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Climate-neutrality is only achievable
with green molecules

Other sectors are still

dominated by oil,
natural gas and coal.
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Until recently global climate policy
efforts have been focused on
decarbonizing the power sector.

According to IEA the electricity
makes up only 19 % of global
final energy consumption.

Hydrogen is the key to addressing
the remaining 81 % and bringing
renewable electricity into
industrial processes, transport,
heating and cooling.



Study objective: analyse
and learn from H, strategies

What is the national governmental support for H, technologies and applications?
How can current experience benefit discussions of the European and German strategy?

* Which countries are supporting H, implementation?

What are the goals of national governments in
supporting hydrogen technologies and applications?

Which sectors, applications, and infrastructure
developments are targeted primarily?

Which support strategies or measures are discussed?

What are associated requirements
(e.g. blue vs. green H,)?

What has been achieved and what can be learned from
developments so far?

What are the conclusions for the EU and DE strategy?
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Understand
international trends
and developments

Taxonomy of
international H,
strategies

Put national activities
into context

Generate a solid basis
for upcoming
discussions

|dentify major topics
for the political
discussion



International Hydrogen Strategies
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@ Mational hydrogen strategy available /
@ National hydrogen strategy in preparation
@ Initial policy discussions and/or project support
@ No significant H2? activities
not evaluated
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Global H, projects along the value chain WORLD | WELTENERGIERAT
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Main target sectors of current H, strategies E\:ggée DEUTSCHLAND
per country | counciL| E

EU DE N FR ES IT UK NO CH UA RU JP KR CN AU CA MO
Hydrogen use sectors E= IR = e o [l =

leg  Industry v vV vV vV VvV v vV vV x x VvV v x % VvV vV

T4 Power M) Yo x Y ox x vV VvV

v vV vV vV v v vV Vv Vo v v v v vy
v

&= Transport

VVVYY
<

A Buildings ) ) ) ) X X ¥ X x )V X v ¢ W
1) 2)
»  Export }xxxx\/xxxx\/\/xxx\/x\/
v/ main sector (\/ ) less relevant % not addressed

1) Hydrogen imports transit to other countries (e.g. Germany) considered.
2) For Norway, hydrogen is not targeted for direct export, but indirectly through the export of Natural Gas with local CCS.
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H,-related requirements: E\:ggée DEUTSCHLAND
the color of hydrogen counciL| 2

Renewable and fossil-based hydrogen (with and without CCS) are generally considered viable medium-term sources.
Methane pyrolysis for hydrogen production is mainly discussed as option in the German and Russian strategies.

Renewable hydrogen is the most favorable hydrogen quality in the long-term.
Various countries consider it the only viable long-term option.
Fossil based hydrogen with CCS is regarded a feasible hydrogen source in the long-term in a range of countries.
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* In Russia in 2050 mainly based on nuclear power
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However, current studies show a wide range
for the demand of hydrogen in industry

Comparison of hydrogen demand in industry for the year 2050 [in TWh]

LBST (2019): Wasserstoffstudie NRW | H2 2050 (95%)

LBST (2019): Wasserstoffstudie NRW | EL 2050 (95%)
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RE potential exceeds power and
H, demand in EU

3500

Projects for the production of low-carbon H,

GW,

GW,y,
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Fossil fuels with carbon capture, use and storage
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Source: International Energy Agency (IEA)
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Global H, resources and demand centers WORLD | WELTENERGIERAT
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Source: Hydrogen
Council/McKinsey & Company
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National H, strategy Germany

Two phases to activate hydrogen market in Germany:

— Phase 1 (<2023): Start market ramp-up, harness = [l Reduce emissions
opportunities h[y)g:g;ogn 5 g Ovrsy
— Phase 2 (<2030): Strengthen market ramp-up for export e;;fg; )
nationally & internationally "
Long-term focus: renewable hydrogen in different sectors 01!?;%;3:‘;{;5’ 2 e
growth

oy
@

Support national tec-hnology development

38 concrete measures along the whole value chain

Expected funding: 7 B€ (national) + 2 B€ (international)
+ up to 12 B€ from other funds (together with other

technologies) e
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Support the
energy
transition

GHG reduction

= Develop world

leading
technology for
export

National targets for Germany: ke industry . g:tfg;r?::n -
— Electrolysis: 5 GW & 14 TWh/a (2030) | Export ) B o ?'zjd SIeel
10 GW & 28 TWh/a (2035-2040) SN
= Decarbonisation
— H, consumption: 90-110 TWh/a (2030) | & e, of hard to
idings VO rans electrify
110-380 TWh/a (2050) Building Transport ransport
applications
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= Revision of EEG charge for the
use of electrolysers (charges,
levies, taxes on renewable
electricity)

= New business models for
cooperations in between
electricity and gas network
operators

= Support schemes for
electrolysers

= Support schemes for offshore
wind production

Selection of measures from the German H,

Ambitious national
implementation of RED
Il (Accountability of
synthetic fuels towards
EE-targets and CO,
tresholds)

Examination of quota
for synthetic fuels in
aviation sector

Support scheme for the
production of synthetic
fuels

Implementation of
Clean Vehicle Directive

Examination of ,CO,
Vignette"

Examination of quota
for end consumers,
such as green steel
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strategy

= Creation of a hydrogen
roadmap

Coordinated
approach for
buildung H, charging

= L h of h
infrastructure aunch of hydrogen

demonstration projects
Required regulatory
framework for the
establishment of a
functioning
infrastructure

= F&E support in all sectors,
also: fuel cell development
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= Establishment of international
partnership programs

= Creation of ,atlanti of
potential®

= Pilot projects in partnering
countries / international
hydrogen value chains

= Establishment of a European
certification scheme

16



Germany country summary: Eﬁggée DEUTSCHLAND
Measures, requirements, and achievements coynciL | E

.6. R&D support

Renewable -
& m Fossil based with

Governance Regulatory CCS
andl citier Meastios Methane pyrolysis
9 = Fossil 2030 2050
Acceptance il Financial
= Many research and pilot projects launched in
= Comprehensive R&D programmes (NIP) the past years
= Funding for large scale projects = Successful launch of comprehensive value

. " chain demonstration projects
= Aggressive transposition of European
directives (RED I, AFID) = National network of H, refuelling stations

= Fuel cell trains in regular service
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H, strategy European Union

= European Commission’s “A hydrogen strategy for a climate-neutral Europe” published in July 2020.

= Hydrogen production targets:

— Electrolysis: 6 GW (2024); 40 GW (2030)

|_ Reduce emissions

hngeIop Diversify
ydrogen )Y * S
for export Sk

. »
Integration S |~ Foster
of renewables e;c;;mm

1
@
Nty

Support national technology development

= 1 million jobs directly and indirectly
in the long-term; cumulative
investment of up to about 500 B€
for renewable and low-carbon
hydrogen until 2050

Hydrogen considered key to
achieve GHG targets

- kﬂ Industry

Export ) 43 Power

) o
Buildings Transport

= |n the transport sector, heavy-duty
vehicles (trucks, buses, aviation,
ships) in focus.

= Focus in industry sector on
refineries, ammonia, and methanol
production.
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- ;6. R&D support
& m

Governance Regulatory
and other measures
s )
Acceptance - Financial
support

= Possible quota in end-use sectors
= European certification system for renewable and

all low-carbon fuels planned.

= Revision of EU Directives

= Further support via the Horizon Europe

programme



Transportation cost overview WORLD | Je e

Shipping costs include
conversion and
reconversion costs

Pipeline costs refer to
pipelines on land

Subsea pipelines
assumed to cost 25-30%
more and are no longer
than 1,500-2,000 km

>
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H; Pipeline- 36" New
4
Moroceo -Germany by ship
H, Pipeline -EU average
re purpnsed and new
Ship-H,

2

Ship - Ammonia
Australia/Chileto EU

Russia-Austria
«— North Africa-Spain

5 000 10 000 15 000 20 000
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Source: World Energy Council — Europe
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The vision for a European Hydrogen backbone: a strategic
extension to the East?

» First vision endorsed by the European gas transmission
operators

* Presented by 11 TSOs from 9 member states
* Poland would be a further strategic supplement

.
Stockhoim

- H, plpalines by canversion of
Abbidung 46: Vision Wasesstoffnts existing natural gas pipetines

o Newly constructed H, pipelines

= Possible odditionol routes

Countries within scope of study
Countries bayond scope of study

A Potential H, storage:
existing / new Corufa; Ghn
salt cavern

The companies foresee a network gradually
emerging from the mid-2020s onwards to an
initial 6,800 km pipeline network by 2030, )
connecting ‘hydrogen valleys’.

By 2040, a hydrogen network of 23,000 km is
foreseen, 75% of which will consist of
converted natural gas pipelines, connected by
new pipeline stretches (25%).

B Potential H, storage:
Aguifer

# Potential H, storage:
Depleted field

@ Industrial cluster

* Oty for
orlentation
purposes
(If not indicoted
a5 cluster already)

n e kinen Arsprch s Vol idigeat e, Il / EUROPEAN HYDROGEM BACKBONE
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ETS

Alternative Fuel Infrastructure
Regulation

Energy Taxation Directive

Revision RED Il

WELTENERGIERAT
DEUTSCHLAND

Production of H2 with electrolysers to be included in the EU ETS

Deployment of refuelling points for H2 (mobility)

Preferential tax rates for the use of renewable and low-carbon H2 for end-consumers
Tax exemption or reduction possible for RFNBOs

Legal basis for creating certification schemes for renewable and low-carbon hydrogen -> not mandatory for
Member States

Scaling up the ambition for renewable energies in the EU

Proposal of sector quotas (industry (50% renewable H2 of overall H2 share) and mobility (2.6% renewable of
RNBOs share in use))

Delegated Act: Criteria for production of green hydrogen still pending! x

Many aspects remain open and need to be addressed in the revision European Gas package:

* Infrastructure regulation needs to be addressed as soon as possible

+ Classification of climate-neutral gases according to CO2-footprint required, criteria for production of green H2 pending

* European-wide certification scheme for climate-neutral gases should be established, being accountable for end-consumers and should be
operationalized according to a book-and-claim system to help ramping up a European tradable market for hydrogen
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Provide harmonized standards

..to ensure level playing field for climate-neutral Hydrogen
B Establish European classification and certification scheme based on CO,-footprint a

Establish harmonized regulation and interoperability for hydrogen infrastructure
and cross-border transport

Develop a power-to-X import strategy
Adopt State Aid Guidelines in view of promoting hydrogen projects

Create a demand for hydrogen:

Enable the use of synthethic fuels to fullfill sector targtes (e.g. mobility sector, industry sector) /l I
i

Foster European research and innovation programs (H2020, regulatory sandboxes) as well as
support mechanisms (IPCEI)

< BDI |
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