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Fuels for Sustainable Mobility —

a European perspective

= The challenge of sustainable mobility
= Biofuels

= Hydrogen

= Electricity

= Synthesis
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Future mobility — the major challenges

= Air polluti M, SO2, NOx, ...)

e technologically solved
e zero emission is feasible

| Oil depletion e depletion midpoint 2007-15

e increasing consumption (e.g., China)
e increasing dependency on middle-east

= Climate change

* scientifically proven
* long-term effects unknown
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2000W society: energy reduction path
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Emissionsprognosen in der Mobilitat
(C. Bach, 1.3.05, EnergieSchweiz)
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2000W-pathway vs. Future mobility?

fossile fuel consumption of swiss mobility
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Boundary conditions for sustainable mobility

= COz-neutral energy supply
= High energy efficiency of cars

= no rebound effects (e.g., on working
places or biodiversity)
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suitable technologies
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Energy from biomass

large potential — little use
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Biomass potential in Switzerland
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Energy from biomass

complex boundary conditions

biomass

supply processing production energy use

% electricity

Energy policy

((5\ heat

Trade policy

Land use pollcy ) EJ fuel

Waste policy

n\&

Agriculture policy
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Biofuels

process technologies

Alternatives for transition —

Limited resources Renewable resources
/| '
/:l'qu'd Biomass from agriculture
gaseous liquid gaseous — Vegetable oil and forestry
Compressed o Biodiesel
Natural Gas Gas to Liquid — (RME)
CNG (GTL)

— Ethanol + Derivate
Liquid Natural Gas

(LNG) ~ Methanol + Derivate

— Sun Fuels
Biomass to Liquids (BTL)

First Generation Fuels \

Synfuels

Second Generation Fuels
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Bioenergy:

GHG reduction vs. costs
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Bilofuels:

potential conflicts

= Bioenergy production might
lead to land use conflicts...

Land area

Universidad de Chile, 24.3.06




Bilofuels:

potential conflicts

... or to regional conflicts:

= Local use of energy?
or

= Production of energy at most efficient sites for export?

- Production of Bioethanol in Brasil
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Potential of Biofuels?

* Technologies are * Limited amount
already in use (Biogas, (approx. 20%o of
Biodiesel, Bioethanol) European energy

= 2nd Generation will consumption)
come soon (BTL, wood = Land use impacts
to biogas) = Efficiency of power

= Conventional car generation > fuel
technologies can be production
used
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The Hydrogen cycle

Sun
Transport

Storage

Dissociation
of water

ENERGY H,
Photovoltaics
& Combustion
Hydropower
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Hydrogen:

higher efficiency

. . . . Betrachtungszeitraum:
Antriebs-Wirkungsgrade in % (im NEFZ) 2005 - 2010

BZ min/max _

O\

30 VKM min/max

Antriebskonzepte Quelle: VES
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Hydrogen: the storage problem

Storage Media Volume Mass  Pressure Temperature
max. 33 kg H,m? 13 mass% 800 bar 298 K Composite cylind.
o established
L
-
{—g 71 kg H;m3 100 mass% 1 bar 21K Liquid hydrogen
Q
o
=
20 kg H;-m?3 4 mass% 70 bar 65 K Physisorption
max. 150 kg H,-m= 2 mass% 1 bar 298 K Metalhydrides
150 kg H;-m- 18 mass% 1 bar 298 K Complex hydrides

atomic H

reversibility 7

>100 kg H,-m-3 14 mass% 1 bar 298 K Alkali + H,0
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Potential of Hydrogen

* Fully sustainable (if = Storage problems are
production is CO2- not solved
neutral) = Infrastructure is

= Unlimited availability missing

= High efficiency tank- = Cost-efficient CO2-
to-wheel neutral H2 production

not available yet

- Long term solution

Universidad de Chile, 24.3.06 EMPA‘



Renewable Energy Conversion

n = 0.85 (Hydro. 66%) 1.2 kKWhIkg 40 zn/air
n = 0.5 (Wind 1%) 5000 kthm3

r|0?

n = 0.1 (Solar. 100%) n=0.63
7 kWh/kg
18 mass%
150 kg Hjm 5800 kWh/m?3
n=09 .
— —p 1=046

1=0.85

sasoline:
|3 kWh/kg ' e
10°000 kWh/m?3 i " Internal combustion engine
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Land area for mobility generation?
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Bendotigte Flache fir gesamte CH-Fahrzeugflotte (4M Fz. & 15'000 km/a) [km2]

CH4; Energy- CH4; Energy- CH4; Wiese H2; Strahlung H2;2.8 H2; Strahlung 5 e-; PV-Anlage e-; PV-Anlage 5
Mais Zukunft Mais heute intensiv 2.8 kWh/m2*d  kWh/m2, ohne kwh/m2*d CH, ca.2.8 kwWh/m2*a
bewirtschaftet CH Verflussigung kWh/m2*a
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CONCLUSION

» BIOMASS
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