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1 Introduction
The transport sector is the largest sector concerning energy consumption within the European Uninon – and it is still growing. By looking into detail it turns out that the individual passenger transport is the most used transport mode and together with air transport it is growing the fastest. Concerning the GHG emissions transport is not the leader but the biggest growing sector. While in sectors like industry GHG emissions are decreasing – the emissions in transport sector are rising. Comparing the situation in Austria and the Czeck Republik the situation is quiet similiar: passenger transport by car is far the most used type of transport. To reach the targets of the Kyoto Protocoll it will be necessairy to include transport much stronger in policiy strategies. Changing the fuel for cars will be necessairy but not suffiecent to reach a sustainable mobility system. Therefore the key word will be “changing mobility” meaning to change the system of mobility (increase public transport, decrease driven ways, changing the fuel). 

We will describe the recent trends in the sector of transportation and different ways to change the system of mobility. First a road pricing system for Austria is evaluated, second the possibility of using alternative source of energy (hydrogen fuel) recent and future methods of hydrogen fuel production and transportation, more effective energy storage for transportation use (fuel cells). We will also try to present you with some steps of EU focused on supporting clear methods of transportation and energy usage (framework program): Moreover we try to point some risks and main problems of those programs/ technologies. In the end we want to discuss the system of Car-sharing which is nowadays worldwide introduced and if linked with the public transport it can also be a sustainable way to reduce GHG emissions.
2 General data and information on transport
Chapter 2 will provide an overview on general information on transport. First we will focus on the situation within the European Union. We show that transport is a very fast growing and strongly energy related sector. It will be necessary to include transport policies in the European and national policies in order to reach a CO2 emission reduction on a large scale. Moreover chapter 2 gives an overview about growth rates in transport and shows the development of the different modes (car, rail, aviation).
2.1 Transport in the European context

Fig. 1 illustrates the contribution of the transport sector to the energy consumption in the EU-25 in 2004. With 30.7 % transport is the largest sector concerning energy consumption and it is still growing (EUROSTAT, Europe in figures - yearbook 2006/07).
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Fig. 1: Gross inland consumption of energy of EU-25, 2004 
Source: EUROSTAT, 2006/07, p. 33

Next question coming up is why the transport sector is the most energy consuming sector and if there is a steadily increase in not only energy consumption but more​over in GHG emissions. Fig. 2 shows the passenger transport by mode in 2004 within EU-25. Nearly 74 % of all passenger transport is done by car, only 5.8 % of all travelled passenger-kilometres were done by rail. Aviation contributes by 8 % but air passenger transport is strongly growing as fig. 3 points out. Air transport rises the fastest: between 1995 and 2004 air passenger transport rose by 49 % (from 6.3 % by 2004 up to 8% by 2004) (EUROSTAT, Statistical Books – Panorama of Transport). Still the car passenger transport is the most used mode and therefore it makes sense to develop measures to reduce individual transport by car.
Fig. 2[image: image6.emf][image: image7.emf]: Passenger transport (passenger-km)
Fig. 3: Passenger transport by mode, 1995-2004, Source: Source: EUROSTAT 2007, Panorama of Trans-
Source: EUROSTAT 2007, Panorama of Transport, p.104

port, p.5

2.2 Transport in Austria and Czech Republic
[image: image8.emf][image: image9.emf]After a short overview on the transport situation in the European Union we will focus on the individual situation in Austria and the Czech Republic. The situation in Austria and the Czech Republic is similar to the EU-25. In both countries transport on road is the most chosen type of mode. Fig. 4 illustrates the situation in Austria: more than 85 % of final energy consumption in the transport sector is used by transport on road. Aviation is on the second position concerning energy consumption, rail on the third (EEA, Indicator fact sheet, TERM 2003 01 EEA-17). The situation is similar for the Czech Republic as fig. 5 demonstrates – transport on road is the most impor​tant mode regarding energy consumption (EEA, Indicator fact sheet, TERM 2003 01 AC + CC).
Fig. 4: Energy consumption by transport mode
Fig. 5: Energy consumption by transport mode 2
Source: EEA, Indicator fact sheet, TERM 2003 01
Source: EEA, Indicator fact sheet, TERM 2003 01
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AC + CC, p.3
2.3 Transport related GHG emissions
Chapter 2.1 showed that transport contributes with 30.7 % to the whole energy consumption in the EU-25. The question arises how much the transport sector contributes to the CO2-emissions. Both transport energy consumption and emissions from transport are growing fast due to a growth in transport volume. This matter of fact threats the European Union as it makes it even harder to reach the Kyoto targets (CO2-emission reduction by 8 %) (EEA Report, No. 3/2006). 
Fig. 6 illustrates the transport emissions compared with total GHG emissions in the EU-25. While transport is not the largest contributor of GHG emissions, it is the only sector increasing the emissions. Between 1990 and 2004 the GHG emissions rose by 26 %. This rise in GHG emissions outweighs the reduction in other sectors (e.g. energy production, industry). Facing the emissions by transport mode it is clear that road transport contributes the most to total GHG emissions (fig. 7). It is important to explain the high share of road transport related GHG emissions. International aviation and maritime transport are excluded from emission data – therefore a simulated increase in GHG emissions by road transport. Moreover it is relevant to recognise the small amount of emissions from rail transport. Electricity consumption is not included, only emissions from diesel and coal combustion are covered. Nevertheless 66 % of total rail energy consumption was dropped in electricity (EUROSTAT, Statistical Books – Panorama of Transport).
Fig. 6[image: image10.emf][image: image11.emf]: Share of transport emissions in total GHG
Fig. 7: GHG emissions from transport by
emissions, EU-25, 2004
mode, EU-25, 2004
Source: EUROSTAT 2007, Panorama of Transport, p.157
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2.4 Rise in transport volume

Transport is the largest consumer of energy and the fastest growing sector regarding CO2-emissions (chapter 2.1 and 2.3). This seems to be logical as the transport volume is steadily growing and nearly exclusively dependent on fossil fuel – 98 % is driven by fuel (EEA, Indicator fact sheet, TERM 2003 01 EEA-17). Reasons for the rise in transport volume are variegated. There is a positive correlation between a rise in households income and the number of cars and therefore also for the emissions from transport (Hensher, 2008). Another matter of fact for growing transport volumes is the geographical distance of different activities (e.g. living and working). It is more and more common to move away from urban centres and have long ways to go to work and home again. Not only the demand for mobility rose but also a strong increase in private cars and individual passenger transport was recognised (EURO​STAT, Statistical Books – Panorama of Transport).
The distance for half of all car trips is shorter than 6 km, 10 % of all trips are shorter than 1 km. Not only the movement to living in green areas contributes to the increase in individual transport – often roads are the most attractive way to reach working places or leisure activities. The question of decoupling economic growth (GDP) and passenger transport demand is not solved yet - there should be a slight decoupling in 2010 (EEA 2001, Passenger transport).
3 Movements to reach a sustainable transport system

As chapter 2 pointed out energy emissions of transport are fast growing. Increased GHG emissions are responsible for the ongoing climate change. Stern is speaking of the “biggest market failure in whole history”. Climate change causes externalities because the impacts of GHG emissions are neither financed from the producer nor from the consumer (Stern, 2006). Chapter 2 illustrated that the biggest mode in transport is car driving – therefore this paper will especially focus on internalising external costs in the road sector. We do not think that there is one single solution to bring GHG emissions from the transport sector down, therefore there has to be a policy mix to find a sustainable way in the transport sector. This chapter will deal with one economic method to reduce private passenger transport, namely road pricing. In the second part it will deal with technological changes and changing in fuel types. At the end we will provide a short overview of a system change in transport: car sharing.
3.1 Changing mobility with Road pricing
Road pricing is a broadly discussed method to reduce private passenger transport. In the beginning the aim was to reduce congestion later on it was also seen as a tool to reduce negative impacts on the environment. Road pricing is economically seen as the “first-best solution” (Steininger et. al., 2006; Marucci, 1998) while concentrating on vehicle emissions and parking fees are related to “second-best solutions” (Steininger et. al., 2006). The argument for road pricing is that marginal costs are larger than private costs of car driving and therefore economists are speaking of an externality (Marucci, 1998). To internalise this externality the price for driving a car must be equal to the marginal social costs of car driving. 
3.1.1 Acceptance of road pricing

Although people widely agree on the fact that private transport generates a negative externality and therefore imposes costs on society (Oberholzer-Gee and Hannemann, 2002) there is a big lack of acceptance of road pricing (Jakobsson et. al., 2000). There are different reasons why people do not support road prising. On the one hand people have the feeling of unfairness (Steininger et. al., 2006; Jakobsson et al., 2000) and on the other hand they see it as an intervention in personal freedom (Jakobsson et. al, 2000). As introducing a road pricing system is a task for national policy obstacles are often connected with a lack of political acceptance. If people have the feeling that they are treated unfair because of the implementation of such a system, policy does not want to implement it because they need their voters. A study showed that policy directions changes in the same direction like the public opinion in around 90 % of all cases. Moreover it seems that if you compensate people in the same “dimension” they will be more likely to accept a road pricing system. This means that using the revenues for investments in roads somehow satisfies people and makes road pricing more justified comparing to reducing labour taxes instead (Oberhozer-Gee and Hannemann, 2002). Regarding to environmental issues using revenues for public transport or supporting low-income groups seems more rational than investing revenues in road investments. 

There are three main differences between a fuel tax and road pricing: 1) it allows a differentiation between region and time, 2) everyone who is driving on the road has to pay – there is no way for not paying the fee instead of not driving (in case of a national fuel tax people can avoid paying the tax by refilling in neighbour countries) and 3) the full costs per kilometre are more visible through a pricing on board unit than for a tax. (Steininger et. al., 2006)
3.1.2 A road pricing system for Austria
Next we will illustrate a computable general equilibrium analysis for Austria done by Steininger et. al. They tried to invent a model for road pricing in Austria with the aim to quantify the impacts of such a system on different income-groups. In this model people could spend their money on non-transport goods and passenger transport. Passenger transport could be divided in car transport and public transport. The share of non-transport goods is the same for all household types. It is often argued that poor households suffer the most in case of the implementation of a road pricing system but Steininger et.al. shows that this condition does not hold.
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Table 1: Transport expenditures of households
different income classes for Austria 2000
Source: Steininger et. al., 2006, p. 5
Source: Steininger et. al., 2006, p. 4
Fig. 8 presents on the horizontal axis the five different income groups and on the vertical axis the transport performance per workday and household. The first grey bar shows the driven car mileage the second the public transport performance, both measured in km. It underlines the positive correlation between individual transport and income. The poorest households drive clearly the most less by car. Table 1 gives information about the division of transport expenditures for the five different income groups. The poorest income group spends most on public transport (1.13 %) than all other groups. On the same time this group has the smallest budget on transport. Steininger et. al. not just differentiate between income groups but also between five different policy scenarios.
Scenario A-5

The charging level is 5 cents/km without time differentiation. In urban areas the full network is charged in the rest of the country primary roads are charged. 1/3 of revenues are used for each: road infrastructure, public transport and household refund.

Scenario B-5

Charging level and revenue use the same as in A-5, no time differentiation. The whole network is charged. 
Scenario C-5

Charging the full network, same charging level and revenue use as in A-5, time differentiation like follows: 7-9 a.m. and 4-6 p.m. + 100 %.

Scenario C-10

Charging the full network, charging level 10 cents/km, revenue use as in A-5, time differentiation like in C-5.

Scenario D-5

Charging the full network, charging level 5 cents/km, time differentiation like in C-5. Revenue use like follows: 1/9 road infrastructure, 5/9 public transport and 1/3 household refund.
Model results
By introducing the B-5 model individual transport decreases by 6.5 % while on the same time public transport increases by 6.3 %. CO2-emissions of passenger transport decrease by 722.000 tons, GDP measured in PPP (purchasing power parity) decreases by 0.34 %. Private car expenditures rise most for the poor ones (see Table 2) but as this income class drives so less (see Fig. 8) the overall welfare reduction is the smallest for this group according to Table 2. The most significant change arises when scenario C-5 takes place. The reduction of CO2-emissions of passenger transport amounts 1.5 million tons. Table 2 demonstrates that except in Scenario A-5 the poorest people suffer less than richer ones (regarding the consumption change relative to reference scenario). This result is contrary to the discussion and fear that poor people will suffer the most of the introduction of a road pricing system. But still there are some people suffering from a road pricing system. These people have a low income (below-median income) live in a peripheral region and drive more than 15.000 km. This group accounts for 1.8 % of Austrian households and while the poorest will just suffer a loss in consumption of 0.56 % this household could suffer a loss o 6.1 %.
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Table 2: Impacts of transport expenditures and consumption impacts between the different income groups and scenarios
Source: Steininger et.al., 2006, p. 7
Conclusion

The argument poor households suffer the most does not hold regarding chapter ‎3.1.2. There still might be one group of people which will suffer more than the others but with revenue recycling for poor and peripheral households an equitable system seems to be possible. Transport related GHG emissions contribute to climate change and are an externality as no one pays for the damage they cause. Hence market failure occurs and price incentives must be created. Road pricing has some advantages in comparison with taxes (time and regional differentiation, visibility of costs) and is most effective if the charge is doubled at peak time. Despite these facts people dislike pricing mechanisms. People even prefer a lottery or bureaucratic allocation procedure instead of pricing (Oberhozer-Gee and Hannemann, 2002).
3.2 Changes in technique

3.2.1 Technological initiative

EU gives a lot of attention to hydrogen economy. In 2020 about 2-3 percent of car should use hydrogen instead of standard propulsion. EU strikes to reach 30 percent in year 2040.  It should demonstrate full technological chain, starting with hydrogen production following with hydrogen storage automatic re-fill systems to final use in cars, planes and buses (Ministry of Industry and Trade CR, 2.5.2006).

EU concentrates basically at lowering production cost and research of cheap, highly effective fuel cell with long durability. Since the eighties the research is financed by so called Framework Programs. Budged was raised from 8 million EUR in the second framework program  1988—1992 to more than 130 million EUR with fifth framework program (1999—2002). In sixth framework program was budget raised to 2.1 milliard EUR from which 300 million was invested into hydrogen technologies (Luboš Kotek, 2006).

25.2.2008 ministers of industry of EU members started new project of partnership between public and private sector (PPP) with budget of 940 millions of EU, PPP that should mainly focus at research of  hydrogen technologies and fuel cells. About 470 million EUR should go from Union money in next 6 years, rest of the budget will be covered by private sector (Luboš Kotek, 2008).
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Fig. 8: Hydrogen technologies Budget 1988-2014 EU financed by Framework Programmers
Source: Luboš Kotek, 2006, 2008
The most important European coordination centre focused at supporting of hydrogen technologies is European technological platform for research of hydrogen and fuel cells founded in 2004, which groups more than 200 subjects from all around Europe.
3.2.2 Legal initiative
Law regulation in European Union in direction 2005/55/EC booted definition "Enhanced environmentally friendly vehicle - EEV" for goods carrier weight above 3.5 t by setting lower emission limits GHG, than was assumed for standard specifications Euro 5. Mandatory implementation of environmentally friendly vehicles EEV could help the public organs to fulfill an obligation resulting from direction about quality of air environment.

EEV’s:

a) Vehicles using biofuels, either in high blends in ordinary vehicles or in high blends in specially adapted vehicles. 
b) Natural gas vehicles powered by an engine modified for the combustion of methane, the main component of natural gas. 
c) Vehicles powered by a combustion engine running on liquefied petroleum gas (LPG), consisting of a mixture of light hydrocarbons, mostly propane and butane. 
d) Vehicles powered by electrical motors using energy stored in rechargeable batteries. 
e) Hybrid vehicles, using two types of motors, a combustion engine and an electrical motor, allowing recovery of the braking energy with storage in batteries. 
f) Hydrogen/fuel cell vehicles, using hydrogen as an energy carrier either as a fuel in a combustion engine or in a chemical reaction producing heat and electricity in a fuel cell.
This direction brings term mandatory purchase that should ensured demand for clean vehicles.  Clean vehicles have higher costs than conventional, because market for those types of vehicles is not well advanced. Creation of some minimal demand for those vehicles should ensure positive reaction of producers, which should lead to use more effective and budget-wise technologies. Grow of demand should lead to lowering of market cost (DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the promotions of clean road transport vehicles, 2005).
3.2.3 Hydrogen production
In industrial scale hydrogen is processed by petrochemical process including gasification of coal (90 percent of production) or electrolysis of water (ČEA, 2006). Hydrogen is important byproduct or part of gas during refinement of crude oil or coking and electrochemical production based on water solution an inorganically acids or salts.  Gasification of coal is not long term option because resources of coal will be mined out too.

Electrolysis 
The electrolysis (electro refine water) is a commercially available and verified method. Possibility of large scale production perfectly suited even for production from renewable resources. 
Reforming 

(decomposing of hydrocarbon fuel using heat and steam) Wide-spread technologically well managed process.  It is relatively low cost process if using natural gas, residual CO2 could be recaptured and stockpiled.  Main disadvantage is that low scale production equipment is not commercially available, hydrogen need to be purified and recapturing of CO2 raises the cost of process.

Gasify 
(decomposing of hydrocarbon fuel a biomass to hydrogen and gas for reforming) Wide – spread technology suited for decomposing heavy hydrocarbons, liquid and solid fuel (for example biomass)  Main disadvantage is low purity of hydrogen,  space required for cultivation of biomass and fact that this technology is still in research faze.

Thermo chemical cycle 
(using cheap heat for thermo chemical decomposing of water) virtually available for large scale low cost production. There is no available technology a suitably resistant material (presumably, it will take another 10 years of research)

Biological production
The biological production (fermentative and photosynthesis process) is a virtually large scale production but also a very space demanding with low production rate (still in research faze)(Ondřej Brabec, Možnosti efektivního využití vodíku v Energetice, 2006).
3.2.4 Storage of Hydrogen
Technology of hydrogen storage is a great chalange for research and production for transportation. Hydrogen based vehicles need to be able to complete with standart transportation. In order to achieve these vehicles need to have action radius about 500 Kilometers and safety and efficiency of nowadays standard base propos ion. The optimal capacity of a fuel tank needs to reach 5 to 13 kg of hydrogen (Ondřej Brabec, Možnosti efektivního využití vodíku v Energetice, 2006).
Compressed hydrogen gas

Compressed hydrogen gas is till a pressure of 20MPa cheap and available technology. It has a very low energetic density, suitable high pressure containers in research.
Liquefied hydrogen

Proofed technology, high level energetic density, extremely low temperatures requiring dense isolation, high cost of liquefaction.

Metalhydrid tank

Solid matrix allows construction of different shapes, is very safe, there is a possibility of using waste heat. Main disadvantages are heavy weight, degradation during time, additional cooling equipment for filling and cost.
Solid base tanks

Proofed technology but the process are not reversible and there will be strong need for recycling infrastructure.

Carbon based structures

High level energetic density, light materials, might be cheap. Projects are all in early stage of research, there is no way to tell what the future will bring us. (Ondřej Brabec, Možnosti efektivního využití vodíku v Energetice, 2006)

3.2.5 Hydrogen transportation
Only energetically system with negligible transportation cost is nuclear energy, with low cost transportation of nuclear fuel cell. Second cheapest is transportation of crude oil using oil pipelines or tankers. Transportation of coal is more expensive and transportation of gas is even more expensive in pipelines or liquefied in tanks. This explains why gas is forced back underground when mining oil in Alaska.

An electrical wire comes (maybe surprisingly) even more expensive. Because of that power plants are building so most of electricity is used in 150 km range. High voltage transmission lines are used only to cover short term misbalanced between production and usage. Hydrogen transportation is the most expensive of all named here. Main reason is that hydrogen have only 1/3 fuel efficiency compared to natural gas. In another words to transport same amount of energy you need to move 3 times more hydrogen than natural gas. (ČEA 2006)


Pipelines

Pipelines are realized only in case of accumulation of many producers and users in one area. There are few quite large nets in world, the most important is situated in Germany, and it is about 200 km long. Operating pressure of this net is about  2,5 Mpa with transportation capacity of  50 mil. / Hour with diameter of 20 cm and is placed 1 meter above ground with operating loss of 1 percent. In US (Texas) there is working net long 96 km with very similar parameters and there are some smaller nets in France, United Kingdom of Great Britain and Northern Ireland and other countries. There is about 1000 km of hydrogen pipelines around world. The most problem is hydrogen embrittlement and hydrogen corrosion and demands for leak proof materials (because of hydrogen diffusion). (Potential for Hydrogen as a Fuel for Transport in the Long Term, 2004)


Transportation in high pressure using gas or liquid form of hydrogen 

This type of transportation is very costly and is used for casual or retail buyers. Cost of hydrogen is than is 2-5 times cost of production cost. For transportation of liquefied hydrogen is a traditionally used double-surface vacuum tank.
The quality of isolation must keep hydrogen in liquefied state for several days. Tanks use ally have capacity of 60 m3 and are emptying by controlled vaporization. Transportation of liquefied hydrogen is suitable for middle class customers (thousands m3 daily) In Europe is this type of transportation used in France - 10t/den, Germany- 3t/den a Holland- 5t/den (ČEA, 2006).

3.2.6 Fuel cells

Fuel cell is device for direct conversion of chemical energy feed on electrical energy with contemporary heat energy release. It’s qualitatively profoundly different way of manufacturing electrical energy compared with manners that are in use nowadays. Chemical energy of fuel is necessary to first change into heat energy, which further changes inside of heat cycle to mechanical energy and in consequence to electrical energy. Efficiency of transformation to energy in fuel cell is higher than in conventional combined heat and power arrangement, because is not limited by efficiency on Carnot heat cycle (European Fuel Cells and Hydrogen projects 1999-2002).

Fig. 1 illustrates working principle of FC. Hydrogen is being fed to anode fuel cell, oxygen (air) on cathode. Hydrogen is on anode converted to electron and positive hydrogen ion, which is by electrolyte borne to cathode. Electrons are guided anode to cathode like usable electric current, wherein react with oxygen and positive hydrogen ions onto rise water. Water partly dilutes electrolyte and partly is exhaust out of FC in both liquid and fluent form with others products of reaction (ČEA: Palivové články, 2005).
Fuel cell is source of continues current, theoretical maximum voltage one's cell moves according to type at intervals 0,9 - 1,2 Volt, theoretical electrical efficiency is as far as 90% ( theoretical efficiency can not be achieved because of irreversible wastes, that are transformed to available heat). For practical utilization (supply electrical power with higher usable voltage) FC lines to the batteries with about hundreds to thousandth cells, direct current is in consequence converted by inverter to alternating current (European Fuel Cells and Hydrogen projects 1999-2002).

FC works in long-term continuous run and we are challenged with many complications, which in front surface appointment will be necessary to eliminate, especially:
· Need to continuously export waste products of chemical reactions, whose quantity depends upon size of sinked current (with H2-O2 cells it is concerned drainage water or water vapour, by other cells about products of oxidation)
· temperature and pressure of active media (can be achieved by cycling electrolyte true heat exchanger with cooler)
· Achievement bled from 1cm square electrodes is pretty low (currently tenths W, about 2W top)
· In both low-temperature cells (PEM - Polymer Electrolyte Membrane/Proton Exchange Membrane Fuel Cell, AFC - Alkaline Fuel Cell) suitable for transport industry is necessary present expensive accelerant Platina
· Upright running of FC is getting more expensive thanks to necessary presence different subsidiary establishment equipped by automatic regulation.
Merit FC will display manifest only when is little loaded (Fig. 10). It is fit to restrict equivalent achievement cell (no size to excess big achievement) and to add second power source, which will be used only for coverage performance toes at accelerating period. For idea descent reduction cost 1000 dollars / KW near 50KW FC, lifetime tested PEM cells currently balances on limit 200 hours. It is necessary to supercharge FC with compressor, in order to not be too large. (J. Kracík, 2007)
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Fig 9:Working principle of FC

Fig. 10: loading FC
Source: ČEA Palivové články, 2005, p. 5

Source: ČEA Palivové články, 2005, p. 6
3.2.7 Hybrid preclusion

Hybrid preclusion is comminuted on board power source with accumulator. Overproduction of power from fuel element is redirected into the accumulator and in the case of necessarily its discharge of power can be used again.

Effectively of charging/discharging is approximately 70%. In case of use of supercapacitior instead of capacitor effectively can reach almost 100% when energy is used in limit of 30-60 minutes; however it is necessary to use DC converter what is cost expensive (Zdeněk Čeřovský, 2007).
3.2.8 Combustion of hydrogen in combustion engine
Combustion of hydrogen in combustion engine is, in comparison with the other forms of conversion of energy, a method that is relatively wasteful and uneconomical. It is rather method instantly solvable and viable without big quantity of development labor and huge investition in automobile industry.

It suggests various conceptual solutions of engines with different process of preparation of fuel mixture of hydrogen with air what influences parameters of engine: load, consumption of fuel and emissions.

a) Gaseous hydrogen is led to intake of engine using converter
b) Compressed or liquid hydrogen is pumped into intake of engine using electrical valve.
c) High compressed or liquid hydrogen is directly exhausted into expansion drum.

Generally we can say that production of emission in optimal set up of construction, technical implementation of engine, functional parameters and conditions are, in comparison with gasoline engine, ecological friendly (Ondřej Brabec, Možnosti efektivního využití vodíku v Energetice, 2006).
3.2.9 The hydrogen usage in traffic
The main obstructions in hydrogen cars spreading are inadequate mobile tanks capacity (low energy density per capacity unit) and their safety. Another problem is the low output of gear compared to conventional cars and missing infrastructure of hydrogen gas stations (ČEA 2006). Nowadays run a few programs which documents existing possibilities:

CUTE 

(Clean Urban Transport for Europe) which is financed by the European Union, started in November 2001 and its goal are to develop public hydrogen cell bus system. Supplied with €18.5 millions from financial sources EU (budget of the project is €52 millions), it supports flow hydrogen buses in several significant cities of Europe. The first one was delivered to Madrid in 2003. Output of these buses is fully comparable with conventional diesel models, with max. Speed up to 80kmph. Now there get around overall 27 hydrogen gear buses on common lines of traffic in 9 European metropolitan cities (London, Porto, Luxemburg, Hamburg, Barcelona, Stuttgart, Stockholm, and Amsterdam, Madrid). (J. Kracík, 2007)
Gaia

Gaia Energy Centre is an environmental centre serving as attraction which has already ministered to restoration of eastern Cornwall district. The goal of the project is to use energy made by near Dale bole Wind farm (first commercial wind farm in Great Britain, put into operation in 1991) for electrolysis of water to hydrogen and oxygen. Hydrogen will be used for gearing two hydrogen buses to provide traffic for nearby area. Buses will be geared by internal combustion engines modified for hydrogen. Project will ensure traffic geared with renewable source without contamination of environment and demonstrate solution of instability of wind energy. (ČEA 2006)
ECTOS

(Ecological City Transport System). In the end of the 20th century, Iceland, the country which despite the geothermal and water sources wealth produces more greenhouse gases than any other country, decided to create the very first hydrogen management based on OZE in the world. Project ECTOS running from March 2001 was the first step to cross to hydrogen management. Inhabitants of Iceland, abroad and international companies like e.g. Daimler Chrysler, Shell Hydrogen and Norsk Hydro, they all participate on the program. The goal of the project is to demonstrate with three buses geared by cells - 4% buses in Reykjavik - how can hydrogen made by OZE be functional. Hydrogen will be made from water by electrolysis with use of powerful geothermal and water energy, compressed and stored in gas stations built for this purpose - to refill bus cells. Conference about hydrogen accessibility to public took place at Iceland in April 2003 on the occasion of gas station opening. (Newenergy 2005)
3.3 Changing mobility with Car-sharing
Car-sharing is an option for people who do not need regularly a car. A car-sharing operator provides several cars on different locations to local households or companies. The customer pays generally for the time of using the car and/or the driven mileage while sometimes operators charge a monthly fee (Mobility 2030, 2004). People can on the one hand use car-sharing for economical reasons (as they do not need the car so often and therefore do not want to spend a lot of money on fixed costs) and on the other hand for environmental reasons. Therefore car-sharing is a big option for reducing traffic especially in urban areas.
Developing of car-sharing

Car-sharing was first introduced in Germany and Switzerland but nowadays it is present in over 600 cities worldwide (Cabanatuan M., 2007). It is very well developed in Switzerland and nowadays there is a big effort to make car-sharing more popular in Austria. The Swiss cooperation Mobility founded an organization with Denzel Drive in Austria to make a big step forward in the new direction. 
Working in practice
Car-sharing is especially convenient in cities where it is hard to find a parking slot and where public transport is well developed so that it is not necessary to go by car all day and time. Car-sharing is not to be seen in competition with public transport but as an additional offer when public transport is not sufficient. Car-sharing provides different vehicles on hours or daily renting and sometimes there is a charge on the miles. The gas, insurance and maintenance are included in the rent and booking a car is fairly simple – either through internet or by telephone (Cabanatuan M., 2007).
The organizations world wide differ – there exits experimental research programs and small-scale non-profit organizations but also big private companies making profits. The idea of car-sharing is to improve society and environment. (Mobility 2030, 2004). 
4 Conclusion
This paper illustrated the contribution of the transport sector to total energy consumption and total GHG emissions. Further it pointed out that there are several possibilities to reduce transport emissions through either economical incentives (road pricing) or technological changes (hydrogen driven cars). Moreover a total change in the mobility system with Car-sharing would be possible. Road pricing turned out to offer significant impacts on emissions depending on the charging level and charging time. The fear of charging only the poor people can be rejected. Still there may be one group which suffers the most (peripheral region, low-income group, driving more than 15.000 km) and has to get subsidies to make road pricing equal and acceptable. Concerning the hydrogen the main obstructions in hydrogen cars spreading are inadequate mobile tanks capacity (low energy density per capacity unit) and their safety. But also a low output of gear compared to conventional cars and missing infrastructure of hydrogen gas stations.
Car-sharing which is spread over the whole world nowadays seems to offer another possibility to connect on the one hand private and public transport and on the other hand to reduce car ownerships. This paper aimed to show that there are a lot of possibilities to change the system of mobility and that concentrating just on the fuel might be necessary but not sufficient. Relying only on changes in technique might be convenient but not satisfactory. People have to change their transport habits and should pay for the emitted GHG emissions. One way to internalise external costs could be road pricing as shown in the paper. 

In the future it will be necessary to strength the awareness of people and create an understanding to pay for environmental damages.
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