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Overview
In line with the European climate policy and going even further, the Dutch government has set ambitious targets for greenhouse gas emission reduction by 2020. Therefore, it aims at accelerating the market penetration of innovative technologies for sustainable mobility. This paper presents two innovation-scenarios in terms of their impacts on energy use and CO2  emissions of technical innovations in drive trains and alternative fuels in the Dutch road transport sector. The options considered are (plug-in) hybrids, efficient tyres, intelligent transport systems (ITS), biofuels, CNG/biogas and hydrogen. The prospects of these options and their conditions for success are discussed in detail. Emission reductions and costs are presented for the years 2020 and 2030, where the largest emission reductions are achieved with passenger cars, followed by delivery vans. In relative terms, buses show the largest emission reductions. 
 
Methods
Energy use and emissions of road transport have been calculated with the TEMPO simulation model (Transport Emission Model for POlicy evaluation) for sight years 2020 and 2030. The model includes the vehicle stock and indicates what penetration rates could be realisable. The following scenario’s have been developed.

Table 1
Scenario overview
	Clean and Efficient policy scenario with moderate EU policy
	Scenario 1: generic innovation in the Netherlands and the EU

	Scenario 2: hydrogen innovation in 
the Netherlands and the EU

	Policy as announced in the Dutch programme ‘Clean and Efficient’:

· Road pricing
· European CO2 regulation for passenger cars at 130 g/km in 2015, moderate CO2 regulation for vans
· Fiscal measures, e.g. for drivers of company cars and registration tax differentiation
· Promotion of ecodriving
	This scenario includes the following, on top of the ‘Clean and Efficient policy’:
· Large penetration of hybrid cars; in 2020 is over 80% of newly sold cars a hybrid; 6% of these is a plug-in hybrid 
· CNG for vans and buses
· Limited number of hydrogen buses 
· Heavy duty vehicles: 15% hybrids
	This scenario includes the following, on top of the ‘Clean and Efficient policy’:

· Quick market penetration of the fuel cell car (20% in 2030)

· Hydrogen in vans and buses
· 60% of newly sold cars is hybrid in 2020, 5% of these is plug-in hybrid. After 2020, fuel cell cars grow faster to the detriment of hybrids

· Heavy duty vehicles: 15% hybrids

	Biofuels: 10% in 2020 and beyond
	20% in 2020, 30% in 2030
	15% in 2020, 20% in 2030

	Efficient tyres: 25% at passenger cars, 2-5% at commercial vehicles 
	Market share efficiënt tyres and energy saving ITS up to 50% 
	Complete penetration of efficiënt tyres in 2030, high penetration of energy saving ITS



 Results
Figure 1 presents the CO2 emissions under different scenario’s. If both Dutch and European policy stimulate innovation to the extent necessary to achieve the market penetrations assumed in these scenarios, the CO2 emissions of road transport can be reduced with some 6 Mton in 2020, and decreasing further thereafter. The largest emission reductions are achieved with passenger cars, followed by delivery vans. In relative terms, buses show the largest emission reductions, because alternative fuels and drive trains can be introduced relatively easy in captive fleets.
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Figure 1 CO2 emission road transport
The net annual cost of the innovation scenario’s have been determined by subtracting the annual additional cost of the vehicle stock with the savings on fuel costs, and comparing this to the ‘Clean and Efficient’ policy scenario. This yields a 5% higher cost of the innovation scenario’s in 2030. The cost effectiveness in terms of euro per ton avoided CO2 depends on the development of fuel prices and on the extent to which economies of scale and learning effects occur. Moreover, not all benefits can easily be quantified.
Conclusions

We conclude that technical innovations in drive trains and alternative fuels can achieve substantial CO2 emission reductions in the Dutch road transport sector. Innovation scenario 1 builds on technologies already on the market, or close to the market, and is therefore less uncertain than the ‘hydrogen scenario’. However, it heavily relies on biofuels, of which the sustainability is only assured under strict conditions. Due to the limited potential for biofuels, and its suitability for freight transport, further emission reduction in passenger cars will probably require a successful market introduction of either hydrogen or electric vehicles.  
Since it takes 20-30 years to really achieve a transition towards a more sustainable transport sector, early action is necessary, but should be based on a long-term strategy with clear priorities. This requires a balancing of different policy objectives, such as CO2 emissions reduction, energy savings, air quality and reduction of the dependency on imported oil. It also requires an international effort to stimulate innovation at a scale sufficiently large to induce technology learning and thus cost decreases.
