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Asociacion Espanola del Hidrogeno
“Hydrogen Momentum”’

PARIS2015copr21| A
¥ Paris — COP21
v Noviembre 2015
. 4A 195 paises
P

50-55% reduccion de CO, a discusion (2030)
Neutralidad climatica en la UE para 2050
“I wanl Euwrope lo become lhe first climale-neulral conltinent in

the world by 2050. To make this haopen (...)
we must go further. We must slkrive for more. A two-slep

goproach is neeoded lo reduce CO2 emissions by 2030 by 50, i

not 55%.”
Green Deal for Europe during first 100 days in office

* First ever European Climate Law which will set the 2050

President Ursula von der Leyen
target into law.

Statement
in the European Parliament, 16.07.2019
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“Hydrogen Momentum”

Exhibit 1 | Drivers and indicators of hydrogen’s momentum

Drivers of renewed interest in hydrogen Indicators of hydrogen’s growing momentum
N7Z w’s

Stronger push to Falling costs of Strategic push in Industry alliances and

limit carbon emissions renewables and national roadmaps momentum grnwing

hydrogen technologies

10 80% 70% 60

Years remaining in the global Decrease in global average Share of global GDP linked to Members of the Hydrogen

carbon budget to achieve the renewable energy prices since hydrogen country roadmaps to  Council toeday, up from

1.5°C goal 2010 date! 13 members in 2017

66 55X 10 m 30+

Countries that have Growth in electrolysis capacity 2030 target deployment of Major investments announced?
announced net-zero emissions by 2025 vs. 2015 FCEVs announced at the globally since 2017, in new

as a target by 2050 Energy Ministerial in Japan segments, e.g. heavy duty and rail

1. Based on 18 country roadmaps announced as of publication
2. Mot exhauwstive

Fuente: Hydrogen Council 2020
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“Hydrogen Momentum”’

Exhibit 7 | Drivers of hydrogen’s cost competitiveness

B Hydrogen production' [l Eguipment capex
B Hydrogen distribution Other opex

Cost breakdown of hydrogen applications Costdrop Costreduction levers to reach
Percentage of total cost 2020 2020-30, target
Percent
Scale-up of full supply chain
Heavy-du
trucksy v -50% Industrialisation of fuel cell and hydrogen tank
manufacturing
Large Industrialisation of fuel cell and hydrogen tank
passenger -4 5% manufacturing
vehicle Scale-up and utilisation of HRS
Bailer Lower-cost hydrogen from renewables
-45% Higher pipeline network utilisation due to scale-
up of demand
Gas lurbine
-35%
Scale-up of system size and manufacturing of
Ammonia electrolysers for green hydrogen production
production

-45%

1. Assumes 50/50 blend of low-carbon and average renewable hydrogen

Fuente: Hydrogen Council 2020
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¢Por qué hidrogeno verde?

& 11 “ a2 gRlaae

Hidrégeno o
Electricidad procedente de  Hidrégeno
renovable biomasa exportado RESIDENCIAL
I > W 0%,
Electrolizador co, (cC) ENERGIA
Red de F1=ry
distribucién 1I—Ir ;

Re-electrificacion
{Power to Power)

ke
Calor de proceso

(>650°C)
INDUSTRIA

ELECTRICIDAD

Mezclas
Metanacion
H, + GN
Almacenamiento l 1

{cavernas de sal,
tanques)

Red de distribucién de gas
Materia prima

4

Aviacion

=R

Transporte pesado

P==N

Vehiculos eléctricos de
pila de combustible

-

Ferrocarril

wl oy

NI

Transporte maritimo

TRANSPORTE

Fuente: ARIEMA para AeH2 (a partir de IRENA 2018)
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Oportunidades para Espana

Figure 14. Hydrogen costs from hybrid solar PV and onshore wind systems in the long term

USD/kgH,
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Notes: This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers
and boundaries and to the name of any territory, city or area. Electrolyser CAPEX = USD 450/kW,, efficiency (LHV) = 74%; solar PV
CAPEX and onshore wind CAPEX = between USD 400-1 ooo/kW and USD goo—2 500/kW depending on the region; discount rate =

8%.

Source: |IEA analysis based on wind data from Rife et al. (2014), NCAR Global Climate Four-Dimensional Data Assimilation (CFDDA)

Hourly 40 km Reanalysis and solar data from renewables.ninja (2019).

Fuente: International Energy Agency (IEA). Junio 2019
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¢Por que hidrogeno en Espana?

GRAN RETO de DESCARBONIZACION y aumento de ENERGIAS RENOVABLES

\ 7
Pn i E@: Un Plan de Hoy

para el Manana

Energfa ¥y Clirna

/

Objetivos PNIEC a 2030:

&« 237% reduccion emisiones CO,,
&« 42% de renovables sobre el

Objetivos PNIEC a 2050:

&« 90% reduccion emisiones
CcoO,

consumo total de energia. &« Sistema eléctrico 100%
,}-Inll;n W e | QEPIDAE &« 74% renovable en Ia generacion renovable.
eléclrica.
« 395 % de mejora de I3 eficiencia @
IE—— energélica.
A B

Clean energy for al. Euro

P
{ %%

Que se suman 3 los objelivos internacionales. ..
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¢Por que hidrogeno en Espafna?

99 GW A GW 5 Este modelo 7 TWh/ano
nuevas EERR generacpn energético de excedentes
en 2030 convencional implicara eléctricos
\ Que en términos de hidrogeno verde es igual a:
@ 12M automéviles/aro
\ > 5 millones t CO, evitadas
9% H, enla red de GN espariola
/
Uso de H, verde en refinerias”: X 25 Mas CO, evitado
que via etanol

que la cuota de energias renovables en el consumo final de energia en el sector del transporte sea como minimo del 14%

en 2030 a mas tardar”. ASOCIACION ESPANOLA
DEL HIDROGENO

/ *Conforme a la Directiva (UE) 2018/2001 (RED). Art.25 : “Obligacion para los proveedores de combustible para garantizar w
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Aplicaciones del hidrogeno: industrid
Sistema energetico de futuro: mayor flexibilidad

ot -

= Heat network = Electricity grid Liquid and gaseous fuels and feed-stocks T&D = Hydrogen

KEY POINT: Hydrogen can link different energy sectors and energy T&D networks and thus increase

the operational flexibility of future low-carbon energy systems.

ASOCIACION ESPANOLA
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Fuente: Technology Roadmap Hydrogen & Fuel Cells. International Energy Agency (IEA). 2015 %
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Aplicaciones del hidrogeno: indusitria

Acluaimente este sector representa mas del 90% del consumo de H,
a nivel global, siendo la mayor parte “proouccion cauliva’

KEY APPLICATIONS

INDUSTRY & MARKET SHARE

General
Industry
L 4

Semiconductor
Propellant Fuel

Glass Production
Hydrogenation of Fats
Cooling of electrical
Generators

* lron Reduction
* Blanketing gas
* Forming gas

* Hydrocracking
* Hydrotreating

Chemical

-y .
PR
@ Y

63%

* Ammonia
* Methanol
* Polymers
* Resins

SUPPLY SYSTEM H2 DEMAND
LOW
* Small on-site >0.07 Mtons
* Tube trailers
* Cylinders
* Liquid H2
MEDIUM
* Cylinders 0.41 Mtons
* Tube trailers
2.1 Mtons
* Pipeline
* Large On-site
HIGH
* Pipeline 4.3 Mtons

* Large On-site

Fuente: Overview of the market segmentation for hydrogen across potential customer groups, based on
key application areas. 2015, CertifHy

Volumen de negocio del H,
en I3 industria

115 000 millones USD
(2017)

Fuente: Global Trends and Outlook for hydrogen.

2017, IEA Hydrogen

EnEspana...

10 grandes refinerias

+

> 2 millones de toneladas de
amoniaco producido

+

Grandes consumidores de
Hidrégeno

ASOCIACION ESI%
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Aplicaciones del hidrogeno: Aimacenamiento energélico (P2G & P2P)

intermitentes, volatiles. ..
EERR no gestionables introducen incertidumbre, no aseguran el suministro eléctrico

desacople produccion - demanda

>
exceso

Gran capacwad de e _>[ Electrolizador]

almacenar excedentes | Si Produccién > Demanda |

renovables enH,

[ FC/Motor/ ]
Turbina
—

>

Fuente: ARIEMA para AeH2
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Aplicaciones del hidrégeno: Aimacenamiento energélico (P2G & P2P)

""""""""""""""""""""""""""""""""""""""""""""" Power-to-Gas S
. 1Year
1000 - Methane
Pumped 1 Month
100 - Storage
— S CompressedAir B S
Z 10 st
. orage POWE 1 Day
E
-
[
E 1 T I LR EE
g i 1 Hour
a 01 i
0.01
i
0.001 r i : L .

1 T I T
1kWh  10kWh 100kWh 1MWh 10MWh 100MWh 1GWh 10GWh 100GWh 1TWh  10TWh 100TWh

Storage Capacity Fuente: Fraunhofer ISE, 2015
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Aplicaciones del hidrogeno: Aimacenamiento energético

1 Descarbonizacion de Ia red de Gas Natural (P2G) Potencial
2030

Susititucion del 7% del GN.
> 25 millones de viviendas
2040

Sustitucion del 32% del GN.
> 11 millones de viviendas

v" BEluso de H, mezclado con GN.enla
calefaccion de edificios no requiere
lificacion de infraestruct

v" Descarbonizacion complela:

La inversion necesaria para calefaccion
basada en H, puro seria inferior a Ia de
bombas de calor

Potencial

] 25 millones de pilas de combustible con ;
- cogeneracion (CHP) Europa 2040 ol 3

3
Fuel cell unit

e > 230 000 unidades instaladas en Japon HeENE-FARM I_Iz
gz

Datos de Hydrogen Roadmap Europe. FCH JU. 2019
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Aplicaciones del hidrogeno: Movilidad

ank you for
the emissior

-
—a=

Taxi fleet in Paris

L R AT SRR T e R

Hydrogen Train. Alstom Coradia iLint

wi (e Dectric Vehicle

N — j o ¥ 1,000 Hyundai Fuel Cell Electric Trucks Headed for Switzerland

FCE bus Delivey van (Unique Electric Solutions)

Hydrogen trucks. Nikola Motor, Hyundai
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Aplicaciones del hidrogeno: Movilidad, Estaciones de servicio de hidrogeno

E|l|ectr_ic EXHIBIT 11: IMPLICATIONS OF REFUELING SPEED ON SPACE REQUIREMENTS AND INVESTMENTS
charging
Refueling speed Investment costs per refueling
Renewable I ™\ = recccmcommcmc e " tes Space requirements
electricity —
e L_ ~1.875 ~8 MW powerline required for _ -T6
% Fuelling of 60 fast chargers to cover peak ]

Figure 0-1:  Schematic diagram of considered infrastructure set-ups.

hydrogen 1375 load from chargers while @
: hydrogen can use flexible, l
| renewable energy
@ | ' =
-90 <

f—

. . g Th N2
cumulative investment [€ billion] @ EES\; tt’]'“"m Petrol HRS Fast Q\Q@\\Q Petrol Hydrogen Fast
60 L (base case) charger refueling  charger
‘ 1 HRS with 4 di —
wi ispensers
e et . Hydrogen refueling is 15x faster lace 60 fast ch Hydrogen refueling is half as
0 LS st and oo e e masel s it g
EXISLING sources
| | € 40 billion
20 L _‘:”_______: FCEV [base case] 5 - .
o a
0 ¢ —
o1 1 o3 s T e T s T 20mitionEvs
. _ . . . . . © HRS =15 X ma3s rapido que estacion de recarga rapida de BEV
Figure 6-31: Comparison of the cumulative investment of the supply infrastructure for fueling FCEVs and charging
BEVS.

o . . .z
Fuente: Comparative Analysis of Infrastructures: Hydrogen Fueling and Electric Charging Ahorro en FEREAL L !nversnn acumu!ac_ia de HRS respecto
of Vehicles (Forschungszentrum Jiilich Gmb) d estaciones de carga rapida
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Situacion Internacional Europa

The Netherlands

Noa Van Hu'st - Hydrogen Envay - Ministry
of Econamic Affars & Oimate Policy

Austria

Sebastian Kurz = Austrian Chancellor - elect

France

emmanuel Macran - “resicent of France

Fuente: Hydrogen Europe

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

“Opportunities that could make o cruciol
difference to our clean energy future are
there to be seized”

| — idrogen
|
“Hydrogen is the fuel of the Future”

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

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

“I want to resolutely engage Fronce in @
“transport revolution” by generalizing
electric and hydrogen vehicles”

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

Germany

Angela Merkel- German Chancellor

EU Commission

Kadri Simson - Commissioner-
desianate, Energy

EU Commission

Frans Timmarmans - Fxacutive Vice Frosident
Designate af the European Comemnission —

Respansiale for burope'’s Green Deal

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

“A national hydrogen strategy should be
in place by end of the year” [2019]

"I want to examine how we can best make the

gos requiatory framework and infrastructure fit

for the future, contributing to decarbonization
through the use of low corbon goses such os
hydrogen”

“If we are talking obout gas, in the future we
are taking obout bio-goses and hydrogen that
can help us for sector coupling”

our economy
“It is not that difficult to use gas

using gas Infrastructure

help them free themselves from fossil fue

manufacturing of steel”

"Hydrogen could be o huge oppartunity for

infrostructure to import (greén] hydrogen

“we need to protect our industries ond [... {
s,
for example when hydrogen is used in the

ASOCIACION ESPANOLA
DEL HIDROGENO



Asociacion Espanola del Hidrogeno

Situacion internacional: Europa
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Full steam ahead for
hydrogen trains

Austrians to power steel industry entirely on
clean hydrogen

L'USINE ENERGIE

SLUMEL EMZHOIE HEMCOLVELRHL ES KUZLEamEe THRHEIIGH ERERENCUE | EHERLES HOS:

Les 7 points clés du plan hydrogéne "vert"
de Nicolas Hulot

euronews.

BUSINESS

German energy grids say plans ready
for 100MW hydrogen plant

Support The Guardian
wu
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Hydrogen as Replacement for Natural
Gas Gets a Boost in UK.
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GW-scale green hydrogen destined for
Rotterdam port

fhe Dutch [nstiture for Sustainable Pracess Technology has Jaunched the Gigawatt
Elektrolysefabriek project, which aims to praduce green hydragen at the gigawate scale
from wind and solar parks in the Netherlands.

MARCH 26, 2019 SANDRA ENKHARDY

SCIENTTFIC
AMERICAN.

Subscribe

FHFRGY

Furope Stores Electricily in Gas
Pipes

Converting cxocss wind and solar power inte bydrogen can extend renewable cnerpgy’s

reush

le wis Pl nniped 1000

W Nene N

N EUROPE

ArcelorMillal commissions planl (or
hydrogen steel production in Germany
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Situacion internacional
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= MARKETS OUSINESS INVESTING TECH POLITICS CNBC TV USA - INTL

Meet the entrepraneurs
of the twenty-first century.

POWERING THE
FUTURE

Elon Musk says the tech is ‘mind-bogglingly
stupid,’ but hydrogen cars may yet threaten

Tesla
PUOLISIICD SAT, FLC 2D 3049 - 2:00 AM CST | UFDATID SUN, IFLO 25 3¢ - &N
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Ousirmss

China’s Hydrogen Economy Is
Coming
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Beijing wants 100,000 hydrogen cars by 2025

Liras oy s sl near v 3 IRsesrc, TGS 3te s ring 0 e i proselen plale

drCNBC
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POWERING THE

7l The Korea Herald

= liciz satizaal Zagras (KL Erdialanminad Syma T Mokl Opos
BUSINESS
A | Feoramy | Pawice | ndasre | Technaiogy | Rabamcde
Korea to produce 6.2 million hydrogen cars by 2040
By Tho Thung-u
== fo
= = gaswor

GASWORLD - EREGIOMI - TOPICS  ZOME3 - DIRECTORY  MAG

Mok s e s [ Queensland ships green

""" hydrogen to Japan

1y Sy Faangpesan | 420 1

How Toyota is helping Japan with its
multibillion-dollar push to create a
hydrogen-fueled society

NS REVIENE COVPAREEDNS ONCEZ OMHIOH DUALIH SHOWRDINS

WS 22 Nach g

SOUTH KOREA PLANS FOR HYDROGEN FUEL-CELL
TRUCKS TO REPLACE DIESEL BY 2035

& N Sastaie

<-_;“} DEm

Hydrogen FCEV trucks, buses and trains are a huge part of
Korea and Japan's futures, and Australia has an export role

Nows VRSO NaWs

Hydrogen to Enter the Mining Energy
Mix?

Australia
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Potencial del hidrogeno: perspectivas de futuro

Continuous improvements are being made along the entire value chain
Selected examples of hydrogen technologies

SRR Previsiones a 2050
1,400k an 500
= I m v Disminucion del coste del hidrégeno (€/kg)
g 120K 0o Nl

v" Se duplica la energia almacenada en forma de H,

— v" Incremento del nUmero de HRS publicas
. = v" Incremento del nimero de modelos de FCEV
4-8 Go0 10
I zi . I s I v" Implementacion de métodos de produccion hidrogeno

via electrolisis (emisiones cero)

eL@_ - % %‘ v" Disminucion del coste de pilas de combustible

Zera-carbon production Hydrogen refueling stations Fuel ce
(electrolysis example) passenger vehicles

Fuente: FCH JU
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Potencial del hidrogeno: perspeclivas en Espana

ASOCACION ESPANCLA E
DEL HOROGEND

Empleo

e

creacion de

227.000

pueslos de lrabajo

J

Emisiones de
CO, evitadas
anualmente

- ltoneladas

[
. e

Inversion

..................... °° Seguridad
2 de usos del
5 hidrégeno en
d\eIOIumoecr:o/ ° I industria
Megrcado Vghlculos
nacional ™
/ - F'; .
1300 e -0 T
140.000coches eisctricos o oo O Th g Coumet
de pila de combustible extrapoladan para Espaia 2000
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Potencial del hidrogeno: perspeclivas en Espana

El hldrogeno un fuerte aliado ante el El hidrégeno gana peso en el debate sobre cambio = Hyundai Nexo, el primer coche de
escenario de emergenc1a climatica en climatico hidrégeno matriculado en Espaiia
ESpana . Europa Press / Ecomotor.es 17:07-28/09/2012 @B 0 comentarios

La Asociacion Espafioladel Hldrogeno (AeH2) propone esta solucion para afrontar la
descarbonizacion del sistema energético, el transporte y el sector industrial, entre otros

3 Compartic 2 JNES

Industria cree que Espana
La patronal de gasolineros CEEES y AeH2 se puede "liderar" el

alian para impulsar el uso del hid régeno en desarrollo del hidrégeno

la movilidad
en Europa MADRID 2015

Baleares tendra una planta de hidrégeno
renovable que se alimentara con energia

fotovoltaica
11 Diciembre 2019 Twant
Economia/Energia.- Redexis se alia con y N . L N
.' s _ 4 El ministro de Ciencia, Innovacion y Universidades en funciones
AeH2 para potenciar el uso del hidrégeno ’ . .Y Vo ' - S e R g
p p g . El secretario general de Industria, Raiil Blanco, en el acto de Sernauto. pn‘leba el Tf-‘r}'OtEl I'\J'I_U'.'.'ll pzu.a :1515“_‘[‘ a lﬂ L'I.l];llbl‘e del Lh_[l]{l {LOP::I}
Europa Press | 06 mar, 2M8 @ 11:85 | T
ABC REPORTAJES Buscar =
Espafia~ Internacional Economia~ Sociedad Madrid* Familia > Opinion~ Deportes v Gente v Culturav Ciencia Historia Viajar v Play~ Bienestar~ Mas =

ABC MOTOR Hovedades Pruebas Reportajes Coche del Ao

Espafia podria convertirse en el gran exportador de
hidrogeno renovable para el norte de Europa

Hortads Memades ¢ Lotizadlones bmpieses Ezonorila lesnokegla Vislenza Lphldn Avtomombz Serdokos

Empresan y finan

El sectordel hldrogeno plde invertir 3.500
millones hasta 2030
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()EHEC
2020

EUROPEAN HYDROGEN ENERGY CONFERENCE

Europe's conference of
reference in the field of
hydrogen energy

v' Disseminating and promoting a generalised use of hydrogen technologies.

v Bringing the latest breakthroughs in the research and business sector to the
public eye.

v' Presenting cutting edge hydrogen and fuel cell science and technology.

v' Fostering the exchange of scientific information and facilitate networking
among all actors in the sector.

-
M

+ 200 SPEAKERS + 400 DELEGATES + 40 COUNTRIES

Collaborators & Supporters:

Organiser:

855 IDAE

ﬂ Hydrogen

H2 w Europe
SPANISH HYDROGEN
ASSOCIATION

Hydrogen Europe

o
v Research

Important dates:

Call for abstracts: January 2020
s Abstract submission deadline: March, 30th, 2020
s Early bird discount: June 30th, 2020

Comunidad
de Madrid




|
7 (5050

EUROPEAN HYDROGEN ENERGY CONFERENCE

EUROPEAN HYDROGEN ENERGY CONFERENCE

MADRID 4 — 6 NOVEMBER 2020

.....

Call for Abstracts is open!

www .ehecinfo

Organiser:

Collaborators & Supporters:

‘k Ezgg;gen EHA fl Hydrogen Europe
SPANISH HYDROGEN w ‘Q/wi":f o Rmmtion w
ASSOCIATION

A [T e
E -;~J‘ g iﬁé Pl Comunidad
de Madrid
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Relos y oportunidades para Espana

iz (33, IDAE PniEC
¢ Un Plan Nacional del Hidrégeno:
O H”ro'geno para descarbonizar Ios sectores (INCL. ENTRE YECTORES HIDROGEND 100% RENOYABLE)
economicos: electricidad, gas, industria, transporte y
feSidenCial'C()mefCiaI. i:s.t:::;mtil:’:ﬁlii:dm :lmﬂ:mrE strateglas

Wector transversal y

de Garantia de Origen + Flexibilizacion del sisterma
+ Definir marco claro y acoplamiento inteligente
derechos/obliga. /resp entre sectores [PtG)
onsabilidades Agentes + [Dhsefio incentivos a
* Condiciones de soluciones eficientes
inyeccidn fisica = Mercados Comercio
- internacional (incl. Gdd)

flexible

*  Producido por
electrolisis con
rencvables

= Aprovechar gestidn de
vertidos eléetricas

** L2 hoja de ruta del hidrogeno en Espana:
o Eslablecer sefales a medio-1argo plazo para fomentar I3 confianza de los inversores.
o Estimular la demanda comercial de hidrogeno en muitiples aplicaciones.
o Ayudar a mitigar los riesgos mas importantes asociados a la cadena de valor.

o Armonizar estandares Yy eliminar barreras. I_lz



N 2 [E

www.aeh2org
info@aeh20rg
@AeH2_ENG
@JavierBrey

Javier Brey Sanchez
Presidente AeH2

Jornada: Hidrégeno, pieza clave para un futuro energético descarbonizado
Madrid, 4 de marzo de 2020
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