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Overview
Low efficiency of vehicles, dependence on fossil fuels and high emissions are serious problems of passenger vehicles today [1]. Electrification of the powertrain is considered as one of the most promising approach to alleviate these problems. Nowadays some car manufacturers already hold hybrid vehicles in there portfolio and several others are expected to follow within the next years. Some car makers even announce the introduction of pure electric vehicles. 

The core objective if this paper is to analyze the following questions for the example of Austria: How does the introduction of hybrid electric and pure electric vehicles affect the energy system? How long does it take to shift the vehicle fleet from conventional drives to partly and fully electrified drives? What are the main factors that influence this development? What role can policy play in this shift?

To identify the main drivers of the diffusion of electrified vehicle propulsion technologies a model based analysis was performed considering six vehicles powertrain technologies with different degrees of electrification. They extend from conventional internal combustion engines over different hybrid electric configurations (mild hybrids, full hybrids, plug-in-hybrids, serial hybrids) to pure electric vehicles.
The paper is based on a research project supported by the Austrian Ministry of Innovation, Transport and Technology, with the objective to identify potentials of vehicle powetrain systems from a technical, environmental and economic perspective
.
Methods
The approach consists of three main steps: Firstly a detailed technical, ecological and economical analysis of the vehicle powertrain technologies was performed to determine fuel consumption, greenhouse gas emissions and investment costs [2]. In the second step the overall costs per kilometre of the vehicles were analysed considering fuel costs and political framework conditions in a dynamic context. Thirdly the market shares and the stock penetration of those vehicle propulsion technologies were estimated based on a model of the Austrian vehicle stock [3]. Therefore the vehicle stock was divided in three vehicle classes, (compact vehicles, middle class vehicles, upper class vehicles/SUVs) each class having specific characteristics, user groups and different sets of vehicle technologies available. 

With this model it was possible to investigate the effectiveness of policies on the diffusion of efficient vehicle technologies on the one hand and the impact of further drivers, such as fuel prices and development of vehicle technologies on the other hand. The results of the model were also used to show the effects of the aforementioned drivers on the energy consumption and the greenhouse gas emissions of the entire fleet. Therefore scenarios were developed to display the effects in medium to long term (2010-2050).Within this context the electricity consumption driven by vehicle electrification was a matter of particular interest.
Results
The Results indicate that generally the diffusion of electrified vehicles is quite robust. Taking a closer look it can be noticed that diffusion of vehicles with higher degrees of electrification (e.g. serial hybrids or pure electric vehicles) vary strongly in different scenarios. In particular political framework conditions can have significant effects on the diffusion of electric vehicles. Due to the high investment cost of such types of vehicles they can only compete under favourable framework conditions especially in the short run. It also shows that technological development of batteries has significant influence on their medium to long term diffusion. 
On a long term electrification of the passenger vehicle fleet can cause a major shift in energy demand of the entire sector. On short to medium term liquid hydrocarbons remain the dominating energy carrier for the sector [Fig 1].
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Fig. 1: Energy Carriers for passenger vehicles in Austria 2010-2050 (Policy Scenario)
Conclusions

The main conclusions of this analysis are: 

· Elelctrification of vehicles will considerably gain importance within the next years. Especially micro and mild hybrid configurations seem to become a standard technology in the near- to medium-term. They can be seen as a logical step in automotive development to increase overall vehicles efficiency while keeping the internal combustion engine as the main propulsion component and liquid fossil fuel the standard energy carrier. Their potentials of reducing the energy demand and the greenhouse gas emissions of the vehicle fleet however are limited. 

· In order to reduce energy demand and emissions more considerably, vehicles with higher degrees of electrification such as Plug-In Hybrids and Electric Vehicles are required. To promote the diffusion of those types of vehicles in a short term strong political measures are necessary. Their long term performance will highly depend on the technological development and the costs of batteries, representing the key component of those vehicles. This technological progress of battery technology will be strongly affected by the short term performance of eletrified vehicles due to technology learning effects. 
· Regarding the potential electricity consumption of the vehicle fleet in different scenarios it turns out that the increase in overall demand is practically negligible in the short term. In the medium to long term they only cause a slow rise of overall electricity consumption over a long period leaving electricity producers enough time to adapt their capacities. 
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