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Overview

Reducing CO2-emissions (note that CO2 refers to CO2-equivalents) in road passenger car transport is a major objective of many governments world-wide. To meet this goal various types of policy strategies – fuel or registration taxes, promotion of biofuels, technical efficiency improvements of conventional cars as well as introduction of hybrid and battery electric vehicles (BEV) – are considered.

A very important issue in this context is to achieve specific objectives – e.g. (-20%) to 2020 in the EU – with a minimum of costs. All of the policies mentioned above are associated with corresponding costs for the customers and for society as a whole.

The core objective of this paper is to analyse the costs – and the corresponding CO2 reduction potential – of the policies documented above for the EU-15 countries. Furthermore, we aim for identifying the cost-minimal portfolio of measures to meet the EU’s 2020 target. This work is based on the outcomes of the EU-funded project ALTER-MOTIVE, see Ajanovic et al 2011 and www.alter-motive.org. 
Methods

To find out how CO2-emissions can be reduced we first identify what influences total CO2 emissions EMCO2 . They come about as follows:
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With 
vkm…Vehicle km driven, 
FI …. .Fuel intensity (litre per 100 km)

fCO2  ….Specific CO2-emissions per litre fuel.
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With 

PS….Service price

Y…..Income
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With 

PF….Fuel price

So we can reduce CO2 emissions by influencing either

· vkm (by increasing the price by taxes) or 

· FI (by introducing various measures for technical efficiency improvement) or 

· fCO2 (by using fuels with less carbon, e.g. biofuels, or electricity).

The method of approach is finally based on calculation of total costs for society and resulting CO2 reductions:
· For taxes these costs are the welfare losses for society; 
· For the technologies we consider the additional investment costs of the technology and the energy cost reduction respectively the increased producer surplus if the technology is produced in the region; 
· For alternative fuels we have to consider the additional production costs minus the increased producer surplus if the technology is produced in the region.
For the last two categories it is furthermore important to consider the technological learning effect.

Results

The CO2 reduction effects and the corresponding costs of the measures considered in the above categories for the aggregate of EU-15 countries are depicted in Fig. 1. 
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Fig. 1. Cost curve for CO2 reduction in passenger car transport in the EU-15 in the year 2010

The major result of this analysis – for further details see Ajanovic e al (2011) – is that the costs of taxes up to 36 mill tons CO2-reduction at a price of about 40 EUR/ton CO2 are cheapest for society. So reducing especially the vkm driven and valuing the corresponding welfare loss has the first priority. Next cheapest is switch to biofuels first generation – biodiesel, bioethanol and biogas (BM). This implies that by 2020 biofuels save at least 70% CO2 compared to fossil fuels. Based on this pre-condition these biofuels in our scenario save 28 mill tons CO2 at costs between 180 and 350 EUR/ton CO2. Measures of technical efficiency improvements – starting with start/stop automatics, over electric power assistants (mild hybrids) to power splits (full hybrids) and efficiency improvements of the classical gasoline and diesel engine – are in the range of about 1000 to 1500 EUR/ton CO2. The most expensive measures are to promote fuel cell cars (FCV) and battery electric vehicles (BEV) with saving costs above 2000 EUR/ton CO2. This is the reason why neither BEV nor FCV show up in this figure for least-cost reduction of 100 million tons CO2. Also BF 2nd generation are not among the least-cost solutions up to 2020 and do, hence, not show up in Figure 1.
Yet, most of these technological solutions are still in the early phase of market introduction. Given that a continuous adaptation of these technologies takes place up to 2020 a remarkable cost reduction of these technologies is possible. However, even if this takes place up to 2020 fuel tax will remain the cheapest solution for CO2 reduction.

Conclusions

The major conclusion of this analysis is that technological solutions alone are a very expensive strategy for reducing CO2 emissions. It is in any case of introducing standards highly recommended to accompany them with taxes. Regarding BEV and fuel cell cars up to 2020 no CO2 savings at reasonable costs for society will be achieved. 
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