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Arctic sea ice, 1979 Arctic sea ice, 2003

Source: NASA
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Los Angeles Fans Rotterdam
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* El hidrogeno es un vector energetico. No
existe en cantidades significativas en
nuestro planeta. Sin embargo sirve para
almacenar y transportar energia, asi como
para producirla mediante su combustion
convencional o electroguimica.

e Sus poderes calorificos valen:
— Inferior: 120 MJ/kg
— Superior: 141.86 MJ/kg
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» 1 kg de H, equivale a 2.78 kg de gasolina, a
2.80 kg de gasoleo y a unos 3 kg de gas
natural

» 1L deH, liquido equivale a 0.268 L de
gasolinay a 0.236 L de gasodleo

1L de H, gas (350 bar y 25 °C) equivale a
0.10 L de gasolina, a 0.09 L de gasoleo y a
unos 0.3 L de gas natural (350 bar y 25 °C).
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e Un electrolizador con un rendimiento del 85 %
que produzca 10 Nm3/h de H,, consume 35.29 kW
y 8.091 kg/h de agua

« Una pila de combustible de 10 kW gue tenga un
rendimiento global del 45 % consume 7.40 Nm3
de H,/h 6 0.667 kg de H,/h y produce 6.00 kg/h de
agua,

o 1 kW electrico produce 0.4 kW eléctricos si la
energia se almacena como hidrogeno y se recupera
de nuevo como energia eléctrica en una pila de
combustible.
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Example: all vehicles will mn on Hydrogen

Vehicle type Fuel Fuel
Consumption Consumption
ICE 2002 FCV*

passenger 185 PJ s PJ

gasoline

FPassenger LPG 20 PJ a Pl

passenger 7 PJ 40 PJ

diesel

heavy duty diesel | 200 P.J 106 FJ

Total 480 FJ 230 PJ

* Fuel consumption calculated from GA well to wheel study
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7500 MW Wind energy renders: 70 PJ electricity
1500 MW Solar PV renders: 5 PJ electricity

Efficiency electrolyser: max 85% (at present: 75%)

75 PJ electncity renders 63.5 PJ hydrogen

We needed:
230 PJ total (123 PJ passenger cars + 107 PJ Heavy Duty)

Assuming 100% efficiency in distnbution and storage



ENERGIA, COMBUSTIBLES Y

350 FJ Biomass renders: 183 FJ hydrogen
44 PJ wind + PVelectnicity renders: 63.5 FJ hydrogen
Total supply Renewable Hydrogen: 245 PJ hydrogen
We needed for transport: 230 PJ total

Assuming 100% efficiency in distnbution and storage
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MOTORES DE HIDROGENO
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Energy consumption for Hydrogen compression and liquefraction

Hydrogen Compression: 200 bar:10% versus 1% for NG

800 bar:16% versus 2% for NG
Hydrogen Liquefraction: =25 %

Energy consumption of Hydrogen distribution

HydrogenTube trailers: 20% per 100 km delivery distance
versus ~ 6% for natural gas

Hydrogen FPipeline: 10% per 1000 km pipeline distance
versus ~ 2% for natural gas

" B. Eliasson, ABB-Swizerand in Fuel Call Word Proceedings, 2002
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Hydrogen for Transport Applications
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« Central production, and tube trailer (26.10° m3/fyr):

« On-site NG-reforming @ 75% efficiency:

« On-site electrolysis @ 85% efficiency:

- Results in 36 tube trailers/day
(compared to one 30 m? gasoline truck/day)

- Annual NG consumption: about 13,108 m#

- Equrvalent to 6500 houses
(2000 m3yrfhouse)

- Annual electricity use: about 110.1F kWh
- Equivalent to 33.103 houses
(3200 KWhiyrhouse)
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Driving range: > 600 km
Refuelling tme: < 2.5 minutes

Cost < $333

=tate of the Art (DoE 2004 Review)

volumetric  gravimetric cost

density density $#kWh
kWhil kWhikg

Dok target 3 2.7 2
compressed H2 0.8 2.1 12
350 bar

compressed HZ 1.3 1.8 16
700 bar

liquid H2 1.6 2.0 il

Matal Hydride 0.6 0.5 16



PRESENTE Y FUTURO DE LOS
MOTORES DE HIDROGENO




PRESENTE Y FUTURO DE LOS
MOTORES DE HIDROGENO

SISTEMAS PILA DE
COMBUSTIBLE - MOTOR
ELECTRICO
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Transport (o0 kW)

City Transport (200 kW) _
City Transport (2-7 kW)

& Cost Target: $50/ kWe

Lowernng of emissions: particles, NCx, CO, CxHy, S0x
Lowenng of fuel use, decreasing CO, emissions
Lowering of noise

Fuel diversification

T
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The technical feasibility of Fuel Cell systems on hydrogen is proven.
Remaining technical issues are:

Robustness
Vehicles are operated between —30 and + 40 °C,

undergo mechanical and thermal shocks etc.

Cost
The cost level of the technology to be replaced is approximately €50/kWe

Efficiency
(Gasoline and Diesel Hybrids are already 30% more efficient than non-hybnd vehicles.

In addition, for systems on gasoline and other liquid fuels:

Integrated Fuel Processors
CO tolerant fuel cells; High temperature membranes
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1-cylinder Hydrogen
Wehicle by Lenair,
1580

Ford Maodel U

Hydrogen ICE

ehicle

2004
Hydrogen
Space Shuitle
1880

Internal Combustion
Hydrogen Engine
2004

Hydrogen Scram.et
Masa 2004
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Comparacion y alternativas



PRESENTE Y FUTURO DE LOS
MOTORES DE HIDROGENO




PRESENTE Y FUTURO DE LOS
MOTORES DE HIDROGENO
_ Delyacimiento al tanque (GM/LBST) |

Fuel Pathway MU/ g CO2/IMJ.,
gasoline 1.16 87
Compressed H2 (700 bar) 1.87 103
from natural gas

Liquid H2 from 2.14 124
natural gas

Compressed HZ (700 bar) 4 64 208
from ELU-mix electncity

Compressed HZ2 (700 bar) 1 66 0
from Wind energy

Compressed HZ (700 bar) 191 .,

from Biomass
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Vehicle

Gasoline ICE (2010)

Hydrogen |CE

Gasoline ICE HEY

zasoline FCV HEY

Hydrogen ICE HEY

Hydrogen FCV HEV

700 bar Hydrogen from Natural Gas
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Hydrogen Source

Electncity EL-mix

Matural Gas

Biomass

Wind

Reference ICE 2010
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(Gasoline ICE Gasoline Hybrid ICE Hydrocarbon FCW Hydrogen FCV
2003 2004 2003 2003

CO,  170/211 104/123 No reliable data 0/80* g/km
CO 0.48 0.18 0.008 0 g/km
NO, 0.03 0.01 0.000 0 g/km
HC 0.03 0.02 0.036 0 g/km

" hydrogen produced by natural gas reforming
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« [Disadvantages of Hydrogen:

High diffusion rates: danger of leaks
High flame propagation speed

Invisible flame (in theory)

Low energy of ignition

Wide ranges of flammability, detonability

« Advantages of Hydrogen:

High diffusion rate, buoyancy, therefore rapid dispersion
Less radiation from flame (as compared to gasoline)
Relatively low volumetric energy content
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Automoviles disponibles
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