REVIEW ARTICLE

Operation and Economics in Transport A61

which does not comply with these terms.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits
use, distribution, and reproduction in any medium, provided the original publication is properly cited. No use, distribution or reproduction is permitted

COMPARISON OF OPERATIONAL COSTS FOR FIXED-ROUTE BUS

SERVICE AND DEMAND RESPONSIVE TRANSPORT SYSTEMS.

THE CASE OF KOSICE REGION - SLOVAKIA
Tomas Stofa, Peter Dzupka, Radovan Drab*

Faculty of Economics, Technical University of Kosice, Kosice, Slovakia
*E-mail of corresponding author: radovan.drab@tuke.sk

Tomas Stofa
Radovan Drab

0000-0002-9824-3531,
0000-0002-6022-5995

Peter Dzupka

0000-0001-8947-6555,

Resume

The issue of sustainability of public transport is constantly receiving
attention from both government and research. One possible solution,
demand responsive transport (DRT), can increase accessibility in rural
areas, improve the quality of service as well as reduce the costs. This paper
estimates the operational costs for different types of vehicles in DRT in
person-kilometers and compares it to the current costs of standard bus
transport for year 2021 and analyses the capacity, occupancy and ticket
prices of fixed-route bus transport. As the results indicate, in many cases
the costs of DRT are higher compared to standard bus transport, but by
increasing the occupancy of vehicles the DRT can provide savings up to 66 %.
The use of cars, as well as car-sharing, show higher costs, which is mainly
related to a low transport capacity. As the most appropriate vehicles of DRT
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1 Introduction

Many countries and regions face problems of the
public transport cost-efficiency especially in remote
rural region. Current issues with their origins in Covid
pandemic, caused dramatical drop in public transport
usage. Together with the new increase in petrol prices
are the former problems in rural areas transport
accessibility articulated even to a higher extent.

The purpose of the paper was to compare the
operational costs for providing bus transport in rural
areas of Kosice region in Slovakia. Currently the bus
transport in Kosice region is organized as a standard
bus transport. Based on publicly available data,
regarding the costs of bus transport in rural areas of
the region is becoming less economically sustainable
from year to year. The expenditures of all the public
transport providers increased between 2009 and 2019
by 32%, operated milage stayed nearly consistent but
the number of passengers decreased from 27.8 million
In 2009 to 20.5 million in 2019. This is nearly 30%
decrease in number of passengers compared to the level
before pandemic. When the first pandemic year 2020

is considered, the decrease in number of passengers is
more than 50 %.

One of the possible solutions to improve the
accessibility of people living in rural areas in Kosice
region is to introduce some type of Demand responsive
transport system, which could substitute or complement
existing standard bus transport system in the region.
These types of systems can increase the accessibility
especially for disadvantaged people (older of disabled)
living in rural areas. On the other hand, these types
of systems come usually with higher operational
costs.

The first part of the paper summarizes the literature
about the DRT systems with aim to identify basic types
of DRT system based on their flexibility. The second
part describes the methodology used for estimation of
operational costs for both transportation systems and
the last part provides discussion of the results.

This paper is prepared as a part of the wider
project dealing with Economic and social aspects of
accessibility in rural areas using demand-oriented
transport and flexible transport systems, which aims to
explore the possibilities of improving the accessibility of
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rural regions by applying new “smart” solutions based
on demand-oriented transport and flexible transport
systems.

2 Literature review

According to Demand Responsive Transport (DRT)
is partly a form of public transport, bearing the marks
of fully flexible use of taxis and regular public transport.
According to a study [1], DRT is partly a form of private
or quasi-public transport, where routes are changed
according to passengers’ demand without the use of fixed
timetables. However, as pointed out by [2], even the use
of timetabled schedules is possible in DRT.

Within the literature review, a total of 454 articles
dealing with the topic of DRT have been identified using
the bibliographic platform SCOPUS, which provided the
most articles from the search request. Three main types
of DRT have been identified, categorized according to the
level of flexibility offered by the service. More flexible
services adapt better to customer requirements, but on
the other hand they generate much higher costs than
the less flexible services. It is the degree of flexibility
that represents an important issue in planning the
implementation of this service.

2.1 Forms of DRT

Based on the level of flexibility of the service, the
following types of DRT have been identified:

Fully flexible DOD (door-to-door service)

Demand-oriented transport with all the components
flexible, is usually referred as door-to-door service. These
services pick up the customer in front of their own house
door and take them to the door of the destination place.
Such a service is primarily intended for passengers who
cannot, or do not wish to, walk to the bus stop for various
reasons. This form of DRT is also characterized by its
full-time flexibility, which means that the pick-up time
is fully dependent on the actual demand. It is mostly
served by the low-capacity vehicles, such as cars with
up to 6 passenger seats, or minibuses with a seating
capacity of around 12. The type of a vehicle, used by
the service, usually depends on the option of sharing
the journey with other passengers. For such services, it
is advantageous to have the highest possible occupancy
of the vehicle, however, on the other, it also creates
negative effect for passengers, where duration of the
journey is longer due to multiple stops of the vehicle.
Therefore, the real-time tracking and the optimization
of the routes is necessary for such a service. Services,
that do not allow ride sharing are closest to conventional
taxi services and usually use smaller cars. This form of
service is more expensive than a shared service where

passengers with similar origins and destinations have
the option of using a single vehicle [2-6].

Semi-flexible DOD (service serving stops/
points of interest)

In contrast to fully flexible demand-responsive
transport, semi-flexible systems are characterized by
limitation of transport flexibility. In the literature, it
is usually referred to as “stop-based service”, or service
serving stops or specific points of interest. The limited
flexibility may also apply to the changes of the route
itself. Unlike the fully flexible transport systems, where
car sharing is optional, the sharing of the vehicle is the
basis of these services. Semi-flexible transport systems
are also characterized by different time flexibility of
the service. They can be fully dependent on the actual
demand of the passengers, or have a fixed schedule with
vehicle departures, which is mostly used by systems
with defined stops. A third option is a combination of
the two previous ones, where, for example, only the
departure time of the vehicle from the starting stop is
determined and subsequent arrivals are dependent on
the number of intermediate stops on the route [2-8].

Car-sharing

A third, slightly different form of flexible transport
systems is the car-sharing service. This form of service
does not directly provide transport, but only a vehicle
for short-term transfer to the destination. The system
can be considered fully flexible within the area served,
but the passenger must physically come to the vehicle.
The service usually provides a capacity of 2 to 4 seats.
The original idea of car sharing has several alternatives
already, such as shared motorcycles, bicycles or scooters
[2, 9].

2.2 Costs and ticket price in DRT

The objective of this paper was to estimate
the operational costs of different types of Demand
responsive transport in person-kilometers (personkm)
and to compare them to the current costs of standard
bus transport in Kosice region Slovakia. The paper also
compares potential sales volume of these two different
services and subsequently analyzes whether it would
be possible to replace the standard fixed timetable bus
transport with the DRT. Since we are only trying to
reduce the costs of existing fixed-route bus transport,
we do not deal with the transportation of vulnerable
groups of passengers, such as children, disabled persons,
pensioners. In the study [10], the main reason for
the DRT failures have been identified higher costs.
In addition, simpler services have higher chance for
survival, as the higher flexibility is linked with higher
costs. Therefore, this paper’s aim was to analyze the
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possibility to replace the fixed-route buses with the DRT
on the same or similar routes as buses, especially for low
demand areas and off-peak hours, as suggested by [11].

As [12] stated, the accepted price represents the
satisfaction with ticket price and the travelling time
to the station had have significant impact on usage
of urban transport in this study. The lower the price,
the higher the usage of public transport should follow.
However, as study [13] stated, willignes to pay (WTP) of
DRT can be higher than regular bus transport, because
of other benefits of DRT transport, such as shorter
waiting times, shorter travel times, higher comfort and
flexibility. Those assumptions have been confirmed by
[14], where they stated that the perceived costs, in the
form of reasonable ticket prices, are positively related
with travel satisfaction. This paper also suggested that
the accessibility and the societal and environmental
importance of the public transport are significant,
as well. All these attributes are higher in the DRT
transport and thus despite the fact, that the DRT is
linked with higher ticket prices, the other positive
attributes can overcome the higher fares. Application of
the DRT can improve the transport serviceability of an
area, as well [15].

3 Methodology and data

The first step was the estimation of operational
costs of the different types of the DRT systems. Although
the direct identification of such costs is not possible,
these costs have been traced down and simplified to the
types of vehicles used to transport people in the region
by available commercial services. Therefore, market
survey was conducted and 20 transport options have
been analyzed for the region of Kosice. The results
of this survey are shown in Tables 8, 9 and 10 in the
Appendix. Data were also obtained from the largest
standard bus operators in Kosice self-governing region
(KSK), Arriva and Eurobus. These contain information
about all the bus lines that operated during 2019 in
the region of KSK, related to transported passengers,
travelled kilometers, annual sales and costs of the bus
lines.

We assume thatthe pricing strategy of the commercial
services covers all the operating costs, vehicles” wear
and tear, as well as generates a reasonable profit.
When a real DRT service is implemented, additional
costs, related to the information system development
and operation to organize the DRT system, will be
required. However, we assume that these costs will
not be significant from a long-term point of view and,
therefore, we abstract them in our analysis. Based on
the literature review the DRT systems usually operate
with standard cars (with or without the share of the
journey) [3, 5, 9]; microbuses [3, 8, 16]; minibuses [16];
buses [6]; shared cars [2, 9] and shared motorcycles [17].

The maximum number of seats in each vehicle
was determined based on a study of [18]. As stated
in the case study [19], DRT aims to maximize vehicle
occupancy through various trip optimization techniques,
such as adjusting service times to the busiest times
and locations. This is due to the high costs of the
drivers themselves, which represents up to 50% of
the total costs of the service, as stated in [20]. On the
other hand, standard bus transport operates buses
and microbuses with an average capacity of 49.5 seats,
however occupancy can be also higher due to standing
passengers. Therefore, standard bus transport is
preferable in the areas with large travel demand. In
addition, the problem of congestions is a rising issue for
all but especially larger cities [21,22]. However, the main
objective of this paper is to analyse operational costs
and sales for DRT vehicles. These DRT vehicles could
replace existing fixed-route bus services, where the
lower capacity of the DRT is acceptable and application
of DRT would lead to savings because of lower costs or
higher sales volume.

Based on these assumptions research of private
operators of different transports services in Kosice
region was done in November 2021. The aim was to
identify the price policy of these operators. The structure
of the analysed transport operators is described
in Table 1.

From these inputs the operational costs in person-
kilometer for different vehicles possibly used for demand
responsive transport and for different expected vehicle
occupancy were estimated.

Table 1 Structure of the analysed operators and costs with Value-Added Tax (VAT)

DRT Vehicles Sharing services
Operators Cars Microbus Minibus Bus Carsharing Ng})f:;bnige St;gii;izus
Number of operators 4 5 3 1 1 2
Max number of seats 4 15-25 52-55 2 1 49.5
Costs per kilometer [€] Cars Microbus Minibus Bus Carsharing Ng})f;);'tﬁge St;gii;izus
Average 0.69 € 0.74 € 0.83 € 150 € 0.42 € 0.22 € 1.5495 €
Std. Dev. 0.2735 0.2945 0.1775 0.0849 N/A N/A 0.0740 €
Min 0.35€ 0.40 € 0.60 € 1.38€ N/A N/A 1.4612 €
Max 1.00 € 1.20 € 1.02€ 1.56 € N/A N/A 1.6141 €
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Table 2 Statistics of regular standard bus transport
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Op‘[’fﬁg‘glfr‘;l]age 26493 26777 26323 26455 26155 25881 26173 26182 26342 26520 26852 25542
Number of
passengers per year 27839 26953 25336 24498 23921 23050 22352 21466 20930 20627 20523 12876
(in 000)
Operational costs of
operators per year 27025 27781 29663 30756 31337 31575 31514 31373 33458 34643 35744 33481
[in 000 €]
Subsidies from
Regional budget 10863 12346 13720 15015 15858 16663 17138 17138 19939 21231 22288 29980
per year [in 000 €]
Source: [23]
Table 3 Costs of DRT for different types of vehicles with VAT
Operators Cars Microbus Minibus Bus Carsharing Motor}mke
sharing
Seats 50% - 100 % 2-4 4-8 10 - 20 27 - 54 1-2 1
Costs per kilometer [€] Cars Microbus Minibus Bus Carsharing Motorblke
sharing
Costs for personkm 0.69 0.74 0.83 1.50 0.42 0.22
(1 traveler)
Costs for personkm 0.34 0.18 0.08 0.06 0.42 N/A
(50 % occupancy)
Costs for personkm 0.17 0.09 0.04 0.03 0.21 N/A

(100 % occupancy)

The second step represented the analysis of the
operational costs for providing a regular standard bus
transport in rural area in the Kosice region. Two private
companies provide suburban bus transport based on
a contract for the provision of services in the public
interest with the Kosice self-governing region. Based
on this contract, Kosice self-governing region provides
subsidies to these two companies to provide suburban
bus transport on agreed fares. These subsidies cover the
loss from operation and a reasonable profit for private
operators. Table 2 provides collected information from
2009 to 2020.

Using these inputs, the operational costs in person-
kilometer for actual standard bus transport in the
Kosice region were estimated.

4 Results and discussion

Based on the above-described data and methodology,
the market costs of personkm (number of persons
transported per 1 kilometer) were estimated for different
types of vehicles that can be of a potentially use for
DRT systems in the Kosice region. These costs reflect
the actual market regionally specific prices. Table 3
describes costs for all the types of vehicles of DRT
based in three levels of their occupancy during a trip:
1 passenger (also costs of vehicle per kilometer); 50 %
occupancy and full occupancy.

Before performing the costs for personkm calculation
in the traditional standard bus transport in rural areas,
an analysis of the development of several indicators for
suburban bus transport in Kosice region was carried out.
Figure 1 shows development of four indicators between
2009 and 2020. We consider the year 2019 as the last
standard year not impacted by the COVID -19 pandemic
restrictions. The year 2020 is the first and probably most
impacted pandemic year, when most of the restriction in
connection to COVID - 19 pandemics were introduced.

As can be seed from Figure 1 the increase of the
operational costs indicator of all the private transport
operators per one operated kilometer is rather moderate.
The operated milage was stable, so the increase probably
reflects the increase in direct costs (fuel, salaries etc.).
Due to the sharp decrease of passengers in this period
the operational costs of operators per passengers
increased in time (blue line) especially during the
pandemic impacted year 2020.

When considering the same indicators from the
Kosice self-governing region point of view, the situation
is also very interesting. Subsidies from regional budget
for operators raised sharply especially when considering
subsidies per one passenger. This situation can also
be described by the share of regional budget subsidies
in total operational costs. While in 2009 subsidies
covered 40% of all the costs, in 2019 it was already
62 % and in pandemic year 2020 more than 90 % of total
costs.
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Figure 1 Costs of traditional standard bus transport without VAT

Table 4 Operational costs and Subsidies per personkm with VAT

2019 2020
Operational costs/personkm [€] 0.06 0.10
Subsidies/personkm [€] 0.04 0.09
Source: Own calculations based on Annual reports of Kosice self-governing region
Table 5 Standard market prices lower than subsidies
Operators Cars Microbus Minibus Bus Carsharing  Motorbike sharing
Seats 50% - 100 % 2-4 4-8 10 - 20 27 - 54 1-2 1
Price per kilometer [€] Cars Microbus Minibus Bus Carsharing  Motorbike sharing
Price for personkm 0.69 0.74 0.83 1.50 0.42 0.22
(1 traveler)
Price for personkm 0.34 0.18 £0.08 % 0.06 0.42 N/A
(50 % occupancy) ’ ’ ’ ’ ’
Price for personkm 0.17 10.09 i 10.04 i 0.03 0.21 N/A

(100 % occupancy)

From the cost-effectiveness point of view, this
situation is not sustainable. In the light of increasing
costs and subsidies we, therefore, tried to compare
the costs and subsidies for person km in traditional
standard sub-urban bus transport to the market prices
for personkm. Table 4 shows the operational costs
per personkm and subsidies from regional budget for
personkm for both before pandemic (2019) and the first
pandemic (2020) years.

We compared the subsidies for personkm for
pandemic year - 0.09 € and the prices of the analyzed
public transportation options. Cells highlighted by
symbol f in Table 5 represent the situation when the
standard market prices for the use of Microbus and
Minibus are equal or lower than the subsidies from
the regional budget for personkm in pandemic year.
Naturally, this is possible only when the DRT system
could reach at least 50% occupancy in the case of
Minibuses and full occupancy in the case of Microbuses.
We have not considered the traditional buses as a DRT
vehicle, since 50 % occupancy of vehicles is not reachable
in remoted rural areas in Kosice region during the

analyzed period and the WTP was calculated as a price
for services with a higher standard than regular bus
transport, as well.

The DRT systems are usually related to the higher
accessibility or/and comfort for passengers. This means
that this type of services should increase the passengers
perceived value of the service. In thesis [13] a small pilot
primary research based on the WTP methodology with
the aim to estimate the willingness to pay for the DRT
service in three villages in Kosice region was carried out.
The research sample was rather small - 100 households,
but the results showed that the median value of the
willingness to pay for DRT service was 0.09 € per
travelled kilometer for a person.

In this context, we subtracted the median of
willingness to pay per kilometer from the original
market price and again compared the results to the
self-governing region’s subsidy per person-km. Cells
highlighted by symbol  now represent the situation
when the passenger payments - market prices are
lower or equal than the subsidies. This situation is
present in the case of at least 50% occupancy, when
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Table 6 Standard market prices lower than subsidies considering willingness to pay

Operators Cars Microbus Minibus Bus Carsharing Motorbike sharing
Seats 50% - 100 % 2-4 4-8 10-20 27 - 54 1-2 1
Price per kilometer [€] Cars Microbus Minibus Bus Carsharing Motorbike sharing
Average 0.69 0.74 0.83 1.50 0.42 0.22
Price for personkm 0.60 0.65 0.74 141 0.33 0.13
(1 traveler)
Price for personkm
(50% occupancy) 0.25 $0.09 % $+0.01 % -0.03 0.33 N/A
Price for personkm
(100% occupancy) 10.08 % $0.00 % 10.05 -0.06 0.12 N/A
0.04 -
0.03-
2
2
o 0.02-
(]
0.01-
000 L 1 1 1 1
0 25 50 75 100
Passengers

Figure 2 Density chart of average occupancy of standard bus transport for year 2019

Table 7 Options for replacing fixed-route bus transport by DRT

Average Ride.s needed Fixed routes replac.eable by Fixed routes repllacelable by Potential savings for
during year one DRT vehicle one DRT vehicle in % selected routes %
Standard bus lines 6086
Cars 28492 1341 22.03 55.47
Microbuses 15935 2239 36.79 52.24
minibuses 8624 4108 67.50 46.43
buses 6154 5918 97.24 3.19

Source: Own calculations based on Annual reports Kosice self-governing region

using minibuses and microbuses and in the case of full
occupancy of cars, as well. Here, again, the traditional
buses were not considered for the same reason described
above. All these results are presented in Table 6.

As can be seen, car and motorbike sharing services
represent a more expensive way to assess the accessibility
problem, therefore we do not consider them as an
alternative to standard bus transport. On the other
hand, large buses as the DRT vehicles have multiple
disadvantages, as limited comfort, limited flexibility
and lower transport speed considering the high number
of passengers that bus have to serve, although the
higher seat capacity leads to higher savings when all
the seats are occupied. Cars as the main vehicles of the
DRT fleet are associated with the highest comfort and
the fastest travel times, but their costs are high and
even at full occupancy the savings would be too low.
Therefore, the two main alternatives remain as the most

appropriate ones for standard bus transport, microbuses
and minibuses.

This paper analyzed the average occupancy of the
fixed-route bus transport during the year 2019. As
can be seen on Figure 2.78% of all the bus lines had
the occupancy lower than 50% of the maximum seat
capacity.

Therefore, we have analyzed the potential
substitutability of the standard bus transport by
different DRT vehicles. If we would like to replace all
standard bus lines by DRT with one type of vehicle, the
number of rides would grow, especially in category of
cars and microbuses. However, we suggest replacing only
the fixed routes, where one vehicle would be enough. As
the minibuses and microbuses have been selected, the
potential savings are up to 52.24 % for replaced routes,
as can be seen in Table 7.

Then we compared the calculated WTP to the
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Figure 3 Ticket price in EUR of standard bus transport (Grey histogram and red as median) and WTP
for DRT (blue) per kilometer

prices of standard transport tickets purchased during
one normal working day in the Kosice region. Price of
one personkm for one bought ticket was calculated as
follows:

B

Pon = F01 >

1)
where:

P, is ticket price,

KM is number of kilometers.

Figure 3 shows the histogram of calculated prices
per personkm for a given day. Even though we took only
intercity transport into account, some bus connections
may also serve as urban transport in smaller cities.
In addition, standard bus transport use tariff prices,
depending on the distance range. Transports over the
short distances is for customers much more expensive
than transport over the long distances. Due to these
facts, it is possible to see clusters of prices over 0.2
/km. Since extreme values can significantly affect
the calculated average price, we used the median for
comparing to calculated WTP.

The median price per personkm was calculated
at the level of € 0.0625, while the determined WTP
price was € 0.09. Considering this difference, we can
assume that there is a room for an increase in transport
prices for the use of DRT, because people are willing
to pay extra for the higher quality of services offered
by the DRT. However, this difference is not enough to
completely switch to DRT transport for this region.

According to [10], despite the 40 years of experience
with the DRT, its higher costs are the main factor of
DRT failure. Reducing the risk of high costs could be
achieved by a combination of standard bus transport
and the DRT, where these forms of transport alternate
depending on demand. Outside the peak hours, the DRT

would improve the quality of the transport service and
during the peak hours, standard bus transport would
maintain sufficient availability, as analysed by [21].

5 Conclusions

A total of three groups of the DRTs were identified
within demand-responsive transport literature,
categorized based on flexibility and services provided.
Fully flexible DRT services can be seen as an alternative
to taxi services as pointed out by [7]. Therefore, [22]
emphasizes the creation of a regulated environment and
the co-operation of different forms of transport. Partially
flexible services, as the most widespread form of DRT,
allow a higher degree of flexibility than the public
transport, but with the aim of reducing costs compared
to fully flexible services.

In this paper we have analysed four types of DRT
vehicles and two sharing services as an alternative
for the fixed-route bus transport. Due to the high
costs of sharing services, the DRT represents a better
alternative. There were four types of DRT vehicles
analysed, cars, microbuses, minibuses and buses. Due to
low capacity of cars and relatively high costs when the
cars are running not fully occupied, personal cars have
been marked as unsuitable for long-term operations.
On the other hand, buses have the lowest costs when
considering the full capacity of the vehicles; however,
this assumption is not feasible when analysing the
available data or considering the real occupancy. In
addition, longer times, lower flexibility and comfort of
this vehicle cannot be associated with the higher WTP
identified for smaller vehicles.

Therefore, within the DRT, vehicles with lower
transport capacity have been identified as the most
used vehicles, namely minibuses and minicabs. The
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costs’ survey confirmed that the higher the vehicle
capacity, the higher the costs per vehicle km. However,
due to the possibility of sharing the journey with other
customers, the costs at the maximum vehicle utilization
are approximately twice as low, when using minicabs
compared to cars, or approximately four times lower
when comparing to minibuses and cars. In many cases
the DRT can be much more expensive than the standard
bus transport, however, the real-time planning and
route optimization can increase occupancy and thus
reduce costs up to 70 % compared to standard transport.

On the other hand, the fixed-route transport cannot
be fully replaced by the DRT, because of high travel
demand in peak hours and for busy places. Such a
substitution would lead to congestion when multiple
DRT vehicles would need to replace higher capacity
buses. However, this paper considers replacing only
bus lines with low demand and by which the higher
flexibility of DRT would lead to higher accessibility of
rural areas, especially in off-peak hours.

At the same time, the willingness to pay has
been analyzed and determined at the level of 0.09 €
personkm, while the total operating costs of standard

References

bus transport are 0.10 €. Such values were possible to
achieve at a higher vehicle occupancy. Following these
results, a real-time optimization of the route and the
appropriate choice of vehicles according to the demand
have a decisive influence on the success of the DRT.
Thus, as stated in [10], there is a strong link between
the DRT higher costs and its failure, while the simpler
services have better chances to survive than the complex
ones.

Acknowledgement

This research was carried within the project VEGA
grant number 1/0455/20.
Conflicts of interest

The authors declare that they have no known
competing financial interests or personal relationships

that could have appeared to influence the work reported
in this paper.

(1]

(2]

[3]

(4]

(5]

(6]

(71

(8]

[9]

What is Demand Responsive Transport (DRT) - Transport for communities [online] [accessed 2021-10-08]. 2007.
Available from: https://web.archive.org/web/20190114114414/http://transportforcommunities.co.uk/files/What_is_
Demand_Responsive_Transport.pdf

TAKEUCHI, R, OKURA, 1., NAKAMURA, F., HIRAISHI, H. Feasibility study on demand responsive transport
systems (DRTS). In: 5th Eastern Asia Society for Transportation Studies Conference: proceedings. 2003.
VIERGUTZ, K., SCHMIDT, C. Demand responsive - vs. conventional public transportation: a MATSim study
about the rural town of Colditz, Germany. Procedia Computer Science [online]. 2019, 151, p. 69-76. ISSN 1877-
0509. Available from: https:/doi.org/10.1016/j.procs.2019.04.013

QUADRIFOGLIO, L., LI, X. A methodology to derive the critical demand density for designing and operating
feeder transit services. Transportation Research Part B: Methodological [online]. 2009, 43(10), p. 922-935. ISSN
0191-2615. Available from: https:/doi.org/10.1016/j.trb.2009.04.003

BRAKE, J. F., NELSON, J. D., MULLEY, C. Good practice guide for demand responsive transport services using
telematics. Newcastle upon Tyne, UK: University of Newcastle upon Tyne, 2006. ISBN 0-7017-0209-5.
VELAGA, N. R., NELSON, J. D., WRIGHT, S. D., FARRINGTON, J. H. The potential role of flexible transport
services in enhancing rural public transport provision. Journal of Public Transportation [online]. 2012, 15(1),
p. 111-131. ISSN 1077-291X, eISSN 2375-0901. Available from: http://doi.org/10.5038/2375-0901.15.1.7
MAGEEAN, J., NELSON, J. D. The evaluation of demand responsive transport services in Europe. Journal of
Transport Geography [online]. 2003, 11(4), p. 255-270. ISSN 0966-6923. Available from: http://doi.org/10.1016/
S0966-6923(03)00026-7

LAWS, R., ENOCH, M., ISON, S., POTTER, S. Demand responsive transport: a review of schemes in England
and Wales. Journal of Public Transportation [online]. 2009, 12(1), p. 19-37. ISSN 1077-291X, eISSN 2375-0901.
Available from: https://doi.org/10.5038/2375-0901.12.1.2

AFONSO, P., TELHADA, J., CARVALHO, M. S. Incorporating economic issues in the design of sustainable DRT
systems: insights from the case of a Portuguese municipality. In: IEEE Conference on Intelligent Transportation
Systems ITSC: proceedings [online]. IEEE. 2016. ISBN 978-1-5090-1889-5, p. 143-148. Available from: https:/doi.
org/10.1109/I1TSC.2016.7795545

[10] CURRIE, G., FOURNIER, N. Why most DRT/micro-transits fail - what the survivors tell us about progress.

Research in Transportation Economics [online]. 2020, 83, 100895. ISSN 0739-8859. Available from: https:/doi.
org/10.1016/j.retrec.2020.100895

COMMUNICATIONS

1/2023 VOLUME 25



COMPARISON OF OPERATIONAL COSTS FOR FIXED-ROUTE BUS SERVICE AND DEMAND... A69

[11] PAPANIKOLAOU, A., BASBAS, S. Analytical models for comparing demand responsive transport with bus
services in low demand interurban areas. Transportation Letters [online]. 2021, 13(4), p. 255-262. ISSN 1942-
7867. Available from: https://doi.org/10.1080/19427867.2020.1716474

[12] MINELGAITE, A., DAGILIUTE, R., LIOBIKIENE, G. The usage of public transport and impact of satisfaction
in the European Union. Sustainability [online]. 2020, 12(21), 9154. ISSN 2071-1050. Available from: https:/doi.
org/10.3390/su12219154

[13] COPOVA, A. Economic and financial aspects of demand-oriented transport in the Kosice region / Ekonomicko-
financne aspekty dopytovo orientovanej dopravy v Kosickom kraji (in Slovak). Thesis. Kosice: Technical
University of Kosice, 2022.

[14] INGVARDSON, J. B., NIELSEN, O.A. The relationship between norms, satisfaction and public transport use:
a comparison across six European cities using structural equation modelling. Transportation Research Part
A: Policy and Practice [online]. 2019, 126, p. 37-57. ISSN 0965-8564. Available from: https://doi.org/10.1016/;.
tra.2019.05.016

[15] CAMPISI, T., CANALE, A., TESORIERE, G., ALI, N., IGNACCOLO, M., COCUZZA, E. An Analysis of the
integration of DRT services with local public transport in post-pandemic period: some of the preliminary insights
in the Italian context. In: Computational Science and Its Applications - ICCSA 2022 Workshops: proceedings
[online]. 2022. ISBN 978-3-031-10542-5, p. 496-508. Available from: https:/doi.org/10.1007/978-3-031-10542-5_34

[16] SCHASCHE, S. E., SPOSATO, R. G. Systematic literature review of demand-responsive transport services.
Klagenfurt: University of Klagenfurt, 2021.

[17] DAVISON, L., ENOCH, M., RYLEY, T., QUDDUS, M., WANG, C. A survey of demand responsive transport
in Great Britain. Transport Policy [online]. 2014, 31, p. 47-54. ISSN 0967-070X. Available from: https:/doi.
org/10.1016/j.tranpol.2013.11.004

[18] CERVERO, R. Informal transit: learning from the developing world. Access Magazine. 2001, 1(18), p. 15-22.

[19] Demand responsive transport - case study - UMBRACO [online] [accessed 2021-10-08]. 2020. Available from:
https://cdn.gihub.org/umbraco/media/3195/5-demand-responsive-transport-use-case.pdf

[20] Going the distance: integrated demand responsive transport in cities - ARUP [online] [accessed 2021-10-08]. 2018.
Available from: https:/www.arup.com/perspectives/publications/research/section/integrated-demand-responsive-
transport-in-cities

[21] KALE, S., DAS GUPTA, P. Planning for demand responsive bus service for limited area using simulation.
Lecture Notes in Civil Engineering [online]. 2022, 218, p. 21-50. ISSN 2366-2557. Available from: https:/doi.
0rg/10.1007/978-981-16-9921-4_2

[22] BRAKE, J., NELSON, J. D. A case study of flexible solutions to transport demand in a deregulated environment.
Journal of Transport Geography [online]. 2007, 15(4), p. 262-273. ISSN 0966-6923. Available from: https:/doi.
org/10.1016/j.jtrangeo.2006.08.006

[23] Kosice Self-Governing Region. Report on obligations arising from services in the public interest in the Kosice
Self-governing Region [online]. 2021. Available from: https://web.vucke.sk/files/doprava/PAD/struktura-trzieb-
zliav-primestskej-pravidelnej-autobusovej-doprave/2020/sprava-zavazkoch-vyplyvajucich-zo-sluzieb-vo-verejnom-
zaujme-kosickom-samospravnom-kraji_word.pdf

VOLUME 25 COMMUNICATIONS 1/2023



al.

STOFA et

AT0

APPENDIX

“WHO00T 03 00€

wo.y wrs/3 09°0 Jeupog
/RO1S0Y  '665 0} 00T WOl Aepp
-wo>-eavIdord/ys  wWy/3 0L°0 W66 00°0T 800 aT'o 09°0 8 snqoJoru ‘Kexyser sngIxe[,
‘snqIxe) mmm//:sdyyy 07 T WOJJ ULy JALREIS
/3 08°( "9oUB)SIp ‘Teupog UeAJ
uo spuadsp 9oL
SI0UIAJAI/Y[S . . . . . S 0°I'S Xeq,
‘Ixeyprodsuery/:sdypyg 00°0% 00°01 %00 0ro 070 8 qor xejjarodsued], jtodsuedf,
306 st
w007 0} dn sdr
/IUU) 10J 98] JB[{ "Wy . . . . . . SNOOIHTT 10)z8ed qOLZSYd
ps-eymamdng 5060013090 000 0008 0001 600 610 &L 8 40 woselS  AINOAV'TS
0] “90UB)SIP
uo spuadap 9oL
USROS : : . : : : . SNQOIOTW 0TS IXE,
Txe1030 MMM s 00°% 00°ST 000 0021 aT'o 0€0 02T 8 qoor avo XeLDL)
SI0UIAJAI/YS IgMIut . . . . . 0'S "0I'S IXB],
‘ixejjaodsuery//:sdjyy  99] paepuess 00N 00’0y 000t 60°0 8T0 €0 ¥ e IXVL ASVH jr0dsuely,
wy/Q'T 9SIMI8Y30
S'TXe)-) MMM /s rouoyd £q SutiopIo : : . . : : : Ied "0°I'S YIewn! XeJ;
S TXE)-) //-8ANY QM PI[EA ST UKy 00°0% 0s'¢ 080 00°6T ¥8°0 870 960 14 3 /A XBIAL
/96°0 JO 9381 9],
. . w¥/3 07°0 . . . . . . o
Juod txeurdoy;/:sdyy ST K310 oY)} U1 90LIg 00°¢ 02T 009 010 020 0¥%°0 14 Ied s ‘NIdOH urdoy
G=PIS{/90150% ssaappe 1od . . . . .
s xenkseadyy /3 € T3] I 9L 0003 0031 €10 G20 080 ¥ Ied 1xejfses XeJASey
AIUULd/S/AS . . . . . . . T80 0TS xe
Txe10R MMM 5N 0063 08¢ 00°T 0031 §g'0 050 00°T 14 avo XBLOL)
fruusg ws/3 OT'T 199138 oIS
/IS 90ISONIXeIMO[[9K 8y} Wogy SUIALD  (0'0¢ 00°¢ 00°T 0021 €20 70 060 14 180 99150 X MOT[PA
. IS0} MO[[OX
//:8d1Y uayM 90LIJ
I ? ? I WMMMM HM”MM wMMMmMHMo 3 Hﬂx stodusssed a6 fued d
M SN %) ) ) Sugresm moy uryuostad uryuostad 0 WNWIXBTA oG SPIAPA et 1038080
uomnyod wWnwuiy Surpels T J0J LI zod oou1g 10d oo11g LI

[ 140d - pazAoun s.opp.ado 7)o Jo 18177 8 219D,

VOLUME 25

1/2023

COMMUNICATIONS



AN

COMPARISON OF OPERATIONAL COSTS FOR FIXED-ROUTE BUS SERVICE AND DEMAND...

/IS ARy MMM/ /sdNY oorrd Eszﬁ%m\m 08°0T €0°0 90°0 99T 444 snq OLS THAHA [°Asd
/A8 ToARy MM/ sdNY oorrd Esﬁw%@m 080T €00 90°0 99T (4 snq 0TS THAHA 249
[WBUS#/3S O T
“edoJnasnqrurur IR 0%'L €00 G0'0 8e'T 4 snq oS edoamasnqrurpy
.BBB\\.. E.E U0 Paseq LI edomasnqrurpy o
/I8 ToARy MM/ /sdpY oorxd Ssﬁw%ﬁwﬂ 080T 700 800 0T 4 snqruru 0TS THAHA 2494
TUIRUS#/¥S .
“edoJnasnqrurur IR 0%'L $0°0 80°0 %01 13 snqrurw oS edoanesnqrurpy
.333\\..32 U0 paseq aotd T edoanasnqrury N
TWRUSH/YS or
“edoJnasnqrurur TOFPIIO[E 0%'L $0°0 80°0 $8°0 0% snqruru oS edoamasnqrurpy
.BBB\\.. 3.2 U0 Paseq LI o edomasnqrurpy o
TWIRUSH/YS oI
‘edomasnqruru O[O 0%’ 70°0 80°0 09°0 ST snqruIw ors edoamasnqrurpy
.BBB\\.. 3.2 uo paseq 9oL J o edormasnqrurpy o
3 0g diny
UNOI UM0} UT 9o1Id 03]
P sng-Ayomadpy P 309 ENS.% mo 00°0T 70°0 60°0 59°0 g1 snqrurw g?%mmﬁmm sngAy)
wy ()G 0} dn 9011
3 3 3 3
. o 005 09 00 Sunrem  Aduednooo Kouednaoo wy  siwSuessed odfy P oreind
M N voynpog wnwmury Supaeyg O % 00T qya %05 qym sod  WNWIXe]N S[OIYPA 0 1e19do
' T ’ 1 J0j wypuos.ad wyuosad ' ’
LI
LI Jod 9011 Jod 9oL1g

g 0d - pazA)pun s.uogn.aado 1o fo 1817 6 219D,

1/2023

COMMUNICATIONS

VOLUME 25



al.

STOFA et

AT2

KoAans
Suureys 9707 A10jeAtesq() Ajeyeg peoy ueedoiny oy)
-9YIQI0JOW/3[S/XS U0 Paseq U/wy T JO K10 9Y) Ul S8[IIYdA JO . . . . SO[0£010j0W  "0°X'S WI0JO[R], ABA\}IRWS
‘Kemprewisyjue  paads 9SeIoA®R 9} UO PUR /3 GT'() JO 9)RI ask( &T0 &e0 ee0 &eo I pareys SILINV yHuy
‘MMM/sd)Y B U0 peseq paje[noed useq sey wy Jod eouid
9} ‘UTW/(T"( ST SIOUW0ISND YUY J10J 9otid Y],
KdaIns
e w— 9707 A10jeATRSq() Ljeyeg peoy uesdoiny oyj OIS
. . U0 paseq Yy T§ Jo £919 9y Ul paads S[dIyaA 6270 12°0 aro aro 4 S1B) palByg o3uareyg
oS80y oSeloAe UB puR UIW/3 GF'() JO ORIl oseq ® ONIEVHSEVD
uo peseq poje[noes sem wy Jod eouid Yy,
3 3 3
o 010 nuIw | 99] 99] Aouednaoo  fouednaoo wy siedusssed ad£y fueduo [
©m N Jod 901  wnuwirury —Suraelg %00T Uy %09 qam 1ad WNWIXBJA A[IIYDA Y ¥ 0
' C ' wyuosted  uryuosied ’ ’
LI
Jod ooty Jod QoLIg

$2010.095 SU110YS-A1I J0 3517 OT 219D,

VOLUME 25

1/2023

COMMUNICATIONS



