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1 Introduction

In order to limit the progress of global warming, it must be a top priority to reduce or eliminate the
man-made causes of global warming. To a large part, land, air and water transport are considered to
be climate-damaging. Public transport is often mentioned as a game changer to make the transport
sector more climate-friendly. If more and more people use public transport, the CO2 footprint could
be reduced. Especially in urban areas, public transport is widely accepted. Of course, it is also
necessary to analyses public transport in terms of Greenhouse gases. To date, there is still little
experience with electric buses or hydrogen buses in urban transport. It is interesting to see how
other drive systems affect the costs and emissions. This is the aim of this work, to take up the
available data and to give an estimation in which direction these two factors move. Furthermore, it
should also be shown how it is in our home countries, what political goals there are, what drives are
currently being used.

2 Abstract

The aim of this work is to find out what influence public transport has on the climate. Specifically,
buses that are used in urban areas are examined. The objective is to research which fuel releases
how much Emissions and how does the drive have effect on the costs. For this the conventional
diesel drive is examined and compared with CNG (Compressed Natural Gas), battery and hydrogen.
Furthermore, we will show which fuel is used for buses currently and what the trend is for the
future. In detail, we will examine and compare the countries Czech Republic and Austria.

By means of literature research we will find out which fuels are used to power city buses today and
how it might change in the coming years. As it is interesting to compare the Czech Republic and
Austria, we will also look at country-specific literature.

To give a little bit of the results, introducing electric buses or hydrogen buses into our transport will
solve the emission problem locally, but they will not disappear. For this, a global approach has to be
taken and an attempt has to be made to produce the electricity needed for these drives in an
environmentally friendly way, better said with renewable power plants.



3 Available drive types

The way buses are powered must also be analysed in terms of costs and sustainability with regard to
the environment. Especially with a view to the expansion of public transport, the question of the
"best" fuel should play a central role. This can also seem very complex today, as the conventional
types of drive such as diesel or petrol could be replaced by many alternative drives. This chapter will
show which types of drive are available for city buses. Furthermore, the Co2 emissions and their
costs will be compared.

In this paper, the following energy sources are analysed for driving buses:

CNG Battery W Hydrogen

In the following, the differences in emissions and costs of the different types of drive will be
discussed in more detail. According to the Emissions, in this paper we look at those that drive
climate change, the Greenhouse gases. These include carbon dioxide (CO,), methane (CH4) and
nitrous oxide (N2O). (World Meteorological Organization, 2019) In order to be able to compare the
emissions of the different types of drive, the results of the study "Bewertung von Gasbussen fiir den
offentlichen Personennahverkehr und Vergleich mit Alternativkonzeten" are used. This study
examines the emissions of diesel, CNG, battery and hydrogen drive systems. It should be mentioned
that this is a study from Germany. The results cannot therefore be directly transferred to the Czech
Republic and Austria, as the electricity mix is different. The electricity mix is a key factor, especially
for the battery and hydrogen drive systems. For Germany, the study examined the following 3
different electricity mixes. The first one is based on the values of electricity production in Germany
in 2018 (share of renewables: 39,8%), called in the following “2018". The second one was a
prediction for the year 2030 for Germany (share of renewables: 50,2%), called in the following
“2030”. The third assumption was with electricity only out of renewable sources, in the following
called “100%”. Furthermore, a factor (CO-eq) is used in the study to be able to compare the
greenhouse gases with only one value.

3.1 Diesel

The majority of buses are powered by this type of drive in the EU. The authors of the report "clean
buses — Experiences with Fuel and Technology Options" mentioned that in the EU 95 percent of the
buses are operated with this fuel. (Evans, Clement, Wimmer, & Chesterton, 2014)

Diesel is conventionally burned in a diesel engine. With the help of government regulations, such as
the EURO 6 exhaust emission standard, permissible exhaust emission values are defined.

Emission
The emissions of the diesel driven bus can be seen in Table 1. The electricity mix hasn’t a significant
impact to the emissions.

Table 1: Emissions for the diesel driven bus (Heneka, Gerstein, Képpel, & Kréger, 2019)

scenario CO[g/MJ] CH; [g/MI] N20 [g/MJ] COr-eq [g/MJ]
2018 11,59 0,04 0,01 14,38
2030 11,51 0,04 0,01 14,30




Costs

The costs of diesel buses are mainly made up of the cost of producing diesel and the cost of
transporting them. We need oil to make diesel. Oil extraction, transportation and processing is very
expensive. Also transporting gasoline to stores costs something. At this time, diesel prices are
astronomical.

3.2 CNG

Compressed Natural Gas, is the most used alternative fuel to drive buses in Europe. In Figure 1 is an
overview of alternative fuels to diesel for buses and the distribution of it in Europe.
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Figure 1: Total Number of buses with alternative fuels to diesel in Europe (Directorate-General for Mobility and Transport)
BEV...Battery Electric Vehicle; PHEV...Plug-in Electric Vehicle; H2...Hydrogen; LPG...Liquefied Petroleum Gas;
CNG...Compressed Natural Gas; LNG...Liquefied Natural Gas

General the CNG also get burned in an engine which can be imagined like a petrol engine.

Emission

The emissions of the CNG driven bus can be seen in Table 2. Similar to the diesel bus, the electricity
mix does not play a decisive role, but the difference between the two scenarios is higher than with
the diesel bus.

Table 2: Emissions for the CNG driven bus (Heneka, Gerstein, Képpel, & Kréger, 2019)

scenario CO;[g/MJ] CH; [g/MI] N20 [g/MJ] COr-eq [g/MJ]

2018 6,62 0,18 0 12,16
2030 6,25 0,18 0 11,78




3.3 Battery

Electric vehicles do not burn fuel, they store electrical energy in a battery and use an electric motor
to drive the vehicle. As it can be seen in Figure 2, this type has the largest increase in newly
registered buses with alternative fuel in Europe. There are two different types of battery-powered
buses. On the one hand the opportunity chargers and on the other hand the overnight chargers. In
this paper the opportunity chargers get neglected. One reason for this is that in exchange for a
diesel-powered bus, for example, you often need two opportunity chargers to be able to bridge
charging times. Another reason is that the variable costs and emissions differ only slightly and are
not considered in this paper.
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Figure 2: Number of newly registered buses with alternative fuel in Europe (Directorate-General for Mobility and Transport)
BEV...Battery Electric Vehicle; PHEV...Plug-in Electric Vehicle; H2...Hydrogen,; LPG...Liquefied Petroleum Gas;
CNG...Compressed Natural Gas; LNG...Liquefied Natural Gas

Emission

The emissions of the Battery driven bus can be seen in Table 3. Like the diesel bus, the electricity mix
does not play a decisive role, but the difference between the two scenarios is higher than with the
diesel bus. The numbers shows that the influence of the electricity mix is very important. In the case
of buses, emissions from production are often neglected because they are small compared to
emissions from use. For this reason, the emissions from the pure use of renewable energy sources
were calculated as 0 in this study. (Heneka, Gerstein, Képpel, & Kroger, 2019)

Table 3: Emissions for the Battery driven bus (Heneka, Gerstein, Koppel, & Kréger, 2019)

scenario CO:[g/MJ] CH,[g/MJ] N,O [g/MJ] COz-eq [g/MJ]
2018 128,1 0,13 0,01 134,59

2030 101,11 0,11 0,01 106,76

100% 0 0 0 0




Costs

The costs of electricity production and distribution are much lower compared to diesel. If we
produce clean electricity from renewable sources, emissions will be very slow. In contrast, the cost
of disposing of a battery is very high.

3.4 Hydrogen

Emission

The emissions of the hydrogen driven bus can be seen in Table 4. Most of the energy for hydrogen
production today does not come from renewable sources. Furthermore, the losses to produce
hydrogen and for reconversion are around 70%. These factors are reflected in the increased
emission values. However, the use of renewable energies can make a major positive difference, as
can be seen from the scenario with 100%.

Table 4: Emissions for the hydrogen driven bus (Heneka, Gerstein, Képpel, & Kréger, 2019)

scenario | CO2[g/MJ] CH;[g/MI] N.O [g/MJ] COz-eq [g/MJ]
2018 69 0,22 0 75,68

2030 67,53 0,21 0 74,17

100% 3,77 0 0 3,96

3.5 Conclusion

Emissions
All'in all, the following conclusions can be drawn from the figures taken from the study:

e Today, at least the use of CNG-powered buses in Germany would make sense in terms of
emissions.

e Ifthe energy required for electric buses could be obtained from 100% renewable energy
sources, this would be the most environmentally friendly solution.

e At present, the emissions of electric buses depend very much on the energy mix of the
respective country and can be even higher than the conventional diesel drive.

The respective shares in respect to the EU-countries of renewable energies in electricity generation
are shown in Figure 3. A significantly higher share of renewable energies in electricity production
(78.2%) can be seen in Austria, as compared to Germany (45%) or the Czech Republic (15%). With
this consideration, it can be said that the use of electric buses in Austria would cause fewer
emissions than in Germany or the Czech Republic. However, it is not possible to draw any
conclusions as to whether the emissions produced by an electric bus in Austria would already be
lower than those of a diesel or CNG bus.
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Figure 3: Comparison of the share of renewable sources in the production of Electricity (Eurostat, 2022)

Costs

We can see that in terms of fuel costs, the best part is the battery. We have to compare the costs of
production (mining) and distribution. Diesel is the worst. Qil extraction and subsequent processing is
very expensive. The transport itself is also very expensive. CNG is on the border somewhere
between diesel and electricity.
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4  Policies

4.1 Czech Republic

The transport company of the capital city of Prague owns 1,100 buses, which consume over 30
million liters of diesel per year. Among the current alternative drives include mainly low-emission
electric drives. Of course, CNG buses, hydrogen powered are included.

As part of the Green deal, the Czech Republic has committed itself to reducing its emissions by 55%
by 2030. By this year, at least 75% of the bus fleet should be replaced by emission-free electric
buses, battery trolleybuses and low-emission buses.

Otherwise, no more specific emission measures apply to urban transport.

4.2 Austria
Austria wants to be climate neutral by 2040, which is why the transport sector must be decarbonised
by 2040. (Schuster & Steinacher, 2021)

To this purpose, transport is to be shifted to environmentally friendly means of transport, such as
the bus. New express bus lines will complement and relieve rail transport. Another goal is for all new
bus registrations to be emission-free by 2032. This is to be achieved through the electrification of
buses, but with the support of hydrogen-powered buses. (Mobilitatsmasterplan 2030 -
Neuausrichtung des Mobilitatssektors, 2021)

Separate support programmes have also been set up for more sustainable transport. One of them is
called "Zero Emission Mobilitiy". One project funded under this programme is called "move2zero"
and aims to completely decarbonise urban bus operations. The project takes place in Graz and starts
with the use of 7 battery-powered buses and 7 fuel cell buses. (Graz Holding, k.A)

Furthermore, Austria subsidises the purchase of e-buses with a capacity of 39 to 120 passengers
with 60,000 euros per vehicle and buses with more than 120 passengers with 100,000 euros per
vehicle. (Weiner, 2019)

5 Used drive types

5.1 Czech Republic
There are approximately 1200 buses running in Prague.

So far, all diesel buses are in Prague with the exception of one electric bus. By 2022, Prague had
purchased 14 new electric buses, which it would like to put into operation by the end of the year.
The transport company does not support CNG buses, they do not think that they would be as
advantageous as other alternative fuels. In the second half of this year, Prague wants to put a
hydrogen bus into operation. This is an annual test of this alternative drive. We can say that
exchange of emission drives for alternative and emission-free ones is in infancy.

In the rest of the republic, the situation is very similar. We will see how fast there is a transition from
diesel buses to buses with alternative drives.

5.2 Austria
Around 5400 buses were in use in Austria in 2017 (Weiner, 2019)



In Figure 4 it can be seen that in the year 2007-2010 the share of newly registered buses with
alternative drive systems was very high. From 2011 to 2018, the share of alternatively powered
buses flattened out. However, the last two years show that more and more alternative drive systems
are being purchased again.Figure 4: New registration of buses in Austria (Statista Research
Department, 2022)
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Figure 4: New registration of buses in Austria (Statista Research Department, 2022)

In general, it can be said that the majority of buses in Austria are equipped with EURO VI diesel
engines. Some lines are testing the use of electric buses or even hydrogen buses. The best known of
these are the 57A, 2A and 3A lines in Vienna and the 50 and 34E lines in Graz. Furthermore, as
already described, some projects such as "move2zero" or invitations to tender for buses with
alternative drive systems are being carried out.

6 Conclusion

In conclusion, we would like to compare the differences between Austria and the Czech Republic.
According to our information and written information Austria is much better off. Their plan to
reduce emissions in the future is more specific. They run more alternative drive buses. They are not
only going for a test, but they are already in normal operation. We think that the inclusion of other
buses with alternative drive will be much easier for them. Therefore, reducing emissions in transport
will be faster and easier.

But the Czech Republic is also trying to meet the conditions and they slowly putting alternative drive
buses in the transport.

There is a table which describes the percentage of buses by fuel type. We see the Czech Republic
and Austria here. This table includes all types of buses in the country. There are long-distance buses,
not just city buses.



VEHICLES IN USE, BY FUEL TYPE
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Figure 5: Vehicle in use, by fuel type (Acea vehicles in use report)

6.1% of new buses are electrically-chargeable vehicles today, 9.5% are hybrid electric, 11.4% run on
alternative fuels, while diesel still fuels 72.9% of all buses sold in the European Union. This chart
shows the trend in the fuel types of new buses in the EU for the 2019-2020 period. So we can see

that there is a certain shift away from diesel engines.
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Figure 6: New buses in the EU by fuel type (New buses in the EU by fuel type 2020)
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Figure 7: New buses in the EU by fuel type (New buses in the EU by fuel type 2019)

Here we see a table that shows us the ratio of the number of buses according to emissions.

Unfortunately, only Austra is marked. Austria is trying to replace diesel buses mainly with hybrid
buses. But already has electric and CNG buses.
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Figure 8: Zero emission urban buses: who leads? (Sustainable bus)
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