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It is a well known fact that in the coming decades the world is likely to be facing such challenges as the impacts of an increasing global energy consumption and the implications of future shortcomings in the supply of fossil fuels, like oil or natural gas. Many geologists and oil experts predict the world oil production to peak already at around 2010. This will especially concern the transport sector as it depends almost entirely on the supply of oil.

In this context, it is important to evaluate the resources and long-term perspectives of fossil fuels with regard to the development of the global energy and fuel demand. In addition, both air pollutants and greenhouse gases from road transport are expected to increase due to an increasing mobility, especially in developing countries. Road transport in combination with an increasing urbanisation will further give rise to urban air pollution. A more stringent legislation on the composition of the conventional fuels gasoline and diesel with regard to reducing the content of sulphur or aromatics as well as new emission limits for vehicles are pushing the development of both clean cars and fuels; the European Biofuel Directive further aims at promoting the use of biofuels
. It is therefore crucial both from an environmental and also resource-economic point of view, to assess the realistic potentials of alternative fuels in the transport sector and the implications for national energy systems that come along with their usage. Alternative fuels can finally also contribute to a diversification of energy supply and help increase energy security.

In Figure 1 an overview about the currently most discussed alternative vehicle fuels and respective generation pathways is presented, distinguishing fossil and renewable primary energy sources. It can be seen, that the possible alternatives are quite numerous, not only with respect to the alternative fuels themselves, but also with respect to the primary energy basis and the chosen production process. The most important primary energy carriers for the production of alternative fuels are, on a fossil basis, natural gas, and on a renewable basis, biomass. 
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Figure 1: Production chains for alternative fuels for mobile applications

With the exception of „conventional“ biofuels such as ethanol or biodiesel, most alternative fuels are synthetic fuels, that are produced on the basis of synthesis gas, a mixture of hydrogen and carbon monoxide. According to the primary energy source, synthetic fuels (Synfuels) are distinguished as GTL (Gas to Liquid) and BTL (Biomass to Liquid) fuels. With respect to air pollution, synthetic fuels are especially attractive as they are practically free of sulphur and aromatics. In addition, synthetic diesel fuels such as DME lead to negligible particulate emissions. Another clean fuel that also has to be looked at in the “after oil age” is Hydrogen. However, concerning the implementation of a hydrogen economy, the strategies currently followed by policymakers, electricity suppliers and car manufacturers and also within these different interest groups are quite controversial. 

As Figure 2 illustrates, in the automotive sector, there are currently two parallel strategies being followed, one concerning the development of alternative power trains (e.g. improved internal combustion engines, hybrid cars, fuel cell cars), the other concerning the development of alternative fuels (e.g. biofuels, hydrogen). The long-term vision should be to synchronise these strategies in order to allow for renewable transport fuels, especially hydrogen, and its use in fuel cell cars. 
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Figure 2: Co-evolution of fuels and powertrains

Besides their use in the transport sector, some fuels such as LPG or DME also offer the possibility to be used in household applications (e.g. for cooking and heating) or as chemical feedstock. Considering the possibility of using different feedstock for their production, such multi-source, multi purpose fuels allow for more energy diversification and a more flexible product strategy.

It becomes clear, that there are many competing fuels and also car concepts (e.g. improved conventional ICE, electric/battery cars, hybrid cars, fuel cell cars). It is therefore important to assess their potential areas of application as well as aspects concerning their integration into the national energy system. This includes first of all an assessment of the techno-economic characteristics of the complete well-to-wheel process chains for the different fuel supply options and also a consideration of resource-economic limitations, such as availability of light fuel oils or biomass, as this is important to derive potentials for future development. Concerning the large scale integration of alternative fuels in a national energy system, it has to be investigated, how they could possibly affect the national energy mix which in turn also determines how the future electricity and heat demand can be met. 

In the context of renewable energies both their potentials for the production of transport fuels (e.g. hydrogen from wind energy by electrolysis or biofuels from organic waste) and their possible contribution to direct electricity and heat generation have to be considered under economical and ecological perspectives. Finally, the necessary investments as well as the consequences for CO2 emissions and primary energy consumption on national level have to be estimated. Such an investigation also needs to include assumptions on e.g. the development of the car fleet, transport-related fuel consumption and infrastructure considerations, especially for fuels for which such an infrastructure still has to be implemented (e.g. hydrogen). 

Conclusions

As outlined above, more emphasis should be put on estimating realistic potentials of alternative transport fuels at national levels, both with respect to reducing emissions of air pollutants and GHG but also for reasons of energy security. In this context, it seems particularly important to consider the implications of alternative fuels on the national energy system in an integrated approach. Such an approach should – both from an economical and ecological point of view – look at the competition between different primary energy carriers (fossil and renewable) at national level, and how they could best contribute to meeting the future demand for both electricity/heat as well as transportation fuels. The results of such an assessment could possibly help emphasizing the role of alternative vehicle fuels in air pollution reduction policies. 

Ongoing activities of DFIU/IFARE in the field of alternative fuels

· Project “Long-term perspectives of the energy mix in France and Germany”

Partners: European Institute for Energy Research (EIfER), Karlsruhe; Fraunhofer Institute for Systems and Innovation Research (ISI), Karlsruhe

· Project “Designer fuels derived from biomass through Fischer-Tropsch-Synthesis”

Partners: Engler-Bunte-Institute (University of Karlsruhe), Research Centre Karlsruhe (FZK)

· Project: “Development of a bottom-up energy model to assess the integration of a Hydrogen economy in the German energy system”

Partners: Fraunhofer Institute for Systems and Innovation Research (ISI), Karlsruhe

· Project: “Large-scale integration of renewable energies into the European energy system”

Partners: European Institute for Energy Research (EIfER), Karlsruhe; Fraunhofer Institute for Systems and Innovation Research (ISI), Karlsruhe; Bremer Energie Institut, Bremen
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� See also Directives 1998/69/EC, 2003/17/EC and 2003/30/EC.





