, and World Bank.
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Max Roser.

0 1 www.koedood.nl
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¢ € KoEDOOD

' FUTURE
MARINE
FUELS

u

www.koedood.nl

PATHWAYS TO
DECARBONIZATION

IMO has developed

the ambitious target of a
minimum 50% reduction
in greenhouse gas (GHG)
emissions by 2050.

Shipowners have
alternative fuel options
to help them meet IMO’s
ambitions, each with

its own advantages

and challenges.

O Advantages
O challenges

CARBON ZERO

NEUTRAL CARBON

Biofuels / Biomethane Hydrogen

e e

»odytamn CAPEX el cont

Liquefied Natural Gas

(LNG)
5 © 6 v

fatabded  Long-termn Clobul fusd
réraairactoe ORI svalabarty o c o °

$ Increasingtly Sustainable Low energy Storage
@ {8-‘ used as marine scaling up density per challenges,
Lt S fuel, can be used needed volume and flammable
hascle CAPEX as drop-in fuel ';ve::gl:;y MM!:(
(+] =] ’ 2
Clean fuel, Methane -
idly developi I Synthetic methane / SNG .
ydonibe y / Ammonia
g Qg 6
. . Ll "gh
Liquefied Petroleum Gas rarse ot coxt Ungtem vt g
sshiton  CAMX Wl cont
(LPG) o °
Easily Large-scale (+] <
@ @ adaptedtoLNG production Solution for Limited
infrastructure, challenges, Internal combustion  bunkering,
Glodalfuel  Salele can be used as requires engines and toiic offects
evallabddty  hasdle drop-in fuel renewable fuel cells on human

energy source health
© €O; emissions o0y

Methanol | Ethanol
< ®
[+ ®

Easy-to-handle, Refueling
well developed chall
terminal network ﬂanm

https://marine-offshore.bureauveritas.com/insight/future-marine-fuels-pathways-decarbonization
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Impression of a Maritime Fuel Cell System
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Figure 5.8: 3D illustrations of predicted temperatures inside the container at 40, 120, 280, 600, and 2000 ms after
ignition, for the 30 s explosions of the 15 ACH (upper) and 30 ACH (lower) scenarios.

www.koedood.nl



Opslagmethodieken H,

Require stringent safety considerations.

Require Release Systems - Circular Fuels Requires Reformers / SOFC

Pure Hydrogen Pure Hydrogen Bound Hydrogen Bound Hydrogen Reforming

Compressed Liquid LOHC Solid Molecules

In Fact:

Waterstofopslag met hoge dichtheid is een uitdaging voor stationaire en mobiele toepassingen en blijft een grote Koedood heeft

uitdaging voor transporttoepassingen. Momenteel beschikbare opslagopties vereisen doorgaans systemen met een groot samenwerkingsverbanden met de
volume waarin waterstof in gasvorm wordt opgeslagen. Dit is minder een probleem voor stationaire toepassingen, waar belangrijkste spelers voor de EU-markt.
de voetafdruk van tanks met gecomprimeerd gas mogelijk minder kritisch is. We streven naar een circulaire brandstof

Tx 20ft Container =
12tons KBH, =

880kg H, =

T4MWh with Fuel Cells

met hoge energiedichtheid op basis van
KBH4.

www.koedood.nl 88
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Die Rolle von Regionen, Gemeinden und lokaler Politik in
grenziberschreitenden Wasserstoff-Kooperationen

De rol van regio’s, gemeenten en lokale politiek in
grensoverschrijdende waterstofsamenwerking

@eglczg ’ MARIKO .k r ] \g. H2-Ostfriesiand
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Roland Hentschel

Vorstandsvorsitzender Oldenburger Energiecluster
OLEC e.V. und stv. Leiter Wirtschaftsforderung Stadt
Oldenburg, Leitung Regionalentwicklung

OLEC e.V. und Stadt Oldenburg

H2-Portfolio:

Vernetzung / kommunale Projekte auf Infrastruktur- und
Nachfrageseite / grenzuberschreitende Zusammenarbeit/
Lobby-Arbeit
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Jurgen Lenzing

Leiter Fachbereich Wirtschaft und Finanzen
Stadt Haren (Ems)

H2-Portfolio:

Mitwirkung im Forschungs- und Entwicklungsprojekt zur
Verstetigung von Windenergie mit grunem H2 Hub in Haren
(Ems), bestehend u. a. aus Batteriespeicher, Elektrolyseur
und einem Energiemanagement-system zur optimalen
Steuerung sowie Errichtung und Betrieb einer griinen
Wasserstofftankstelle im Gewerbepark A31 in Haren (Ems).
Untersuchung der Wasserstoffnutzung im
grenzuberschreitenden INTERREG Projekt SEREH.
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Guido Rink

Wethouder Economische Zaken
Gemeente Emmen

H2-Portfolio:

Stimuleren, faciliteren en creéren van randvoorwaarden voor
waterstoftoepassing in gemeente Emmen, zoals

Eigen waterstofeconomie via GZI-Next (onderdeel: HEAVENN-
project),

Greenwise campus Emmen,

Samenwerking in Noord-Nederland (Hydrogen Valley),
Samenwerking in Duitse grensregio met onder meer Stadt Lingen
(waterstof) en Haren (energietransitie)




Gemeente Emmen: faciliteren en stimuleren waterstofeconomie

TP Emmen



Waterstof

 Waarom Waterstof? Economische achtergrond

* Wat we doen
 Creéren eigen lokale waterstof
 Greenwise Campus; skills en innovatie
*  New Emmergy Congres
*  Samenwerking met Lingen

* Fondsen
* Nieuwe perspectieven
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Thom Duijvene de Wit

Adviser knowledge economy and innovation
City of Groningen

H2-Portfolio:

Promoting Groningen hydrogen capital

Supporting the development of a hydrogen (knowledge)
economy

Supporting zero emission mobility by applying h2
Supporting SME‘s to access h2 solutions
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Melissa van Hoorn

Gedeputeerde
Provincie Groningen

H2-Portfolio:

Bestuurlijke kant van waterstof, politieke besluitvorming
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Martina Kruse

Leiterin des Fachbereichs Wirtschaft und
Kreisentwicklung

Landkreis Emsland

H2-Portfolio:

Landkreis als Initiator der H2 Region Emsland und des Energy
Hub Emsland

Projekte, Produkte, Vernetzung und Kommunikation des H2-
Themas in die regionale Wirtschaft
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Die Puzzleteile verbinden: Best-practice und mogliche
Verbindungen fur grenztberschreitende Malshahmen

De waterstof puzzel: best practices uit de samenwerking
tussen bedrijven en gemeenten

@’?egcz‘q ¥ MARIKO FME [ Lpgit, oLec * e Niedersachsen & H2-Ostfriesiand
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Herman Roozen, stripmaker

Gesprach mit ausgewahlten Akteuren und dem Publikum
In gesprek met geselecteerde acteurs en het publiek
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Anouk Ellen Susan

Buchautorin, Speaker, Moderatorin, Trainerin,
Coach & Consultant

,LEKKER anders Netzwerken“




ELLEN SUSAN




Cnouke

ELLEN SUSAN

L EKKER anders
NET(Z)WERKEN

FUr mehr Diversitat
Voor meer diversiteit
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NETZWERK-NUTZEN?
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ELLEN SUSAN
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KOMM IN AKTION:
1. ZUHOREN

2. BUDDY SYSTEM
3. TEILEN

> Info@anoukellensusan.de
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UPGRADE
YOURSELF

MEIN TRIATHLON

ELLEN SUSAN

@ANOUKELLENSUSAN
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ELLEN SUSAN

+(EnNkennt dich keiner, +Nicht ALLES, - |
will dich keiner.” FUr |JEDEN.? »sei mal LEKKER anders
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DAS NEIN HAST DU
DAS |A
KANNST DU BEKOMMEN
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Cnouke

ELLEN SUSAN

LET'S CONNECT

www.ahoukellensusan.de
info@anoukellensusan.de
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Vielen Dank!
Heel erg bedankt!

@?eg{cgg ¥ MARIKO PME L i,




