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TheThe challengechallenge of of sustainablesustainable mobilitymobility
BiofuelsBiofuels
HydrogenHydrogen
ElectricityElectricity
SynthesisSynthesis
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Future Future mobilitymobility –– thethe majormajor challengeschallenges

Air Air pollutionpollution (PM, SO2, NOx, …)(PM, SO2, NOx, …)

ClimateClimate changechange

OilOil depletiondepletion

• technologically solved
• zero emission is feasible

• depletion midpoint 2007-15
• increasing consumption (e.g., China)
• increasing dependency on middle-east

• scientifically proven
• long-term effects unknown
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2000W 2000W societysociety: : energyenergy reductionreduction pathpath
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Emissionsprognosen in der MobilitätEmissionsprognosen in der Mobilität
(C. Bach,  1.3.05, (C. Bach,  1.3.05, EnergieSchweizEnergieSchweiz))
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2000W2000W--pathway vs. Future pathway vs. Future mobilitymobility??

fossile fuel consumption of swiss mobility 
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BoundaryBoundary conditionsconditions forfor sustainablesustainable mobilitymobility

COCO22--neutral neutral energyenergy supplysupply
High High energyenergy efficiencyefficiency of of carscars
no no reboundrebound effectseffects ((e.ge.g., on ., on workingworking
placesplaces oror biodiversitybiodiversity))



Universidad de Chile, 24.3.06

suitablesuitable technologiestechnologies

CLEVER (EMPA/ETH)CLEVER (EMPA/ETH)
HybridisedHybridised gas gas engineengine,,
methanemethane fromfrom biomassbiomass

SunFuelSunFuel (Volkswagen)(Volkswagen)
highlyhighly efficientefficient TDI TDI engineengine,,

biomassbiomass--toto--liquidliquid

HyLightHyLight (Michelin/PSI)(Michelin/PSI)
FuelCellFuelCell--lightlight weightweight carcar,,
HH22 fromfrom photovoltaicsphotovoltaics

CleanEnergyCleanEnergy (BMW)(BMW)
HH22 directdirect combustioncombustion
HH22 fromfrom photovoltaicsphotovoltaics

BiofuelsBiofuels

HydrogenHydrogen
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Energy from biomassEnergy from biomass
large potential large potential –– little uselittle use

http://www.german-renewable-energy.com/downloads/pdf/energy_from_biomass_india.pdf
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Biomass potential in Biomass potential in SwitzerlandSwitzerland
2025/2040 2025/2040 

Energy Consumption Swiss Mobility 2000

((OettliOettli et al., 2005, Potentialabschätzung Biomasse, BFE)et al., 2005, Potentialabschätzung Biomasse, BFE)
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EnergyEnergy fromfrom biomassbiomass
complexcomplex boundaryboundary conditionsconditions

biomass
supply processing production energy use

electricity

heat

fuelAgriculture policy

Forest policy

Waste policy

Energy policy

Land use policy

Trade policy

Environmental
policy
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BiofuelsBiofuels
processprocess technologiestechnologies

Second Generation Fuels
First Generation Fuels

liquid

Gas to Liquid
(GTL)

Liquid Natural Gas
(LNG)

Synfuels

gaseous

Compressed
Natural Gas
CNG

Limited resources

Alternatives for transition

Biomass from agriculture
and forestry

Biogas

gaseous

liquid

Vegetable oil

Ethanol + Derivate

Biodiesel
(RME)

Sun Fuels
Biomass to Liquids (BTL)

Renewable resources

Methanol + Derivate
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BioenergyBioenergy::
GHG GHG reductionreduction vs.  vs.  costscosts
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BiofuelsBiofuels::
potential potential conflictsconflicts

BioenergyBioenergy productionproduction mightmight
leadlead to land to land useuse conflictsconflicts…… TA, 30.3.05
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BiofuelsBiofuels::
potential potential conflictsconflicts

…… oror to regional to regional conflictsconflicts::

LocalLocal useuse of of energyenergy??

oror

ProductionProduction of of energyenergy at at mostmost efficientefficient sitessites forfor exportexport??

Production of Bioethanol in Brasil 
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Potential of Potential of BiofuelsBiofuels??

Technologies Technologies areare
alreadyalready in in useuse (Biogas, (Biogas, 
Biodiesel, Bioethanol)Biodiesel, Bioethanol)
2nd Generation will 2nd Generation will 
come come soonsoon (BTL, (BTL, woodwood
to to biogasbiogas))
ConventionalConventional carcar
technologiestechnologies cancan bebe
usedused

LimitedLimited amountamount
((approxapprox. 20% of . 20% of 
European European energyenergy
consumptionconsumption))
Land Land useuse impactsimpacts
EfficiencyEfficiency of of powerpower
generationgeneration > > fuelfuel
productionproduction
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TheThe HydrogenHydrogen cyclecycle
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HydrogenHydrogen::
higherhigher efficiencyefficiency
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HydrogenHydrogen: : thethe storagestorage problemproblem
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Potential of Potential of HydrogenHydrogen

FullyFully sustainablesustainable ((ifif
productionproduction isis CO2CO2--
neutral)neutral)
UnlimitedUnlimited availabilityavailability
High High efficiencyefficiency tanktank--
toto--wheel

StorageStorage problemsproblems areare
notnot solvedsolved
InfrastructureInfrastructure isis
missingmissing
CostCost--efficientefficient CO2CO2--
neutral H2 neutral H2 productionproduction
notnot availableavailable yet

wheel
yet

Long term solution



Universidad de Chile, 24.3.06

RenewableRenewable EnergyEnergy ConversionConversion
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Land Land areaarea forfor mobilitymobility generationgeneration??

 Benötigte Fläche für gesamte CH-Fahrzeugflotte (4M Fz. à 15'000 km/a)  [km2]
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ConclusionConclusion
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