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verde
en sectores productivos.
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1. HIDROGENO COMO VECTOR ENERGETICO

1. Es el elemento mas abundante del Universo,
pero no se encuentra libre en la Tierra.

No es un recurso natural, el hidrogeno
hay que producirio

2. El hidrogeno puede producirse a partir de muy variados recursos
(agua, recursos fosiles, biomasa, microorganismos, ...),...

.. siguiendo diversos procesos de transformacion
(electrolisis, gasificacion, reformado, fotoelectrolisis, fotobiolisis, ...)

Por la diversidad de recursos, la utilizacion del vector H, implica mayor
seguridad de abastecimiento energético y mayor acceso a la energia.

Todos los procesos de transformacion suponen un gasto energético,
cuyos costes son asumibles (al igual que sucede con la electricidad), pero a
diferencia de la electricidad, el hidrogeno es almacenable

Fuente: AEH,.




1. HIDROGENO COMO VECTOR ENERGETICO.

3. El almacenamiento, transporte y distribucion de hidrogeno no presenta
dificultades técnicas (comprimido, licuado, hidruros metalicos, compuestos
quimicos intermedios,...)

4. Para su utilizacion el hidrégeno puede combinarse con el oxigeno por procesos
térmicos o electroquimicos para generar energia mecanica o eléctrica con una
emision solo de vapor de agua.

En su uso final el hidrogeno es intrinsecamente limpio y si se tiene en
cuenta toda la cadena desde su produccion al uso final, el hidrogeno
como vector ofrece reducciones de emisiones de GEI.

Fuente: AEH,.
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1. HIDRGE}ENO COMO VECTOR ENERGETICO.

Energia por unidad de masa de diferentes combustibles
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1. HIDROGENO COMO VECTOR ENERGETICO.

Energia por unidad de volumen de distintos combustibles en diferentes

estados
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1. HIDROGENO COMO VECTOR ENERGETICO.

Una pila de combustible es un dispositivo electroquimico
que convierte directamente |la energia quimica en
energia eléctrica (sin transformacion intermedia a
energia térmica y mecanica).

2. Las pilas de combustible presentan mas eficiencia

que los motores de combustion interna (no estan R
: . : 3 &
sometidas al limite del ciclo de Carnot). e Wi =
. . P Tecnologia T (*C) Rend. (%) Aplicaciones
3l E_}(ISten dlferente‘_‘; tech'loglas de Alcalina (AFC) 80-100 60 Espacio, Submarinos
pilas de combustible que permiten Polimeros e e Transporte, Portitil
su uso en distintas aplicaciones e _ _ Ftaclonario baja potenc
(transporte, generacion (DMFC) S0 o Porta
estacionaria, telecomunicaciones, AcdoFostirico | 200220 | 4045 | Estacionario media potencia
aplicaciones portatiles, etc.) y con p—
. . Fundidos (MCFC) 600-650 45-60 Estacionario alta potencia
variados rangos de potencia (desde
vatios a megavatios). D"i&“;:gi]d“ 800-1000 50-65 Transporte, Estacionario

Fuente: AEH,.



1. HIDROGENO COMO VECTOR ENERGETICO.

Membrane Electrode
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Fuente: AEH,.



1. HIDROGENO COMO VECTOR ENERGETICO.

A partir de Fuentes No Renovables

Fuente: AEH,.



1. HIDROGENO COMO VECTOR ENERGETICO.

A partir de Fuentes Renovables
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Fuente: AEH,.



2. TECNOLOGIA DE ELECTROLISIS.

Electrolysis of Water

HYDROGEN OXYGEN

1 Cathode Anode
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=t is a 100% emission free
and carbon-free process

Source: Hydrogenics.




2. TECNOLOGIA DE ELECTROLISIS.
Hydrogen Math

“ require M to produce

10 Liters of ~ 57 KWh 1 kg Hydrogen
drinking water Electricity

h‘ contains Which . et
allows you RO %

1 kg Hydrogen ~ 33.3 KWhr 24 days 100km
Energy ‘5;55‘?"&“22923 ok

Source: Hydrogenics.




2. TECNOLOGIA DE ELECTROLISIS.

Source: H2B2.



2. TECNOLOGIA DE ELECTROLISIS.

Source: H2B2.
14



3. GESTION DE LAS ENERGIAS RENOVABLES.

ENERTRAG-Hybrid Power Plant

Fhectricesl Griod 3 Wind Turhines Hydrogen Prodution
itk | i'1 -.
= ——- "
;{i'ﬁi Eloctricity Elactricity
el :
2 CHP's, Combined Hoat IR
and Pow er Plants
r
¥ -_! g _'-' - ..E
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Mixing Vafve

Bméas
g
Biogas Storage

Source: ENERTRAG.




3. GESTION DE LASENERGIAS RENOVABLES.

Source: SIEMENS.



3. GESTION DE LAS ENERGIAS RENOVABLES

ST

3 x 1.25 MW nominal load 2x82m3 80 bar, 5.0

(2.0 MW peak) 35 bar outlet pressure

Power grid Gas storage T s
connection 20kV (max. 8 MPa) NG g injection
‘ Py 7'y
Transformer-
Rectifier Unit
‘ lonic Compressor
Max. output /station: 3500A DC
Electrolysis Compressor L 4 Compressor
Input voltage 20 KW 3-ph > DeOxo Unit > »
g 2.3.5 MPa Oxo Uni Condensate trap p—» 15t stage 2nd stage {
f I s
t Final drying
Water B e e e sy _!
purification Condensate recycle }
Trailer filling
| Min. pressure inlet 15 bar 22.5 MPa
Max. water consomption: 1 m3/h Max. pressure outlet 250 bar

Produced water quality < 1uS/icm

Trailer pressure 200 bar,
Page 6 © Siemens AG 2015 All rights reserved. 300-600 kg duration fueling ~3h DS /PD LD HY

Source: SIEMENS.



4. ESTABILIDAD DE LA RED ELECTRICA.

Hydrogenics’ electrolyser provides
frequency regulation on Ontario grid
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HySTAT® electrolyzer provided
frequency regulation by responding
to real-time frequency regulation
signals from the IESO on a second-
by-second basis.
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Source: Hydrogenics.




0. INYECCION DE HIDROGENO EN LA RED DE GN.

e-on Power to Gas ENERGIE |
fur Hamburg ===

Wir speichern
7 Griinstrom im Gasnetz

Variabilidad entre diferentes normas nacionales. Complejas interpretaciones

-
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k o=, | Y SO'}Q(OK" HYDROGEINIC o 1% 2% 3% % 5% % 7/ w 9/ 107 11/ 12/5 13 o e
- ey

Source: www.hysolutions-hamburg.de



6. POWER TO GAS.

ELECTRICITY

NETWORK
Wind
CHP,
Solar Turbines
Other
renewables POWER GENERATION
— —
POWER STORAGE
=l TN o [ S —
: H,
1 Electrolysis,
; H,-Tank H
; Biogas Methanation
H CH4/CO5-Tank
E (Biogas-Tank)
Biomass, | Biogas | Heat
Waste : plant CH./ CO,

_______________________________________________________________

Source: Solar Fuel.

NATURAL GAS
NETWORK

- for heat
- for transport

' Renewable Power Methane,
integrated in a biogas plant



6. POWER TO GAS.

Wind Energy
Renewable energy generated by
Land and off-shore wind parks

Power Network
Renewable energy for

H: Extraction
Electrolysis separates water
into diaxygen and hydrogen.

Audi

e-gas Supply
Renewable energy available
at any time for any purpose

Generation of e-gas
Methanation joins hydrogen and carbon
diomde into water and e-gas.

e-gas Station

A vast growing number of e-gas
stations supplies e-Qas driven cars

Source: Audi.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Source Hyundai.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

S ‘ - Autonomia
- Emisiones limitada
—_Combustible Fu EL CELL - Tiempo de
importado + Gran autonomia + Cero emisiones gL
+ Rapido + Alta eficacia - Espacio en
repostaje energetica vehiculo
+ Poco afectado s N GGHEY - Prestaciones
por el clima : p afectadas por
+ Silencioso el clima

+ Escalable al
tamano del
vehiculo

+ Fuente
energetica loca

Source: Hyundai.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

ESPECIFICACIONES TECNICAS

20 HYUNDAL G

-specificaciones
lecnicas

Dimensiones exteriores

Largo 4410 mm
Ancho 1,820 mm
Alo 1,670 mm

Batalla A 2640 mm
Ruedas

LUlantas Aleacion 16" x 6,5J

Neumaticos 215/70 R16
Repuesto Kit reparacion

Direccion

Cremallera asistida

Tipo x
P electricamente

Diametrogiro | 1058 m

Cadena cinematica
Traccion
Transmision
Pot. Max. Pila Combustible
Pot. Max. Motor Electrico
Par Max. Motor Electrico
High Voltage Battery
Emissions
Curb Vehicle Weight
Tanque de Combustible
Combustible
Volumen
Capacidad
Tiempo de Repostaje
Prestaciones
Max velocidad
Aceleracion (0-100 KPH)
Temperaturas de Funcionamiento
Economia

Autonomia

Consumo

4 x 2 Delantera

Fija (1 velocidad)
100 kW

100 kW(136 hp)

300 Nm

180V / 0.95 kwh / 24kW Li-Po
Water vapor(H.0)

1,830 kg

Hidrogeno

1441

5.64 kg (700 bar)

5 minutos

160 km/h

125 sec

-20°C ~ 40 *C

594 km (NEDC)
0.85kg H,/100km(NEDC)
27.8 km/ liter(gasoline)(NEDC)

Source: Hyundai.




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

S0 HYUNDAL B s

3rincipcles S|Stemas

~~ Tanques de
-~ hidrégeno

S
_ Pilade
\ _ combustible

.2 A
2 F Conversores

Motor

‘\electrlco

>

Source: Hyundai.




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Working Modes

Source: Hyundai.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Fuel Tanks

Hydrogen Infrared emitter (HIE)

Hydrogen cut-off

T Temperature-sensitive quick release

Durability 5,000 charges / 15 years

Source: Hyundai.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Fuel Cell Stack

MManifold block

\

«—— Stack
Enclosure

e

SVIM

Source: Hyundai.

Component
name

SVM Measures the stack cell voltage
Manifold block Distributes hydrogen gas and air
Busbar High-voltage stack connection device

Ensure cold startability by heating up the

e stack end cells

Stack module Electricity generator module

Enclosure Stack module protection

Hydrogen — el
Oxygen —
Coolant —

MEA+GDL Bipolar Plate




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Fuel Cell BOP

Aar filter Air compressor  Humidifier . Air
l Operating processing
: pressure system
Air intake — —_— regu Ialur
T I S, = Exhaust
PE Coolant
Thermal management system Coolant F'urgE valve Draln valve Hydrogen fuel
processing
_ Sy
COD
" Fuelcell
k Heater stack
S § Water tl—a
Radiator [ EJECt{iJ ' P
Ly Hydrogen
" El’fgg";;“: bara Hydrogen recirculation
Hydrogen pressure
crTv Coolant pump CBY 17 bara

lon filter

Source: Hyund

High pressure|
hydrogen gas;

Hydrogen Hydrogen
supply valve cut-off valve

ai.



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.
Packaging

Fuel cell stack High-voltage
(Stack) junction box

Hydrogen fuel
processing system
(FPS)

T

Air processing system
(APS)

o

Source: Hyundai.

Thermal management
system
(TMS)




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Performance & Main Figures

Total output 135 kW
Fuel cell
T Stack 440 cells (255-450 V)
Stack power a5 kw
Permanent Power 120 kW
Magnet
Drive motor Torque 395 Nm
Power 40 kW
High-voltage
Battery Voltage 240V
Capacity 1.56 kWh
700 bar )
Hydrogen tanks Capacity 6.33 kg / 156.6 €
Max. speed 179 km/h
Acceleration 0 — 100 km/h 9.7 seconds
Range 754 km (NEDC)

Source: Hyundai.

124 kW
434 cells (250-450 V)
100 kKW
100 kKW
300 Nm
24 kW
180V

0.95 KWh

564 kg /144 ¢

160 km/h
12.5 seconds

594 km (NEDC)



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.
Dedicated FCV &

TOYOTA

gy , ALWAYS A

BETTER WAY

Power control unit.
NiMH battery

Traction motor &

Boost
converter
Fuel cell stack

Hydrogen storage tanks



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.
Toyota Fuel Cell Stack &2

TOYOTA

Volume Weight Power
ALWAYS A

_43% _48% +2 6% BETTER WAY

2008 MODEL FUEL STACK MIRAI FUEL STACK

1.4 Kw/L 3.1 Kw/L : world’s highest
(Maximum output: 90 kW/volume: 64L; weight: 108kg) (Maximum output: 114 kW / volume: 37L; weight: 56kg)

200 cells x dual-line stacking = 400 cells

70 cell
2.2 times better sFierls —1
volume power density

r— Single-line stacking

Humidifierless — world’s first




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.
S,
Toyota State Of The Art H, Tank Q)

TOYOTA

N . ALWAYS A
Cylindrical section \ BETTER WAY
Boundary section : il
B ()
- -40%
N carbon fiber
PSInE Schon ( material used
/
Plastic liner

Carbon fibre-reinforced plastic layer

Boss 700 bar

Glass fibre-reinforced plastic layer




7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO. >
Toyota H, applications growing ToYoTA

ALWAYS A
BETTER WAY

Toyota Fuel Cell Bus project — 100
buses for Tokyo 2020 Toyota Forklift



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.
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7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

Fuel-cell composition Hydrogen fuel tank

N s

LI IE ] il
N - “‘r!\ \
Traction motor  Traction inverter & Auxiliary converter Battery compositon
DC/DC-converter

B Replacing diesel traction by electrical traction system
B Primary energy supply by hydrogen fuel cells

B Intermediate energy storage by Li-lon batteries
» to boost during acceleration
» to recover kinetic energy during braking

m All electrical auxiliary supply

Modern energy supply and storage system combined with intelligent

energy management

& ALSTOM SA. 2015, All rij =~d nformialion contained in this doﬂ.me’tslnc:lca we only. Mo representation or warmanty is given or should be relied on that it s complete or comect ')
E'M” apply b ozyp:‘tc..la"m{ga This depefdm h eoh {:a Jm{x-'nme'cd sta'lc:es. it is provided without liabi t}?d is subject to change without notice.
LCtion, disciosU

::urn authorisation, is sl:"cd;."fnh ibed



7. HIDROGENO COMO COMBUSTIBLE ALTERNATIVO.

FLETTNER ROTORS FOR DIRECT

HARVESTING OF THE WIND
FLETTNER ROTORS FOR DIRECT

HARVESTING OF THE WIND H, TANKS

BATTERIES

I

FUEL CELLS

PROPELLER
WITH E-MOTOR




8. GENERACION DE AMONIACO RENOVABLE.

Typical ammonia plant today'
Ammonia conversion

and separation here!

R e e e R e e e e e ey — — o — — w— — — — —
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/ N, + 3H, > 2NH,

Gas preparation: significant portion
of plant exists to produce H2




8. GENERACION DE AMONIACO RENOVABLE.

Typical ammonia plant in near future
Ammonia conversion
and separation here!

-~ Sy
I \
I - 8- [ |
d en | [ p)] o |
Electrolyser ! ;| i :
1
I ﬂb LN -1.5 -
_*M ; !
Y| ——— :
I y i I'_*I { "'-_._-"’ I
air Air SQPHmI'ﬂ“ Ni I W *_J I
Unit | =)
N — J
* — M

/ N, + 3H, © 2NH,
Gas preparation: ultra pure Syngas

from water electrolysis and air
separation unit



CAMPUS DE EXCELENCLA INTERNACIONAL

3. GENERACION DE AMONIACO RENOVABLE.

® Ammonia is not only a potential hydrogen energy carrier
but also a carbon free fuel for direct use.
® Wide range of utilization technologies are covered.

[ Power Generation ]

Small-middle size gas turbines

i i - Liquified
Advanced combined cycle gas turbine N - ﬁﬁgmk — e
NH3
Co-fired ammonia at coal power plant e
SOFC
Industries
Industrial furnaces Marine engine Reciprocating engine

Co-fired ammonia at incinerator

Exhaust heat

?

H2, N2, d
H2 '

Residua combustor !
MNHz '




9. GENERACION DE METANOL RENOVABLE.

WATER ELECTROLYSIS METHANOL SYNTHESIS 0, CAPTURE 0, SOURCE
v v v v
HO '
ZINIZIN ol
Ol [ )
ELECTRICITY
| | SURPLUS

ELECTROLYSER METHANOL PLANT

CARBON CAPTURE PLANT POWER PLANT
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10. CONCLUSIONES.
@airtiquide ALSTOM A angioamerican CHD

MOUD DAIMLER oacicc HONDA

B <€ Kawasaki OC
THE LINDE GROUP

9 Iwatani

TorTAau

@@ HYUNDAI

TOYOTA

18% ¥ $2.51r

of final energy ' annual sales

demand (hydrogen and
equipment)
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