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Hydrogen Europe: Who we are

Our Vision
Hydrogen enabling a zero emission society

Our Mission

We bring together diverse industry players, large companies and SMEs, who support the
delivery of hydrogen and fuel cells technologies. Wedo this to enabletheadoptionofan
abundant and reliable energy which efficiently fuels Europe’s net-zero carbon economy.
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Hydrogen Europe: who we are

FCH techno providers and/or pure players
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What we want

W Grey Hydrogen
W By-product hydrogen
Enable clean hydrogen to: = Renewable and low-carbon hydrogen

" replace all unabated fossil
hydrogen consumption,

" replace fossil fuels and
feedstocks in other sectors
where hydrogen can play a
role.

10 x increase

500 13x increase

By 2024 Clean Hydrogen Production
should be 13x times that of today 0
and by 2030, it should be 130 times 2020 2024 2030 2035 2040 2045 2050

Ia reer. Source: Hydrogen Europe
m Hydrogen
Europe




What does the EU want?

ENERGY

SYSTEM EU CLEAN

HYDROGEN
RIESRANON = Hydrogen Alliance
HYDROGEN ALLIANCE

STRATEGY

European Clean

XSO O ﬂ\ Hydrogen
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At EU level

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

“H2 rocks, and | am committed to making it a success!”

Frans Timmermans- Executive Vice-President for the European Green Deal




Why hydrogen?

Enable the renewable energy system

Enable large-scale
renewables integration
and power generation
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SOURCE: Hydrogen Council

Distribute energy
across sectors and
regions

=
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Act as a buffer
to increase
system resilience

-

Decarbonize end uses

transportation

Decarbonize industrial
energy use

Help decarbonize
building heat and
power

Serve as renewable
feedstock

m Hydrogen

Europe



National Hydrogen Strategies (World Map)

| |
National Hydrogen Strategies (as of 12/2020) + Over 20 countries have adopted

a national H2 strategy

Not assessed ™ Initial policy discussion MR Adopted H2 strategy M Planned H2 strategy
* By 2025, national strategies will

cover >80% of world’s GDP

Hydrogen: 3 Mt (2025) 4 Mt (2030)
20 MT (2050) of low-carbon H2

* Investment needed: SC5-7bn

* H2 share of total energy demand:
6% (2030) 30% (2050)

* Emission reduction: 45 MT-CO2e
(2030) 190 MT-CO2e (2050)

A

* Hydrogen consumption: 3Mt
(2030) 20 Mt (2050) [Green
Growth Strategy figures, 2020]

* Mobility targets (2030): 800,000
FCEV, 1200 FC-Buses, 900 HRS

Electrolysis: 5 GW (2025) 25 GW (2030)
* Hydrogen: 200 kt (2025) in at least two
hydrogen valleys
* Investment needed: S8M (2025) $S45M European Union | = National electrolysis targets (2030)
(2030) S330M (2050)

France: 6,5 GW
Germany: 5 GW
Spain: 4 GW
Netherlands: 3 - 4 GW

* Electrolysis: 6 GW (2024) 40 GW (2030)
Hydrogen: 1 Mt (2024) 10 Mt (2030) m Hydrogen
* Investment needed: €180-470bn (2050) Portugal: 2 - 2.5 GW

Europe
_ * H2 share of total energy demand: 24% (2050) Poland: 2 GW (draft) P
Sources: Bloomberg, World Energy Council, IRENA, Hydrogen Europe 4/1/2021
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National Hydrogen Strategies — Reaching a momentum

Publication dates of national hydrogen strategies across the world per country.

In preparation:

)
National strategy for E_
I

Hydrogen deployment the deve_lopment of
plan for the energy decarbonised
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National Hydrogen Strategies (EU)

H2 strategy adoption
Germany €7bn + €2bn external partnerships
(public support)
' o Spain €8.9bn (estimated mobilised investment)
« 6 countries have officially
adopted an H2 strategy
- These include France €7.2bn (public support of which €1.5bn for
Netherlands, Germany, an IPCEI project)
z;adn&ec;r?/\rl)aa\in’ Portugal, €7-9bn (estimated mobilised investment).
Portugal As public funds around €1bn (?2 national, %
« 13 countries are currently from EU funds)
working on their national
H2 strategies €2bn (draft) of public support requested
Austria by 2030 (of which €1bn by 2024) [tbc — 1-2
GW by 2030]
€10bn (draft): estimated mobilised
W Adopted H2 strategy [l Planned H2 strate, ltaly investment of which 5bn will be EU and
private investments [tbc — 5GW by 2030]

€46.1bn earmarked for m Hydrogen

a hydrogen development w EUrHpE




Plans by National Governments and Plans by Industry

National hydrogen strategies - electrolysis capacity targets?

W Adopted hydrogen strategy 21.3 GW, 53% of the 2030 EU Hydrogen Strategy’s objective of 40 GW.

N

Hydrogen strategy in
development

How far are we from the 2030 EU target for electrolyser capacity (GW)?

EU target

Pledges in national strategies

0 5 10 15 20 25 30 35 40
m France mGermany M Spain Netherlands ® Portugal mEU

Notes: 1. Spain, Italian, and Portuguese figures refer to mobilised investments while German and French figures refer to spent public funds 2. According to National Hydrogen Strategy Preliminary Guidelines 3. Portuguese NHS specifies , y g
13 between 2 and 2.5 GW and 7-9 billion of mobilised investment 4. Dutch NHS specifies between 3 and 4 GW EU rO pe
Source: Hydrogen Europe, Reuters

Source: Hydrogen Europe




Planned PtH projects amount to 53 % of EU’s 2024 6 GW goal

Planned electrolyzer capacity by 2030 (MW)

Above 3,000 MW
1,000 - 3,000 MW
200 - 1,000 MW

50 -200 MW
Up to 50 MW
Existing project/s with undisclosed capacity
Not included in the analysis

No known projects o

XXXX MW Planned electrolysis capacity -
: 2,407 MW
fe

L 8,835
MW
P50 MW /

1,995 MW

e ~

L Q?
BOMW  ~ i g

= 7

100
/
1,184 MW m/“g MW

1,635 MW

1,001 MW J 942
, L e MW

b Py

Data as of 22/02/2020

Comments

e 25GW in EU 27 by 2030 representing 63% of
EU’s 40 GW target
* Annual 2020 - 2030 capacity growth rate at
80%
e 3.1GWinEU 27 by 2024 compared to 6 GW
EU target, 53%
* Sizeable new PtH facilities are being
announced regularly across Europe
* The currently announced projects amount to
at least
 ~€12.5 billion worth of investments in
electrolyzer technology by 2030 and
 ~€ 51 billion in associated renewable

y capacity
T 3,884 MW
' ’f‘\;..»\\
LD
2 Hydrogen
14 Notes: Displayed electrolyser capacities reflect projects that have an official starting date by 2030. There are numerous other projects with unknown starting dates that could be finished by 2030, but are not included in w Eu ro pe
this analysis. These numbers also don’t reflect the HyDeal project that aims for 67 GW of electrolysis by 2030 alone.

Source: Hydrogen Europe



Focus on Power-to-Hydrogen

Enable the renewable energy system >

Distribute energy
across sectors and
regions

Enable large-scale
renewables integration
and power generation
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Deployment of RES above a certain threshold and deep electrification of heating will

create demand imbalances (in addition to fluctuating RES power supply)

Long-term imbalance over seasons due to different Mid-term imbalance from different demand during Short-term imbalances from solar irradiation and
demand for power in winter weekdays vs. weekends and wind patterns demand variations from daily routine
Power demand, France 2014, TWh Power demand, France June 2018, GWh Power demand, France June 14 2018, GWh
60 - 240 60
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m Hydrogen
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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

1 GW Pumped hydro storage!

100 MW Compressed air

10 MW
1 MW
100 kW

10 kKW [

Super
capacitor

1 kKW +

Minute Hour Day Week Season

Discharge duration

m Hydrogen
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To meet targets regulations in transport, heat and power sector are tightened which

will force significant market changes due to foreseeable sector coupling

Options for stabiliz- Suitability Suitability for long-
ing RES system Intra-day Intra-month Seasonal Assessment term storage?

. . :
::d uce : Shut down RES : : Tvrs,-«t:hn_lu‘:.aII{\,:r feasible _
pply Inefficient, losses of investment

I e : ® No reconversion to power possible
I Power-to-material (P2M) * InR&D stage

" Technically feasible in number of use cases
Currently high investment cost

Sector
coupling

Power-to-gas (P2G)

KX

I " Efficient, discharge only to heat (not power) possible
‘ Power-to-heet | B Suitable for short-term balancing only

\

"  Reconversion possible

|—P0wer—tu—gas—tﬂ—pﬂwer (PZGZF‘}—' " Low full cycle efficiency
® Only if P2G not suitable/sufficient

‘i

3Iture and I_Bat—
charge

—] I_Cqu?reise? 8l " Technically feasible
arr, fiywhee " Only short-term supply economically viable

I_Pumpe:j —| I_Hydro reservolr (Scandinavia; Alps; ....) —l " Limited storage capacity due to natural limitations

hydro incl. interconnectors x
Reduce Demand side . ] o o x
demand? I_management {DSM]_I Consumption pattern only allows for hmited shift within day
Structural renewables oversuppl | " Technically feasible x
PRI " ® Highly inefficient and capital intensive, losses of investment
Increase
supply ) ;" Feasible if power generation is decarbonized (e.g., pre-combustion
Conventional backup (e.qg., gas plants) 1 CCS)

m Hydrogen

18 1 Demand reduction/demand balancing beyond expected structural demand reduction and efficiency gains (e.g., via energy-efficient renovations of buildings) FEuro pe




The optimal deployment of sector coupling grows steadily until roughly 60%

of variable renewable sources and then accelerates rapidly

Hydrogen demand, percent of electricity production

28 r B Germany
24 - T A B Sweden
. Spain
20 - 70% 5% of electrlr:.lty ® Il Europe
With 80% VRE in the system, 10% Preduction would be
16 - 90% 140, 1deally converted 0 Models
into hydrogen T
12 + O Fraunhofer (storage
¢ and sector coupling)’
8 - p ¢ /\ McKinsey
A -+ <> RWTH Aachen
4 - A e (power only)?
0 a4 . me - A, ', | | | | | | Sterner/Stadler

(mean)

10 20 30 40 20 60 70 80 90 100 110 120

Variable renewable energy, percent of electricity demand

1 Least-cost modeling to achieve 2-degree scenario in Germany in 2050 in hour-by-hour simulation of power generation and demand; assumptions: no regional distribution issues (would increase hydrogen pathway), no change in energy imports and
exports
2 Simulation of storage requirements for 100% European RES; only power sector storage considered (lower bound for hydrogen pathway)

m Hydrogen

. v Europe



But... Power-to-gas is only half of the story. We will need much
more hydrogen than would be available from excess RES

Hydrogen Is the best or only choice for at-scale
Challenge decarbonization of key segments, for example:

=
X
FUEL CELLS/
H, TO SYNFUELS FOR HEAVY
DECARBONIZE TRANSPORT AND
THE GAS GRID LONG

DISTANCES

A

HIGH-GRADE ULTRA-LOW-
HEAT FOR CARBON H, AS

INDUSTRY & FEEDSTOCK,
IN STEEL E.G., AMMONIA

2 Hydrogen

w Europe
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Focus on end uses

_ > Decarbonize end uses

Decarbonize
transportation

Decarbonize industrial
energy use

Help decarbonize
building heat and
power

Serve as renewable
feedstock

m Hydrogen

Europe
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Hydrogen
is most
competitive
low-carbon
solution

Hydrogen
is less
competitive
low-carbon
solution

What are the potential end uses?

Boile -
with - UPINe High grad

existing

lexible
load
hydrogen

i

Synfuel P ~—
F{emﬂtj for J GCompact

generat _ aviation

-
",

urban car

network

grade
heating

regional

Regional
train

O Depending on the availability of CCS

.. Heavy-
FOrkifts (* pedium| duty truck

Taxi fleet
" duty truch.

Large

passenger

vehicle Sl

distance d
urban bus

Long-
istance
coach

Van for Short-

urban distance
delivery urban bus

Hydrogen is less competitive
compared to conventional options

SOURCE: Hydrogen Council

Hydrogen is more competitive
compared to conventional options

m Hydrogen

' Europe



Maritime applications — best served by Hydrogen and Ammonia

= Many different ship types, sizes and
trades

= HE comparison tool shows that
Hydrogen and Ammonia are best
suited fuels for maritime applications

Figure 2. Optimum zero-emission option for various ship types

®CH2 WLH2 e NH3

Container 20,000+ TEU
Container 14,500-19,999 TEU

100-11,999 TEU
50’000 ner 5,000-7,999 TEU
.pax 20,000-+ GT i}
= T Container 2,000-2,999 TEU 301k carrier 200, vt
< Cruise 10,000-59,999 GT Oil tanker 6640 tanker 120,000-199,999 dwt
Ro-ro 10,000-14,999 d 79 994 .
" ' H : Bulk carrier 100,000-199,999 dwt
— Ferry - ro-pax 10,000-19,999 7 Il Vehicle 50,000-+ GT
= 0il tanker 80,000-119,999 dwt
==, 2 Vehicle 30,000-49,999 GT
36 Bulk carrier 60,000-99,999 dwt
2 General cargo 10,000-19,999 dwt Chamicet fanier 40,000:+ dwg
o F 2 - 4 COnta'ner o_m TEU ' 9.”9 dwt oll tankef N.m-59.999 dwt
2 5000 Y 3 B sukca Chemical tanker 20,000-39,999 dwt
< ) :
Q Ferry-pax only3 mﬂ::’::::’;m’;k;‘sm'm dwt 89 dwt Bulk carrier 35,000-59999 dwt
N ‘ ¢
= ‘ N | tanker 5,000-9,999 dwt Vehicle 0-29,999 GT
a Ferry-pax only 1,000-1 ruise 2,000-9,999 GT
(o]
.
Q.
Ferry-pax only 0-299 GT/,

Service - tug 0-+G

Fishing 0-+(@yise 0-1,

500
5,000 50,000 500,000 5,000,000 50,000,000

Fuel storage on board [kWh]

Source: own elaboration.
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Adding it all up... You will need imports

Exhibit 11: Distribution of global hydrogen resources and demand centers

PViwind resources
for renewable
hydrogen production

You will need imports, and this will
require storage, in ports,

Natural gas resources
for low-carbon
hydrogen production

Least B vost

m Hydrogen

- v Europe




m Hydrogen

Europe

THANK YOU FOR YOUR ATTENTION!

ALEXANDRU FLORISTEAN,
HYDROGEN EUROPE




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
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https://www.instagram.com/h2europe/
https://www.linkedin.com/company/hydrogen-europe/
https://twitter.com/H2Europe

