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HYDROGEN IN THE NETHERLANDS
Introducing the Dutch hydrogen ecosystem

- Due to its closeness to North Sea offshore wind farms and natural gas
pipelines, the Netherlands is well positioned for a renewable or low-
carbon hydrogen economy. Rotterdam is Europe’s largest container
harbor and industrial center, and a source of hydrogen demand. Dutch
salt caves and depleted natural gas supplies could store hydrogen.

- Renewable energy in the Netherlands is a top priority. The Dutch
government has adopted a Hydrogen strategy to boast production and
use of low carbon hydrogen.

- The Netherlands houses Europe’s first ‘Hydrogen Valley’ after
receiving European funding in 2019.

- We offer a highly developed manufacturing industry, with hundreds of
companies in all parts of the value chain, from hydrogen production,
distribution and storage.




HYDROGEN IN THE NETHERLANDS
Introducing the Dutch hydrogen ecosystem

Some recent additions to our hydrogen cluster:

@rsted - One of the World’s Largest Renewable Hydrogen Plants in
the Netherlands

DNV - Hydrogen innovation center of DNV GL on Campus Groningen

Nedstack - Advanced Fuel Cell Manufacturing Centre
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https://investinholland.com/news/orsted-to-develop-one-of-the-worlds-largest-renewable-hydrogen-plants-in-the-netherlands/#:%7E:text=Denmark%2Dbased%20%C3%98rsted%2C%20the%20world,through%20a%20cross%2Dborder%20pipeline.
https://investinholland.com/news/orsted-to-develop-one-of-the-worlds-largest-renewable-hydrogen-plants-in-the-netherlands/#:%7E:text=Denmark%2Dbased%20%C3%98rsted%2C%20the%20world,through%20a%20cross%2Dborder%20pipeline.
https://campus.groningen.nl/en/news/hydrogen-innovation-center-of-dnv-gl-on-campus-groningen
https://nedstack.com/en/news/nedstack-advanced-fuel-cell-manufacturing-centre-break-gigawatt-production-capacity-barrier

UNIQUE SELLING POINTS

The Netherlands

Proximity to European markets l

170 million consumers

Efficient logistics services empowered by Within a 500 KilBmeters tAtilE "

innovation and collaboration

#2 producer of green

hydrogen in Europe a : 3 mainports
=5 | @ for air, data and sea
- : The =&
Strong Iog!stlc_s sector . Netherlands - L
#1 logistics Excellent connectivity
hub in Europe L 500 knt § to Europe and all continents

World class and competitive
business environment:

no VAT payment
at import

Competitive cost

for labor, real estate and transport




FACTS AND FIGURES

The Dutch hydrogen ecosystem

9 million m3

The Netherlands is Europe’s
2nd largest hydrogen
producer, with an annual
production of over 9 million
m3 of (fossil-based)

hydrogen.

4 GW /2030

To enable large-scale

production of carbon-neutral

11 GW /2030

Offshore wind power is a

crucial enabler of scaling up

hydrogen, the Dutch goal is to the production of carbon-

have installed 4 GW of
electrolyser capacity by 2030

(10% of the total EU target for

that year). The Northern
Netherlands alone is aiming
for annual production of 65
Petajoules (PJ) of clean

hydrogen by 2030.

neutral hydrogen.

Planned projects in the Dutch
sector of the North Sea add
up to 11 GW of offshore wind
capacity by 2030, while there
is enough space for a further

scale-up to 20-40 GW.

I

136,000 km

The Netherlands already has
over 1,000 km of dedicated
hydrogen pipeline. The
country’s natural gas grid
(136,000 km of pipeline) can
be retrofitted to transport
hydrogen at acceptable cost.
This will accelerate the
development of a ‘national
hydrogen backbone’, which
could be ready by 2026.

The Netherlands is
strategically located at

the heart of the European
hydrogen infrastructure
proposed by 11 European
grid operators. Addressable
regional demand in
Northwestern Europe

alone is estimated at

400 PJ by 2030.
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DUTCH VALUE CHAIN FOR HYDROGEN TECHNOLOGY
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HYDROGEN IN THE NETHERLANDS

Using our existing infrastructure

The Netherlands’ 136,000 km of gas pipelines offer unique opportunities to
develop a hydrogen backbone. The network that is being developed will
connect regional backbones with each other, with large clusters of
industrial consumers and port facilities, also at the North Sea, as well as
with storage facilities and grids outside the Netherlands. 85% of the
backbone is expected to consist of reused gas infrastructure,

Examples:

- An existing oil and gas platform off the Dutch coast is being converted to
the world’s first offshore hydrogen platform. Electricity generated by
offshore wind turbines will be used to convert seawater into
demineralized water and to power a 1 MW electrolyser producing clean
hydrogen.

- In the province of Zeeland an existing, 12-kilometer natural gas
pipeline has been adapted to transport (residual) hydrogen from
Dow Chemical’'s production site in Terneuzen to Yara’s fertilizer plant in
nearby Sluiskil. The initiative has allowed the two chemical companies
to achieve CO2 savings of 10,000 tonnes per year.



HYDROGEN IN THE NETHERLANDS

Using our existing natural gas infrastructure

Gasunie hydrogen backbone
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HYDROGEN IN THE NETHERLANDS
Using our existing infrastructure & North Sea wind
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DUTCH HYDROGEN INNOVATION STRATEGY
Leading in 7 areas

The Netherlands aims to be a significant contributor to the
European industry by acting as a major player in bringing hydrogen
technology to the market in seven predominant areas:

1. Hydrogen production on and offshore

2. Re-using existing Oil Gas infra

3. Hydrogen Import

4. Hydrogen distribution and storage

5. End use industry, mobility and built environment
6. Safety and data security (incl. testing)

7. Hydrogen networks and Partnerships

HYDROGEN
ENERGY
STORAGE




DUTCH HYDROGEN INNOVATION STRATEGY m

Hydrogen Production On and Off shore
Commission approves up to €5.2 billion
support by 13 Member States for an

In July 2022, Shell announced FID on Holland Hydrogen I, a 200MW Important Project of Common European
Interest (IPCEI) in the Hydrogen value

electrolyser project at the Port of Rotterdam. This is the first commercial- chain “IPCEI Hy2Use”
scale hydrogen project to be given the green light in the Netherlands and
. Hydrogen Hydrogen applications
the first large-scale renewable hydrogen scheme that Shell has progressed ( Infrastructure )C N Industry )
to this stage. The renewable hydrogen produced at Holland Hydrogen I, will el Soreatis =
supply the Shell Energy and Chemicals Park at Rotterdam, by way of the = :&E{: e = e
. . —> .Erur r = et Everfuel* s=
HyTransPort pipeline 1. ?ﬁ*“m i ik Deelomer 12
Bondalti EN NextChem I Il
) . Cartagena Hydrogen — -csm 11
A bunch of other onshore hydrogen production projects are underway — m{m"‘f - EE:}?M O
some in feasibility studies, some in concept stage, some are close to FID. — ::::,':TM': Solar Foods® +—
. . . . . — South Italy Green Hydrogen Il I
Large companies (Supply/Trade, Port Authorities, Industries) are involved in i TCtrtime N0
— TITAN Cement -
this projects _ Bt VERBUND =
Iberdrola ==
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https://www.shell.com/media/news-and-media-releases/2022/shell-to-start-building-europes-largest-renewable-hydrogen-plant.html

DUTCH HYDROGEN INNOVATION STRATEGY
Harness the power of the North Sea

The North Sea Wind Power Hub is developing a solid knowledge base to unlock the offshore
wind potential of the North Sea.

W jorth Sea
North Sea Wind Power Hub . & Wind Power Hub

Programme

A Transnational and Cross-sector Approach to Harness the Power of the North Sea

The Morth Sea Wind Power Hub is developing a solid knowledge base o ensure that countries choose the right solution to unlock
the offshore wind potential of the North Sea. The consortium'’s work is based on research, stakeholder interaction and experience
from earlier projects. Its cross-sector approach includes system integration between the power system and fulure green hydrogen
solutions. The current insight is thal ‘Power to Gas’ will play a crucial role in integrating vast amounts of offshore wind into the
European energy system. This role is at least threefold: it will provide flexible options for the RES-based power syslem,
decarbonise industry, transport and dispalchable power, and optimise infrastructure investimenls on- and offshore.

Category: offshore, knowledge
Capacity; scalable
Process phase: Programme execution
Project period: 2018 - 2030
Project cosls: 28 million = 2024

ch Contact: https:inorthseawindpowerhub._ ew/

Partners: GTE“"ET ENERGINET



https://northseawindpowerhub.eu/
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DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

Shell Hydrogen Holland |

Realisation of a 200 MW Electrolyser in Rotterdam

The green hydrogen produced will initially be used at the Shell refinery in Pernis to partially
decarbonise the production of fossil fuels. This saves a minimum of 200,000 tonnes of CO,
per year. This hydrogen can later be used to decarbonise trucks in the transport sector.

Category: production of hydrogen
Capacity: 200 MW / 50,000 kg H,/day
Process phase: FEED-study, FID 2022
Project period: 2020 - 2024

Project costs: unknown

Contact: www.shell.nl

2 Port of
Partners: @ # Rotterdam




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

Hynoca Alkmaar & Hynoca’
Decentral Green Hydrogen Production for Local Application

Hynoca is the first of more to follow hydrogen production facilities where certified biomass residues will be
converted into green hydrogen and biochar (certified carbon sink). To cut the hydrogen price and CO2 footprint
associated with biomass and hydrogen transportation, the decentral production facility is located near biomass
availability sites and hydrogen offtakers. Hynoca conducted a LCAthat determined to avoid at least 12 kg CO2
emission per kg of H2 produced. The project will start operations in 2023.

o ] i e Category: decentral production of H,
Capacity: 240t — 1.300t H, /year
Frocess phase: demaonstration preparation
Project period: end 2023 (test & demonstration)
o Project costs: 7 Me
v | =;||i'" e Contact: info@hydeveo.eu

HYD=\'CO OHa’H‘ner Energy ( ) ' INVESTA New -
F'Hlfnarﬁ: M aking Hydregan Supsr Grasn E :.:‘_::. EKPE HTIS‘E Ener v
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DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

T
Qiawels DSL-01

Realisation of a 40 MW Electrolyser in Delfzijl

Operated by HyCC, it will provide 6 ktpa hydrogen per year to be used by DSL-01 to produce
sustainable aviation fuel. Part of the "Hydrogen Valley®, a broad coalition of public and private
parties to realize large-scale production, storage, and distribution of green hydrogen, as a raw

material for industry, the built environment and mobility.

Category:
Capacity:
Process phase:
Project period:
Project costs:

Contact:

production of hydrogen
40 MW
FID in 2023

2020 -
1.5 min EUR subsidy

www.hyCC.com

Partners:

SkyNRG

i1"HycC O




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

VoltH2 - Terneuzen

Hydrogen Production in Terneuzen with Dedicated Storage

In collaboration with Virya Energy, VoltH2 is developing a 25 MW green H; production plant on the Axelse
Vlakte in Terneuzen, using electrolysers powered only by renewable energy. The permit for the facility is
awarded in April 2022, and it will have a dedicated H, storage, access to pipeline infrastructure as well as
multimodal transport systems in support of H; distribution further afield. The feasibility of installing an onsite
HRS far the supply of H, for heavy road, utility and light duty vehicles as well as inland waterway transport is
being considered. The project is scalable in phases, up to 80 MW capacity by 2030.

Category: production of H;
Capacity: 25 MW

Process phase: FEED / Tendering
Project period: 2021 -2025
Project costs: H0-60M

Contact: www. volth2 . com

Ull‘ a
VOLT H2 \) M




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

H2 Conversion Park
Building First 2 GW Conversion Park for Large Scale Hydrogen
Production on the Maasvlakte in Rotterdam

Several large-scale hydrogen factories will produce hydrogen on this central location and share at least electricity
and hydrogen infrastructure. From this central location hydrogen will be transported via the open-access
Hydrogen Metwork Rotterdam towards companies in the Port area of Rotterdam. The first electrolysers
announced in the conversion park are the 200 MW of Shell (2024) and 250MW of HZ2-Fifty (BP and HyCC,; 2025).

Category: production of H,

Capacity: 1-2 GW

Process phase: FEED-study and FID

Project period: 2020 - 2050

Project costs: unknown

Contact: rfm.weterings@portofrotterdam.com
bp

. ! °
Partners: eDEltﬂllﬂqS @Flirl.iquide @ ﬁ IIIHYCC gh"f

Rotterdam E




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

Hoero
Hydrogen out of Energy of Renewable Origin for Zeeland

The project comprises the development of a 150 MW electrolyser on the site of Zeeland Refinery in
Vlissingen. This location is particularly suitable given its location in an already highly hydrogen-intensive
region with many opportunities for setting up and scaling up a ‘low-carbon’ hydrogen value chain. An annual
production of 21 kT of green hydrogen can be expected with the installation, which is eguivalent to an avoided
CO,-emission of approximately 200 kTa compared to H; production through the conventional fossil route.

Category: production of H;

Capacity: 150 MW

Process phase; Pre-FEED

Project period: 2021 - 2026

Project costs: unknown

Contact: koen.van-leuven@zrefinery.nl

Partners: " l E

IDELAND REFINERY TotelEnergles




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

FUREC

Hydrogen Production Plant by ‘waste-to-chemicals’ on Chemelot

The project plans to transform residual waste into raw material pellets, which are then converted into hydrogen at
industrial park Chemelot. FUREC (Fuse Reuse Recycle) uses existing waste streams, partly of biogenic origin,
so that they do not have to be landfilled or incinerated. FUREC saves the equivalent of 140.000 households of
natural gas use. In addition to local sales at Chemelot, the hydrogen can eventually be transported to industry in
Rotterdam and the German Ruhr area. The CO, released during the production of hydrogen can be either
captured and stored or used as a raw material in the future.

Category: production of H;

Capacity: 600 Mio m® H;

Process phase: Feasibility-study

Project period: 2021 - 2025

Contact: Jacob.Rookmaaker@rwe.com

ocli @ ch::;lalnt provincie limburg ﬁ

— @




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

kh

BrigH2 BrigHe2

Production of H, through Gasification of Torrefied Biomass

Company Brigh2 aims to demonstrate commercial hydrogen production (50MW) by gasification of
torrefied biomass, with carbon ending up as biogenic CO; and BioChar. Technology is provided by
Torrgas. Timing is 2024.

Tﬂﬁﬁ Froduct Category: production of H,
E e s :_ Capacity: 50 MW
Process phase: FEED-study
Project period: 2020 - 2025
Project costs: unknown
Contact: willemjan.vanasselt@brightlands.com
Partners: Eﬂghl_iﬁﬁf_jg




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

SeaH2Land

Linking GW-scale Electrolysis to Large Industrial Demand in the Dutch-Flemish
North Sea Port Cluster Through an Envisaged Regional Cross-Border Pipeline.

SeaH2Land is a vision for gigawatt-scale electrolysis and offshore wind landing points on both sides of the river
Scheldt after extension of the 380kV grid, turning the cluster into a true hydrogen hub. Containing a 1 GW
electrolyser to produce renewable hydrogen and 2 GW of new offshore wind capacity linked to the electrolyser
and the regional and national hydrogen pipelines. This includes the cross-border connection between the
Metherands and Belgium to exchange hydrogen between industrial players in the region.

2 Category: production of green H;
ch Capacity: 1 GW
Process phase: Feasibility-study
B B Project period: 2020 - 2028/2030
\? Project costs: unknown
i Contact: https://seah2land.nl/
e T~

parers: Orsted B @ Pzecionorerners <> @G




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

Hydrohub GW
The Hydrohub GigaWatt Scale Electrolyser

Conceptual design of an electrolyser system of gigawatt size, the size that bridges large-scale
renewable power production in offshore wind parks and industrial-scale use of hydrogen for
feedstock and energy purposes.

Category: production of H;

Capacity: 1GW

Process phase: FEED-study completed with report
Project period: 2018 - 2022

Project costs: TKI subsidy

Contact: carol.xiao@ispt.eu

Orsted # NOBIAN 1\:..9 SFRAMES E;&&J’HE Ec""""".._._,

‘q
sb@
Priaciis Tattuisbigy @ Litrechs University "img HOLLANT m '@h o ulun # bl

Partners:

mes= TATA STEEL ISTEDINY MNEMI=5%... {3 Portof Amsterdam DCI @ Dettalings _ AP =R~ 4@
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DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

H2-Fifty e HeTiLy

Building a 250 MW Electrolysis Plant in Port of Rotterdam

The new factory will be able to produce 45,000 tons of green hydrogen annually. Because the hydrogen is produced
from water with sustainable electricity, CO, emissions can decrease by 350,000 tons annually, BP will use the green
hydragen to desulphurise products and for mability projects. The H2-Fifty project will be in the so-called Conversion
Park, a special site that the Port Authority is building on the Maasvlakte for electrolysers from various companies.

Category: production of H;
Capacity: 250 MW
Process phase: FEED-study
Project period: 2019 - 2023 (FID)
Project costs: 225-300 M
Contact: hgj.reqeer@portofrotterdam.com
bp s i
Partners: ﬂ 5 Rottordam 11 ' HyCC




DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

GldH2
A Hydrogen Value-Chain with Multi Purpose in Zutphen

Integral use of locally generated green hydrogen in Zutphen, among others for industrial and
mobility use, including heavy transport and public transport. Another focus is heating current
homes in the city center, using existing gas pipelines and hydrogen-fired central heating boilers.

Caltegory: production and deployment
Capacity: 2 MW electrolyser
Process phase: exacution
" Zutp h en Project period: 2020 - 2023
Project costs: unknown
Contact: i Idhz.nll

-t
=)

2 HyMatters Aaurubis  Zuphen |} provincie ceideriana MRS iE) o

Partners  zutphen = oost nl
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DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen Production On and Off shore

H2ermes H2ermes

Building a 100 MW Hydrogen Plant in Amsterdam for Tata Steel

Deployment of hydrogen delivered by a 100 MW electrolysis plant to produce fuels and / or basic
chemicals with the carbon monoxide {(CO) and carbon dioxide (CO;) in the residual gases from
the steel production at Tata Steel.

Category: production of green hydrogen
Capacity: 100 MW

Process phase: FEED-study

Project period: 2021 - 2025

Project costs: 150 ME

Contact: https://h2ermes.nl

Partners: o %‘E_fﬂf_ﬂ TATA STEEL ﬂ:'HyCC




DUTCH HYDROGEN INNOVATION STRATEGY
Re-using existing O&G infrastructure

Project PsHydon, the purposing existing offshore infrastructure.
An existing oil and gas platform off the Dutch coast is being
converted to the world’s first offshore hydrogen platform.
Electricity generated by offshore wind turbines will be used to
convert seawater into demineralized water and to power a 1 MW
electrolyser producing clean hydrogen.

PosHYdon integrates three energy systems in the North Sea:
offshore wind, offshore gas and offshore hydrogen and will take
place on Neptune Energy's Q13a-A platform.

This producing production platform is the first fully electrified
platform in the Dutch North Sea.

Poshydon | Green Hydrogen Energy



https://poshydon.com/nl/home/

DUTCH HYDROGEN INNOVATION STRATEGY
Re-using existing O&G infra structure

PosHYdon PUSHYUON

Hydrogen Production from North Sea Water on an Offshore Platform

PosHYdon seeks to validate the integration of three energy systems in the Dutch MNorth Sea: offshore wind,
offshore gas and offshore hydrogen and will involve the installation of hydrogen-producing plant on the Neptune
Energy-operated Q13a-A platform. The Q13a-Ais the first fully electrified platform in the Dutch North Sea,
located approximately 13 kilometres off the coast of Scheveningen (The Hague). The green hydrogen will be
mixed with the gas and transported via the existing gas pipeline 1o the coast. The 1 MW electrolyser will produce
a maximum of 400 kilogrammes of green hydrogen per day.

Category: Offshore, production of H;
Capacity: 1 MW

Process phase: pilotplant. demonstration
Project period: 2019 - 2025

Project costs: DEl+ subsidy 3.6 Mg
Contact: frice hijsterborg@neptuneener

nels et |eon |
WOSAT - TAQLN

FPartners:




DUTCH HYDROGEN INNOVATION STRATEGY

Import of Hydrogen

- Since hydrogen gas is not suitable for long-range transportation,
suppliers can (1) liquefy hydrogen, (2) convert it to ammonia, (3) or
bind it to a liquid organic hydrogen transporter (LOHC). If each stage
of the value chain uses green energy (fuel and/or electricity) and
hydrogen is produced from low-carbon sources, all three transport
carriers can be considered low-carbon.

- The optimal choice of a carrier depends on the intended end use,
purity requirements and transport and storage needs. Several
carriers are under investigation

- Ammonia

- Sodium Borohydride
- LOHC

- Methylcyclohexane




DUTCH HYDROGEN INNOVATION STRATEGY
Import of Hydrogen by Ammonia

ACE Terminal

Green Ammonia as a Hydrogen Import Carrier in Rotterdam

Green ammonia as a hydrogen carrier will play a vital role in the import of green hydrogen to meet future demand. After
hydrogen bonds with nitrogen in the form of ammaonia, it can be transported simply and safely in large volumes, and then
stored and reconverted into green hydrogen. Green ammaonia is also immediately usable as CO2-free fuel, for example, for
shipping or as a raw maternial for the production of fediliser.

In addition to the ACE import terminal for green ammaonia at the Maasviakle (2026), import terminals for other hydrogen
carriers like Liguid Hydrogen (LH2) and LOHC (Liguid Organic Hydrogen Carriers) are anticipated in northwest Eurcpe.
Expected future import terminal locations are in Rotterdam, Eemshaven, £Zeeland, Amsterdam, and Brunshittel.

Category: import

Capacity: scalable
Process phase: Feasability-study
Project period: 2021 - 2026
Project costs; confidential
Contact: info@gasunie.nl

Partners: ga-s-lm

Vopalr. @




H2A [formerly H2Gate]

DUTCH HYDROGEN INNOVATION STRATEGY
Import of Hydrogen by Ammonia

Import of Megatons of Green Hydrogen in Amsterdam

H2Gate focuses on the development of large-scale hydrogen imports to the Amsterdam port region (1 million ton
per year). The project focuses on several hydrogen carriers that match the infrastructure in the port. The
consortium has started a new phase where the partners develop and proof safe and cost-effective hydrogen
carriers technologies, supported by clear pilot projects in hard-to-abate transport and industry sectors. The aim for

the realization of the combined import terminal is around 2030.

Category:
Capacity:
Process phase:
Project period:
Project costs:

Contact:

import, storage
1 Mtonfyear
demonstration
2022 - 2030

unknown

Eduard.de Vissern@portofamsterdam.com

Partners:

Amsterdam =VOs

Wlhea 144 g limabnnd

hydrOgenioss

O

HYSILABS @




DUTCH HYDROGEN INNOVATION STRATEGY

Import of Hydrogen by Sodium Borohydride

H2Fuel

A Technique for the Production, Storage and Release of H,

The storage takes place under atmospheric conditions in a powder and the release takes place without
added energy with very clean water. Hereby not only 100% of the hvdrogen stored in the powder is released,
but also the same amount of hydrogen from the water is harvested. Plant One Rotterdam is currently running
a proof-of-concept project for extracting (unpacking) hydrogen from sodium borohydride (MNaBH4).

Category: storage

Capacity: scale up

Process phase: FEED-study/proof of concept

Project period: 2019 - 2030

Project costs: unknown

Contact: https:/ih2-fusl.nl

H2FUEL-SYSTEMS 3 Solid

Partners: Making Hydrogen work @ ¢ Hydro.

NP
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DUTCH HYDROGEN INNOVATION STRATEGY

Import of Hydrogen by LOHC

Hydrogen Ol

Liquid Organic Hydrogen Carriers as a Maritime Fuel

The fuel is produced through a process where Hydrogen and a liquid that we call Storage Oil are combined
by applying heat and pressure in a patented process. Being a liquid, the Hydrogen Oil can easily be
transported and refueled into a maritime vessel. Onboard of the vessel, the Hydrogen is released from the
Hydrogen Qil by applying heat and pressure in the reverse process. When we release hydrogen, the liquid
becomes Storage Qil which can be charged again for its next usage. This is tested in this pilot in IJzendoorn.

Cateqgory: storage
Capacity: scalable
Process phase: execution
Project period: 2020 - 2023
Project costs: 1 ME
Contact: www.voyex.nl

VOYEX iz
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DUTCH HYDROGEN INNOVATION STRATEGY
Import of Hydrogen by methylcyclohexane

Transporting Hydrogen Based on Methylcyclohexane (MCH)

The Port of Rotterdam Authority will look at how it can import hydrogen for commercial purposes on a large
scale. The technology under investigation is the transport of hydrogen based on the substance
methylcyclohexane (MCH). That is easier than other options such as transporting hydrogen at a temperature
of minus 253 degrees or form ammeonia. The ambient temperature is less important when using MCH and
existing ships and infrastructure can be used.

CH, CH,
O @ ' m

CrHu ‘___‘n- CiHy + 3H;

Methylcyclohexane Toluene Hydrogen

Partners: ™2 port of
% Rotterdam

Category:
Capacity:
Process phase:
Project period:

Project costs:

import, transport of H;
400 kton a year in 2030
Feasibility-study
2022-2023

unknown

Contact: hgj.regeer rtofrotterdam.com
a MITSUBISHI [(/ )&
POWER
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DUTCH HYDROGEN INNOVATION STRATEGY
Hydrogen storage

HyStock

Development of An Underground Hydrogen Storage

There is a need for large-scale, underground storage of hydrogen because hydrogen supply and demand are not constant.
That is why Gasunie subsidiary HyStock is developing hydrogen storage in a salt cavern in Zuidwending, near Veendam.

The installation in the first cavern (= 200GWh) is expected to be operational in 2027, It is estimated that four caverns will be
needed for hydrogen storage by 2030 in order 1o meet market demand for hydrogen, The hydrogen storage will be accessible
to all parties who want to store hydrogen, for the short or long term. Initially, this will run through a connection to the
Hydrogen Network Noord-Nederland, and soon after through a connection with the Hydrogen Metwork Netherlands.

The futice of ereegy Morge i, Category: storage
SR ST——— Capacity: scalable
Process phase: FEED-study
Froject period: 2018 - 2030
Project costs; confidential
Contact: infi sunie.nl




DUTCH HYDROGEN INNOVATION STRATEGY
Hydrogen storage

A8 - HyStock Demonstration project

Insights into Hydrogen Storage in Salt Caverns

In 2021 and 2022, Gasunie subsidiary HyStock is using borehole A8 at Zuidwending as a demonstration
project of hydrogen storage in salt caverns. The project will provide valuable insights into safety, mechanical
integrity, pressure, working methods and microbiology. These insights will be used to develop the first full-
scale hydrogen storage in the Metherlands: cavern A5 at the Zuidwending site. The existing A8 borehole will
also eventually become a salt cavern and will then be used for hydrogen storage.

Category storage
Capacity: scalable
Process phase: Construction
Project period; 2020 = 2022
Project costs: confidential
Contact: info sunie.nl




DUTCH HYDROGEN INNOVATION STRATEGY
Hydrogen storage

FODEO @ .H_IFI-U.R.B.{'HEHEHG?
Flexible Storage, with Local Energy Exchange, of Sustainable

Energy in Almere Oosterwold

The goal of FODEO is to contribute to optimizing the self-sufficiency of energy at the neighborhood level. This
offers opportunities for a new market for local trading and storage of sustainably generated energy. Within the
project we also look at organizational and legal issues. For example, we look at which amendments to legislation
and regulations are necessary to make local energy communities possible.

Category: slorage

Project period: 2021 - 2023

450 k € TKI subsidy
Contact: leovanbemmel@villaville.nl

. @ i Capacity: scalable
! ﬂ Process phase: Feasibility-study
Py Boe EJ NS

Project costs:

Partners: ideate vinavile ABE e sema JoOB Y Nedstack

&




DUTCH HYDROGEN INNOVATION STRATEGY
Hydrogen storage

Enowatts
Hydrogen Technology on Industrial Park de Kleefse Waard

Enowatts focusses on storage of excess wind energy in hydrogen, as well as local hydrogen
applications at industrial park Industriepark Kleefse Waard (IPKW) in Arnhem, by means of
systems modelling, development and testing.

Category: storage
Capacity: scalable
Process phase: Feasibility and FEED-studies
Project period: 2020 - 2022
Project costs: 700 k€ 300k&yrant)
s Contact: sustainable.energy@han.nl
e oot UHYGEAR eetand
HAN TR ..o 00 Deancsers XINTC HeT Hydmgern—  HyMatters
e ahem KIGHE wNWBA BTG, w00 i e .




DUTCH HYDROGEN INNOVATION STRATEGY
Hydrogen storage

H2 Bunkerstation
Development of a Liquid Hydrogen Bunkerstation in Den Helder

Liguid Hydrogen will become one of the key energy carriers for the seagoing vessels. Aim of the project is to
realize a bunkerstation with a storage capacity of 200 m? liguid hydrogen. The first users of the bunkerstation
will be the shortsea freight vessels and local working boats or dredgers/offshore support ships.

The focus of the LHZ2 bunkerstation is realizing a bunkerfacility and not the production of LH2.

. Calegory: storage
Capacity: 200 m*
Process phase: FEED-study / execution
Project period: 2022 - 2023
Project costs: 3.5 ME
Contact: www.newenergycoalition.org

PORT OF = - - New
Partners: pen Hetoer  ED Qtorac  TUDelft Enersy
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DUTCH HYDROGEN INNOVATION STRATEGY
End use industry, mobility and built environment |

On Shore power and emergency power and power generation.
Energy intensive industrial processes (e.g. glass, food, ceramic
and steel production) for graduate transition from natural gas to
hydrogen (page 93).

Infrastructure hydrogen fueling stations initiatives.

Applications in mobility cars, busses, heavy duty trucks, trains
excavators, water taxies, aircrafts.

Hydrogen hospital Rijnstate first hospital on hydrogen -

H2Platform.

Local DNO Enexis, Alliander, Stedin projects. Hydrogen H2




DUTCH HYDROGEN INNOVATION STRATEGY

[
| On Shore power and emergency power and

power generation

H2 Walstroom

Hydrogen for Green Shorepower in the Three Northern Harbours
Tha project focusas on the design, developmant, testing and realization ol a mobile fuscelliganset,
which will ke daployed 10 provide clean shompowes 10 docksl vessals in Groningen Saaport, Por of
Dwen Hefder and Port of Harlingen

Cabmgory nnd e ey supply
i N I
- ity =1 Cagney: JA5KW
— . Procss phasa Faliaxeoution
okl Pregect o T - 20EI

o _._ ) Project coste 1.0 ME
Remial Wk ety om

Paers. OO nuuu?mﬂmm!#ﬁhlm W Medstack

&

Hydrogen Emergency Power

Development of a Power Generator on Hydrogen for Datacenters

Dala cenless usualy hove savesal amergancy poesr ganerilans: Bl i on desel b guaranies iha avalabity of
tho dig sl services. The 500 EW Fydeogan csll module that will Ba ratallsd in the neew NocthC data cenler in
Graningan will s 16na of housands of e of dossd on &N oo Badis. The hMdrogen cels in Croningen are
apeied 10 b cpeninbional O1-2023 amd MarD & inesfigaseg whalhar This Fydeogen bechnslogy con ales ba
appiad in [N compiny's olhal data oeman.

Catagory: and use: enscgy supply

Capasity 500 KW

Process phasas T et e

Pl pariod 2022-2023

Project costs kT

Contect s e M R RS, COMY

Parrers: NorthC % Medstack

&)

High Hydrogen Retrofit Partnership

Hydrogen Gas Turbine Retrofit to Eliminate Carbon Emissions
Todevelop & cosl-afecive ullrakng smissions [Sl.rh Oppim KOx and CO) combustion aynlam
relrofit for exmting matoled gas wrbmes in e oulput moge of 1 MW 1o 300 MW

Fual fexbity and sable operation & required from 1008 natursd gas to 100% hydrogen.

Calegory o s shhy sUpphy
Capacity; el
Procias phase FEED-gluiy
Prajpsct peesriocd & phass 2021 - 10T
. Project costs kTN
. Cominct Wi anspkdonno g my g aido-thamasss

Fartnars m GOPRA AkzoNobel ) GETEC mm'

Houryan @




DUTCH HYDROGEN INNOVATION STRATEGY

[
| Energy intensive industrial processes

Hydrogen as a Fuel for Industrial Heating Processes

Development of Fuel Flexible Burner Concept

This progocts aims to prepane energy-infensive ndustnial production processes (e.g. glass,
food and cermmic sector) for a gradual transition from nadural gas to hydrogen, Tha fusl
fexble burner concept-can handle any mix of natural gas and hydrogen

Cnlegony il UBE ndUsTy
o Capaclly 100 KW = 200 MW
bwu-_ Procass phiign OEeTLE T
! Project pariod 2020 - 2022
|y -
Lo b dow  im it | Projocd coesy TSE B0 M

Conkact

o Sander Carmengldom o

Partnarns Inamiry corsorim of 35 parens

DY

NEDMAG on Hydrogen

Demonstration of H; Heating a 2 MW OQil Furnace

I Ehis demonairabon propect e lumsce of the industial magnesium sall mireng soe of
HNEDMAG in Visandnm will be fusled by varying nabursd gas! ydrogen blends, To assure sale
and reliable fumace operation, a Fueel Adaptive Control System is installed

Categany B Ui iIndustry
Capacy 2 MW

ProoeEs. phase @Bl COITITHSSDNIOg
Prayisct periocd 20210 - 22

Projact cosis LT

Gantact Hams ndabindmiog.oi

[ .

Pafirars NEDMAG

; |
s =—— femproA A\

&)

Brightsite Hydrogen
Development of a Plasma Process for the CO,-free Production
of Hydrogen and Ethylen

il foe thes CO-Irsed producton ol
iid A Tassciatoack, Thee

Uty edecirc ity as of
Frycki o
Dokt dastics. Th o construci @ domo
plars] i 125 peoducing 10 &t/ v hydrogan and a producion plani in 2000-2040 prodiusing 02 MLy
mycizogen. This work s perlormed in collaboration with the chesmrcal indusiry:

Cantnory eind user nouslny
B (j; C'f Capacity: 10 =200 k1 Hy /e
i I B *1_'& b I - e Proceas phasn comenpl - pelat
Transforming industry Projoct porod 021 - 2630
Coit tar teetunitang.of

painere: s351t@Ch mm“’ -"q Maastrsit University a P
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° DUTCH HYDROGEN INNOVATION STRATEGY
| Hydrogen fueling stations initiatives

Hysolar { hysolar H2Milk Run
The Production and Supply of Green Hydrogen in Nieuwegein Mobile Hydrogen Refuelling Station
Hyaclat [ Gresnpoled oparains i putiic fyciogen iiusiing Siation Since the summss of 2021, Tha main erdrogen Daily defivery of hydrogen via 8 smail ek with 8 1ull functionsl HRS 82 muliple sites & day {3
ST carimriact by by sty rnclines gL Weckcs, Doy, cned), ircee: tuaick: ind by pessanioee *Milk Fun}. This initiative snabbes 1o start wih fuel cell forkif rucks wahout the nead ta invest
cors. Flathat, In G2 2003 . 2.5 MW slockclyser Wil be & x it hy e ndic deliis in infraséructure, in order io sccalersin the wse of ypdrogen in logislics in a region. In sping
s afficiency of the elsctiolyse:, ths waste haat wil by uliied by o resrty industinl oushomes 2024 e i IR bk Vol St 10 i ko i Bl
BN LS anergy SUpply Caingory: e E——,
25 MW 1 250t Hy [ yoar c . 1 ik
. Process phasa: BURCLAION, dHTorSITATSN
031 - 008 Progeect pesiod: 0 -
DETV ELF LIFE subsidy Progect oot 125 ME
rwrymolpcnl Gt L st mabit e
LY * BCHOLTONOTGY  ian iisiley p—
Partréss P28 @ Pariress GINAF ugm- l__,_,_ﬁ m o :_ BOS  beuil WETH R
- ;
H2GPU @7 TULIPS Energy Points
Development of a Hydrogen Ground Power Unit at Schiphal Refueling Stations with Hydrogen From and For the Future
AEPU is sad bo provide slecitic power jo an arcraft whan i is stationacy on the ground. in the HGPU that Energy Points afe modern fydrogen lueling stations with groundiveaking design. The r!ﬁ'mﬂwl
will b devolapod by ropp sokitioers, e comentonal diesel anging i the GPL i reptacod by @ Fydrogen filngsiation in Groningen ks 24/7 open and the station in Amsierdam s under consinuction
porwrirain, T first unil will be demonstnsed ot Schiphal sirpart by KLM cqupment sendoos in 2023 Heithausen Enargy Points is also hedping other hydrogen filling stations with hydrogon supphy
Calogory ol une. mobiity & Trarspet Caingory ol g mabdity & orspon
Capacsy 1 H; Ground Powes Uil (GPU) Capaoky: 2 rofiling siations
Procas. phasn PEED)-ahiky | mtcirtion Process phass: RS
Penjuct gariod 0 - 2025 (dame in 2023] PNt pariod 0002005
Project amls artron 220 subskdy Prigaci costs: O Tl-subsidy = SO0 kifdam
Coinisal: gzl groanaiportin Cormes e ST OTCintE of
hifgeiepp sohutionsfulips-gou ¥ 4 Pt ol
it Ve T g~ ——
MLM Equpment Senicas E = contury ™o E- = @




DUTCH HYDROGEN INNOVATION STRATEGY

[
| Applications in mobility (1)

Hzl

Zephyros Project Phoenix (5 AeroDelft

1

Development of a Maritime Hydrogen Hub in Den Helder Building the World's First Liquid Hydrogen-Powered Aircraft
T ™ Is o de e slirmdate preon fyd % s @ maritimie fu & o . = =
:::I‘: T |._.:| :Inl ;-cr::l.r:ln .1'\: ....Il.'r.';.1r|‘ql!'m| A :.'.I_.rnl._lm: ..n, N mar I:'ru: I':.M clr.ﬂ :ﬂa :.q..'\-:l I.II-\'.‘ \'|:Ihm1:_-»-n |I Thes 1:3 scale prololype & powersd by o 1500 W fusl coll couplid with a balbedy pack kor Uike-off poraer and Hy rog en
.I,.i; jecrin 3:, T r II:I.J:.E.' z -‘:.II ,rﬂH : Iu __.I "':_ n-.-..::l.l.):h.;"\-cl I:. - | ; Fa ﬂf:,’f'l_o“ '?"1:!\_’”' i saflely. Hydiogen bs kept in @ oryopanic tank at -285°C and wamed 6 0°C using o complex tublng system
el @ public refusing laclty, and @ fydicgen LTI VAR L L Tt L IR S P Phoonix is. abin it By for Th with st Ty of Squid hydrogen, covening a diskanos of moee ko 500 km. These ( t ‘
KcailetGie e tiions. THig-ctropeal i i I Sut Bor srvicss scxl cornQeatin sl ko ook endurance ond mnge valuss aos unmatched by baeries and conventional fusls, Cur wink can be used 1o
e ryciogen prico with reveruns. The aém is 1o havs The Pub opacationasl by the baginning of 2022 hae This Frst o powsed wgar arceof Sying by 2000, polentially by 0 Spin-of star-up
Categary i ;BT [ Gty e ———— '
Capacity 2 refRng stationss 200 kg H, Cnpacey P
Procass phass FiDaxatitsn Procoss pRibe g T on
Projact pariod 2018 - 2024 - Profact pariod 2091 = 2023
Pt coste .4 MECHTI Wénddenionds = Projoct coats At
Coritirct nembbendomweosransbiion g Conluct Wi pendil ol -
ToTAL alander i [r— . — -
Partners n sy m“ d E Fans; g.0 #U Dealfy (ol m s ADSE - r{ﬂ' — .
1 DEM HELDER holland 'fu it I}GF-E.‘H i SN R -:%h ARTECH - == ciaency  ——ip
LH2 Vessel Hydrogen fuel cell sweeper
Construction of a New Build Shortsea Vessel on Hydrogen Sweeping of Inner Cities Without Emissions
Thitn Stoal leniisdan and i Dam Shpping s sntensd ino an sgreseron| o malize @ naw-buld shotses Thsdr fusl o6l Uses hydiogen B cooygen 4 gonecalt snsigy 1o dive Bnd seoes thi roods, after which oaly @
weannl Bassd on 100% Liguid Hydragen propulsion. This shipping industry i at tha s1arm of & langs enangy il arrerini] of wirlsr VBOF ok out of Bhe axhatsl, With th niw Swesspar wo ImmadSabsly Fitoce &
Banalon process. The newbuld LH2 vossel will ba the frs! "commarcinl” vessed based on 100°% 2o smission Inpdrogen axchangs bots syslem (HZ pod). This saves us the purchass of an expanise refuetng syslem
The profoct is supporied by e partnens in the SM2IPDRME RAD program of which wan Dam Shipping is one of becauss the H2 pod W et and ofem the possibity i y il aakaly schargs ths semgity fydiogen
Em bsad partners ek boe kof a Rl o, Whinesss ard whansor we wan
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DUTCH HYDROGEN INNOVATION STRATEGY

[
| Applications in mobility (2)

HYDRA-2
Safe Flying with Liquid Hydrogen

With flight damonsirations using hydrogen powensd drone’s MLA takes & now and sade s36p owands cimabe.
el aviaton confritaling o the ambitions of the Susiainable fsation Agreamend and (Fa Hytiid Eleciric

Fiying Action Program. in spring 2022, LR axpocts io periom driore (MY DRA-2) test lighis uming compressoed

Irptirogen as an anengy camer i a fully composie lank. Addtionally, fuel ool lechnology will be demonsinssed
producing skeciric povwar for P propelens. in autbmn 2082 MLR @ms o parfoim @ maiden tes! fighl with a
drone powered by Bquid hydrogen stored in @ metal tank.

Calegery end e mahity & rspon, inowlstdos
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Hydrogen Train

Hydrogen Trains as a Sustainable Alternative for Diesel Trains

The provnce of Groningen wanis to make rad transpon In the north of the Maetherdands mone
susianabla, which B cumently st largely carned out by diesef trasms. Apiol in 2020 with the
Coradea iLint-fiydrogen train, showed (had ihe pdrogen bain can ba a fully-ledged afermalne 1o
I cusrrent diesal brains. The province has e ambilion io un new Irsens on hydiogen from 2025

I Calsgory and use: mobiify & tmmapor
Capacity 1,000 km par filling
Piocsdn phass Commissioning
Proiect pusrhod M - 2025
Cantact Feta o Tty T B s L Bkt wae oy

B L e——
rres ProRail ROV SuGie ALSTOM 2 DEKRA

** o

interreg A
ISHY 25eas Mers Zeedn
Implementation of Ship Hybridisation :
Par of the project is the developmant of a ydmogen fuel cell system module sutable for
mdivm scale marlime applicotions. Zepp solutions will dovelop and produce this module

which will be ready for implementasion in 2023

| — - | Category #nd use: mobilty & tramsport
Capacity 1 poolobypa
Process phass: FEED. enganasimg
Progect peried 2019 - POED (prodotyne redy )
Progect oosts & M intanmsg 2 Seas geant
| Coniac it e Dt rpg dbeas sy podEHY |

& zepp . g Impuls  Fypeyy 0= HybridMarine

= @'ﬁ.‘;‘...... B o-— 2 @ H L @

HZRenT Ré}NTm

Building 6 Hydrogen-powered Garbage Trucks

Thar rucks will b operating in diferent kocalions, so thal municipabies and collection companies
can becomae acquainted with hydrogan technology, A unigue aspect is that sendon companias
are akso involved in the demaonstration project

ARty o s mokdty & (ranspoi
ety # fnacks

Process phase axEcution

Prejocl pericd 200~ 224

Projeot cosss e

Contact petnn nomifiwatersalngl gy
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DUTCH HYDROGEN INNOVATION STRATEGY

Hydrogen hospital

Hydrogen Hospital

Development of a Sustainable Hydrogen Smart Grid in Elst

The hospital's energy needs will be partly met by the electricity generated from the solar panels on the site.
The surpius of solar energy produced is converted into green hydrogen. The hydrogen produced is stored at
day level, but also across the seasons. A so-called "smart grid” at the location in Elst determines when it is
efficient to convert the hydrogen into electricity and heat. In this way, the local electricity grid is not

overloaded, and a maximum CO2 reduction is achieved at our own new location.

e - ._ Category: end use: bullt environment
Capacity: scalable
Process phase: FEED-study
Project period: 2021 - 2023
Project costs: unknown
Contact: www hymatters.com
ol ==

HyMatters gy Finstte




DUTCH HYDROGEN INNOVATION STRATEGY

[
| Local DNO Enexis, Alliander, Stedin projects

Hydrogen District Wagenborgen Hydrogen Neighbourhood Hoogeveen
Connecting 33 Homes to the Local Hydrogen Network 100 Newly Built Houses and 430 Existing Houses Connected to Hydrogen
d ty haat B holses ||'|:I'|:'.|'hf\-- il recan .1:r-.4-.n1 Famsd} L I‘:':I s ‘1":. e renadly Tha I'IE'hI_.' Bt Mijstad-Cost residential area has been desknaled a3 a demonstration project fo

wily-Buill houses. The daeslinabon plan will sooh be
axBeution f snafrlichon is axpected o star in 2023, Other howses will be conneched |ater

r Calegory e wsn: balt emviroomant
Calagony e s bul emdncnment | capa S50 o
Capacsy 23] o
Capacity Y3 bt
| eomoution, final call in 2022
Procoss: phase exncition | e .
Pinlacl bariod | 00 - 2030
cject pancd M - HTFE Progiect coals TSE 400 1
[ ra— SE 40
s weanw walgesioThoogavean nl
-kt AR ST S oD Nl

I — @e EMEXIS Piinpts: T e w00

Paitrs . 5 ,_'.'... ey _':. e '-,'_:" 7 ,,‘_, E
—_ l:‘—"-‘t—&r— Taviglowachl imTEEca s SOOIy GROEF 0 == By M Abd W s b e B o g B [91 betwnand i hesttare B E L Y 0

Hydrogen Meighbourhood H2@Home
Research of In-house Installations with Hydrogen

A conmortium of companies, lead by Flameo and gfvdlar, sie demg reseanch on in-house ins
with hydrogen. They msasch o niwy reducer, gaamater and behavior of in-house piping
g (ncluding house connection). Target i also 1o find © hich mensLnEmens at
rirpded whon using tydrogen instead of natural gas to heat residential houses and §
over gaisting systems wsed for nad

Pilot Heating with H-.rdmgen in Neughhourhuod Berkeloord, Lochem

A2 Berkelooid thane ane medalively oid, § G VRN MO, 'nrmlll:n cings. The projec conssst of two subjocts
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HYDROGEN NETWORKS AND PARTNERSHIPS

HyDelta Research

HyDelta Research, a Dutch national research program, aims to removing HyStock
barriers towards a large-scale implementation of hydrogen in the Netherlands < H2 storage
and in particular the safe integration of hydrogen into the existing gas
transport and distribution infrastructure.

HyDelta 2 Hz-backbone

Research on Obstacles on Hydrogen Deployment connection

HyDelta 2 is a continuation of HyDelta 1, which is a Dutch national research programme aimed at
removing barriers towards a large-scale implementation of hydrogen in the Netherlands and in
particular the safe integration of hydrogen into the existing gas transport and distribution
infrastructure. After completion, the aim is to start HyDelta 3, a similar program.

Category: knowledge, research

Process phase: execution

Project period: 01/05f 2022 — 30/04/ 2023
Project costs: 2.3 MNe

Contact: i.garcia@newenergycoalition.org

. ® [ MNews
Partners: geouHe m -'i: Lty kiw&! E'l;lgnl‘b.;."_-i
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HYDROGEN NETWORKS AND PARTNERSHIPS

Hydrogen Network Netherlands

Gasunie; building a national network — including underground
hydrogen storage - that will link up hydrogen supply and demand.
Hydrogen network Netherlands; five industrial clusters will be
linked to each other, to foreign countries and to hydrogen storage
facilities. 85% of the hydrogen network will consist of recycled
natural gas pipelines. Current plans call for the first parts of the
national network to be available in 2025. These are located in the
northern part of the Netherlands, and a link with northern Germany
will already have been established by then. In addition, several
industry clusters (in the IJmond and Rijnmond regions) are working
together with local industrial players on regional hydrogen
networks. Around 2025, a start will be made on connecting the
regional pipelines with each other, with foreign countries and with
hydrogen storage facilities, so that they become part of the national
and the future European hydrogen network.



https://www.gasunie.nl/en/projects/hydrogen-network-netherlands

HYDROGEN NETWORKS AND PARTNERSHIPS

Hyready database

Database on Consequences of Adding H, to NG Networks

This HyReady project aims to encourage the industry to “Be ready
for Hydrogen”. Practical and uniform engineering guidelines are
being developed to support the introduction of hydrogen to the gas
grid (from transmission systems to end-users). Results are easily
available from a Wiki site.
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HYDROGEN NETWORKS AND PARTNERSHIPS

Boosting Hydrogen Economy in the Euregio
Meuse-Rhine

A consortium of nine partners is joining forces to boost the
development of clean hydrogen innovation, demonstration and
knowledge sharing in the Euregio Meuse-Rhine, as a first step towards
the large-scale roll-out of a clean hydrogen economy. The intention is
to develop new hydrogen applications where it makes sense, for
example in the field of transport or industrial processes. The parties
involved draw up plans and visions, but also organize inspiration and
demonstration sessions.
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HYDROGEN NETWORKS AND PARTNERSHIPS
HyNorth Connecting Initiatives

HyNorth is the result of the Hydrogen North Netherlands Investment Plan
from 2020. “We want to look at the dependencies between projects and
identify where projects are missing that are necessary for the hydrogen
ecosystem. At HyNorth, we want to join forces in the North by bringing
governments, businesses and knowledge centers together. We want to
connect supply and demand by seeking out collaboration. The challenge is to
grow this to gigawatt scale.”
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KNOWLEDGE — HYDROGEN TECHNOLOGY

e Knowledge hotspots

EnTranCe | Groningen

Energy & Health Campus (incl. TNO-Faraday Lab,
Europe’s largest hydrogen research facility, Solar
lab, Battery lab) former ECN | Petten

H2Hub | Almelo

Centre for Electrochemistry | Amsterdam
NSCA Hydrogen Hub | Amsterdam

Fraunhofer Project Center | Enschede

Enerqgy Initiative | Delft

KWR Water Research Institute | Nieuwegein S _ _
HAN University of Applied Sciences | Arnhem

IPKW Hydrogen Hub | Arnhem

Connectr | Arnhem

~ Holst Centre, part of TNO | Helmond

Institute for Renewable Energy (EIRES) | Eindhoven

Brightlands Chemelot Campus | Geleen
Brightsite plasma lab



https://www.tno.nl/en/newsroom/2021/02/new-tno-hydrogen-lab-brings-hydrogen/
https://www.tudelft.nl/h2platform
https://www.amcel.nl/?cb
https://www.tno.nl/en/technology-science/labs/faraday-lab/
https://www.tno.nl/en/technology-science/labs/faraday-lab/
https://www.tno.nl/en/technology-science/labs/faraday-lab/
https://fip.utwente.nl/
https://www.tue.nl/en/research/institutes/eindhoven-institute-for-renewable-energy-systems/
https://www.brightlands.com/en/brightlands-chemelot-campus/sustainable-processes/green-hydrogen
https://www.maastrichtuniversity.nl/news/new-plasmalab-enables-sustainable-future-chemical-industry
https://www.en-tran-ce.org/en/projects/hydrogen/
https://www.ipkw.nl/bedrijven/hyet-hydrogen/
https://www.h2hubtwente.nl/#Weglot-en
https://www.hydromotive.nl/en
https://www.kwrwater.nl/en/
https://www.portofamsterdam.com/sites/default/files/2021-10/Hydrogen%20Hub%20NZKG_uk_v06_LR%2005-10.pdf
https://www.connectr.nu/




é KNOWLEDGE — HYDROGEN TECHNOLOGY & EV RELATED

Test & Validation Facilities

—#

Marine Energy Technologies Innovation Park | Den Helder

Investa Biomass Gasification + Green Gas | Alkmaar 4,——.

The Green Village | Delft —

—o
H2EnergyLab - RDM Centre of Expertise | Rotterdam :‘

Fieldlab Industrial Electrification | Rotterdam ———

Holst Centre - Open-Innovation by imec and TNO | Eindhoven

[ ] Hydrohub MegaWatt Test Center | Groningen

Hydrogen Innovation Network Groningen (WING)

—— Advanced battery technoloqgy Centre | Enschede

= Battery safety test lab | Enschede

I (D) Meet Munster
o

o .

IPKW Living labs Arnhem

——— Connectr | Arnhem

Clean Mobility Center | Arnhem

L Test, analyse, and research — Automotive Campus | Helmond

.j (D) PEM Motion Aachen



https://www.cleanmobility.eu/
https://www.automotivecampus.com/en/about-the-campus/test-facilities
https://www.holstcentre.com/focus-markets/energy/
https://www.dnv.com/news/dnv-and-dutch-emergency-services-to-open-battery-safety-test-lab-203662
https://www.ipkw.nl/
https://www.utwente.nl/en/energy/research/twente-centre-advanced-battery-technology/
https://www.rdmcoe.nl/projecten/h2energylab/
https://flie.nl/
https://thegreenvillage.org/en/
https://investinnhn.com/news/new-innovation-center-in-den-helder/
https://en.investa.org/
https://pem-motion.com/en/company/
https://www.uni-muenster.de/MEET/en/
https://www.connectr.nu/

KNOWLEDGE — HYDROGEN TECHNOLOGY

Hydrogen Innovation Center Groningen (NEW)

This ultramodern Center of DNV on the Zernike Campus provides a broad
range of services to assure the compliance of fuels (Biogas/ Hydrogen),
systems or technologies with applicable standards. This center with 80
experts delivers laboratory services with a uniqgue and comprehensive
portfolio of testing and validation capabilities, backed by strong
multidisciplinary knowledge and experience in the oil and gas sector.

The technology services include:

Performance assessment of downstream and renewable energy
technologies

Fuel interchangeability and end-use equipment testing

Fuel composition monitoring, metering and custody transfer

Independent innovation support and fuel technology demonstration
Engine and combustion technology testing

Impact assessment of new fuels on pipelines and facilities

Fuel (re)loading and conditioning

Technology integration support and optimization.






FINDING YOUR FUTURE EMPLOYEES

Availability of talent

Universities all over the country offer education related to the development of

hydrogen technology. Some examples are:

Almelo: H2 Hub Twente

Amsterdam: Van 't Hoff Institute for Molecular Sciences

Arnhem: Electrical and Electronic Engineering
Arnhem: Enerqgy innovation — CONNECTR
Arnhem: HAN H2Lab

Delft: Sustainable Hydrogen Electrical Energy

Eindhoven: Sustainable Energy Technology

Rotterdam: Erasmus University Rotterdam

Eindhoven: Electrical and Electronic Engineering

Enschede: Inorganic Materials Science (IMS)

Enschede: Faculty of Engineering Technology (ET)

Groningen: Zernike Institute for Advanced Materials

Groningen: Centre of Expertise Energie

Groningen: EnTranCe | Centre of Expertise Energy — Hanze

Utrecht: Materials Chemistry and Catalysis

Maastricht Faculty of Science and Engineering Plasma Physics

Aachen (D) University Aachen: Center for Sustainable Hydrogen Systems

Munster (D): Ludwig-Maximilians-Universitat Minchen



https://www.h2hubtwente.nl/
https://hims.uva.nl/
https://hanuniversity.com/en/programs/bachelor/electrical-and-electronic-engineering/fulltime/
https://www.connectr.nu/en/
https://www.han.nl/projecten/2019/han-h2lab/
https://ocw.tudelft.nl/courses/sustainable-hydrogen-electrical-energy-storage/
https://www.tue.nl/en/education/graduate-school/master-sustainable-energy-technology
https://www.eur.nl/en
https://fontys.edu/Bachelors-masters/Bachelors/Electrical-Electronic-Engineering.htm
https://www.utwente.nl/en/tnw/ims/
https://www.utwente.nl/en/et/
https://www.rug.nl/research/zernike/organisation/
https://research.hanze.nl/nl/organisations/centre-of-expertise-energy
https://www.hanze.nl/nld/onderzoek/speerpunten/energie/onderzoek/onderzoeksfaciliteiten/onderzoeksfaciliteit-entrance
https://www.uu.nl/en/research/materials-chemistry-and-catalysis
https://www.maastrichtuniversity.nl/meta/426616/plasma-physics
https://www.h2.rwth-aachen.de/go/id/qdrlu/?lidx=1
https://www.lmu.de/en/index.html




VARIETY OF NATIONAL INCENTIVES: TAX BREAKS

Innovation box

Companies can benefit from an effective tax rate of
only 9% for R&D income from patented and
unpatented intangible assets which:

have been developed by the taxpayer, and;

for which an R&D statement (“WBSO verklaring")
has been obtained

The lower tax rate of 9% is claimed in the corporate
income tax return filed by the taxpayer. The effective
tax rate is achieved by using the following formula:
9/25 (regular corporate income tax rate) of the total
amount of net earnings stemming from the
intangible asset that has been allocated to the
innovation box is recognized as taxable profit which
IS taxed at the regular corporate income tax rate.

Losses/expenses incurred in respect of intangible
assets to which the innovation box applies are

deductible at the normal tax rate of 15%- 25%, i.e.,
the innovation box will only apply after recovery of
those losses and expenses at the regular rate.

There is a restriction with respect to the level of
income that can be allocated to the innovation box
(“modified nexus” approach). Relevant is whether
R&D will be performed in-house or not, and how
R&D costs are divided between related parties. This
implies that the more R&D activities are outsourced
to related parties, the less profits can be allocated to
the intangible assets resulting from such R&D
activities.

To make the innovation box more accessible and
appealing to SMEs, a flat-rate regulation is
introduced. On request, 25% of the profit will be
designated as Innovation Box benefits, whereby the
flat rate will be capped at € 25,000. A company may
decide on an annual basis whether or not to apply
the flat-rate regime.

The application of the Innovation Box is optional.



VARIETY OF NATIONAL INCENTIVES: TAX BREAKS AND INVESTMENT FUND

Selection of additional national incentives and initiatives

The WBSO is a tax incentive scheme that offers
compensation for part of a company’s research and
development (R&D) wage costs, other costs, and
expenditures.

The Energy Investment Allowance (EIA) is a tax
incentive intended for companies that invest in
energy-saving installations, or that make use of
sustainable energy; they can deduct 45.5% of the
invested sum from their taxable profits from the year
in which the goods are purchased.

The MIA scheme is a tax incentive that allows
companies to deduct up to 36% of the cost of an
environmentally friendly investment from the fiscal
profit on the regular depreciation.

The Vamil scheme is a tax incentive that lets a
company decide for itself when to write off the
investment costs. This provides an advantage in
liquidity and interest.

The Offsetting job-related investment reduction
(BIK) is an investment discount introduced because
of the Corona crisis. It enables you to, under certain
conditions, offset part of your investments against

your payroll taxes. NB: The EC has yet to approve this measure.

InvestNL: an investment fund with the Dutch
government as 100% shareholder, financing
companies that make the Netherlands more
sustainable and innovative. With an equity capital of
€1.7 billion, its initial focus is on energy transition and
innovative fast-growing companies (scale-ups).
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HYDROGEN IN THE NETHERLANDS
The Netherlands as a partner in Europe
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Dutch initiatives are closely aligned with European partners and
EU-wide innovation programs.

RN SR

- Examples include:

Horizon Europe, an ambitious program and 100 billion Euro
investment fund, with which the European Commission and
member states seek to boost Europe’s global competitiveness.
Hydrogen is a prominent topic in this program, which includes the
Fuel Cells and Hydrogen Joint Undertaking (FCH JU), a public-

private collaboration aimed at boosting research, technological
development and demonstration projects.

!
&
J

The largest project to receive funding from the EU’s
Connecting Europe Facility (EU-CEF) program is a Dutch
initiative: TSO 2020. This project is aimed at developing a cross-
border energy network in which surplus renewable energy from
Germany and North Sea wind farms is converted into hydrogen in

the Netherlands, which is then distributed to Dutch and German
consumers.
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INVEST IN HOLLAND NETWORK
We roll out the orange carpet

Invest in Holland is the national network of the Netherlands Foreign Investment
INVEST IN Agency (NFIA), an operational unit of the Dutch Ministry of Economic Affairs and
Ho"and Climate Policy, and our regional and local partners. Together we support foreign
companies to set up and expand their business in the Netherlands.

We connect you

with local networks, regulators,
clusters and consultants.

We inform you

about incentives, business locations,
regulations and procedures.

We organize

custom-made fact finding trips for
your investment project.

We provide
confidential and free support.




INVEST IN HOLLAND NETWORK
We welcome you!

Mark Reijneker
COUNTRY DIRECTOR | NFIASOUTH AFRICA

mark@nfia-southafrica.com
+27 60 890 7066

Fons de Zeeuw
DIRECTOR INTERNATIONAL | OOST NL

fons.dezeeuw@oostnl.nl
+31 6 1214 0935




HYDROGEN FOCUSTEAM INVEST IN HOLLAND NETWORK

We welcome you!

Elmar Bouma

SECTOR MANAGER ENERGY
INVEST IN HOLLAND NETWORK/ NFIA

elmar.bouma@rvo.nl
+31 6 29 16 30 44

Bernold Kemperink
CHAIRMAN FOCUS TEAM HYDROGEN

bernold.kemperink@oostnl.nl
+31 6 28 87 60 89
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