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EU: Hydrogen Strategy for a Climate Neutral Europe
(08-07-2020)

There are many reasons why hvdrogen 15 a key pnionty to achieve the Ewropean Green Dreal
and Europe's clean energy transihon. Renewable electmeity 15 expected to decarbomise a large
share of the EU enersy consumpton by 2030, but not all of 1t Hydrogen has a strong
potential to bndze some of this zap. as a vector for renewable energy storage, alongzide
battenes, and fransport. ensunng back up for seasonal vanatons and connechng production
locations to more distant demand centres. In ifs strategic vision for a climate-neutral EU
published in November 2018°, the share of hydrogen in Furope’s energy mix is projected to
srow from the current less than 2% to 13-14% by 2050°.
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Espanya: PERTE ERHRA — MITECO (Decembre 2021)

El PERTE ERHA supone la movilzacin de mas de 6.220 milones de eurcs ded Flan de Recluperacadn,
Translfarmaciin y Rasiliencia gue movilizaran una inversidn total de mas de 18300 milllones de euros.
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L’hidrogen a la Transicio Energetica

L’hidrogen com a facilitador de la transicié energética a Europa

Enable the renewable energy system

Distribute energy
throughout
sectors and regions

Enable large-scale
renewables integration
and power generation

Act as a buffer to
Increase system
resilience
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»* Decarbonize end uses
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Serve as renewable feedstock

Font: Hydrogen Council, 2017
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Exemple REPSOL: Cadena de Valor H2 Renovable |
Mobilitat (Octubre 2021)
_ i

CADENA DE VALOR H2Z RENOVABLE - USOS FINAL INDUSTRIA/ TRANSPORTE ';
REPSOL

Renewable : . .
energy supply H2 production Transformation Application

Electrolyzer r====--""-==" m ':
LA _L H, H, pathway @ E @ Industrial :
L*: Green electricity -—\ U : :

T oo Hs
H.0 - Direct gas ‘ Usopyr;iteemmn Hg:rgg{::qn;z.;;tlthz '
2 pipeline ) K )
« H2 grid g
Fotoelectrocatalisis « Truck ‘ M m
'---‘ . —
e — |- --ndustialplant _ _ __ )
i 1
H, : ) \
2
E’ ﬂ ji‘..ﬁ,-_fﬁ refueling :
!J Biogas/ Y I stations
biomethane : | |
SMR2 3 i I
: " 1
\ ' Service |
@fﬁ. . - | Stations / i
L A
ports [ airports
ces Fischer- - ! \'!'!" (e-fuels) :
Tropsch Transport | l
synthesis = Truck |
= Pipeline i |

TECHMIP . . )
EMNERGIES Jornades AlQS: Reptes de la Transicio Energética a la Industria



Exemple ENAGAS Projectes d’Hidrogen (Octubre 2021)

ena ovable Apuesta de Enagas por el hidrdédgeno verde a

Principales proyectos
Mas de 30 proyectos y 50 socios en el territorio

> 600 MW electrélisis
espanol, cubriendo todos los usos y sectores

Anunciados publicamente: contemplados en |la Ruta del Hidrégeno Renovable:
- Sustitucion de hidrogeno gris

- Movilidad

-
'\J Balearas (Malloroa)

-\g_ﬁ Casillay Len (La Robla) - Usos téermicos en sectores de dificil electrificacion
(3} Asturias (E] Musel)

- Gestion de energias renovables

|"—_|-\ Pais Vasoo
-

(5) Asagin Participacién en principales asociaciones (nivel

Ol nacional y europeo) y colaboracién directa con

7 . .

\L) Canariss organismos competentes y ayuntamientos.

I‘\E/: Castalldn

(o) Madria G) Co-presidencia en la mesa redonda "clean hydrogen
L] v . . . . . "

() migesiras . *‘. transmission and distribution” (EU Clean Hydrogen

Alliance.)

TECHMIP . . )
EMNERGIES Jornades AlQS: Reptes de la Transicio Energética a la Industria



ENAGAS Gasoductes d’Hidrogen (Octubre 2021)

e

Apuesta de Enagas por el hidrogeno

Potencial adaptacion de gasoductos
para el transporte de hidrogeno
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Previsio de la demanda d’hidrogen (Segons IEA)

Government pledges suggest greater hydrogen use, but not nearly enough to the level needed
to achieve net zero energy system emissions by 2050

Hydrogen demand by sector in the Announced Pledges and Net zero Emissions scenarios, 2020-2050

Announced Pledges Scenario Met Zero Emissions by 2050
= GO0
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= =
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ORefining ®industry OTransport BEPower HONHj-fuel OSynfuels BEBuildings OGnd injection

E&. Al rights reserved.

Motes: "MHz - fuel” refers to the use of hydrogen to produce ammonia for its use as a fuel. The use of hydrogen to produce ammonia as a feedstock in the chemical subsector is

included within imdustry demand.
Pace |44 Iea
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Previsio de la produccio d’hidrogen a la Transicio
Energetica

sources of hyrdrﬂgen pmducﬁm in the Cumulative emissions reduction I:]'j,f
NAE, 2020-2050 mitigation measure in the NZE, 2021-2050
600 Other fuel shifts
o% Behawiour and
< 500 cCCus avoided demand
=
400 Technology
performance
300 139
200
100 Hydrogen
6%
0
2020 2030 2050
B Fossil B By-product

O Fossil with CCUS 0OElectricity

Font: IEA
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Ruta de la tecnologia de I’hidrogen

Energia Fosil Energias renovables

I Electricidad ﬂ@ Electricidad

Energia nuclear

Fotoelectrolisis

Pirdlisis Reformado GaS|f|ca0|on Ga3|f|caC|on BlofotoI|S|s Electrélisis]
Fotocatalisis

] [ TermoI|S|s TermoI|S|s EIectroIisis ]

Hidrogeno @ Hidrogeno § Hidrégeno Hidrégeno Hidrégeno Hidrégeno
Turquesa Gris Marrén Verde Rojo Parpura

Hidrégeno
Azul

Source TechnipEnergies, adaptado Ciemat
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Costos de I’hidrogen

Costos de produccié d'hidrogen (USD/kgH?2) Escenari combinat per a I'hidrogen descarbonitzat

Hydrogen production scenario, global
G Mitpa

600

5
I E‘Uﬂ

3
400
1 [— — 300

0

-y

a

Hyrogen production cost (USOYkaH2 )

. N " . 200
& T ) -4,6?-35‘ @é&\:@' (55';}'}" wﬁf & &°
& St A & &S &
&T° Cp 3t S S ° & 100
& ‘4_;9 Qé'-d"@ "PQ K&@%{p‘ -‘E'?&
o & < \>
@ ¢ o«

0

Mote: ‘Today’ captures best and average conditions. "Average’ signifies an investment of USD 770/ kilowatt (kW), efficiency 2020 25 30 a5 40 45 2050

of 65% (lower heating value - LHV), an electricity price of USD 53/MWh, full load hours of 3200 (onshore wind), and a
weighted average cost of capital (WACC) of 10% (relatively high risk). ‘Best’ signifies investment of USD 130/kW, efficiency
of 76% (LHV), electricity price of USD 20/MWh, full load hours of 4200 (onshore wind), and a WACC of 6% (similar to
renewable electricity today).
1 L&, if the cost of green hydrogen production in a gheen year and =gion excesds blus ydrogen 201, 28 of ne
Font: IRENA 2020 . .
Font: Hydrogen Council, McKinsey, LBST
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Costos de I’hidrogen

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

USD/kgH,
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Source: EIA, 2019
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Hydrogen Storage & Transport a CHALLENGE for big capacities:
-Pressurized at high pressure
-Super refrigerated (-253 ° C)
-Ammonia as producto/carrier
-Chemical carriers

Organic Chemical Hydride (OCH) Technology BE«H

O Methylcyclohexane (MCH)
Aowr.

Storage Transportation Storage
T 1 | S m s |
—_— —

Toluene
Dehydrogenation

L il e

A A
Transportation
Fixing hydrogen to toluene produces MCH (SPERA Hydrogen) Extracting hydrogen from MCH (SPERA Hydrogen)

CHs CH: CH: CHs

@ +3Hz2 —» Q AH= -205KJ/mol O—-» @ +3H2z AH=+205KJ/mol

Tol MCH MCH Toluene Source:Chiyoda Spea ®
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nyarogen retuelling e °

: Stations in Europe o “'"ﬁ. ° o
Emmagatzematge | transport v
) u _. @ tm
d’hidrogen f
0094 ® '
Europa tenia 177 estacions d'hidrogen a finals de = p ;' 2 o s
I'any 2019: 87 de les quals a Ale_manya. Fra_nc;a és la ":fw of xr . .
segona d'Europa amb 26 estacions operatives | 34 e &- o ”'~
estacions d'hidrogen previstes. També es preveu un . o "Pue .'”‘”""”.: o
augment significatiu del nombre als Paisos Baixos, on **“be 4o &‘.".. . vk s
s'estan planificant 21 noves estacions d'avituallament e '.m' : .’;;.' 'f L;' S
d'hidrogen. Suissa té la intencié d'afegir 6 estacions a g i i T O L
les 4 que ja estan en funcionament. £ & gy & S
NEPET— By W Stations.org
b o ® in operation (2585 ol
as 82 170 215 e o * ® planned
Status January 2020

Font: International Verkehrwesen,2020

6 a Espanya:

~8,500
Madrid, Sevilla, Zaragoza, Huesca, Albacete i Palma tot i
_— que, de momento, no son d’'us public.
1,500
w 1N
207 %) 3o 2040

MITECO: 100 HFS pel 2030
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Mobilitat de I’hidrogen

Comparaci6 d'abast, carrega util i tecnologia preferida

Weight,

ons

1,000

100

1

0

&

2-/3-wheelers

Bubble color representing FCEVY or synfuel application of H,

Vans/LCVs,
small trucks

Small
cars

() Bubble size roughly representing the annual energy consumption of this vehicle type in 2030

Most attractive for
BEV FCEV

Ships!

B

Trams and
railways e

Airplanes

trucks

4

Airplanes/freight ships — synfuels based on
H, as only feasible decarbonization option

Passenger ships

n/a

Heavy-duty Saees
=

Buses and
coaches

D

Medium/
large cars

Long-haul freight [coast to coast]
Mining

International road masters
Regional distributor [high payload]
Regional distributor (low payload]

Local drop and drive

Medium- and large-car segments, by attractiveness for FCEV vs. BEV

300+

600+ 5,000+

Off-road, utility, and military vehicles
Taxis, limousine services

Service fleets

SUvs

D segments for private use

Daily range, km A-C segment for private use il

1 H,-based fuels or fuel cells Font:FCH JU, 2019
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Valls hidrogen: El Corredor Vasco del Hidrogeno

BH2C: Traccionando la cadena de valor

EL CORREDOR VASCO DEL HIDROGENO HZC
EN NUMEROS P

124 ORGANIZACIONES INVERSION
2020-2026 2026-2030
111 5BEMPRESAS [ 520 +1.500
Implicadas directamente MILLONES € MILLONES €

INSTITUCIONES
4 4 EMPRESAS
PLATAFORMA

INDUSTRIAL

1 3 CENTROS DEL
CONOCIMIENTO
ASOCIACIONES EMP.

22 Proyectos Tecnoldgicos +489ne
19 Proyectos de Aplicacion +1031me

*):Estimacion con la cartera actual de proyectos

REDUCCION CO; EMPLEO
+1.620.000 1.340 precros
TONELADAS/ ANO
INDIRECTOS/
REDUCCION CO; +6.700 woucpos
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Valls hidrogen: La Vall de I'hidrogen de Catalunya
SINTESI PRINCIPALS INDICADORS

&

-

@ PROJECTES
2021-2026

INVERSIO
1.227 M€

()

REDUCCIO CO,
414.931 t CO,/any

N
GENERACIO
D’OCUPACIO ESTIMADA

\__* 14 iniciatives renovables-mobilitat 1.895 directe i 2.331 indirecte _,/
/ GENERACIO H, INDUSTRIA .projectes (inclou un macro projecte integrat) Us final
-| | .' !
rnd | IO) (co,® o] g (Eo)
1= .U
775 M€ 392.841 2.245 20km 33.774 tH,
RENOVABLE t CO,/ any Llocs treball infraestructures consum/any
387 MW ELECTROLISI _\
223 MW MOBILITAT projectes Us final
PR
-, -X —e —
CO R L (L] @
i o[ h
PRODUCCIO H, e—@ =
\ 2 228 M€ 22.092 L 2 hicl i
36.293 t Hy/any 4,/ £CO,/ any Llocs treball 67 vehicles 10 hidrogeneres _/l
-
PRODUCCIO TRANSPORT | Usos CADENA DE )
R+D+I. projectes 224 M€ 1.363 llocs de H2 e GLLTE VALOR
_Inclou projectes de fabricacié industrial treball estimats 7 projectes 5 projectes 9 projectes 5 projectes )

-
[ Programes de Formaci6 i Socialitzacié, Centre Catala I+D+1 Hidrogen i Centre dinamitzacié . iniciatives A mncmmr@ B ]
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Exemples de iniciatives i grans projectes de Hidrogen actuals

« Valls Hidrogen diversos

« REPSOL

« ENAGAS

« CEPSA

- |IBERDROLA - FERTIBERIA
« ENDESA

« AIRPRODUCTS

« MOBILITAT:
TMB / IBERDROLA
CARBUROS METALICOS
MESSER IBERICA
etc

Etc, etc....
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