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PRODUCCION Y ALMACENAMIENTO DE HIDROGENO

PRODUCCION

• Renovables: ¿Cómo y Dónde?
• Fósiles: Un puente necesario
• Nuclear: Sí, también nuclear

UTILIDADES: Distintas soluciones para distintas necesidades

ALMACENAMIENTO

• Gas Comprimido: La única solución actual
• Hidruros Metálicos Complejos: En busca de la formula ción ideal
• Almacenamiento Químico: La reversibilidad es la cla ve  
• Adsorción: Hibridación fisisorción/quimisorción
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SE REQUIEREN CAMBIOS ESTRUCTURALES EN EL ESQUEMA DE PRODUCCIÓN
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PRODUCCION DE HIDROGENO Y ELECTRICIDAD A PARTIR DE 
ENERGIAS RENOVABLES



5

Instituto de Carboquímica
Grupo de Conversión de Combustibles Fósiles

Instituto de Carboquímica
Grupo de Conversión de Combustibles Fósiles
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Project Leader: Commissariat à l’Energy Atomic

High Temperature Processes for Production of Hydrogen :

•A common development for nuclear and solar energies

•Allow Fossil/Renewable Hibridization
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Instituto de Carboquímica
Grupo de Conversión de Combustibles Fósiles

Producción por hectárea y año de diversos
combustibles para el sector transporte
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Número de turismos (híbridos) que pueden abastecerse por hectárea
Kilometraje anual por turismo: 12.000 km

POTENCIAL DE PRODUCCIÓN DE HIDRÓGENO POTENCIAL DE PRODUCCIÓN DE HIDRÓGENO 
A PARTIR DE ENERGÍAS RENOVABLESA PARTIR DE ENERGÍAS RENOVABLES

Instituto de Carboquímica
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POTENCIAL DE PRODUCCIÓN DE 
ELECTRICIDAD A PARTIR DE RENOVABLES

•• CONSUMOS DE ELECTRICIDAD EN 2030 CONSUMOS DE ELECTRICIDAD EN 2030 ENEN EU 15:EU 15:

3841TWh3841TWh

Instituto de Carboquímica

Transición hacia la Economía del H 2 (I)

Estadisticas para España año 2005
Fuente: EU Energy and transport in figures 2007/200 8

Instituto de Carboquímica
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360,9 Twh

721,8 Twh

613,53 Twh

� Transición:

� Rendimiento en la producción por

electrolisis 85%

613,53 Twh / 0,85 = 721,8 Twh

� Sustitución de ICE por FC:  duplica

el rendimiento:

721,8 / 2= 360,9 Twh

� Situación actual: consumo de 

petróleo 52,8 Mtoe = 613,53 Twh

Equivalente del consumo actual de petróleo en Hidrógeno : 360,9 Twh
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Producción  (Twh)

 Transición
 Situación actual

x 6,3

x 17

x 8,3

57,54

21,1

43,96

Equivalente en Hidrógeno: 360,9 Twh

Transición hacia la Economía del H 2 (II)

Generación de electricidad en España

http://www.desertec.org/fileadmin/downloads/DESERTEC-WhiteBook_en_small.pdf
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DESERTEC/MUNICH.RE

INVERSION: Entre 400.000 y 500.000 Millones de euros
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La producción de Hidrógeno a partir de Energías Fós iles 
sin emisión de CO2 es tecnológica y económicamente 
viable utilizando las técnicas existentes para la 
CAPTURA Y ALMACENAMIENTO DE CO2 acopladas al 
reformado con vapor de agua

Instituto de Carboquímica

POR RAZONES ESTRATEGICAS ESTAS 
TECNOLOGIAS DEBERIAN UTILIZARSE 
SOLAMENTE CON CARBON
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Instituto de Carboquímica
Grupo de Conversión de Combustibles Fósiles
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HydrogenHydrogen ProductionProduction fromfrom NATURAL GASNATURAL GAS
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JEC WTW study 12/2005. HyCARE Symposium Slide 35


WTW GHG

0 50 100 150 200
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WTW energy

0 100 200 300 400
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Hydrogen v. CNG

If hydrogen is produced from NG, GHG emissions savi ngs compared to 
direct use as CNG are only achieved with fuel cell vehicles

2010+ vehicles
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WTW analyse shows that WTW analyse shows that H2/FC H2/FC 
vehicles release just 25% less of CO2 vehicles release just 25% less of CO2 
than CNG/ICE vehiclesthan CNG/ICE vehicles when hydrogen when hydrogen 
is produced from natural gas without is produced from natural gas without 
CO2 capture. This scarce reduction CO2 capture. This scarce reduction 
could not be enough to justify the could not be enough to justify the 
transition to FCVtransition to FCV

HYDROGEN UTILIZATION IN VEHICLESHYDROGEN UTILIZATION IN VEHICLES

Future Hydrogen Vehicles will be Future Hydrogen Vehicles will be 
electric cars (plug in) with extended electric cars (plug in) with extended 
range provided by an on board electric range provided by an on board electric 
generator powered by a hydrogen generator powered by a hydrogen 
fuelled Fuel Cell. Spread distribution  of fuelled Fuel Cell. Spread distribution  of 
FCV essentially depends on previous FCV essentially depends on previous 
massive distribution of electric carsmassive distribution of electric cars
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JEC WTW study 12/2005. HyCARE Symposium Slide 39


HYDROGEN UTILIZATION IN VEHICLESHYDROGEN UTILIZATION IN VEHICLES

FC’s are expensive and it will pass a FC’s are expensive and it will pass a 
long time before commercial long time before commercial 
distribution occurs. In the meantime, distribution occurs. In the meantime, 
electric cars with extended range electric cars with extended range 
provided by an ICE adapted to CNG, provided by an ICE adapted to CNG, 
CH2 and CNGH could play an important CH2 and CNGH could play an important 
rolerole
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•• In In thethe yearyear 2010, 2010, CNG CNG vehiclesvehicles willwill be be highlyhighly
competitivecompetitive withwith diesel diesel vehiclesvehicles whenwhen consideringconsidering

thethe stringentstringent 2010 2010 emissionemission requirementsrequirements

•• In In thisthis scenarioscenario CNG/ICE CNG/ICE vehiclesvehicles willwill
representrepresent a a significantsignificant partpart ofof publicpublic
bus bus fleetsfleets . . ThatThat wouldwould facilitatefacilitate thethe
introductionintroduction ofof HCNG/ICE HCNG/ICE vehiclesvehicles

Instituto de Carboquímica
Grupo de Conversión de Combustibles Fósiles
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UsingUsing ofof HCNG mixtures, HCNG mixtures, whithwhith
hydrogenhydrogen producedproduced withoutwithout CO2 CO2 
emissionsemissions , in , in dedicateddedicated ICE ICE wouldwould
allowallow importantimportant CO2 CO2 emissionemission
depletiondepletion in in thethe short short termterm andand wouldwould
promotepromote introductionintroduction ofof hydrogenhydrogen in in 
thethe fuelfuel --mix mix whichwhich wouldwould facilitatefacilitate
introductionintroduction ofof FCVFCV

CNGH mixtures can be produced:CNGH mixtures can be produced:

·· OnOn--Site: Site: 
Mixing NG from the NG Grid and H2 produced onMixing NG from the NG Grid and H2 produced on --site by water site by water 
electrolysis (C02 emissions depends on electricity grid electrolysis (C02 emissions depends on electricity grid 
decarbonizationdecarbonization : Nuclear/renewable<: Nuclear/renewable< Coal+CCSCoal+CCS <CC<Coal<CC<Coal

·· OffOff --Site:  Site:  
Produced at a CDNG Plant Produced at a CDNG Plant and  piped through the NG Grid (CO2 and  piped through the NG Grid (CO2 
emissions depend on the energy source used for heat ing:  emissions depend on the energy source used for heat ing:  
SolaireSolaire <H2<HNG<NG<H2<HNG<NG
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Mixing Unit
H2O NG grid

Electricity
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compressor compressor

CH2 CHNG (20%) CNG

compressor

Increasing H 2 using

FCV

H2
NG

H2 HNG NG

Extended range-Electricity car with ICE

CNGH mixtures can be produced:CNGH mixtures can be produced:

·· OnOn--Site: Site: 
Mixing NG from the NG Grid and H2 produced onMixing NG from the NG Grid and H2 produced on --site by water site by water 
electrolysis (C02 emissions depends on electricity grid electrolysis (C02 emissions depends on electricity grid 
decarbonizationdecarbonization : Nuclear/renewable<: Nuclear/renewable< Coal+CCSCoal+CCS <CC<Coal<CC<Coal

·· OffOff --site:  site:  
Piped through the NG Grid from a Centralized Instal lation for Piped through the NG Grid from a Centralized Instal lation for 
Catalytic Catalytic DecarbonizationDecarbonization of Natural Gas (CO2 emissions of Natural Gas (CO2 emissions 
depend on the energy source used for heating:  depend on the energy source used for heating:  
solairesolaire <H2<HNG<NG<H2<HNG<NG
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CDNG

NG grid

NG-H2
separation unit

Solid carbon

compressor

CH2 CHNG (20%) CNG

Increasing H 2 using

FCV

H2

HNG

NG

compressor compressor

Extended range-Electricity car with ICE
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Association of Fossil Energy Association of Fossil Energy 
withwith Renewable Energy for Renewable Energy for 
Hydrogen Production: Hydrogen Production: 

Hybrid Fossil/Renewable processes Hybrid Fossil/Renewable processes 
combining utilization of fossil energy combining utilization of fossil energy 
(cheaper) and renewable energy (CO2(cheaper) and renewable energy (CO2 --free free 
unlimited) unlimited) 

Instituto de Carboquímica

Grupo de conversión de combustibles 

fósiles y valorización de resíduos
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Economía del hidrógeno

Ciclo ideal del hidrógeno
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* En condiciones normales.
** Suponiendo gasolina en vehículo convencional (ICE) e hidrógeno en vehículo 
avanzado con pila de combustible (FC).
*** Depósito a 200 bar.
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