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Fuel Cells & Hydrogen Joint Undertaking g o

ﬂ Hydrogen Europe

Industry
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ENERGY o ‘ TRANSPORT

* Hydrogen production i * Road vehicles
and distribution . * Non-road vehicles

* Hydrogen storage for 4 \ and machinery
renewable energy : * Refuelling
integration sl : : \ infrastructure

* Fuel cells for power & Y. L * Maritime, rail and
combined heat & : i | aviation applications
power generation

HyENET

A portfolio of clean, efficient and competitive
solutions based on fuel cells and hydrogen

technologiesin energy and transport




Renewable shares

Heat
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1,300 TWh/a

SOURCES: RWE, BMU

600 TWh/a

HyENET

~5%
~35 TWh

700 TWh/a



ﬂ Hydrogen

Power grids are efficient — but too small g eurore

DER SPIEGEL Germany decided 10 years ago
to build new power grid

Planned: 7.700 km

Realised: 950 km
Builtin 2017: 30 km
Left; 6.720 km

Bloomberg
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Murks in Germanv
ende: eiter

Idee am deutschen Klei

ergie

Hyperdrive

Sweden's Electric Car Boom Is Under Threat From Power Crunch

By Jesper Starn
June 12, 2019, 12:00 AM EDT
Updated on June 12, 2019, 10:45 AM EDOT

» Capacity issues in big cities hamper charging networks

> Local grids would struggle to hanclhleE}l\lllége increase of vehicles
y

SOURCES: Der Spiegel, Bloomberg



Existing infrastructure — and biodiversity (D ioer

Energy Transport capacity — Public Acceptance

1 gas pipeline (@1,20m) transports as much energy as 8 power pylons (of 3 GW each)

SOURCES: Open Grid Europe HyENET o



Renewables in Europe
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Global horizontal irradiation Europe
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Solar irradiation (left) and wind speed at 80 m height (right) in Europe

SOURCES: Solargrids, Ad v. Wijk (TU DELFT)
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Where CO, needs to be abated

Total CO2 (Sum)

HyENET

SOURCES: Navigant. Gas for Climate, 2019
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Who can do the job?
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Hydrogen Roadmap for Europe g Europe
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Study by the FCH JU, supported by Hydrogen Europe and 17
companies and organizations along the whole value chain of
hydrogen

First comprehensive quantified European perspective for
deployment of hydrogen and fuel cells in two scenarios

Ambitious, yet realistic two-degree scenario and business-as-
usual scenario

Long-term potential
Roadmap with intermediate milestones

Recommendations to kickstart

equinor

V@ oo Q) Gae Verbund 2 DW

Deutscher Wasserstoff- und
Brennstoffzellen-Verband

ToTAaL

HyENET 1


https://www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition

Hydrogen Roadmap for Europe

m Hydrogen

Europe

Why hydrogen: To realise the ambitious transition of the EU's energy system, a
number of challenges need to be resolved

Mt

Power
generation,
balancing,
buffering

Transportation

Heating and
power for buildings

Industry energy
Industry feedstock
Others
co,
emissions
in 2015

1 Reference technology scenario, reductions in this scenariovia energy efficiency etc.
2 DS =degree scenario

Reduction
in RTS!

1,841

Cco,
emissions
in 2050

71

Beyond
—42DS%
254 Mt

Remaining
gap

Cco,
emissions
in 1.5DS?
HyENET and 2DS?

} Challenges

|

I Achieving

! deep

! decarbo-

! nisation

|

| Managing

| variable

| renewables
I

| .

I Meeting

i customer

| preferences

I Retaining EU
| technology

l leadership to
| create jobs

l and wealth

[

|
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2050 hydrogen vision

mms

7208 S
S :/\ co, 5 é

~24% ~560 Mt ~EUR 820bn ~15%
of final energy annual CO, annual revenue reduction of local
demand? abatement? (hydrogenand emissions (NO,)
equipment) relative to road
transport

1 Including feedstock
2 Compared to the reference technology scenario
3 Excluding indirect effects

SOURCE: Hydrogen Roadmap for Europe, 2019 HyENET

AT

jobs (hydrogen,
equipment,
supplier
industries)3
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Final energy

demand TWh 14,100 11,500 9,300
Thereof H, 2% 4% 6% 8% 24%
> Power genera-
W& tion, buffering
Tz Transportation
579
780
665 m E 237 Industry energy
481 ﬁ% 207 =
3 8 o~ New feedstock
427 427 391 391 ew r1eedstoc
Business As Ambitious Business As Ambitious Existing
Usual Usual feedstock
2015 2030 2050

HyENET 14
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A Ambitious scenario

Today 2020

/\ Business as usual scenario
25 30

Start of commercialization

35

40

A Mass market acceptability’
2045

@Transpoﬁatiun

m’s Forklifts

| City buses |

Trams/railways

Vans
Coaches

#FTFUC@
M Small cars

Medium and
large cars

Synfuel
(freight ships and aviation)

%\ Heatingand
") power
7 for buildings®

AV mCHPs?
&

| |
' :

|
Pure hydrogen heating

-

Blended hydrogen heating

.

Low/medlum industry heat

ﬁ

Industry heat
naustry hea High- gradelndustr'y heat *&.
mlh &EX'S’“"g refining?, chemlcals [production ofammoma methanol, and others), metal pro-:essmg
Indust |
fze;‘;gk ccu [Imethanol, olefins, BTX3 w

| _
Slteelma kingémﬂm

Power
generation

!
Power generation,|

balancing, buffering,

cb

—

:
; A
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Hydrogen Roadmap for Europe $ngggge"

AHRS is able to refuel ~T5 times more vehicles than a fast charging station,
leading to significantly less space requirements and offsetting the higher
installation costs of a HRS

Refueling speed Investment costs per refueling
Km/15 minutes of refueling Space requirements EUR/refueling

~8 MW powerline required for

~1.875 60 fast chargers to cover peak 7B
’ load from chargers while l —————
hydrogen can use flexible, Z55%
=135 renewable energy . @
__x | # Py < : 1
I ]
~0.6 l
~90
R —
Petrol HRS  Fast ko Petrol Hydrogen Fast
charger dispensers replaces refu_eling charger
& 60 fast charger station
Hydrogen refueling is 15x stations Hydrogen refueling is half as
faster than fast charging capital-intensive as fast charging

HyENET 10
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The equivalent of ~3,740 refueling stations would be required by 2030,

implying investment needs of EUR ~8.2 bn

Required large HRS', number

Currentand planned HRS in Europe

XX Cumulative investment need, EUR billions |AMB\T|OUS SCENARIO
3.5 8.2 17.0 275
~15,000
~8,500
~3,700
~1,500
Today 2025 30 2040

HyENET

r HRS in operation? . Number of HRS announced and/or planned

until 2025
r
) r
~ 4
r
r r T -
r &-‘ S
Fﬂf‘
In total, >750
05 r@ stationsannounced/
rE planned for 2025
F' ifmﬁr
@: @
0 ®F S (10)
~

= 17
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Buildings stock in Europe by age,
% of age category

L J

—

T
\"\

. New (25%)
0-9 years N

5%

AN

N\
1025\
years \

old (75%)

HyENET

Emission from building stock’,
Mt CO, and shares in % of age groups

535

CQO, emissions, kg/m?

18
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Almost all the hydrogen currently produced is used as a feedstock for industry

primarily in refining and chemicals
Total hydrogen use in the EU, in TWh

339
3 13 e |4 ee——
Refining Ammonia Methanol Other chemicals Processing Liquified hydrogen’ Total
t & J q J | @I j { * j
* Hydro- * Production of * Production of * Other * Heat treating * Rocket fuel
cracking ammonia (for methanol and chemicals of steel = Automotive
* Hydro-treating urea and other derivatives (e.g., poly- * Welding of fuel
(e.g., fuel fertilizers) mers, metals = Semi-
desulfuri- polyurethanes, = Forming and conductor
zation) fatty acids) blanketing gas industry
* Biorefinery * Glass
production

19
HyYENE |



The regional perspective: “Hydrogen VaIIey@ Furope

Hydrogen

SOURCEs: Fuel

Energy in European Cities

2018
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- Spain

Belgium
> Flanders
> West-Flanders

Iceland
> Reykjavik

United Kingdom

> Aberdeen > Manchester

> Birmingham > Newcastle

> Cornwall > Orkney Islands

> Dundee > Oxfordshire

> Fife > Perth and Kinross

> Leeds > Swindon and

> London (Greater  Wiltshire
Authority) > Tees Valley

Norway

France
> Auvergne Rhéne-Alpes

> Bourgogne-Franche-Comté
> Centre-Val de Loire

> Grand Dole

> Grenoble

> LaRoche sur Yon

> Normandie

> Occitanie-Pyrénées

> Orléans

> Pays dela Loire

> Pays de St Gilles

> Aragon > Port of

> Barcelona Valencia

> Cantabria > Puertollano

> Castllla —La > Valladolid
Mancha

> Murcia

Portugal
> Torres Vedras
> Médio Tej

and Regions, FCH JU,

> Akershus

> More og Romsdal
> Oppland

> Sogn og Fjordane

> Assen

> Drenthe
> Emmen
> Groningen
> Helmon

Italy
> Favignana
> Lazio

> Toscana

3

> South Tyrol

Sweden
> Gavleborg
> Mariestad

Finland =

> Kokkola

Denmark

> Guldborgsund
> Lolland

Estonia

> Tallinn

Austria ¢
> Tirol g~

HyENET

— I Germany

> Baden-Wurttemberg > HYPOS (East

> Bremerhaven Germany)

> Hamburg > Kreis Steinfurt
> Heide Region > North Rhine-
> HyCologne- Westphalia

HydrogenRegion > Recklinghausen/
Rhineland Northern Ruhr area
> Saxony-Anhalt

B Czech Republic
> Trutnov

Slovenia
> Velenje

Croatia

> Split

> SplitDalmatia
County

Romania
> Constanta

Bulgaria
> Bulgarian Ports
> Sofia

= HE

Greece

> Agia Paraskevi > Papagoou-
> Alimos Halargos
> Heraklion > Region of
> lerapetra Crete

> Kalymnos > Vrilissia

> Kozani > Western

> Milos Macedonia

20



The Future of

Status quo koo

Various industry reports signal a very significant potential

A lot of interest and concrete ideas by the industrial actors

Little hope to change the dead-lock without public policy intervention

Other continents investing heavily to get their Hydrogen industry ready

China's Father of Electric Cars Says Hydrogen Is the Future Renewable hydrogen getting cheaper, Australia could lead global ma...
His vision to make China an electric-vehicle powerhouse revolutionized the Renewable hydrogen costs fall, becoming competitive with fossil fuels and

global auto industry, cementing a move away from the combustion engine.... putting Australia in prime position to lead global supply of zero emissions...

21
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Hydrogen & Fuel Cells Value Chain

Hydrogen
Europe

DEN MARK
Gl Copenh:
UNITEL
5{% O N
® Leeds
in ‘iester Hamburg
; NETHERLANDS
Birmyan B¢
Cardiff GERMAN Y
Frankfurt
am Main
Nuremberg
tuttgart
Zurich
Y SWITZERLAND
o
-
4
- Turin
J
Toulouse ~ :
Bilbao < l‘}l@l"&
| TALY
Rom¢
Barcelona

Porto

TENtec

SOURCES: Hydrogen Europe

Hydrogen storage project.
the next five years

)

Liquid H2 Hub -
Helsinki

i Fossil free steel,
) Sweden

Saint
Petersburg

Stockholm

-~ :
L & e
e el

o i =
y ; X
b | 7

Fertilizer, Delfzijl NL, Akzo/Gasunie Magnum -Blue H2 cffff‘
e Equnor, Tctépfall/_/ 2
. Gosisid T Ee

P —

H,

e SalgittePe "
Thyss!nKrupp, Gréen Sted !
Duisburg

AR w )
ot
Wefing/(:ologne "

Stuttgart
Vienna

Zurich

HyENET 22
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Hydrogen & Fuel Cells Value Chain in IPCEI

Framework
Agreement IPCEl Hydrogen

Sub-IPCEI 3
Mobility/ Fuel Cells
Sub-IPCEI 5
Energy storage /
conversion

o
— S o
L O v
O B =
a O O
L O o
O - O
3¢ 9

Sub-IPCEI 2
Transmission /
Transportation

Sub-IPCEIl 4

Industry use / heat

Objective: 1) Significant support to the EU Climate objectives & Security of Energy Supply
2) Overcome the Market Failure (supply/demand deadlock)
3) Kick-start the massive Hydrogen production and utilization
HyENET

23
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* June 19  Strategic Forum report
*3Q19 Collection and collation of industry input

* 09 Oct 19 Hydrogen Action Day
conference

* Nov 19 Official info to all MSs to start call for Eol
*1Q 20 Preparation of the IPCEI request

* April 20  Official request

* Oct 20 IPCEI approval




o o o ﬂ Hydrogen
Political Context: Council g/ Europe

ﬂ_ . Hydrogen Europe 4 ol A
e

v @H2Europe .

M @EUCouncil outlines principles and
priorities for the future of #energysystems in
the EU 8. Happy to see that the role of
#hydrogen for #SectorCoupling and
#Sectorallntegration is explicitly called for in
view of the next legislative term.

#HydrogenNow .
europa.eu/!'kH88CU

29. CALLS on the European Commuission to undertake an analysis of sector coupling and sector

integration technologies, including the production of hydrogen, in particular with regards to

regulatory and market barriers and based on this analysis explore possible mitiatives regarding the

efficient integration and deployment of such technologies and energy carriers.




Thanks for your attention! (‘y Furope.

Shift happens!

Hydrogen enables you.

ﬂ Hydrogen

w Europe

Jorgo Chatzimarkakis Jorgo Chatzimarkakis
Hydrogen Europe Secretary General
Av. de la Toison d'Or 56-60, BE-1060 Brussels E-mail:

J.chatzimarkakis@hydrogeneurope.eu
Twitter: @HZ2Europe Tel.: +32 2 540 87 75

HyENET
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