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How is hydrogen produced today?

Electricity mix electrolysis
1.6%

Renewable hydrogen

Fossil hydrogen 0.1%

90.6%

Low-carbon hydrogen (CCS)
0.7%

By-product
7.1%

Source: Hydrogen Europe

B Renewable hydrogen m Low-carbon hydrogen (CCS) = By-product | Fossil hydrogen 1 Electricity mix electrolysis

m Hydrogen
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Hydrogen historical day: 3 important EU initiatives

Hydrogen strategy targets:
e 6 GW by 2024 (1 million t

renewable H2)
40 GW by 2030 (10
million t renewable H2)

European Clean
Hydrogen Alliance

ENERCY EU CLEAN
HYDROGEN
SYSTEM EU

INTEGRATION HYDROGEN ACEIANEE
STRATEGY

m Hydrogen
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Enable clean hydrogen to:

" replace all unabated fossil
hydrogen consumption,

" replace fossil fuels and
feedstocks in other sectors
where hydrogen can play a
role — including the transport
sector

By 2024 Clean Hydrogen Production
should be 13x times that of today
By 2030, it should be 130 times
larger.

m Fossil-based Hydrogen
m By-product hydrogen
= Renewable and low-carbon hydrogen

10 x increase

13xincrease

0
2020 2024

Source: Hydrogen Europe

2040

2045 2050

m Hydrogen
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7 roles for hydrogen

Enable The Renewable Decarbonise End Users
Energy System

4
Help decarbonise
transportation

1 2

Enable large-scale Distribute energy
renewables integration across sectors and
and power generation regions

=

b
Help decarbonise
industrial energy use

O
K2

6
Help decarbonise
building heat and power

3

Act as a buffer to
INncrease system

resilience 7

Serve as a renewable m
feedstock E'a’ ggggen




European Hydrogen Backbone: snapshot

Welcome & Introduction

Highlights of the new report

Dedicated hydrogen pipeline infrastructure is needed to
help integrate large amounts of renewable energy and
to create a liguid, cross-border market for renewable

and low-carbon hydrogen

The report published today shows a vision for a

European Hydrogen Backbone demonstrates a

technically and economically plausible vision for such a hydrogen pipeline
dedicated hydrogen infrastructure infrastructure

Twelve European gas TSOs from eleven European S 70% of
countries have joined the European Hydrogen Backbone 21 _ hich is based
initiative and the 2040 backbone has almost doubled in In couptries which 1s base _Dr-]
length compared to last year’s report by 2040 repurposed existing

natural gas pipelines

The European Hydrogen Backbone can be created at an
affordable cost

W e

N Hydrogen

Europe
Source: European Hydrogen Backbone P



https://gasforclimate2050.eu/ehb/

Connecting industrial clusters to an
emerging infrastructure in 2030

In addition to what was presented in the previous report....

* Inthe UK, four of the country’s five major industrial clusters could
be connected through the phased repurposing of existing gas
pipelines to form an initial hydrogen backbone.

* In Finland, first stretches emerge around industrial hydrogen valleys
in the south and along the west coast, where large amounts of
onshore wind will be deployed.

* In Hungary, a first industrial cluster can be connected, while an
interconnection to Ukraine could also emerge

* In Italy, a south-north connection already emerges, and alongside

domestic production, imports from North Africa could be possible,
by repurposing one of the five subsea pipelines

Source: European Hydrogen Backbone

; pipelines by conversion of existing notural gas pipelines repurposed)

== LUK 2020 pipelnzs depends on pending selzction of hudrogen clusters

Mewliy construciesd Hy pipslines
Export/Imgart H, pipelines (repurposed)

-

Julsen Hy pipalings repurposed or new)

Couwntries within scope of study

Countries beyond scope of study

*atenticl Hs storage; 50t covern
Pateriticl Hy storage: Aquifer

Pateriticl H; storage: Depleied fiald
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https://gasforclimate2050.eu/ehb/

Growing network covers more countries and
reaches large potential import regions of
green hydrogen in 2035

In addition to what was presented in the previous report....

* In central and eastern Europe, a route from the east to the west of
Europe could emerge, passing through the networks in Slovakia
and the Czech Republic.

* Through Spain and France, a corridor towards Germany emerge

* In Sweden, Finland and Estonia, the network will support the
increased need to balance the future decarbonised energy system.

* In Central Europe, the network of Slovenia, Hungary and Italy
matures and interconnects with Austria, and southeast Europe

* |Inthe Baltic Sea, green hydrogen is used to integrate and store
large amounts of intermittent (offshore) wind energy

Source: European Hydrogen Backbone

= M pipelines by convarson of existing natunl Gas pipelings repurposed]

Mewly constructed H, pipealines
.

== Exparifimport H, pipelines repurposed
== Subsea H, pigelines (repurposed or new

Countries within scope of study

Countres beyond scope of study

Potential H, storage: 50t cavern
fica! Hy storacye: Agiiber
il Hy storage: Depleted field

crnergy island tor abtshore H; prodoctian

Eurapaan Hydrogen Backbone initiative 2021,
crpmmmrtad s CaiAdahanco

26,100 km


https://gasforclimate2050.eu/ehb/

Mature infrastructure stretching towards all
directions by 2040

In addition to what was presented in the previous report....

* Inthe North Sea, energy islands, offshore and coastal hydrogen
production help integrate energy and complement the power
grid

* In Poland, a matured backbone creates a highway connecting
renewable production in the north with industry in the south

* In Central and Eastern Europe, multiple interconnections
enhance security of supply and a liquid hydrogen market

* In Austria, the backbone now connects Slovakia with Germany,
providing for an alternative east-west route

* Inlreland and the UK, the repurposed subsea interconnectors

connect the mature UK network and Dublin with the EU
mainland

Source: European Hydrogen Backbone

= Mz pipalines by comversizn of exsting noturdl gos pipeines Jrepurposed]

Mewly consirucied H, pioelines
== Exportd/import H: ppelines repunposed)

[ -y — P - - -
_— SbEEe ". nipelines frepurposed ar riew)

Countries within scope of study

Countries Beyond soope of shudy

& Fotential Hy storage: halt coverm
B Potential H; storage: Aguifer
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https://gasforclimate2050.eu/ehb/

Energy efficiency first principle...

I Renewable energy

B EnergylLosess
Curtailment @
110 TWh
2 TWh
2% ‘k‘ - PumpedHydroStorage
Variable RES Ll
383 TWh |
Power Grid 478 TWh End users
& 96 TWh
Dispatchable RES

12

= Scenario: Germany electric grid 100%
renewable with no additional energy storage

= Result: curtailed electricity amounting to 1.5
Mt H2 = 10 million FCEVs

= Doesn't include heating electrification
= Doesn't include industry electrification
= Doesn't include mobility electrification
= Doesn't include grid congestion

m Hydrogen

Europe



Hydrogen is ideally suited for long term storage due to its long

discharge duration and high discharge power

Technology overview in power and time

10 GW

1GW Pumped hydro storage!

100 MW Compressed air

10 MW
1 MW
100 kW

10 kKW

Super

TkW - capacitor

Minute Hour Day Week Season

Discharge duration

m Hydrogen
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Security of Supply vs non-conventional dispatchable power

Residual load demand: 11 days x 24h/day x 60 GW ~ 16 TWh —> assessment of storage solutions
80 GW Assumed 100% E-mobility: ~ 1.32 TWh
- A (44 Mill. Cars, 20kWh/100km, capacity 300km,
0 | NV ; / N N F N \V - 100% charged, discharge down to 50% cap. level)
40 . . .
Li lon batteries with 1.3 TWh
20 = 10200 x Tesla batteries Parks
(Australia 129MWh)
0 .

16 /. 1B 19 20 24 22 &8 2 B 26 2.

solar ®wind onshore “wind offshore  * hydro

®biomass =powerdemand  Quelle: Agora Energiewenae

German pump storage
capacity: ~ 0.04 TWh

Installed Wind/Solar capacity (Dec. 2018): 45.0 GW wind
39.2 GW solar

© Siemens Energy 2020

m Hydrogen

y v Europe



Security of Supply vs non-conventional dispatchable power

Z Gas system capacity: ~360 TWh

« 230 TWh storage (caverns)

* plus 130 TWh gas grid (500.000 km)
(Basis: Methane)

IIIIIII

/ Residual load (Jan. 2017):

~16 TWhelectr

= ~9% of gas system capacity
(with n=0,9)




Salt cavern
formations in Europe

* Total energy (hydrogen) storage
capacity in salt caverns (both
onshore and offshore) in Europe is

84,800 TWh,, with about % of than
in onshore formations™

* Total EU electricity generation is
around 2,800 TWh

Source: D. G. Caglayan, N. Weber, H. Heinrichs, J. Lin3en, M. Robinius, P. A. Kukla, D.
Stolten, Technical potential of salt caverns for hydrogen storage in Europe, International
Journal of Hydrogen Energy, Volume 45, Issue 11, 28 February 2020, Pages 6793-6805

Atlantic Ocean

|:| Tertiary salt deposit

- Mesozoic salt deposit

Range of Mesozoic salt
above Permian

Paleozoic salt deposit (Permian),
Zechstein

Paleozoic salt deposit (Permian),
Rotliegend below Zechstein

Salt cavern fields

0 Gas Storage

& Storage of Crude Oil & LPG,
Brine Production

m Hydrogen

Europe




At EU level — Green Deal leaders & hydrogen

“Next Generation EU should invest in Hydrogen.”
Ursula von der Leyen @State of Union speech, September 2020

Ill

“H2 rocks, and | am committed to making it a success
Frans Timmermans- Executive Vice-President for the European Green Deal

Since them: Climate law: minimum 55% emission reduction by 2030
Fit for 55 package out on July 14th



National Hydrogen Strategies

H2 strategy adoption EUROPE
» Six countries have | _
officially adopted an €7 hﬂ, for h}[dmgen technnlﬂgg[
H2 strategy
> Those are The | €2bn for international cooperation
Netherlands, Germany, _—
France, Spain, ’ﬁf € 8.9 bn estimated mobilised investment

Portugal, and Norway

. €5.7 bn public support
» 13 countries are : -

currently working on €1.5bn for an IPCEI project

their national H2
strategies m €7 bn-€9 bn estimated mobilised investment

(public funds around €1bn)

|
[
I
K : public support by 2030 :
. (€1bn by 2024) =
. LB
: -
B8 Adopted H2 strategy B Planned H2 strategy | |
| € 10 bn estimated mobilised investment :
|
|
Notes: 1. lllustrative as exact number of policies continues to change - :
Source: Hydrogen Europe, Fuel Cells and Hydrogen Observatory
m Hydrogen
18 v Europe



EU mobility targets: national and regional

Netherlands

Category | National targets Regional targets Category | National targets Regional targets Category Regional targets Category National targets
HRS 100 (2023), 400- | 99 (2030) HRS 50 (2025) 100 (2030) HRS 200 (NRW), 400 (BV) (2030) HRS 32 (2025), 150 (2030)
1.000(2028) HDV | 3.000 (2025) : HDV | 11.000 (NRW) (2030), 3.000 (BV) incl. Trains | 1(2030)
HDV 200 (2023), 800- | 19.550 (2030, incl. v 15,000 (2025) 12,000 2030000 buses
2.000(2028 LDV : , : » Incl. Buses | 500 (2025), 2.000 (2030)
( ) ) 300.000 (2030, FCEV) FCEV 6.000 (NRW), 80.000 (BV) (2030)
LCv 5.000 (2023), incl. FCEV)
20.000-50.000 Buses 3.800 (NRW)
(2028, incl. FCEV) Buses - 1.300 (2030)
i ] North-Rhine Westphalia, Bavari
Occitanie, Bretagne, Pay de la Loire, Normandie, Trains & L20210)

Rhone Alpes, Nouvelle Aquitaine

North Netherlands

National targets
Category National targets
HRS 100-150 (2030) |
HDV 5.000-7.500 (2030) incl. LDV -
Buses 150-200 (2030) i 6250
Trains 2 > wEE 7 -
France Netherlands Portugal Spain

B HRS mFCEV mHDV

Portugal = > : :
& (average between high-low estimates)
Category National targets
HRS 50-100 (2030) >

(2030)

H2: 5% road transport, 3-5% maritime sector

19
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FCEVs and BEVs as complementary options

Comparison of range, payload, and preferred technology

Ships @
@ Airplanes

Buses and coaches

1000 _
tons Trams and railways E
100
Heavy-duty trucks

10 Vans/LCVs, %

small trucks

=

edium/large cars

a Small
cars
@ 2-/3- wheelers

0] 1000+ 2500 3000+ 5000+ kms

20

BEV and FCEVs offer
complementary solutions
depending on the use

Hydrogen is particularly well
suited for heavy load, high
energy use and  harsh

operational conditions.

The vehicles can operate 24/7
in all climate conditions
without energy loss.

Efficiency: look at the whole
system efficiency - and not just
at vehicle efficiency




\ Herbert Diess @ ’
@Herbert_Diess

Das Wasserstoff-Auto ist nachgewiesen NICHT die
Klimalésung. Im Verkehr hat sich die Elektrifizierung
durchgesetzt. Scheindebatten sind reine
Zeitverschwendung. Bitte auf die Wissenschaft
héren! @ArminLaschet @OlafScholz
@andreasscheuer @ABaerbock

Forscher: Wasserstoffbasierter Pkw-Antrieb vorerst klimaschadli...

Eine Studie zeigt: Wasserstoffbasierte Kraftstoffe sind ineffizient
und kostspielig. Die Wissenschaftler empfehlen E-Autos fur ein...
& handelsblatt.com

8:53 AM - May 18, 2021 ©)

—> Study referring to synthetic fuels - and NOT FCEVs

21
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The right to hydrogen

@ By Jorgo Chatzimarkakis

Daimler Disagrees With Teslaand
VW’s Batteries-or-Bust View

By Christoph Rauwald
May 21, 2021, 3:30 PM GMT+2

» Truck chief says fuel cells are needed to reach climate goals LIVE ON BLOOMBERG

» CEOs Musk and Diess have argued hydrogen is a lost cause WiohLve TV >

Listen to Live Radio >

“We cannot afford to bank on just one technology to reach the climate goals,” Daum
said. “The focus until 2025 will be 100% on battery-electric vehicles. Between 2025 and
2035, we’re going to need both battery-electric and fuel cell vehicles because the
massively growing infrastructure requirements require a two-legged approach.”

ﬂ Hydrogen

w Europe


https://www.bloomberg.com/news/articles/2021-05-21/daimler-disagrees-with-tesla-and-vw-s-batteries-or-bust-view
https://twitter.com/Herbert_Diess/status/1394546760056459274
https://www.neweurope.eu/article/the-right-to-hydrogen/

Thank you for
your attention!

HYDROGEN EUROPE SECRETARIAT

Avenue de la Toison d’Or 56-60

BE-1060 Brussels
secretariat@hydrogeneurope.eu
+32 (0) 254087 75

www.hydrogeneurope.eu

(in) (¥,

Sabrine Skiker
EU Policy Manager — Land transport

s.skiker@hydrogeneurope.eu
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Sustainable and Smart Mobility Strategy- HE’s position paper

"‘ 'h[ Hr
a1 "’mr b

HYDROGEN EUROPE'S
POSITION PAPER ON THE
SUSTAINABLE AND SMART
MOBILITY STRATEGY

December 2020

www.hydrogeneurope.eu

Hydrogen Europe
41,503 followers

TWoe O

Using existing #gas grids can boost the supply of large quantities of #clean and

affordable #hydrogen and support the development of a large network of

hydrogen refuelling stations. How can this be done? The Scan-Med corri ..

OO0 @ 72335 comments

SEe€ more

Hydrogen Europe
41,508 followers
1w+ Editec » o

Ports wiill become #H2Valleys where #hydrogen can be produced and imported,
stored and distributed for use in different applications!
«wSEE more

m Hydrogen

Europe

°.@42u 17 comments
H = = nyuroyerl

Europe



https://www.hydrogeneurope.eu/sites/default/files/Hydrogen%20Europe_SSMS_Paper_final.pdf

