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PRODUCCION Y ALMACENAMIENTO DE HIDROGENO

Renovables: ¢ Cémo y Donde?
Fosiles: Un puente necesario
Nuclear: Si, también nuclear

Distintas soluciones para distintas necesidades

Gas Comprimido: La Unica solucion actual

Hidruros Metalicos Complejos: En busca de la formula cion ideal
Almacenamiento Quimico: La reversibilidad eslacla  ve
Adsorcion: Hibridacion fisisorcion/quimisorcion
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PRODUCCION DE HIDROGENO Y ELECTRICIDAD A PARTIR DE
ENERGIAS RENOVABLES

Hydrogen for
Transportation Fuel

Hydrogen Storage Tanks

Wind ; ; 3
Hydrogen Production/Dispensing

Farms




Instituto de Carboquimica
Grupo de Conversion de Combustibles Fosiles

SolarmasEs

Heat e
—
Electrochemistry Thermochemistry Photochemistry

Solar Hydrogen

Instituto de Carboquimica
Grupo de Conversién de Combustibles Fésiles

.

Concentrated
Solar Energy

Fossil Fuels
H,0 H,0

v

Thermo- L
chemical ‘ Reforming | Cracking | | Gasification |
Cycles H 1 H

co,ic
Sequestration

Solar Hydrogen




High Temperature Processes (HTP)
for Hydrogen Production

Project definition phase

Project Leader: Commissariat a I'Energy Atomic

I
inl
IEA/HIA — High Temperature Hydrogen Process Project Definition Phase Cadarache 07/01/22
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| Sulfur lodine cycle

Thermochemical I Sulfur Hybrid Cycle
cycles

I Other cycles

I Ferrite Redox Cycle - Ceria Redox Cycle

| Ce-Cl cycle

High Temperature _
P Electrolysis
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‘ | HTE v

| Water splitting by Plasma v

| Innovative Thermochemical cycles

Alternative 4
&y, processes

*A common development for nuclear and solar energies

*Allow Fossil/Renewable Hibridization
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Concentrated
Solar Radiation

Receiver
Receiver

Concentrator Heliostats Concentrator

H, from water-splitting via thermochemical
cycles on monolithic solar reactors

Stage 1: Hydrogen Production
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800 - 900°C

< 1200°C

AEROSOL AND PARTICLE TECHNOLOGY LABORATORY http:/iapt.cperi.certh.gr
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h . High Temperature Processes (HTP) for Hydrogen Production
High temperature process short review

=0

lodine / Sulphur process

Pure
thermochemical
cycles

Generation IV reactor
(HTRIVHTR)

R1(Bunsen) 912+8S0,+16 H.0 — (2H| +10H,0 +8L) + (H,S0, +4H,0) [120T]
R2 2HI = H, +1, [220-330C ]
R3 H,50, - 8$0,+H,0+% 0, [850T ]

IEA/HIA - High Temperature Hydrogen Process Project Definition Phase Cadarache 07/01/22




2 . High Temperature Processes (HTP) for Hydrogen Production
High temperature process short review

Sulphur hybrid process

Hydrid
thermochemical
cycles

Hafg)+ .50, (aq)
o
S0, (g} +2H0 )

S0, (g)+2HO ()= H;(g) +H,50, (aq) [electrolyze, 80T ]
H,50,(g) = H,0 () + S0,(g) + 2 05 (g) [thermochemical, 300-1000TC ]

IEA/HIA - High Temperature Hydrogen Process Project Definition Phase Cadarache 07/01/22

: . High Temperature Processes (HTP) for Hydrogen Production
High temperature process short review

T over 500°C

Sulzer Hexis 1 - 1.5 kW,
lg!'l Temperature Elantmlysml_i?lant
Why using high temperature 7
- Decreasing the ohmic resistance

» Using heat instead of electricity

Need to identify the most suitable temperature
for the optimum between efficiency and technology constraints ?

IEA/HIA — High Temperature Hydrogen Process Project Definition Phase Cadarache 07/01/22
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Method / Feedstack

Critical Parameters /
Assumptions

Costs
[$/kWh]

FOSSIL-FUEL BASED

Steam Reforming of NG

Sensitive to feedstock prices

002-004

Coal Gasification

High capital investment; 0&M

005-007

POX Crude Oil

High capital investment: O&M

003-005

HYBRID SOLAR-FOSSIL BASED

Solar Reforming of NG

Solar process heat: 0.016 $kWhi(]

Syngas: 0.03

Solar Ds ition of NG

Credit for C(gr) sale q

0.03-0.05

Solar SynMet

Sensitive to  and heat recovery

0.10-014

Solar Splitting of H;S

Credit for S; sale

004-005

100% RENEWABLE BASED

Solar Splitting of H,0

Materials; Ho/O; separation

Trough System + Electrolysis

Electricity @ 0.12 $/kWh,

020

Power Tower System + Electrolysis

Electricity @ 0.08 $/kWh,

0.16

based on
LHV of H, at
241 kJimol)

Dish Stirling System + Electrolysis | Electricty @ 0.18 $/kWh. 026
Solar High-T E ysi
PV Electricity + Electrolysis.

Power Tower System; T sensitive 0.13
Projection for 2010 q 020-030

Solar Photo-electrochemical

Solar ZnO/Zn Cycle

High T; materials 0.13-0.15
Electricity @ 0.06 $kWh, 0.10-0.17

Wind Electricity + Electrolysis

Biomass Gasification 006-0.10

Hydro Electricity + Electrolysis 0.10

SolarPanEs

Produccion por hectarea y afo de diversos
combustibles para el sector transporte

Rendimiento [Gj combustible final /(ha a)]

Suposiciones H,
*Area ocupada con SFV: 33%
*Irradiacion solar : 900 kWh/{m? ana)
Eficiencia paneles SFV: 15%
+Factor de calidad (AC/DC): 75%
«Eficiencia de suministro CGH,: 60%
*+Eficiencia de suministro LH,: 54%
*4,8 turbinas edlicas/km?
+2000 kW/ turbina edlica
+Periodo de carga maxima equivalente TE: 1800 h/a

Ancho de banda




Numero de turismos (hibridos) que pueden abastecerse por hectarea
Kilometraje anual por turismo: 12.000 km

[Coches/hal

80

101 Il Motor diésel
50 4 (] Motor de gasolina
] Pila de combustible

50 +
Vehiculo de referencia: VW Golf
40 4

30

t Ancho de banda
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POTENCIAL DE PRODUCCION DE HIDROGENO
A PARTIR DE ENERGIAS RENOVABLES

Technical Potential for Hydrogen from REG in EU15

s'ooo A s A

5.000 -

Biomass
4000 11 | Increase until 2030 ... PV
Rail
Maritime

3.000 - u L3 e S (MR Sl e R e | ... Solarthermal

Ocean
Geothermal

21000 e s ; B[] Wind onshore

1.000 2% o - ﬁ e -4 |... Wind offshore
0 - Hydro power

max  min  max

TWh/yr of Hydrogen

50%* 100%* %* 100%* 50%* 100%*
Fuel consumption g " 3 4
1998-2030 Scenario 2010 Scenario 2050 Technical Potential

* of renewable potentials available for fuel production
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POTENCIAL DE PRODUCCION DE
ELECTRICIDAD A PARTIR DE RENOVABLES

Table 7-3: Renewable electricity potentials in EU1S in [TWh/yr]

Situation 2001

Electricity
production from
installed
renewable
capacity

Scenario 2010

Renewable
electricity from
new capacity
installed between
2001 and 2010

Scenario 2050

Renewable
electricity from
new capacity
installed between
2001 and 2050

Technical Potential

Additional potential
not exploited until
2001

Hydropower 306

21.5

164

175-222

Wind offshore 0.3

14.7

514

551-3028

Wind onshore 32

67.0-133.2

Geothermal 4.5

11.5

238-333

333-541

367

Ocean Energy 0

0.4

Selarthermal 0

1.0

125
562

368
125-250
1404

Photovaltaic

2.8-6.9

402-492

402-1,642

Total Electricity

119-189

2,372-2,557

3,358-7,454

e CONSUMOS DE ELECTRICIDAD EN 2030 EN EU 15:

Transicién hacia la Economia del H

Instituto de Carboquimica

2(1)

Estadisticas para Espafia afio 2005
Fuente: EU Energy and transport in figures 2007/200 8

Situacién actual: consumo de
petréleo 52,8 Mtoe = 613,53 Twh

Transicion:

Rendimiento en la produccion por

electrolisis 85%

613,53 Twh /0,85 = 721,8 Twh
Sustitucion de ICE por FC: duplica

el rendimiento:
721,81 2= 360,9 Twh

600+

4004

200+

Produccion electricidad (Twh)

Situacion actual

613,53 Twh

(petroleo)

Equivalente del consumo actual de petréleo en Hidrégeno

721,8 Twh

Rto. electrlisis ~ Sustitucién FC por ICE
(se duplica el Rto)

(85%)

: 360,9 Twh

360,9 Twh

12



Transicion hacia la Economia del H , (11)

Generacion de electricidad en Espafia

Equivalente en Hidrégeno: 360,9 Twh

I Transicion
B Situacion actual

Produccién (Twh)

CLEAN POWER FROM DESERTS
The DE! ept fol

EU-MENA

Middie
| —eegRe———
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DESERTEC/MUNICH.RE

DESERTEC-EUMENA

INVERSION: Entre 400.000 y 500.000 Millones de euros
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La produccion de Hidrégeno a partir de Energias F6s  iles
sin emision de CO2 es tecnolégica y econémicamente
viable utilizando las técnicas existentes para la
CAPTURA Y ALMACENAMIENTO DE CO2 acopladas al

reformado con vapor de agua

-
-

ELCOGAS
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Hydrogen Production from NATURAL GAS
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Hydrogen v. CNG

I
WTW energy 2010+ vehicles WTW GHG
I
C-H2 FC hyb. C-H2 FC hyb.
FC FC
C-H2 FC C-H2FC
oTWw oTTWw
aw = WITT
C-H2 PISI hyb. C-H2 PISI hyb.
C-H2 PISI C-H2 PISI
CNG PISI hyb. E—C ICE CNG PISI hyb. \cE
CNG (4000 km) CNG (4000 km)
PISI PISI ‘ -"
Conv. Diesel Conv. Diesel ‘
DICHDPF DICI+DPF ‘
Gasoline PISI Gasoline PISI ‘ G
[ 100 200 300 400 o 50 100 150 200
MJ /100 km 9 COgeq/ km

If hydrogen is produced from NG, GHG emissions savi ngs compared to

direct use as CNG are only achieved with fuel cell vehicles

JEC WTW study 12/2005. HYCARE Symposium Slide 35
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IHETITUTO B

WTW analyse shows that H2/FC
vehicles release just 25% less of CO2
than CNG/ICE vehicles when hydrogern
Is produced frorn natural gas without
CO2 capture. This scarce reduction
could not be enough to justify tr

transition to FCV

HYDROGEN UTILIZATION IN VEHICLES

ture Hydrogen Venicles will be

electric cars (plug in) with extended

range | 'Jv]rled '0/ ?ln on 'oorlrrJ electri
n

fL Lel Qell Ofdc'd rJurJ'r ution of
FCV essen [EH/ rJeoer ds on previo
rnassive distripution of electric cars

15
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JEC WTW study 12/2005. HyCARE Symposium

Slide 39

HYDROGEN UTILIZATION IN VEHICLES

FC's are expensive and it will pass a
| b

long tirne before cormnrercizal
distripution occurs. In the meantime,

istri

electric cars with extended range
provided py an ICE adapted to CNG,
Cr2 and CNGH could play an irmnportant

20
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IMRTITITS bl

> In the year 2010, CNG vehicles will be highly
r*orrlpg'r]'r]vg with diesel vehicles when considering

the siringent 2010 emission requirernents

represent a significant part of public
ous fleets . That would facilitate the

introcluction of HCNG/ICE vehicles

21



Using of HCNG mixtures, whith
hydrogen produced without CO2
emissions |, in dedicated |CE would
allow Important COZ2 ernission
depletion in the 5‘rurt terrm and would
promote Introduction  of hydrogen in
the fuel-mix which would facilitate
introcluction of FCV

CNGH mixtures can be produced:

On-Site:

J\/JJ/JrJJ NG from the NG Grid and H2 produced on  -site by water
electrolysis (C02 erni issions depends on electricity gric

decarbonization : Nuclear/renewable< Coal+CCS<CC<Coal

Off-Site:

Produced at a CONG Plant and piped through t
ermissions rleoenrl on the energy sour e U f
Solaire <H2<HNG<NG

22



Electricity
grid

Mixing Unit

compressor compressor

compressor

Increasing H , using

CNGH mixtures can be produced:

On-Site:

Piped through the NG Grid frorm a Centrali
Catalytic Decarbonization of Natural G
depend or 1ergy source used for

r
FING<NG

-site by water
gricl

FCCS<CC<Coal

23



1.

compressor

CDNG

Solid carbon

compressor

CHNG (20%)

compressor

Increasing H , using

24



Association of Fossil Energy
witn  Renewanle Energy for
rlydrogen Production:

Flybrid Fossil/Renewable processes

cornbining utilization of fossil energy

(cheaper) and renewable energy (CO2 -free
unlirnited)
. @
!
' Il#
! $ % &
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) o+ Economia del hidrégeno
. #
+ + s ENERGIAS RENOVABLES
] # - I
- ' / ,
T =
0 o)
< ~a—_——
! - o
' Ciclo ideal del hidrégeno
a:;l_?ﬂlaL:
2 [
"3 4 /5 67,78 19,
# /9 D+ $ "
# o+ <+
$ n 4
W= ki =
619 A2? A7 7,78
1 6%1E9 << @27 @27
1C6 %19 2 ? 7,7@ 629===
B 1 6%I1E9== D,D >7 < >7.<
B 1C6%19== <? < 7,77< 67,29==4

* En condiciones normales.

** Suponiendo gasolina en vehiculo convencional (ICE) e hidrégeno en vehiculo
avanzado con pila de combustible (FC).

*** Dep0sito a 200 bar.
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Complex Hydrides for Hydrogen Storage. Shin-ichi Orimo, T Yuko Nakamori,t Jennifer R. Eliseo,+ Andreas Zu'ttel,§ and Craig M. Jensen*,,|[Chem. Rev. 2007, 107, 4111-4132
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1+D: Deshidrogenacion
Hidrogenacién bien conocida desde afios 40s Catalizador Pt/Carbono
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