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Hydrogen - A common element of our energy
future?

« Momentum currently behind hydrogen is unprecedented, with
more and more policies, projects, and plans by governments
and companies in all parts of the world

« Hydrogen can help overcome many difficult energy challenges

* Integrate more renewables, including by enhancing storage options
and tapping their full potential

» Decarbonise hard-to-abate sectors - steel, chemicals, trucks, ships,
and planes

» Enhance energy security by diversifying the fuel mix and providing
flexibility to balance grids

 But there are challenges: costs need to fall; infrastructure
needs to be developed; cleaner hydrogen is needed; and
regulatory barriers persist.
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Hydrogen is Already Part of the Energy
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Dedicated hydrogen production is concentrated in very few sectors today, and virtually all of it is
produced using fossil fuels, as a result of favourable economics.
Source: IEA



24 Government of Hydrogen PrOdUCtion With C02 Capture iS
7& the Netherlands Coming Online
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Low-carbon hydrogen from fossil fuels is produced at commercial scale today, with more plants
planned. It is an opportunity to reduce emissions from refining and industry.

Source: IEA
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Long-term hydrogen production costs from solar & wind systems

Renewables Hydrogen Costs are Set to
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The declining costs of solar PV and wind could make them a low-cost source for hydrogen production

in regions with favourable resource conditions.

Source: [EA



___ The Challenge to 2030: Expand Hydrogen
serererlnds - Bayond EXisting Applications

Growth in hydrogen use based on announced policies, 2018-2030

Growth to 2030, 24 Mt New uses
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Dependable demand from current industrial applications can be used to boost clean
hydrogen production; policies and industry targets suggest increasing use in other sectors,

but ambition needs to increase.
Source: IEA



PO oo Routes for hydrogen trading with long-term
el " cOSts compared to domestic production
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Envisaged import market requires international cooperation
Source: IEA



M . Preliminary Priorities R, D&D (work in
5] denenerns PFOQIess)
* GW scale electrolysis in 2030

* New applications clean hydrogen in industry in 2030

« Backbone infrastructure clean hydrogen in 2030, incl
storage

* Pilots clean hydrogen in built environment 2025
* Flexible power plants on clean hydrogen 2030
 Offshore electrolysis pilots

* Import modalities clean hydrogen

 Participation in IEA, FCH-JU, IPHE, CEM, HEM,
Mission Innovation etc.

Source: IEA
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Four Key Opportunities for Scaling up
a e Hydrogen to 2030
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Global warming setat a
max. 2°C. This requires
CO2-reductions

in the Netherlands of:

* 40-50% by 2030

* 85-100% by 2050
Hydrogen as a fuel and as
araw material can help to
achieve CO2-reduction
targets

Hydrogen pipeline
Linking hydrogen

industries in Zeeland
and the Delta region
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The energy transition
requires new forms of

infrastructure and
intelligent use of
existing networks.

Gasunie wants to invest
in new infrastructure

for renewable gases
such as hydrogen.

Hydrogen is a clean energy
carrier: Hz2 combustion
yields only water vapour.
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Large-scale switch to
hydrogen for power
stations and chemical
processes. Capture
and storage of CO2
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All three turbines

on hydrogen:

> 2 million homes
supplied with power
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° Conversion

o Transport

o Storage

North Sea

Wind Power Hub
Anisland where
power from
offshore wind
farms is partially
converted into
hydrogen that is
piped onshore

National hydrogen
transport network
Hz-pipeline network
links major industrial
areas Eemshaven,
jmuiden, Rotterdam,
Chemelot, Zeeland
and the Ruhr area

Further deployment
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network Zeeland
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Full List of Flagship Projects - as of

mevenenss 20719.01.24
Centurion Large-Scale Electrolysis Project, 13.
SIS 14,

Fukushima Renewable H, Project, Japan 15
ﬁ\%orn (Aberdeenshire) Clean H, production, 16

Hydrogen to Magnum (H,M), Netherlands 17.
and Norway 18.

Northern Lights: CO2 transportation & 10.

storage project, Norway

HyNet Northwest Project, UK 20.

HyNetherlands Project, Netherlands 21
H-Vision Project, Netherlands

H21 NoE Project, UK 22.

Liquefied H, Supply Chain Project, Japan
anqd Australta PPy J P 23

H2 Mobility Deutschland
HyNet H, Project, South Korea

Source: IEA

JHyM (H, Mobility) Flagship Project, Japan
Hype Taxi Fleet, France & EU

. Zero Emission Valley Project, France
. Pan-European Fleet of Trucks

Fleet of Trucks in California
FC Train Project, Germany

Low Cost Carbon Fiber for H, Tanks
(FORCE), France

Ene-Farm Flagship Project, Japan

. Green H, Production & Conversion to Green

Ammonia, Australia

Reallabor GreenHydroChem Project,
Germany

. HYBRIT fossil-free steel production, Sweden



A et [nfrastructure Initiatives

the Netherlands
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Exploring an integrated energy infrastructure

Creating hydrogen backbone through partial
including electricity, hydrogen, and methane

conversion of existing natural gas network

Large-scale offshore wind
integration beyond 2030



ey oot Eropean Hydrogen Infrastructure

» Unlock the offshore-onshore wind resources in North Europe
* Unlock the solar and wind resources in South Europe
» Unlock the solar and wind resources in Northern Africa

« Connect to large scale hydrogen storage, e.g. salt caverns

« Supply chemical, petrochemical and steel plants
« Supply electricity balancing plants

« Supply hydrogen fuelling infrastructure

« Supply regional hydrogen distribution grids
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«emeot  Eropean Hydrogen Backbone

the Netherlands
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™ . Key Elements of EU Hydrogen
M the Netherlands Strategy
- EU Hydrogen strategy in 2020 (priority new EC)

« Ambitious targets for clean hydrogen market: blending in
gas grids (10% gas replaced by clean hydrogen in 2030),
transport

« Common standards, guarantees of origin (CertifyHY),
flexible and hybrid market regulation

 Build strong EU presence in clean hydrogen value chain
* Boost EU clean hydrogen R&D (Mission Innovation)
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» G20 Energy & Environment Ministerial 15/16 June 2019: _
‘Ministers will step up existing international efforts to unlock the potential of
hydrogen as a clean, reliable and secure source of energy...”. Focus on

&D, cost reduction, regulation & standards.

* EU Energy Council 25 June 2019: _
‘Calls on the European Commission to undertake an analysis of sector
coupling and sector integration technologies, including thé production of
hydrogen, in particular with regards to regulatory and market barriers and
based on this analysis explore possible initiatives regardlng the efficient
integration and deployment of such technologies and energy carriers’.

« Global Action Agenda Hydrogen Energy Ministerial 25 September 2019:

Global aspirational goals, R&D/technology, regulation, codes & standards,
supply chains, H, trading



