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The Netherlands W o

“Policy makers should now be ready to
start putting hydrogen plans into action.”

“Opportunities that could make a crucial

Noé Van Hulst difference to our clean energy future are
* 77
Hydrogen Envoy — there to be seized

Ministry of Economic Affairs &
Climate Policy
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AUStria w Europe
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“Hydrogen is the fuel of the Future”

“I want Austria to be the number one
Hydrogen nation”

Sebastian Kurz “I want to spend an additional 500
Austrian Chancellor million Euros to speed up the transition
to hydrogen”



France Q) yioger

“I want to resolutely engage France in a
"transport revolution" by generalizing
electric and hydrogen vehicles”

"':' Ce nsuluu()])un

“This is a national strategy we have
engaged on. It must also accelerate at the
European level”

Emmanuel Macron

President of France



Germany

Hydrogen

w’ Europe

Angela Merkel

German Chancellor

“Germany should become the center of
environmentally friendly aviation.”

“A national hydrogen strategy should be
in place by end of the year” [2019]
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“I have already started to look at the
issue of hydrogen. We have to work on it
today!”

Giuseppe Conte

_ N “It’s a topic | am passionalte about!”
Prime Minister of Italy
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All EU Countries: “Linz Declaration” () Hheogen

The Hydrogen Initiative

“We aim to maximise the great potentials of sustainable hydrogen technology
for the decarbonisation of multiple sectors, the energy system and for the
long-term energy security of the EU"



Hydrogen can help to reach the targets G Erong"

20350 FRAMEWORK FOR CLIMATE AND ENERGY

AGREED TARGETS
GREENMHOUSE ; CLIMATE IN
25 Yoy whcewc  cowecrow  EUTUNDED o LOL
. _ _ _ 2014-2020
2020 -20% = 20% 20% 10% >0%

2030 2 32% > 32.5%

Upwards revision clause by 202 3



Targets to become even more ambitious

ﬂ Hydrogen
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“I want Europe to become the first climate-neutral
continent in the world by 2050. To make this happen
(...)

we must go further. We must strive for more. A
two-step approach is needed to reduce
CO, emissions by 2030 by 50, if not 55%.”

 Green Deal for Europe during first 100 days in
office.

* First ever European Climate Law which will set the
2050 target into law.

Statement
in the European Parliamen,
16.07.2019




Can we do it with electricity alone?

Heat

600 TWh/a

1,300 TWh/a

~5%

~35 TWh

700 TWh/a

Source: RWE, BMU
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Power grids are efficient — but too small g Europe

Germany decided 10 years ago
to build new power grid

Planned: 7.700 km
Realised: 950 km
Built in 2017: 30 km
Left: 6.7/20 km
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Murks in Germany

Energiewende: Wie eine grofie Idee am deutschen Kleingeist scheitert
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Renewable power production N Eirope

* Wind onshore { Wind offshore PV
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Curtailed Energy in 2050 (0 tyiroger

@Hydropower @ Biomass ) Wind offshore = Wind onshore =~ PV ---RE Electricity Generation =--- Electricity Demand 2050 (Forecast)
55 TWh 55 TWh
50 TWh i i 50 TWh
45 TWh ' 45 TWh
40 TWh 40 TWh
35 TWh - 35 TWh
30 TWh : 30 TWh
25 TWh 25 TWh
20 TWh 20 TWh
15 TWh _ 15 TWh
10 TWh 10 TWh

5TwWh o

0 TWh _—
Nov Dez

Sowrce: Faunhofer BE, Forecast Hynegy
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Sector coupling & sector integration
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Why Hydrogen for Climate Action? Qg Europe

16



From Anthropocene to Cyclocene!

m Hydrogen

Europe

| Oxygen
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Source: Biointeractive.org



The European Gas Grid - cheap transport of H,

SOURCES: ENTSO-G
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alt Caverns as a huge potential for storage Qg Europe

Pumpspeicher - - . y ]
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ﬂ Hydrogen

Storage Capacities Qg Europe

B # Pumped Hydro Stations in Germany:
Technical Potential

Storage Capacity: 0,04 - 0,06 TWh

Vehicle to Grid - Battery Electric Vehicles in a Smart Grid:
10 Mio. Battery Electric Vehicles (BEV) with 10 kWh Vehicle to Grid storage

Storage Capacity: 0,1 TWh

1000 Tesla Mega Batteries
(1000x 100 MW, 129 MWh, 50 Mio € = Total cost of 50 Billion €)

Storage Capacity: 0.13 TWh
Hydrogen Gas Storage:

(similar to Natural Gas storage)

Storage Capacity: > 50 TWh

Source: 1S, BMW 3, Tesla, Hynergy
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Existing infrastructure

Energy Transport capacity — Public Acceptance
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1 gas pipeline (@1,20m) transports as much energy as 8 power pylons (of 3 GW each)

SOURCES: Open Grid Europe



Independent global studies

ﬂ Hydrogen
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The Future of ez SRR
Hydrogen
Seizing today’s opportunities
Global
e importance
Report p;eo?rr]ede beOtl]: H;ﬁ A RENEWABLE
orthe G20, Jap ENERGY PERSPECTIVE of H2
massive
in order to
T Nytesgen Loargy Minhmrial Meemag .
achieve
Paris
M‘}ﬁ-"’ g .
Climate

SEPTINEER 2019

targets
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Global Conditions for Renewable Hydrogen

m Hydrogen

 Europe

Source: IEA, 2019

Long-term hydrogen production costs from solar & wind systems

USD/kgH,

B <6
Bl 16-18
B 1s8-20
B 20-22
B 22-24
Bl 24-26
B 26-28
B 28-30
1 30-32
32-34
34-36
36-38
3.8-40

>40
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ﬂ Hydrogen

How to transport renewable Hydrogen? S Europe
@ H, Generation from Renewable Energy (Electrolysis) @ Liquefaction and Export @ Transport (LH, shipping) Import Terminal
<3,5€kg

<3 €kg

e

Source: Hynergie 2019



Hydrogen

Europe will start a ,Green Deal“? NG Eirope

Frans Timmermans

Executive Vice President EU Commission

“Hydrogen could be a huge opportunity
for our economy”

“It is not that difficult to use gas
infrastructure to import [green] hydrogen
using gas infrastructure”

“we need to protect our industries and
[...] help them free themselves from fossil
fuels, for example when hydrogen is used
in the manufacturing of steel”




What's the Green Deal? (i, Hydrogen

A new Circular Economy Action Plan

® Strategy on the sustainable use of chemicals
Biodiversity Strategy for 2030 ' ®*  Cean Air and Water Action Plans

Transitionto a
Circular Economy

Preserving Europe’s
natural capital

A zero pollution Europe

® TBD with the
COMMISSIoner-

designate ‘
—— Sustainable Transport Farm to Fork s Farm 10 Fork Strategy
|
European ® Vision for Inclusive |
* Revising 2030 Achieving Climate Green The transformation of Rural Areas |
Climate targets Neutrality agriculture and rural areas ® Africa Europe agenda
*  Extending ETS
*  imate Pact Deal l
* Climate Law
*  Carbon Border Tax
Clean, Reliable and Towards a modernised and —
v CAP reform proposal
Affordable energy simplified CAP

Review Energy

Legislation

*  European
Eramework for gas Leave no one behind

Review Energy Financing the transition .
Taxation directive (Just Transition)

® European Investment Bank as European Climate Bank ® Just Transition Instrument, including the Just Transition Fund
® Sustainable Europe Investment Plan ® Mainstreaming the Just Transition in the MFF

® Green Financing Strategy

® Mainstreaming dimate transition and sustainability in the MFF

o 26
Source: EU Commission



How to do the job?
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Regulierte Netze
e Erdoasnetz, wird tellwelse zum Wasserstoffnetz
Stromnetz

private Werks-/Verteilnetze Fernwirme  Sauerstoffnutzung
[ ] [ ] CRATD

Source: RWE 2019



Hydrogen to industrial scale via IPCEI

s gsm o #hydrogen4climate
== Commission

Hydrogen

for Climate Action

How to kick start the EU Hydrogen Industry

to achieve the EU climate goals?

9 October 2019 - Brussels

m Hydrogen

Europe www.hydrogen4climateaction.eu
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Hydrogen

Europe

Hydrogen

for Climate Action

How to kick start the EU Hydrogen Industry

to achieve the EU climate goals?

enGie GasUHE gy XYSC%

Green Octopus

PURPOSE: Creating a backbone of clean hydrogen between France - Belgium - The
Netherlands ~ Germany, serving hydrogen supply and demand, facilitated
by the ports and industrial clusters. Integrating energy systems and
coupling sectors.

BENEFITS: Maximizing implementation of offshore wind energy, transforming natural
gas pipelines to hydrogen pipelines, replacing fossil fuels in ports by green
hydrogen. Making hydrogen endusers more sustainable (industry/mobility)

COUNTRIES:

Oag s
- w

oto
% 20 companies 9.700M investment & PV+Wind
[l

et M)

@ﬂb 6,0 GW [I 2000 km 20 HRS

b E} 250 HDV % 25 ships @ SteeURef/Chem

#hydrogen4climate
hydrogen4climateaction.eu

m Hydrogen

P Europe -

Hydrogen

for Climate Action

How to kick start the EU Hydrogen Industry

to achieve the EU climate goals?

i if i SIEMENS
Verbund SCHENKER elnngklnmr) hyqif)gantous oz 0 ®BB

Green Hydrogen @ Blue Danube

PURPOSE: - Produce green hydrogen on a large scale in South-East Europe using
off-grid wind and solar energy
- Transport hydrogen via the River Danube to hydrogen users in countries
of the Interreg Danube Transnational region
« Set up the necessary infrastructure in the involved member states

BENEFITS: Establishing this trans-European value chain will:
« Reduce dependence on fossil energy imports: renewables made in Europe
- Increase security of energy supply: increased flexibility and resilience
« Contribute to reach climate objectives of Member States
- Strengthen key European industry sectors

COUNTRIES:

- - -
%”f” 12 companies @ 5.850M investment J& Solar+Wind 206w
Y 2

- ::‘ 40 barges @ Stecl/Raff/Chem zz iS 100 HRS 00 I‘; [ 500 HDV
g :m E:’c.:md @ 80.000 t/year - 3.200.000 t/year

#hydrogen4climate
m Hydrogen

w Europe hydrogen4climateaction.eu

30
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[
Accumulated ca pacity Europe
for Climate Action
How to kick start the EU Hydrogen Industry
to achieve the EU climate goals?
- 35.100.000 t/year 64.372M investment @ 1.126.000 t/year
delivery vehicles o0o=== 14.750 HDV " - 3000 Busses
B\ 60 LOHC @ 3 LOHC R 6 LH2
trucks ‘,LBEEV ships W tankers
2 Trains ﬁ 70 barges ?:%. 10 ships
4 ports Iég 2 shipyards "i’ & Uniieegomad
= g i |C )| Hydrogen storage
'Erh 1 H2 st “CHes
storage
Facility @f} 1.280 HRS @]!H, 29,6 GW
www.hydrogen4climateaction.eu
o,
%0@ 106 companies 2.800 km
m
m Hydrogen #hydrogen4climate
Europe . :
hydrogen4climateaction.eu 32



http://www.hydrogen4climateaction.eu/
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IPCEI (1)

H2-DEMAND:

150 Trains
1000 Trucks
5000 City Bus
10.000 LDV

1 Fertiliser
2 Refinery
2 Steel

Hamborg
Bremen

Hannover

Livorno
Rom

Nurnberg

o - -
Orebro .~ Helsinki

Femern Bzlt
Rostock

Berlin

Miinchen

Hydrogen

w Europe




H

Oslo Orebro .~ Helsinki f\ Hydrogen
IPCEI (1) = Stockholm o Europe

STRATEGIC
H2-EQUIPMENT:

Femern Bzl
Rostock

1 Liquefaction
1000 H2 Stations
20 GW Electrolyser

Berlin

Nurnberg

FC Stacks Miinchen

H2 Tanks
Mobility Platform

......
.



. ﬂ drogen
Strategic Infrastructure g Europe

Power-to-Gas Salt caverns for H2 storage

e
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. . ﬂ drogen
Possible H2 demand in Europe g Europe

g e SRS

4

4 Steel

4 Refineries

2 Fertiliser




. . .y w . ﬂ Hydrogen
Possible production capacities in Europe S Europe

e VI

H2 Refuelling stations

H2 Tanks

Fuel Cell Stacks
H2 Auto Platform
Electrolyser factory

Power-to-Gas

LOHC

H2 Liquefaction

39



Hydrogen

2x40 GW Green Hydrogen Alliance (y Europe

40
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Hydrogen = ,Lung of the Green Deal” Q ke

Circular
Economy

Renewable Energy
& Hydrogen
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THE FUTURE AFTER T
ﬂ GTARTS , OF T
Hydrogen MMEDIATELY ([

w Europe

Contacts

Hydrogen Europe
Av. de la Toison d’Or 56-60, BE-1060 Brussels
Twitter: @H2Europe



https://twitter.com/H2Europe

Back-up slides Q ydrogen




. m drogen
Electrolyser costs will fall \§J Eirope

Falling renewable electricity and electrolyser prices make green hydrogen the
economic supply option.

Figure 9: Hydrogen costs at different electricity prices and electrolyser Capex”*
Today 2050

™~

4.0

35

3.0

Cost of producing hydrogen with fossil
fuels technologies with CCS, considering
a fuel cost from 1.9 to 5.7 USD/G)

LCOH (USD/kg H,)

Electrolyser cost 840 USD/kW Electrolyser cost 200 USD/kW
Load factor=48% AF | COE (USD/MWh): 40 A . COE (USD/MWHh): 20
Source: IRENA, 20184 45
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Renewable Hydrogen becomes competitive NS Eirope

Figure 14: Hydrogen production costs from solar and wind vs. fossil fuels

6.0 ~
Low-cost solar and wind resources start to achieve

\ck fossil fuel parity within the next five years

wn
o
o
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LCOH (USD/kg H,)

=
o

0 .
2020 2025 2030 2035 2040 2045 2050

=-=0-- Average Wind - =0 -+ Average PY —®— Bestcase Wind —®— Best case PV

. ... Hydrogen from fossil fuels with CCS 46



