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Abstract: Today, the transport of people and goods is an integral part of every country. For passengers and customers, the price and time of transport are dominant. Today, 
very few passengers and customers look at the ecological side of transport. The ecological side of transport is represented by various parameters and one of them, which is 
addressed in this article is the carbon footprint. The main task of the presented article is to create a methodology for comparing the carbon footprint on the Žilina - Rajec 
railway line. It is a non-electrified line of local significance. The comparison consists in the electrification of the line and the subsequent deployment of electrical units. The 
main task of the presented article is to create a methodology for comparing the carbon footprint on the Žilina - Rajec railway line. It is a non-electrified line of local significance. 
The comparison consists in the electrification of the line and the subsequent deployment of electrical units. The aim is to determine the advantage of electrification of this 
line from an ecological point of view based on this parameter. At the same time, it is possible to point out the beneficial effects of the use of rail transport in the long run for 
the environment. 
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1 INTRODUCTION 
 

Mobility is an important part of everyday activities in 
the regions and cities. The increasing number of passenger 
and freight vehicles on the transport infrastructure can 
cause several problems. At present, there is high traffic 
intensity level on the roads not only in big cities. It is 
caused by a great demand on individual car traffic and the 
growing sale and production of new passenger cars in the 
EU. The congestion level is also reflected in the accident 
rate, which is still very high despite the various measures 
to reduce it. Many traffic accidents in cities, traffic 
intensity, or inadequate capacity of urban communications 
result in the emergence of crisis situations. The 
consequences of these crises are not just problems with 
traffic jams, but also air pollution, greenhouse effect, 
essential problem with excessive energy consumption and 
so on. 

Environmental protection is very important to achieve 
general sustainable development in the world. Significant 
part of this development is sustainable transport system. 
Current situation with actual modal split is not sustainable 
in the long run so certain measures should be taken. 
Therefore, it is very important to limit individual car traffic 
and to support public passenger transport. However, at 
present, in the context of the climate crisis, it is primarily 
necessary to support non-motorized transport and to use 
environmentally friendly transport means. Support of the 
public passenger transport needs a superstructure that 
consists of the use of electromobility and electric vehicles 
with a minimum carbon footprint. This is very important 
indicator of the environmental burden, which is derived 
from overall ecological footprints. It is the sum of 
greenhouse gas emissions, usually expressed in CO2 
equivalent. According to IEP data, the average carbon 
footprint of the Slovak population is at the level of less than 
5.900 kg CO2e (CO2 equivalent) per year. This number is 
relatively high and even higher within the EU. 

Therefore, the basic priority in the field of public 
passenger transport is the replacement of old non-
environmentally friendly means for better vehicles with a 
lower carbon footprint. This applies to all modes of 

transport, including rail transport. However, in some cases 
for environmentally friendly trains to run on the railway 
infrastructure, firstly it is necessary to electrify it or make 
other modernization adjustments. 
 
2 LITERATURE REVIEW 
 

Carbon footprint accounting is becoming a topic of 
great interest, with special relevance in the passenger 
transport sector. That is not only due to environmental 
concerns but also to regulations and marketing issues (i.e., 
brand image, competition, or internal procedures for a 
better development) [1]. 

The basis in the fight for the environment is the gradual 
reduction of the carbon footprint, which is produced to 
varying degrees by the various modes of transport. To 
achieve this purpose, it is necessary to know and 
thoroughly analyze previous research through a detailed 
review of the relevant literature [2]. 

Carbon footprint is intricately related to the 
consumption and lifestyle pattern of individuals. The 
transport sector is one of the major sectors that effects 
lifestyle in a significant way and is the major contributor 
towards the city emissions. This paper attempts to estimate 
the carbon footprint arising from household's use of road 
transport in the city of Kolkata across various income 
categories [3]. 

Developed bus transport in Slovakia as a part of public 
transport in regional and district towns is also a producer 
of a significant carbon footprint. Therefore, almost all 
urban transport companies are switching from European 
Union subsidies to drives that are more environmentally 
friendly. The analysis of carbon footprint formation in 
LNG propulsion is discussed in article. At the same time, 
it suggests options for other cities that have not yet 
demonstrated their green town policy by buying new green 
buses [4]. 

In the area of individual road passenger transport, 
carbon footprint research focuses primarily on reducing it, 
as road transport produces too many pollutants into the air. 
In the article, the authors try to modify and adapt the 
methodology for calculating the consumption of carbon 
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footprint and analyze the achieved results in different 
conditions of driving cars (speed, load, braking). The result 
of all the research is to point out the different levels of 
carbon footprint in the different situations that a car driver 
encounters [5]. 

The transport sector is an increasing contributor to 
Mexico's carbon footprint. Related to this trend are several 
other externalities such as congestion and increasing 
energy supply costs. In this paper the authors examined and 
cross-verified the publicly available transport activity, 
energy use, and emissions data to identify trends 
specifically at the Mexico City level. The results revealed 
a significant rise in several of these variables over time, yet 
the rise was accompanied by encouraging trends in fuel 
economy and mass transit ridership [6]. 

The increase in international trade due to globalization 
is evident in southeast Spain, which has become the top 
exporter of fruit and vegetables. Countries within the 
European Union, such as Germany and France, emphasize 
the sustainability and environmental impacts of these 
products. Hence, a greater understanding of the 
environmental implications of transporting fruit and 
vegetables between their origin and their destination might 
improve the sustainability of this commercial activity. The 
concept of a carbon footprint is a recognized environmental 
indicator that can be used for life cycle analysis [7]. 

Passenger transport has become a significant producer 
of carbon emissions in China, thus strongly contributing to 
climate change. In this paper, we first propose a model of 
ecological pressure of the carbon footprint in passenger 
transport (EPcfpt). In the model, the EPcfpt values of all 
the provinces and autonomous regions of China are 
calculated and analyzed during the period of 2006 - 2015 
[8]. 

The largest producer of the carbon footprint is air 
transport. Despite its speed and safety, the same, if not 
more, attention needs to be paid to the environmental 
aspects of air transport, for example, as in article [9]. 

Transport greenhouse gas emissions are mainly caused 
using fossil fuels, e.g., gasoline and diesel. This case study 
for The Netherlands calculates how alternative fuels, e.g., 
electricity, hydrogen or biofuels, contribute to policy aims 
to decarbonize transport [10]. 

Urban configuration and urban transport system have 
an enormous impact on the travelling pattern of people. 
Travel can be characterized by trip frequency, travel 
distance, modal choice etc. With the rapidly growing 
economies and population, there is an increasing trend of 
urban sprawl and auto-mobilization. This has a direct effect 
on the level of transport demand, travel patterns and its 
impact on the environment. Present study focuses on trip 
profile of the commuters by available modes to estimate 
the carbon footprints for different mode-combinational 
trips (trip profile including access, egress and main line 
haul mode) in public transport systems existing in Delhi, 
the capital city of India [11]. 

The daily activities that man carries out cause the 
increase of greenhouse gases (GHG), which are naturally 
found in the atmosphere, but by increasing their 
concentration, their residence time provides a greater 
potential for global warming, since its concentrations in the 
past were lower than the current ones. All industrialized 
countries generate the largest contribution of these GHGs. 

Information and communication technologies (ICT) make 
their contribution to solving this problem with tools that 
help determine a CO2 (carbon dioxide) index produced by 
a specific activity, which is measured in tons per year. The 
mobile application and web platform were developed with 
the agile SCRUM framework, which contains sprints and 
activities that were grouped into 4 stages [12]. 

Despite the efforts to green the global economy, the 
non-renewable resources are still one of the major 
components of energy mix. The growing energy demand 
and depletion of deposits around the globe make the 
production of oil in the Arctic region a more and more 
attractive option. However, heavy and high-viscosity oils 
(HVO), typical for the Arctic region, require considerable 
amount of energy to be extracted. This, in turn, could lead 
to increased greenhouse gas emissions producing more 
sever negative environmental impact than the production 
of non-renewable resources in other regions of the world. 
This research presents an approach designed to reduce 
carbon footprint related to hydrocarbons production in the 
Arctic region [13]. 

To combat global climate change moving towards 
sustainable, mobility is one of the most holistic approaches. 
Hence, decarbonization of the transport sector by 
employing electric vehicles (EVs) is currently an 
environmentally benign and efficient solution. The EV 
includes the hybrid EV (HEV), the plug-in hybrid EV 
(PHEV), and the battery EV (BEV) [14]. 

As one of the largest energy consumers, the transport 
sector (TS) has significant impacts on the environment. 
Shenzhen, a developed megacity in South China, plays a 
leadership role in promoting the development of energy 
efficient vehicles in China. This paper aims to assess the 
carbon footprint (CF) of the TS in Shenzhen via a 
Streamlined Life Cycle Assessment method. 
Consequently, the current environmental performance of 
the TS is evaluated, and improvement potentials are 
examined [15]. 

This study involved an environmental assessment of 
retail channels using the simplified life-cycle assessment 
(LCA) method to quantify the environmental impact of 
packaged beverages consumed in 7-Eleven convenience 
stores (c-stores) and Carrefour hypermarkets, with the aim 
of offering shoppers more environmentally friendly chain 
stores [16]. 

Constantly increasing of the people mobility requires 
ensuring of the sustainable transport operation. One of the 
priorities in this area is a reduction of the energy 
consumption and the GHG production by transport. 
Emission limits are currently applied mainly to the 
transport vehicles. However, technical characteristics of 
the transport infrastructure may also affect the energy 
consumption and the GHG production of the transport 
operation. The article analyses the impact of the changes in 
the railway infrastructure parameters on the change in the 
energy consumption of the train operation and on the GHG 
production in railway passenger transport. The analysis is 
based on the simulation in the Dynamics program at the 
different slope ratios of the railway track. The calculation 
is made for the diesel traction of the vehicles [17]. 

A review of the relevant literature shows that the 
examination of the problem we have solved has a wide 
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range of views of research teams in various areas of 
transport. 
 
3 METHODOLOGY FOR CALCULATING CARBON 

FOOTPRINT CONSUMPTION IN RAILWAY TRANSPORT 
 

The carbon footprint is the sum of greenhouse gas 
emissions expressed in CO2 equivalents. It is a universal 
measure of the amount of greenhouse gas (carbon dioxide, 
methane, nitrous oxide, and others) that has the same effect 
on the climate system as carbon dioxide alone. It considers 
the exact degree of impact on the greenhouse effect in the 
atmosphere created by the individual components of 
greenhouse gases [18]. Carbon footprint can apply to 
individual, product, or action. It is an indicator of 
environmental load, which is derived from the overall 
ecological footprint [19]. 

According to the International Union of Railways 
(UIC), rail transport emits 50 to 300 tons of CO2 per 
kilometer of infrastructure per year. It also states that the 
transport of people or tons of material causes emissions of 
10 to 25 g/km [20]. 

The European Standard EN: 16258 will serve as the 
basis for the calculation of the carbon footprint. The Slovak 
Republic, as a member of CEN, implemented this standard 
into national standards in 2013 [18]. This standard is 
intended to calculate and declare the amount of greenhouse 
gases produced from the operation of means of transport 
based on the amount and type of fuel consumed. 
Calculations of energy consumption and emissions related 
to vehicles shall also consider energy consumption and 
emissions related to energy processes in the fuels and/or 
electricity used by vehicles (including the production and 
distribution of fuels). This ensures that the standard 
declares how to proceed with the calculations to consider a 
comprehensive approach and to quantify energy 
consumption and greenhouse gas production, considering 
all processes from obtaining energy sources to consuming 
them in the means of transport during operation [21]. 

The methodology is based on the flow chart shown in 
Fig. 1. Based on it, the individual relationships necessary 
to calculate the carbon footprint of the operation of motor 
passenger trains on the line will be derived. 

The main part of the contribution is based on a 
proposal for a methodological procedure which contains 
several important partial steps. The main goal is to point 
out the method of calculating the carbon footprint in 
railway passenger transport, to compare kinds of vehicles 
and to choose the best alternative in terms of environmental 
friendliness. The mentioned procedure will be handled on 
the non-electrified railway line, so within a practical 
application must be selected non-electrified railway 
transport route. 

The first step of the procedure is vehicle 
characteristics. It includes vehicle age-year of its 
production, commissioning, emission class for rolling 
stock and other technical and operational indicators and 
parameters. The next step is analysis of specific vehicle 
consumption for a specific year. This information should 
be available to the carrier operating those vehicles. This 
data can be different each year, so it is important to use data 
of the monitored year. The proposed methodological 
procedure is optimally to solve on a specific example, it 

means concrete railway line or transport route. Therefore, 
it is necessary to know the frequency of passengers on the 
monitored railway line per year. After determining the 
transport currents, it is possible to calculate net tons per 
year, it is considered that the average weight of one 
passenger is 80 kg. Subsequently it is important to 
determine number of connections per all year. The number 
of train connections on working days, holidays and 
weekends must be known. The number of working days, 
holidays, and weekends in monitored year must be also 
known. In addition, it is necessary to know the exact order 
of individual train connections during all days. Only based 
on all these important partial information it will be possible 
to determine the comprehensive value of the tare for all 
days in the observed year. 
 

 
Figure 1 Methodical procedure in the flow chart 

 
Consequently, the transport distance of the monitored 

transport route must be determined. However, to be able to 
calculate the total value of gross ton-kilometers for the 
whole year, it is necessary to know the mileage of all 
motive power units on all train connections. Once we know 
all the above values, it will be possible to calculate the 
gross ton-kilometers. The resulting value of this indicator 
is the sum of net tons and tare of the vehicles, multiplied 
by the number of kilometers driven by the motor's units of 
all train connections. Furthermore, it will be possible to 
calculate the carbon footprint per gross tone-kilometer and 
per one passenger using the above calculated value and 
internal data provided by the national passenger carrier 
ZSSK, j. s. c. 

If all these values are already known, it is possible to 
compare them with the values of the standards. If the 
calculated value is acceptable in accordance with the 
standards, the procedure will be finished, and it will be 
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possible to declare that vehicles running on the transport 
route meet the standards and it is not necessary to replace 
them. If the calculated value is not acceptable in 
accordance with the standards, it will be important to 
consider what other suitable alternative vehicles can be 
used on the transport route. Firstly, it is necessary to 
consider alternative more modern motive power units. If 
even in the case of these vehicles the calculated value is not 
acceptable in accordance with the standards, it will be 
necessary to take construction and reconstruction measures 
on the railway line and electrify the line. It will then be 
possible to use more modern and environmentally friendly 
electric units with a lower carbon footprint on the given 
line. Subsequently the calculated value should be 
acceptable in accordance with standards. 
 
4 PRACTICAL APPLICATION ON ŽILINA - RAJEC 

RAILWAY LINE 
 

The Žilina - Rajec railway line has been put into 
operation on October 10, 1899. It is 20.9 kilometers long 
(for calculation purposes, the value will be rounded to        
21 km) [22]. The track is non-electrified along its entire 
length. The only electrified station is Žilina. 3 kV DC 
traction system. The characteristics of the line with basic 
data are given in Tab. 1. 
 

Table 1 Basic operating data on the railway line [22] 
Basic information and railway line parameters 

Infrastructure manager Railways of Slovak Republic (ŽSR) 
Track gauge 1435 mm 

Number of main tracks 
Railway line class 

1 
D3 (weight per axle 22.5 t) in the line 

section Žilina - Lietavská Lúčka 
C4 (weight per axle 20 t) in the line 

section Lietavská Lúčka - Rajec 
Decisive rise in the line 
section Žilina - Rajec 

13‰ 

Decisive rise in the line 
section Rajec - Porúbka 

0‰ 

Decisive rise in the line 
section Porúbka - Žilina 

17‰ 

Maximum track speed 60 km/h 

 
The railway line consists of four railway stations and 

eight railway stops. These are listed in Tab. 2. 
 

Table 2 Distribution of traffic points on the railway line [22] 
Railway station Railway stop 

Žilina Žilina - Zariečie 
Bytčica Žilina - Solinky 

Lietavská Lúčka Porúbka 
Rajec Poluvsie 

 Rajecké Teplice 
 Konskápri Rajci 
 Zbyňov 
 Kľače 

 
The location of stations and stops is relatively close to 

each other. A passenger train that stops at each station and 
stop must therefore brake relatively often. At the entrance 
to each operating control point, the train must reduce the 
speed to 40 km/h. 
 
4.1 Current State of the Žilina - Rajec Railway Line 
 

Many types of rolling stock have changed on the 
railway line since the start of operation. Currently, 813-913 

motive power units run on the track. The basic data needed 
to calculate the size of the carbon footprint are in Tab. 3, 
which is made according to the article [23]. 
 

Table 3 Distribution of traffic points on the railway line [23] 
Vehicle Motive power unit 813/913 

Years of production 2006 - 2009 
Fuel diesel 

Power transfer hydromechanical 
Weight / t 39 

Average fuel consumption / l/100 km 54.8 
Type of engine MAN D2876 LUE621 

Maximum speed 90 km/h 
Length over bumpers / mm 28820 

Width / mm 3073 
Height / mm 3770 

Number of seats 78 + 5 with a bicycle 
Total number of standing passenger 120 

 
Fig. 2 shows the 813/913 motive power unit in railway 

station Rajec. This engine unit is the most widespread 
vehicle operated on Slovak local lines. 
 

 
Figure 2 Motive power unit 813/913 on the Žilina - Rajec railway line 

 
At present, a total of 11 trains in the direction          

Žilina - Rajec and 12 trains in the direction Rajec - Žilina 
run on the line during working days. During the weekend, 
trains run less despite the great tourist potential. The 
timetable for this line for the period of validity 2017/2018 
is shown in Fig. 3. 
 

 
Figure 3 Timetable for railway line Žilina - Rajec and back [24] 

 
The timetable maintains the hourly rate in both 

directions in the morning and afternoon traffic peak. 
Otherwise, trains run in both directions every two hours. It 
can be seen from the timetable that the potential of the line 
is not fully exploited, as the last train in the direction     
Žilina - Rajec leaves Žilina at 18:43 and the last train from 
Rajec leaves at 19:28. One of the reasons is the parallel 
tracing of the road. The resulting "holes" are filled by buses 
of the carrier Slovenskáautobusovádoprava Žilina. To 
achieve the highest possible accuracy and reduce 
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transmitted delays, trains at the Žilina railway station do 
not wait for any missed train connections. 

One of the first indicators needed to calculate the 
carbon footprint is the number of passengers on the train. 
Data on the number of passengers boarding and getting out 
at individual railway stations and stops are based on an 
extensive survey carried out in 2018. These are internal 
data collected by the then expanding Integrated Transport 
of the Žilina Region. These data can be found in Tab. 4. 
 

Table 4 Passengers´ frequency on the Žilina - Rajec railway line [25] 
Traffic point Boarding Getting out Σ 

Žilina 1515991 1409148 2925139 
Bytčica 1327 1844 3171 

Lietavská Lúčka 1602 2077 3679 
Porúbka 174 197 371 
Poluvsie 445 511 956 

Rajecké Teplice 6298 10626 16924 
Konskápri Rajci 269 422 691 

Zbyňov 255 424 679 
Kl'ače 1273 1478 2751 
Rajec 5575 7091 12666 
Σ 1533209 1433818 2967027 

 
Cities with the greatest potential for passengers are 

Žilina, as a regional and catchment area. In second place 
are Rajecké Teplice, which is known as a spa town and is 
frequently visited by tourists, especially in the summer 
months. The least passengers were transported from/to the 
Porúbka railway stop. This stop has very little potential 
because it is more than 2 km away from the village 
Porúbka. Other train stations and stops are within easy 
walking distance. The Žilina railway station also has good 
accessibility by day and night public transport. 

The next step is to determine the average weight of one 
passenger. The methodology of the Railways of the Slovak 
Republic determines the average weight of an adult 
passenger at 80 kg, which is 0.08 t. Based on the total 
number of passengers carried by all trains in 2018 and the 
average weight of one passenger, the Eq. (1) can be used to 
calculate net tons per year 2018. 
 

 

      

Net tons

number of all passengers average weight of passenger


 

   (1) 

 
After substituting the appropriate values into the 

equation, they are net tons per year 2018 (during the 
validity of the timetable) total 237362.16 t. This value will 
be used in further mass calculations. 

Now it is necessary to divide the traffic separately for 
the direction Žilina - Rajec and Rajec - Žilina. For both 
directions separately, the tare value for the year is 
calculated. The operational data needed to calculate this 
indicator are quantified in Tab. 5. 

We can see from the table that a total of three motive 
power units provide passenger transport on the line. Most 
trains run on one train unit. In the peak hours of working 
days, two connected motive power units are deployed on 
selected trains to increase the total capacity. Only on the 
3500 train in the direction Žilina - Rajec there are three 
connected motive power units. It is the transport of empty 
sets for driving in the opposite direction. It is also 
necessary to know the significance of the number of days 
in the year during which the individual sets run. This can 
be found in Tab. 6. 

Table 5 Vehicle operational indicators on the Žilina - Rajec railway line 

Direction 
Train 

number 

Number 
of days of 
operation 
of vehicle 

no. 1 

Number 
of days of 
operation 
of vehicle 

no. 2 

Number 
of days of 
operation 
of vehicle 

no. 3 

Vehicle 
number 

per 
years 

Žilina - 
Rajec 

3500 365 242 972 
3502 242   242 
3504 

365 

  

365 
3506   
3508   
3510   
3512 242   242 
3514 365 242  607 
3516 242   242 
3518 

365 
  

365 
3520   

Rajec - 
Žilina 

3581 116   116 
3501 249   249 
3503 242   242 
3505 

365 

242  607 
3507   

365 3509   
3511   
3513 242   242 
3515 365   365 
3517 242   484 
3519 

365 
  

365 3521   
3523   

Σ 7657 1091 242 8990 

 
Table 6 Significance of the number of days of travel of individual sets included in 

trains during the validity of the 2017/2018 timetable 
Number of days Runs frequency 

116 
the trains runs on Saturdays, Sundays and public 

holidays 

242 
the trains run on weekdays, except during the 

Christmas holidays 
249 the trains run on weekdays 
365 the trains run daily 

 
From Tab. 5 we can see that most trains run daily and 

at peak hours are trains that run only on weekdays, except 
for the Christmas holidays. 

In the next step, it is necessary to calculate vehicle 
kilometers per year. These are calculated according to Eq. 
(2). 
 

  

     

Kilometers per year

vehicle number per year kilometers per day


 

             (2) 

 
After substituting the values into this equation, Tab. 7 

was created, where the values of vehicle kilometers for the 
year 2018 are calculated for both directions and all trains. 

From the table we can see that the passenger train has 
the most vehicle kilometers 3500, because it runs daily and 
consists of three motive power units. The passenger train 
has the least vehicle kilometers 3581, which runs only on 
weekends and public holidays and at the same time consists 
of only one motive power unit. 

Subsequently, it is necessary to calculate the total tare 
of all motive power units running on the line Žilina - Rajec 
in both directions. This is possible according to Eq. (3). 
 

   

      

Total tare per year

total vehicle number per year one vehicle weight


 

    (3) 
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Table 7 Kilometres per year during the validity of the 2017/2018 timetable 
Direction Train number Kilometres per year 

Žilina - Rajec 

3500 20412 
3502 5082 
3504 

7665 
3506 
3508 
3510 
3512 5082 
3514 12747 
3516 5082 
3518 

7665 
3520 

Rajec - Žilina 

3581 2436 
3501 5229 
3503 5082 
3505 12747 
3507 

7665 3509 
3511 
3513 5082 
3515 7665 
3517 10164 
3519 

7665 3521 
3523 

Σ 188790 

 
The total tare of all trains on the Žilina - Rajec line in 

both directions is 350610 t. The calculation is valid for 
train traffic diagram 2017/2018. 

The next step is to calculate the total gross tons. These 
can be calculated according to Eq. (4). 
 

  

       

Total gross tones

net tones per year total tare per year


 

                        (4) 

 
As a result, the value is 587972.16 t. The calculation is 

valid for train traffic diagram 2017/2018. 
The last indicator used to calculate the carbon footprint 

is the total gross tonne-kilometers. This indicator is 
calculated according to Eq. (5). 
 

   

   

Total gross tone kilometers

total gross tones total kilometers


 

                               (5) 

 
During the validity of the 2017/2018 train traffic 

diagram on the Žilina - Rajec railway line, there are a total 
of 111003264086.40 gross tonne-kilometers. This data will 
be used in the calculation of the carbon footprint produced 
by one passenger when the train is 60% busy, which is the 
optimal value of occupancy in the conditions of passenger 
rail transport in Slovakia. 

First, it is necessary to determine the basic data about 
the motive power unit in the context of fuel consumption. 
This information is given in Tab. 8. 
 

Table 8 Energy profile of the motive power unit 813/913 [26] 
Railway 
vehicle 

Vehicle 
age 

Emission 
factor 

Fuel consumption 

813/913 12 - 15 0 
12.14 l/1000 

grtkm 
0.01 l/1 
grtkm 

 
The standards mentioned in Tab. 8 are based on UIC 

standards [26]. At the same time, Tab. 8 shows that the 
emission factors from 2006, when the modernization of 
motive power units 810 to motive power units 813/913 

began, were not the emission limits and rules as strict as 
they are today. 
 

    Total fuel consumption fuel consumption total grtkm     (6) 

 
After substituting the values, the result is 

1347357619.48 l/total grtkm. This is one of the values that 
will be compared with the intended use of the 671 series 
electric vehicles. 

We will now look at the production of other emissions 
that are generated by the operation of motive power units 
on railways. The names of the elements with their 
abbreviations and the measured values are given in Tab. 9. 
 

Table 9 Values of other elements produced by a motive power unit of series 
813/913 

Element name and abbreviation Value / g/1000 grtkm 
Carbon monoxide (CO) 130.31 

Hydrocarbon (HC) 34.75 
Nitrogen oxide (NOx) 260.62 

Powder metallurgy (PM) 10.86 
Carbon dioxide (CO2) 38231.11 

Σ 38667.65 

 
The percentage of air pollutions by these substances is 

represented by the pie chart in Fig. 4. 
 

 
Figure 4 Percentage of air pollutants motive power unit 813/913 

 
It is clear from the graph that the dominant part is 

carbon dioxide. The remaining elements are negligible. 
As in the previous case, in the case of fuel 

consumption, it is still necessary to recalculate the total 
consumption of the production of these harmful substances 
per one kilometer gross. It is a number 0.04 kg/1 grtkm. 
Slightly modified Eq. (7), which is based on Eq. (6), 
determines the total consumption of air pollutants at total 
gross tonne-kilometers. 
 

  

  

Total emission consumption

emission consumption total grtkm


 

                              (7) 

 
After substituting the appropriate values, the result is 

4292235699.95 total kg/total grtkm. The final but equally 
key phase will be the calculation of fuel consumption and 
the calculation of harmful emissions per passenger, 
respectively per seat on the train. First, it is necessary to 
determine the occupancy of the train. It varies according to 
the parts of the day, so it depends on the traffic peak or off-
peak. In the realistic variant, an average occupancy of 60% 
can be considered. Summary Tab. 10 presents the methods 
of calculations of individual parameters and their results. 
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Table10 Conversion of fuel consumption and emission per passenger/per seat 
on the train 

Indicator Method of calculation The result 
number of 

vehicles per year 
- 

8990 motive power 
units 

occupancy 60% 
total passenger 
capacity × 0.6 

116 passenger 

60% occupancy 
per year 

number of vehicles 
per year × occupancy 

60% 
1042840 passenger 

total net tons per 
year 

60% occupancy per 
year × average weight 

of one passenger 
83427.20 tons 

total tare per year - 350610 tons 

total gross tons 
total net tons per year 
+ total tare per year 

434037.20 gross tons 

total kilometres - 188790 km 
total gross ton-

kilometres 
total gross tons × total 

kilometres 
81941882988 gross ton-

kilometres 
l/total grtkm per 

year 
l/1 grtkm × total gross 

ton-kilometres 
994610575.71 l/total 

grtkm 
l/total grtkm per 

year to one seat on 
the train 

l/total grtkm per year 
/ total trains capacity 

per year 

953.75 l/total grtkm per 
year to 1 seat on the 

train 

kg/total grtkm per 
year 

total kg/1 grtkm × 
total gross ton-

kilometres 

3168509299.31 kg/total 
grtkm per year 

kg/total grtkm per 
year to one seat on 

the train 

kg/total grtkm per 
year/total train 

capacity per year 

3038.34 kg/total grtkm 
per year to one seat on 

the train 

 
The green boxes are the steps to calculate occupancy, 

weight, and kilometers. The red boxes are the final 
calculations of fuel consumption and emissions. In 
principle, the more a train is occupied, the lower the fuel 
consumption and emissions. 
 
4.2 Proposed Use of Electric Motor Train Set on the Žilina-

Rajec Railway Line 
 

The proposal to improve the operation and reduce the 
consumption of the carbon footprint assumes the 
electrification of the Žilina - Rajec line and the deployment 
of electric motor train sets. During electrification, the use 
of a 25kV, 50Hz AC traction system is prospectively 
considered, even though the entire Žilina railway junction 
is currently electrified by a 3kV DC traction system. 
However, as the Žilina node is currently under 
reconstruction, the switching of the traction system from 
one-way to alternating is also expected within its individual 
phases. 

The authors consider the deployment of an electric 
motor train set of the 671 series to be the most suitable. It 
is a double-decker train, which is particularly suitable for 
its capacity. All basic data on the proposed electric motor 
train set unit are in Tab. 11. 

Fig. 5 shows the 671/971 electric motor train set at the 
Žilina railway station after the arrival of a passenger train 
from Trenčín. 
 

 
Figure 5. Electric motor train set 671/971 at the Žilina railway station 

Table 11 Basic information about the proposed vehicle [27] 
Vehicle electric motor train set 671/971 

Years of production 2010 - 2015 
Fuel electric energy 

Continuous power 2000 kW 
Power regulation semiconductor 

Weight / t 166.7 
Energy consumption / kWh/1000 

grtkm 
34.41 

Maximum speed 160 km/h 
Length over bumpers / mm 79200 

Width / mm 2820 
Height / mm 4635 

Number of seats 
307 + 4 seats are reserved for 

wheelchairs 
Total number of standing 

passenger 
640 

 
The timetable remains in force despite the change of 

vehicle as shown in Fig. 3. Thanks to better accelerations 
during start and stop, in real conditions the arrival and 
departure times to and from individual stations and stops 
would be reduced by a maximum of one minute. However, 
for the purposes of this article, the original version of the 
timetable shall suffice. The average weight of one 
passenger also remains valid. The number of passengers 
will also not change, as we will be based on the same 
period, i. e. Tab. 4. It follows that even net tons will not be 
changed. At the same time, the total tare and the gross tons 
will not change. 

A fundamental change occurs in the operation of 
individual sets. The factor for the change is the number of 
seats, which will increase by 229 compared to the current 
situation. Therefore, it will not be necessary to run more 
than one set on one train. The new composition of the sets 
is in Tab. 12. 
 

Table 12 Proposed distribution of seats during the year when vehicle change 

Direction 
Train 

number 
Number of days of 

operational of vehicle no. 1 
Vehicle number 

per years 

Žilina - 
Rajec 

3500 365 365 
3502 242 242 
3504 

365 365 
3506 
3508 
3510 
3512 242 242 
3514 365 365 
3516 242 242 
3518 

365 365 
3520 

Rajec - 
Žilina 

3581 116 116 
3501 249 249 
3503 242 242 
3505 

365 365 
3507 
3509 
3511 
3513 242 242 
3515 365 365 
3517 242 242 
3519 

365 365 3521 
3523 

Σ 7657 7657 

 
The train set for the direction Rajec - Žilina will be 

included in train 3500 without passenger frequency, empty 
and locked. 

The individual calendar restrictions on trains, which 
are expressed over the number of days of running of each 
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train during the year, also remain in force according to Tab. 
6. 

However, Tab. 7 will be modified. The change 
depends on the number of vehicles deployed according to 
Eq. (2). The new kilometers values per year are given in 
Tab. 13. 
 

Table 13 New values of annual kilometers 
Direction Train number Kilometres per year 

Žilina - Rajec 

3500 7665 
3502 5082 
3504 

7665 
3506 
3508 
3510 
3512 5082 
3514 7665 
3516 5082 
3518 

7665 
3520 

Rajec - Žilina 

3581 2436 
3501 5229 
3503 5082 
3505 

7665 
3507 
3509 
3511 
3513 5082 
3515 7665 
3517 5082 
3519 

7665 3521 
3523 

Σ 160797 

 
Based on the new values in Tab. 13, the values of the 

other key indicators also changed. Changes from the 
current situation are shown in Tab. 14. 
 

Table 14 Mass value after change of rolling stock deployed 
Weight indicators Proposed state 
Net ton per year 235223.04 

Total tare per year 1276422 
Total gross tones 1511645.04 
Total kilometres 188790 

Total gross-tonne kilometres 243067987496.88 

 
The original and new values in the table are calculated 

based on Eq. (2) to Eq. (5). All values, except the number 
of annual kilometers, have increased. The annual 
kilometers have been reduced due to the creation of set 
trains that do not carry passengers. 

The energy consumption of an electric motor train set 
differs from that of a motive power unit. Tab. 15 shows the 
electricity consumption values depending on the age of the 
vehicle and the emission class. 
 

Table 8 Energy profile of the motive power unit 813/913 [27] 
Railway 
vehicle 

Vehicle 
age 

Emission 
factor 

Electric energy 
consumption 

671/971 6 - 11 E 
34.41 

kWh/1000 
grtkm 

0.03 
kWh/1 
grtkm 

 
It is clear from the table that the electric motor train 

sets are younger than the motive power units that are 
currently deployed on the track. As electricity consumption 
is many times less burdensome for the environment, its 
value is acceptable. The calculation of electricity 
consumption will be based on a slightly modified Eq. (6). 

   

   

Total electric energy consumption

electric energy consumption total grtkm


 

                     (8) 

 
After substituting the values, the result is 

8276005806.86 kWh/total grtkm. As a result, we see that 
an electric motor train set consumes more electricity than a 
motive power unit consumes diesel. The difference is 
almost seven billion. It is essential to realize that electricity 
consumption is more environmentally friendly than 
consumption of diesel, which is harmful to the 
environment. 

We will now look at the production of other emissions 
that are generated by the operation of electric motor train 
set on railways. The names of the elements with their 
abbreviations and the measured values are given in Tab. 
16. 
 

Table 16 Values of other elements produced by an electric motor train set of 
series 671/971 

Element name and abbreviation Value / g/1000 grtkm 
Carbon monoxide (CO) 1.20 

Sulfur dioxide (SO2) 27.49 
Nitrogen oxide (NOx) 3.79 

Powder metallurgy (PM) 0.19 
Carbon dioxide (CO2) 3507.17 

Σ 3539.84 

 
The main change in the production of harmful 

substances for the environment is the production of sulfur 
dioxide. At the same time, the electric motor train set does 
not produce hydrocarbons. The percentage of air pollution 
by these substances is represented by the pie chart in Fig. 
6. 
 

 
Figure 6 Percentage of air pollutants of electric motor train set 671/971 

 
Within the percentage, it is again almost one hundred 

percent CO2. In absolute numbers, however, this 
proportion is smaller when using electric traction than 
when using diesel traction. 

As in the previous case, in the case of electric energy 
consumption, it is still necessary to recalculate the total 
consumption of the production of these harmful substances 
per one kilometer gross. It is a number 0.003 kg/1 grtkm. 
Compared to the originally used motor unit, this 
consumption is incomparably lower. 

Substituting into Eq. (7), it can be stated that the 
emission consumption when using an electrical unit is 
1160143312.34 total km/total grtkm. This number is again 
lower than when using a motive power unit. 

Despite the higher comfort and better driving 
characteristics, we will also consider a 60% occupancy rate 
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when using the 671/971 electric motor train set. Although 
it is assumed that the change of deployed vehicles on the 
track solved by us will increase the occupancy of the unit 
by passengers. At the same time, however, it is necessary 
to emphasize that the increase in the number of passengers 
on the Žilina - Rajec line does not only depend on the 
change of vehicles, but also on the parameters of the line. 
Only when the line would undergo a comprehensive 
reconstruction with an increase in line speed, it would be 
possible to expect an influx of passengers into the train. In 
the context of congestion in the morning at the entrance to 
Žilina and in the afternoon at the exit to Žilina, the train 
would be the number one choice for passengers. In Tab. 17, 
electricity consumption and emissions are converted to 
60% occupancy. 
 

Table 17 Conversion of electric energy consumption and emission per 
passenger/per seat on the train 

Indicator 
Method of 
calculation 

The result 

number of 
vehicles per 

year 
- 7657 electric motor train sets 

occupancy 60% 
total passenger 
capacity × 0.6 

384 passenger 

60% occupancy 
per year 

number of 
vehicles per year × 

occupancy 60% 
2940288 passenger 

total net tons per 
year 

60% occupancy 
per year × average 

weight of one 
passenger 

235223.04 tons 

total tare per 
year 

- 1276422 tons 

total gross tons 
total net tons per 
year + total tare 

per year 
1511645.04 gross tons 

total kilometres - 160797 km 
total gross ton-

kilometres 
total gross tons × 
total kilometres 

243067987496.88 gross ton-
kilometres 

kWh/total grtkm 
per year 

kWh/1 grtkm × 
total gross ton-

kilometres 

8264311574.89kWh/total 
grtkm 

kWh/total grtkm 
per year to one 
seat on the train 

kWh/total grtkm 
per year / total 

trains capacity per 
year 

2810.71 l/total grtkm per year 
to 1 seat on the train 

kg/total grtkm 
per year 

total kg/1 grtkm × 
total gross ton-

kilometres 

860422799.11 kg/total grtkm 
per year 

kg/total grtkm 
per year to one 
seat on the train 

kg/total grtkm per 
year / total train 
capacity per year 

292.63 kg/total grtkm per 
year to one seat on the train 

 
A comparison of individual results is published in the 

final part of the article. However, it can already be stated 
that while the electricity consumption is higher than the 
diesel consumption, the exhaust gases discharged into the 
air are an order of magnitude lower when using an electric 
motor train set than when using an engine motive power 
unit. 
 
5 DISCUSSIONS 
 

It follows from the previous chapter that the benefits 
in the field of environmental protection are large within the 
considered electrification of the Žilina - Rajec line. From 
the point of view of the entire Slovak railway network, 
however, it is only a drop in the ocean. It is one thing to 
protect the environment, but today's world is looking 

primarily at the financial side of the whole project. 
Therefore, the authors further suggest that research should 
go in this direction. 

The electrification of any line then influences the 
organization of the operation on the line. Whether it is the 
deployment of electric trains, at least a minimal reduction 
in travel times due to generally better traction 
characteristics or a general change in the concept of 
transport on the line in question. We can therefore 
summarize the mentioned criteria under a package of 
operational criteria [28, 29]. 

There are many traction systems around the world. The 
appropriate system is prioritized according to operational 
and economic criteria. At the same time, there are many 
components that support individual decisions [30]. 

The basis of all electrification projects is a technical 
and economic analysis of the pros and cons of the entire 
project. The strengths and weaknesses of the whole project 
will be identified and, depending on the resulting values, it 
will either proceed or will not be implemented. Today, 
alternative drives are also being addressed, most often 
hydrogen, often referred to as the drive of the future [31]. 

Various simulation programs of a mathematical-
economic or financial nature are also a good helper for 
confirming or rejecting a decision [32]. 

Based on the above knowledge and research to date, 
the following questions need to be answered as part of the 
further direction of research: 
1. What will be the next indicative data for the 
implementation of the project? 
2. What methodology will be used to evaluate the pros 
and cons of the whole project? 
3. What traction system will be used and why? 
4. How will the eventual electrification of the Žilina - 
Rajec railway line change operations? 

This is just a fragment of the questions that authors 
have in the context of electrification and environmental 
improvement. After answering them, however, a 
comprehensive material will be created as a basis for the 
possibility of electrification of the Žilina - Rajec railway 
line. 

The proposed methodology may not only be applicable 
to the calculation or comparison of the carbon footprint, 
but may also be used as a means to introduce or cancel 
passenger rail transport on any line and in any country that 
is a member of the UIC. In terms of significance, it would 
only be a supporting and not a key element in the decision-
making process. In such a case, the socio-economic 
consequences of such a decision should be taken into 
account as the main elements. 
 
6 CONCLUSION 
 

The conclusion will consist of three main units to 
follow each other. The basic indicators in relation to the 
environment will be compared. 

First, it is the number of places when using the motive 
power unit at present and when using the electric motor 
train set in a possible scenario. In principle, the more a train 
is occupied, the lower the energy and environmental 
intensity will be quantified. Manufacturers of new means 
of transport used in public transport are also trying to 
produce in such a way that as many seats as possible are 
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available. Especially on regional and long-distance routes. 
Often even at the cost of comfort, but in recent years this 
has been abandoned because it does not attract passengers, 
so comfort comes to the fore again. The total number of 
seats occupied (including seats for bicycles and/or 
immobile passengers) and the number of seats occupied at 
60% occupancy are shown in Fig. 7. 
 

 
Figure 7 Capacity comparison of vehicle 

 
It is clear from the figure that the deployment of an 

electric motor train set is a better solution in terms of 
capacity. Especially if we want to attract more passengers. 
This will then be reflected on the 1st class road, which runs 
parallel to the railway line from Žilina to Rajec. If rail 
transport is a priority for passengers, not only will there be 
fewer cars on the road and the environment will not be so 
damaged, but the congestion on this road will also be 
smaller and irregular. 

Another indicator compared is fuel consumption. 
While the motive power unit consumes diesel, the electric 
motor train set consumes electricity. The annual fuel 
consumption and conversion per seat in the train is shown 
in Tab. 18. 
 

Table 18 Comparison of fuel consumption when using independent and 
dependent traction 

Fuel consumption 
Motive power unit 

813/913 
Electric motor train 

set 671/971 
l/total grtkm per year 994610575.71 - 

l/total grtkm per year to 
one seat on the train 

953.75 - 

kWh/total grtkm per year - 8264311574.89 
kWh/total grtkm per year 

to one seat on the train 
- 2810.71 

 
The electricity consumption when using an electric 

motor train set is several times higher than the diesel 
consumption when using a motive power unit. In this case, 
however, it is beneficial for the environment because 
electricity is more acceptable than diesel and contains 
fewer harmful substances. 

The last area compared is the consumption of harmful 
substances into the air. This consumption is also expressed 
as an annual indicator and calculated per seat at 60% 
occupancy. This comparison is crucial, especially from an 
ecological point of view, and should also be crucial in 
assessing the suitability of electrification of the Žilina - 
Rajec railway line. The comparison is shown in Fig. 8. 
 

 
Figure 8 Comparison of ecological demands of individual vehicles 

 
When using an electric unit, the emissions to air are 

several times lower, which is much more acceptable for the 
long-term use of this type of traction for the environment. 

The authors therefore clearly recommend electrifying 
the line due to more environmentally friendly demands 
than in the current state. At the same time, they recommend 
the use of 671/971 series electric motor train sets, due to 
their good capacity and ecological properties. At the same 
time, they see the possibility of introducing new 
connections on the operational side. 

The advantage of this methodology is that it is also 
applicable on other railway lines where passenger transport 
has potential. It can also be used in UIC member countries 
because of the values that this organization provides. It can 
also be one of the decision criteria when introducing or 
abolishing passenger rail transport. 
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