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Visio general
L'hidrogen en el context actual



Augment progressiu de la demanda energeética
Esgotament progressiu dels combustibles fossils
Dependéncia energeética envers altres paisos

Deteriorament de |'entorn

Energies eficaces, renovables, adaptables i sostenibles
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The energy puzzle

A question of science, politics and communication
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A challenging European hydrogen vision
oriented

2050

/) use in aviation

Fuel cells become dominant
technology in transport, in distributed
power generation, and (n micro-applications

s — Direct H; production from renewables; 2050

Pz \oo \ de-carbonised H; society
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Widespread H; pipeline infrastructure

nterconnection of local = distribution grids; significant H;
production from renewables, incl. biomass gasification
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H; produced from fossil fuels with C sequestration

Clusters of local H; distribution grids 2020 H; prime fuel choice for FC vehicles

Significant growth in distributed power generation
with substantial penetration of FCs
4 2nd generation on-board storage (long range)
) ) )
2020 Low-cost high-temperature fuel cell systems;
FCs commercial in micro-applications

FC vehicles competitive for passenger cars
SOFC systems atmospheric and hybrid commercial (<10MW)

Local clusters of H; filling stations, H;
rransport by road, and local H; production 2010
at refuelling station (reforming

and electrolysis)

=2 produced by reforming
natural gas and electrolysis

2010 First H fleets (15t generation H; storage)
e Series production of FC vehicles for fleets (direct Hz and on-board reforming) and
other transport (boats); FC for auxiliary power units (incl. reformer)

Fossil
fuel-based
economy

Stationary low-temperature fuel cell systems (PEM) (<300kW)

Stationary high-temperature fuel cell systems (MCFC/SOFC) (<500kW);
H, ICEdeveloped; Demonstration fleets of FC buses

2000

Stationary low-temperature fuel cell systems for niche commercial (<50kW)
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Us energétic de I'H,:

e per combustio (AH=-241,8 kimol-!)

e en piles de combustible

H, + 20, = H,0



Separacion del depésito
de hidrégeno y oxigeno

y
? Space Shuttle
en orbita
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/|~ Separacion de los
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Les piles de combustible transformen |'energia d'una
reaccio quimica directament en electricitat (i calor)

Hydrogen
from Tank

ﬂ

PEMFC Electrical Current




1839: s'inventa la pila de combustible
William Grove

1889: primer intent de produir energia
Ludwig Mond-Charles Langer

1932: primera pila de combustible operativa
Francis Bacon



Space shuttle AFC, 12 kW



I. Aplicacions estacionaries:



Electric Energy v I Electric Energy

Fuel Cell

Renewable
Energy

Electric Energy ' y - Hydrogen (Hz2)

. (02
Electrolyzer with SRpRE—)

Hydrogen Storage Tank *



Vaillant, 1-4,5 kW



Ballard 250 kW

Long Island, 2001

UTC 200 kW
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Alaska, 2005



IT. Aplicacions mobils:



Vehicles d'emissio zero:

Austin A40, 1970 AFC
Dr. Karl Kordesch
Union Carbide, Ohio






Vehicles hibrids:

ALTERNATIVE ENERGY

ULTIMATE
ECO-CAR

SYNER
."

HYBRID TECHNOLOGY

NPNR )4

DIESEL ENGINES GAS/PETROL ENGINES

ELECTRIC VEHICLES



Islandia, abril 2003



Worldwide Hydrogen Refuelling Stations

Current number of database entnies: 227







Manhatan Scientifics, 2002

Honda, 2005
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3.5.3 Vista superior

Controlador del
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Aprilia, abril 2003
45 km/h
1,2 kW PEMFC




FASTec, 2003






MTU, 2003
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U31, Alemanya, 2003



Autobusos urbans a Los Angeles, Chicago,
Munich, Vancouver, Toquio...




| AUTOBUSOS AMB FUTUR | UNA APOSTA FERMA

NETS | MODERNS

La recent entrada en servei de tres autobusos propulsats per hidrogen reflecteix la determinacié de
Transports Metropolitans de Barcelona per millorar i fer més ecologica la seva nombrosa flota.
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% Ecologic Un dels tres Mercedes Citaro de pila d'hidrogen de TMB, davant de |'estacié de BP on reposten,

El Periodico, 7 de desembre de 2003
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III. Aplicacions portatils:



Various new

~_portable gear

Power eater

Digital -
cameras

Mobile phone
with video play

Battery
revolution

Fuel cells

music player Li-ion rechargeable batteries

Ni-Cd2 rechargeable batteries
(DU rechergeable balleries
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http://www.wired.com/images_blogs/photos/uncategorized/2009/01/26/worlds_smallest_fuel_cell_011.jpg

Casio (DMFC, 20h seguides)






KDDI (DMFC, 320h seguidesl!)
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Gas natural
Carbé

Petroli

Biomassa
Residus
Biocombustibles
Eodlica
Geotérmica
Hidroeléctrica

Nuclear

Solar

Reformacio

Cicles
termoquimics
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Endothermic reactor







Solar Energy

Photocatalyst
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ARTICLES

PUBLISIMED OMLINE Y3 MAY 2071 | 0O M0 10 I WOWEM D8

The effect of gold loading and particle size on
photocatalytic hydrogen production from ethanol
over Au/TiO, nanoparticles

M. Murdoch™, G. I, N. Waterhouse’, M. A, Nadeem', J, B Metson’, M. A, Keane’, R. F. Howe',
J. Lorca® and M. Idriss'?*

CB, Ti** (3d) e

Au/TiO, photo-catalyst




Es perillés I'hidrogen?

PR Y Y

Hindenburg, 1937




Mescles en aire inflamable explosiu

hidr‘ogen 4 % 13 %
benzina 1% 11%
meta 5,3 % 6,3 %

index de perillositat:

propa > benzina > hidrogen = gas natural



Exercici 15. Quina de les dues situacions d'incendi és
més perillosa?

3s 60s




Diffusion
@ Void

Molecular
Hydrogen

Hydrogen Blistering Hydrogen Embrittlement
Concentration of hydrogen After penetration, atomic hydrogen
in void increases, pressure reacts to form brittle compounds
also increases cracking. and increases cracking.
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Protection Layer (damage resistant)
Carbon Composite Shell (structural)

High Molecular Weight Polymer Liner (gas barrier) LH2 - Tank System

super-insulation outer vessel

inner vessel

Suspension

liguid Hydregen
{-2 ?‘:»

-253°C
safety val
safety valve

N < < gaseous Hydrogen
In-Tank Gas o\ | \\ ; [+20°C up to +80°C)
Temperature
Sensor

shut-off viahe

Gas Outlet Solenoid ~

electrical heatss
- reversing valve
In-Tank Regulator ~ (gaseous / liquid)

Pressure Sensor
(not visible here)

Pressure Relief Device (thermal)

Quantum



BMW, -235°C

outer vessal

radiation shield

inner vessel

hydrogen

heat exchanger

ambient air
liquefied air dried air
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Pressure-composition isothermal measurements:
Determines hydrogen equilibrium pressure at
various temperatures

Hydrogen gas press

Hy Discharging Ho

Ho pressure higher than | Ho pressure lower than i
| equilibrium pressure equilibrium pressure
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Diposit necessari per a emmagatzemar 4 kg d'H,:
(~350 km amb un cotxe amb pila de combustible)




Produccio d'H, /n situ: No cal emmagatzematge!



Produccié d'’hidrogen  Pila de combustible

A A
4 N/ \

Gasolina, MeOH,
EtOH, CH,, ...




Amb gas natural o biogas:

1. Fuel Processor (Reformer)
The Fuel Processor reforms the fuel (natural gas or anaerobic digester gas) to a hydrogen rich gas to feed the fuel cell stack.

2. Fuel Cell Stack
Hydrogen rich gas and oxygen from the air are combined in an electro-chemical process that produces Direct Current (DC) power, pure water and heat. The

byproduct water is utilized in the operation of the power plant. The waste heat is available through an integral hot water heat exchanger for use in meeting
other facility thermal energy requirements.

3. Power Conditioner
The DC power provided by the Fuel Cell Stack is conditioned to provide high quality Alternating Current (AC) output power.

4. Electronics and Controls
Each PureCell™ system can be remotely controlled and monitored.

W
W

T

UTC 200 kW




Ballard 250 kW



Amb combustibles liquids (hidrocarburs, alcohols,...)

échangeurs  jle  consommé

échangeur
reformeur

Reformador

échangeur

H;vers H;non essence

} } 's' H,0

~ @ir__ évaporateur

_ vers
" turbine

Véhicule Scénic 2 équipé d'une pile & combustible et d'un systéme reformeur
d'essence complet embarqué.

@ batterie 42 V + convertisseur de tension @ batterie de pulssance ®onduleur
O moteur électrigue @ convertisseur 15 kW Qréservoir d'essence @ pile 3
combustible @ reformeur essence @filtre 5 air @ refroidisseur d'air comprimeé

@ ensemble turbine-compresseur B condenseur d'eau pure Bpompe & eau
électrique @ensemble radiateur-ventilateur
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