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19th European Transport Congress: European Green Deal 

Challenges and Solutions for Mobility and Logistics in Cities

Stanislav Božičnik, Tomislav Letnik

On 7th and 8th of October 2021, University of Maribor hosted international scientific 
congress "European Green Deal – Challenges and Solutions for Mobility and Logistics 
in Cities". The congress was organized in collaboration with the European Platform 
of Transport Sciences (EPTS Foundation e.V) and was held under the auspices of the 
LIFE IP CARE4CLIMATE project.

The audience was addressed by prof. dr. Zdravko Kačič, Rector of the University of 
Maribor and Darko Trajanov, Director General of the Directorate for Sustainable 
Mobility and Transport Policy of the Republic of Slovenia.

Mr. Henrik Hololei from the European Commission, Directorate for Mobility and 
Transport, presented the European Green Deal growth strategy, which aims to 
transform the European economy through a series of ambitious reforms. The Green 
Deal can be seen as a comprehensive roadmap that aims to make Europe the first 
climate-neutral continent by reducing greenhouse gas emissions by up to 55 % by 
2030 (Fit for 55) and achieving net zero emissions by 2050. Transport currently 
accounts for a quarter of the EU’s greenhouse gas emissions and is Therefore, one 
of the cornerstones for achieving the very ambitious targets. Moving towards more 
sustainable transport means providing innovative, affordable, cleaner, accessible, 
and healthier alternatives.

Dr. Marcel Rommerts, Head of Unit for Transport Research in the European Climate, 
Infrastructure and Environment Executive Agency (CINEA), presented the Horizon 
Europe program and CINEA’s mission to support implementation of the European 
Green Deal. Transport research is part of the second pillar, which delas with 
challenges and collaborative research. Calls for proposals can be found in Cluster 5 

Accessible at: www.fgpa.um.si/etc    ISBN 978-961-95633-0-4



of the Horizon Europe Work programme. Within this cluster there are 6 areas, 
called destinations, two of, which, destination no. 5 and 6, are specifically 
dedicated to transport. Dr Rommerts invited all researchers to apply for projects 
and contribute to achieving sustainable transport in Europe. 

Experts presented their research results in the field of urban freight and 
passengers transport under the following conference themes:

• Green Transport Policy and Governance in the European Perspective
• Green Fuels and Vehicles
• Innovations in Urban/Regional Mobility and Freight 
• Digitalisation, Automatization and Modelling

The conference was organized in a hybrid form and attended by about 150 
researchers (100 of them live) from 18 European countries. A total of 33 scientific 
papers were presented. All presentations and conclusions are available as 
recordings on the conference web page https://www.fgpa.um.si/etc./.
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Smart Solutions for the Problems of City Logistics

SNEŽANA TADIĆ, MLADEN KRSTIĆ, MILOVAN KOVAČ, NIKOLINA 

BRNJAC

Abstract A European Green Deal strategy set the goal to reduce emissions from 
transport 90 % by 2050. Transport should become drastically less polluting, especially 
in cities, the places of the greatest concentration of economic and social activities. 
The cities are experiencing intensive changes in logistics demands due to the ongoing 
trends, such as globalization and consumer society growth, the shift in production 
paradigm, which is based on individualization, personalization, and shorter life cycle, 
the development of industry 4.0, which is based on technological advancement, 
automatization, digitalization, networking and new communication forms, the 
development of e-commerce, sustainability and other social trends. Having this in 
mind, the goal of this paper was to propose smart sustainable city logistics (CL) solutions 
as the combinations of different CL initiatives, measures, concepts, and technologies 
of industry 4.0, with the aim of mitigating emissions, urban congestion and other 
unsustainable effects of logistics. Such an approach in defining smart CL solutions 
represents the main contribution of this paper. The defined solutions are evaluated 
according to different stakeholder groups through the application of a novel hybrid 
multi-criteria decision-making (MCDM) model, based on BWM (Best-Worst Method) 
and CODAS (COmbinative Distance-based ASsessment) methods in grey environment, 
which is another contribution of the paper. The results of the model’ application 
imply that the potentially best sustainable smart CL solution is the one that is based 
on the combination of the concepts of micro-consolidation centers and autonomous 
vehicles with the support of artificial intelligence and internet of things technologies.

Keywords: • City Logistics • Smart City • Industry 4.0 • Grey BWM • Grey CODAS

CORRESPONDENCE ADDRESS: Snežana Tadić, Dr., Mladen Krstić, Dr., Milovan Kovač, Mr., University 
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Snežana Tadić, Mladen Krstić, Milovan Kovač, Nikolina Brnjac
Smart Solutions for the Problems of City Logistics      

INTRODUCTION

Transport accounts for a quarter of the EU’s greenhouse gas emissions, and the 
percentage is still growing [24]. This is one of the reasons why EU established the 
European Green Deal strategy. One of its goals is to reduce emissions from transport 
further and faster. The EU strives to achieve climate neutrality, i.e., a 90 % reduction 
in transport emissions by 2050 [24]. Transport should become drastically less 
polluting, especially in cities. In order to achieve this, the EU transport system and 
infrastructure should be made fit to support new sustainable mobility services that 
can reduce congestion and pollution, especially in urban areas [24]. Accordingly, city 
logistics (CL) represents an important planning domain because of its tight bonds with 
the sustainable development of urban areas. The growth in CL problems, caused by 
structural changes of goods flows, political and social changes, new business models, 
etc. [19], has attracted the attention of many researchers in this field. Although the 
importance of CL is recognized in the scientific literature, in practice, the impact 
of logistics activities, especially transportation, has been unsustainable for decades 
[8]. Neglection and inadequate approach towards the problems of logistics in urban 
areas results in great traffic congestions, air pollution, time losses, the inefficiency of 
logistics processes, generating of vibrations and noise, etc., which can be mitigated 
only through comprehensive and long-term planning of CL [14]. 

City administration in most cases has a negative attitude towards logistics activities 
and tries to constrain them by implementing different restrictive measures [13]. 
City administration should, instead, play the role of integrators and stimulate other 
stakeholders to cooperate in order to achieve sustainable CL solutions. Attempts to 
implement individual initiatives, measures in practice have shown that the traditional 
approach for CL planning is unsustainable [5], [20]. Aside from the understanding 
of city characteristics, identification of participants, their demands, goals and 
interactions, successful implementation of CL solutions requires integrated planning, 
cooperation of stakeholders, removing all barriers, and defining of measures that 
would support the realization of plans [17]. The application of modern industry 4.0 
technologies makes the definition of creative and sustainable CL solutions possible.

The technologies of industry 4.0 are already the topic of scientific discussion [15], 
however, aside from the analysis of individual technologies and their expected 
influence on logistics, the analysis of smart CL solutions does not exist. Having in mind 
the European Green Deal recommendations, that a combination of measures should 
address emissions and urban congestion [24], the main contribution of this paper is 
the definition of smart CL solutions, which are based on the combination of existing 
initiatives, concepts, measures and the technologies of industry 4.0. In addition, 
this paper provides a framework for the selection of the most appropriate solutions 
from the aspect of all CL stakeholders, whose attitudes are expressed through 11 
criteria. For the ranking of the defined smart CL solutions, a novel hybrid multi-
criteria decision-making (MCDM) model, based on BWM (Best-Worst Method) and 
CODAS (COmbinative Distance-based ASsessment) methods in grey environment, is 
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developed, which represents another contribution of the paper.

The paper is organized as follows. The next section defines and describes the smart 
CL solutions that are analyzed, as well as the criteria for their evaluation. The novel 
MCDM model is described in the following 4 sections, while its application for the 
defined problem is presented in section 4. The same section provides a discussion 
of the obtained results and the applied model. The last section presents concluding 
remarks and the direction of future research.

PROBLEM DEFINITION

The European Green Deal strategy foresees that the automated and connected 
multimodal mobility will play an increasing role, together with smart traffic 
management systems enabled by digitalisation [24]. Accordingly, this section defines 
the smart solutions of CL (SSCL) as the combinations of city logistics concepts, 
initiatives, measures and technologies of industry 4.0. The ongoing phenomenon 
in CL is the increase of small delivery frequencies [5], [23], which cause most of 
the problems in the planning and realization of logistics activities [18], [20]. This 
trend tends to continue in the future Therefore, the focus of this paper is set on 
such categories of goods flows. The assumption is that all solutions are based on 
the concept of consolidation and cooperation through urban consolidation centers 
(UCC) at the outskirt of the urban area. UCCs represent a potential domain for 
the application of advanced robotics in goods handling processes, order picking, 
marking, sorting, etc., Therefore, it will not be explicitly repeated in the description 
of SSCLs. Also, it is assumed that decision supporting systems, as well as blockchain 
technology, are an integral part of every SSCL.

The first solution (SSCL1) refers to the combination of the ideas of parcel lockers and 
crowdsourcing. The delivery of goods from the UCC to parcel lockers is realized with 
road delivery vehicles. Flow generators can collect the goods from parcel lockers. 
The registered crowd agents can take over the delivery on the relation parcel lockers-
generators, or UCC-parcel lockers. The application of crowdsourcing in delivery 
requires the implementation of a CC platform that would provide system access for 
crowd agents, the information about deliveries that are available for taking over, 
and the communication with logistics providers and flow generators. With the 
application of AR, it is possible to visualize the possibilities for package storage in 
parcel lockers, as well as to inform the crowd agents about potential delivery routes, 
traffic conditions, etc. In this case, AR would represent an integral part of the CC 
platform, while being available to all crowd agents with appropriate hardware 
(tablets and mobile phones). The application of IoT is apparent because it is required 
to set up adequate communication between UCC, delivery vehicles, crowd agents, 
flow generators, parcel lockers, etc. The application of IoT would enable the tracking 
of deliveries (and goods) at the CC platform in real-time, which would make delivery 
planning easier for providers and crowd agents. The application of parcel lockers 
reduces the uncertainties, which exist in classical crowdsourcing models because 
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it makes sure the goods are delivered to the close proximity of flow generators. 
Furthermore, the providers are relieved from the responsibility in the last phase 
of the delivery. This solution requires the installation of parcel lockers in the urban 
area and the development of a CC platform. The development of SSCL1 requires 
relatively small investments, but its main disadvantage is delivery reliability, which is 
problematic because of the crowd agents’ autonomy.

The solution SSCL2 is based on the concepts of flow micro-consolidation and the 
application of autonomous vehicles. The development of micro-consolidation 
centers (MKCs) in the delivery zone aims to shift the transportation work to 
autonomous vehicles. The delivery at the relation UCC-MKCs is realized with 
road delivery vehicles, while on the relation MKCs-flow generators, autonomous 
vehicles are utilized – autonomous road vehicles and drones. AI makes it possible 
for autonomous vehicles to independently plan and realize their deliveries, and to 
adapt to the conditions in the environment. Aside from UCCs, advanced robotics 
could be applied at MKCs for all activities that refer to the handling of goods. IoT 
makes the communication between system echelons, autonomous vehicles, logistics 
providers, etc., more efficient. The transformation of the system into a two-echelon 
system, such as in this solution, makes the delivery process more efficient, but also 
requires the development of additional infrastructure - MKCs. The application of 
autonomous vehicles could have positive effects on sustainability because it replaces 
the traditional delivery approach (road delivery vehicles), but opens a wide variety of 
questions regarding the regulatory framework of their application.

In the third solution (SSCL3), the delivery is realized through the combination of 
road delivery vehicles and drones. Road delivery vehicles play the role of moving 
depots that visit the locations reserved for launching drones for the realization of 
the last delivery phase. Aside from the drones, the road vehicles are equipped with 
advanced robotics, which is responsible for the automatization of goods handling 
and its loading on drones. As in the previous solution, the application of drones is 
automated through AI and does not require the involvement of humans, while their 
synchronization is made possible with IoT and real-time tracking. This solution does 
not require the development of new infrastructure, which is its main advantage but 
requires the synchronization of road vehicles and drones. The main disadvantage 
of the solution is still the dominance of road delivery vehicles in the city, while the 
regulations that refer to the usage of drones for urban deliveries are still absent.

The fourth solution (SSCL4) refers to the application of cargo trams for goods 
transportation to loading stations in the delivery zone, where the modal shift to 
light delivery vehicles – bicycles, cycles, and scooters takes place. The application 
of AR is possible in the last phase of the delivery as support for the drivers of light 
delivery vehicles, and in combination with IoT, it ensures on-time information about 
the incoming goods at loading stations. At the loading stations, it is possible to apply 
advanced robotics to automate the goods handling activities. The disadvantage of 
this solution is the need for establishing regular tram lines on the relation UCC-

Snežana Tadić, Mladen Krstić, Milovan Kovač, Nikolina Brnjac
Smart Solutions for the Problems of City Logistics      6 



loading stations, the development of those stations, and general low flexibility of 
rail transportation mode. The advantages of the solutions are a high degree of road 
transportation vehicles elimination from the city and the flexibility in the last phase 
of delivery performed by the light vehicles.

When solving CL problems, it is necessary to define the criteria in a way to encompass 
the attitudes, demands, and goals of all stakeholders – local administration, logistics 
providers, service users, and residents [20] and to cover all three sustainability aspects 
– social, economic, and environmental [3]. The existing literature considered a broad 
set of criteria with regard to the nature and the observation level of problems [1], 
[7], [16], [21], [22]. The following text describes the criteria used for SSCL evaluation.

Efficiency (C1) describes the rationalization level of logistics activities of solutions 
and refers to the loading space utilization of delivery vehicles, the average travelled 
distance per delivery, energy and fuel consumption, average delivery time, etc. The 
modal shift of transport work (C2) refers to the stimulation for the application of 
alternative transportation modes as a replacement for road delivery vehicles in 
urban areas. Reengineering level (C3) describes the reorganization complexity of 
the existing logistics system to transform it into the desired one. The complexity is 
reflected by the need for structural and organizational changes in logistics systems, 
the development and improvement of new information systems, the adaptation of 
business politics to incoming technological and business trends, the procurement 
and studying of modern industry 4.0 technologies, personnel training, etc. The 
development of additional infrastructure (C4) refers to the need for developing 
adequate logistics infrastructure – MKCs, parcel lockers, loading stations, etc. 
System reliability (C5) refers to the availability of services and goods in acceptable 
time intervals. The complexity of regulatory framework defining (C7) refers to all 
procedures, measures, and laws that have to be defined and executed to make the 
application and exploitation of solutions possible. Effects on mobility (C8) refers to 
the improvement of conditions that ensure the undisturbed realization of goods and 
people flows in urban areas, which succeeds the application of the observed solution 
– the improvement of traffic conditions and safety. Environmental impact (C9) 
describes at, which level does the observed solution contribute to the reduction of 
negative environmental impacts of logistics activities – the emission of air pollutants, 
noise and vibrations. Operational complexity of delivery (C10) depends on the 
transformation degree of goods flows and the applied technologies. It refers to the 
complexity of activities that must be realized in the delivery process. Acceptability 
(C11) refers to the willingness of stakeholders, especially logistics providers and 
residents, to accept the observed solution.

A HYBRID GREY BWM-CODAS MODEL

For solving the defined problem, a novel hybrid MCDM model that combines BWM 
and CODAS methods in grey environment is developed. The grey BWM method is 
used for criteria weight extraction while grey CODAS is used for alternative ranking. 
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The application steps of the model are as follows.

Step 1: Define the problem structure – form the set of alternatives, the criteria for 
their evaluation, and identify the stakeholder groups.

Step 2: Define the grey scale for criteria and alternative evaluation by the DMs. 
Linguistic terms and their corresponding grey values are shown in Table 1.

Step 3: Extract the criteria weights by using the grey BWM method. The procedure 
requires the realization of several steps (3.1-3.3) that are explained in the following 
text.

Step 3.1: In general, every stakeholder group d (d=1,…,f), where f represents the 
number of stakeholder groups, chooses the best and the worst element (the most 
and least important criterion) jB and jW respectively (j=1,…,m), where m stands for 
the number of criteria. Every stakeholder group evaluates other elements (criteria) in 
comparison with the best and worst elements by using the linguistic terms that can 
be transformed into grey values through the relations from Table 1. In such a way, 
grey vectors are extracted – "the best compared to others", ⊗AB=(⊗aB1,⊗aB2,…
,⊗aBm), and "others compared to the worst, ⊗AW=(⊗a1W,⊗a2W,…,⊗amW).

Step 3.2: Regarding every stakeholder group d, optimal grey criteria values (weights) 
⊗wd1,⊗wd2,…,⊗wdm,∀d=1,…,f are determined by solving the following nonlinear 
problem:

          (1)

Table 1. Grey scale used for evaluation

Linguistic term Abbreviation Grey scale

None N [0, 2]

Very Low VL [1, 3]

Low L [2, 4]

Fairly Low FL [3, 5]

Moderate M [4, 6]

Fairly High FH [5, 7]

High H [6, 8]

Very High VH [7, 9]

Extremely High EH [8, 10]
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where  is a grey number whose lower and upper values are  and 
 respectively, ⊗ξ𝑤𝐵=  is the optimal grey number (weight) of the best 

element (the most significant criterion),  and  are the lower and upper 
value of the grey number  is the optimal grey number 
(weight) of the worst element (least significant criterion) with  and  as its 
lower and upper value,  is the optimal grey number (weight) of 
the element (criterion)  is the grey number 
that describes how much the best element (most significant) criterion is better than 
the element (criterion)  describes, how much the element j is 
better (more significant) from the worst element (criterion), W(⊗wj) is the white 
value of the grey number ⊗wj, which is determined by the following equation (Osati 
& Omidvari, 2016):

      (2)

P represents the GPD value, which can be calculated for any two grey values (for 
example ⊗p and ⊗q) in the following way [9]:

    (3)

where  and  are valid. To ensure that ⊗p is lower 
than ⊗q the inequality P{⊗ p ≤ ⊗ q} < 0,5 must be valid.

By solving problem (1), the optimal grey numbers (weights) of elements (criteria) 
(⊗wd1,⊗wd2,…,⊗wdm) are extracted, and the procedure is repeated for every 
stakeholder group d.

Step 3.3: Check the comparison consistency. To control the results of the method, it 
is necessary to calculate the consistency ratio (CR) with the following equation:

         (4)

where R(⊗ξ) represents the white value of the grey number ⊗ξ, calculated by the 
equation (2), and CI represents the consistency index, which is derived as the largest 
solution value for the following quadratic equation:

      (5)

where  is the upper value of the grey number , which 
represents the greatest grey number from the comparisons of the best (most 
significant) element (criterion) with other elements (criteria), and the comparison of 
other elements (criteria) with the worst (least significant) element:
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       (6)

The comparison is considered consistent if the CR value is close to 0 [2, 4, 11, 12, 25].

Step 3.4: The final element (criteria) weights are extracted with the following 
equations [16]:

    (7)

           (8)

           (9)

Step 4: Evaluate the alternatives by applying the extension of the conventional 
CODAS in grey environment [6].

Step 4.1: Form the grey decision matrix (⊗X) in the following way:

     (10)

where represents the grey evaluation of alternative i (i = 1, 2, ..., 
n) in regard to criterion j (j = 1, 2, ..., m), where  and  represent the lower and 
upper values of the grey number ⊗x.

Step 4.2: Form the weighted decision matrix (⊗R) in the following way:

      (11)

          (12)

where ⊗wi represents the grey value that refers to the weight of criterion i.

Step 4.3: Define the negative ideal solution in the following way:

     (13)

          (14)

Step 4.4: Calculate the Euclidean distances of alternatives from the negative ideal 
solution:
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   (15)

          (16)

          

          (17)

where  and  refer to the lower and upper value of the grey number 
derived from the following equations:

      (18)

          (19)

        (20)

Step 4.5: Calculate the grey Taxicab distances of alternatives from the negative ideal 
solution in the following way:

        (21)

          (22)

          (23)

Step 4.6: Form the grey matrix of relative values in the following way:

     (24)

          (25)

          (26)

     (27)

where k = 1, 2, ..., n represents the index of the alternative that is compared with 
all other alternatives i (all alternative pairs are compared), and ψ represents the 
function, which determines the equality threshold of Euclidean distances of two 
alternatives, determined in the following way:

     (28)
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where W (⊗E) is determined with the equation (2).

In function (29), � represents the threshold parameter defined by the DM. The 
recommended values for this parameter are between 0,1 and 0,5. If the difference 
of Euclidean distances of two alternatives is greater than �, then the alternative 
comparison should also include the Taxicab distance values.

Step 4.7: Calculate the GPD values for all alternative pairs (P{⊗hi ≤ ⊗hk },∀i,k=1,…,n) 
by equation (3).

Step 4.8: Perform the final alternative ranking according to the values P. The alternative 
that has the value P < 0,5 in the most number of comparisons is considered the best.

THE APPLICATION OF THE HYBRID MODEL FOR PROBLEM SOLVING

This section presents the application of the developed model for solving the observed 
problem and the results of its application. In the second part, the discussion of 
results, their implications, and the analysis of the model are presented.

Hybrid model application

The first application step of the proposed hybrid MCDM model refers to the 
definition of alternatives and criteria for their evaluation, as well as the identification 
of stakeholder groups that are interested in solving the observed problem. The 
considered alternatives and criteria used for their evaluation are described in 
section 3, while the evaluation is performed by four stakeholder groups: logistics 
service providers (Pro.), users (Use.), city administration (Adm.), and residents 
(Res.). The providers want to minimize the costs of collecting and delivery of goods 
to the customers and maximize their profit. Service users are the senders/receivers 
of goods that require the maximization of service level in terms of shorter times 
of goods collecting/delivering, greater reliability and flexibility, better information 
availability, etc., with lower service price. Administration as a goal has the economic 
development of the city and improving the employment possibilities while reducing 
traffic congestions, improving living conditions, and better traffic safety in cities. 
Residents are the people that live, work, and buy goods in cities, and their goal is the 
minimization of traffic congestions, noise, air pollution, and traffic accidents in their 
surrounding [26].

Stakeholder group representatives have chosen the best and worst criteria and 
evaluated all the remaining criteria according to the linguistic terms from table 1. 
Stakeholder representative criteria evaluation is shown in Table 2. This way, the 
vectors "the best compared to others" and "others compared to the worst" are 
derived.

Snežana Tadić, Mladen Krstić, Milovan Kovač, Nikolina Brnjac
Smart Solutions for the Problems of City Logistics      12 



Table 2. Criteria evaluation by stakeholder groups

Pro. Use. Adm. Res.

C1 best EH best EH M M FL FH

C2 FL FH VH VL FL FH L H

C3 L H FH FL L H EH worst

C4 VL VH EH worst best EH M M

C5 FH FL VL VH H L EH N

C6 FL FH L H VH VL EH N

C7 L H EH N N EH FH FL

C8 EH worst VH VL L H VL VH

C9 VH VL H L VL VH best EH

C10 VL VH FL FH EH worst EH N

C11 N EH M M VL VH H L

For the derived vectors, optimization problem (1) is solved, considering the GDP 
values derived by equation (3) and white values derived by equation (2). This way, 
optimal grey criteria weights for every stakeholder group are derived. Equations (4) – 
(6) are applied to check the evaluation consistency. Having in mind that all CR values 
are close to 0, the evaluation is considered consistent. The following final criteria 
weights are determined by applying the equations (7) – (9): {C1, C2, C3, C4, C5, C6, 
C7, C8, C9, C10, C11} = {[0,094, 0,191], [0,057, 0,072], [0,055, 0,082], [0,056, 0,093], 
[0,046, 0,074], [0,047, 0,061], [0,067, 0,083], [0,034, 0,064], [0,065, 0,093], [0,049, 
0,061], [0,086, 0,113]}.

In the next step of model application, the evaluation of alternatives (sustainable 
smart CL solutions) according to the defined criteria and linguistic terms is performed 
(Table 3).
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Table 3. Alternative evaluation according to the criteria

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

SSCL1 L VL FL EH L VH VH FL L VH M

SSCL2 FH FH EH H VH H H H H EH EH

SSCL3 VL L H VH M EH L VL VL H FH

SSCL4 H H VH M H FH VH M FH M VH



By transforming these evaluations into grey values (according to the relations from 
table 1), the grey decision matrix is formed (10). For the extracted criteria weights, 
by applying equations (11) and (12), the weighted grey decision matrix is formed. 
The negative ideal solution is determined by applying equations (13) and (14), while 
the Euclidean and Taxicab alternative distances from the negative ideal solutions 
are determined by equations (15) - (20) and (21) – (23) respectively. The grey matrix 
of relative values is formed by applying equations (24) – (28), for, which the GDP 
values are determined by applying equation (3) for all alternative pairs. The final 
ranking of alternatives regarding the GDP values, as an output result of the grey 
CODAS method, is shown in Table 4.

Table 4. The final ranking of alternatives

P{⊗hi≤⊗hk} SSCL1 SSCL2 SSCL3 SSCL4 Rank

SSCL1 / 0,5159 0,3797 0,5124 3

SSCL2 0,4841 / 0,3746 0,4957 1

SSCL3 0,6203 0,6254 / 0,6292 4

SSCL4 0,4876 0,5043 0,3708 / 2

Discussion

SSCL2, which represents the combination of the micro-consolidation concept and 
autonomous vehicles with the application of AI and IoT technologies, is selected 
as the best smart solution for CL. MKCs are located in the close proximity of flow 
generators, which compensates for the technical limitation of autonomous vehicles. 
The application of AI and IoT enables better connectivity of all participants, real-time 
information sharing, appropriate decision-making in crisis situations, which leads to 
significant improvement in flow realization efficiency. The application of this solution 
would have significant positive effects on the sustainability of logistics activities in 
urban areas: efficient process realization, reduction in air pollutant emissions, noise 
and vibrations, reduction of traffic congestions caused by delivery vehicles, improving 
the attractiveness of the city, promoting the application of smart technologies, 
etc. On the other hand, the application of this solution would be possible only if 
all relevant problems on strategic and tactical decision-making level are solved 
(defining the required number of MKCs, their location and capacity, the number and 
type of autonomous vehicles, regulatory frameworks and ethical norms for their 
wide application, characteristics of the system that would enable the application of 
AI and IoT technologies, etc.), as well as on the operational level (vehicle routing, 
synchronization of activities, etc.). Practical implications of the problem-solving in 
this paper are in providing guidelines/base points for policy creators and DMs in 
cities when defining smart solutions for logistics, as well as in providing a framework 

Snežana Tadić, Mladen Krstić, Milovan Kovač, Nikolina Brnjac
Smart Solutions for the Problems of City Logistics      14 



for the definition, evaluation and selection of new solutions.

For the purpose of solution evaluation and selection, a novel hybrid MCDM model, 
that combines the BWM and CODAS methods in grey environment, is developed 
in this paper. Its applicability is successfully demonstrated by solving the observed 
problem. The practical implications of the developed model are in providing a simple 
but efficient tool for DMs in problem-solving, in this and also any other area.

CONCLUSION

This paper focused on the problem of defining and ranking sustainable smart CL 
solutions. The goal was to find a sustainable solution that would meet all modern 
challenges of goods distribution in urban areas with the application of advanced 
industry 4.0 technologies. Four feasible solutions are defined and, after their 
evaluation, the solution that combines the concept of micro-consolidation and 
autonomous vehicles with the support of AI and IoT technologies, is selected as 
the best. For solution evaluation and selection, a novel hybrid MCDM model, which 
combines the BWM and CODAS methods in grey environment, is developed.

The main contributions of the paper are the definition of original smart CL solutions 
as a combination of modern initiatives and concepts of CL with the technologies of 
industry 4.0, the creation of a framework and definition of criteria for their evaluation, 
as well as the development of a novel hybrid MCDM model for ranking and selection 
of the best solution. Having this in mind, this paper contributes significantly to 
the research areas of logistics, smart cities, industry 4.0, and MCDM and provides 
useful tool for developing schemes for transport in urban areas and evidence-based 
policymaking.

One direction of future research would be in further development of the defined 
solutions and the identification of new application possibilities for the existing and 
those in development, technologies of industry 4.0. A significant future research 
direction would be the development of completely new solutions from the ones 
that are defined in this paper, as well as the analysis of their practical feasibility 
in different cities across the world. As the developed MCDM model is universally 
applicable, with certain adjustments, it could be used for problem-solving in future 
research in the area of logistics, industry 4.0, and other areas as well. The developed 
model, or some of its components, could serve as the base for the development of 
new models.
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THEORETICAL BASIC OF ENVIRONMENTAL ECONOMICS

Market failure and externality

Neoclassical economics introduced the concept of market failure, which is also a 
basic concept applied in the environmental economics [1]. Market failures are 
viewed as scenarios where individuals' pursuit of pure self-interest leads to results 
that are not efficient and should be improved upon from the societal point of view 
and interest [2]. 

Market failure is, under the free-market conditions, a situation when the quantity 
supplied does not equal with the quantity demanded, which causes the undesired 
imbalance of prices and consequently of consumption/production. Pareto inefficient 
allocation [3] of goods and services is leading to externalities, which means that it 
leads to net loss of economic value.

In economic theory, externalities are examples of market failures, in, which the 
unfettered market does not lead to efficient results. 

Externalities occur when production or consumption of a specific good or service 
impacts not directly related third party. Pollution is according to environmental 
economists [4] a consequence of absence of prices of certain scarce environmental 
resources, such as water, air etc. [5]. Environmental goods are subject to the 
problem known as the tragedy of the commons [6]. Tragedy of commons occurs 
when individual users, because of the given market conditions, act independently 
according to their own self-interest, contrary to the common good of all users. It may 
be stated that in the case of a negative externality the social cost of the good exceeds 
the private cost. The optimal quantity is Therefore, smaller than the equilibrium 
quantity as indicated in Figure 1.

Figure 1. Optimal equilibrium after internalization of external 
costs



19TH EUROPEAN TRANSPORT CONGRESS
 EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY AND LOGISTICS IN CITIES21 

Government intervention by means of market-based instruments

As a solution economists suggest internalization of externalities i.e., introduction of 
surrogate prices by means of government intervention on the market to establish 
normal market conditions. The idea was first proposed for roads by Pigou in 1920 
[7]. As a solution for externalities economists suggest governmental intervention on 
the market. 

There are two basic options for government intervention on the market either 
command and control instruments (legal regulations) or market-based instruments, 
such as: taxes, tradable permits, subsidies etc. Government intervention is in theory 
and practice justified by the argument that voluntary decisions of consumers and 
businesses fail to achieve efficiency or other goals deemed important by society.

Command-and-control policies regulate behaviour of polluters directly, whereas 
market-based policies provide incentives for private decisionmakers to change their 
behaviour. An important characteristic of market-based instruments is that it is an 
indirect policy instrument. It means that the government does not control individual 
polluters directly but uses the market mechanism for these purposes. 

As indicated on the Figure 1 external costs can be internalized by means of taxes and/
or tradable permits, which consequently increase prices and enable establishment of 
the new optimal equilibrium of supply and demand with optimal prices and optimal 
quantity of supply.

The idea of using tradable permits (a market-based instrument) to allocate the rights 
to produce pollution among firms or individuals was developed by Crocker, Dales 
and Montgomery [8,9,10]. 

In case of tradable permits the government decides about the total acceptable 
volume of pollution (cap) and distributes the pollution quantity rights (tradable 
permits) to individual polluters. 

As soon as tradable pollution permits have been allocated to polluters systematic 
reduction of marginal abatement costs is enabled, which means that the polluters 
with high pollution reduction costs may buy pollution permits from the polluters with 
low cost of pollution reduction. If the permit price exceeds the marginal abatement 
costs, the emitter would abate emissions. If the marginal abatement costs exceed 
the permit price, the emitter would cover his emissions with permits purchased on 
the tradable permits market [11]. 

When dealing with tradable permits there are few elements of crucial importance, 
which should be carefully considered by the policy makers: a) any reduction of 
marginal abatement costs has an impact on cost value ratio, on profitability of 
polluters operations; b) tradable permits are economic incentive instrument, which 
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achieves its maximum efficiency when it operates at the most decentralized level 
possible [12]; c) if not carefully prepared and studied government policy interventions 
may also lead to an inefficient allocation of resources, sometimes called government 
failure [13]. 

The European Green Deal

The Fourth Assessment Report of the Intergovernmental Panel on Climate Change 
(IPCC 2007a, 2007b) conclude that, it is very likely, that greenhouse gas (GHG) 
emissions are caused by human activities responsible for most of the observed 
increases of globally averaged temperatures since the middle of the 20th century 
[14,15]. The assessment report suggests that the carbon dioxide (CO2) emissions are 
among the main causes of global warming. Consequently, is the mitigation of CO2 
emissions from different sectors of the economy a top priority on the national and 
international political agendas. 

In July 2021 European Commission adopted a package of proposals aiming at 
ambitious target of reducing greenhouse gas (GHG) emissions by at least 55 % 
by 2030 [16]. These proposals called "Fit for 55" represent only part of a set of 
legislative tools, legal obligations, and policies constituting the so called "European 
Green Deal" [17]. European green deal is basically an action plan intended to initiate 
transformational change of the EU’s economy and enable Europe to become the 
world’s first climate-neutral continent by 2050. The chosen policy mix is Therefore, a 
careful balance between pricing, targets, standards, and support measures [18,19].

EU Emissions Trading Scheme

The EU ETS (Emissions Trading Scheme), which is an important building block of the 
European Green Deal is covering around 41 % of the EU's total CO2 emissions of 
energy intensive industries and air transport [20]. It works on the 'cap and trade' 
principle. A cap is set on the total acceptable amount of certain greenhouse gases 
that can be emitted by the companies covered by the system [21]. A "cap" is limited 
by the number of emission allowances. The limit on the total number of allowances 
available ensures that they have a value. Each allowance gives the holder the right 
to emit one tonne of carbon dioxide (CO2). Within the cap, companies receive or 
buy emission allowances, which they can trade as needed. The cap decreases every 
year, ensuring that total emissions fall. Between 2021 and 2030 the overall number 
of emission allowances was originally planned to decline at an annual rate of 2,2 
percent. "Fit for 55" foresees linear reduction factor of 4,2 % cut to ETS emissions 
cap every year (if started in 2024). 

Each polluter needs enough allowances to fully cover all its emissions, otherwise 
heavy fines are imposed. If the polluter reduces its emissions, it can keep the spare 
allowances to cover its future needs or sell them to another polluter that is short of 
allowances.
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Tradable permits in the EU air transport 

The total number of aviation allowances in the ETS will be capped at current levels 
and will be reduced annually by 4,2 %. The Commission proposes to phase-out free 
allocation to aircraft operators and to move to full auctioning of allowances by 2027, 
because the free allocation is considered as a derogation from the ‘polluter pays’ 
principle [22].

On this way a stronger price signal can be created. In order to address aviation 
emissions at global level, the Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA) will be implemented through the EU Emissions 
Trading System Directive [23, 24, 25].

Tradable permits in the EU shipping transport

To strengthen the role of carbon pricing in the transport sector, the Commission 
proposes to extend the current EU ETS to the maritime sector over the period 2023 
to 2025 [26]. 

Shipping emissions will be included in the ETS for the first time to cover CO2 emissions 
from large ships (above 5000 gross tonnage), regardless of the flag they fly. The 
extension will include all emissions from ships calling at an EU port for voyages 
within the EU (intra-EU), as well as 50 % of the emissions from voyages starting or 
ending outside of the EU (extra-EU voyages), and emissions that occur when ships 
are at berth in the EU ports. The EU ETS would cover around two thirds of maritime 
transport emissions (90 million tonnes CO2); shipping owners will have to purchase 
and surrender ETS emission allowances for each tonne of reported CO2 [27, 28]. 

New tradable permits trading system for road transport and buildings sector

The EU Commission proposes in its "Fit for 55" package a new emissions trading 
system for fuels distribution for road transport and buildings. The system will run 
separately from the EU ETS and is supposed to start in 2026, with a cap on emissions 
set from 2026 [28]. This new upstream system will regulate fuel suppliers (rather 
than households and car drivers). The suppliers will be responsible for monitoring 
and reporting the quantity of fuels they place on the market and for surrendering 
emission allowances each calendar year depending on the carbon intensity of the 
fuels. This approach incentivises the fuel suppliers to decarbonise their product as 
this will reduce the cost of compliance with the emissions trading system. 

Commission expects that emissions trading in road transport and building sector 
will increase incentives to supply cleaner fuels for existing vehicles. The system is 
expected to push fuel providers to decarbonise their fuels [28].
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Financial aspects of the EU Green Deal

The European Commission estimates that 260 billion euros a year, of private and 
public sector, are needed for additional investments to achieve the climate targets 
set for 2030. This means that additional 2,6 trillion euros are needed in the next ten 
years. There are many macroeconomic, as well as microeconomic questions related 
to profitability of the green investments and their macroeconomic effects [29]. 

Parry et al. [30] suggests that the economic costs to the United States of meeting its 
carbon emissions target under the original Kyoto Protocol would more than double 
when the costs of reduced employment are taken into account. In contrast, much 
of this extra social cost could be offset by emissions taxes and auctioned permits if 
revenues from these policies were used to reduce income taxes [31]. 

This concept is according to our understanding and available sources in the EU on 
the above mentioned way not foreseen, which might have significant impact on cost 
of production of the EU economy and its competitiveness on the world market [32].

URBAN MOBILITY AND FREIGHT TRANSPORT POLITICAL MEASURES BASED ON THE 
LESSONS LEARNED FROM THE BASIC PRINCIPLES OF THE EU GREEN DEAL

Importance of urban mobility and freight in the EU

Urban mobility accounts for 40 % of the total CO2 emissions of road transport and 
up to 70 % of other pollutants from transport. European cities increasingly face 
problems caused by transport. The question of how to enhance mobility while at the 
same time reducing congestion, accidents and pollution is a common challenge to 
all major cities in Europe. Congestion in the EU is located in and around urban areas 
with an estimated costs nearly EUR 100 billion, or 1 % of the EU's GDP, annually [33]. 

The European Green Deal (COM(2019)640) [34] and the Sustainable and Smart 
Mobility Strategy (COM(2020)789) [35], adopted in 2019 and 2020 respectively, 
provide a new EU framework for the overall direction of EU transport policy for the 
years to come. It acknowledges the importance of urban mobility in the context of 
the green and digital transitions.

The results of the evaluation of the EU 2013 Urban Mobility Package (SWD(2021)0047) 
published in February 2021 demonstrate that further EU action on urban mobility is 
needed to upgrade the EU sustainable urban mobility toolkit, in order to respond to 
the growing challenges (CO2 and air pollutant emissions, congestion, road crashes, 
resilience of the transport network), and contribute to the increasingly ambitious 
climate, digital and societal objectives in line with the EU commitments [36].

Also, urban freight /urban logistics are essential to the efficient functioning of cities. 
This comprises transportation methods, handling and storage of goods, management 
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of inventory, waste and returns, as well as home delivery services. The European 
Commission has substantially contributed to the development of knowledge, 
expertise and uptake of sustainable urban logistics concepts. Examples include 
SMARTFUSION (Smart Urban Freight Solutions) or TURBLOG-WW (Transferability 
of Urban Logistics Concepts and Practices from a World Wide Perspective), CIVITAS 
demonstration projects and the best practice and tools to be found on Eltis - The 
urban mobility observatory [37].

The overarching conclusion of the evaluation was that EU action on urban mobility 
is still required and is even more crucial now than in 2013 when the Urban Mobility 
Package was introduced. This is because many of consequences of the problems in 
urban mobility are of rising severity and gravity for society, the economy and the 
environment [38]. 

With the increasingly ambitious objectives of the European Green Deal, the Climate 
Target Plan 2030 and the Sustainable and Smart Mobility Strategy, the need to 
decarbonise urban transport whilst ensuring important societal goals of affordability, 
accessibility, availability and inclusiveness is now the major EU priority [39]. 

Suggested solutions

Chapter 2 summarises road map and measures of the EU Green Deal referring to all 
modes of transport. To be in line with the Green Deal (Fit for 55) transport political 
framework, we shall try to apply the same measures also in the field of transport in 
urban (functional urban) areas. 

Based on theoretical and practical lessons learned and presented in Chapter 1 we are 
aiming at defining optimal and efficient transport management tool based on the EU 
Green Deal solution, but adopted according to our understanding of needs.

It may be stated at this stage that tradable emission permits represent the nutshell 
tool of the EU Green Deal. This is the reason why we are suggesting potentially 
efficient application of tradable permits system also for solutions in the field of 
urban transport. The suggested solution, to be successful, requires some conceptual 
changes of the foreseen EU Green Deal solution for road transport.

Tradable permits for road transport

Contrary to the concept of the EU Green Deal, we consider that out of all transport 
modes, which are responsible for about one quarter of the total EU CO2 emissions, 
road transport as the biggest polluter responsible for 72 % of the total European 
transport CO2 emissions is the first transport mode, which should have been 
regulated within the Green Deal initiative. Air transport and shipping are from the 
CO2 emissions point of view (15 % each) of marginal importance. 
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Tradable permits for road transport and household energy use have been studied 
already by several authors: Flemning [40], Verhoef et. al. [41], Bozicnik [42], Fawcett 
[43], Raux and Marlot [44]. Based on practical and theoretical findings, (some of them 
are summoned up in the Chapter 1), we would suggest for transport, in particular 
road transport, the following solution. Cap and trade system, free distribution of 
certain number of tradable permits for fuel to all motor vehicle owners of all type 
of motor vehicles on annual basis (at the occasion of annual vehicle registration to 
prevent price fluctuations at the end of the year). Free allocation of permits minimizes 
problems of social and political acceptability because it enables to consume certain 
quantity of fuel (driven kilometres) without causing any additional costs.

In case of need the cap can be decreased by the regulating authority on annual 
basis for each vehicle category separately depending on the transport political and 
environmental needs. For each vehicle category (personal cars, vans, light duty 
vehicles, heavy duty vehicles, busses, airplanes, ships etc.) we suggest: the vehicle 
category specific annual quantity of tradable permits for fuel to be distributed free 
to each motor vehicle user and establishment of separate tradable permits market 
for each vehicle category group. The tradable permits markets of individual motor 
vehicle categories would be interconnected, which means that regulating authority 
is in a position, in case of need, to enable exchange of available quantities of tradable 
permits on the single transport market in order to be able to stabilize prices and 
to achieve the foreseen transport political aims. This solution is different from the 
concept presented by C. Raux [45] and Verhoef E. [46]. 

Creation of separate markets for tradable permits of each motor vehicle category 
enables to the regulating authority to follow the planed transport political aims, 
such as: increase of load factor, decrease congestion, etc. separately per each motor 
vehicle category. This means that the cap of each motor vehicle category can be 
adjusted (increased or decreased) according to the actual transport political needs, 
while the total cap of transport sector remains unchanged. 

One tradable permit would enable the owner/user of motor vehicle to buy one litre 
of fuel, which equals to fixed quantity for CO2 emissions (gasoline 2,27kg CO2/l, diesel 
2,63 kg CO2/l). 

Modern IT technology enables today e.g., the use of smart cards at the petrol stations 
for purchasing fuel within the available quantity of tradable permits. In case of need 
additional TP can be bought under the daily rate value at the petrol stations and 
uploaded on the smart card. 

The motor vehicles owners have a possibility to sell the excess quantities of tradable 
permits on the tradable permits market or to buy the needed quantity of tradable 
permits under the current market prices. If they are selling tradable permits the 
revenue is a direct stimulation of owner/user of the motor vehicle for rational 
behaviour, such as: using public transport, grouping cargo, buying environment 
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friendlier motor vehicles etc. The stimulation of individual vehicle owner/user is 
substantially bigger if tradable permits are not auctioned.

We suggest that a network of brokers would be established that would trade with TP. 
National road transport TP market should have been organised on regional principles 
in order to be able to follow also the specific needs of the individual functional urban 
areas. The brokers would trade on the "TP stock market" in favour of their clients 
(vehicle owners/users). On this way a daily value of TP would yield as a basis for daily 
spot market prices. Brokers could perform also "banking" function (e.g., borrowing 
of TP) for their clients. Motor vehicles coming from other regions/countries, would 
have the right to buy limited number of tradable permits at the daily TP stock rate 
(Source - limited reserve quota of the regulating authority). 

There are several reasons why we do not agree with the EU Green Deal concept 
foreseen for road transport suggesting the upstream emissions trading process, 
which will regulate fuel suppliers. The foreseen upstream concept of the emissions 
trading process is controlling the total sales and (CO2) content in the fuel of individual 
fuel suppliers. The advantage of the foreseen upstream system lies in a simplified 
monitoring process because of smaller number of fuel suppliers, but it has an 
unrealistic requirement for decrease of the CO2 content in the fuel on the yearly 
basis (see for details also Winkleman et al. [47]).

CO2 emissions of transport sector do not occur at the refinery level but they occur 
at the vehicle user level. For rational behaviour vehicle users should be motivated. 

The upstream concept brings petroleum fuel industry in difficult position. The carbon 
content of the fuel cannot be reduced (without big investments) by 4,2 % per year as 
required by "Fit for 55". The only option the fuel suppliers might have for reducing 
CO2 emissions will be decreasing the volume of their output. See also Grubb [48].

Reduction of fuel suppliers’ output would increase the price of fuel due to supply 
constraints and would get characteristics of fuel tax with all its known disadvantages 
[49]. There is also a potential danger of monopolistic tendences of the small number 
of large producers aiming to manipulate the fuel prices [50].

The underlying principle in a tradable permit system or tax policy is to provide an 
incentive for the polluters to change their behaviour. As already mentioned in the 
transport sector the owner/user of motor vehicle makes the ultimate decision of 
how to drive, how much to drive and consequently how much CO2 is emitted. Direct 
incentive for rational behaviour of vehicle users is the most important argument 
in favour of downstream emissions trading system [51]. Another argument, which 
should be considered is the fact that economic incentive instruments achieve their 
maximum efficiency when operating at the most decentralized way. The more 
decentralised the system is the more efficient it is [52,53,54].
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In any case tradable permits raise firms’ production costs and reduce economic 
activity. If transport company (a polluting firm) increases economic activity, it 
must either buy permits to cover the extra emissions or improve its environmental 
performance; either way, there is a financial penalty for producing polluting output. 
Consequently, grandfathered permits have adverse effects on employment in the 
same way that emissions taxes do, but auctioned permits do not enable potential 
benefit from revenue recycling (lowering the labour or other company taxes) on 
one side but on the other side they have, if the tradable permits are free allocated, 
stronger motivation effect on the tradable permits' owner for rational behaviour.

Impact of suggested system solution on transport externalities in urban areas

As it can be seen in several EU documents, European commission is supporting big 
number of different projects aiming at solving, at least partially, some of the problems 
of transport and transport externalities in urban areas [37]. Up to now, in spite of the 
big number of different approaches, the problem of transport externalities in urban 
areas as such remains basically not solved.

We consider that our suggested concept of introduction of tradable permits for fuel, 
separately for different categories of motor vehicles, might have been a solution also 
not only for transport system as such but it might have a direct and indirect impact on 
transport and its externalities in urban (and functional urban) areas. Flexibility of cap 
(quantity of available fuel) for different categories of motor vehicles is an instrument 
in hands of transport policy, which enables management of optimal and desired 
volume of transport per motor vehicle category. In the downstream distribution 
system of limited (decreasing) quantity of tradable permits for fuel the system as 
such forces motor vehicle owners/users in rational behaviour, such as load factor 
increase, minimal empty drive, more passengers in cars, less transport externalities, 
increased demand for public transport etc. Regulation of traffic volume (transport 
externalities) is in this case in the hands of transport political decision makers. This 
conceptual solution represents, according to our understanding, a universal solution 
for transport externalities problems. 

There are also some specific details, which should be solved before tradable permits 
are introduced, in particular in the field of low elasticity fuel demand population 
(need for transport of population from remote areas; urgent transport of common 
interest: ambulance, police, fire protection service, food and water supply transport 
etc.).

Financial impact of the suggested solution

The suggested solution has a significant impact on financial flows. As indicated at 
Figure 2, the decrease of consumed fuel from Q1 to Q2 decrease revenues from fuel 
industry and services (S4) and decreases inflow of revenues to the governmental 
budget from fuel taxes and excise duties (S3). We must keep in mind that today that 
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on average in the EU half of the price of the motor vehicles fuel are taxes. Which 
represents an important revenue for the budget.

There are also other consequences, which must be considered. The cost of transport 
services will because of the suggested measures grow. The impact on standard of 
living of the whole population and the impact on costs in the economy (decreased 
international competitiveness of the EU economy) is in this case inevitable.

CONCLUSIONS

The tradable emission permits system introduced by the EU Green Deal (Fit for 55) 
can be applied also in the field of regulation of optimal volume and structure of the 
(urban) transport. 

The foreseen concept of use of tradable permits in the transport sector within the 
Green Deal initiative is far from being optimal. As already pointed out, it is not logical 
that minor polluters, such as air and waterborne transport, which are contributing 
each of about 15 % of total CO2 emissions of transport sector are regulated before 
road transport, which contributes 72 % of total EU transport CO2 emissions. Road 
transport will not be regulated until 2026. The analysis also suggests that foreseen 
tradable permits system for road transport (upstream concept, auctioning etc.) is far 
from being optimal and acceptable. 

We consider our suggested solution of deployment of tradable emission permits 
in road transport separately for each motor vehicle category with flexible caps as 
very efficient, with significant impact also on the volume and structure of transport 
in general and consequently on the urban transport in particular in the functional 
urban areas. This holds good if national TP distribution system would be based on 
regional administrative units, which would have a good overview over the volume 
and needs of transport on the regional and urban level. 

Implementation of suggested system bears with also financial consequences, which 

Figure 2. TP auctioning-division of income
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might make it less acceptable for the governments. Earning of fuel industry and its 
services (e.g., petrol stations services) will be decreased. Decreased will be also the 
budget revenues because of decreasing inflow of revenues from fuel taxes and excise 
duties. The positive effects are decreased and regulated transport volume, transport 
structure and CO2 emissions according to the planned and socially acceptable levels. 

We have decided for a solution based on tradable permits, not taxes because in our 
case the "cap" for certain category of motor vehicles, in particular in urban areas, 
is very important for conducting efficient transport and environmental policy. In 
general, as presented in Chapter 2 the decision about optimality of deployment of 
TP or taxes depends upon the structure of the market and the general conditions 
on the market concerned. This consideration might have been useful also for the EU 
Commission in the case of Green Deal. In some areas (e.g., air transport, waterborne 
transport) environmental taxes might have been more appropriate, in particular if 
we, besides other arguments, consider also transaction costs of TP [55].

The EU commission has foreseen 260 billion additional annual investments during 
the next ten years for Green Deal, which will have questionable economic effects 
according to our belief. (On top on the existing 750 billion of post Covid-19 recovery 
costs). The consequences will be increased costs of transport services, energy, and 
other materials, which might ruin European competitiveness on the world market. 
We must also keep in mind that European CO2 Emissions represent only 9 % of global 
CO2 emissions. Is it realistic to expect that decarbonisation of the EU will solve the 
world problem of climate change?
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MOTIVATION AND GOALS

Collaboration in interdisciplinary teams and knowledge of the current research 
landscape are essential success factors for the development of competitive and 
sustainable solutions. This applies in particular to research in the field of mobility and 
transport research with its numerous and interrelated disciplines [2]. The European 
Commission also emphasized the importance of a holistic view and systemic 
involvement of all stakeholders for research and innovation in the transport sector [1].
One aspect here is certainly also the improved networking of international research, 
which will thus in turn lead to an increase in the overall efficiency of mobility and 
transport research. Only in this way can this sector make its contribution to achieving 
the goals of the Green Deal. At the same time, better networking is of course also 
in the interest of each individual researcher in terms of personal development and 
success. After all, it forms the basis for the successful acquisition of research funding 
and for increasing the quality and acceptance of research by integrating expertise 
from outside the field.

But before the interdisciplinary exchange, the relevant disciplines and their significant 
researchers must first be identified. However, there are various challenges associated 
with this:

• Different terminologies: Different terms are used in different disciplines for the 
same or similar concepts. In addition, there are national language peculiarities.

• Numerous platforms: Information about the work of researchers is distributed 
across various platforms, such as institutional websites, ORCID, ResearchGate or 
Academia.edu.

• Profile maintenance: Numerous platforms also mean numerous profiles, which 
must be actively maintained, since otherwise no current information is displayed. 
Thereby additional work for the researcher arises.

These challenges can make networking, especially the search for and identification 
of new partners very time-consuming and represent a costly factor. All the more 
so when researchers want to work in a field that is new to them or have limited 
knowledge and no network partners. However, it can be precisely such cases, where 
collaboration with the right partners can lead to a career boost.

Against the background of the importance of mobility and transport research and as 
a substantial contribution to effective networking and interdisciplinary collaboration, 
a new and free to use tool is being developed within the DFG-funded project FID 
move212: the Mobility Compass (www.mobility-compass.eu).

2  FID move is the acronym for "Fachinformationsdienst Mobilitäts- und Verkehrsforschung" (Specialised 
Information Service Mobility and Transport Research). In this project, the Saxon State and University 
Library Dresden (https://ror.org/03wf51b65) and the German National Library of Science and   
Technology - Leibniz Information Centre for Science and Technology and University Library Hannover 
(https:// ror.org/04aj4c181) have been working together since 2018 to develop services to support 
mobility and transport research. The project is founded by the Deutsche Forschungsgemeinschaft 
(DFG).
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TOWARDS MORE INTERDISCIPLINARITY WITH THE MOBILITY COMPASS

The Mobility Compass is a non-commercial tool to effectively and easily find 
interesting researchers in mobility and transport research in Europe and at the 
same time to get an insight into the existing research landscape. For this purpose, 
scientific publications, such as journal articles or research reports, are collected and 
indexed from various databases. The Mobility Compass is not a classical catalog or 
a system for ranking people. It is a subject-oriented research information system. 
The information in the Mobility Compass is linked together and made available via 
innovative search entry points. Hereinafter, the various search options are briefly 
explained using exemplary areas of application.

Find your Expert

In order to find suitable network partners, the user has three possible entry points 
into the search:

TOPICS: The topic graph shows a variety of the topics contained in the current 
selection. By clicking on a topic, it is added to the filter criteria and the graph is 
adjusted accordingly (Fig. 1).

LOCATIONS: The map shows all persons for, which location information is available so 
that a selection of researchers in individual cities or countries is possible.

Figure 1. Topic Graph with one selected topic

Source: www.mobility-compass.eu (mobile view)
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SEARCH FIELD: In addition to TOPICS and LOCATIONS, the SEARCH FIELD can also 
filter by other criteria, such as the names or the institution of the researchers. 

Entry via the topic graph is especially convenient as it offers the possibility to create 
a suitable search section exploratively and quickly. All search entries are mutually 
dependent and influence the selection of relevant people. By clicking on the green 
people-button, the corresponding people are listed and can be sorted by different 
criteria like number of co-authors or citations.

Selecting a person opens their dashboard. It gives a compact overview of all 
information available on this researcher in the Mobility Compass, e.g., the linked 
topics, output and the research network.

See Research Networks

A researcher's dashboard contains a lot of information about his research network. 
If location information is available, this can be used to estimate locations of work 
or publication based on a small overview map. The 4-panel-chart below provides 
information on the number of publications by his co-authors and the proportion 
of joint publications. This is an indicator of the relative extent of collaboration with 
active experts in the field of mobility and transport research (Fig. 2). This presentation 
is completed by listing the co-authors. Thus, the user has all the information at a 
glance and can assess the relevance of the person to their own needs.

Figure 2. 4-Panel-chart to estimate the collaboration with 
single co-authors

Source: www.mobility-compass.eu 

Get a View on Topic Connections

The Mobility Compass is not only used to search for suitable network partners, 
but also to gain insight into the connections between the various research fields of 
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mobility and transport research. As a visual support for this purpose, the individual 
topics are related to each other in the topic graph: topics that are frequently 
researched in combination are linked by a line. Since the graph is built up and aligned 
depending on the selected search criteria, topics that are often related to each other 
can not only be identified and serve as an incentive for explorative search, but also 
to find focal points in the research landscape on the other hand. In addition, the local 
distribution of researchers on the map is also a starting point for assessing regional 
research activities.

A BRIEF LOOK INTO THE MACHINE ROOM

The Mobility Compass is based on the open-source software VIVO. This is a research 
information system with a large developer community. Therefore, the Mobility 
Compass can benefit from the development progress. At the same time, its own 
development results are made available to the community. This also facilitates the 
transfer and reuse of the Compass approach to other disciplines and communities.

The Mobility Compass relies on the principles of Linked Open Data and Semantic 
Web. This means that the heterogeneous data from the various source systems is 
described in a structured way using a data schema (ontology) that is machinereadable 
and predefined across all systems. The data aggregated in the Mobility Compass can 
thus be more easily integrated into other systems.

The dataset includes subject-specific extracts from BASE, Springer Nature, ORCID 
and the Global Research Identifier Database, among others.2 The publication data 
loaded from these sources is indexed with the help of an extensive, multilingual, 
subject-specific, and hierarchically structured dictionary, a thesaurus. This thesaurus 
also addresses the problem of different semantics between the disciplines and is 
constantly being improved and adapted [3].3

YOUR DATA IN THE MOBILITY COMPASS

The Mobility Compass aims to show all scientists who are actively involved in mobility 
and transport research. Due to the open and low-threshold applicability of the tool and 
in order to avoid an additional maintenance effort for the scientists, the possibility of 
data processing in the Mobility Compass was omitted. Instead, the Mobility Compass 
uses existing databases. Thus, the quality and quantity of information on scientists 
depends largely on the availability and accessibility of external data sources, as well 
as the language of the research.4 If the data does not meet your expectations, there 
are two options:

2 A listing of the databases can be found at https://www.mobility-compass.eu/#view=content&page=about.
3  A deeper insight into the technical specifications and functionalities of the tool is provided in the article 

The Mobility Compass: A VIVO-based approach for exploring interdisciplinary research networks [3]
under https://doi.org/10.5282/o-bib/5642.

4 Preferred in English, currently also possible in German.
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• ORCID iD: By connecting ORCID, we can directly integrate your publicly available 
data. In this case, simply let us know your ORCID iD.

• Data-tip: Tell us a data source and we will check if the integration is possible.

In both cases, please contact: contact@mobility-compass.eu.

CONCLUSION AND OUTLOOK

The Mobility Compass provides a new and more efficient way to find interesting 
network partners in the fields of mobility and transport research. The possible 
applications range from the search for partners for research projects and the further 
development of one's own research focus to the search for speakers for a conference 
or reviewers for journals or funding applications. Especially in research fields with 
little or no previous contacts, the tool's transparency provides a very good basis 
for effective networking and can thus contribute to the necessary interdisciplinary 
cooperation in the transport sector, for example, on its way to implementing the 
Green Deal.

The Mobility Compass is constantly being further developed for this purpose. In 
addition to connecting further databases, the development team at Saxon State and 
University Library Dresden is also working on other features. This includes improving 
content indexing using AI. The plan is also to develop a widget for embedding the 
Mobility Compass into other websites. All of this only works in close coordination 
with the research community. In this respect, the development team is looking 
forward to your feedback on the tool at www.mobility-compass.eu.
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Abstract Smart parking solutions are one of the most popular systems and devices in smart 
cities due to the availability to detect parking space in real-time, reducing fuel consumption, 
and traffic emissions. Various types of smart parking systems, such as parking guidance 
systems, smart payment systems, e-parking, etc., have been deployed worldwide. The 
experiences of Intelligent transport system application in the Republic of North Macedonia 
are modest and most of the deployed systems and services are from the area of Real- time 
Travel Information Service and Urban Traffic Management. The problem issues related to 
parking demands are present and they have a significant impact on traffic congestion on the 
city's road network. Specific objectives of the research are to identify and access the most 
promising, pertinent technology and systems for the design of an integrated, highly functional 
solution for a smart parking management system for the Macedonian capital city. To meet 
these objectives, a two-phase research approach has been suggested. In the first phase a 
comprehensive approach that identifies analysis and selection of smart parking infrastructure 
and its architecture design are presented. In the second stage development of the new 
attractive and effective web application  (as part of hardware and software components of 
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INTRODUCTION 

The concept of a smart city refers to the application of information and communication 
technology for the more efficient functioning of the city services in the provision of 
public services, to raise the quality of life of citizens, productivity and efficiency, as 
well as achieve savings.

A smart city is also defined as a city that meets all the needs of its citizens fully and 
efficiently following the goals set by local, national, and international sustainability 
standards. All services and needs, which are included in this concept are traffic 
management, education, air pollution, internet, and open data, smart health, smart 
homes and buildings, public safety, smart street lighting, smart parking, smart waste 
management, smart energy use, etc.

The metropolises, such as London, Paris, Berlin, New York, and others, have been at 
the top of the list of smart cities due to their innovative solutions and approaches 
that are integrated into various spheres of everyday life of citizens including the field 
of stationary traffic.

Why is parking an important segment in the overall concept of a smart city?

In many cities, more and more time is wasted while the vehicles "wander" on the 
roads looking for a free parking space. The location of the bigger, well- maintained 
parking lots is not always visibly marked, and then, there is a lack of information 
regarding their occupancy. Drivers often complain about increased travel time and 
that when they reach their destination, there is not an available parking space on 
the parking lot. Therefore, intensive work is being done to improve the process of 
parking management, which refers to the creation of various policies and programs 
in creating solutions for more efficient use of parking resources.

Effective programs in parking management in combination with advanced 
technologies could reduce travel time, as well as the time needed/wasted while 
looking for a parking space by up to 20-40 % compared to conventional solutions, 
providing an increase in economic, social, and environmental benefits.

In his comprehensive implementation guide, Littman states that the solutions 
that are proposed in the process of traffic management tend to be better than 
the conventional offer expansion (standard increase in the number of parking 
spaces) because the management supports more strategic goals, such as reduced 
development costs and increased availability, improved user options and quality of 
services, etc. [1].

Lan and Shih in their research found that in areas, such as Los Angeles, vehicles looking 
for a parking space produce more than 730t carbon dioxide (CO2) and consume about 
47 000 liters of gas [2]. The inconvenience created by the need to find a free parking 



space, not only contributes to increased carbon dioxide emissions, but also causes 
drivers to park in unmarked parking zones, commit offenses for illegal parking, and 
most of all, further affect the creation of traffic congestion. Currently, there are 
numerous parking applications (EasyPark, BestParking, ParkingPanda, Parkopedia, 
Parclick, ParkMan, Parkomat, PayDo, SplitParking) offering different services.

In addition to the mobile application, as part of the Intelligent Transportation System 
(ITS) and the Advanced Traveler Information System (ATIS), we can also mention the 
Parking Guidance and Information (PGI) system. Countries that have implemented 
the Parking Guidance and Information system in their major cities are Finland, 
France, Japan, the Netherlands, Germany, Norway, USA, Sweden, UK.

The technology that is behind the smart parking systems can be fully automated, 
relying on hardware and software. Hardware, such as sensors and traffic signs with 
variable content, are set up locally – the first to monitor the occupancy of the parking 
lot and to collect data on the size of the available space and the number of parked 
vehicles, and the second to transmit parking information and navigation instructions 
to the free parking spaces.

Smart parking solutions enable city authorities and parking space owners’ collection 
and analysis of input and output data including the availability status, parking 
duration, as well as parking revenue. In addition to real-time data, historical data and 
analysis are available to enable optimization of resource and staff planning (Fig. 1).
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Source: Clever city; The Ultimate Guide to Smart City Parking 2021

Figure 1. Parking solutions for Smart Cities

Parking operators are expected to significantly increase their investment in the 
short term through the many benefits offered by smart technologies in this field. 
Parking operators are already spending more than 3 billion US$ a year on parking 
management globally, and these investments are projected to grow by 15 % annually 
by 2025.

Research problem

Skopje is the capital city of North Macedonia with approximately 600 000 inhabitants 
(one-third of the total population). The City of Skopje has been existing as a center of 
social life and carrier of the economy within the course of history. Available funding 
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is very restricted and limited, and the space available has become a major obstacle.

The estimated number of people traveling daily to Skopje exceeds 90 000 passengers, 
causing significant traffic congestion [2]. The concentration of administrative, 
cultural, political, economic, and educational services further increases the problem 
not only with the dynamic but also the stationary traffic [2].

The imbalance between the need for parking and the capacity, the pressure on the 
traffic network from the local traffic due to circling around parking lots, are just a 
few of the identified problems. Therefore, the research will especially emphasize the 
need for a comprehensive analysis of parking in the city, to create solutions for the 
introduction of modern ways of parking management following the example of the 
European and the world’s cities.

The main goal of the analyses and studies that have been done so far is the financial 
analysis of the toll system, and the intelligent and modern solutions to the parking 
problem are rarely mentioned by anyone.

In recent years, to assist the movement of people and goods, there has been a 
general call that "something has to be done".

Therefore, the idea of this research is to improve the management of stationary 
traffic and parking services by creating modern and "smart" solutions.

METHODOLOGY APPROACH

The city of Skopje is to be understood to work as an organic whole. Thus, we come to 
the term of sustainability. The management process rooted in sustainability should 
represent the interests of future generations.

The strategic objective is to develop a transportation system that maintains or 
improves human and ecosystem well-being together - not at the expense of the 
other.

Data analysis

According to the analysis of the current GUP (General Urban Plan) for Skopje, in the 
city center alone there is a need for 15 000 parking lots, but currently there are only 
5 000. The prognosis given in the existing GUP is that in the center of the city, by 
2020 the need for parking lots will be between 18 000 and 31 000. The existing GUP 
for Skopje does not provide an overview of the impact of parking on achieving the 
defined goals of traffic policy and its importance in choosing a means of transport in 
realizing daily mobility. The IDOM survey shows that the total number of declared 
parking lots in the City of Skopje (including parking garages and outdoor parking) is 
165 914 lots, 103 371 of, which are private garages (Table 1) [3].
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This shows that approximately 63 % of the parking lots are privately owned garages, 
23 % are in the parking zones and 14 % are on the streets and the sidewalks.

According to the analysis of the current GUP for Skopje, there is a need for 15 000 
parking lots in the city center alone, and 5 000 of them have been registered. The 
forecasts given in the existing GUP are that by 2020 the demand for the Center will 
be from 18 000 to 31 000 parking lots.

The city authorities need to start solving the parking problems in a systematic 
approach. The parking policy has to meet the vision and add a vision that 
underscores prospective scientific, technological, and societal trends. Decisions on 
the development of the parking systems and activities involve a number of different 
actors (universities, governments, transport planners, businesses, citizens) and 
are influenced by factors related to environmental concerns, prices and quality 
of services, the availability of modal choices, travel time and the organization of 
economic and social life.

A model of a parking system

The model of the parking management system we propose is based on the 
implementation of five subsystems schematically depicted in Figure 2.

Table 1. Number of parking lots

Municipalities

Classification/parking lots

TotalOn street/
sidewalks Parking zones

Private 
parking 
garage

Rented 
parking 
garages

Center 3846 5934 6152 123 16 054
Kisela Voda 2795 4094 15336 86 22 310
Aerodrom 1177 15049 11727 73 28 026
Butel 986 1293 9950 0 12 230
Gjorche 
Petrov 1129 1760 14427 0 17 316

Karposh 6345 4216 14717 42 25 320
Chair 4635 3031 4824 45 12 535
Saraj 156 50 6903 50 7159
Gazi Baba 2119 3251 18395 0 23765
Shuto Orizari 182 77 939 0 1 198
Total 23370 38 755 103371 419 165914

Source: IDOM, 2009.
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• Sensing Infrastructure

Sensing nodes are hardware sensors that collect parking location status data and 
send the acquired data to the application infrastructure using the communication 
infrastructure. Hardware sensors are installed on each parking location to detect the 
presence of a vehicle and to send the current status to the application infrastructure.

• Communication Infrastructure

The communication infrastructure is used to connect different constituent subsystems 
of the parking management system and to allow their mutual communication. The 
communication infrastructure can be built on different communication technologies, 
such as Wi-Fi, Bluetooth, infrared, NFC, etc.

• Application Infrastructure

The application infrastructure consists of software modules, a WebAPI (Application 
Programming Interface), and a Web-based application, used to monitor the status 
of parking locations, to display and share their status, as well as to access and store 
data to the storage infrastructure. Besides, it can be used for communication and 
data sharing with the user interface, Web-based or mobile applications, and also to 
fulfill other requirements of the parking management system, e.g., parking location 
reservations, payments, etc.

• Storage Infrastructure

The application infrastructure stores the data received from the sensing infrastructure 
to the storage infrastructure, which consists of an SQL database server and a file 
server that are both used for storing, processing, and analyzing data.

Figure 2. Parking solutions for Smart Cities
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• User Interfacing

The user interface, as a part of the parking management system, consists of a user 
Web application, as well as a user mobile application, both using sensed information 
to provide parking information to drivers. It also offers an interface for making 
parking location reservations and payments. Both the user Web application and 
the user mobile application obtain the needed information from the application 
infrastructure.

CONCLUSIONS

If we point out that we live in the XXI century where the Internet, the comprehensive 
wireless coverage, smartphones, sensors, detectors, the continuous development in 
the information and communication technology is something normal and expected, 
then, the development and the application of the concept of "smart cities "is quite 
necessary.

Despite sufficient funding available, it is very likely that the problems still exist 
because the classical approach of building more roads and parkings makes it difficult 
for political, financial, social, and environmental reasons. Therefore, the challenge 
is to identify or develop ways and means to alleviate traffic-related problems 
without building new roads and parking lots. The two principal ways are through the 
application of innovative traffic management measures and the development of new 
smart parking technologies.

In this paper, a comprehensive approach that identifies analysis and selection of 
smart parking infrastructure and its architecture design are presented.

This paper proposes a new model of parking management system to satisfy the 
needs of the Macedonian capital city.

To implement the intelligent solution pattern, the local government is going to be 
a valuable partner in this research, since the local transport policy decision-makers 
should back up and direct smart solutions when sustainable urban development is 
their ultimate goal. Therefore, it is expected that the outcomes of the research will 
have a positive impact on the urban transport policy decision-makers who will put 
valuable input into the course of advanced traffic parking management system policy.
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Abstract In the 21st century, cities around the world are dealing with the increasing 
numbers of vehicles, causing not only frequent congestions, but also a long-term 
parking problems and smog in urban areas. Traditional means of shared travel 
mode like public transport or taxi, are often either not flexible enough, provide low 
comfort or are too expensive. In this paper authors present results of a European 
research based on the Stated Preference and Choice survey. Over 6000 samples 
were collected in the United Kingdom, Germany, Czech Republic and Poland. 
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INTRODUCTION

Along with ambitious goals for reduction of climate change and tackling world 
urbanization, many steps are taken to tackle this phenomenon while keeping our 
cities and way of living sustainable. Such steps are taken also in transportation area, 
where alternative fuels propelling vehicles are introduced, as well as promotion 
of shared-economy services. The first propagator of MaaS is Sampo Hietanen who 
presented his ideas at Finnish Science Centre Heureka in 2014 [1]. Soon his ideas 
were supported by companies like BlaBlaCar, Uber and UbiGo who helped to develop 
the concept of MaaS as a feasible future of urban transport. 

The core idea of Mobility as a Service is to see mobility through the needs of the 
customers and through the service layer [2]. Hence one of the foundations of MaaS 
being easy to use and seamless travel service incorporating different provides 
(transportations companies) using one enabler (usually an MaaS application 
incorporating different transport services into one).

This concept of sustainable and convenient to use transport option was adopted 
in numerous cities around the world already. The project MaaS_together founded 
by European Innovation Council (EIC) focused on identification and standardization 
of MaaS components and services, as well as on modelling the adoption of MaaS 
services by various potential users. Together with information gathered by the Smart 
City – Smart Region – Smart Community (http://smart-mateq.cz/projekty/projekty-
smart/smart-iti/) a Czech national project focusing on travel behaviour research of 
the citizens of the Usti and Labem region, an in depth analysis of the acquired data 
was performed. A European survey in 4 countries (Czech Republic, UK, Germany and 
Poland) was performed, with total collected sample of over 6000 answers. In this 
paper, authors focus on survey respondents who were identified as the potential 
undecided users, to find out their opinions and potential of convincing them into 
MaaS use in future installed systems. This way the traveler behavior of specific 
commuters was identified and provided an important insight for future business 
planners and service providers and enablers.

LITERATURE REVIEW

To ensure fair and sustainable mobility, new solutions should not be offered as 
independent services, they need to be planned, designed and implemented in an 
integrated way. To enable a symbiotic design and integration of new offerings, it will 
be important to understand and to quantify the value being created through the 
system components for the relevant stakeholders – the citizens (and thus as users), 
the society, but also for the mobility providers [3].

Nevertheless, the Mobility as a Service definition is yet not fully standardized and 
different actors and institutions describe it with more, or less, detail allowing for 
the inclusion of more, or less, services. In common agreement is the fact that MaaS 
requires the usage of a single interface that links the users’ needs with matching 
mobility services that provide a door-to-door solution. Guidon et al. [4] further 
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expand MaaS definition as being a service that not only integrates mobility services 
but also bundles them in packages that better match supply to demand with the 
intention to make multimodal trips more efficient. Caiati et al. [5] includes demand 
responsive transportation as a core of MaaS, providing users with higher levels of 
flexibility and comfort. 

When it comes to the user, which is the focus of this research, the current state-
of-the-art shows different focus and priorities. Two important topics are the 
identification of user types and profiling, and users’ preferences and intention to use 
[6][7][8]. Nevertheless, to the best of our knowledge, the body of literature focused 
on investigating different categories of commuters with respect to MaaS is short. 
This is precisely why in our study we focus on potential MaaS users as yet undecided 
in their feelings toward MaaS. 

The intended behavior of using is a well-established concept and defined as a 
measure of the strength of one’s intention to act with a determined behavior [9]. 
Behavioral intention, influenced by attitude, is viewed as a summary consideration 
of the pros and cons involved in decisions that lead into the performance of a certain 
behavior; here the usage of MaaS [10]. Thus, one can conclude that the intention to, 
and use are highly correlated. 

Jung et al. [11] examines how perceived trust, perceived ease of use, and perceived 
usefulness play a role on MaaS acceptance with the focus on the MaaS application 
based on previous work developed around Information Technology [12]. Yet, the 
literature does not provide a clear picture of relevant psychological profile, such as 
environmental views, shared economy affinity and social influence of travelling on 
multimodal mobility, particularly on the topic of MaaS, which could give leverage to 
providers to attract more users. Caiati et al. [13] show that the share of individuals 
(based on a survey with 1078 respondents) willing to adopt MaaS when it comes 
to its prime offer (i.~e. bundling of services) is still low. Mainly, MaaS adoption is 
found to be driven by social influence and the core preferences based on flat rates 
for public transit, while traditional mobility services, such as taxi and rental cars are 
of low preference. 

APPLIED METHODS

To investigate the potential MaaS drivers, an international computer assisted 
interview through online panels was conducted. The survey was prepared in English 
language and then translated into Czech, Polish and German languages. The survey 
was conducted over period of 2 months and from each country over 1600 hundred 
samples were collected. The structure of the questionnaire comprised five main topic 
blocks (A to E), enclosed by an introduction and conclusion. In this study we focus on 
information gathered from block A, which asked about latent variables of personality, 
and C, which was a stated preference question regarding MaaS. Constructs that 
were already used in the context of acceptance research and detected as influencing 
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factors in mobility behavior served as a basis to select the right scales and items. 

Due to the large number of items, the questions were divided into three groups 
(groups A1 to A3) and placed at different points in the questionnaire. This process 
should counteract the fatigue effect, as well as the habitualized response behavior. 
The other thematic blocks of the questionnaire covered topics regarding MaaS app 
requirements, mobility package preference, a Stated-Preference design and the 
willingness to pay. However, the focus of the paper is on the analysis of user-side 
characteristics of potential MaaS users, which is why the analysis within the paper is 
concentrated on the latent variables.

The field period of the survey covered ten days, from October 16, 2020 to October 
26, 2020. At this point, it needs to be reflected that the survey period fell into the 
worldwide pandemic situation caused by Covid-19, which could have led to a change 
in mobility and thus response behavior. This must be considered when interpreting 
the results.

Collected data were then analyzed with descriptive statistical tools and Pearson’s 
chi-squared tests (χ2). A Chi-square test is a hypothesis testing method developed by 
Karl Pearson in 1900 [14]. In this study a Chi-square test involve checking if observed 
frequencies in undecided respondent category match expected frequencies of total 
collected sample from the survey (see equation 1).

        (1)

Where:

χ2 – is Pearson test statistic 

Oi – is the number of observations of type i

n – is total number of observations

Ei – is the expected count of type i, asserted with the numm hypothesis 

The first step included testing whether the ratio of the occurrence of neutral vs others 
responds in the given category does or does not differ from one another. In other 
words, taking for example country of origin category, whether the ratio of neutral 
vs decided respondents is the same in all countries participating in the survey. Since 
large data sample was analyzed the significance criterion of the Pvalue = 0,01 was 
set. This was followed by an analysis of the respondent answers regarding the MaaS 
properties and characteristics with respect to their sociodemographic information. 
This approached allowed for evaluation of the most valued properties of MaaS among 
undecided users, which is valuable knowledge for business and policy makers. To 
visually represent results, techniques like box plot and forest plot were used.
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THE ANALYSIS OF POTENTIAL USERS

The main subject of interest in our study was identification and analysis of the 
undecided users. For this purpose, respondents whose stand toward the use of MaaS 
was neither positive or negative were identified and analyzed. The responses for 5 
Stated Preference questions provided in block C of our survey were constructed as 1 
through 5 Likert scale questions. For the purpose of this study, undecided users were 
defined as respondents who at least 4 of five times responded with value 3 (I do not 
know, I am not sure, etc.). In order to provide context for this sample, we provide 
also comparison with overall of collected responses.

The survey results

In the collected sample, there were 1232 of undecided respondents (out of total of 
5173 collected surveys). This represents more than 23,8 % of sample population, 
which is rather a lot and provides very interesting research area. Proportion of 
undecided respondents among the whole sample in individual countries is provided 
in Table 1.

In our quotas, 51 % of the participants are female, and 49 % are male. On average, 
participants are 38,8 years old (SD=12,93). The highest proportion of respondents 

Table 1. Proportion of undecided respondents in whole sample 
for each country of origin

Country Undecided Others
Czech Republic 350 1246

Germany 285 1322
Poland 299 1302
United Kingdom 298 1303

Hence with the Pvalue of 0,0015 we can state that there is no significant difference 
in proportion of undecided respondents among different countries. Similarly, the 
gender of the respondents proved to be insignificant in regard to their standing 
toward MaaS use. Overall characteristics of the collected sample and the comparison 
of undecided drivers with overall respondents' opinions are summarized in Table 2.
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work full-time (62 %) and their household income varies from 799 to 2399 euros 
monthly. The most common household size is 2 persons (30 %), followed by 3 (24 %). 
About one in five households are single person. A large proportion of respondents 
live in a large city (28 %) or city (27 %) with 100 000 to 1 million inhabitants.

The undecided users

According to Broeg and O’Fallon [15][16], the choice of preferred travel mode is 
strongly influenced by our constrains during discussed travel. E.g, large households 

Table 2. Basic characteristics of users in collected survey 
sample

Variable Overall Undecided respondents
Age (min, max) 38,76

 (18, 74)
42,27

(18,66)
Gender (male, female) 49 % M 

51 % F
48 %
52 %

Household size
1 person
2 persons
3 persons
4 persons
5+ persons

20 %
30 %
24 %
19 %
7 %

23 %
32 %
22 %
17 %
6 %

Household Income
Level 1
Level 2
Level 3
Level 4
Level 5
Level 6

7 %
21 %
38 %
18 %
12 %
4 %

10 %
22 %
39 %
17 %
9 %
3 %

Residence area
Village
Small town
Town
City
Large City
Megacity
Metropolis

-
-

19 %
27 %
28 %
16 %
10 %

-
-

20 %
26 %
27 %
17 %
10 %

Profession
In training
Full-time employee
Part-time employee
Senior executive
Self-employed
Homemaker
Retired
Seeking work
Other

9 %
62 %
12 %
3 % 
6 %
2 %
2 %
3 %
1 %

6 %
62 %
13 %
3 %
7 %
2 %
3 %
3 %
1 %
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with multiple children and/or activities on the way from/to work are less potent 
for use of alternative travel mode, since high flexibility and reliability on transport 
mode together with transportation capacity are a must in their cases. This issue was 
investigated also in our data. With the significance of p < 0,01 it was demonstrated 
that people travelling with at least one from the variety of constrains are much 
more likely to have strong opinion on their possible intention of using MaaS. These 
results are presented in Figure 1 where vertical axis represents different constrains 
a respondent has on his/her way to/from work, and horizontal axis represents an 
odds ratio of having clear opinion on the potential of MaaS use by this respondent. 
The blue lines represent the confidence interval for these odds (depicted also on the 
vertical axis in the brackets). As presented, the odds of being undecided on MaaS use 
decrease significantly when respondent travels with another household member or 
adult not being member of common household – just as predicted by O’Fallon [16]. 

Figure 1. The forest plot of odds ratio decoded vs 
undecided respondent base on constraints during travel

Next investigated property of the respondents’ travel was its length in time units 
in this question, respondents were to answer the typical length of their travel 
to/from work. The results show that the longer the travel time to work is, the 
more decided respondent becomes regarding MaaS use. In other words, the least 
decided users (and thus vulnerable to MaaS advertising policies) are the users 
who travel relatively shortly every day (see Table 2 and Figure 2).
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Finally, the age of the respondents was tested. In this test, we compared the average 
and median of neutral respondents (category 1) and decided ones (category 2).

As visible in Figure 3, the undecided drivers are on average older (43 y.o.) than 
decided ones (36 y. o.). This might be caused by skepticism against new technologies 
and travel habits among older users.

Table 3. Proportion of undecided respondents in whole sample 
depending on their work travel time

Proportion of undecided respondents Travel time

0,583 Less than 5 minutes

0,289 5-10 minutes

0,227 10-20 minutes

0,243 20-30 minutes

0,205 3-45 minutes

0,265 45-60 minutes

0,259 75 or more minutes

Figure 2. Odds ratio undecided respondent based on their 
self-estimated travel time to work
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Finally, the last investigated issue was importance of chosen MaaS parameters 
and characteristics for potential MaaS users. In order to analyze this information, 
we created a layered bar plot for individual MaaS characteristics for hypothesized 
system and took closer look on assigned importance of individual features. In total 
there were 13 features to be evaluated with answers on a 5-point scale ranging 
from very important (1) to not important at all (5). In order to provide clearer 
representation of the result, we aggregated answers 1-2 and 4-5 in order to 
achieve a 3-point scale. 

Figure 3. Box plot of age among undecided and decided 
respondents toward use of MaaS

Figure 4. Bar plot representing importance of parameters and 
features of MaaS in eyes of undecided users (in layers left to right)
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As presented in Figure 4, the most important features of MaaS according to undecided 
users are Travel time, Comfort and Simplicity. Close behind are located Safety, 
Hygiene and Privacy. On the other hand, it is not important whether MaaS is socially 
acceptable, work travel friendly or suitable for travelling together. These findings 
provide great insight for future service providers and enablers of MaaS services. The 
focus during design and development of new system shall be put on short travel times 
(either through personalized course, or more agile transport means), and simple, 
straight forward usability. The last point especially, hints toward seamless platform 
with one application and ticketing system for multiple transport providers. Hygiene, 
comfort and safety express a need for raised standards in the shared economy where 
not only users share the responsibility for transport mode but providers also assure 
the highest possible quality of service. The good news is, that there is no need is 
sociological leap toward social acceptability and "better image" of shared transport 
modes as it is not an important factor among people who consider the use of MaaS.

CONCLUSIONS

Performed analysis delivered insight into an important topic related to the intention 
of using MaaS transportation mode. This insight can help various stakeholders, such 
as system enablers, service providers, governing bodies of urban areas and urbanists 
around the world. Accepted criterion for identification of undecided users resulted 
in a sample of over 1200 respondents who are uniformly distributed in collected 
respondents of all countries participating in the survey. Careful analysis revealed 
that undecided users are usually older than decided ones and can be characterized 
as people with smaller number of constrains and obligations when travelling to 
or from work. They tend to live in smaller households, although this trend is less 
significant. These results support the conclusions of Broeg et al. [15] claiming, that 
travel connected restrains are the main parameter influencing our choice of transport 
mode and travel habits. Furthermore, the analysis provided insight into the sought-
after parameters and characteristics of potential MaaS systems. This offers important 
insight into, which solutions of MaaS are attractive for undecided users. This has the 
potential to increase the adoption rate of such travel mode. Interestingly simplicity 
was found to be one of the three most important characteristics of MaaS systems. 
In conjecture with the higher age average of the undecided users, this might hint 
the apprehension of new technologies, such as mobile payment services, mobile 
applications and others. However, this hypothesis needs to be further investigated 
and analyzed in further research. On the other hand, information that social 
acceptability is not important for these respondents is very positive as it indicates 
that there is no need for further PR campaigns to highlight the perception of MaaS 
as a transport mode. 
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PURPOSE

In France, during the last 15 years, urban transport policies have shifted from the 
objective of offering a higher travel speed to an environment-friendly mobility aimed 
at optimizing the consumption of urban space. Today, the context of climate change 
forces us to take into account transport-related greenhouse gas (GHG) emissions. 
Indeed, in 2017 the total CO2 emissions in the European Union were 21 % above their 
1990 level [1]. Moreover, about 80 % of the increase in global transport emissions 
since 1970 has been due to road vehicles [2]. This new issue has been increasingly 
added to discussions relating to the implementation of urban transport policies, and 
requires the identification of new strategies to achieve the objectives of the low 
carbon transition. The increasing focus on GHG emissions in spatial land use leads 
to reconsider travel time gains. More precisely, travel time savings are no longer 
the main objective of local public policies. Even if it corresponds much more to a 
rationale of "traffic calming" than a "return to slowness", there is clearly another 
set of priorities that is changing the relative share of public space attributed to the 
different modes of transport. Facing both environmental and spatial constraints, an 
accessibility-based analysis makes it possible to assess urban dynamics by integrating 
the opportunities reached by individuals when they use the transport system and 
the urban spatial structure [4], [5].

The last decade has seen the deployment of a growing number of Low Emission 
Zones (LEZ) in Europe. These low-emission zones are geographic sectors that are 
most often located in the center of metropolitan areas. They are based on the 
implementation of various restrictions on the use of private cars, as well as other 
transport regulation measures. For example, many of these areas aim at reducing 
exhaust emissions [6]. In April 2020, there were 247 LEZs in Europe, located in 13 
different countries. In France, still in 2020, there were 4 active LEZs – Lyon, Paris, 
Grand Paris and Grenoble – they will be 11 in total in 2022, and the last bill called 
"Climate & Resilience" adopted in August 2021 will require all agglomerations of 
more than 150 000 inhabitants to set up an LEZ no later than December 31, 2024.

The Lyon metropolitan area set up its LEZ in 2020. This can be seen as a sign that 
the fight against polluting emissions and CO2 emissions have become priorities 
for a certain number of cities, to improve air quality in the city, to reduce the 
consequences of pollution on the health of inhabitants, but also to promote other 
socio-economic activities, as well as a better quality of life and well-being. Finally, 
the gradual development of these LEZs has also become a political subject for many 
political parties, well beyond purely environmentalist parties.

Nevertheless, the establishment of these low emission zones is not without its 
problems. Indeed, they are often seen as unfair by modest households and by the 
middle classes, who are often forced to live outside city centers (for reasons of the 
cost of real estate) and who are largely dependent on car. On the other hand, these 
LEZs sometimes lead to contradictory effects. In the French case, for example, they 
are first and foremost pollution control devices and insufficiently consider the level 
of CO2 emissions from vehicles. Thus, heavy and / or sports vehicles, which meet the 
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most recent anti-pollution standards but emit a lot of CO2, are allowed to circulate, 
while vehicles that emit less, but more pollutants, cannot. This situation tends to 
worsen the feeling of injustice felt by low-income households and must of course be 
taken into account.

In this context, it is important for researchers to be able to develop tools and 
instruments that make it possible to inform political decisions in terms of sustainable 
mobility, taking all the social, economic, and climatic constraints into consideration. 
Climate change and its effects will be at the heart of most public policies in the years 
to come, and the academic world has an important role to play in supporting society 
in the face of this major collective challenge.
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Table 1. List of French cities or metropolis concerned by future 
Low Emission Zone - LEZ

Aix-Marseille Chambéry Metz Reims
Amiens Clemont-Ferrand Montpellier Rennes
Angers Dijon Mulhouse Rouen
Annecy Dunkerque Nancy Saint-Etienne
Annemasse Grenoble Nantes Saint-Nazaire
Avignon Le Havre Nice Strasbourg
Bayonne Le Mans Nimes Toulon
Béthune Lens Orléans Toulouse
Bordeaux Lille Paris / Métropole du 

Grand Paris
Tours

Brest Limoges Pau Valenciennes
Caen Lyon Perpignan

Source: Insee, 2021.

Research Approach

In this project, we are studying the Lyon Metropolitan area. It is a metropolis of 538 
km² comprising 59 municipalities. It has 1,4 million inhabitants [12] with an average 
density of 2 612 inhabitants per km².

One can also note that 71,4 % [12] of households have at least one car. This figure 
varies in the metropolis. In the central zone, 60,8 % of households are equipped 
with at least one car. But when looking at home-to-work travel, one can see that the 
further we move away from the central zone, the more the modal share of private 
car increases. The Lyon Metropolitan area has been facing pollution peaks for several 
years. At such times, only the cleanest vehicles equipped with CRIT’Air 0, 1 and 2 
stickers can circulate in the central Lyon area. The French CRIT'Air classification 
constitutes the standard according to, which vehicles are classified according to 
their level of pollution. It is directly linked to European anti-pollution standards (Euro 



1 to Euro 6) and concerns both motorcycles, tricycles and quadricycles, cars, light 
commercial vehicles and heavy goods vehicles, buses, and coaches. Its level ranges 
from 0 (green sticker) to 5, 5 being the highest pollution level. Vehicles built before 
January 1, 1997, are beyond the CRIT'Air 5 sticker and are Therefore, unclassified. 

There is currently no harmonization at national level of traffic restrictions applying 
to vehicles. Each metropolis is currently free to decide who has the right to circulate. 
Thus, since 2016, the Lyon Metropolitan area has implemented the "Oxygen" plan 
to improve air quality and reduce polluting emissions from homes, transport and 
economic activities, for the share of GHG emissions is at its highest level in the 
transport sector.

In the case of Lyon, the elected officials of the metropolis decided that heavy goods 
vehicles and light commercial vehicles dedicated to the transport of goods with 
a CRIT'Air 4 or 5 sticker could no longer circulate inside the ZFE. This driving and 
parking ban was extended in January 2021 to professional vehicles with a CRIT'Air 3 
sticker. If for the moment private vehicles are not affected by the ban on driving in 
LEZ, the Lyon Metropolitan area intends to include them. Indeed, by 2026, decision-
makers also want to progressively ban private vehicles with a CRIT'Air sticker 2, 3, 4, 
5. In other words, no diesel vehicle will be authorized to circulate inside this LEZ –, 
which will probably be extended – in a few years.

If we use data from the 2015 Lyon Household and Displacement Survey (Household 
Survey 2015), we can see that the modal share of private car is declining. It bends 
downwards especially in the areas affected by the Urban Transport Perimeter. Thus, 
the modal share of public transport increases sharply for those located outside the 
central zone who move to go to work towards the central zone, which concentrates 
the majority of jobs.

In view of these various contextual elements, the main objective of the paper is 
to highlight methodological aspects of the new trends in urban transport policies, 
in order to enrich their analysis, using methods and tools from geomatics, spatial 
economics and environmental disciplines.

The first part presents the "MOSART" modeling platform. MOSART was first 
implemented as a Geographical Information System in transportation producing 
accessibility analysis [7]. In a second version, it has been improved into a modeling 
platform for planning sustainable mobility by introducing gravity-based analysis. A 
web-mapping application has been added for the accessibility modeling results. Many 
databases, such as network data, socio-economic data, whether spatial or not, can be 
integrated in the GIS. Integration of an urban transport model system associated to 
updated land-use data at a very detailed zonal division makes it easier to analyze the 
dynamics of different transport policy scenarios. One of the most innovative aspects 
of MOSART is the joint analysis of both urban speed issues and land-use patterns. 
Combining these two interrelated aspects, MOSART is well adapted to assess past 
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and future transport policies.

With the platform, we modelized and simulated traffic for private car and public 
transport during peak period for each Traffic Analyze Zone (TAZ). Then we can 
calculate the emissions of Greenhouse Gaz (GHG) with different composition of the 
vehicles fleet. Today, the biggest part of the fleet of private car are diesel in Lyon 
metropolitan area [8], [9].

Indeed, the objective of the Lyon Metropolis is to accelerate towards "green mobility" 
and, as we have seen above, one of the targets is to achieve the ban of diesel private 
cars in 2026. They want to improve green and soft mobility, for a better quality of life. 
One of the most important problems is the important fleet of diesel car. As we can 
see on Figure 2, which is about GHG emissions in various economic sectors in 2015, 
transport is the most important sector with around 30 % of national GHG emissions.
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Figure 1. Lyon-Villeurbanne (CBD) – Modal shares of different 
modes of transport in home-work journeys

Source: Insee, 2018.

Figure 2. Lyon Metropolis – Modal shares of different modes of 
transport in home-work journeys

Source: Insee, 2018.



The second part of our paper will aim to show some examples of accessibility 
analyses that were carried out with the MOSART platform during the Optimod Project 
(Improve mobility for individuals, professionals and cargo in an urban environment). 
The main purpose of the Optimod Project is to develop sustainable mobility with ITS 
systems in Lyon urban area. Facing the challenges of "sustainable mobility paradigm" 
(Banister 2008), what will be the next developments of the local transport policy? 
To address this issue, the Optimod project tests different transport policy scenarios 
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Figure 3. Lyon Metropolis – household car ownership rate

Source: Insee, 2018.



using MOSART on Lyon Urban Area and assess their GHG emissions. It can Therefore, 
propose alternative options for a sustainable mobility under joint environmental, 
accessibility and economic constraints.
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Figure 4. GHG emissions by business sector in 2015 in Lyon 
Metropolis

Source: ORCAE.

Figure 5. Perimeter of the Low Emission Zone – LEZ – of Lyon 
Metropole area

Source: Lyon Metropole, 2021.
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As we can analyze, the implementation of LEZ in Lyon CBD will reduce traffic on the 
road. One of the objectives is that population will use soft mode like walking, bicycle 
or public transport. In that case, it’s important to simulate accessibility to amenities 
with soft mode or public transport.

The assessment of these different policies is made by referring access measures to 
urban amenities in peak hour and off peak hour, taking into account GHG emissions. 
Accessibility is measured for different transport mode users (car users, public 
transports users, bicycle users etc.). The different accessibility maps are displayed 
based on a specific origin, time, and the mode of transportation (by car, public 
transport or bike).

CONCLUSION & PRACTICAL IMPACT

The issue of sustainable mobility is a complex matter. Indeed, to be both effective in 
terms of its environmental and sanitary objectives (fight against pollution and GHG 

Figure 6. Isochrones time credit / budget for car and Public 
Transport. Simulation on peak period without taking account 

time to drop on / off the car

Source: Mosart PlatForm, LAET 2016.



emissions), a sustainable mobility policy must take into account the specificities of 
the territories to, which it is supposed to apply. Its specificities are of several types: 
public transport supply, socio-economic characteristics of both territories and 
households, land and real estate prices.

For the instruments of a sustainable mobility policy cannot be the same in the 
perimeter of the city-center and in the peri-urban areas that depend on it. More 
broadly, one of the biggest challenges in the years to come will be to ensure that 
the behavioral changes that are essential to the implementation of a true ecological 
and energy transition in the transport sector are accepted by all categories of 
the population. For all these reasons, the use of modeling tools like the MOSART 
platform can go a long way in informing policy decisions. Future developments in 
this direction, integrating both the economic, social and environmental constraints 
of the different territories, should make it possible to facilitate the design of efficient 
and socially accepted mobility policies.

The Optimod’Lyon project illustrates the capacity of the MOSART platform to produce 
scenarios that can inform public decision-making for increasingly sustainable mobility. 
More precisely, it can provide precise information to public decision-makers to set 
up new urban mobility policies in line with the challenges of ecological transition. 
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Abstract Urban freight transport is growing and so is its impact in terms of congestion, 
emissions and energy consumption. Policy makers around the world are trying to 
solve these problems, which are proving to be more complex than the problems 
of passenger transport. The complexity of urban freight transport arises not only 
from the different needs of various stakeholders, but also from rapid technological 
development and changing trends in logistics. Different views and backgrounds of 
stakeholders lead to low acceptance of implemented measures and lack of results. 
In this paper, we explore the differences in views and expectations about the 
future development of urban logistics between public and private stakeholders. As 
a starting point, a comprehensive literature review on key trends in logistics was 
conducted, which served as the basis for a stakeholder survey. The survey was 
used to assess the expected impact of the identified trends on future urban freight 
transport. Significant differences of opinion between stakeholders were identified, 
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INTRODUCTION

Between the 1990s and the beginning of the twenty-first century, several studies and 
pilot tests were carried out in European cities with the aim of reducing urban freight 
traffic and pollution [1]. As a result, more and more policies and restrictive measures 
were introduced for urban freight transport [2–4]: e.g., Low Emission Zones, Time 
Windows, Vehicle Weight and/or Size Restrictions, Congestion charging. 

Despite all efforts, urban freight transport problems still persist [5]. One possible 
reason for this inefficiency is the existing approach of policies and measures that 
mainly target the city centers and the last mile of traditional supply chains [6–9]. To 
fully understand the opportunities for mitigating urban freight flows and to solve the 
problem holistically, we would need to address urban freight transport at the level 
of the entire supply chain, including corporate strategies [10–12]. We should take 
a further step from a narrow urban planning perspective to a more comprehensive 
regional and supply chain planning approach. 

The other reason is the rapid development of new logistics services supported by 
advanced IT solutions [13–15]. Policy makers are often unaware of these emerging 
trends and fail to recognize the real needs and opportunities. This often leads to 
a conflict of interest between restrictive policies and commercial needs [16]. To 
solve this problem, a proactive approach is needed to develop policies that take into 
account the expected evolution of logistics and its emerging trends. 

We argue that policy making can only be successful if policy makers fully understand 
stakeholders’ expectations, as well as emerging trends in logistics. Stakeholders' 
collaboration in policy making is critical for successful policy creation and 
implementation. 

The main objective of this article is to identify and summarize existing and emerging 
trends in order to identify the most important ones and assess their impact on 
the future development of urban freight transport. The assessment is based on 
an international expert survey among different stakeholders to understand their 
perceptions and expectations.

REVIEW OF LOGISTICS TRENDS

Today, urban logistics faces numerous challenges and demands for faster and more 
reliable deliveries [17, 18]. Customer expectations are increasing with demands to 
make logistics services more efficient, environmentally friendly and cost effective 
[19]. To understand the motivation for these demands, we need to look for existing 
and emerging trends and its potential impact on urban freight transport.

For the purpose of the literature review, we have classified the trends in logistics into 
the following 4 main categories: 
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• changing consumption and production, 

• spatial organization characteristics, 

• supply chain and distribution, 

• technologies and equipment.

The main trends relevant to each category are briefly described below. 

Consumption and production trends

The growth of the e-commerce and the increasingly comprehensive range of services 
offered by retailers (e.g., click & collect) are leading to changes in the pattern of urban 
freight flows and vehicle movements in cities [19,20]. Several studies also predict 
significant increase in demand for products and services related to the elderly. 
Logistics for an aging society is likely to be a major contributor to urban freight 
transport in the future. We can assume that home delivery of food and medicines 
will increase, hospitals will introduce logistics solutions to facilitate patient care, 
packaging will be adopted for the elderly etc. [21]. 

In recent years, consumers have become more aware of the environmental 
sustainability of the products they buy. Companies are doing their best to turn social 
and environmental challenges into opportunities by creating fair and sustainable 
solutions that generate both social and business benefits along the supply chain. 
This trend will increase transparency within supply chains, require new concepts of 
circular economy in logistics and will impact or perhaps even disrupt the logistics 
industry over the coming years [12], [21], 22]. 

In the future, consumers will share access to products or services, rather than owning 
them individually. Sharing logistics infrastructure and services with competitors is 
part of collaborative business [23]. Facility and capacity sharing will lead to increased 
consolidation and capacity utilization, which will reduce the number of freight 
movements, fleet size, and empty runs in collaborative logistics services. On-demand 
brokerage platforms will bring together demand and supply for logistics services, 
such as Uber Rush for on demand delivery services in cities [23].

Consumer driven concept leads to a pull logistics strategy and requires responsive 
production with highly optimized and streamlined processes. 

Spatial organization trends 

Most customers and retailers are in inner urban areas while logistics facilities are 
located on the periphery of metropolitan areas. This phenomenon, referred to as 
"logistics sprawl", is expected to continue and consequently increase the distances 
travelled by freight vehicles serving retail, commercial and residential areas in inner 
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cities [17]. 

The spatial centralisation of stockholding continues to be driven by manufacturers 
and retailers to achieve cost savings in their supply chains. This is leading to an 
increased use of few, large national and regional distribution centers serving a much 
larger geographic area [24]. As a result, urban areas will be supplied from these large 
centers increasing deliveries to urban centers while eliminating smaller distribution 
centers within urban areas. 

It is expected that the deployment of urban consolidation centers (UDCs) with new 
business models that can cover infrastructure investments will continue [25]. Due 
to the difficulties in reaching a critical mass of users, only a medium to long-term 
impact is expected. In the future, a variety of pick-up points (unattended, e.g., locker 
boxes, or attended, e.g., fuel stations) are expected. The impact of pick-up points on 
FUA freight transport is expected to be very high, especially in city centers [26]. 

Road transport remains the predominant mode for transporting goods over short 
distances (the average distance of national freight transport trip is 85 km), with the 
main problem being poorly utilized vehicles and empty runs [27]. These problems 
need to be addressed by the authorities and solved at the regional level. The 
establishment of Freight Quality Partnerships, Living Labs and other means will 
help local authorities, businesses, freight operators, environmental groups, local 
communities and other interested stakeholders to work together to solve specific 
problems in freight transport [28,29]. 

Supply chain and distribution trends

As the concept of the "Internet of everything" expands, there are more opportunities 
to connect supply chains (the trend of connected supply chains) and increase visibility 
from order initiation to order delivery [30]. Logistics providers (3PLs) will merge and 
everyone else will increase their willingness to collaborate. Consolidation of logistics 
providers will also lead to consolidation of freight flows and consequently have a 
very positive impact on freight flows [31]. 

While globalization (i.e., the distribution of production across multiple locations 
around the world, driven by production cost factors) is an ongoing trend, some 
companies have begun to consider investing in the opposite direction [32]. More and 
more of the production (manufacturing) will be brought closer to the end users. This 
will result in less transportation, shorter lead times, and easier planning of logistics 
flows, as well as corrections to shipping plans. 

Demand for a trusted local and regional food supply will grow. This will change 
regional supply chains and impact transportation/logistics processes within and 
between FUAs. 3D printing will be used to create specialized products in decentralized 
locations, such as retail stores or even in homes. 3D printers will, in the long run, 
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reduce freight transport particularly the distribution of goods [6,33]. They will also 
reduce storage in warehouses and retail outlets, as well as waste, such as packaging. 

In recent years, many e-tailers have begun offering same-day delivery to their 
customers, sometimes within 1-hour from purchase. Omni-channel retailing 
envisions the integration of multiple online and offline retail channels through, 
which consumers can purchase, pick up or receive goods and process payments [6]. 
Logistics is becoming the backbone of the retail industry and will need to provide 
innovative omni-channel solutions that meet the demand for personalized, dynamic 
delivery options and services at competitive prices. In recent years, this has led to 
the development of new solutions that facilitate last-mile delivery, such as same-day 
and even same-hour delivery models (e.g., Amazon Prime), individual parcel lockers 
(e.g., DHL Paketkasten), and even delivery-to-car-trunk concepts [7,34].

Technologies and equipment trends

New technologies are changing existing patterns and leading to new solutions 
including urban freight delivery. The use of electric vehicles (EVs) has been identified 
as an efficient and promising strategy for urban freight transport and has also 
been successfully used for deliveries from urban micro-consolidation centers to 
customers [35]. Improved internal combustion engine vehicles (ICEVs) will still play 
a predominant role in the short term while hybrid or electric-powered vehicles will 
take over in the long term. 

Regardless of the propulsion technology of urban freight transport vehicles, 
these can be used more efficiently through the use of advanced information and 
communication technologies (ICT). The logistics industry has already adopted 
a wide range of information and communication technologies and is reaping the 
environmental benefits of shorter journeys, fewer vehicle movements, better 
matching of vehicles to work and improved levels of load consolidation [19]. The use 
of ICT in freight transport allows transport users to identify the most appropriate 
services for their purposes, and logistics operators to strategically manage freight 
shipments and deliveries [36]. 

Application of ICT and ITS enables easy collection of various date on pickup-delivery 
truck movements or goods movements in urban areas at lower costs. The analysis 
of this big data of truck movements in urban areas allows an insight into the driver 
behaviour and identification of potential for improvements [37]. An unprecedented 
amount of data can be collected from multiple sources along the supply chain. 
Harnessing the value of Big Data offers enormous potential to optimize capacity 
utilization, improve customer experience, reduce risk, and create new business 
models. 

The use of ICT in urban logistics will lead to price reductions and influence the 
behaviour of individual companies and consumers, as well as the city's logistics 
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system. The Internet and ITS will not only influence the logistics system, but also B2C 
and B2B e-commerce, e-logistics, e-fleet management and cooperation opportunities 
for customers and logistics providers [15]. 

In addition to the introduction of new vehicle powertrains, ICT and ITS, several 
technologies have also been developed to support automated road vehicles, some 
of, which are already in practical use [38]. Urban environment systems are expected 
to follow a path where the application of highly automated vehicles is initially limited 
to certain environments and then gradually expands to less controlled ambiances. 
Unmanned Aerial Vehicles (UAVs), which are designed to deliver parcels from 
distribution centers directly to customers, are also particularly promising [39]. 

IMPACT ASSESMENT

If we are to look at logistics trends as a basis for developing logistics policies and 
measures, we need to understand two very important aspects: to what extent and 
when these trends will affect urban freight transport. As this is very difficult to assess, 
we decided to approach different logistics stakeholders and ask for their opinion. 

For the survey, the trends were categorized into 4 areas, 9 topics and 13 drivers, as 
shown in the table below.

The survey briefly described each trend and asked participants to qualitatively rate 

Tomislav Letnik, Stane Božičnik, Katja Hanžič
Logistics Trends and Scenarios for Freight Transport Development in Urban Areas 76 

Table 1. Categorisation of logistics trends/drivers

Source: Insee, 2021.

Area Topic Driver

Consumption

Demographic trend Grey power logistics

Consumer behaviour
Environment and sustainability
E-commerce
Sharing economy

Spatial planning
Government side Public planning (regulations, 

planning of facilities)
Industry side Industry plans

Distribution and supply chain 
management

World production and trade Globalization trends

New business models 
Desire for speed
Omni-channel logistics

Technologies and equipment

Clean fuel CNG and EV
ITS IoT and big data

Frontier technologies
UAV
Automated vehicles



the impact of each driver on a scale of 1 to 5, with 1 representing very low impact / 
influence / prevalence / likelihood and 5 representing very high impact. Regarding 
the timeframe in, which the participants believe that the respective driver will have 
an important impact (is likely to occur), they could choose from the following options: 
"Immediately", "Before 2030", "After 2030" and "Never".

Altogether 415 stakeholders were identified from four categories of respondents: 
Business Sector; Authorities; Research; Other (mainly associations). A total of 63 
survey responses from 24 countries were obtained. 

The results are presented graphically below. The main reference category of each 
driver is indicated by the dots: blue - consumption; purple - land and road use; green 
- distribution and supply chain management; orange: technologies and equipment; 
grey: average.
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Figure 1. Urban logistics drivers impact and time positioning – 
whole sample average

According to respondents, "e-commerce", "automated vehicles", "CNG/EV", "grey 
power logistics", "omni-channel logistics" and the "desire for speed" will have 
the greatest impact on urban freight transport in the future. On the other hand, 
"unmanned aerial vehicles", "environmental and sustainability issues", "globalisation 
trends" and "industry plans" are less important for the future development of 
logistics in cities.

To understand the differences between the stakeholder groups, the deviations from 
the averages were calculated for each group and are shown in the following figures. 



The business community believes that "Globalization trends" are already present 
and evident, and Therefore, does not expect any additional significant impact 
on urban areas. On the other hand, significant impacts are expected in a shorter 
timeframe, especially in the areas of "Sharing economy", "CNG and EV for urban 
freight", "Industry plans", "E-commerce" and "Omni-channel logistics". Technological 
solutions, such as "Unmanned Aerial vehicles", "Automated vehicles" and the use of 
"IoT and Big Data" will play an important role in their opinion, but in a somewhat 
more distant future. In general, most trends are found in the upper left quadrant of 
the scatter plot. This means that the business community believes that the indicated 
trends will have a greater impact on urban logistics, and in shorter period of time 
than the other stakeholder groups. 
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Figure 2. Business sector – Drivers’ impact and time horizon, Δ 
(deviations) from whole sample 

Figure 3. Authorities – Drivers’ impact and time horizon, Δ 
(deviations) from whole sample 



The stakeholders of the authority group consider the "Desire for speed" as the most 
important trend that will influence urban freight transport in the future. Another very 
interesting observation is their expectation that "Unmanned Aerial Vehicles" (e.g., 
drones) will influence urban freight transport much earlier than the expectations 
of the other stakeholders' groups. In general, most of the trends are located in the 
lower right quadrant of the scatter plot, which means that the authorities believe 
that the indicated trends will have less significant impacts on urban logistics, and in 
longer period of time.
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Figure 4. Research – Drivers’ impact and time horizon, Δ 
(deviations) from whole sample

In the research community, almost all trends belonging to the core area of 
"Consumption" (blue dots) and "Land use and planning" (purple dots) are located in 
the lower right quadrant of the scatter plot (less significant). In contrast, almost all 
drivers belonging to the "Technologies and Equipment" domain (orange dots) are in 
the upper left quadrant of the scatter plot (more significant). 

CONCLUSIONS

The results show that different stakeholders have different views on the importance 
of certain logistics trends and their impact on urban freight transport in the future. 
Of particular importance is the difference between public and private stakeholders, 
who in some cases have completely different perceptions. This could be the main 
reason why urban freight transport policies have had limited impact despite the 
enormous efforts made by the public sector in recent years. There is an urgent 
need for knowledge sharing and closer collaboration in developing urban freight 
transport policies, solutions, and services. Researchers, on the other hand, seem to 
have a strong belief in technologies and consider soft approaches to urban logistics 
problems, as prevalent today, to be less relevant. 
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INTRODUCTION

Given that air transport is one of the most used sectors, the impact of the international 
pandemic situation has been very significant. Countries around the world have been 
forced to close their borders in an effort to protect the health of their citizens and 
thus of society as a whole. A significant reduction in the number of passengers has 
led to the cancellation of almost all foreign flights, as has the reduction of travelling 
on domestic routes. Despite the fact that the pandemic has brought the sector 
of aviation to the bottom, it has faced several threats since its inception. It is air 
transport that has become the target of many terrorist attacks. At first, there was 
not much attention given to it, but the gradual development of international air 
transport brought an increase in terrorist attacks. Therefore, there is a need to feel 
safer, especially from the side of passengers, and also to be on board an aircraft 
without feeling threatened. This was why the concept of aviation security had to 
be placed at the top of the list of priorities, mainly after the attacks of the 11th 
of September 2001, when the threat of terrorism and crime became the current 
topic that received the most attention. The aim of this paper is to systematize and 
characterize the regulation of international civil aviation and to capture selected 
features that are characteristic of this area, while analysing the legal aspects of the 
methods used by international civil aviation to manage potential risks and threats. 
The paper also includes a comparison of the implementation of international 
standards in the legal systems of Slovakia and the Czechia with its evaluation. Finally, 
it describes future developments in this area, which is focused on the application of 
innovative technologies and methods in the field of civil aviation security and in this 
context, it describes the vision of "Smart Security" for security until 2040.

LITERATURE REVIEW

The issue of security in civil aviation is still current. The legislative framework needs 
to be regularly updated, because the development of modern technologies is very 
rapid. But we cannot forget the ingenuity and intelligence of potential perpetrators 
who threaten air safety. Legislation is thus one of the basic pillars on, which to rely 
if air transport is under attack and security is at stake. The paper Moravčíková et 
al. (2019) focused on civil aviation security measures in accordance with general 
EU legislation. The authors emphasize that the issue of security requires constant 
attention. The world is evolving very fast, so it is necessary to respond immediately 
and work to improve security measures and standards to avoid potential risks. In 
addition, it is necessary to continuously maintain a system of management and 
control of safety and security procedures [1]. Protection against acts of unlawful 
interference in air transport is also being investigated by Nowak et al. (2019). 
According to the authors, the airport security is the most sensitive area. It is the 
intrusion of unwanted persons and hazardous materials to the air transport that is the 
result of gaps in the security system, so it is necessary to focus more on this area [2]. 
The paper Sliwińska (2019) is based on solutions used to protect civil aviation against 
acts of unlawful interference. The author takes into account the organizational, 
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legal, as well as operational and technical framework adopted in order to prevent 
illegal acts endangering security [3]. The theoretical-legal aspects of acts of unlawful 
interference in civil aviation at the international level were investigated by Myronets 
(2019). The study also deals with the concept of illegal acts in the Aviation Code of 
Ukraine. The author points to differences and ambiguities in terminology. As part of 
improving security, it recommends harmonization of legislation and, in particular, 
terminology at international level [4].

TYPES OF SECURITY THREATS

During the history of aviation security, many crisis situations prompted competent 
authorities to transform the methods of organization, implementation and evaluation 
of security issues [5]. Today, the typologies of threats against civil aviation can be 
broken down into several types. In any case, increasing trend of modern threats can 
be assumed, with new types of attacks that will threaten air security worldwide. 
Such threats include the following ones:

• Bomb on board of an aircraft;

• Hijacking of an aircraft;

• Attacks in the airport terminal area;

• Aircraft used as a weapon;

• Attacks from the ground;

• Attacks on airline offices outside airports;

• Sabotages;

• Cyberterrorism;

• Unmanned aerial vehicles [6].

INTERNATIONAL LEGISLATION FROM THE CHICAGO CONVENTION TO THE 
MONTREAL PROTOCOL

The origins of the need for legislation date back to the 1920s, when legal acts were 
issued against persons who knowingly endangered human lives and destroyed or 
damaged aircrafts. Nevertheless, the facts have not been defined from the point of 
view of crimes, Therefore, courts could not rule on such actions as criminal offenses. 
Due to the increasing trend of aviation offenses, it was necessary to establish 
international conventions designed to ensure protection of civil aviation against such 
acts [7].
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The most important milestones in the development of international legislation 
dealing with protection against acts of unlawful interference include the following 
ones:

• Chicago Convention (1944) on International Civil Aviation, focusing on provisions 
governing mutual relations between countries at the international level;

• Tokyo Convention (1963) focusing on criminal or other acts committed onboard 
aircrafts;

• Hague Convention (1970) was more closely concerned with acts related to the 
unlawful seizure of aircrafts;

• Montreal Convention (1971) defined unlawful acts. Flight security also applies 
to aircrafts in service and to equipment used for air traffic control, as well as 
airports;

• Beijing Convention (2010) unlike its predecessors, it was based on the response 
to emerging security risks. It contained several significant changes concerning 
crimes in civil aviation;

• Montreal Protocol (2014) amended the Tokyo Convention and provided a 
comprehensive response to problems caused by the growing number of 
undisciplined passengers [7], [8], [9], [10].

INTERNATIONAL CIVIL AVIATION ORGANIZATION (ICAO)

In September 2016, more significant changes took place, when delegates of the 
39-th session of the ICAO Assembly agreed acceleration of the development of the 
Global Aviation Security Plan, the so-called GASEP. It should be a tool for future civil 
aviation security policy and program in the context with security protection in civil 
aviation. Replacing the previous ICAO Comprehensive Aviation Security Strategy, it 
is focused mainly on the needs of states that seek effective ways of aviation security 
enforcement, through a set of internationally agreed priority actions, objectives and 
targets. It also provides a basis for the states, as well as for the industry concerned 
and it is mainly aimed to international cooperation in the area of increased security, 
with a view to achieving the following five most important key results:

1. Risen awareness in connection with possible risks and subsequent reaction.

2. Development of public security culture and skills.

3. Development of technological resources and support of innovations.

4. Improving the level of supervision and ensuring the required quality.

5. Support and cooperation of stakeholders and actors [11].

This plan can be considered as a kind of "living" document. It should be regularly 
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reviewed and adjusted as necessary, so that emerging civil aviation security risks are 
adequately addressed [12].

MEASURES ISSUED BY THE EUROPEAN UNION

European Union was also forced to respond to the attacks of the 11-th of September. 
They did so by accepting aviation security regulation of 2002, also known as 
Regulation No. 2320/2002/EC, which provided for the introduction of collective rules 
in the field of security [13].

The following Seven Strategic Objectives has been adopted by the European Union 
as part of the Action Plan in the area of the fight against terrorist actions:

1. Efforts to improve the fight against terrorism on the international level and 
deepening international agreements.

2. Preventing access to capital and other economic resources that could be used by 
terrorists to their advantage.

3. In relation with the authorities of the European Union and its Member States, 
maximizing the potential to prevent, detect, investigate and prosecute terrorist 
attacks.

4. Ensuring protection of the security of international traffic and establishment of 
reliable systems at borders, including namely the following measures: detection 
of terrorists, finding their equipment, as well as their funds and/or material 
means. Such measures should be implemented in ports, airports, and border 
areas.

5. Improving capacity to cope with consequences of terrorist acts.

6. Preventing factors that contribute to the strengthening of illegal acts.

7. Focusing the European Union's action on the third countries in the context with 
external relations, with a view to deploy anti-terrorist groups in the fights against 
terrorist actions [7].

Inter alia, regulation in the EU is carried out today through legally binding Community 
standards, including the Regulation No. 300/2008 of the European Parliament and of 
the Council (hereinafter "EC") on common rules in the field of civil aviation security 
and implementing regulations, Commission Regulation (EU) No. 185/2010 laying 
down detailed measures for the implementation of the common basic standards 
on aviation security as amended, Commission Decision (EU) No. 774/2010 on 
laying down detailed measures for the implementation of the common security 
standards containing the information referred to in Article 18 of Regulation (EC) 
No. 300/2008, a decision, which is considered confidential with the application of 
standards not accessible to the public [14]. Currently the most important EU legal 
act is Commission Implementing Regulation (EU) 2015/1998 laying down detailed 
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measures for the implementation of the common basic standards on aviation 
security and Commission Implementing Regulation (EU) 2020/910 of the 30-th of 
June 2020 amending Implementing Regulations (EU) 2015/1998, (EU) 2019/103 
and (EU) 2019/1583 as regards the re-designation of airlines, operators and entities 
providing security controls for cargo and mail arriving from third countries, as well as 
the postponement of certain regulatory requirements in the area of cyber security, 
standards for background check of explosive detection systems equipment, and 
explosive trace detection equipment, because of the COVID-19 pandemic [15].

IMPLEMENTED LEGISLATION IN THE SLOVAK CIVIL AVIATION LEGAL SYSTEM AND 
THE ROLE OF INTERNATIONAL GOVERNMENT AND STATE ORGANIZATIONS

Slovak Republic is a member of EU since 2004, which means that regulation in the 
field of civil aviation is also taking place at the level of EU. EU institutions have taken 
over most of the powers of the Member States and have sought to establish common 
European rules and compliance with them [16].

Ministry of Transport and Construction of the Slovak Republic decides on the 
admission of international standards and recommendations of international 
organizations. The Ministry is also responsible for issuing other generally binding 
rules [7], [17].

The role of the Civil Aviation Division of the Transport Authority is primarily to 
ensure the performance of state administration and state professional supervision, 
compliance with tasks arising from the Aviation Act and amending certain laws as 
amended, legally binding EU acts and international treaties that commit the Slovak 
Republic to their implementation [18].

Act No. 143/1998 Coll. on Civil Aviation is the most important normative act dealing 
with legal regulation of protection against illegal acts. It is divided into twelve parts, 
the seventh part of, which deals with this issue [19].

Regulations "L" are primary documents in national legislation in terms of protection 
against illegal acts. They are issued through a regulation of the Ministry of Transport 
and Construction as the transformation and implementation of ANNEX 17. Their task 
is regulation of competence of specific subjects and natural persons participating on 
the organization, implementation and planning of air operations with the intention 
of the Member States to achieve maximum security and protection not only for 
passengers but also for crews, staff and the public [20].

National Security Program aims to achieve a high level of security, regularity and 
efficiency in air transport [21].
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IMPLEMENTED LEGISLATION IN THE CZECH CIVIL AVIATION LEGAL SYSTEM

As well as the Slovakia, Czechia is also the part of EU, where the most important are 
EU regulations and harmonization of the legal acts. Due to Member States' efforts to 
transfer more powers to the European institutions, activities of national institutions 
have been significantly suppressed. For a simplified explanation, this concerns 
implementation and monitoring of the compliance with these rules at the national 
level, which results in significant restrictions on the creation of own standards [22].

Ministry of Transport of the Czech Republic is one of the most important bodies 
operating in the Czechia. They are responsible for the creation of state policy in the 
field of transport and within the scope of their competencies they also participate in 
their implementation. Air Transport Department deals mainly with the negotiation 
of international agreements and monitors measures and compliance with these 
obligations. Department of Civil Aviation Security also has a broad-spectrum 
function. Firstly, they carry out state coordination and revision of national programs, 
and secondly, they deal with accreditation for trainings, workshops and activities of 
the Interministerial Commission for Civil Aviation Security [22].

Civil Aviation Authority is subordinated to the Ministry of Transport. They are 
responsible for the implementation of substantial steps in civil aviation, in addition 
to investigating aviation accidents. Given the role of European rules, they play an 
important role of the national supervisory authority, whose responsibility is to 
monitor compliance with these regulations and the implementation of European 
legislation [23], [24].

Civil Aviation Act is the main document in the field of air transport in the Czech 
Republic. To date, it has been amended twenty-one times, with the last change 
taking place in 2016. It contains complete arrangement. Its eighth part is primarily 
devoted to aviation civil protection against illegal actions [25].

National Regulation L17 has been transformed into national legislation by the 
Ministry of Transport. The aim of this regulation is to ensure the maximum security 
of passengers, staff and crews in all areas of protection and to regulate the rights and 
obligations of entities operating in civil aviation [7].

National Security Programs of the Czech Republic initially served as amendments 
to Regulation L17, but currently they are issued as separate units on the basis of 
authorization in directly applicable law, which is based on the EU. Formally, the 
national security programs have been separated from the L17, but the rules are still 
contained directly in them. At the same time, there are other provisions imposed 
by the Ministry of Transport and the EU. The following three programs remained in 
total:

• National Civil Aviation Security Program ("NBP") is intended mainly for airport 
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operators, carriers, the Czech Police and also customs authorities;

• National Program for Security Training in Civil Aviation of the Czech Republic 
("NBPV") includes mainly the obligations of individual entities, procedures for 
the recruitment of newly hired employees, types of training and principles 
related to security training;

• The National Program for Quality Management of Security Measures for the 
Protection of Civil Aviation of the Czech Republic against Illegal Acts ("NPRK") 
ensures qualification, control of security audits, correction in measures if any 
deficiencies are found and, last but not least, deals with control activities [26].

The Aviation Act can be considered as the framework in terms of civil aviation 
legislation of both states, other legislation. In the special position are the regulations 
of the "L" series, which are implementation of the Annexes to the Chicago Convention 
to the Czech civil aviation legal system and being derived from Aviation Act. If we 
compare the Czech and Slovak L17, we must declare that the Czech one is suitably 
structured and all relevant information related to the given issue being clearly 
contained.

In our opinion, the Slovak Aviation Act is inappropriately systematized and the 
orientation in it was often quite time demanding. Gradually, there were several 
amendments in the field of civil aviation at the international level, which could be 
compared to the "accumulation" of new provisions in the aviation law, which resulted 
in the creation of an inconsistent system. If we compare the systems of these two 
mentioned states in terms of efficiency, practicality and better functioning, the Czech 
system is more suitable than the Slovak one. The role of ratification of the Bejing 
Convention 2010 is also different. While Czechia finalized the ratification process 
in 2014, it is still open in Slovakia in 2021; the Convention is in interdepartmental 
comment procedure.

ASSUMED DEVELOPMENT OF SECURITY MEASURES AND DETECTION METHODS 
INTO THE FUTURE

The security measures implemented at individual international airports worldwide 
may differ in several aspects. They depend in particular on the approach of the airport 
and the staff operating there and participating in their implementation. Ensuring 
the maximum standard in the field of security is important. The essential measures 
are complied with unified and innovated. Otherwise, undesirable actions could 
occur and adversely affects the air transport. The trend of recent years has shown 
that the practices and methods of perpetrators of illegal acts are increasingly more 
perfect and dangerous. Therefore, modernization and preparing airports for early 
intervention is necessary. Measures of airport security should be one step ahead of 
the perpetrators [27].
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Preliminary assessment of passengers 

The idea of creating a computer system capable of such an assessment date back 
to the period before the beginning of the new millennium. The first system of this 
type is the so-called CAPPS, whose task is to select potential perpetrators of the 
above-mentioned act and thus ensure increased control of the passengers and their 
luggage. In 2001 there were significant changes, which pointed to an almost smooth 
intrusion after overcoming security systems. Proposal for an improved version of 
CAPPS II came in 2003, which should compare passenger data with the state and 
commercial databases, and/or verify possible criminal activities or links of the entity 
to terrorist organizations or groups. Although they are expected to be updated in the 
coming years to ensure in-flight or airport security, the success of this system in the 
future is still questionable, as it faces problems from the outset, precisely because of 
people's concerns about disrupting their privacy [27], [28].

The Malintent device 

The device has been developed as a supporting device in the context of illegal acts. 
Using sensitive sensors, it should be able to identify human behaviour and mind 
and/or his or her potential intention to harm his or her surroundings. The device 
should be able to work at a distance, i.e., in a contactless way. The system works on 
the basis of an analysis of body temperature, heart rate and respiratory rate, which 
cannot be seen with naked eye. Consequently, the data are sent for comparison 
with established standards. The system is very sophisticated. It can perform several 
concurrent activities and it can measure seven primary emotions or stimuli, which 
can be identified, for example, from micro-movements of muscles in the facial area. 
The idea of "reading ideas" is still under development in the coming years, and this 
concept could emerge at public international airports worldwide [28].

Centralized Image Processing (CIP)

Screening of cabin baggage using CIP consists of creating images of baggage that 
are generated by X-rays or 3D CT machines. This method has been implemented 
at several European airports and has been shown to potentially increase detection 
performance, throughput, capacity and/or staff satisfaction. Based on a systematic 
approach of several methods, the advantages and disadvantages of this system were 
evaluated on the basis of the knowledge obtained from its pilot operation. One 
of the main advantages is that security inspectors need not necessarily sit behind 
X-ray machines to take individual images and they can operate more devices at the 
same time. This means a more efficient way of working and more spatial flexibility in 
organizing image analysis. On the contrary, the disadvantage may occur, of placing 
these devices outside checkpoints and also their time limitation [29], [30].
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Unauthorized handling of baggage

In recent years, airport managements were struggling with the problem of illegal 
handling of passengers' baggage, which mainly concerns its damage, opening or 
theft of its contents. This applies not only to European routes, but also on flights to 
the African continent, especially during the summer, when the number of flights to 
holiday destinations is increasing. However, it is not easy for the airport to determine 
exactly when and where the incident occurred, and Therefore, steps need to be 
taken to avoid such situations as much as possible. One of such measures is the 
employment of only such employees who are unimpeachable. Moreover, employees 
who work in the so-called sensitive areas, such as the apron, transit area or aircraft 
deck, are also inspected by the National Security Office. Another possible way to 
solve this problem is deployment of camera systems in places, where such incidents 
are likely to occur most often. For employees in these areas, this means continuous 
control, which is further enhanced by post-loading random checks, which include 
inspection of personal belongings, lockers in locker rooms or even company cars 
[28].

Operation measures

From the point of view of operation, it is recommended to introduce a larger number 
of patrols in the terminal building, around check-in counters or in crisis areas where 
increased attention is required, as well as to ensure adequate surveillance by means 
of a camera system, with the aim of prevention of any potential attack in such areas. 
Monitoring of luggage or items that are unattended and may pose a risk of danger 
by the staff is also an important measure [31].

Technical measures 

There are several ways in, which technical measures can be introduced at an airport. 
One of them is implementation of camera systems used to identify and monitor 
potential perpetrators. Thermal cameras are mainly used to detect passengers 
who could transmit dangerous infectious diseases, so that measures against their 
subsequent spread can be taken in time. Modern airport perimeter protection 
technologies include whole perimeter signaling, which works on the principle of 
buried sensor cables. Such sensors act as high-frequency electromagnetic field 
emitters. The advantage of this system is the fact that it can filter out signals from 
any game, various species of birds or adverse weather conditions [31].

SECURITY 2040

Aviation security has changed significantly over the last decade, and new threats 
in the form of various kinds of chemicals, drones, lasers, and cyberterrorism have 
emerged. Besides of the flights themselves, airports are today seen as an ideal target, 
resulting in a gradual blurring of the line between security and security protection, 
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along with an increase in protests and disruptions, not to mention the new challenge 
that air transport currently faces, i.e., the COVID-19 pandemic. Social networks, 
together with the Internet, represent a very easy anonymous way of threat, while 
they allow free cooperation and coordination of the various organized groups that 
mean danger for the civil aviation [32].

With the rapid advancement of technology in the future, we can predict how the trend 
in the field of security will develop. The new "Smart Security" vision for security in 2040 
focuses mainly on the "whole airport" security system, while examining micro- and 
macro-level trends affecting airports, such as traffic growth, sustainability, passenger 
expectations, emerging security threats and consequences for airport infrastructure. 
Key elements of this vision include the use of data and risk assessment processes, 
predictive technologies, behavioral analysis, automation and intelligent threat 
detection. There is also the idea of a separate technology of explosives detection, 
which could be built into the airport terminal, as well as the idea of intelligent video 
surveillance, which should help identify threats on land in the event of an unusual 
behavior of persons or abandonment of items without any surveillance. Checkpoints 
should largely become automated gateways with intelligent threat detection. It 
is a likely future in this area, but it will require investment, more technologically 
advanced systems and, last but not least, regulatory changes. For smaller airports, a 
more appropriate way must be found to ensure more comprehensive and effective 
security [32]. 

ACI’s Airport Excellence Programme (APEX) 

There are experts from all over the world concentrated in the field of security, 
whose task is to thoroughly examine airports and select appropriate advice and 
recommendations based on their experience and expertise. In recent years, ACI has 
gathered several research and identified in particular those areas where airports 
have the biggest problem and need help. In this context, one of the key findings was 
that airports, security authorities and civil aviation approach the issue of security 
piece by piece. Some of the security issues after are still poorly understood, such 
as risk analysis, security culture or quality management [32]. But often it is not only 
about the management, but about the economic situation of the airport, where this 
kind of transformation can be too expensive for regional airports [33]. 

Management and organization

In terms of a managerial approach to security, it is not a newly created concept, 
but with greater emphasis, we will probably be able to withstand the challenges we 
face today. To ensure effective management, airports need to ensure provision of 
security services systematically, and this is a business-like approach. The following 
seven mutually interconnected components are known to have a decisive impact on 
a proactive, business-focused approach to security:
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• management commitment;

• threats and risks management;

• allocation of resources;

• monitoring and performance measuring;

• quality management;

• accident management;

• Security Management System (SeMS) [32].

People and their performance

Ensuring the right human resources should be a cornerstone of security management, 
which includes, in particular, their recruitment, training, certification, and ensuring 
that they are sufficiently motivated to stay in the organization [34]. After hiring and 
training suitable adepts, the task is to monitor and measure their performance to 
ensure that they meet the security objective of the airport. Performance indicators 
mostly fall into the following three categories: performance, efficiency and passenger 
experience. Targets should be put in place, as well as tools to measure this data, 
as well as reporting systems, such as airport scoreboards and dashboards ensuring 
monitoring of the performance of security of the overall airport system. Should 
poorer performance than required is found, it needs to be examined whether more 
training is needed, or skills mismatch or overload occurred.

Quality control and audit

Individual airport security teams should have quality control programs in place, 
including audits, inspections, tests and, last but not least, drills. The shortcomings 
identified should lead to remedial action as a part of security measures, and at the 
same time it is possible to identify areas through these audits, where performance 
is not a problem. Then, more audits could be focused on places that need them 
more. Airports should have contingency plans in place and subsequently use them 
in the case of security incidents. After their completion, the aim is to examine 
the individual incidents in detail and learn from them. Priority should be given to 
continuing operations where the situation allows and where it is safe, as well as 
effective communication and maintaining confidence of staff and passengers, which 
can help to deal effectively with both small and large incidents and thus avoid costly 
evacuations and large losses.

System SeMS

It is important that the above-mentioned components work together so that the 
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airport responds dynamically to ever-changing situations. As an example, new data 
can be cited, from quality control activities that would participate in the review and 
assessment of airport risk, which would subsequently lead to a change in the airport 
security program and the adoption of new measures. The aim of airports could be 
to focus on continuous improvement, either through their security programs or 
through the adoption of a security management system, known as SEMS, which is 
used by many aviation stakeholders. If this system works smoothly, it is much easier 
to integrate new practices, to face emerging threats and to ensure the smooth 
running of the business, despite incidents that may occur [32].

CONCLUSION

Air transport has been an ideal target for illegal acts in the last century. Therefore, 
there is a need to ask, why was it necessary to gradually amend and update the 
legislation? The answer is hidden in the very nature of air transport, which operates 
internationally. From the beginning, it was predestined to cross borders because 
of its global character. Due to non-uniformity of legislative and specific measures 
in individual states around the world, the risk of mutual conflicts has increased 
significantly, because the national regulation, which used to be sufficient, was no 
longer relevant at that time. There were suggested negotiations at international level 
as a possible solution in order to unify certain rules in air transport. If we want to 
answer to the question, whether the current state of air traffic is at a sufficient level 
and the maximum possible blow is ensured, the answer is ambiguous. A high level of 
safety and security can be achieved by respecting security measures and following 
methods and procedures in conjunction with the use of state-of-the-art technologies 
for the use of artificial intelligence [35, 36]. One of the problems that undermines the 
ideal situation is the fact that offenders are generally one step ahead of measures, 
and it is Therefore, very important that this difference is kept to a minimum when 
using innovative equipment. That’s why, the last part of this article was focused 
on the development of technologies for the future, which should contribute to a 
better system of preventing attackers from committing any illegal activity, whether 
in airport areas or on-board the aircraft. In this way, we emphasize the necessity 
and importance of persons, who are involved in the field of civil aviation security, 
and we also recommend the harmonization of international regulation and possible 
solutions to ensure a better future in the field of security.
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Abstract The transition of small to medium fleet operators to battery electric 
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provides a transparent comparison with a diesel vehicle of both the investment 
and total cost of ownership for the switch to electric fleets. The results show the 
very high cost of investment and the very low level of subsidies currently available 
to offset the investment. The potential cost for grid upgrades, especially in the 
case of large fleet sizes, could potentially double the cost of the charging system, 
thus should be avoided if possible. For heavier vehicles, due to the reliance on 
external charging, the cost of energy is not lower than for fuel. The evaluation of 
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show that the ZEZ fine and toll policy would be quite effective in its current state. 
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INTRODUCTION

The decarbonisation of the road transport sector is a key priority in the European 
Green Deal and the Sustainable and Smart Mobility Strategy [1]. Besides the overall 
reduction of greenhouse gas emissions (up to 55 % by 2030 and up to 90 % by 2050 
from 1990 levels), the intermediate aim to achieve these targets is to increase the 
number of zero-emission cars, vans and lorries in operation. 

The light duty segment – vehicles with gross vehicle weight (GVW) below 3,5 tonnes 
- has recently started growing, as in 2020 1,9 % of all vans sold were battery electric 
[2]. However, the growth of the medium to heavy duty segment is still small compared 
to the EU fleet, with only 0,4 % new registrations [3]. 

It is nevertheless expected that the entire transport industry will shift or be made 
to shift towards the use of ZEVs. Taxes and subsidies have been introduced and may 
continue to be introduced to reduce the comparative financial burden of the switch. 
Policies that restrict access to non-environmental modes of transport, such as low or 
zero emission zones, will strongly impact the transport industry with consequences 
that are yet, still difficult to predict [4]. The transport industry will need to make 
strategic fleet management decisions to react to the changing policy landscape and 
market needs [5]. This affects especially smaller firms, especially in the small to 
medium fleet range, who do not have as much capital buffer to spare. 

This study addresses the financial aspect of a fleet management decisions, in 
particular the cost for making the switch. Besides the costs of the vehicle purchase, 
the transport operator will also need to account for the cost of charging system or 
services, which could be substantial under certain conditions. The study uses the 
total cost of ownership (TCO) approach to provide a comprehensive view of the costs 
that would be incurred to a transport operator adopting an electric vehicle for their 
logistics operation. Aspects that have not yet been introduced in literature are the 
detailed costs of ownership of the charging system. The study will look at the TCO 
of several transport scenarios to explore the different sensitivities to the transport 
policies introduced for the energy transition. 

The next section presents an overview of the methods and data used in the study, 
followed by a section on the results and a discussion about the results. The final 
section is a conclusion on the work and further research directions. 

METHODS AND DATA

The study uses three basic steps:

1. Define the TCO framework that will encompass all key aspects of the vehicle 
system and all possible interactions with it. 
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2. Define the cost parameters based on literature and stakeholder input. 

3. Define the scenarios that will be instructive for understanding the challenges 
facing small and medium fleets.

Total cost of ownership framework

The total cost of ownership (TCO) approach was adopted to balance out the usually 
heavier costs of capital with the much lower expected operating costs for electric 
fleets [6]. Figure 1 presents the key costs that will need to be considered while 
the vehicle is in service of the fleet operator. Some of the usual ones include the 
purchase price of the vehicle, the cost of operating and maintaining it and finally 
the potential resale value. Besides the incidental major repairs, electric vehicles may 
also need to replace their battery once the performance of the battery deteriorates. 
Some manufacturers offer a battery replacement warranty to cover that cost. The 
cost of the driver’s time might be included if charging activity causes the work shift 
duration to increase. 

The purchase and installation of the private charging system is a significant cost, and 
could be worse if the grid connection at the parking facility needs to be upgraded, for 
example from a low voltage to a medium voltage substation. The upgrade strongly 
depends on the number of vehicles that will need to be simultaneously charged, as 
well as the charging power level. 

Figure 1. TCO framework for electric freight vehicle system

In line with the discussion about government intervention to incentivize the electric 
mobility transition, various taxes and subsidies might need to be included. They affect 
the investment costs, as well as the on-going costs. The Netherlands has introduced 
two subsidies that reduce the investment cost: the Milieu-investeringsaftrek (MIA), 
which provides a deduction of taxes depending on the environmental impact 
reduction, and the kleinschaligheidsinvesteringsaftrek (KIA), which reduces the 
amount of profit taxed in a year for small-scale investments. Other cost and subsidies 
that might be relevant are for energy use, whether in diesel excise taxes or in 
subsidizing electricity, for taxing the entry into a ZEZ or for CO2 taxes. 
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Data collection

The cost parameters have been collected in three different research projects and 
have been validated by stakeholders from the transport and charging industry, 
research institutes focusing on electric vehicles, charging and grid infrastructure, and 
policy makers. These are summarized below.

Table 1. Basic parameters specific to vehicle 

The price of the electric vehicle is an increased price based on the size of the battery 
and cost per kWh of € 350. The maintenance cost for the electric version is 50 % of 
the diesel version, although fixed repair costs are also considered: € 1 500 for diesel 
and € 5 000 for electric. The price of diesel is € 1,30 per litre, while the basic price for 
electricity is € 0,09 per kWh. For external charging, the costs vary from 30 to 50 cents 
per kWh. The rate emissions of CO2 are 3,24 kg per litre of diesel, while it is zero for 
the electric vehicle. The service lifetime of the diesel vehicle is 7 years, while it is 
10 years for the electric vehicle. The resale value percentage is 23 % for the diesel 
vehicle and 12 % for the electric vehicle. 

Scenario definition

The scenarios used in the study are composed of 

• Transport operation scenarios, which define how the vehicle is being used. 

• Policy scenarios, which define the taxes and subsidies that are relevant.

The transport operation scenarios have been presented in Table 1. Three different 
vehicle types are tested with different mileage values. These are based on standard 
values used in the Netherlands. 

The policy scenarios studied here are the investment subsidies (the MIA and KIA), 
the diesel excise tax, a unit subsidy for private charging, a per kilometre toll for diesel 

Vehicle segment Small rigid truck (7,5 
t)

Large rigid truck 
(18 t)

Tractor-trailer 
(< 40 t)

Mileage (km) 35 000 70 000 100 000
Fuel efficiency (L/km)  0,10 0,29 0,44
Battery capacity (kWh) 120 200 440
Electricity 
consumption 
(kWh/km)

 0,48 1,34 2,08

DV maintenance 
(€/km) 0,05 0,06 0,08
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vehicles, penalty for entering a ZEZ, and a CO2 tax. The actual values are presented 
together with the results. 

RESULTS AND DISCUSSION

Figure 2 presents for single vehicle fleets the investment, Dutch subsidies and the 
annualized TCO for the three vehicle sizes. Even with the subsidies the investment 
difference is 37, 66 and 173 thousand for the three vehicle segments. While it is 
expected that the investment difference for the heavier vehicles is higher than for 
the smaller vehicles, the figure also shows that the TCO difference also increases 
accordingly. Further, the current level of subsidy covers only a very small fraction 
of the difference between investments for the EV and the diesel vehicle: 23 % for 
the light rigid, 13 % for the rigid truck, and 4 % for the tractor-trailer. One concludes 
here that although the transition for the heavier vehicle segment is more financially 
challenging, the investment subsidies provided are not proportional to that challenge. 
This problem is compounded, when fleet sizes increase, as will be discussed later.

Figure 2. Investment, subsidy and annualized for TCO for single 
vehicle fleets

Figures 3 to 5 show the breakdown of the TCO per vehicle without considering the 
driver and overhead costs for the different vehicle sizes, as well as for different fleet 
sizes. In the figures, EV1 to EV30 refers to an EV fleet of size 1 to 30, accordingly. The 
breakdown shows how a single diesel and electric vehicle compares. For the light 
rigid, the cost of diesel is much higher than the cost of charging and the annualized 
cost of the charging system. However, the vehicle depreciation, maintenance and 
repairs, and fixed costs are higher for the EVs. Interestingly, the cost of diesel and 
charging is approximately the same for the rigid truck and the tractor trailer. This is 
largely due to the higher reliance on external charging services to ensure that the EV 
completes the required driving distance. The cost of external charging services are 
at least 3 times higher than charging on premises. The rigid truck relies on external 
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charging for 56 % of its energy requirement. The share is 62 % for the tractor-trailer. 
Hence, the intended savings cannot be obtained, unless the en-route charging 
services are performed at the depot, which only works for short distance trips, or 
if the charging costs are carefully negotiated to be lower than what the market 
currently offers passenger cars (i.e., a range of between € 0,30 to 0,50 without VAT). 

Figure 3. Light rigid absolute cost and indexed to the diesel 
vehicle

Figure 4. Rigid truck absolute cost and indexed to the diesel 
vehicle

Figure 5. Tractor-trailer absolute cost and indexed to the diesel 
vehicle
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The figures also show how the cost develops with increasing fleet sizes, which is only 
a very slight downward trend. The main driver of the cost difference is the type and 
number of charging systems used. The light rigid and the rigid truck could use AC 22 
kW charging system, especially if only one vehicle will need to be charged. However, 
if the DC charging system is required, the cost is much higher. This is the reason for 
the steep increase for the tractor-trailer combination, as well as for EV5 for the rigid 
truck. Nevertheless, the more powerful systems could also serve multiple vehicles at 
the same time or at least during the same charging duration, such as overnight of 8 
hours, thus reducing some of the fixed costs.

Adding to the cost of installation of the charging systems is the cost of upgrading the 
overnight parking facility’s grid connection, if necessary. This was necessary for fleet 
sizes 10 and above for the light rigid vehicle and fleet sizes 5 and above for the other 
two vehicle segments. The additional capital expenditure ranged from an additional 
116 to 590 thousand euros, which approximately equalled the actual cost of the 
chargers and the on-site installation. While the impact on the TCO is only a small 
percentage, it is necessary to ensure that the initial investment can be covered by 
either public or private financing. 

Three penalties on the diesel use, besides the excise tax, were evaluated. Table 3 
presents the indices for the EV compared to the diesel vehicle with the following 
penalties considered. The first is the penalty for entering the ZEZ. In the Netherlands, 
the ZEZ will become a reality, even for freight vehicles, by 2025. In the study, it is 
assumed that out of the 7 years that the diesel vehicle is in service, the ZEZ penalty 
will only apply for the last 3 years. In Amsterdam, the penalty could be in the range 
of € 250, as it currently is for the environmental zone [7]. The annualized cost would 
be € 27 857 assuming the infraction occurred for 260 days in a year, which as Table 2 
shows would strongly improve the comparative business case. 

Table 2. Indices for annualized cost for EV1 depending on the 
policy scenario, indexed to diesel vehicle without any policy

Vehicle segment Light rigid Rigid truck Tractor-trailer
EV1: No policy 
scenario 123 120 138

EV1: ZEZ fines 50 78 106
EV1: Toll 106 105 123
EV1: CO2-tax 119 113 128
EV1: All policies 46 69 92

The Netherlands also plans to introduce a toll for each kilometre travelled on 
a highway, but perhaps exempt zero-emissions vehicles. While this would vary 
depending on the weight of the vehicle, it is expected to average 14,9 cents per 
kilometre [8]. The impact is also significant, reducing the percentage increase of the 
TCO to only less than 10 % for the light rigid and rigid truck. Finally, as we see the 
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CO2-tax, currently assumed to be € 50 per CO2-tonne [9], has only a small impact 
on the TCO difference, with the assumption that only green electricity is used for 
charging. Nevertheless, if all policies were in effect, this would significantly reduce 
the TCO difference.

Table 3. Breakeven analysis for ZEZ fine, toll, and CO2-tax

Vehicle segment ZEZ fine (€/day) Toll (€/km) CO2-tax (€/tonne)
Light rigid  38 0,21 360
Rigid truck  90 0,21 160
Tractor-trailer  314 0,47 240

A breakeven analysis was conducted by identifying the point when the TCO of the 
EV becomes favourable compared to the diesel vehicle. The results are summarized 
in Table 3. It shows that for the ZEZ, the current fine of € 250 would be sufficient to 
push the light fleets towards using an electric vehicle, but not the tractor-trailer. The 
driver could theoretically incur a penalty every working day and the operation would 
still be cheaper than the TCO of the electric tractor-trailer. 

The toll road cost of 14,9 cents seems to be lower than necessary to account for the 
full TCO difference between the diesel and electric vehicle. Even though the plan 
is currently to vary the cost by weight, it would be difficult to triple the toll for the 
tractor-trailer. 

Finally, the breakeven analysis of the CO2-tax shows that the current cost of € 50 
would need to triple to help the support the TCO of the rigid truck. This is unlikely to 
develop in the (free) carbon market. Hence, the CO2-tax should not be considered an 
effective tool by itself for the energy transition in the transport sector. 

A brief analysis of the increase in transport costs for the diesel vehicle is presented in 
Table 4. This is an important aspect to consider, as the increase in transport cost due 
to policy could result in a number of changes in the transport sector, such as increase 
of utilisation/consolidation or multimodal transport, increase cost to shippers, and 
reduction of transport demand, besides the investment in EVs [10]. As the table 
shows, if ZEZ fine is implemented at the expected rate, and the carrier is for some 
reason, unable to use an EV, the transport cost would more than double, with terrible 
social effects. Hence, the policy should be sensitive towards the effect and ensure 
that drivers can actually make the transition. 
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While it is out of scope of the paper to forecast the impact of the policies on other 
distribution forms, such as the use of cargo bicycles and microhubs, incumbent 
carriers will unlikely shift towards these forms, as alternative urban logistics forms 
are also similarly cost prohibitive [11]. 

CONCLUSION

The paper analysed the effects of the switch from diesel to electric vehicles for 3 
vehicle segments using the TCO approach. Some of the key results of analysis show 
the large difference in investment costs, which translates into a large difference in 
TCO, both of, which are prohibitive towards large-scale adoption of electric vehicles. 
The current investment subsidies are only a fraction of the investment differential for 
the heavy vehicle segment, which points to its ineffectiveness. 

The study also considered the potential costs of grid upgrades, which may need to 
be transferred to the user in some cases, or at least serve to delay construction. The 
outcome of that analysis showed that the annualized TCO only increases by a little, 
however the investment cost for the entire charging system could almost double. 
Carriers will have to consider a piecemeal transition to spread the investment costs, 
although that will complicate the efficient deployment of the charging infrastructure. 

The effect of some policies that are being introduced, namely the ZEZ, the road toll 
for diesel vehicles, and CO2-tax, aim to increase the diesel vehicle TCO and thus 
reduce its advantage over the electric vehicle. Overall, the ZEZ fine for entry seems 
to have the highest impact on the TCO and can also be introduced stage-by-stage 
depending on how the electric vehicle market develops. Currently, it would seem 
that the light rigid of less than 7,5 tonnes, such as the eCanter, or even lighter vans, 
such as eCrafter or eSprinter, could be easily encouraged with a moderate ZEZ fine 
of at least € 38. 

The ZEZ policy only affects trips to urban areas [12], hence for long distance transport, 
the toll and CO2-tax needed to be investigated. Increasing the toll to a level that it 
tilts the balance towards electric vehicles is more plausible than increasing the CO2-
tax to an effective rate. The estimation of the CO2-tax also assumes that the electric 

Table 4. Indices for annualized cost for DV depending on the 
policy scenario, indexed to diesel vehicle without any policy

Vehicle segment Light rigid Rigid truck Tractor-trailer

DV: No policy scenario 100 100 100
DV: ZEZ fines  246  154  129 
DV: Toll  116  114  112 
DV: CO2-tax  103  106  108 
DV: All policies  265  175  149 
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vehicle uses green electricity, thus producing no well-to-wheel emissions either. 

The evaluation did not consider shifting towards hybrid vehicles or fuel cell electric 
vehicles. The market for fuel cell vehicles is less developed and the costs for vehicle 
and infrastructure much higher, thus will not strongly affect the study. However, 
hybrid or range-extended electric trucks is a missing part of the analysis. While, the 
market for these options is also largely absent, it remains an important option for 
carriers in the ZEZ [13].

In each option, it would nevertheless seem that the future transport sector would 
increase in cost to the carriers and ultimately towards shippers and receivers. If the 
cost propagates towards clients of the transport business, it would affect the long 
term logistics performance and increase the cost of retail and other services. Current 
vehicle subsidies are insufficient to make up the difference, the most touted policies 
in Europe, currently relate to the urban vehicle access regulations, the Eurovignette 
toll road, and the revamping of the EU emissions trading system [14]. Future policy 
research will need to develop smarter ways to encourage the use of electric vehicles, 
while ensuring that the cost in the sector does not increase unfairly.
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Abstract The accelerated technological development, as well as an increasing range 
of drone applications are highly likely to resolve various urban issues, simultaneously 
ensuring the safety and sustainability in those urban areas. By performing, a both 
indoor and outdoor mission in extremely challenging environments, the use of drone 
technology is cost-effective, available on demand, and environmentally-friendly. 
Drones will be used for surveillance, delivery and for people mobility in context 
of air-taxis, as predicted for the near future. The main expected environmental 
benefit is that, compared with many traditional methods of surveillance, delivery 
and mobility, drones could reduce CO2 emissions, as well as other air pollutants. But 
there are also many other benefits in term of safety and quality of life in urban areas.
Moreover, industries need to understand and learn how to manage the risks 
that may come from drone operations. The aim of this study is to present 
environmental benefits of using drones in urban areas and to evaluate the risks 
that their usage poses to other airspace users and third parties on the ground, 
by using a detailed SWOT analysis, which helped in developing full awareness 
of all the factors involved in process of drone’s integration into urban areas.
The paper concludes with an overview of possible and planned drone applications in 
the urban environment, and by suggesting the requirements for their safe integration.

Keywords: • Drones • Urban Areas Solutions • Delivery • SWOT analysis • Aviation 
 

CORRESPONDENCE ADDRESS: Lidija Tomić, Msci, PhD Student, Olja Čokorilo, PhD, Full Professor, 
University of Belgrade, Faculty of Transport and Traffic Engineering, Vojvode Stepe 305, 11010 Belgrade, 
Serbia, e-mail: lidijatomic11@gmail.com; e-mail: o.cokorilo@sf.bg.ac.rs

Accessible at: www.fgpa.um.si/etc    ISBN    978-961-95633-0-4



Lidija Tomic, Olja Čokorilo
Drones Usage in Urban Areas as an Environmentally-Friendly Solution 116 

INTRODUCTION

Technology of unmanned aerial vehicle (UAV), commonly known as drone, is evolving 
at a very fast pace, and has increasing potential to compete successfully with more 
traditional alternatives in a number of sectors including commercial, governmental 
and leisure purposes.

The forecast growth in drone’s market is also based on the strong interest expressed 
by large multinational companies, such as Amazon, DHL, and Google (European 
Environment Agency, 2020).

On the other hand, there have been increasing concerns about the rapid urbanization 
of population. About a half of total world’s population of 7 billion people lived in 
urban areas in 2010 according to the survey of United Nations and this is predicted 
to become over 60 % by 2030. Under such demographic conditions mobility and 
freight transport issues have become more important for supporting a better life for 
people, as well as a better environment in urban areas [10].

However, logistics activities sometimes generate traffic congestion, air pollution, 
noise, and crashes in urban areas. Also, in many big cities, because of heavy traffic jam 
or severe air pollution from vehicle exhaust, vehicle-type restriction is implemented. 
For example, delivery vehicles are forbidden to run on some roads during defined 
periods [6].

Compared with traditional vehicles, drone delivery can reduce energy consumption 
and greenhouse gas emissions, which benefits environmental sustainability [6]. 
Besides, drones can overcome mentioned traffic restrictions, which are of big 
influence in terms of delivery time.

Moreover, there are challenges of integrating drones into urban environments. 
Namely, these areas are already densely used by ground traffic, other types of air 
traffic –, such as commercial airplanes and military aviation. Also, there are people 
concerned about emission, privacy and the possibility of low-level flights causing 
accidental injury.

It is intuitively clear that adequate harmonized regulation and appropriate concept 
of drone operations are needed for balancing the desire to maximize the commercial 
benefits of drones against the need to ensure the safety, security and privacy of 
citizens, and also the potential environmental impact on cities.

DRONES AS ENVIRONMENTALLY-FRIENDLY SOLUTIONS

The academic literature discussing drones' pros and cons or attempting to quantify 
their emission impact, is increasing day by day. This chapter is based on literature 
review of conducted research projects regarding drone’s emissions.
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CO2 and other greenhouse gas emissions 

In their research about environmental impact of drone delivery on an online shopping 
system Koiwanit (2018) showed that drone delivery is one of the most environmentally 
friendly transportation options throughout a wide range of scenarios [1].

Authors Park, Kim and Suh (2018) showed in their research [7] that global warming 
potential (GWP) per 1 km delivery by drone was one-sixth of motorcycle delivery, and 
that the particulates produced by drone delivery were half that of motorcycle delivery. 
Also, they showed that actual environmental impact reduction, in consideration of 
the delivery distance, was 13 times higher in a rural area than in an urban area. 

Goodchild and Toy (2017) showed that the relative CO2 emissions of drones compared 
to trucks vary according to the drones’ energy requirements, travel distances, and 
number of recipients. This means that in order to increase the advantages of drone 
delivery in terms of CO2 emissions, energy requirements should be low, the delivery 
distance should be short, and the number of recipients should be small [7].

Study [9] looks at the climate impact of a shift from truck-based to drone-based 
package delivery. It finds that while the small drones carrying packages weighing less 
than 0,5 kg would reduce greenhouse gas emissions, compared to diesel or electric 
trucks anywhere in the US, and that the same is not true for larger drones carrying 
heavier packages.

Namely, Stolaroff et al. (2018) founded in their research that the current practical 
range of multi-copters to be about 4 km with current battery technology, requiring a 
new network of urban warehouses or waystations as support [9]. Authors suggested 
that there are several emission sources that must be considered when evaluating or 
modeling emission:

• Emissions from fuels;

• Emissions from electricity;

• Emissions from battery production;

• Emissions from warehouses.

Also, Stolaroff et al. (2018) suggested that in order to realize the environmental 
benefits of drone delivery, regulators and firms should focus on minimizing extra 
warehousing and limiting the size of drones. The analysis utilizing real-world data 
indicates that UAVs, presently available in the market, are significantly more CO2 
efficient (around 47 times) than typical diesel delivery vehicles in terms of energy 
consumption. In terms of emissions the differences are even greater (more than 
1000 times). However, the analysis is done in terms of energy consumption and 
emission per unite distance and per kilogram of payload delivered, so there is a need 
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to consider type of payload and planned delivery distance. Hence, author find that, 
the UAV is not more efficient than electric vans in delivery scenarios with more than 
10 customers per route [2].

Noise emissions 

The number of drone operations has strongly increased in the last years and is likely 
to further grow in the future. Therefore, drones are becoming a growing new source 
of environmental noise pollution, and reactions to drone noise are likely to occur in 
urban areas. Schaffer (et al.) in their study established a systematic literature review 
on drone noise emissions and noise effects on humans. Results suggest that drone 
noise is substantially more annoying than road traffic or aircraft noise due to special 
acoustic characteristics, such as pure tones and high-frequency broadband noise. 
Also, they show that emission strength primarily depends on the drone model and 
payload, as well as on the operating state or the flight maneuver [8].

SWOT ANALYSIS

SWOT (Strength, Weaknesses, Opportunities and Threats) analysis is a tool 
primarily used in strategic planning with the aims of creating an overall picture of 
the advantages and disadvantages that an organization may expect from a certain 
project. This analysis highlights the "strengths" and "opportunities" on one hand, 
and "weaknesses" and "threats" on the other [11].

The following Table 1 presents a SWOT analysis that answers the following question: 
What are the benefits and concerns regarding drone usage in urban areas?

Table 1. SWOT analysis

Strengths Weaknesses
Shortest operations (delivery) distance
Extended connectivity
Faster operations (delivery)
Real-time information
Flexibility
Mobility and accessibility to remote areas
Available on demand
Precision operations

Difficult to use in complex meteorological 
conditions
Common airspace with manned aviation
Easily hacked
Vulnerable to wild animals
Citizen privacy could be violated
Drones are not equipped with collision avoid-
ance system
Limited on-board accommodation

Opportunities Threats
Reduction of greenhouse gas and noise emis-
sion
Reduction of traffic jams
Reduction of cost
Increased efficient of operations
Reduction of emergency response time

Common airspace with manned aviation
Loss of control over drones
Drone malfunction
Complex design of urban cities (tall buildings, 
bridges)
Wildlife
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Strengths

The main strengths of drone usage in urban areas include: shorter operations 
distance (which enable faster operations, which then means less greenhouse gas 
emissions), extended connectivity, real-time information, but also flexibility, mobility 
and accessibility to remote areas, which enable ad-hoc operations with great level 
of precision.

Weaknesses

Regarding weaknesses of drone operations in urban areas they cover operational, 
technical, safety and security concerns. Like a fixed-wing aircraft and helicopters, 
drone operations depend on current weather condition. Complex weather condition 
(strong wind, fog, thunderstorms, icing conditions, etc.) may disrupt the planned 
operation or caused the damage to drone. Also, as drone use common airspace with 
manned aviation there are possibility of some airspace restrictions that can interfere 
planned operations.

Technical weaknesses include: limited on-board accommodation (both for required 
equipment like sensors, and payload) and lack of collision avoidance system for UAV 
(not developed yet).

The real-time information, enabled by using drone’s on-board cameras, presents one 
of the main strengths of drone usage in urban areas, but at the same time this means 
weaknesses because citizen privacy could be violated.

Opportunities

Opportunities are external factors in process environment that are likely to contribute 
to success and positive project outcomes. For drone’s usage in urban areas, main 
opportunity refers to reduction of greenhouse gas and noise emission, as highlighted 
in previous chapter. Other opportunities cover increased efficiency of operations, 
better urban environment in term of traffic density, but also safer environment for 
citizens by taking advantage of drones' ability to respond quickly to emergencies.

Threats

The last part of SWOT analysis includes threats. Threats refer to factors that have 
the potential to harm some process, environment, or organization. For drone’s 
usage in urban areas, some threats are listed in table below. Firstly, there are factors 
connect with drone issue: loss of control and vehicle malfunction, which hold with 
them risk of injury to staff and/or third parties on the ground and damage to critical 
infrastructure. Additional to drone technical issues, main threats refer to use of 
common airspace with manned aviation (civil and military aircraft).
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The threat to wildlife, especially birds, is also one of the key concerns. Operating 
at low altitude, usually below 500 meters, drones are likely to come into contact 
with wild animals. European Environment Agency said that drones can also have a 
detrimental impact on an animal reproduction and survival and some studies suggest 
that the essence and intensity of impact will depend on a variety of factors, including 
the type of drone and its method of operation, the species of animal and many other 
contextual factors, such as habitat, season and life-stage. 

DRONE USES IN URBAN ENVIRONMENT

Drones, originally developed and used for military purposes, have found applications 
in many civil sectors during the last decade. Mentioned applications have been 
gradually expanding across leisure, commercial and governmental fields from 
surveillance and rescue operations to delivery and people mobility.

Drones can be equipped with various sensors and cameras for doing intelligence, 
surveillance, and reconnaissance missions. On the other hand, when equipped with 
appropriate equipment (other than camera) drones can be used for missions, such 
as firefighting, de-icing/anti-icing of infrastructure, gardening support etc. The table 
below (Table 2) lists some of the possible area of drone application.

Table 2. Possible drone applications in urban areas

Purpose Area of application Purpose Area of application

Remote sensing Emission detecting
Mapping and 
surveying

Monitoring illegal waste, 
damp and transport of toxic 
water

Real-time 
monitoring

Situation awareness Wildlife monitoring
Inspection of infrastructure Cartography
Weather monitoring Search and 

Rescue
Firefighting

News and journalism Locating survivors

Delivery

Medical supplies Missions 
by onboard 
equipment 
(other than 
camera)

Gardening support
Food Providing wireless coverage

Shipment De-icing/anti-icing of 
infrastructure

Recreational

For fun Bird control

Drone racing and sports Model in design 
phase

Determination of object 
optimal position

Recording of events

Mobility- Air 
Taxies

Point to Point travel within 
a city

Entertainment and 
attractions Shuttle service to airport

Public Safety 
and Security

Patrolling Transport of injured person
Crime prevention /
investigation Sightseeing by air taxi
Border surveillance
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One of the expected applications is Urban Air Mobility (UAM), which refers to an 
ecosystem that enables on-demand, highly automated, passenger or cargo-carrying 
air transport services with particular reference to the urban environment. The UAM 
industry vision involves new vehicle designs (e.g., low emission / low noise), new 
system technologies, the development of new airspace management constructs, 
new operational procedures and shared services to enable an innovative type of 
transport network [5]. The following chapter discuss about UAM societal acceptance.

UAM societal acceptance

The European Union Aviation Safety Agency (EASA) conducted a comprehensive 
study on the societal acceptance of Urban Air Mobility across Europe, to measure EU 
citizens’ preparedness to accept this new mode of transport and collect their possible 
concerns and expectations related to safety, security, privacy and environmental 
impact.

The online quantitative survey polled 4 000 citizens in six European urban areas - 
Barcelona, Budapest, Hamburg, Milan, Oresund (Danish-Swedish cross-border area) 
and Paris. The survey showed that [4]:

• 83 % of respondents have a positive initial attitude towards UAM;

• With 71 % ready to try out UAM services.

Also, survey shows that cases in the common interest, such as in emergencies or for 
medical transportation received strong support. EASA will use the study results to 
prepare regulatory proposal for Urban Air Mobility in Europe in 2022. 

REQUIREMENTS FOR DRONE SAFE INTEGRATION IN URBAN AREAS

The fast development of drone operations makes legislation and standardization 
necessary, so the first recommendation is regulatory framework (Table 3). New 
concept of operations with set of "easy-to-use" rules is also required, following 
requirements of airspace segregation for special type of operations. It should be 
noted that within the Europe, special concept of operations in term of airspace usage 
is already developed and more information about U-space concept will be provided 
in the following chapter.
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Like manned aviation, unmanned flights rely on accurate aeronautical information to 
stay informed about the weather, airspace restrictions and regulations during a flight. 
[5] The variety and complexity of drone operations requires a different approach 
to managing this aeronautical information, but in the first-place adequate coverage 
with such information is needed.

Drones rely on a high level of digitalization to operate autonomously and depend 
upon datalink communications to achieve this. So, the reliable C2 link and tracking 
and monitoring systems are also required.

By authors opinion collision avoidance equipment has been identified as the key 
requirement regarding the UAV safe access within the airspace, so the appropriate 
detect and avoid (DAA) solution is needed promptly.

U – SPACE CONCEPT

The rapid growth in use of drones has increased the demand for access to non-
segregated airspace. In particular, there is a strong pressure on very low level (VLL) 
operations where the market is driven by new business opportunities. For VLL 
operations, many procedural and technological areas require further development, 
and this lies behind the U-space concept. U-space is a set of new services relying on 
a high level of digitalization and automation of functions, and specific procedures 
designed to support safe, efficient and secure access to airspace for large numbers 
of drones [3].

Figure 1 and Table 4 shows the U – space concept phases, their objectives and 
expectations, but also concept implementation plan (timeline).

Table 3. Requirements for drone safe integration in urban 
areas

Requirements for drone safe integration in urban areas
Regulatory framework
Concept of operations

Set of easy-to-use rules
Airspace segregation- zoning

Coverage with essential aeronautical information to fly safely
Reliable communication (C2) link

Reliable tracking and monitoring systems
(Autonomous) detect and avoid solutions for small drones

Emergency Response and Recovery Plan
Risk assessment for any change
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Overall, introduction of U – space concept will enable safe drones’ operations and 
interactions with other entities using the same airspace in any location.

CONCLUSION

Drones will be part of our future. Rapid changes in drone technology hold enormous 
promise for the future use of airspace.

Figure 1. U–space concept

Source: www.sesarju.eu [10]

Table 4. U- space concept- objectives and expectations 

Phase Objective Expectations / Benefits

U1

To identify drones and opera-
tors and to inform operators 
about known restricted areas 
(e-registration, e-identification 
and pre-tactical geo-fencing)

The range of VLOS routine 
operations will be extended

U2

Support the safe manage-
ment of drone operations and 
a first level of interface and 
connection with ATM/ATC and 
manned aviation

The range of operations at 
low levels will be increased, 
including some operations in 
controlled airspace

U3

Unlock new and enhanced ap-
plications and mission types in 
high density and high complex-
ity areas

Significant growth of drone 
operations, new types of oper-
ations, such as UAM

U4
Offering integrated interfaces 
with ATM/ATC and manned 
aviation

The full operational capability 
of U-space based on a very 
high level of automation
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While the list of application a drone can be used for, continues to increase, more 
ways to save the planet via a drone will begin.

The delivery of goods in urban areas using drones stands out the most, but there 
are also equally important applications, such as patrolling, firefighting, checking the 
surfaces in winter conditions, that could improve the quality, security and safety 
of life in urban areas. A factor that may significantly favor drone is a shorter travel 
distance as a shorter distance would result in a less emissions. As the drones is not 
more efficient than electric vans in delivery with more than 10 customers per route, 
it is needed to carefully determine warehouse locations (and recharge stations) to 
provide optimal coverage of customer market and to maximize benefits of drone 
technology. 

The positive results about societal acceptance of Urban Air Mobility across Europe 
indicate that new concept of people mobility will be seen in the near future.

Regarding noise emission, results of research projects suggests that drone noise is 
substantially more annoying than road traffic or aircraft noise and depends on the 
drone model and payload, as well as on the flight maneuver.

Also, it can be concluded that increasing the use of environmentally friendly electricity 
systems, such as solar and wind power, would further enhance the environmental 
effects of a drone usage in urban areas.
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INTRODUCTION

An important research area in city logistics is the study of the so-called urban 
concentrated sets of delivery locations (referred to as CSDLs). These are sets of delivery 
locations, where a significant number of delivery locations with high demands are in a 
relatively small area, like in the case of markets or shopping malls [1], which are in the 
focus of the City Logistics Research Group of the Budapest University of Technology 
and Economics [2]. For this research, we can classify the delivery locations into two 
main groups: single delivery locations and concentrated sets of delivery locations 
that include several single delivery locations according to some aspect. In this paper, 
we will examine how drones can be integrated into the city logistics system of these 
CSDLs. Within the CSDLs, there are two types of concentration. In the case of open 
infrastructure, we have an area where roads and squares mark the boundaries of 
the CSDL, such as a shopping area surrounded by streets. By closed infrastructure, 
we mean any building that brings together single delivery locations into CSDLs, such 
as shopping centers [1]. In our research, we have developed several different new 
system concepts for these CSDLs, collected data from more than 600 stores in 6 CSDLs 
in Budapest [4], [5], [6], and used them to investigate their logistics system using 
simulation models. In the new concepts developed, consolidation centers and cross 
docks are set up to improve the efficiency of the flow of goods, and the simulation 
results show that performances, emissions, and logistics costs could be reduced in the 
consolidation-based new systems of CSDLs [3], [4]. In the new city logistics concepts 
developed, we have modeled environmentally friendly road vehicles, urban railways 
(cargo trams), and cargo bicycles, but we have also investigated concepts using 
waterway deliveries [4], [7], [8], [9]. As the city logistics system under study includes 
many small volume and small size delivery units, which could be handled even by 
drones, we started to investigate the potential applications of delivery drones in the 
case of CSDLs. As a first step, we considered it important to examine how drones 
could fit into these new consolidation-based city logistics systems, which tasks they 
could perform, how the integration of drones into the system could be implemented 
and how many drones might be needed in these systems. In this paper, we would 
like to describe first the current city logistics systems using drones, then present the 
main directions of related research, and then show the results of our data analysis of 
CSDLs in Budapest, which can be used to identify the delivery tasks for, which drones 
could be used in the city logistics system under study. After that, we present our new 
concepts with drones, the definition of the drone fleet size, and the drone supply 
chains of the concepts, their critical points, and the related challenges.

DRONE DELIVERY SYSTEMS

In recent years, delivery drones have been used in several pilot systems for various 
delivery tasks, mainly in suburban or rural environments. Among the systems already 
developed and operating at least at a pilot level, the Paketkopter concept of DHL is 
worth mentioning (see Figure 1), which has been successfully used in four pilots [10]. 
DHL is also involved in a pilot system in Guangzhou, China [11], where the transport 
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cost per transaction has been reduced by 80 %. 

Figure 1. The drone of DHL with a parcel machine

Source: [12]

In Daimler’s pilot in Zürich, vans and drones were used in combination to deliver 
e-commerce products on demand [13]. Amazon’s concept, under development since 
2013, plans to operate autonomously operating drones for home delivery of packages 
[14], and Google’s Project Wing is planned for longer-distance delivery tasks [15]. 
Also worth mentioning is the delivery drone concept of UPS and Wingcopter, where 
special drones capable of carrying larger packages are planned to deliver goods 
[16]. It is important to highlight that the pandemic situation in 2020 has significantly 
boosted the logistics use of drones due to the potential for contactless delivery. 
Because of this, many new drone systems were born in 2020 to deliver essential 
products and medicines [17], [18]. Those drone systems, which will provide technical 
input for the data analysis in the following parts of our paper, are presented in Table 
1, with their weight, capacity, and range of the drones.

Table 1. Most important data of some drone systems to 
provide technical input for the data analysis

Name and location 
of the drone delivery 

system
Weight Capacity Delivery distance

AHA, Reykjavík, Iceland 10 kg 3 kg 10 km
DHL, Ukerewe, 
Tanzania N/D 4 kg 65 km

DHL, Guangzhou, China N/D 5 kg 8 km
UPS delivery drone 
concept 12 kg 6 kg 45 km

It is also worthwhile to discuss the related research directions. The most popular 
one in the field of drones in city logistics is the development of new algorithms 
for route planning adapted to drones [19], so if we can identify the delivery tasks 
that we want to handle with drones in the future in the case of CSDLs, we will have 
several available algorithms. Closely related to this field is the study of the energy 
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consumption of drones [20] and their batteries, as their range is a key issue in 
optimal route planning. Another related issue is the study of the location and the 
optimal number of charging stations [21], as these may also need to be implemented 
into the route planning algorithms. There are also some papers on solutions using 
vans and drones together [22], which could help overcome the problems caused 
by the shorter range of drones. The issue of operation costs [23], which has also 
been addressed in several articles, is also worth mentioning and will be a significant 
area for further study in the case of the CSDLs, as well as autonomous operation, 
technology, and the regulatory environment.

DELIVERY TASKS OF DRONES

In the next part of our paper, we would like to show in detail how drones could be 
integrated into the examined city logistics system of the concentrated sets of delivery 
locations based on our data on CSDLs in Budapest. In the data analysis, we were able 
to analyze data from 6 CSDLs in Budapest, with a total of 627 stores [4], [5], [6]: 377 
stores in 4 shopping centers, 163 stores in the "Váci utca" shopping area, and 87 
stores in 1 market with closed infrastructure. Most of the stores we could examine 
are in the categories "Clothes, bags, shoes, accessories" and "Food, beverages". For 
the stores we examined, we had data on deliveries, deliveries between stores, and 
home deliveries available for analysis in sufficient depth; these will be described in 
the next part of the paper.

For the analysis, the suitability of four different drone types (sizes) was investigated: 
the Flytrex drone of AHA (3 kg payload, 10 km range, application: Reykjavík, Iceland) 
[24], the DHL Paketkopter version 4 (4 kg payload, 65 km range, application: Ukerewe, 
Tanzania) [10], the Ehang drone of DHL (5 kg payload, 8 km range, application: 
Guangzhou, China) [11], and the delivery drone concept of UPS and Wingcopter (6 
kg payload, 45 km range) [16].

Supplier deliveries

As a first step, we identified the number of stores where the actual deliveries could be 
handled by drones without splitting deliveries into more parts. Based on the results, 
even with UPS&Wingcopter’s 6 kg capacity drones, only 9,7 % of all stores could be 
served. These stores typically handle small volumes of goods, so in a consolidation-
based new city logistics system, it is not worth singling them out and transporting 
them separately from the large volumes. Next, we examined how many deliveries 
could be made using a drone, based on the weight of the delivery units, investigating 
not only those cases where a single delivery could be handled by a drone but those 
deliveries as well where individual delivery units (e.g., single boxes, hangers) could 
be transported. Using the Wingcopter’s drone with a 6 kg payload, 1 919 deliveries 
would be required on an average day, serving 211 stores, with only 10,5 % of the 
sum volume of goods. Based on these results, it can be concluded that the volume of 
goods does not make it worthwhile to manage deliveries with drones, but as more 
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than half of the stores (57,1 %) have drone deliveries, urgent deliveries could be 
handled by drones between the consolidation center and the CSDLs.

Deliveries between stores

In the next step, we examined the deliveries between stores of CSDLs. This can be 
divided into two parts, deliveries from another store and deliveries to another store, 
as the system is not symmetric, with different quantities being delivered in and out 
of each store. In the first case (from other stores), we were able to work with data 
from 481 stores, and for deliveries to other stores, we were able to use responses 
from 548 stores. Of these stores, 121 have deliveries from other stores (25,2 % of the 
stores), and 181 have deliveries to other stores (33 % of the stores). Regarding the 
amount of goods to be handled, 67 stores provided sufficient data for the analysis 
on the incoming side and 88 on the outgoing side. The sum volumes are not large, 
with a total of 3,7 tons of goods to be handled per day; these are presumably smaller 
delivery units, most of, which can be handled by drone. Once the volume of goods 
had been determined, the number of drone deliveries required was calculated. In the 
analysis, stores that would require more than 10 deliveries per day by drone were 
classified as not drone-serviceable (so in their case, bigger vehicles are needed). In 
the analyses, it was assumed that the other store was at a reasonable distance from 
the CSDL under consideration, with adequate drone range. The number of drone 
deliveries required to handle the incoming volumes is shown in Figure 2, and the 
outgoing case is shown in Figure 3. The figures show separately the stores in different 
types of CSDLs (SM: shopping malls, SA: shopping areas, MA: markets) for the use of 
drones with various capacities (3 kg, 4 kg, 5 kg, 6 kg).

Figure 2. Daily number of drone deliveries to handle the 
incoming quantity from other stores
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It can be concluded that on the incoming side, based on data from 67 stores, an 
average day would require 106-119 delivery transactions between stores per day, 
depending on the drone type, which would mean an average of 1,71-2,02 deliveries 
per store per day (only considering stores that are suitable for drone delivery), while 
5-8 stores would require a larger delivery vehicle, depending on the examined drone 
type. On the outgoing side, based on the data of 88 stores, on an average day, 132-
154 deliveries between stores would be required, depending on the drone type, 
which would mean an average of 1,65-1,96 deliveries per store per day, while 8-12 
stores would require a larger delivery vehicle, depending on the drone type.

In the case of the deliveries between stores, both the volumes to be handled and 
the frequency of the deliveries allow a significant proportion of deliveries between 
stores to be made by drones in a city logistics system of the CSDLs, and the number of 
delivery transactions can be further reduced if inbound and outbound transactions 
can be combined, minimizing the expected number of empty flights. In addition, 
although we have been able to analyze data from relatively few stores at present, the 
responses we have received suggest that the number of stores requiring deliveries 
between stores is only approximately 2-2,5 times higher, which would not increase 
the volume of goods to be transported to unmanageable levels.

Home deliveries

Finally, we examined the home deliveries. Regarding them, we received data with 
sufficient detail for a total of 98 stores, of, which a total of 3,7 tons of goods needs 
to be delivered to home delivery locations (or to parcel machines) per day. Next, we 
subtracted the goods of customers located more than 10 km away from the CSDLs, 
which were classified as not drone-serviceable home delivery locations, as they were 
typically rural demand points outside the city. This left a total of 1,4 tons of goods 
to be delivered by drone per day, or 14,5 kg of goods per store per day (considering 
only stores that have relevant drone deliveries). In the analysis, stores that would 
require more than 10 deliveries per day by drone were classified here as not drone-
serviceable. Based on these, the required daily number of drone home deliveries can 

Figure 3. Daily number of drone deliveries to handle the 
outgoing quantity to other stores
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be seen in Figure 4.

Figure 4. Daily number of home deliveries with drones

Based on the data from the 54 stores that are capable of drone home delivery 
and also provided the quantity of goods, it can be estimated that on an average 
day, depending on the type of the drone, 49-70 drone home delivery (or parcel 
machine) transactions would be required, which would mean an average of 1,01-
1,49 deliveries per day per store (only considering stores that are capable of drone 
delivery), while the home delivery processes of 5-7 stores would require a larger 
delivery vehicle, depending on the type of the drone. In addition, in most of the 
cases, "Food, Beverage" would need to be delivered to home delivery locations, and 
there are already many examples of this as presented previously in our paper. It 
can be concluded that both the volumes to be handled at the same time and the 
frequency of the deliveries allow for a significant proportion of home deliveries to be 
made by drones in a city logistics system of the CSDLs.

INTEGRATION OF DRONES INTO THE EXAMINED SYSTEM

In the next step, we show the potential role of drones in new consolidation-based 
concepts for city logistics of the CSDLs, complementing the basic concepts previously 
published by our Research Group [4], [8]. The current city logistics system under 
study is the one described in Figure 5, with the delivery vehicles indicated at each 
stage (notations: red line – supplier delivery, green line – empties delivery, blue 
and orange line – deliveries between stores in two directions, purple dashed line – 
home delivery/parcel machine delivery, light blue dashed line – pick-up from parcel 
machines, factory icon – supplier, warehouse icon – wholesaler/logistics provider, 
loading icon – CSDL’s logistics area, store icon – store, parcel machine icon – parcel 
machine, house icon – home).
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Figure 6 shows how the new, consolidation-based city logistics system will evolve, with 
road vehicles for regular deliveries and drones for urgent deliveries (new notations: 
warehouse icon - consolidation center, loading, and warehouse icon – cross dock).

Figure 5. The current city logistics system of the CSDLs

Figure 6. Deliveries from the CC to the CSDLs with road 
vehicles and drones

Figure 7 shows how we can manage the deliveries between stores in this system, 
using drones for the smaller parcels and bigger vehicles for the larger parcels. The 
more distant stores are served by using the consolidation center in this concept (new 
notations: parcel icon - small parcel, pallet icon - larger parcel).

Figure 8 shows how home deliveries can be handled and how parcel machines can 
be served by drones. The more distant home delivery locations are served by using 
the consolidation center.
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With these figures, we got those city logistics solutions that must be modeled in the 
next steps of our research. The next important question is how many drones would 
be needed to perform the given tasks in these systems.

Size of the drone fleet

After developing city logistics system concepts using drones, we estimated how many 
drones could be used to perform the tasks in the cases under study. For this analysis, 
the model used was based on queuing theory [25]. Here, the two directions of the 
deliveries between stores and home deliveries were examined separately for each 
CSDL and for each of the examined 4 drone types. If all drone-capable delivery tasks 
are performed by drones, we receive the results shown in Figure 9, with a maximum 
waiting time of 15 minutes for the delivery needs, and with a 95 % reliability.

Figure 7. Deliveries between stores with road vehicles and 
drones

Figure 8. Home deliveries with road vehicles and drones

Figure 9. Optimal size of the drone fleet (R=95 %)
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The results show that a total of 12-13 drones is needed for home deliveries (or for 
parcel machine deliveries), while 12-15 drones would be required for the deliveries 
between stores in both directions, giving a total of 36-43 drones for the delivery 
tasks under consideration. For home deliveries, 98 stores would be served by this 
number of drones (average 7,5-8,2 stores/drone), 67 stores for incoming deliveries 
from other stores (average 4,5-5,6 stores/drone) and 88 stores for outgoing deliveries 
to other stores (average 5,9-7,3 stores/drone). In each case, this would give a CSDL 
4-9 drones for home delivery and for deliveries between stores, which seems to be 
a manageable fleet size.

ANALYSIS OF THE SUPPLY CHAIN

As there is currently no existing solution that operates for CSDLs and in a congested 
city center, e.g., between block of flats, some issues need to be examined. The whole 
supply chain with drones needs to be explored, looking at where the critical points 
are, how the drone can land, how it can deliver the package, what areas it needs 
to fly over, etc. Based on the data available and the new concepts developed, the 
main parts of the drone supply chain are a sender location, a flight transaction, and 
a receiver location, with the possibility of including transfer locations between the 
sender and receiver locations in some cases, for example, due to the range of the 
drone or the nature of the destination.

When we examine the drone supply chains, the first important step is to define the 
concept of a drone mini hub, which will be a logistics facility capable of handling 
drones, i.e., a cross dock capable of handling drones. This will be the term we will 
use for the drone handling part of the logistics areas of the CSDLs. In the case of 
CSDLs, these will clearly appear, and we believe that before the mass deployment of 
drone docking-capable parcel machines and the provision of stores and households 
with their own drone docking stations, the parcel machines, single stores, and home 
delivery locations will also need to use drone mini hubs as transhipment points. 
Some possible locations of these drone mini hubs can be seen in Figure 10. 

Figure 10. Drone mini hubs in the drone supply chains
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We need to use these mini hubs in the CSDLs with closed infrastructure (here they 
could be located inside the building, in the logistics areas, or on the roof), in the 
CSDLs with open infrastructure, and in the simple urban zones (in their cases the 
area’s cross dock should be equipped with a drone mini hub).

The next task was to identify the critical points in the drone supply chain. Figure 
11 describes some typical cases, drawing attention to the most typical delivery 
and material handling tasks. Examples 1 and 2 illustrate the options for deliveries 
between stores, where there are three types of sender and receiver locations: a 
store of a CSDL with closed infrastructure, a store of a CSDL with open infrastructure, 
and a store in a simple urban zone. In the first two cases, the delivery can be made 
from the drone mini hub of the CSDL, but while in the case of a closed infrastructure, 
the goods can be delivered to the mini hub from the store or vice versa, in the open 
case, another short delivery is required between the store and the drone mini hub, 
like in the simple zone case. Examples 3 and 4 describe the simpler case of home 
delivery, where the drone mini hub of a CSDL is the sender location (the difference 
between the closed and open case is like in the case of deliveries between stores), 
and the receiver point can be a parcel machine or the drone mini hub of the zone to 
be supplied. In the future ideal case, which requires as few operations as possible, 
single stores and households will be able to have a drone docking station, so there 
will be no need to bring in an intermediate station (mini hub or parcel machine). 
Example 5 describes the most complex case, where a transhipment is required due 
to the range of the drone, in, which case the delivery is split into two (or more) 
stages.

It is also important to define how the goods are loaded onto the drone when 
examining their supply chains. In line with goods protection considerations, three 
possible solutions can be seen: the drone has its own container; the drone carries 
a separate delivery unit, into, which the goods can be placed; or the drone delivers 
the enclosed delivery unit. Accordingly, the loading, which will play a key role in 
the supply chain, can be done in three ways: picking up a special standard unit 
automatically; placing a special standard unit manually; or placing a non-standard 
unit (e.g., bag, box) manually. It is important to note here that non-standard units 
can be a serious problem because they are not symmetrical, so drone the drone 
balance can be questionable (and the correctness of the load fixing will be important 
for the same reason).
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In drone supply chains, it is worth looking at the sender and receiver locations, 
transhipment points, and urban areas affected by the flight. The sender and receiver 
locations can be CSDLs of different types, simple stores in simple urban zones, 
households, and parcel machines. As automatic docking of parcel machines is not 
expected to become widespread soon, in their case drone mini hubs will be used 
as well, and all other urban areas will have their own drone mini hubs. These areas 
will ensure that drones can take off and land in a controlled environment, away from 
other traffic, and in compliance with safety regulations.

Basically, there are two main elements of the drone supply chains: the drone mini 
hubs and the urban areas involved in the flight. In the case of drone mini hubs, the 
logistics infrastructure needs to be built for drones. These facilities will essentially 
have the classic cross docking functions, with specialized infrastructure for drones. 
An important question is where these mini hubs can be located, as drones will need 
to be able to fly in and out of them. This may be problematic for CSDLs with closed 
infrastructure, as these typically have logistics facilities underground, and it may not 
be possible to fly into them. In the case of flat roofs, it may be more appropriate 
to place the drone mini hub on the roof, but in the case of older buildings, such as 
gable-roofed markets or halls, a special platform is needed on the roof, or the mini 
hub could be placed in the street, parking area, or loading area next to the building.

In relation to the urban area affected by the flight, it is important to highlight the 
examination of the new legislative EU framework, but the development of procedures 
for the deliveries is still ongoing. Among the critical legal issues to be highlighted 
are autonomous operation and surveillance, which will have to be effectively 
implemented in the case of a bigger number of drones, and airspace use issues are 
important as well. There are also critical factors to be considered in terms of drone 
technology: the fixing of the delivery units, wind, turbulence during take-off and 
landing, and near walls must be examined too, avoidance of other drones must be a 
priority, but avoidance of other objects (e.g., trees, wires) is also critical. In addition 
to these, flight control issues will also be important, as a dedicated air traffic control 
system is needed, linking it to the traditional air traffic control, as, for example, urban 
delivery drones may cross paths with rescue helicopters. In addition, there will also 

Figure 11. Typical drone supply chains in the city logistics 
system of the CSDLs
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be a need to manage take-off and landing, route determination, avoidance of special 
urban areas, and the possible waiting before landing.

In the next step of the research, it will be essential to examine the development of 
the drone mini hubs. As a first step, we defined the functional areas of the drone 
mini hubs, as shown in Figure 12. A docking area for loading, unloading, and charging 
for the delivery drones will be essential. There will also be an operational area 
and a temporary storage area to handle the delivery units. If manual handling of 
packages or handling of other delivery vehicles is required, there will also need to be 
an operational area for these, and docking, loading facilities, and waiting areas for 
the other vehicles will be required too. A suitable waiting area for drones will need 
to be designated in the air. There should also be various facilities for the package 
handling, where necessary: a parcel machine, a parcel pick-up point, and even drive-
through parcel drop-off and pick-up facilities can be required. In the next steps of our 
research, we will plan this concept in detail.

Figure 12. Functional areas of the drone mini hubs

It will be important as well to model and simulate the developed concepts. We will 
need to precisely identify the markets for urban drone deliveries, too, considering 
every aspect; for this, a multicriteria ranking model can be a good way, which could 
help to identify the break-out points where the developments can be initiated.

CONCLUSION

In our paper, we examined how drones could be integrated into the city logistics 
system of the urban concentrated sets of delivery locations, for, which delivery 
tasks these devices could be suitable for inclusion in the delivery tasks based on 
the volumes of goods and range, how many drones would be needed, and what 
are the critical points in the drone supply chains. In the first part of our paper, we 
described the types of urban delivery locations, the existing drone delivery solutions, 
and the related research directions. Next, we used data from more than 600 stores 
in CSDLs from Budapest to examine, which delivery transactions could be suitable 
for drones. For supplier deliveries, drones could be used in some urgent cases; in the 
case of deliveries between stores and home deliveries, a significant proportion could 
be handled by drones. Based on these results, we added drones to our previously 
developed city logistics system concepts and defined the optimal size of the drone 
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fleet in the examined system. Then, we described the drone supply chains to be 
investigated, explaining the concept of drone mini hubs, as well as the main elements 
of the drone supply chains and the critical points. The primary outcome of our 
research is the definition of the developed system concepts using delivery drones in 
the city logistics system of CSDLs, and the investigation of their supply chain. 
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Abstract Higher market-share of electric cars can be facilitated by several 
incentives. Our aim was to elaborate a cost model and a calculation method 
for total cost of ownership (TCO) pertaining to electric vehicles (EVs), 
as well as an information application, to support new vehicle purchase. 
Purchase, operation, maintenance, and other cost elements were 
considered. Based on this method, we developed an information application 
for customers and other stakeholders. Thus, several vehicle types and 
operational cases may be compared based on specific and aggregated costs. 
Findings and Originality: We found that question as ‘Under what operating 
conditions is it worth to buy an EV?’ can be answered by our calculation 
method. Customers’ most typical questions, as ‘Which vehicle type’s TCO 
is the most favourable?’ and ‘How much less emission do EVs produce?’, 
can be also answered. We found that above app. 21000 km/year covered 
distance it is worth to buy an ‘average’ EV with general features for private use.
Our results substantiate further research activities and practical applications. 
During the research, the novelty and quick development of the EV 
technology (e.g., lacking operational experiences), the availability, dynamism 
and reliability of data, and the forecast of cost elements (e.g., future 
depreciation or specific energy costs) were the most relevant challenges.
Consumers and companies may use our decision support tool. We are going to address 
the following issues: support company fleet purchase, investigation of typical vehicle 
types, estimation of maintenance and repair costs, sensitivity analysis of variables.
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INTRODUCTION

Operation of electric road vehicles differs from that of conventional ones. It implies 
novel decision-making situations for users and other stakeholders of electromobility 
system. At Department of Transportation Technology and Economics in Budapest 
University of Technology and Economics (BME), we have been performing research 
with wide scope regarding planning and operation of transportation systems based 
on electric vehicles for many years and provide scientific solutions, which are well 
applicable in practice too.

Price of electric cars are still rather high. All cost elements, their correspondences, 
their values, and future changes are not transparent for and known by users. 
Accordingly, they make non-rational decisions in many cases. Further hurdle, that 
impacts of technological development cannot be clearly forecasted. Therefore, 
beside purchase price, the Total Cost of Ownership (TCO) is also to be investigated. 
Our research objective is to elaborate a cost calculation method to facilitate spread 
of electromobility and aid users’ decisions, as well as to develop a user-friendly 
information application.

LITERATURE REVIEW

Market of electric cars are influenced by both costs and incentives. We have 
summarized literature results accordingly.

Total cost of ownership

Literature pertaining to TCO deals mainly with calculation of costs and CO2 emission. 
Besides, user preferences are investigated and forecasts regarding future vehicle 
market shares are provided in several research papers. Spatial validity and forecast 
time horizons are various in these papers. The most detailed research results are 
available for the USA, European Union, Germany, UK, France, the Netherlands, 
and Norway. In general, timespan 2030-2050 is applied in forecasts. Most of the 
studies focus on passenger cars; vans are mentioned only in some cases. Number 
(and size) of vehicle types varies between 1 and 6 (e.g., small, compact, medium, 
executive, SUV, minivan); while number of usage types is typically 3 according to 
rate of urban and long-distance travels. Generally, the following propulsion modes 
are involved in the investigations: Internal Combustion Engine Vehicle (ICEV), Hybrid 
Electric Vehicle (HEV), Plug-in Hybrid Electric Vehicle (PHEV), Battery Electric Vehicle 
(BEV) and Fuel Cell Electric Vehicle (FCEV). During emission calculation, the wider, so 
called Well-To-Wheel (WTW) approach is more common; but the narrower, so called 
Tank-To-Wheel (TTW) approaches are also often applied. In the case of emphasizing 
sustainability, external cost elements are also to be involved into the cost model. 
In consumer-oriented total cost of ownership (TCOC) calculations the latter ones 
are not considered. Cost models to support decisions of vehicle manufacturers are 
related to consumer models through purchase price.
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Value of TCO is influenced by many (app. 30-40) factors either directly or indirectly, 
having impact with different strengths [1]. Besides, future values of cost elements 
may be calculated only with significant uncertainties. Therefore, scenarios are 
created in many cases and the total cost is derived from the parameters fixed in 
them. The scenarios are typically determined according to maturity of EV market; 
namely, rate of EVs within newly purchased vehicles. For instance, it has been stated 
that vehicle purchase promotions significantly facilitate market share increase of EVs 
according to market model based on the Germany, 2030 scenario [2].

Environmental and health impacts caused by shift from combustion engine powered 
vehicles to EVs were assessed as external costs using the ExternE method [3]. In this 
Europe-wide research, the different raw-materials and the technological features of 
energy generation were also considered, which vary country to country and change 
time by time.

Profit rate of car manufacturers is usually underestimated in the TCO-related 
literature, while they are aiming at payback of their investments. Consequently, TCO 
of EVs is expectedly not significantly lower than that of ICEVs. It also means that some 
measures should be applied to increase TCO of ICEVs (e.g., introduction of new taxes) 
[4]. Additionally, several prohibitions and restrictions with various spatial, temporal 
etc. extent can be applied for conventional vehicles to lessen their popularity.

One part of the applied models is based on so-called techno-economic approach. 
In these models, technological correspondences are validated using results coming 
from measurements performed under real driving conditions. The cost calculation 
uses these correspondences. In this way, more reliable values can be calculated than 
in the case of TCO models based on theoretical values provided by car manufacturers, 
as theoretical values differ from real ones, because they usually slightly tend towards 
combustion engine cars. Besides, it was also found that effect of economic variables 
on TCO is more significant than that of technical ones [5].

TCO calculations regarding vehicles with hydrogen fuel cells have several peculiarities, 
which is the consequence of the new and specific technology and its less matured 
characteristics. Further difficulty, that only little experience, as well as few operational 
and usage data are available. These TCO models also contain complex forecasting 
procedures to determine values of cost elements. It is one of the peculiarities that 
travel cost to the nearest charging facility is also considered, as the charging network 
is significantly rarer in the case of this new technology. Furthermore, calculation of 
maintenance and repair costs is more difficult (e.g., failure rates are considered), as 
well as specific costs of energy resources are to be forecasted only with uncertainties 
[6].

Cost calculations consider total life cycle of vehicles only in some cases. Therefore, 
in some studies, life cycle cost models were elaborated that include indirect costs 
(externalities), emission values (e.g., global, and local air pollution) etc. These models 
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can be applied in the case of several vehicle technologies and fuels; both analyses 
and comparisons can be produced. These calculation results significantly contribute 
to the more efficient decisions and measures [7]. 

Incentives

Literature regarding incentives answer the questions that, which measures can 
facilitate and accelerate shift from conventional vehicles to EVs and related energy 
management solutions (e.g., vehicle to grid technology) and, which impacts are 
expected accordingly. Incentives can be categorized as monetary and non-monetary 
incentives. Several incentives facilitate higher EV market share through impact on 
TCO.

It was found in many studies, that high purchase price does not hold back growth 
of market share in the case of most hybrid vehicles, while significant subsidization is 
needed to increase competitiveness of plug-in hybrid and pure battery EVs [8].

Questionnaire surveys and deep interviews are widely used to identify incentives 
and estimate their impacts. For the latter case, transport, and energetics experts, 
as well as decision makers are involved usually. Analyses show that views and 
opinions regarding measures’ advantages and disadvantages often significantly vary 
according to countries, regions, and cities, as well as maturity of EV market. It is 
stated that stabile and consistently managed target values and purchase discounts 
are needed in each country, which are to be combined with campaigns to enhance 
consciousness [9]. The national measures may be supplemented by regional or 
local incentives. Analyses of cities cover building regulations, facilities to connect 
to the energy network, issues related to social equity etc. in the context of EVs. It 
was found that significant differences can be observed regarding urban incentives 
from the lack of regulatory tools to very detailed and extended regulations. More 
emphasis is placed on incentives related to urban vehicle fleets, while less attention 
is paid to building regulations [10]. Not only the advantages and challenges of EVs 
were identified according to the respondents’ answers in questionnaire survey, but 
the typical knowledge gaps and misbelieves were also revealed among the potential 
users. For example, users often do not know the exact environmental benefits 
because the lack of transparency due to varying energy-mix country by country.

STATE OF ELECTROMOBILITY

The most relevant indicators to characterize state of electromobility of certain 
countries (regions) are:

• number and rate of different EV types sold in the given period,

• size, composition, and attributes of EV fleet,

• extension and characteristics of charging facility network (spatial coverage, 
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quantity, power, capacity, tariff, standardization),

• characteristics of information system and services aiding electromobility,

• existence of political targets, governmental subsidies, and incentives.

Price of EVs decreased significantly in the last years, while the new models are getting 
to be more and more developed and equipped and the manufacturers provide longer 
and wider guarantee. Quick spread of electromobility is only possible if consumers 
accept the new technology and make rational monetary decisions.

COST MODEL

The following model limitations were applied:

• The cost calculation may be performed for new vehicles for a maximum period 
of 15 years.

• The average fuel and electric energy prices over a period were considered. 

• Car amortization is a function of time and mileage. Vehicle categories were not 
considered.

• Obligatory tax and fees were determined based on the Hungarian legislation.

• The car is sold at the end of the investigated period. The selling price is the 
original purchase price minus amortization.

The cost model is summarized in Figure 1.

Figure 1. Cost model
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Input data were categorized into the following groups:

• Variables: the user may modify them.

• Model parameters: stable values that are may be modified by the operator. 
Model parameter values may be reviewed periodically.

Variables

To support manual data entry, some variable values are stored in databases. For 
instance, the attributes of an electric car may be stored in a database. The variables 
related to car purchase, maintenance and use are summarized in Table 1. The 
variables covering energy consumption, charging and pollution are given in Table 2.

Cat. Sign Name

Pu
rc

ha
se

B Battery capacity

Cv Purchase price

I Highest own contribution, regardless of the purchase price

P Power

r % Interest

APR APR of a loan

TAPR Loan maturity

T0 Ownership period

M
ai

nt
en

an
ce

CCASCO Annual fee of CASCO insurance

CITP Annual fee of third-party liability insurance

CSE Cost of planned service

CST Cost of summer tyre set

CWT Cost of winter tyre set

C12V Cost of 12V car battery

fM Frequency of planned service

TST Expected lifetime of a summer tyre set

TWT Expected lifetime of a winter tyre set

T12V Expected lifetime of a 12V car battery

U
se

CP Parking cost

CR Road toll

M Annual mileage

rE,L Share of electric drivetrain on highways

rE,M Share of electric drivetrain on main roads

rE,S Share of electric drivetrain in urban areas

rT,L Share of highway use based on mileage

rT,M Share of main road use based on mileage

rT,S Share of urban road use based on mileage

Table 1. Model variables – purchase, maintenance, use
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We considered road toll; however, drivetrain dependent road toll is not typical, but 
it may be introduced in the future. The following road categories were distinguished 
from the point of car use:

• highway,

• main road, and

• urban road.

The share of road use per category is based on the mileage. The share of electric 
drivetrain use (rE,x), electric energy and fuel consumption (cE,x and cF,y), and pollution 
(eE,x) may be different for each road category.

Cat. Sign Name

En
er

gy
 c

on
su

m
pti

on cE,L Electric energy consumption on highways

cF,M Electric energy consumption on main roads

cE,S Electric energy consumption on urban roads

cF,L Fuel consumption on highways

cF,M Fuel consumption on main roads

cF,S Fuel consumption on urban roads

CCH,H Cost of home charging

CCH,W Cost of charging at workplace

CCH,AC Cost of public charging at non-free normal chargers

CCH,DC Cost of public charging at non-free superchargers

CCH,O Cost of charging at other non-free locations

CF Fuel cost

rCH,H Share of home charging based on charged energy

rCH,W Share of charging at workplace based on charged energy

rCH,AC Share of public charging at non-free normal chargers based on charged 
energy

rCH,DC Share of public charging at non-free superchargers based on charged 
energy

rCH,O Share of charging at other non-free locations based on charged energy

rCH,FREE Share of free charging based on charged energy

Po
llu

tio
n

eCH,H Emission intensity of home charging

eCH,W Emission intensity of charging at workplace

eCH,O Emission intensity of charging at other non-free locations

eCH,FREE Emission intensity of free charging

eE,L Emission intensity on highways 

eF,M Emission intensity on main roads 

eE,S Emission intensity on urban roads 

Table 2. Model variables – energy consumption, charging, 
pollution



Bálint Csonka, Csaba Csiszár, Dávid Földes
Total Cost of Ownership Model Development for Electric Cars 150 

The share of the electric drivetrain is 0 % for conventional cars, 100 % for pure electric 
cars and between 0 and 100 % for plug-in hybrid cars. The following charging station 
location types were distinguished:

• home,

• workplace,

• public non-free, normal charger,

• public non-free, supercharger,

• other non-free public,

• free charging.

The share of charging per location type is based on the charged energy. The cost of 
charging (CCH,x) and the emission intensity of electricity generation (eCH,x) may be 
different for each charging station location type.

The following databases support the manual data entry:

• Car type: the following variables may be given per car type: B, CV, P, F, rE,i, cE,j, 
cF,k, eF,l.

• Car use profile: the following profiles may be given per car use profile: M, rT,x.

• Electric car charging profile: the following variables may be given per charging 
profile: rCH,y.

The set of variables were indicated using general indexes in subscript. For instance, 
rE,i indicates the share of electric drivetrain on highways (rE,L), main roads (rE,M) and 
urban roads (rE,S). Based on the literature review and previous surveys, we determined 
car use (Table 3) and electric car charging profiles (Table 4). The car use profiles differ 
on the mileage and the share of road category use. We considered that the access to 
private charging and car use effect significantly the charging behavior. Therefore, the 
following electric car charging profiles were determined:

• charging at home is typical,

• short journeys, charging at the destination is typical,

• long journeys, charging interrupting journeys is typical.
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Furthermore, default values and the integration of existing calculators, such as loan 
and insurance cost calculators, may also support the manual data entry.

Model parameters

The amortisation was recorded as a time and mileage-dependent parameter (Table 
5). Above-average mileage increases amortisation, and lower than average mileage 
decreases it. The amortisation rate and average mileage were based on conventional 
car use. The amortisation rate is the value loss compared to the original purchase 
price.

Obligatory tax, fee and cost elements regulated by legislation were recorded as 
parameters. Parameters related to battery degradation and pollution are summarized 
in Table 6.

Table 3. Car use profiles

Variable Urban traveller Commuter Travelling 
salesman

M [km] 13000 19000 25000

rT,L

[ %]

10 25 60

rT,M 10 25 20

rT,S 80 50 20

Table 4. Electric car charging profiles

Variable Home Destination En-route
rCH,H

[ %]

70 0 0
rCH,W 0 0 0
rCH,AC 5 65 25
rCH,DC 10 20 70
rCH,O 0 0 0

rCH,FREE 15 15 5
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Cost model

The cost model supports decision making through the following outputs:

• TCO calculation.

• Battery capacity and range calculation.

• Environmental effect calculation.

The cost elements are categorised into the following groups: 

• Purchase: amortisation, loan, and losing capital income because of vehicle 
purchase.

Table 5. Amortization parameters

Parameter Value
Value loss in the 1st year 30 %
Value loss in the 2nd year 15 %
Value loss in the 3rd year 10 %
Annual value loss between 
4th and 6th year 4 %
Annual value loss between
 7th and 10th year 3 %
Annual value loss between
 11th and 15th year 2 %
Average mileage 15 000 km
Above-average mileage correction 0,5 %/5000 km
Lower than average mileage correction 0,3 %/5000 km 

Table 6. Battery degradation and pollution parameters

Parameter Value
Emission intensity of battery manufacturing 120 kgCO2eq /kWh
Battery capacity degradation 3 %/100 charges
Average used battery capacity 60 %
Efficient battery capacity for range calculation 90 %
Emission intensity of electricity generation at 
public non-free normal and superchargers 200 gCO2eq /kWh

Energy content of petrol 8,7 kWh/litre
Energy content of diesel 9,9 kWh/litre
CO2 absorption of a tree 22 kg/year
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• Maintenance: insurance, planned service, tax, and obligatory costs.

• Use: parking fee, road toll, and energy cost. 

We assumed that the purchase price includes the cost of one summer tyre set. 
Planned service may depend on time and mileage. Thus, service is partly related to 
car use because above-average mileage may increase service costs. We applied a 
simplification and assigned the total service cost to the maintenance.

The TCO is the sum of purchase, maintenance and use related costs. We determined 
the TCO intensity based on time [€/month] and mileage [€/km] to support decision 
making. Namely, the TCO was divided by the number of months and mileage.

The remaining battery capacity is calculated according to eq. (1). We applied the 
battery capacity degradation (3 %/100 charging session) and the average used 
battery capacity (60 %) parameters.

         (1)

Where B' is remaining battery capacity, and E'E is total charged energy during the 
investigated period. 

A range is calculated based on the remaining battery capacity and energy consumption, 
assuming a 90 % battery capacity utilisation.

The pollution was determined considering the emission of battery manufacturing, 
electricity generation and fuel consumption. Recycling and reuse (in static energy 
storage systems) of batteries were not considered because they may not increase 
the emission of battery manufacturing in the long term. Furthermore, we estimated 
the number of trees that may eliminate the environmental effects of vehicle use.

CASE STUDY

Theoretical conventional petrol, plug-in hybrid, and pure battery electric vehicles 
were compared based on the cost model. The vehicle characteristics are summarized 
in Table 7.
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The estimated annual planned service fee of a conventional petrol car was 275 €. The 
planned service fees of plug-in hybrid and pure electric battery cars were estimated 
based on our experiences. The commuter car use profile and home charging profile 
were selected. The cost of charging and emission intensity of electricity generation 
are summarised in Table 8. We assumed that local renewable power generation at 
home (e.g., solar panels) might reduce the cost of charging at home. We applied the 
typical Hungarian electricity prices and emission intensity (electricitymap.org).

The highest own contribution was 27 800 €. The APR and loan maturity were 5,75 
% and 60 months, respectively. We assumed the customer does not invest the 
remaining own contribution after the purchase. The total annual insurance cost was 
830€ for each car. The cost of summer and winter tyre set, and car battery were 235 
€, 210 € and 95 €, respectively.

Table 7. Vehicle characteristics

Variable Petrol Plug-in hybrid Electric
B 0 15 40

CV 22 200 26 400 33 300

P 100 100 100

rE,L 0 10 100

rE,M 0 25 100

rE,S 0 90 100

cE,L 0 24 23

cE,M 0 18 19

cE,S 0 15 16

cF,L 7 7 0

cF,M 6 5,5 0

cF,S 7 3 0

eF,L 150 155 0

eF,M 130 110 0

eF,S 150 60 0

CSE 275 250 165

fM 1 1 1
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The estimated lifetime of a tyre set, and car battery were 7 and 8 years. The monthly 
parking cost was 8 € for the petrol car, and 0 € for plug-in and pure electric cars. 
The annual road toll was 125 € for each car. The cost of petrol was 1,25 €. The TCO 
analysis was performed for 5- and 10-year long periods.

RESULTS AND DISCUSSION

The purchase, maintenance, and use related costs are given in Figure 2.

Table 8. Charging cost and emission intensity of electricity 
generation

Location type CCH,x [€/kWh] eCH,x [gCO2eq/kWh]
Home 0,028 45
Workplace 0 200
Public non-free, normal charger 0,375 200
Public non-free, supercharger 0,375 200
Other non-free 0,42 200
Free charging 0 200

Figure 2. Total cost of ownership after 5 and 10 years

The purchase cost is different after 5 and 10 years because of the amortisation. It 
was noted that the plug-in hybrid car has the lowest TCO for both periods. However, 
the car use behaviour and access to the charging infrastructure may significantly 
influence the result. For a 5-year long period, the conventional petrol car is 25 % 
more expensive than the plug-in hybrid. Despite the significantly higher purchase 
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cost of pure electric battery cars, there is no significant difference between petrol 
and pure electric battery cars. In the case of a petrol car, it was noted that only 
half of the TCO is the purchase cost. After 10 years, the TCO of the petrol car is 35 
% and 15 % higher than the TCO of plug-in hybrid and pure electric battery cars. In 
other words, the higher purchase cost of electric cars may pay off after 5 years. The 
pure electric battery car is more expensive than the plug-in hybrid car because of 
the lower purchase and use related costs. The higher share of urban road use may 
decrease the TCO of pure electric battery cars. Accordingly, a pure electric battery 
car fits urban use, and a plug-in hybrid car is suitable for regular commuting. For long 
journeys, the conventional petrol car may be the most suitable. Further results are 
summarized in Table 9.

Table 9. Main results 

After 5 years After 10 years

Petrol Plug-in 
hybrid Electric Petrol Plug-in 

hybrid Electric

Amortization [1000 €] 14,45 17,2 21,7 18,45 21,9 27,7

Mileage based TCO intensity [€/
km] ,32 ,26 ,31 ,26 ,19 ,23

Remaining battery capacity [kWh] 0 11 31 0 8 23

Pollution [eqCO2t] 14 8 6 28 14 8

The TCO intensity of cars is between 0,26-0,32 €/km after 5 years, and between 
0,19-0,26 after 10 years. Namely, the extended operation of cars decreases the 
TCO intensity. It was noted that the remaining battery capacity is 77 % and 57 % 
after 5 and 10 years. The pollution of the conventional car was the greatest, and 
the pollution of the pure electric battery car was the lowest for both periods. 
Namely, the low pollution of electricity generation may eliminate the pollution of 
battery manufacturing after 5 years. After 10 years, the pollution of the petrol car is 
approximately three times higher than the pollution of the pure electric battery car 
and double of the plug-in hybrid car’s pollution.

CONCLUSION

The developed cost model and cost comparison of drivetrains contribute to the 
literature in the field of electromobility and support decision making. Developing 
a future-proof cost model was the most significant challenge because of the rapid 
technology development and the complexity of electromobility systems. 

According to our results, pure electric battery cars are the best fur urban roads, plug-
in hybrid cars fit commuting, and conventional petrol cars are suitable for frequent 
long journeys from the TCO point of view. It was noted that the low emission intensity 
of electricity generation could outweigh the emission of battery manufacturing in 5 
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years. Since electric cars are not widespread yet, we lack information on the service 
and amortisation. Furthermore, the oil price significantly fluctuates and increases, 
which influences the pay-off of electric cars. Therefore, the reliability of the cost 
model may be improved by updating the parameters in the future. 

We plan to extend the cost model to fleet cars and analyse the effect of charging 
infrastructure, electricity network and car use profile on the TCO. Additionally, we 
are going to involve alternative drivetrains (e.g., hydrogen) and vehicle types (e.g., 
bus, truck).
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INTRODUCTION

A business model (BM) is a framework in, which the necessary elements to deliver 
a product or service are identified, mainly the value proposition, customer, product, 
and resources. Additionally, elements that create value to the company itself, such 
as revenues and costs are also investigated. As it is more focused on the customer, 
it is a starting point to define the strategy, organizational structure, and business 
planning in order to overcome competitors [1]. They are used to attract investors 
and anticipate possible expenses, exploring viable opportunities for future business 
development.

The use of autonomous vehicles (AVs) has the potential to transform urban 
mobility. In 2040, AV-based mobility services are expected to travel about 55 % of 
total passenger-kilometers [2]. Despite this positive scenario, how BMs for shared 
mobility will perform in the long run is uncertain and the uncertainty is higher when 
assuming the insertion of a disruptive technology, such as AVs. In other words, 
studies investigating the impacts on BMs caused by the implementation of AVs are 
limited; for mobility service, a BM of autonomous taxis has been already analyzed 
using Lean Canvas [3].

Even though AVs can disrupt the definitions of shared mobility modes and current 
BMs [4][5], examining the changes in BMs of shared mobility service companies with 
the use of AVs is scarce. This research addresses this gap by proposing a BM for 
mobility services based on shared autonomous vehicles (SAVs) in order to forecast 
the changes and opportunities for the potential key stakeholders. It presents a 
definition and a qualitative description of the new service. Our research questions 
are: "How do BMs for shared mobility change with the implementation of AVs?" and 
"Is it possible to create a general BM for mobility services based on SAVs?".

The proposed mobility service based on SAVs operates in urban areas as a door-to-
door service in, which vehicles, with highest automation level, and seats are shared 
among users. The service is provided by integrating the mobility service providers, 
vehicle and infrastructure operators. The vehicles, with a capacity of app. 4-9 persons, 
can be owned by vehicle operators or granted to the service by private owners. As 
a limitation public transport and micromobility are not considered as competing 
transport modes to the service proposed.

The paper is structured as follows: the literature is reviewed in is the next section; 
the service description of the mobility service based on SAVs and considerations 
during the elaboration of the BM are detailed in "Mobility Service based on Shared 
Autonomous Vehicles"; the proposed BM using the Lean Canvas approach is described 
and discussed in "The General Business Model for SAV services"; and conclusions are 
drawn in the last section.
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LITERATURE REVIEW

Shared on-demand mobility services provide a travel experience that combines the 
advantages of private vehicles with those of the collective transport. For instance, the 
traveler can enjoy the privacy and comfort of a private trip without being concerned 
with parking costs [6].

The most common shared on-demand mobility services based on cars are: 1) car-
sharing, a car is shared between people in different trips. The vehicle and drivers are 
charged for the usage time and the distance covered [7]; 2) taxi, providing short rides 
between origin and destination without sharing the vehicle. Drivers usually are the 
owner of the car, members of a cooperative or hired by a company; 3) ride-sourcing, 
similar as taxi service; lower fares and less regulated than taxi service; matching 
riders with the nearby drivers who are car owners, and [8]; 4) usually travelling 
long distances; drivers want to share trip costs. Drivers and passengers can directly 
interact with one another, arranging schedule, pick-up points and shared costs [9]; 
5) car rental is similar to car-sharing, but offers daily car rentals with pre-determined 
locations for picking the cars up and limited by working hours.

Car-sharing and ride-sourcing services are usually based on smartphone application; 
the operational tasks are automatized; however, traditional taxi services are 
developing similar application to automatize their tasks.

BMs have been applied to shared and innovative mobility services, being classified 
into three categories. Business-to-consumer (B2C) BMs are commercially oriented 
and tend to operate internationally. The price is set by the mobility sharing platform 
(business), usually applying location-based and access-based price discrimination. 
Transaction fees, subscription fees, usage fees, and fines are the most dominant 
revenue streams. Despite the similarities, in peer-to-peer (P2P) mobility sharing 
platforms, a review system of users is presented and resource owners (peers) are the 
providers of products/services instead of a company. The price is set by the resource 
owner; there is a feature-based price discrimination, and a subscription fee is not 
common [10]. The business-to-business (B2B) is similar to B2C too, differing that 
the exchange of goods and services takes place between two or more businesses. 
Regarding shared mobility services, B2C BM can be applied to all the 5 services, P2P 
is typical for car-sharing and ride- sharing services, and B2B could occur in taxi, car 
rental and car-sharing services.

As shared on-demand mobility services usually offer flexible, convenient, accessible, 
and sustainable transport but only a single option of transport mode, it is predictable 
that Mobility as a Service (MaaS) will incorporate them in the future [11]. MaaS 
proposes a combination of all mobility service providers’ offers in one digital 
platform, establishing multimodal and seamless transport services [12]. For this 
reason, BMs for MaaS have a wide range of key partners, customers and revenue 
streams, requiring an extensive development and provision of interoperable and 
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integrated services. In the reseller BM, one interface combines multiple services from 
various transport service providers whereas in the integrator BM both traditional 
and additional transport services are offered via a mobile service provider, which 
grants mobile ticketing and a payment interface [13]. Consequently, the end-to-end 
customer experience is enhanced, and a customized mobility package based on data 
analysis can be suggested [6].

Mobility services based on AVs will be innovative due to the use of new technology. 
To introduce AV-based services, BMs should be formulated capitalizing novel and 
altering features; for instance, integrating AVs use with high-capacity transit systems, 
increasing vehicle occupancy levels, and encouraging multimodality [14].

Furthermore, the convergence of some BMs for shared mobility services is expected 
when the AVs becomes popular [5]. For example, car-sharing, taxi and ride- sourcing 
will be very similar services if using AVs. As AVs could pick users up, car-sharing 
services with AVs will be akin to the current ride-sourcing services [3]. Hence, it is 
foreseen that two BMs with AVs will shape the future of transportation: a private 
ownership model and a sharing model (i.e., SAVs) where car-sharing and taxi/ride-
sharing companies offer on-demand mobility services [14].

In addition, due to the rapid development of AVs technology, fast obsolescence 
and growing cost are expected, which imply a significant reduction in private car 
ownership and high demand for AV-based mobility services [15]. The dismiss of a 
driver with AVs use encourages on-demand mobility services and allows for more 
novel BM possibilities [15][16]. Moreover, the owner and operator of the vehicles 
become the most important factors for BMs with SAVs [3].

As BMs are usually combined with a corporate strategy, the initial BM suffers 
modifications through continuous development [17]. To define the necessary 
modifications, the approaches align, adapt, and amplify can be used. Align refers to 
the ability of the BM aligns with the regime and not changing it. Adaptation occurs 
in order to re-align the value proposition with the regime, overcoming barriers to 
the business, which might result in a BM innovation. Companies amplify by seeking 
collaboration with key partners in the network, opening new business opportunities. 
As a consequence, adapting affects only the company while amplification may affect 
the whole niche [15]. Besides, BM diversifications aim to enhance competitiveness 
and performance by increasing the diversity and availability of the service; it can 
be used for creating a balance between demand and supply using various BMs 
altogether. As a result, business growth and profit are generated [12].

In conclusion, the main findings of the literature review are:

• Shared on-demand mobility services will be part of MaaS in the future.

• AVs will disrupt the definitions of the existing shared mobility services.
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• Modifications in business models are necessary to accommodate changes in 
the regime and/or users’ needs.

 MOBILITY SERVICE BASED ON SHARED AUTONOMOUS VEHICLES

The mobility service based on SAVs is an alternative to private car usage; users can 
share vehicles and seats on urban trips. The key stakeholders are the travelers, 
mobility service providers, vehicle owners and operators, traffic control operator, 
and in-vehicle service providers; they can be either public or private companies 
or individuals. They distribute functions among each other through partnerships, 
whereas the legal and economic conditions are recorded in contracts (e.g., bonus-
malus system, commission after travelled- kilometers). The operation is managed by 
integrated traffic control and operational centers.

The service is accessed via smartphone application, which offers high spatial and 
temporal flexibility (i.e., the user travels wherever and whenever s/he wants), 
personal and traffic safety, as well as reliability (e.g., more accurate expected time 
of arrival). Not only the traveler segments from the current shared mobility are 
attracted but also people without driving ability or license can use the service. Also, 
a complex and dynamic service fee is applied, where mainly the service, traveler 
attributes, the current demand and supply are considered besides many additional 
aspects (e.g., extra service elements – child seat).

The creation of the proposed BM was twofold. Firstly, the need for modifications in 
the BM of the current shared mobility services (e.g., taxi, ride-sourcing, car- sharing) 
caused by the implementation of AVs in the fleet has been investigated. After that, 
a general BM for SAV services has been developed using the Lean Canvas approach.

Current BMs for Shared Mobility Services

Existing literature describing the BMs of the current shared mobility services (e.g., 
[18][19][20][21]) use the BM Canvas developed by [22]. Alternatively, we have 
decided to use the Lean Canvas [23] because it focuses on understanding the 
problem that the business is trying to solve (i.e., problem), encourages simple ideas 
(i.e., solution), proposes key metrics to evaluate the business performance (i.e., 
key metrics), stimulates finding unique business characteristics (i.e., unique value 
proposition) that are extremely hard to replicate, hence, being more efficient for 
innovative solutions, such as AVs, and not yet well-established businesses [24]. The 
other items in the Lean Canvas are the same as in the BM Canvas: channels indicate 
the communication channels to target the audience; customer segments represent 
the possible customers to adhere to the service/product proposed; cost structure 
points out the variable and fix costs for the business; and revenue streams specify 
how revenues are achieved.

Based on the Lean Canvas items, similarities and differences between the current 
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BM for mobility service and the BM for the SAV services could be identified and 
analyzed.

 Modifications with SAVs

The mobility service based on SAVs offers all benefits already provided by the current 
shared mobility services, keeping or combining them with others. As a result of the 
implementation of AVs in the BMs, some elements are excluded, and new ones are 
created. For instance, the key metrics "number of peers" and "number of rental 
days" attributed to P2P car-sharing and car rental are included into the key metrics 
"fleet per capita" and "daily trips" in SAV services, respectively. Elements related 
to drivers are disregarded, such as the number of drivers and costs with drivers. 
The customized fee is the main element created for the new mobility service, which 
could merge elements from the revenue streams according to users’ requirements 
(e.g., extra services, subscription fee, travel fee).

The limitations of the model are: mixed fleet of conventional vehicles and AVs are 
disregarded; furthermore challenges in the transitional period, alteration in public 
transport and BMs of B2B car- sharing are not considered.

THE GENERAL BUSINESS MODEL FOR SAV SERVICES

The service providers coordinate the stakeholders involved in the service. There are 
strong partnerships between the fleet owners (company and individuals) due to 
mutual advantages; for instance, SAV service reduces fleet costs and private vehicle 
owners have an extra income. To provide a reliable and customized mobility service, 
more complex operational functions are required. However, customer independence 
and experience are enhanced. The SAV service can be incorporated into the MaaS 
concept, which establishes a bridge between the mobility service providers and the 
travelers, adding multimodality and ensuring the reliability, quality and affordability 
of the entire travel chain. The proposed BM for the mobility service based on SAVs is 
shown in Figure 1. A description of each item is followed.

Problem

Nowadays, car ownership (e.g., purchase, insurance, taxes) and operation (e.g., fuel, 
parking, maintenance, cleaning) are expensive. Besides, having a private vehicle is 
not efficient enough and not sustainable as its capacity is underutilized /a1/. On the 
other hand, travelers face some limitations of the transitional services /a2/, such 
as driving is exhausting, and commuting time is wasted. Besides that, individual 
car usage is not available for everyone /a3/, and many car accidents occur /a4/. 
Moreover, car usage causes increasing traffic jams and parking problem /a5/, as well 
as environmental pollution /a6/ in cities.
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The existing alternatives of private car use are the more flexible transitional shared 
services (e.g., taxi, car- sharing) /a8-12/. However, they have several spatial, temporal, 
and usage limitations.

Solution

As an innovative solution for the previous issues, our proposed mobility service based 
on SAVs is operated by service providers. Vehicles can be owned by the company, as 
well as provided by private or public owners through partnerships. The operation is 
integrated with the traffic control of AV fleets. A service fee /b1/ is charged according 
to customized travel fees and hired additional services attending users’ needs. The 
service offers high spatial and temporal availability /b2/ overcoming some limitations 
of the current mobility services: i) current taxi and ride- sourcing with pooling option 
are limited by the availability of a driver while the availability of the peer limits the 
P2P car-sharing service; ii) car rental has working hours as a limiting factor; iii) B2C 
car-sharing service is limited by coverage service area, parking and/or round-trip.

Figure 1. Lean Canvas of the mobility service based on SAVs
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In the future, taxi service and ride-sourcing do not exist anymore as the driver will 
not be fundamental during vehicle operation. As a consequence, they migrate to 
ride-sharing, rent a car, P2P and B2C car-sharing services. Ride-sharing and P2P 
models are expected to exist with AVs if the ride is shared with the car owner, and 
the service negotiation is done with the peer, respectively. Otherwise, they become 
part of the service proposed. For the B2C car-sharing model, occupancy can be single 
or multiple; the latter includes the shared option. Thus, all existing shared mobility 
services can be replaced by the service proposed.

Moreover, it is accessible to everyone /b3/ because a driver and driving ability will 
not be a limiting factor anymore. Also, safety and reliability /b4/ are provided to 
travelers as it is expected that the technology and connectivity will improve traffic 
conditions, make travels predictable, mitigate human errors, and promote a safe 
environment in cities. The service is accessed via smartphone application, which 
offers the share of vehicles and seats to travelers /b5/. As the adoption of sharing 
with multiple occupancies increases, fewer traffic jams, parking problems, and 
environmental pollution are expected. Nevertheless, the use of electric or hybrid 
vehicles in the service fleet tends to transform transportation into more sustainable 
one.

Unique Value Proposition

In the mobility service based on SAVs, travelers use and may share cars without 
owning them /d6/, which makes usership to value more than ownership /d1/. An 
affordable and sustainable service /d2/ is foreseen; users pay only a service fee, and 
the same car is used for more people than in private ownership, enhancing the use 
of resources /d7/.

Some companies may opt for a uniform fleet type (i.e., the same car type, brand) 
to guarantee discounts when purchasing vehicles, but the variety of the fleet /d3/ 
may also increase attractiveness. Accordingly, users’ various driving preferences and 
mobility needs might be tackled easily, broadening customer’s segments.

The use of AVs facilitates merging the transitional services /d8/ and, consequently, 
travelling whenever and wherever the user prefers /d4/ is possible. It is foreseen 
that AVs will be able to communicate with each other and the mobility management 
center that includes both operational control and traffic control tasks /d5/. 
Accordingly, travel times and the mobility service itself are predictable and reliable.

Unfair Advantage

With the availability of technology and innovative BM understanding, the high brand 
awareness /e1/ is the unfair advantage of competitors; as the brand’s recognition 
increases, so do the tendency of having more users and profitability. Additionally, 
the implementation of AVs enhances: i) traveler’s independence /e2/, mainly for the 
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ones without driving license (e.g., elderly, disabled people) as they will not depend 
on someone to drive them; ii) traveler’s privacy as the service is available through a 
platform, avoiding the contact with AV owners from the partnerships.

Strong partnerships /e3/ among stakeholders imply a competitive advantage in the 
mobility market. Creating partnerships with AV owners allows to attend the demand 
without purchasing new vehicles and to boost the capacity utilization of vehicles 
both in space and time /e4/, benefitting all parties.

Customer Segments

Depending on the benefits (e.g., usage fee) provided and the limitations (e.g., 
travelled distance, coverage area, round-trip and parking) imposed by the BM, many 
customer groups can be interested on the service; especially, the smartphone users 
/g1/ and urban travelers /g2/. For instance, without round-trip limitation, one-way 
travelers are benefitted; customers leasing a car or from car rental companies due to 
the availability of the last-minute booking option; individuals who cannot afford car 
ownership and current car-sharing users /g3/. Furthermore, young people, people 
with sharing economy, sustainability and technology awareness /g5-g7/ are the early 
adopters of the service. Younger and graduated travelers are more likely to shift 
from private vehicles to a SAV service [25][26]. Alternatively, non-drivers and elderly 
people, who would be the most likely group to benefit from SAVs, hold in general 
low levels of AVs acceptability [25]. That is why the service proposed is simple and 
reliable, being able to increase acceptability levels.

Moreover, private vehicle owners who want to earn money make their vehicles 
available for public use via the proposed mobility service. The SAV services may invite 
all current shared mobility service users, especially travelers without the driving 
ability, and with high-value travel time /g4/ due to the service reliability. Even though 
the mobility service based on SAVs does not focus on attracting public transport 
users, it can happen.

Key Metrics

The success of the business will be measured through the number of daily trips, 
daily distance covered, the number of active users, fleet per capita, daily empty- 
run distance, and service rating by users /c1-c6/. The number of partner’s vehicles 
provided to the service affects the fleet per capita, highlights the strength of 
partnerships and the probability of service expansion; thus, whether the service 
provided attends the variations in demand and purchasing new vehicles is necessary 
provides an important indicator of performance. Due to the flexibility of the service, 
the daily empty-run distance /c5/ should be monitored regarding impacts on 
operational costs and environment (e.g., energy wasting). The service rating by users 
/c6/ will show the service quality enhancement provided by AVs implementation.
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Channels

It is not expected that the means with, which SAV service companies communicate 
with possible customers change significantly from the current ones /f1-f3/. Though, 
the intensity of use of each channel may vary in the future, tending to an even more 
internet- or app-based approach than the current one.

Cost Structure

Costs with platform development and operation /h1/ will remain and an increase in 
costs generated by the development of info-communication system and its operation 
is foreseen. In order to provide a high quality of service, more intensive cooperation 
of operational and traffic control centers is required, demanding more complex 
operational functions. Alternatively, costs with personnel for customer service /h5/ 
and marketing /h6/ may be reduced with automation and high brand awareness.

Fleet purchase /h2/ and operation /h3/ are fundamental costs for the future service 
as they influence the service quality and demand attended. Infrastructure usage costs 
/h4/ (e.g., parking) vary according to the fleet usage and the incentives provided 
by the local government, such as free parking, subsidies on vehicle charging, tax 
exemptions and favorable policies. The support from the government is decisive 
to the BM of disruptive innovations; besides cost reductions, policies or incentives 
can make customers perceive a higher value of adopting new mobility services or 
technologies [6], as well as defining potential customer groups to reach profitability 
in the business model [27].

In the mobility service based on SAVs, personnel costs with reallocation are 
disregarded. Costs with cleaning and maintenance are minimized by automating the 
process. Although the establishment of partnerships brings a new cost, which can 
be called a service fee paid to the partner, reductions in the costs with parking and 
electric charging could be achieved as these activities will be paid by the car owner. 
A rise in legal costs /h7/ is expected to cope with regulations and establish a fruitful 
partnership with vehicle owners.

Revenue Streams

Current shared mobility service companies already diversify service fees (e.g., 
dynamic fees), applying subscription fees and usage fees or only charging the usage 
fees. Besides that, it is common to apply fines, which becomes another source of 
revenue. As high flexibility of the service is achieved with AVs use, a customized 
travel fee /i2/ is applied as the main element to increase revenue and attractiveness 
at the same time. In order to attend to users’ needs, the customized travel fee 
can be a combination of service options, such as temporal flexibility and on-board 
entertainment. Furthermore, a subscription fee /i1/ and fines /i3/ are kept.
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CONCLUSION

Adopting a new technology, such as AVs brings high level of uncertainty to shared 
mobility service providers. Therefore, prediction of impacts to the business caused 
by the implementation of AVs is necessary. In this way, the main contribution of this 
study is the development of a general business model for mobility services based on 
SAVs using the Lean Canvas approach. We considered the following key stakeholders: 
travelers, mobility service providers, vehicle owners and operators, traffic control 
operator, and in-vehicle service providers.

The key findings are:

• All existing shared mobility services can be replaced by the SAV-based service 
proposed.

• AVs provide a high level of temporal and spatial flexibility.

• Strong cooperation is to be established between service provider, vehicle 
operator and private vehicle owners.

Although forecasting the impacts in BMs was challenging as technology is not 
fully developed yet, we filled an essential research niche. Our results support the 
establishment of future mobility services based on SAVs and increase awareness of 
all stakeholders about future impacts on them.

In the future research, we focus on a detailed investigation of the alterations regarding 
each type of shared mobility service and investigate new ones, such as door-to-door 
or feeder with or without seat sharing.
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INTRODUCTION

Air pollution has become a critical threat to the environment, as well as a cause of 
serious threats to humans’ health. About 80 % of people in urban areas are exposed 
to air pollution exceeding the air quality standard value set by the World Health 
Organization (WHO), and even 98 % of cities in low-middle income countries and 56 % 
in high income countries do not meet the WHO guidelines [1]. Particulate matter with 
a diameter less than 10 µm (PM10) can cause serious health problems due to their small 
size. Particles of this type can penetrate deep into the lungs, and impose significant 
risks to the respiratory and cardiovascular systems [2]. Although the sensitivity of 
individuals may vary with their general health and age, high concentrations of PM10 
affect the whole population. According to the EU legislation [3], the concentration 
of PM10 particles should not exceed 50 µg/m3 more than 35 times in a year, while 
guidelines for protecting human health are even stricter, by recommending an 
annual mean value of 20 µg/m3 [4]. However, despite the successful legislation, a 
large part of Europe's and the World's population is unfortunately still breathing air 
with pollution levels that exceed the Air Quality Guidelines as defined by the WHO 
[5].

Coronaviruses are a diverse group of viruses infecting many different animals, and 
they can cause mild to severe respiratory infections in humans. In 2002 and 2012, 
respectively, two highly pathogenic coronaviruses with zoonotic origin, Severe 
Acute Respiratory Syndrome Coronavirus (SARS-CoV) and Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV), emerged in humans and caused fatal respiratory 
illness, making emerging coronaviruses a new public health concern in the twenty-
first century [6]. At the end of 2019 and at the beginning of 2020 the world was hit by 
the novel coronavirus designated as Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) [7, 8]. SARS-CoV-2 emerged in the city of Wuhan, China, and caused 
an outbreak of unusual viral pneumonia. Being a highly pathogenic, transmittable 
and invasive pneumococcal disease, this novel coronavirus disease 2019 (COVID-19), 
has spread fast all over the world [9, 10]. 

COVID-19 was first reported in Slovenia on March 4, 2020. Since then, to prevent its 
propagation, the Slovenian government declared a state of health emergency [11]. 
A set of rapid and strict countermeasures were taken, including locking down cities, 
limiting the population's mobility, and prohibiting almost all avoidable activities. 
Also, in March 2020, a world pandemic was declared by the WHO [12]. In that time, 
all Slovenian cities were locked down, and the majority of industrial and commercial 
activities were forced to stop their activities until further notice. The same restrictions 
were made for citizens; the authorities requested them to stay at home and not to 
leave it except for very specific reasons.

Due to all the mentioned restrictions, it was expected that the COVID-19 outbreak 
would play a significant role in air pollution, PM10 concentrations, in general, have 
influence on air quality. Bad air quality, especially PM10 particles, impose significant 
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risks to human health and the well-being of individuals in general [13]. In this paper, 
by processing, observing, and analysing traffic and air quality data acquired in the 
Maribor city centre before and during pandemic times, we show the influence 
of COVID-19 on PM10 concentrations in that part of the town. The acquired data 
were analysed using the visualisation and analytics tool for multi-dimensional data 
presented in [14]. From the obtained results we can suggest various adjustments 
and modifications in that part of town to reduce PM10 concentrations, and, thereby, 
improvement of health for the residents [15]. 

The remaining part of the paper is organised as follows. In Section 2, the related 
work is presented, while Section 3 contains a description of data capturing, data, 
and used methods. Section 4 presents the obtained results. The paper’s conclusion 
is given in the Section 5.

RELATED WORK

In recent months the interrelationship between COVID-19 and the environment has 
been an emerging research topic. There has been a flood of papers on the topic 
of COVID-19 in connection with environmental degradation, air pollution, climate/
meteorological factors and temperature [16]. Wang and Su reported significant 
reduction of air pollution due to full or partial lockdown in the short run, but the 
study does not support the reduction of greenhouse gas emissions (GHG) in the 
long run [17]. In [18] the authors present improvement of air quality, beaches, and 
reduced noise levels because of COVID-19, and GHG reduction in a shorter time 
period. Saadat et al. reported improvement of air and water quality worldwide, but, 
on the other hand, generation of a big amount of medical waste [19].

The authors in [20, 21] presented the significant influence of average and minimum 
temperatures, as well as the air quality on COVID-19 transmissions. Sahin presented 
a positive correlation between wind and COVID-19 cases in Turkey [22]. Qi et al. and 
Gupta et al. showed the notable negative influence of temperature and humidity on 
daily cases of COVID-19, while in the US, the prediction of COVID-19 transmissions 
by temperature and humidity is possible [23, 24]. Sobral et al. presented that those 
countries that have higher rainfall experienced an increase in COVID-19 transmissions 
[25]. 

Abdullah et al. found a significant influence of the movement control order in 
Malaysia on the reduction of particulate matters, especially PM2.5 [26]. Authors 
from Rio de Janeiro, Brazil, and Barcelona, Spain, reported CO reduction during the 
lockdown period, in parallel with the mentioned reduction, an NO2 and PM10 decrease 
also happened [27]. While CO, NO2, and PM10 has been decreased, O3 has been 
increased by more than 50 % during lockdown [28]. An air pollution reduction by 30 
% and mobility reduction by 90 % during COVID-19 lockdowns has been reported by 
Muhammad et al. [29]. In the major cities of central China, the source of the new 
SARS-CoV-2, the concentrations of PM2.5, PM10, SO2, CO, and NO2 reduced by 30,1 %, 
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40,5 %, 33,4 %, 27,9 % and 61,4 %, respectively, during the COVID-19 lockdown [30]. 
Moreover, Jain and Sharma stated that maximum reduction happened in the case of 
PM2,5 in most regions in India. The concentrations of PM2.5, PM10, and NO2 declined 
by 41 %, 52 % and 28 %, respectively, in six megacities in India [31].

METHODOLOGY

Data capturing

Data used in the presented study were acquired using a monitoring system that 
was established in 2013 as part of the PMinter project. The monitoring station was 
located in a street canyon in the Maribor, Slovenia, city centre (direction west-east, 
as shown in Fig. 1, around 6 m from the centre of the road (two lane road, one way 
street) [15].

Figure 1. Location of monitoring system in Maribor

Automatic monitoring accounted for PM10 concentrations, measured using laser 
aerosol spectrometry, a laser with a 660 nm wavelength, according to the EN 12341 
Standard. The device delivered particle counts in 31 size channels, and was able to 
conduct measurements in the range from 0,1 to 10 000 µg/m3. The data were gathered 
continuously from 01.01.2013, with the exception of short intervals (maximum 2-3 
weeks per year) due to the maintenance and calibration work conducted on the 
sensory system. Temporal resolution of the system was 1 minute on average [15].

Data

In addition to particulate matter (PM1, PM2.5, and PM10), the sensory system measured 
traffic data volume simultaneously using an induction loop installed within the 
roadway. The presence of a vehicle and its speed was measured using inductance 
footprints obtained with the inductive loop, and data were aggregated with 15 min 
temporal resolution (i.e., by counting the number of vehicles and estimating their 
average speed). Finally, the acquired data were combined with weather data using a 
1 hour temporal resolution. Weather data include measurements of wind direction, 
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atmospheric pressure, wind speed, rainfall, ambient temperature and relative 
humidity [15]. 

Analytics tool

Every empirical study requires proper data preparation for further examination 
and knowledge discovery. In the presented case, the data were structured in a 
spreadsheet, where each row represents an individual entry, which is treated as a 
multi-dimensional point, while the number of columns represents the dimension of 
a point. In that way, each measured value (from PM1 to relative humidity) serves as a 
separate dimension. In some cases, it is possible that data has too many dimensions. 
Dimensionality reduction using principal component analysis is performed in that 
case. To get only a small number of important dimensions, data were mapped to the 
new space, where we arranged the dimensions according to the maximal dispersion 
of data, from those with the largest to the smallest ones [32]. In the next, the 
final step of data preparation, the mapped data was clustered hierarchically into 
clusters on different levels [33]. Data prepared in just the described way is ready for 
visualisation and further analysis. In our case, more important than visualisation is 
the analytic tool, which includes a great number of statistics and metrics, filtering 
data by individual variables or their values, and calculation of their probability density 
function [14]. The results presented in the next section were obtained and extracted 
using just the described tool.

RESULTS

The results in the continuation have been produced on an AMD Ryzen 5 4500U with 
32 GB of main memory on Windows 10. The results shown in Fig. 2 represent the 
average monthly values from the beginning of 2013 till the end of 2020. We can see 
that there are no big deviations in PM10 concentrations in 2020, where two lockdown 
periods occurred in Maribor, and, in general, in Slovenia. The first lockdown period 
was from 12.03.2020 to 14.05.2020, and the second one started on 18.10.2020 and 
continued into 2021. In general, we can also see higher PM10 concentrations in the 
colder months, which is the result of more frequent use of heating systems (especially 
those powered by wood), and also a consequence of temperature inversions. They 
are one of the main reasons for the pollutions in Maribor [15]. From Fig. 2 we can 
also observe the descending trend in concentrations in the city of Maribor across the 
years. One of the reasons is global warming (higher winter temperatures), another 
one is more frequent use of electric cars and cars with lower exhaust emissions, bit 
there are also more and more houses with new-better thermal insulation and more 
efficient heating systems (also minor use due to better insulation).
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In Fig. 3 we can observe average monthly traffic volumes from the beginning of 
collecting data till the end of 2020. Unlike PM10 concentrations, Fig. 3 shows some 
deviations in 2020 in comparison to other years. There are two main reasons for such 
behaviour. On the one hand it is a consequence of COVID-19, and with it, connected 
lockdowns in the whole country. We can see lower values in April, March and also 
May, as an after effect of the first lockdown, and decreased values in October, 
November, and December due to the second lockdown. On the other hand, we have 
some months in 2020 with increased traffic volume, such as February and the whole 
time between both lockdowns. The reason behind those higher traffic volume values 
is the closure of Koroška cesta in the city centre of Maribor. Due to this closure the 
traffic was rearranged in the city of Maribor, and part of it was led past the PM10 
concentrations measuring station. By taking this fact into account, closure of the road 
also means more traffic in lockdowns near the measuring station and, consequently, 
higher PM10 values than they were without the road closure. As mentioned before, 
there are no outstanding average monthly values in PM10 concentrations in Fig. 2, but 
we observed lower traffic volumes in the lockdown months (Fig. 3). The difference 
comes because that, in the lockdown months, people stayed at home and produced 
more PM10 with heating systems (notably in the winter months). 

Figure 2. Average monthly PM10 concentrations (01.01.2013 – 
31.12.2020)
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Fig. 4 shows the PM10 concentrations only in the lockdown months. For the period 
from 2013 to 2019 the average value of average monthly concentrations was used, 
while, for the year 2020, the monthly average values were used. In all the observed 
lockdown months, the PM10 concentrations were lower than the seven-year average, 
but that does not mean that 2020 PM10 concentrations values are the lowest in the 
history of measurements in Maribor (this happened only for two months, February 
and October). The graph in Fig. 4 also confirms the already mentioned finding from 
Fig. 2, that there was a descending trend in PM10 concentrations in the city of Maribor.

Figure 3. Average monthly traffic volume (01.01.2013 – 
31.12.2020)

Figure 4. Average monthly PM10 concentrations during 
lockdown months in comparison to average monthly 

concentrations for the period from 2013 to 2019

CONCLUSION

The influence of COVID-19 on air quality, especially particulate matter, in the city of 
Maribor, Slovenia, is presented in this paper. By processing, analysing and investigating 
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the data captured from the beginning of 2013 till the end of 2020, we came to some 
conclusions in general, and, most important, in the last year of used data we found 
out the influence of COVID-19 on PM10 concentrations in the observed city:

• the trend of decreasing PM10 concentrations since the beginning of the 
measurements,

• warmer weather and mild winters in recent years means lower concentrations 
of PM10,

• the closure of Koroška cesta had a significant impact on the increased traffic past 
the measuring station,

• decreased PM10 concentrations during COVID-19 lockdowns.

According to the results the used visualisation and analytics tool are suitable for new 
in-depth research and knowledge discovery. Future directions of this work are aimed 
at extending of the measurements used in this research with additional data, and 
then repeating the used approach to discover new knowledge.
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the use of new energy sources. Among the inland transport systems, rail transport is 
the most energy-efficient but still uses many diesel-fueled vehicles in regional railway 
lines where the construction of catenary systems is not profitable. Due to historical 
events, many railway lines were cut due to border changes in the central European 
region. Many of these railway lines still operate today, but the connection between 
these neighboring counties is still missing. In these regions, the re-connection of railway 
lines improves the access to opportunities for the local population. In this research, we 
highlight the cross-border importance of eco-friendly rail transportation and propose a 
solution to these abandoned border connections. A multi-criteria evaluation method 
was used to harmonize various parameters related to hybrid vehicles and evaluate 
railway lines based on the attributes of hybrid-powered locomotives in the tri-border 
region of Croatia, Hungary, and Slovenia. We were aimed to answer the following 
questions with our research: "Which railway lines should be operated with hybrid, 
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would it cause to reopen border connections to passengers and railway operators?"
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INTRODUCTION

Internal land border regions in the European Union are less developed because 
infrastructure investments were determined with a centralized state in mind on a 
national level. Therefore, the periphery regions of countries are less developed, which 
lead to a migration toward the core regions causing a vicious cycle of further reduced 
investments. Furthermore, border regions have limited connection to neighboring 
regions because of historical, cultural, and linguistic barriers [1]. Consequently, the 
population has less opportunity in these areas. Despite considerable achievements, 
the border effect is still remarkable in Europe [2]. Currently, the permeability of 
borders and increasing cross-border traffic are considered as an opportunity for 
regional development [3]. 

After the Brexit, the European Union has 38 internal land border regions, which 
represent 40 % of the Union’s territory and close to 30 % of the EU population 
[4]. To address the difficulties that these regions face, the European Commission 
adopted its Communication ‘Boosting Growth and Cohesion in EU Border Regions’ 
in 2017[4]. It was found that transport has a key role in exchanges between regions 
across national borders. Especially public transport because it provides a sustainable 
connection. Therefore, the organization and implementation of cross-border public 
transportation are high priorities.

Cross-border commuting is mostly guaranteed by private cars, which cause several 
negative environmental impacts. Since the railway sector has a significantly 
lower emission intensity and is safer than road transport the focus was put on 
rail transportation. The development of a trans-European rail network has been 
largely successful, but relatively little has been done for short cross-border travel 
[5]. Namely, smaller scale railway infrastructure is missing or inoperative in many 
cases along EU borders. However, the transport demand may be missing that could 
justify such an investment [6]. Accordingly, the efficient establishment of cross-
border railway connection is one of the main challenges regarding integration in the 
European Union. Consequently, it is important to identify key regions, and evaluate 
the potential and effect of new and high-quality railway connections. In this paper, 
various small railway lines in the tri-border area of Croatia, Hungary and Slovenia 
were evaluated from the operation of hybrid railcars point of view. The aim was 
to identify new railway connections that boost economics, tourism and re-establish 
former connections. 

The structure of the paper is the following: after a brief literature review, an overview 
of the cities in the tri-border region can be found, and the proposed railway lines are 
presented. The evaluation method is briefly presented and applied for the proposed 
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railway lines. Finally, conclusion has been drawn, and future research trends are 
discussed. 

LITERATURE REVIEW

Several papers investigated the effect of infrastructure developments on cross-border 
interactions, regional, urban, and local developments. It is expected that cross-
border transport infrastructure developments improve foreign market access and 
reduce border effects [7]. Recent evidence shows that EU measures improved the 
accessibility in lagging regions [8] but the effect on market integration is debatable. 
The accessibility and population growth were analyzed in Western Europe between 
1961 and 2011 [9]. It was found that domestic interaction opportunities provided 
by highway infrastructure clearly affected population growth and the population 
effects of cross-border transport infrastructure is limited, which indicates the lack 
of market integration across borders. It confirms the expectation that other factors, 
such as institutional quality [10], cultural and linguistic differences [11], [12] establish 
barriers. It is observable in Belgium, where the cultural and linguistic differences 
have effect on the interregional commuting [13]. 

The overall current panorama of cross-border transportation in the EU was examined 
and a cross-border transport permeability index was introduced [14]. According to 
a public consultation on border obstacles, the current state of physical accessibility 
is still regarded as one of the most important barriers after legal-administrative and 
linguistic barriers. In Central Europe, the rapid and partially unbalanced development 
after 1989 played a core role, especially for the high car dependency that affects cross-
border flows [15]. After the independence of the Soviet Bloc the rail infrastructure 
investments significantly decreased that further increased car dependency. In line with 
that, public transport demand models show some weaknesses at the cross-border 
scale [16], [17]. The state of the public transport service in the Alps was examined 
from the tourist mobility point of view [18]. It was found that public transport may 
increase accessibility of points of interest and help to preserve the environment. 
Close to our aims, the connection was analyzed at the Hungary–Austria border [19]. 
It was found that the cross-border railway services provided by GYSEV represent a 
milestone in cross-border integration and public transport services should be further 
harmonized because long travel times, complex multimodal chains, and unappealing 
fares are still huge barriers.

In summary, the presence of cross-border public transport service is a key element 
in reducing the border effect and increasing regional integration. However, other 
aspects, such as cultural differences, should be also considered to successfully 
connect regional markets in border regions.
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TRI-BORDER REGION

The relationship between Croatia, Hungary and Slovenia is unique because they 
belonged to the Austro-Hungarian Monarchy until 1918. Therefore, the cultural and 
linguistic differences are smaller and ethnicities from these countries can be found 
in each country. Furthermore, after 1918, several cross-border connections were 
closed, and previously integrated regions become separated. Hungary and Slovenia 
joined the European Union in 2004, Croatia joined in 2013. Since the EU supports 
the cross-border connections, the re-establishment of former connections is high 
priority.

Based on the current state of the rail network, the following settlements were 
considered:

• Croatia: Beli Manastir, Čakovec, Koprivnica, Mursko Središće, Osijek, Varaždin, 
Zagreb.

• Hungary: Dombóvár, Kaposvár, Lenti, Nagykanizsa, Őriszentpéter, Pécs, Villány, 
Zalaegerszeg.

• Slovenia: Lendava, Maribor, Ormož.

The population and the relative GDP per inhabitant are summarized in Table 1.

Table 1. Characteristics of the settlements in the tri-border 
region

Settlements Population
GDP per 

inhabitant in PPS 
( % of EU27 avg.)

Settlements Population
GDP per 

inhabitant in PPS 
( % of EU27 avg.)

Croatia 2M 65 % Lenti 7755 54 %
Beli Manastir 8034 45 % Nagykanizsa 45682 54 %

Čakovec 15185 54 % Őriszentpéter 1168 66 %
Koprivnica 23896 46 % Pécs 145468 48 %
Mursko 
Središće 3465 54 % Villány 2237 48 %

Osijek 83496 45 % Zalaegerszeg 56177 54 %
Varaždin 38746 57 % Slovenia 4M 89 %
Zagreb 792875 118 % Lendava 2947 59 %
Hungary 9,7 M 73 % Maribor 97019 71 %

Dombóvár 18275 55 % Murska
Sobota 11025 73 %

Kaposvár 61948 47 % Ormož 1862 71 %

Source: Croatian Bureau of Statistics, Ministry of Interior (Hungary), 
Statistical Office (Slovenia), https://ec.europa.eu/eurostat/
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It is noted that the NUT3 regions of the investigated settlements (except Zagreb) 
are underdeveloped in comparison with the country average. Therefore, there is a 
huge potential in cross-border market integration. The new connections may boost 
economics in the regional centers, such as Osijek, Kaposvár, Zalaegerszeg, Pécs and 
Maribor, and improve the access to opportunities at small settlements, such as Beli 
Manastir, Lenti and Lendava.

Since the countries are members of the European Union, efforts were made to improve 
cross-border connection with a focus on road transport. New border crossing points 
were opened, such as Rédics– Genterovci (2014), and new connection on highway 
between Croatia and Hungary is in development. On the other hand, the high-quality 
rail service, like GYSEV between Austria and Hungary, is missing.

RAILWAY LINES AND NEW RAILWAY CONNECTIONS

In this chapter, new rail connections between the settlements in the examined tri-
border region are proposed. 

Several different types of railway connections were examined. There are railway 
lines with long-distance passenger traffic still run today between Budapest and 
Ljubljana via Hodos border station and between Budapest and Zagreb via Gyékényes 
border station. There are railway connections where passenger transport services 
were cancelled years ago, but the railroad is still used today for freight transport for 
example in Murakeresztúr border station. Finally, there are railway lines that had 
been cut by new state borders, and a few kilometers of railroad tracks are missing 
between the two countries for example between Lendava and Rédics.

The following aspects were taken into account during the development of new 
railway connections:

• population,

• distance,

• economic development,

• track condition,

• characteristics of electrification along the railway lines.

According to the aspects, the following routes were examined in this paper:

1. Pécs – Villány – Beli Monastir – Osijek
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The Pécs - Osijek railway line is approximately 80 km long with an average maximum 
allowed speed of 80 km/h. It has only a small, 6 km long electrified section. Along the 
railway line the biggest cities are Pécs with 145 thousand inhabitants and Osijek with 
83 thousand inhabitants. Also, there are about 12 smaller cities and villages.

2. Dombóvár – Kaposvár – Gyékényes – Koprivnica – Zagreb

The Dombóvár - Zagreb railway line is approximately 203 km long with an average 
maximum allowed speed of 100 km/h. The whole railway line is electrified with 
25kV 50Hz AC. Along the railway line the biggest cities are Zagreb with 792 thousand 
inhabitants, Kaposvár with 62 thousand inhabitants and Koprivnica with 24 thousand 
inhabitants. At Dombóvár station, there is hourly InterCity connection towards 
Budapest and Pécs.

3. Nagykanizsa – Čakovec – Ormož – Maribor

The Nagykanizsa - Maribor railway line is approximately 126 km long with an 
average maximum allowed speed of 100 km/h. The two ends of the railway line are 
electrified. In Hungary, there are 15 km of 25kV 50Hz AC while in Slovenia there 
are 69 km of 3kV DC. Along the railway line, the biggest cities are Maribor with 97 
thousand inhabitants, Nagykanizsa with 46 thousand inhabitants, and Čakovec with 
15 thousand inhabitants. Also, there are about 25 smaller cities and villages.

4. Zalaegerszeg – Lenti – Lendava – Mursko Središće – Čakovec – Varaždin

The Zalaegerszeg - Varaždin railway line is approximately 90 km long with an average 
maximum allowed speed of 60 km/h. On the whole railway line, only Zalaegerszeg 
station is electrified with 25kV 50Hz AC. Many years ago, the passenger trains 
between Rédics, Hungary and Lendava, Slovenia were cancelled Therefore, 7 km of 
the railway line would need to be rebuilt. Along the railway line, the biggest cities 
are Zalaegerszeg with 56 thousand, Varaždin with 39 thousand and Čakovec with 15 
thousand inhabitants. Trains running on this route would connect to the Maribor - 
Nagykanizsa trains at Čakovec station.

5. Zalaegerszeg – Őriszentpéter – Murska Sobota – Ormož

The Zalaegerszeg - Ormož railway line is approximately 112 km long with an average 
maximum allowed speed of 100 km/h. The Hungarian part of the railway line with 
a length of 43 km is electrified with 25kV 50Hz AC, while the 69 km long Slovenian 
section is electrified with 3kV DC. The railway line is an important route for freight 
trains connecting the Mediterrian sea with Central Europe. Also, it passes through 
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National Parks that may be important tourist destinations. Along the railway line, 
the biggest cities are Zalaegerszeg with 56 thousand inhabitants, and Murska Sobota 
with 11 thousand inhabitants. Trains running on this route would connect to the 
Maribor - Nagykanizsa trains at Ormož station.

The railway lines are given in Figure 1.

Figure 1. Rail network in the tri-border area

OVERVIEW OF THE EVALUATION METHOD

In a previous research [20], a weighted multi-criteria evaluation method was 
elaborated to determine the applicability of a battery electric railway car on a railway 
line, based on the characteristics of the line, vehicle, and passenger traffic. The 
evaluation aspects are as follows:

• railway line electrification,

• battery capacity utilization,

• railway track conditions,
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• economy of scale,

• volume of passenger traffic.

Each aspect is evaluated on a scale from 1 to 5. 1 point means low applicability, 
and 5 points mean high applicability. The weighted average of the evaluation points 
for each aspect is the aggregated evaluation value of the railway line. Based on the 
aggregated evaluation value:

• railway lines can be ranked, 

• the effect of charging infrastructure development on the application of battery 
electric railcars can be evaluated, and

• the appropriate type of battery electric railcars can be selected.

The evaluation process is summarized in Figure 2. 

Figure 2. Evaluation process

In this paper, this multi-criteria evaluation method is used to rank the examined 
railway lines between Croatia, Hungary, and Slovenia.

In order to use the evaluation method, the types of railcars that are planned to be 
used on the railway lines are also needed, Therefore, the characteristics of battery 
electric railcars were also analyzed in previous research to reveal their effects on 
operation and passenger comfort. The analyzed hybrid railcars were the Siemens 
Mireo Plus B railcar, the Bombardier Talent 3 railcar, the Stadler Flirt Akku railcar, and 
the Alstom Coradia Continental railcar. 
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The parameters of the examined vehicles are summarized in Table 2.

Table 2. Characteristics of hybrid railcars

Vehicle type Range [km] (R) Seats (C) Max. speed 
[km/h]

Alstom Coradia Contin [21] 120 150 160
Bombardier Talent 3 [22] 100 169 140
Siemens Mireo Plus B [23] 80 120 140
Stadler Flirt Akku [24] 150 154 140

EVALUATION OF THE RAILWAY LINES

Using the multi-criteria evaluation method, the following, railway connections are 
evaluated and ranked:

1. Pécs – Villány – Beli Monastir – Osijek

2. Dombóvár – Kaposvár – Gyékényes – Koprivnica – Zagreb

3. Nagykanizsa – Čakovec – Ormož – Maribor

4. Zalaegerszeg – Lenti – Lendava – Mursko Središće – Čakovec – Varaždin

5. Zalaegerszeg – Őriszentpéter – Murska Sobota – Ormož

In order to use the evaluation method, there are different parameters that need to 
be known. The vehicle parameters can be found in table 1. Variable M, which is the 
minimum number of railcars that can be operated economically, is determined to 
be 20 vehicles, and variable V, that stands for the acceptable permitted maximum 
average speed is determined to be 80 km/h. Furthermore, the parameters of the 
evaluated railway lines are summarized in table 3, where:

• LNE is the longest non-electrified section of the railway line,

• u̅ is the average number of passengers per train for the whole journey,

• vavg is the distance-weighted average maximum permitted speed of the railway 
line.
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Railway track conditions and economy of scale aspects were decided to be the most 
important, while the volume of passenger traffic got the lowest weight. The focus 
of this research was to find new passenger train connections between the three 
countries, Therefore, the hybrid aspects got lower weights, because there are railway 
lines that are fully electrified. Also, on many relations, the passenger trains were 
cancelled many years ago, so it is difficult to predict the volume of passenger traffic 
in the future, and with a higher weight, these predictions could give false results. The 
exact weight numbers used in the research are summarized in table 4.

Table 3. Railway line parameters

Line LNE u̅ vavg
1 74 km ~20 80 km/h
2 0 km ~50 100 km/h
3 42 km ~40 100 km/h
4 89 km ~40 60 km/h
5 0 km ~30 100 km/h

Table 4. Weight numbers

Aspect Weight (si)
Railway line electrification 0,2
Battery capacity utilization 0,2
Railway track conditions 0,3
Economy of scale 0,25
Volume of passenger traffic 0,05

The results provided by the multi-criteria evaluation method for each railway line 
and vehicle combination are summarized in table 5.

Table 5. Evaluation results

Rail-way line Siemens Mireo 
Plus B

Bombardier 
Talent 3 Stadler Flirt Akku Alstom Coradia 

Continental
1 2,4 2,6 3,4 2,6
2 3,6 3,55 3,55 3,6
3 4,1 4,45 4,65 4,65
4 2,7 2,85 3,25 3,05
5 4,05 4 4 4,05
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As the results show, the most suitable railway line for hybrid railcars is railway line 
number 3 between Maribor and Nagykanizsa. The main reason that it turned out to 
be the best is because it has the best ratio of electrified and non-electrified sections, 
the railway track conditions are acceptable and the length of the railway lines in the 
region is long enough to operate a larger number of vehicles.

CONCLUSION

In this article, in order to support the sustainable cross-border railway connections 
and market integration, several settlements affected by railway lines in Croatia, 
Hungary and Slovenia were examined.

After comparing the population and economic development of the settlements, the 
establishment of new railway connections were recommended taking into account 
the population, distances, economic development, railway track conditions and the 
electrification of railway tracks in the tri-border region.

The 5 recommended railway routes were evaluated using a weighted multicriteria 
evaluation method developed in our previous research, which helps to rank railway 
lines where it is worthwhile to operate hybrid-powered railcars and helps to select 
the appropriate type of railcars. After the evaluation it turned out that the best 
connection would be the Nagykanizsa – Čakovec – Ormož – Maribor railway line 
because its inner non-electrified section has a suitable length. Because of the 
differences between the lines, the best railcar highly depends on the railway line.

In the future, we plan to include other aspects in the evaluation method, such as 
the population and economic development of the settlements along the examined 
railway lines. Also, in a future research, we would like to develop a method that helps 
to reliably estimate the future number of passengers in presently not existing railway 
connections.
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fleets under the provisions of the Act on Electromobility and Alternative Fuels. This 
act enforces urban areas to achieve the levels of so-called zero-emission buses 
(these include, among others, battery electric buses). In the article, we present 
the results of the questionnaire addressed to authorities responsible for the 
organization of public bus systems in urban areas in Poland. The purpose of the 
research was to find out the opinions of the organizers of public transport involving 
the issue of bus fleet modernization. The study has been divided into the following 
sections: general information, routes and traffic control, infrastructure, strategy, 
and economic issues. This is the first scientific study of this kind in Poland and its 
results may be of interest for the discussion on the battery electric bus deployment.
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INTRODUCTION

Agglomeration processes are progressing across the world, causing some negative 
environmental effects. In this context, in the ranking of general social, axiological 
values of the XXI century, the previously undervalued good – fresh air – plays an 
increasingly important role [1]. High pollution levels negatively influence the quality 
of life of large social groups, especially in densely populated areas. This impact is 
egalitarian as it affects regardless of the material and social status of the population. 
To counteract these negative effects, actions are taken at different political levels and 
in different areas; transport is among them [2], [3]. 

The vision of sustainable transportation requires actions involving the adjustment 
of public transport systems to contemporary requirements. These include further 
integration of various transport sub-systems and modernization of the public fleet 
[4]. The latter includes the challenge of bus fleet transition towards a lower-carbon 
one, which we address in this paper [5]–[7]. One option, among others, is to replace 
the existing fleet with the fleet completely or at least partially, composed of battery 
electric buses (BEBs). This type of vehicle have included economic (higher purchase 
costs) and technical constraints (limited range and the associated long charging time 
and the currently insufficient number of charging points in the city area), However, 
there are also benefits arising from their operation, such as the lack of tailpipe 
emissions, and the reduction in noise pollution [8], [9]. 

Transport policy at the European level has long advocated for low-carbon vehicle 
deployment in cities and agglomerations. For several years, Polish legislation has 
also been active in this area. Importantly, the Polish Act on Electromobility and 
Alternative Fuels defines the specific timeframe for achieving the following levels 
of so-called zero-emission vehicles (including BEBs and trolleybuses; but not trams) 
[10]:

• 5 % on January 1, 2021, 

• 10 % on January 1, 2023,

• 20 % on January 1, 2025,

• 30 % on January 1, 2028. 

Such provisions create significant challenges for the local authorities and transit 
agencies in technical, organizational, and economic terms. 

The process of bus fleet transition itself is adaptive, usually long-term, and complex 
[5], [11]. It is even more difficult when considering electrification of the entire 
functional area of the city. The challenges include e.g., bus route selection to be 
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BEB-operated, choosing a proper charging technology strategy, ensuring the supply 
of electricity to various points in the transportation network (among many others). 
The consequences of the decisions to implement or abandon the transition will be 
will have an impact for many years to come [12]. 

This paper aims to present selected aspects of this issue from the point of view of 
their perception by organizers of public transport. The Public Transport Act of 16 
December 2010 defines them as the competent local government units ensuring 
public transport operations on a given area (e.g., a city or agglomeration). We attempt 
to examine, which factors are significant to improve and popularize the process of 
bus fleet transition in this group. Previous studies have little addressed this problem, 
focusing more on technological issues or passenger and inhabitant perspectives of 
public transport electrification.

STRATEGIES OF ORGANISERS OF TRANSPORT

The deployment process may look different depending on where it takes place: 
the BEB deployment process looks different in a small city and a multi-million 
agglomeration. There are places where 100 % of the electric fleet has already been 
achieved, e.g., the Chinese city of Shenzhen [13]. There are many times more cities 
worldwide that will not even have public transport for a long time to come, not 
to mention the electric fleet. Among cities with reasonable public transportation 
quality, however, there are several patterns in the perception of the conversion 
process. For the purposes of this article, we have grouped them into the groups of 
technological, economic and environmental inspiration, respectively.

Figure 1. Strategies to address the fleet conversion problem



Krzysztof Krawiec, Adrian Barchański
Towards Zero-Emission Bus Fleets in Poland: The Perspective of the Organisers of Transport 200 

The first of a group of technologically inspired strategies is inspired by innovation. The 
innovation strategy is that the operator is trying to replace as much of the bus fleet 
as soon as possible. To this end, it began testing different models of tech buses fairly 
quickly, then deciding to purchase one batch of electric buses as large as possible. After 
that, often using donations for innovative or green measures, it aims for the largest 
possible share of electric buses in its fleet. Often, entities pursuing this strategy are 
open to research and testing new technologies, such as inductive charging or battery 
replacement. Motivation for such action may be i.a. will to improve the city's image 
as an innovative place that cares about the natural environment. A modification of 
this strategy is the cautious strategy, in, which the first batch of buses purchased 
(often smaller) is followed by a time-out while waiting for the technology to evolve 
and match the needs. A step-by-step strategy is between them. It means successive 
purchases of buses depending on the operator's needs, available technical solutions 
and financing possibilities.

Entities following a short-run economic strategy have as their main aim the 
minimization of the costs of operating the communication lines (e.g., in the price 
per vehicle kilometer). As long as the price of conventional bus service is lower, they 
will choose it. The conversion will take place when in the current cost calculation the 
electric bus is cheaper. Although this approach seems to be reasonable, e.g., in terms 
of annual settlements with the transport operator (city), in the long run, it may be 
more expensive, not to mention the environmental losses associated with such an 
approach. The long-term economic strategy emphasizes the total cost of ownership 
of buses, regardless of the technology. While this is a rational action, it does not 
consider the local environmental benefits of using electric vehicles earlier. 

The strategy of genuine environmental concern stems from a sincere desire to 
improve the emissions performance of public transport throughout the city. The key 
is to maximize the environmental effect either for public transportation or in synergy 
with other sources of pollution. It is to this strategy of minimizing environmental 
pollution that the other elements of the transport system served by electric buses 
are matched (choice of vehicles, technical issues of charging and its strategy, choice 
of routes, etc.). Another strategy for large-scale implementation of buses is one that 
has its origin in the city's image as part of a broader policy. The policy of introducing 
buses on successive lines of communication is here their routing through the city 
centre, especially its representative areas. The cost of such an action may not be the 
lowest, but they assumed that the image gains are worth it. Obviously, also in this 
strategy, there is an ecological effect (no local emissions "from the tailpipe"), but 
we distinguish this strategy because of different motivations. A modification of this 
strategy is the strategy of false concern for the natural environment (greenwashing) 
with no genuine efforts to protect it in other areas, focused solely on image.
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METHODOLOGY

The preparation of the questionnaire began after the Act on Electromobility and 
Alternative Fuels came into force. This created a completely new situation in, which 
a vivid discussion arose about how to achieve the objectives. Since the transit 
agencies often depend on the policy of the organisers of transport (thus, from the 
local authorities), it is their views that matter to the other actors.

Aiming to identify all the organizers of transport in Poland, the official websites 
of cities with at least 20 000 inhabitants were searched for information on, which 
department of the municipality or external institution acts as the organiser of public 
transport in their area. We have identified 48 organizers and sent to all of them a 
hard copy of the questionnaire by regular mail with an acknowledgement of receipt, 
along with a cover letter informing them of the purpose and scope of the study and 
instructions. The completed questionnaire had to be sent back to the organiser's 
address; we received 16 answers (33 %). 

The Polish territory comprises 7 macro-regions according to the NUTS (Nomenclature 
des unités territoriales statistiques) level 1 classification developed by the European 
Statistical Office. Our questionnaire involved 4 organizers from the Northern macro-
region, 4 from the Southern macro-region, 3 from the South-Western macro-region, 
2 from the North-Western macro-region, 2 from the Central macro-region, 1 from the 
Mazovia macro-region, and 1 from the Eastern macro-region. They represent cities 
with the following characteristics: 53 % of the cities have a population below 200 
000, 18 % between 400 000 and 600 000, 12 % between 200 000 and 400 000 and 
between 600 000 and 800 000 respectively. 35 % of the organizers operate in cities 
with an area of 50-100 km2, 24 % with an area of 250-300 km2, 12 % of the operators 
in cities with an area of up to 50 km2 and between 100 and 150 km2 respectively, 6 % 
of the operators in cities with an area of 150-200 km2, 300-350 km2 and 500-550 km2, 
respectively. 29 % of cities have a population density between 1 500-2 000 people 
per km2, 24 % each have a population density of 1000-1500 people per km2 , and 2 
000-2 500 people per km2, 12 % 500-1 000 people per km2 and 6 % each in cities with 
densities up to 500 people/km2 and between 3 000 and 3 500 people per km2. 41 % of 
the organisers operate in an area with over 40 % of public transport trips, 41 % of the 
organisers operate in an area with between 30-39 % and 18 % in an area with between 
20-29 %. We are aware of the statistical imperfection of this sample, however, the 
study is heavily qualitative. Moreover, the participation in the study was voluntary 
and participants did not receive any benefit from completing the questionnaire. 
In this context and given the novelty of the subject and the probable absence of 
an opinion or fear of expressing one, we consider the results are worth analysing: 
the responses came mainly from institutions actively working in the field of public 



Krzysztof Krawiec, Adrian Barchański
Towards Zero-Emission Bus Fleets in Poland: The Perspective of the Organisers of Transport 202 

transport, with extensive knowledge, experience and practice in the issues covered 
by the survey. Based on basic city characteristics (population, density, etc.) there is 
no reason to reject the hypothesis that the structure of organisers who responded 
differs from the structure of organisers to whom we sent the questionnaire.

The questionnaire for local authorities responsible for organising public transport 
systems in cities or large conurbations consisted of 9 parts. The first one was about 
the organisational chart and included questions on how public transport is organised, 
the role of the local authority in it, the types of support for the transition to clean 
transport in the city/region, and the views on the future adoption of electric buses. 
The second part was about the availability of geographical data on public transport. 
The third part of the survey contained questions about routes and traffic control 
in the context of electric buses. Specifically, the questions addressed the potential 
for organizational and spatial changes resulting from the implementation of electric 
buses in a managed area. The fourth part of the survey for transportation organizers 
included questions about the existing technical infrastructure in terms of its support 
for electrification of the bus fleet. The key part of the survey included questions 
about preferences for the type of propulsion of the bus fleet (part 5). It included 
questions about views and ways to achieve zero-emission transport with different 
technical options, along with time horizons. Further parts of the questionnaire 
contained questions about IT support for the fleet conversion process (section 6), 
regional public transport popularity data (section 7) and economic issues (section 
8). The latter included questions about the preferred type and level of support for 
purchasing and operating electric buses. The survey ends with a question about 
contact/identification data (section 9).

RESULTS

The vast majority of respondents in a multiple-choice question about their preferred 
power systems indicated Diesel EURO 6 (82 %). Electric buses share second place 
with gas-powered buses (both 29 %), getting ahead of hybrid buses and fuel cells 
ones.

Figure 2. Preferred drive systems
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Most of the organizers we interviewed expect BEB numbers to increase in their area 
(82 %). Only 6 % foresees otherwise, and 12 % is uncertain (Fig. 3).

Figure 3. Answers to the question ‘Do you foresee an increase 
in the number of BEBs?’

None of the operators surveyed had a 100 % electric fleet at the time of our 
research, and only 18 % of respondents see the electrification of the fleet happening 
soon (within 15 years). The vast majority of respondents (above 70 %) express the 
uncertainty of the total bus fleet electrification – see Fig. 4. This shows a strong 
backlash against ambitious transportation policy plans.

Figure 4. Time perspective to achieve a 100 % electric bus fleet

Organizers expect an increase in BEB usage 43 % yes, 43 % rather yes. However, only 
12 % of the organizers back conversion to 100 % electric fleet. (It is worth noting 
that there is more support among respondents for extending tram coverage in cities 
where it already exists as 59 % of organizers have trams or trolleybuses in their area.) 
Organizers with more public transport stops per km2 and operating trams more 
clearly expect an increase in BEB use. They also feel greater, stronger pressure to 
deploy this technology.

The organizers of transport show the following major barriers to the adoption 
of electric buses: high purchase cost (96 % of respondents marked this option in 
the multiple-choice question) and insufficient range (52 % of answers in the same 
question); of less importance in their opinion are higher operational costs (43 %), 
lack of existing charging infrastructure (30 % of answers). (Experts interviewed are 
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less likely to point to the high cost of purchasing buses; however, they suggest a 
lack of experience, uncertainty about battery life, energy prices, lack of a coherent 
strategy, and technical and administrative problems associated with the need to 
build infrastructure and restrictions on its location). 

A large share of organisers cannot identify the best charging strategy: 47 % of them 
have no opinion either on giving up charging at bus stops or on the possibility of 
using these stations to charge other vehicles. Those who can express a preference 
are unlikely to want to give up charging at bus stops while there are no extremes 
in terms of sharing charging stations, an equal share of rather yes and rather no 
opinions. Organizers who cannot identify the best strategy most often point to Euro 
VI and gas propulsion, while virtually no other options are selected. 

To convince transport operators to invest in clean technologies, various economic 
tools encourage them to do so. These are, e.g., tax incentives, non-refundable 
grants, loans with subsidised rates or delayed repayment. While, of course, the most 
desirable option among the incentives listed above is the non-refundable grant, this 
is not always possible because of the limited financial resources of the grantor. 

Figure 5. Perception of individual incentives to encourage BEB 
deployment problem

In Fig. 2. we depict the answers to the question of how the conversion process is 
supported, what forms of support are used in the area of transport organization. 
Most respondents indicated a lack of support for clean transportation within their 
area. Among other responses were subsidies for procuring vehicles (24 %). 

UTILIZATION OF RESEARCH RESULTS

The survey results were used to define the bus fleet conversion planning process. This 
process is IT-supported through a set of components that support fleet conversion 
stakeholders what is of importance from the point of view of the practical impact. 
We also discuss how these components can be used by the organisers of transport 
to support them in achieving the goals set out by the transport policy. Based on the 
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scheme, one may use the following components supporting electric bus deployment:

• BusVehicleSimulation - Simulation of the electric bus performance on the route

• CellParameters - Determining the value of traction battery elements

• DataProc – Generation of vehicle cycles

• CollectApp - Gathering real-time data on the potential route envisioned to be 
served by electric buses

• ECBus+ - Energy consumption calculations

• NMEA simulator - Calculation of the energy balance for the operating models

• OptimSched - Solve optimization problems related to fleet conversion process 
planning

• SyntheticalTrips - Simulation model for automatic generation of typical dynamic 
bus vehicle movement sequences in urban public transport

• TCOModel - A study of the total user cost of ownership of electric buses over 
their life cycle

• VisualGrids - Searching and editing bus routes to study their possible 
electrification

• ReportGenerator - for procurement decision support.

The above components can be toolkits for public transport organisers and other 
actors involved in the fleet conversion process.

SUMMARY

The research carried out revealed a wide variety of attitudes among the organizers 
of public transport towards the fleet conversion process. These attitudes result from 
different personal and institutional experiences - resulting in the selection of the most 
diverse strategies discussed in this article. These strategies differ in their sensitivity 
to environmental issues and in their confidence in the new technology. The time 
horizons of perspective from, which investment is evaluated economically also vary. 
An important factor is also the law, which forces certain actions and will force more 
and more. In each European country, the environment for decision-making in this 
area is different. As a result, operators have a lot of options to choose from, often 
taking into account other stakeholders in the process.



Krzysztof Krawiec, Adrian Barchański
Towards Zero-Emission Bus Fleets in Poland: The Perspective of the Organisers of Transport 206 

REFERENCES

[1]  W. B. Pietsch, Agglomeration processes: phenomena, technologies, equipment. 
John Wiley \& Sons, 2008.

[2]  European Commision, WHITE PAPER Roadmap to a Single European Transport 
Area – Towards a competitive and resource efficient transport system. European 
Commision, 2011.

[3]  European Commision, The European Green Deal. European Commision, 2019.
[4]  United Nations, A Handbook on Sustainable Urban Mobility and Spatial Planning 

Promoting Active Mobility. Geneva: United Nations Publications, 2020.
[5]  G. Santos, H. Behrendt, and A. Teytelboym, "Part II: Policy instruments for 

sustainable road transport," Research in Transportation Economics, vol. 28, no. 
1. pp. 46–91, 2010, doi: 10.1016/j.retrec.2010.03.002.

[6]  M. Dzikuć, R. Miśko, and S. Szufa, "Modernization of the Public Transport Bus 
Fleet in the Context of Low-Carbon Development in Poland," Energies 2021, Vol. 
14, Page 3295, vol. 14, no. 11, p. 3295, Jun. 2021, doi: 10.3390/EN14113295.

[7]  J. Patalas-Maliszewska and H. Łosyk, "Analysis of the Development and 
Parameters of a Public Transport System Which Uses Low-Carbon Energy: 
The Evidence from Poland," Energies, vol. 13, no. 21, p. 5779, Nov. 2020, doi: 
10.3390/en13215779.

[8]  M. Hamurcu and T. Eren, "Electric Bus Selection with Multicriteria Decision 
Analysis for Green Transportation," Sustainability, vol. 12, no. 7, p. 2777, Apr. 
2020, doi: 10.3390/su12072777.

[9]  H. Basma, C. Mansour, M. Haddad, M. Nemer, and P. Stabat, "Comprehensive 
energy modeling methodology for battery electric buses," Energy, vol. 207, Sep. 
2020, doi: 10.1016/j.energy.2020.118241.

[10]  Journal of Laws of the Republic of Poland, Act on Electromobility and Alternative 
Fuels (Polish: Ustawa z dnia 11 stycznia 2018 r. o elektromobilności i paliwach 
alternatywnych). 2018.

[11]  K. Krawiec et al., "PLATON - Planning Process and Tool for Step-by-Step Conversion 
of the Conventional or Mixed Bus Fleet to a 100 % Electric Bus Fleet. Deliverable 
5.4: User’s manual.," 2020.

[12]  A. Grauers, S. Borén, and O. Enerbäck, "Total Cost of Ownership Model and 
Significant Cost Parameters for the Design of Electric Bus Systems," Energies, 
vol. 13, no. 12, p. 3262, Jun. 2020, doi: 10.3390/en13123262.

[13]  M. Li, H. Ye, X. Liao, J. Ji, and X. Ma, "How Shenzhen, China pioneered the 
widespread adoption of electric vehicles in a major city: Implications for global 
implementation," Wiley Interdisciplinary Reviews: Energy and Environment, vol. 
9, no. 4. John Wiley and Sons Ltd, p. e373, Jul. 01, 2020, doi: 10.1002/wene.373.



19TH EUROPEAN TRANSPORT CONGRESS
EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY 
AND LOGISTICS IN CITIES
OCTOBER 7 – 8, 2021, MARIBOR, SLOVENIA, CONFERENCE PROCEEDINGS
 

The Use of Machine Learning to Predict Diesel Fuel Consumption 

in Road Vehicles

Artur Budzyński, Aleksander Sładkowski

Abstract The article is devoted to the issues of using machine learning methods 
with the scikit-learn library to predict diesel fuel consumption for trucks. Its main 
goal was to find a solution that allows predicting the fuel consumption of a truck 
with the least error. The data for the study was collected using the GPS tracking 
system of a small transport company from Poland. The problem of data adaptation 
for analysis was presented. 13 different forecasting models were evaluated on 
three success indicators. Finally, the models became available on the git-hub 
platform, which each user can use to predict fuel consumption in their fleet.
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INTRODUCTION

Fuel consumption is one of the main cost items in the operation of road transport. 
For every transport company, actions to optimize fuel consumption are essential. 
This is dictated by both environmental and economic factors.

For example, in the article [1], models for predicting fuel consumption based on data 
from a smartphone and an onboard diagnostic (OBD) system in a taxi were proposed. 
Models of neural networks, backpropagation errors, carrier vector regression, and 
random forests were used. The inputs were: average speed, average acceleration, 
average deceleration, percentage of acceleration time, percentage of deceleration 
time. The random forest model turned out to be the best.

Artificial neural networks are used relatively often to predict fuel consumption in 
vehicles of energy companies, for example, [2]. At the same time, the following is 
analyzed: maintenance that excludes downtime, periodic service and installation 
supervision. For the analysis in the network, the following data are entered, among 
other things: the number of cylinders of the car engine, engine displacement, number 
of valves, vehicle model and weight.

Scientists from Turkey have built 3 models to predict instantaneous and total fuel 
consumption. To do this, they used multiple linear regression, an artificial neural 
network, and a support vector machine. The type of fuel, the working volume of 
the cylinder, the frontal surface of the car, the mass of the car, the distance, and the 
average speed were used as the initial data. Support vector machine turned out to 
be the best forecasting tool [3].

Canadian scientists decided to build prediction models based on large data sets. The 
input data included: car segment, model, year, gearbox type, engine volume, driving 
time and distance. They used a carrier vector regression model and artificial neural 
networks, which proved to be better [4].

After analyzing the literature, we can conclude that individual projects are focused 
either on the vehicle and its characteristics, or on the driver and his driving style. 
Information about how often each of the variables from the projects from the above 
literature appeared is shown in Fig. 1. In the article, both types of data were taken 
into account in the modeling. The data for the analysis comes from a small transport 
company in southern Poland that uses the Lontex system to monitor its vehicles. The 
data is uploaded in the form of daily vehicle mileage reports. The surveyed vehicle 
fleet consists of 8 trucks (set: a tractor with a semitrailer). The analyzed data refers 
to the period from the beginning of May 2019 to the end of May 2020. This includes 
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1797 cases where the daily mileage for a given vehicle was non-zero. The aim of this 
article is to investigate whether the models from the scikit-learn libraries are useful 
for predicting the fuel consumption of trucks.

Figure 1. Input variables in the analyzed literature

When analyzing the literature, no example of shared knowledge was found on how 
to build a machine learning model step by step so that you can repeat the experiment 
and implement it in the company. In this work, it was decided to make available the 
code written during the analyzes. It is assumed that this is a phenomenon beneficial 
for entrepreneurs, especially small ones. The argument is that keeping an analyst 
full-time for such a company is too much of an expense. An analyst who is a machine 
learning specialist is especially expensive.

A Jupyter Notebook [5] was used to perform the tests. This is a tool that allows you to 
write code and comment on it in your browser. It is convenient for managing ongoing 
projects and documents. It also allows you to freely share the code referred to in the 
publication. The Python programming language was used during the calculations. It 
is a language used successfully for scientific calculations and reflection. It is attractive 
for exploratory data analysis and for the development of algorithms. There are 
many useful libraries for Python [6]. One of them is Scikit-Learn, which allows the 
implementation of many machine learning algorithms [7]. The Pandas library was 
also used for analyzes, which facilitates working with data sets [8]. The NumPy library 
was also used, which allows many numerical calculations in Python and is an open 
access software [9]. The survey data is collected by the GPS vehicle tracking system. 
A comprehensive library for creating static, animated, and interactive visualizations 
in Python named Matplotlib was used for data visualization [10].
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PREPARATION OF DATA FOR RESEARCH

The data for the study is taken from the Lontex monitoring fleet management system. 
The lines with zero kilometers have been deleted. Based on the date, new features 
were created by specifying separately: year, month, day of the week. Vehicle mileage 
data in the Lontex system is stored intermittently. It is visually convenient when a 
person is looking at the table. However, it is not good for the machine and it needs to 
be changed. Using the code, the gaps were removed and the variable type changed 
to be useful for the model. The model diagram is shown in Fig. 2.

Missing data was supplemented with the mean value of a given feature based on 
existing data; it is common practice. In this case, it was considered better than filling 
the gaps with a value of 0 or -1. Data for the test for the period from the beginning 
of May 2020 to the end of May 2021. The training data is 70 %, the test data is 30 %, 
which corresponds to 1257 training and 540 test cases.

SUCCESS METRICS

3 success metrics were selected to assess the quality of the models. Calculating them 
will allow you to compare individual models with each other. The first is MSE (mean 
square error), this is the difference of sums of squares. The lower the value, the 
better the model performs. The pattern is shown below.

Figure 2. Variables for prediction model
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        (1)

where:  – predicted value of the dependent variable; yt – actual value of the 
dependent variable.

The second metric is RMSE (root mean square error), i.e., the root of MSE, and R2, 
i.e., the coefficient of determination. It illustrates errors better than MSE. The lower 
the value, the better the model performs. The pattern is shown below.

         (2)

The last metric is the coefficient of determination R2. It ranges from 0 to 1. The 
formula is presented below.

       (3)

where  – mean value of the dependent variable.

PREDICTIONS USING VARIOUS MODELS

13 regression models were selected: 2 classical linear regression, 7 regression with 
the selection of variables, 2 Bayess regressors, 1 outlier regressor, 1 generalized 
regression. The formula for the generalized linear model is shown below:

      (4)

where:  – forecasted value; w0 – regression coefficient for an absolute term; w1,, 
…,wp – regression coefficients; x1,, … , xp – variables.

LinearRegression

LinearRegression is a linear regression model. A linear model with coefficients adapts 
to minimize the residual sum of squares between the observed target values in the 
data set and the target values predicted by the linear approximation. The problem is 
described mathematically by the pattern:

        (5)

where: w – (w1 , … ,wp) – coefficient; y – output variable.
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The calculated metrics during training are shown below, and the model predictions 
during testing are shown in Fig. 3.

MSE: 560,67; RMSE: 23,68; R2: 0,85

Figure 3. Predictions with model LinearRegression

Similar figures could be presented for each calculation method (each model).

RidgeRegression

RidgeRegression is also a linear regression model. It solves some of the problems 
of ordinary least squares by imposing a penalty on the size of the coefficients. The 
formula below describes the problem to be solved and the calculated metrics. Model 
predictions when testing in Fig. 4.

       (6)

where α - complexity parameter.

MSE: 560,68; RMSE: 23,68; R2: 0,85

ElasticNet

It is a linear regression model with two regulations of the norms of coefficients. This 
allows you to learn a rare model in, which few weights are non-zero as in the case of 
the Lasso. The formula below describes the problem to be solved and the calculated 
metrics. The model predictions during testing are shown in Fig. 5.

    (7)
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where ρ - l1_ratio.

MSE: 580,56; RMSE: 24,09; R2: 0,85

Lars

Least-angle regression is a regression algorithm for high-dimensional data. At each 
step, the algorithm finds the function that most correlates with the goal. If there is a 
situation where there are many features with equal correlation, it does not continue 
along the same feature but runs in an equilateral direction between these features. 
The calculated metrics are shown below. The model predictions during testing are 
shown in Fig. 6.

MSE: 563,33; RMSE: 23,73; R2: 0,85

Lasso

Lasso is a linear model that estimates rare coefficients. This is useful in some contexts 
because it tends to prefer solutions with fewer non-zero coefficients, effectively 
reducing the number of features on, which a given solution depends. The calculated 
metrics are shown below. The model predictions during testing are shown in Fig. 7.

MSE: 578,64; RMSE: 24,06; R2: 0,85

LassoLars

It is a Lasso model with an implemented Lars algorithm. The calculated metrics are 
shown below. The model predictions during testing are shown in Fig. 8.

MSE: 2062,24; RMSE: 45,41; R2: 0,46

LassoLarsIC

It is a Lasso model with an implemented Lars algorithm. It uses BIC and AIC for this. 
BIC is a Bayessian evaluation criterion. AIC is the Akaike evaluation criterion. The 
calculated metrics are shown below. The model predictions during testing are shown 
in Fig. 9.

MSE: 567,87; RMSE: 23,83; R2: 0,85

OrthogonalMatchingPursuit (OMP)
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Orthogonal Matching Pursuit (OMP) implements the OMP algorithm to approximate 
the fits of a linear model with a limited number of non-zero elements. If this number 
is not specified then the default value of 10 % of the features is used.

   (8)

where nnonzero\_coefs – restriction of non-zero elements.

This model predictions during testing are shown in Fig. 10.

MSE: 716,03; RMSE: 26,76; R2: 0,81

OrthogonalMatchingPursuitCV

It is an OMP algorithm with cross validation. The calculated metrics are shown below. 
The model predictions during testing are shown in Fig. 11.

MSE: 605,12; RMSE: 24,60; R2: 0,84

BayesianRidge

Bayesian techniques can be used to include regularization parameters in the 
estimation procedure. The regularization parameter shall be fine-tuned to the 
available data. BayesianRidge estimates the probabilistic model of the regression 
problem. The predictions during testing are shown in Fig. 12.

       (9)

where: p – predictive distribution; λ – regularization parameter; Ip – identity matrix 
M × M.

MSE: 585,76; RMSE: 24,20; R2: 0,85

ARDRegression

ADR (Automatic Relevance Determination) is very similar to BayesianRidge but can 
lead to rarer ratios.

       (10)

where A = λ = {λ1 , … , λp } – diagonal matrix.
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MSE: 716,05; RMSE: 26,76; R2: 0,81

RANSACRegressor

The RANSAC model (RANdom Sample Consensus) is an iterative algorithm for the 
reliable estimation of parameters from a subset of intermediate data from a complete 
dataset. The calculated metrics are shown below.

MSE: 704,72; RMSE: 26,55; R2: 0,81

TweedieRegressor

This model is used for analyzing various GLM (Generalized Linear Regression) models. 
The calculated metrics are shown below.

MSE: 936,21; RMSE: 30,60; R2: 0,75

Summary of training and testing

Thirteen models were trained and tested in the work. 3 success metrics were 
calculated for each: MSE, RMSE, and R2. A breakdown of the models according to 
the RMSE metric is shown in Fig. 4. The MSE metrics are not plotted as they are 
simply squared RMSE values. The RMSE metric was found to better visualize the 
results than the MSE. The summary of the R2 metric is shown in Fig. 5.

VALIDATION

For the validation process, data was collected from the Lontex vehicle tracking 
system. The data comes from the same company. The time range covers the entire 
month of June 2021. In summary, the conditions are the same as for testing.
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The new thing is that the data on new data reflects the conditions in, which the model 
is to be implemented and operated, i.e., predict fuel consumption in the future. Figs. 
6 and 7 show the RMSE and R2 metrics of all tested models. The RMSE metric is 
simply the root of the MSE metric. It was considered sufficient to plot one of them, 
i.e., RMSE, as the one that better visually presents the results. The LARS was the 
best performing model. The LassoLars model was the weakest. There are also visible 

Figure 4. Testing with metric RMSE
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differences between the values obtained during testing and validation. This is an 
argument for validating after testing is complete. This is valuable and answers the 
question of how the model deals with completely new data under real conditions 
when deployed.

Figure 5. Testing with metric R2 (hereinafter column colors 
match the description in the previous figure)
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Figure 6. Validation with metric RMSE

Figure 7. Validation with metric R2
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IMPLEMENTATION

At the beginning of the article, the subject of the software language, tool and 
software was discussed. Creating the right environment to do such a project on your 
own is quite a complicated process. The solution to this problem is to use the ready-
made Anaconda package [12].

It should be downloaded from the manufacturer's website. The software is 
available for the most popular operating systems: Windows, Linux and MacOs. After 
downloading, we have access to Jupyter Notebook, which is a very convenient tool 
for programming in Python. All necessary libraries are also configured: Scikit-Learn, 
Pandas and NumPy.

The next step is to create your own "csv" file that will be used to train the models.

Then download the ready code from the project website [14] and run it on your 
computer in Jupyter Notebook. In case of problems with implementation, you 
can use the "Step by Step" guide also available on the project website [14]. There, 
each of the steps above is presented with a detailed description of each click and a 
visualization of what it looks like in Windows. The tutorial is adapted to a person who 
had no contact with programming before.

CONCLUSIONS

Machine learning can be used to predict fuel consumption in heavy goods vehicles. 
Many variables affect fuel consumption. These are the variables related to the driver, 
his driving style, the vehicle and its properties, and the connection route with the 
specification of the goods transported. One of the goals of this article is to increase 
machine learning deployment possibilities for the road haulage business. This is 
in line with the strategies of research and government units aimed at the widest 
possible use of artificial intelligence in the economy by generating positive value. 
The Lars was the model that performed best during the research. LassoLars was the 
weakest.

GitHub allows you to make your code available to a wide audience. This is beneficial 
for improving collaboration and learning [13]. The code from testing, validation and all 
saved models were made available on the GitHub platform to enable implementations 
[14]. Using the information contained in this publication and the provided code, you 
can make a prediction or build your own machine learning model. Using the provided 
code, it can be done by a person who does not have much experience with machine 
learning and programming in Python. It is assumed that the use of machine learning 
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will allow fleet managers to increase awareness of the dependencies affecting fuel 
consumption. This knowledge can help you make better fuel-saving decisions. This 
effect is beneficial for economic and environmental reasons, both for the enterprise 
and for the state economy as a whole.
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Abstract Motivating people to change the mode of transport to public transport 
instead of using their own car is one of the most important parts of the way to 
accomplish the Green Deal 2050 challenge. On the example of Czech Republic 
where the number of passengers was rapidly rising in the pre-pandemic time, 
in most of the long-distance relations individual car transport still offers much 
more travel benefits than railway lines. How to strategically develop the railway 
infrastructure? Will the planned high-speed railways really be the appropriate 
solution to this problem in time? Will it satisfy all the different requirements 
of the passengers who are potentially able to move from car to train? 
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THE ROLE OF RAILWAYS IN SUSTAINABLE MOBILITY

Europe has decided to become a climate-neutral region by 2050 [1]. And because 
transport makes a very significant contribution to the current carbon footprint, ways 
to meet population mobility and freight transport will be a key aspect of meeting the 
goals set by the Green Agreement for Europe.

The transport of both freight and passengers using motorised means of transport 
always places a burden on the environment. Ultimately, energy can be saved, and 
pollutants can be avoided through the choice of transport mode. Whoever travels 
by train travels in an energy-efficient and environmentally friendly manner, even 
more so for modern electric railways. In terms of environmental impact, the railway 
system performs significantly better than cars, heavy good vehicle, or aircrafts. Rail 
transport reveals a particularly favourable energy input to transport capacity ratio. 
In comparison with cars, the railway only requires around half as much energy for 
the same transport volume in passenger transport. It is mainly because of low rolling 
resistance (steel wheel on steel rail instead of rubber tyres on asphalt). And finally, 
travel in long distance train is almost three times more energy efficient than air traffic 
[2].

Figure 1. Comparison of environmental impact of a single 
passenger journey in the Munich – Berlin route [3]

In addition, in some cases the railway may be even better than today, and the standard 
energy consumption of railways can be further reduced, for example by electrifying 
lines not yet electrified, expanding the option of braking energy recovery, etc.

For the environmental objectives to be achieved at all, the railways need to 
significantly increase their share of the modal-split. However, passengers will not 
start using the railway because it is environmentally friendly. They will start using it if 
it is modern and high-quality mobility product. To reduce the environmental impact 
of transport, it is necessary to offer the railways in the form of an attractive and 
customer-oriented part of mobility as a service concept [4].
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QUALITY MODERN RAILWAY TRANSPORT ATTRACTS THE PASSENGERS

For rail to be attractive to passengers and motivate them to make journeys by public 
transport rather than the private car, rail must meet and exceed the expectations not 
of passengers who already use rail but of those who currently use the private car. 
This article is primarily concerned with long-distance and interregional transport. 
The perception of the quality of rail transport from the passenger's perspective is 
of course somewhat subjective, but several areas can be defined that play a role in 
deciding whether a passenger chooses to travel by train or by car (see Figure 2).

Figure 2. Passenger's perception of quality of railway services

Good practice experience (French TGV, German ICE, Austrian and Czech Railjet, also 
Czech "Pendolino" service) shows that a successful long-distance rail service has the 
character of a line (regular interval, same trainsets, same level of quality and service 
provided on board of each train).

However, travel speed plays a very important role in decision making, whether the 
passenger will use a long-distance train or a car ride [5], [6]. And It is mainly influenced 
by infrastructure parameters. Therefore, in this sense, the railway network should 
be developed by building high-speed lines, as well as conventional lines to achieve 
competitive and systemic travel times between cities.

SITUATION IN CZECHIA

Although the Czech Republic has one of the densest railway networks in the 
world, most of the lines do not meet the requirements of contemporary fast and 
modern railway transport due to their parameters, especially line speed and state 
of technology. As a result, more than 70 % of rail transport (passenger and freight) 
is carried out on approximately 30 % of the rail network. These are mainly lines that 
have been upgraded over the past thirty years as part of the so-called rail transit 
corridors modernisation programme. This usually included renewal of the railway 
substructure and superstructure, modernisation of stations, increase in line capacity, 
basic modernisation of signalling equipment and increase in line speed.
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Generally speaking, the realization of rail transit corridors modernisation programme 
(the programme is still ongoing, some sections and key nodes are not yet complete) 
created conditions for the development of modern passenger and freight railway 
transport in Czechia. 

The popularity of passenger rail transport is growing in Czechia. Two segments of 
passenger rail transport are particularly successful – suburban rail transport as part 
of regional integrated public transport and long-distance (interregional or interstate) 
rail transport. Over the last 10 years, the number of passengers has increased by 16 
%.

Figure 3. Map of the railway network of the Czechia with 
marking of rail transit corridors

Figure 4. Trend in number of routes in Czechia [7]

The medium distance travelled is also on an upward trend, suggesting that long-
distance transport is the main driver of rail's success. This positive development is 
due to several aspects:

• The liberalisation of the rail market and the related emergence of competition 
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have led to an increase in the range and quality of the transport offer.

• Modernised infrastructure has created the conditions for a better and more 
reliable offer.

• Generally higher perception of environmental aspects and sustainability in 
society.

However, this development is happening almost exclusively on modernized lines. 
There is Therefore, a large disparity in the quality and transport offer across the 
network.

Before the pandemic, in 2019, the modal-split of passenger transport in Czechia 
achieved 9,9 %. It is not that bad compared to Austria (12,9 %) or Netherlands (11,3 
%), but the Green Deal challenge requires far better values [8].

Capacity problems and missing links

Due to the development of passenger railway transport concentrated on corridor 
lines, the capacity of these lines is practically exhausted, especially in the vicinity 
of large railway junctions (Prague, Brno). It has become clear that the corridor 
modernisation programme significantly underestimated the issue of line capacity 
around these nodes. For example, nowhere was it planned to increase the number 
of tracks around these nodes in order to segregate intensive suburban and long-
distance rail traffic. Unfortunately, Správa železnic, Czech railway infrastructure 
manager, does not publish information on the level of capacity utilization of the 
railway infrastructure. However, it is clear that line capacity is or will very soon 
become a limit to the development of passenger rail transport.

A chronic feature of the development of the railway network and, to a significant 
extent, of transport policy, is the neglect of the development of the Prague - Munich 
and Prague - Linz routes. Bavaria is the Czech Republic's largest trading partner. 
Although the D5 motorway linking Prague with Nuremberg and Munich was quickly 
built in the 1990s, there is still no fast, high-capacity railway line of equivalent 
importance between the Czech Republic and Bavaria. The situation between Prague 
and Linz is largely similar. However, it should be noted that even Germany and Austria 
do not give this connection much priority in their infrastructure planning.

Inconsistent level of quality

The offer of modern railway long-distance passenger transport in the Czech Republic 
is limited almost exclusively to corridor lines. However, the level of quality varies 
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considerably. It is logical that the level of quality varies between the different 
open-access long-distance rail products (e.g., SC Pendolino, Regiojet, LeoExpress). 
However, the level of quality is significantly different in a number of aspects also 
for express services operated under a public service obligation, i.e., ordered by 
the public administration (in the Czechia, long-distance transport is ordered by the 
Ministry of Transport of the Czech Republic). The highest standard of services offered 
in express trains includes for example first and second seat class, air conditioning, 
free unlimited Wi-Fi connection, train restaurant, cinema for children. However, in 
some line, for example, there is a systematic lack of a dining car and related service. 
There is also an enormous difference in the quality of train sets. The carriages of 
most of the trains consist of restored vehicles dating back to the last century.

Figure 5. Express (EC) Berliner (Prague-Berlin) consists of 
rolling stock built in the 1990s and reconstructed after 2010

There is no uniform level of quality across the express network. Moreover, the 
express network basically follows only the corridor lines and does not even serve 
some major cities (Hradec Králové, Jihlava, Karlovy Vary).

Travel speed as a key parameter

Travel speed is a key parameter for the competitiveness of passenger rail transport. 
Achieving a certain travel speed is also a crucial parameter for the design of 
infrastructure and its line speed.

Czechia today

In order to accurately describe the current situation in the Czech Republic, we have 
selected the 22 largest Czech cities, where 32 % of the country's total population live, 
and analysed all interconnections between them using rail transport and individual 
car transport. This selection, included all cities that are administrative centers of 
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Czech regions, is show in the following table:

Table 1. List of 22 largest Czech cities

No. City/town Population Region Corridor line
1 Praha 1 324 277 Praha yes (1, 3, 4)
2 Brno 381 346 Jihomoravský yes (1)
3 Ostrava 287 968 Moravskoslezský yes (3, 4)
4 Plzeň 174 842 Plzeňský yes (3)
5 Liberec 104 802 Liberecký no
6 Olomouc 100 663 Olomoucký yes (2, 3)
7 České Budějovice 94 463 Jihočeský yes (4)
8 Hradec Králové 92 939 Královéhradecký no
9 Ústí nad Labem 92 716 Ústecký yes (1, 4)

10 Pardubice 91 727 Pardubický yes (1, 3)
11 Zlín 74 935 Zlínský no
12 Havířov 71 200 Moravskoslezský no
13 Kladno 69 337 Středočeský no
14 Most 66 034 Ústecký no
15 Opava 56 450 Moravskoslezský no
16 Frýdek-Místek 55 557 Moravskoslezský no
17 Karviná 52 128 Moravskoslezský yes (3)
18 Jihlava 51 216 Vysočina no
19 Teplice 49 731 Ústecký no
20 Chomutov 48 635 Ústecký no
21 Děčín 48 594 Ústecký yes (1, 4)
22 Karlovy Vary 48 479 Karlovarský no

Note that most of these cities are not connected by lines that were parts of the rail 
corridor modernization programme. 

A total of 232 routes were analysed. With the help of the digital road map and railway 
timetables all intercity distances, travel times, travel speeds and operating intervals 
of railway lines were obtained and every pair of connections was compared (car vs. 
train).

Currently (i.e., in 2021), the travel speed of rail transport is higher than the travel 
speed of individual car transport one in only 20 of 231 analysed routes (8,7 %). 
Average travel speed of trains is only 47 kmph but cars achieve 67 kmph. The 
summary statistics of this comparison are following:
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• ratio of routes realized faster by train  8,7 % 

• average travel speed of trains   47 kmph

• average travel speed of cars   67 kmph

• average air distance    184 km

• average train operation interval   86 min

• average number of train transfers  0,93

The connections between Prague (the capital city and the largest passenger rail hub 
in the country) and other major cities is shown in following chart.

Figure 6. Comparison of travel speed in 2021

Routes marked with a black number are parts of corridor lines. It is evident that even 
on the reconstructed corridor lines, higher travel speeds are not achieved than for 
road transport.

Czechia – projected 2050

The Czech Republic is currently preparing to implement a programme for the 
construction of high-speed lines with an expected completion in 2045. The 
programme promises three new complexes of high-speed tracks dimensioned for 
speed 200 – 350 kmph. Many of conventional lines should be modernized too, for 
example line Praha – Liberec or Plzeň – Domažlice – Germany (Munich). In order 
to see how this programme will change the competitiveness of railway services (in 
terms of travel speed), we have carried out the same analysis for the 2050 model. 
The year 2050 was chosen because it is the year in, which the goals of the Green Deal 
are to be accomplished.
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The model includes the completion of all planned high-speed lines and planned 
upgrades to conventional lines. At the same time, the planned development of the 
motorway network is also included in the model calculation. 

In 2050, the travel speed of rail transport is higher than the travel speed of individual 
car transport one in 119 of 231 analysed routes (51,5 %). Average travel speed of 
trains is only 47 kmph but cars achieve 67 kmph. The summary statistics of this 
comparison are following.

Figure 7. Map of railway lines in 2050

Table 2. Comparison in years

Size 2021 2050
Ratio of routes realized faster by train [ %] 9 52
Average travel speed of trains [kmph] 47 84
Average travel speed of cars [kmph] 67 74
Average train operation interval [min] 86 61
Average number of train transfers [-] 0,93 0,79

The connections between Prague (the capital city and the largest passenger rail hub 
in the country) and other major cities is shown in the following figure.

Figure 8. Comparison of travel speed in 2050
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The biggest improvement will be perceptible in routes coming from Prague. 
Unfortunately, situation in cities, that do not lie in the corridors or new high-speed 
tracks, will be almost the same.

We can look forward to some extreme improvements. For example, there are some 
routes where the train will be three or four times faster than car and the operation 
interval will be great too:

Table 3. List of very fast train routes

Route Travel time [min] Travel speed 
[kmph]

Air 
distance 

[km]
Ratio [-]

Operation 
interval 

[min]

car train car train together train/
car train

Pardubice – Praha 81 20 72 291 97 0,25 12
Hradec Králové – 
Praha 77 20 79 306 102 0,26 30

Brno – Jihlava 56 15 83 308 77 0,27 60
Olomouc – Ostrava 62 20 75 231 77 0,32 60
Praha – Ústí n/L. 59 20 70 207 69 0,34 20

For comparison, see the table with data for the three biggest cities:

Table 4. List of routes among three biggest cities

Route Travel time [min] Travel speed 
[kmph]

Air 
distance 

[km]
Ratio [-]

Operation 
interval 

[min]

car train car train together train/
car train

Brno – Ostrava 102 40 81 207 138 0,39 30
Brno – Praha 118 60 95 186 186 0,51 10
Ostrava – Praha 211 110 79 152 278 0,52 30
Olomouc – Ostrava 62 20 75 231 77 0,32 60

On the other side, there are some routes where the state of railway transport beside 
the individual one will be the same or even worse. Unpleasant situation threatens 
for example in Kladno or Zlín.
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Planned high-speed rail and modernisations will definitely improve the situation but 
there will still be many routes in unsatisfactory condition, and this deficiency may 
subvert the whole system.

CONCLUSION

After a very long stagnation (practically from the 1960s until the first decade of 
the 21st century), the railway in the Czech Republic has revived and it can be seen 
that, if the conditions are right, it can offer a competitive modern service that 
passengers like to use. This is an important conclusion as it confirms that if the 
public administration creates the conditions for the development of passenger rail 
transport in a strategically correct and sufficiently generous way, there is a great 
potential for increasing the share of rail transport in the modal-split. And that is 
absolutely essential to meet the Green Deal goals.

Currently, the development of railway transport in Czechia is limited by wrong 
strategic decisions made in the relatively recent past:

• The development of railway infrastructure was limited to railway corridors 
instead of being systematically oriented towards connecting the largest and 
most important cities in the country.

Table 5. List of the worst train routes

Route Travel time [min] Travel speed 
[kmph]

Air 
distance 

[km]
Ratio [-]

Operation 
interval 

[min]

car train car train together train/
car train

Karlovy Vary – 
Kladno 57 158 94 34 89 0,36 60

Hradec Králové – 
Liberec 57 149 87 33 83 0,38 120

Frýdek-Místek – Zlín 80 208 53 20 71 0,38 120
Chomutov – Kladno 40 97 90 37 60 0,41 60
Frýdek-Místek – 
Karviná 31 75 46 19 24 0,41 60

Kladno – Plzeň 64 138 64 30 68 0,46 60
Děčín – Kladno 79 168 54 25 71 0,47 60
České Budějovice – 
Kladno 103 213 77 37 133 0,48 60
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• The scope of modernisation was too small. There have been no significant 
upgrades in terms of capacity or signalling. 

• Instead of setting the line speed based on the competitive travel speed in each 
route a fixed limit of 160 kmph was chosen. However, even this limit is not 
reached on a significant part of the corridor lines even after reconstruction.

These poor strategic decisions could have been avoided. Both the principles of the 
integral timetable and the good practice examples of the network approach to rail 
transport were well known in the 1990s when these strategic decisions were made.

Rail transport and increasing its share of modal share will play a crucial role in 
meeting the targets set by the Green Deal. Czechia must Therefore, systematically 
develop fast, modern, and high-quality railways.

"Transport accounts for a quarter of the EU's greenhouse gases and its share is still 
growing. To achieve the climate neutrality, transport emissions need to be reduced 
by 90 % by 2050. Both road, air, rail and waterborne transport must contribute to this 
reduction. Achieving sustainable transport means prioritizing users and obtaining 
them more affordable, accessible, healthier and cleaner alternatives to the means of 
transport to, which they are currently accustomed" [1].

Our analysis confirmed that the planned construction of high-speed lines and 
modernisation of existing lines will make rail transport in the Czech Republic 
significantly more competitive with road transport than at present. However, rail 
transport will still be speed-competitive on only about half of the selected routes. 
Little consolation can be taken from the fact that this half includes all the largest 
cities except Pilsen, which is senselessly excluded from the high-speed system. 
Equally alarming, however, is the long-unresolved connection with European cities, 
such as Munich, Nuremberg or Linz in Austria. These three cities with several million 
inhabitants represent a huge potential for connection to the high-speed system. 
But the Czech plans so far completely ignore these traditional trading partners and 
tourist destinations. 

Overall, the 2050 route plan, however ambitious and developmental, is still 
quite inadequate. The railway transport simply needs to offer even better-quality 
connections between at least all our selected settlements, so that the incentive for 
the passenger hesitating between individual and public transport is clearly on the 
side of the public transport.

The Green Deal is an opportunity to catch up with these internal debts of the Czech 
infrastructure in relation to its European neighbours, but this opportunity must be 
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grasped well. In this particular case, this means not relying entirely on the 2050 plan, 
but developing rail lines on a much larger scale and building the railway system in the 
Czechia in a conceptual and systematic way.
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The New Franco - Genevan Rail Passenger Service "Léman 
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Border Metropolis of Greater Geneva?
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Abstract The Léman Express is the achievement of an old project of connecting 
Geneva with the French hinterland of Annemasse and the North East part of the 
Region Auvergne Rhône-Alpes. 16 km of new tracks have been build (2 km in France 
and 14 km in Geneva with 5 new underground stations). This Swiss – French rail 
service is opened to cross-border commuters mainly since Mid-December 2019 
on 230 km of tracks from Coppet to Annecy, Thonon, Bellegarde and Evian. 50 000 
passengers are targeted for this service: now around 40 000 passengers are travelling 
every day in March 2021. 500 000 commuters cross the French – Swiss boundaries 
every day, which means a huge impact in terms of congestion and greenhouse 
effects and this new service will speed up modal transfer towards rail. Mid-2021, 
reliability of the system and quality passenger information have to be improved. 
The key issue is to improve the French – Swiss interoperability of rail system.

Keywords: • France • Switzerland • Geneva • Rail Passenger Transport
 

 

CORRESPONDENCE ADDRESS: Laurent Guihéry, CY Cergy Paris Université, 33 boulevard du Port, 95011 
Cergy-Pontoise cedex, e-mail: Laurent.guihery@cyu.fr

Accessible at: www.fgpa.um.si/etc    ISBN    978-961-95633-0-4



Laurent Guihéry
The New Franco - Genevan Rail Passenger Service "Léman Express": The Challenge of 
Sustainable Mobility in the Cross-Border Metropolis of Greater Geneva? 240 

This article aims to evaluate, in mid-2021, the first eighteen months of operation 
of the new rail passengers service Léman Express connecting Geneva2 and the 
French hinterland, which is likely to reverse the trends of growing congestion and 
the associated environmental nuisances in the cross-border metropolis of Greater 
Geneva. 

Every day, 630 000 trips take place, mainly commuting, around Geneva , between 
France and Switzerland (65 %), but also between the Canton of Vaud and the Canton 
of Geneva (35 %). The overall modal share of public transport on the cantonal borders 
was close to 14 % in 2018. For working people living in France and working in the 
canton of Geneva, 80 % of trips are made by car, 13 % by public transport and 7 % by 
two-wheelers (2014; see Table 1).

Mobility by private car – 223 300 crossings of the cantonal border by motorized 
transport every day, mainly characterized by single driver’s vehicles - is very impressive 
in a city that has long been devoted to the car: it is no coincidence that Geneva hosts, 
on an annual basis, the major international motor show that celebrated its centenary 
in 2005! The city has very heavy congestion in its various accesses, particularly for 
border crossings, which causes environmental nuisances and makes Geneva one 
of the cities most affected by automobile pollution. In addition to the problems of 
congestion and nuisance (pollution, noise, road insecurity), there are also parking 
problems in a highly constrained public space. 

A CROSS-BORDER REGION WITH STRONG CONTRASTS

This new Franco-Genevan, cross-border, high-frequency rail service appears in a 
region - Haute-Savoie, Annemasse and Geneva - with very strong contrasts. 

2  This compares with 550 000 inhabitants in Geneva. 

Table 1. Modal share of public transport for cross-border flows 
to Geneva

France
Annemasse side 15 %
Ain side 8 %
Saint-Julien-en-Genevois side 3 %
Chablais side 2 %
Switzerland 
Canton of Vaud 33 %

Source: [3].
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On the one hand, the quality of life is one of the best in Europe: beyond the presence 
of Lake Geneva and the mountains, the proximity of Geneva makes this region, for 
some, an Eldorado. Geneva occupies a special position on the West side of Lake 
Geneva: 110 km of border with France (Ain and Haute-Savoie), which surrounds it, 
but only 4 km with the canton of Vaud, which links it to the Swiss Confederation. 
The high salaries in Switzerland attract many workers who want to obtain the status 
of cross-border commuter. It must be said that Geneva's place in Europe remains 
central: After being the historic headquarters of the League of Nations (SDN), 
it remains today a place of diplomatic exchanges and conventions and still hosts 
many international organizations: WTO, ILO, CERN, UNHCR, etc. The weight of these 
international organizations is estimated at nearly 11 % of GDP, i.e., approximately 1 
job in 10. The department of Haute-Savoie has a median standard of living of almost 
23 700 euros3, the highest among the French departments outside the Ile-de-France 
region. 

On the other hand, as a former railway and working class town, Annemasse has a 
poverty rate of 22 %, 3 points higher than the national average [10]. Inequalities are 
among the highest in France, with Annemasse ranking 4th in France for the highest 

3 https://www.insee.fr/fr/statistiques/1285869

Figure 1. Entry into the canton of Geneva per day by motorized 
individual transport: 2000 – 2010 – 2018

Source: [3].
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inter-decile inequalities4. The Swiss Eldorado does not work for everyone5. 

A city of contrasts, Haute-Savoie, and Annemasse, is also a city of contrasts because 
of the dynamism of jobs in Geneva and jobs on the French side, which have difficulty 
in finding human resources6. In 2021, 26 % of jobs in the Canton of Geneva will be 
occupied by cross-border workers, compared with 15 % in 2005. Roughly speaking, 
50 % of the active population of Annemasse work in Geneva. The health sector is the 
leading recruiter of cross-border workers: more than 50 % of employees in Geneva's 
public hospitals (12 000 in all) live in France. 

Finally, this region also has a strong contrast in mobility! Geneva's strong attractiveness 
generates considerable mobility that the current infrastructure, especially roads, 
cannot support. The flow of commuters is growing rapidly and threatens the ecological 
balance of the region – air quality, global warming, road water runoff, pollutant 
emissions, road safety, road noise. Congestion, which is omnipresent at peak times, 
causes misunderstandings and tensions in Swiss companies, where compliance with 
schedules is essential, along with delays by border workers. 140 000 cross-border 
commuters go to work in Switzerland every day, generating 8 billion euros in wages 
per year. Part of this money goes to the French local authorities (3,5 % of the wage 
bill) but this is too little to meet the management costs of the authorities in the face 
of this influx of people, in particular to manage transport. 

AN INITIAL SOLUTION: THE CROSS-BORDER METROPOLIS OF GREATER GENEVA

The urgent need to find a framework to improve the sustainable mobility in Geneva 
comes first from the Swiss Confederation: in fact, there is a strong imbalance between 
the Lake Geneva area (1,5 million inhabitants with a modal share of public transport 
of 16 %) and the Zurich area (1,9 million inhabitants and a modal share of public 
transport of 35 %), which led the Confederation to support and finance the Léman 
express project in the name of a certain homogeneity of living conditions on Swiss 
territory. 

Then came the construction of the Greater Geneva area, a local grouping for cross-
border cooperation (GLCT) bringing together 209 municipalities between France and 

4  Behind Neuilly, Paris and Boulogne-Billancourt (Hauts-de-Seine). In Annemasse, the poorest 10 % of 
households earn less than 800 euros per month (barely 10 000 euros per year), while the richest 10 % 
earn 5,3 times as much, an average of 4,200 euros per month (50 400 euros per year [10]).

5  Annemasse offers a very high rate of social housing (27 %) and manages a priority district of the city 
policy [10]. 577 homeless people took up residence in Annemasse in 2020 compared to 492 in 2019 
[10]. In Haute-Savoie, the number of recipients of the minimum active solidarity income remained 
high: + 22 % between 2019 and 2020.

6  Strengthened thanks to the exchange rate with the Swiss franc, which has gone from 1,60 Swiss 
francs (CHF) for 1 euro in 1999 to almost parity today [10].
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Switzerland. It takes the form of a Franco-Swiss discussion and decision-making area, 
corresponding to a European cross-border metropolis: this cross-border conurbation 
bringing together the Canton of Geneva, the district of Nyon and the French Genevan 
metropolitan area, in detail: 

• Canton of Geneva

• Community of communes of the Pays Bellegardien

• Pays de Gex agglomeration community

• Annemasse Agglomeration Community

• Thonon Community of communes Arve et Salève Agglomeration Community

• Community of communes of the Genevois

• Community of municipalities Faucigny-Glières

• Community of communes Pays Rochois

• District of Nyon

A forward-looking agglomeration plan has provided a framework for development 
shared by all the territories. At the heart of this plan is the question of commuting 
between France and Geneva. The employment area covers approximately one 
million inhabitants over more than 2 000 km2: 50 % of the French population in this 
territory works in Geneva. 

In a logic of catching up, a strong response from Greater Geneva to deal with road 
congestion was the launch of the Léman Express project. It aims to put Geneva and its 
French hinterland on a new trajectory to reverse the trend of strong and congested 
growth in road traffic and pollutant emissions. Indeed, this RER-type rail service offers 
a modal alternative that is finally credible in order to meet the very high demand for 
commuting by French people working in Geneva and the resulting environmental 
damages that it implies (CO2 emissions, noise and local pollution). Could this new 
Léman Express service meet the challenge of strong growth in mobility? Will it help 
reposition Geneva as a major European metropolis? 

A RESPONSE TO THESE CHALLENGES THROUGH A CROSS-BORDER RAIL PROJECT OF 
METROPOLITAN SCOPE: THE LÉMAN EXPRESS

A response to the challenges of mobility in Greater Geneva took started 15 December 
2019 with the launch of a major metropolitan rail network, the Léman Express7. On 

7  At the same time, the Annemasse-Geneva cross-border tramway was inaugurated in 2019, which is 
obviously much slower. The Léman express has led to an increase in the range of soft and low-carbon 
mobility services in Greater Geneva: 200 km of cycle paths have been made permanent (a greenway 
links Annemasse to Geneva, using the roof of the CEVA tunnel in some parts), 4 BRTs, 3 trams.
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schedule, the new regional rail service – the first cross-border metropolitan rail 
service in Europe – will serve Geneva, the Canton of Vaud and, above all, Annemasse 
and the neighboring French departments (Ain, Haute-Savoie). After a year and a 
half of operation, Annemasse station is thus becoming the second most important 
interchange hub in the Auvergne-Rhône-Alpes region behind Lyon Part-Dieu. Let's 
try to draw up an initial assessment.

Let us show its impact on mobility: Geneva-Annemasse in 23 minutes, as opposed 
to more than 50 minutes previously. This project is not new, since it dates back to 
the 19th century, when a link was missing between the French rail network and 
Switzerland8. Preparatory work began in the 1850s and a Franco-Swiss agreement 
for the construction of a link between Geneva and Annemasse was signed in 1881. 
The project was even imagined in 1912. The rise of the automobile and Franco-Swiss 
rivalries put it on hold and it was not until 2011 that work began on the project, 
which will lead to its inauguration on 15 December 2019.

In all, there are 230 km of railway lines in Switzerland and Auvergne Rhône-Alpes 
with a central axis in a 16 km tunnel, 2 km of, which in France leads to the Annemasse 
station, which has been modernized, as well as its surrounding areas. This rail service 
stops at 45 stations in France and Switzerland (including 4 new underground stations 
in Geneva), which has enabled the city to launch numerous urban and housing 
projects, with a current terminus at Coppet station, near the castle of Germaine de 
Staël (1766-1817)9. It is currently the largest cross-border railway network in Europe. 
It consists of 6 lines: L1 L2 L3 L4 L5 and L6 (see diagram below). It offers a service 
with a wide range of hours from 5:00 to 00:30 on weekdays between Annemasse 
and Geneva. The frequency reaches 6 trains per hour and per direction between 
Annemasse and Geneva. On the other branches of the network, the frequency is 
2 connections per hour with interconnections designed with the TER trains of the 
Auvergne Rhône-Alpes Region. Finally, a great deal of work has been done on both 
the Swiss and French sides to improve interconnections with the public transport 
networks, to develop park-and-ride facilities and multimodal interchange centers. 
The use of bicycles is growing rapidly and, during the rush hour at the end of the day, 
many cross-border commuters are equipped with folding bicycles to get home. 

As for the rolling stock, each country wanted to use its national manufacturer to 
provide the rolling stock, i.e., 40 brand new comfortable trains. Alstom, on the French 
side, produced the 17 French trainsets10 for € 210 million and Stadler, on the Swiss 
8  See the very interesting issue of the Revue Générale des Chemins de Fer (R.G.C.F.) - Nr. 296 of September 

2019 [11].
9  A proud opponent of Napoleon, who exiled her to Coppet. She was the first to describe, in the romantic 

wave of the first half of the 19th century, Germany as a homogeneous space, certainly disunited at that 
time but driven by a dynamic of artistic, literary and scientific creativity, which displeased the emperor.

10  The Auvergne Rhône-Alpes Region has indicated that it has ordered ten more train sets for 
reinforcement.
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side, built the 23 Swiss trainsets. The rail service is timed with a high frequency, for 
example from Annemasse but also from the other major centers of Greater Geneva, 
which poses formidable operating difficulties in the event of incidents or delays. 
Annemasse nevertheless remains a real railway frontier as it is also the terminus of 
the Swiss Regio Express trains, which have Saint-Maurice as their destination, serving 
Geneva and the CEVA stations.

The entry into service of the Léman Express should enable a reduction in motorized 
traffic of 12 %, which is enormous. Despite some operating difficulties due to 
bottlenecks on the SNCF regional network and problems in recruiting SBB drivers 
under the pressure of the pandemic, the Léman Express has found its public with 45 
000 passengers at the beginning of March 2020 [9], close to the target of 50 000/day. 
A peak was reached around 26 February 2021 with 49 000 passengers per day. Thus 
this rail service allows first of all French people with a border permit to reach their 
place of work in Switzerland. Annemasse, for its part, is betting on the development 
of tourism with a welcome reception center and mobility center. On the Geneva side, 
the 4 underground CEVA stations have made it possible to rethink mobility and urban 
planning in the refuge city. CEVA is thus accompanying a new direction in mobility 
in Geneva and is used as a mode of urban transport: 50 % of the flows concern local 
travel in Geneva and 50 % cross-border travel.

Figure 2. Transport plan

Organization of the links: 

1. Coppet – Annemasse with L1, L2, L3, L4 and Regio Express connections

Monday to Sunday, from 5am to 12:30 pm: a train every 15 minutes

Friday and Saturday nights: one train every hour, all night, between 00:30 and 5:00.
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RegioExpress trains are extended to Annemasse from Saint-Maurice, Vevey and 
Lausanne (stop at Lancy-Pont-Rouge and Genève-Eaux-Vives), with a train every 30 
minutes from Monday to Friday and one train per hour at the weekend.

Annemasse – Evian-les-Bains – Annecy – St-Gervais-les-Bains-Le Fayet.

2. L1, L2, L3 and TER:

One connection per hour, in both directions, and two connections per hour, during 
peak hours.

The connections are direct or in connection (Annemasse or La Roche-sur-Foron) with 
the TER, the TER buses or the Léman Express buses.

3. Coppet – Geneva

A train every 15 minutes from Monday to Saturday and every 30 minutes on Sunday.

4. Geneva – La Plaine

Monday to Saturday: a train every 30 minutes, then every hour in the evening. On 
Sunday, a train every hour.

5. Geneva – Bellegarde (Ain)

Monday to Friday: every hour, during rush hour.

It is interesting to note that the hinterland of the new Léman Express service, i.e., 
its area of influence, corresponds roughly to the "Greater Geneva of 1815" desired 
by the Genevan diplomat Pictet de Rochemont at the Congress of Vienna in his 
memorandum published on 16 July 1815. Taking advantage of the French defeat at 
Waterloo, the plan - see diagram below – recommended integrating the Arve valley, 
Annecy and its lake and a good part of the Ain department into Geneva. Fortunately, 
the intrigues and diplomatic finesse of the Prince of Talleyrand and his team at the 
Kaunitz Palace in Vienna made it possible to counter this proposal!
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CLEAR AND TARGETED FUNDING

This section aims to make an ex-post assessment2 of the amounts invested in the 
project. In keeping with a tradition that is deeply rooted in Swiss public management, 
the work was completed on schedule, in December 2019, without any major cost 
overruns. This did not prevent a few start-up failures, which a longer running-in 
period, from a more French perspective, would perhaps have helped to limit. 

The Auvergne Rhône-Alpes Region was at the heart of the financial package for the 
financing of the Léman Express as shown in Table 1. It is contributing 52 % (€ 320 
million) of the total funding on the French side, which amounts to € 612 million. If we 
add the necessary work on access, park-and-ride facilities, stations, the Annemasse 
technical centre and work to reinforce the rail infrastructure, the Auvergne Rhône-

2  See Issue 296 of the Revue Générale des Chemins de Fer (September 2019) for a precise analysis of 
the projected financing of CEVA and the Léman Express rail service.

Figure 3. Geneva at the Vienna Congress 1815

Source: [8].
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Alpes Region estimates its total financial effort at € 400 million in 2021. To this must 
obviously be added the coverage of the operating costs of the Léman Express service, 
which will vary greatly depending on the periods of confinement and the use of 
teleworking, which will reduce the commercial revenue. 

To speak of the Auvergne Rhône-Alpes region is to forget that Switzerland is the 
main contributor to the financing of this infrastructure, which is primarily built in 
Switzerland: with a total bill of € 1,8 billion, Switzerland contributes three times 
more than France. This helps to explain, in part, why Lémanis, as a Euroregional 
cooperation grouping (ECG), is 60 % owned by the SBB and 40 % by the SNCF. 

Table 2. Balance sheet for the financing of the Léman Express

France Switzerland
 Auvergne Rhône-Alpes region share - CEVA + 

Léman express
Total cost

CEVA + Léman express
Infrastructure (CEVA - 
2km in France) 55 m € 234,2 m € 1 390 billion € for 

the 14km of CEVA in 
Switzerland, the rolling 
stock (20 Stadler Flirt) 
and 5 new stations 
 
162 m: stations and 
crossings
53,5m: intermodality 
230m to Geneva 
Public Transport (TP 
interconnections).
 
With approximately: 
44 % Canton Republic 
of Geneva
56 % Swiss 
Confederation 

Railway equipment (17 
Régiolis trains - Alstom 
(+10 in reinforcement)

210 m € 210 m €

Regional stations (18 
SNCF Réseau stations) 36 m € 149,3 €

Maintenance 
workshop 
(Annemasse)
Various

14,7 m €

3,7 m €

14,7 m €

3,7 m €

400 m € in total 611,9 million 1,835 billion

Source: Auvergne Rhône-Alpes Region, various cross-checks.

On the French side, most of the territory's players have participated in financing 
the French section of CEVA, i.e., 2 km for a total cost of € 234,2 million, which again 
shows a certain unanimity in the face of an infrastructure that is fundamental for 
today's and tomorrow's mobility in the cross-border metropolis of Greater Geneva. 
The Haute Savoie department is contributing € 65 million, the main funder, the 
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Auvergne Rhône Alpes region € 55 million, the State € 45 million, SNCF Réseau € 35 
million, the EPCIs of Haute Savoie € 18,75 million, the Swiss confederation € 14,5 
million and the European Union € 1 million for preparatory studies. 

The action of the Auvergne Rhône Alpes Region has also focused on the stations of 
the Léman Express and their development, with good results, such as Annemasse, 
even if the development work was not completed by May 2021. For it is the 18 
stations served by the Léman Express that the Region's action has mainly focused 
on. Out of a total budget of around € 150 million, it has financed a little over € 50 
million, and this in all the areas of action: 

• Alongside SNCF Réseau, for example, for the platforms and access to the 
station network (8 stations modernised in 2018 and 10 stations in 2019-2021), 
but above all for Annemasse station, with 30 % of the regional funding (total 
operation around € 14 million). 

• Alongside SNCF Gare et Connexions with almost 50 % of the funding, especially 
for Annemasse station (a little over € 16 million in all).

• At the level of local authorities for developments and surroundings with an 
average project support of 20 %.

In the summer of 2021, many actions are still underway and the success of the Leman 
Express service calls for new actions to modernise and upgrade the service.

To date, the 2015-2020 CPER has made it possible to make the service operational: 
first of all, of course, the missing link of the CEVA in France (2 km), especially in a 
cut-and-cover section; then the reorganisation of the Annemasse track plan2, the 
automated modernization of the previously manual signaling between Annemasse 
and La Roche-sur-Foron – this single track, with crossing points, is a common trunk 
line that opens onto two branches, those of Annecy and Saint-Gervais. modernisation 
of the third branch of the Léman Express towards Evian and Thonon, this station 
being controlled from Annemasse; and finally work to remove two level crossings at 
Etrembières and Reignier.

SNCF Réseau is waiting for a number of additional works that will improve the 
reliability of the network, which is a single-track network (except towards Bellegarde). 
There is currently talk of making the crossing points at Pringy and Saint-Pierre-en-
Faucigny more robust, equipping them with GSM-R and installing storage tracks at 
Annecy and Saint-Gervais. 

2 7 tracks now including 2 with Swiss type electrification allowing direct access to the SBB network.
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Finally, the Region attaches importance to the reinforcement of video-protection 
in the vicinity of railway stations and subsidises the municipalities that act in this 
direction. 

FUTURE PROSPECTS FOR THE LEMAN EXPRESS

After a year and a half of operation, badly affected by the successive crises of the 
COVID, which saw alternating periods of lockdown and recovery, but also use of 
teleworking and Therefore, a drop in travel, certain lessons can nevertheless be 
proposed to improve the robustness of the "Léman Express" system.

Infrastructure side

The central bottleneck of the "Léman Express" system remains, on the French side, 
a single-track railway infrastructure, with the exception of the Geneva-Bellegarde 
axis. The slightest delay on the French side leads to a domino effect of delays on 
train movements, which affects the timetable. Despite ongoing modernization, 
traffic management is still very manual, with 40 to 50 agents assigned to this task. 
Haute-Savoie was in fact very under-equipped in terms of rail infrastructure in favor 
of motorway routes. The Léman Express marks a major change of direction, which 
calls for new and indispensable investments in rail infrastructure investments, which 
are obviously complicated, in the name of the principle of territorial equity, in a 
privileged region and one of the richest in France! 

The Léman Express must also meet the challenge of Franco-Swiss rail interoperability, 
from the different electrical voltage to the real-time passenger information system, 
which has proved very complex to interoperate between the two countries, at least 
at the beginning. 

On the traffic side, Annemasse station now has 280 trains per day, compared with 
70 before the new Léman Express service. Seven tracks are dedicated to operations, 
with two Swiss-type electric tracks, three tracks (C-D-E) for the Léman Express and 
two tracks for TER, TGV and Freight. SNCF Réseau experts predict that the station will 
quickly become saturated and are calling for new investments. 

Finally, conflicts sometimes arise between the Lyria TGV, Léman Express trains, TERs 
and freight, for example for the transport of Evian water. 

On the Swiss side, numerous works will be scheduled on the network. Geneva 
Cornavin station remains saturated and a major redevelopment plan will be launched 
in 2023 for many years (underground station), which will lead to work periods that 
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conflict with the Leman Express services (L5 and L6 Geneva – Bellegarde).

Operational side

The strength of the new Franco-Swiss rail service is an end-to-end service with 
no load break at Annemasse (for lines L3, L2 and L1), which results in a very high 
traffic density with a train every 6 minutes at Annemasse. The interest is obviously 
a direct link between Annecy (L2), Saint-Gervais (L3) and Evian (L1) with Geneva via 
Annemasse. Since 5 April 2021, the Franco-Swiss Léman Express network has been 
operating at full capacity. At the very beginning, due to problems with the rolling 
stock and the timetable, but also since 18 May 2020 due to a lack of SBB drivers 
trained for France, all trains stopped at Annemasse and, with a change of train, a 
shuttle train left Annemasse for Geneva. Fortunately, the Lémanis teams managed 
to return to the initial end-to-end service (especially Annecy-Geneva direct) but this 
hesitation in Franco-Swiss management led to fears of the worst, namely a break in 
Franco-Swiss continuity and Therefore, a failure of the offer! 

Punctuality remains good for trains that are not cancelled. In fact, if the expected train 
is more than 10 minutes late, it is cancelled because it becomes unmanageable to 
integrate it into the traffic. These cancellations are very much decried by customers, 
particularly on social networks. On the French reference basis (4 min 59s), punctuality 
is 98 % (TERs in the Auvergne Rhône-Alpes region have a rate of 89 %). 

The hardware went through a burn-in cycle that resulted in some adjustments in the 
first few years of operation. The Stadler Flirt had serious software reliability problems 
that have been largely resolved today. The Alstom Regiolis trains also underwent 
some running-in adjustments. Driver recruitment was not easy on the Swiss side, 
with the labour market under great pressure due to a shortage of manpower. The 
Covid and the withdrawal of rolling stock handicapped the first months of operation, 
with a drop in supply to cope with these shortages. 

Finally, the launch of the service in December 2019 coincided with an SNCF strike, 
which disrupted the tests and did not improve the complex but cordial relations 
between the Swiss and French managers.

A major challenge for the service is to achieve reciprocity in passenger flows 
between France and Switzerland, i.e., to make Haute-Savoie more attractive to Swiss 
tourists, for example to the Arve Valley and to Annecy. Lémanis is currently working 
in this direction (information campaign). It is a pity that the Annemasse station has 
been delayed by more than a year and a half in its development -, which should 
nevertheless be superb! Numerous park-and-ride facilities and improved station 
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access have been built in this respect.

Pricing and Franco-Swiss intercultural management

The Léman Pass fare system is the great success of this fare community, both 
because of its simplicity (two fares, one French (classic TER unchanged) and the 
other Franco-Swiss for a cross-border journey3) and its low cost. This pricing system 
has led to changes in the organisation of inter-municipal cooperation in France, with 
mergers of inter-municipalities and genuine cross-border mutualisation. Thus, on 1 
January 2019, a major merger of communes was agreed between the communes 
of Bellegarde-sur-Valserine, Châtillon-en-Michaille and Lancrans, which become 
Valserhône (approximately 16 500 inhabitants). These municipalities belong to the 
Greater Geneva area and are 30 km from Geneva and 15 km from the French-Swiss 
border. The L6 line of the Léman Express connects Bellegarde and Geneva Cornavin. 
In mid-December 2020, an agreement relating to the Léman Express fare community 
was signed between Valserhône – and its Mobi'Vals transport network – and the 
Léman Express for greater cross-border fare integration: investment costs are shared 
50 %-50 % between the canton of Geneva and the French organising authorities4, 
with Valserhône's share amounting to 2,13 %. Similarly, a distribution of the operating 
costs has been validated: Valserhône will have to contribute between 3300 and 4748 
€ per year to the scheme until 2024. The mayor of Valserhône observes this tariff 
integration with interest: "What is interesting in this system is that we are entering 
more and more into this cross-border mutualisation" [9]. What a project!

But it is in the ratio of revenue to expenditure (R/D), close to 20 %, that the new 
Léman Express service offers us its greatest surprise or disappointment! Indeed, in a 
privileged region with a high income, the R/D is at a lower level than the TER Auvergne 
Rhône-Alpes (R/D close to 30 %). The Léman Express is Therefore, largely subsidized 
by the taxpayer and/or the debt! The Auvergne Rhône-Alpes region estimates its 
financial contribution under the operating agreement with SNCF Voyageurs at € 27 
million. The commercial revenues must be deducted from this amount, but during 
the periods of confinement or recourse to teleworking, they were very low, which led 
the region to add even more! The Region Therefore, compensates for the commercial 
revenue between France and Switzerland: the organising authorities5 cover 100 % of 
3  The Léman Pass ticket or season ticket allows you to use the trains, trams, buses, "mouettes genevoises" 

and transport networks of the 10 partner operators. It is extremely simple to use: all you need is a 
ticket to travel on cross-border public transport.

4  Currently 8 organising authorities: Republic and Canton of Geneva, Auvergne-Rhône-Alpes Region, 
Annemasse agglomeration, Grand Annecy agglomeration, Thonon agglomeration, GLCT public 
transport, Communauté de communes Pays d'Evian Vallée d'Abondance, Commune de Valserhône.

5  Six organizing authorities manage public transport on the French side. This institutional fragmentation, 
which is very French, poses formidable coordination problems. The French Geneva metropolitan 
area is currently considering a single transit authority. With a more integrated A.O. on the Swiss side, 
Geneva is considering an urban toll, the revenue from, which could be used to develop cross-border 
public transport services in particular.
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the costs of public transport, in particular the Region for the Léman Express. There 
is Therefore, a certain gap between the level of fares and the rather high standard of 
living in the region. One explanation lies in the strong Swiss influence on the service, 
which aims to provide a strong incentive to use public transport (in the wake of the 
Swiss unireso6 card, for example).

Finally, Franco-Swiss governance seems to be well organized around production 
committees every two months, and Franco-Swiss pairs at all levels for the management 
of the network and operations. 

CONCLUSION

The Léman Express has confirmed its relevance as a quality and innovative alternative 
modal offer to the car. Its beginnings are promising after a running-in phase, which 
now seems to be over. The offer has found its demand, with 45 000 passengers per 
day on average.

Our interviews with the actors of the Léman Express system revealed three main 
areas of work: 

1. The reliability of the rolling stock, and above all the avoidance of train cancellations, 
which are very badly perceived by passengers, but also the optimization of the 
passenger information system and making it truly interoperable between the 
French and Swiss systems.

2. Study and prevent future saturation of the service, which calls for reinforcement 
of the rolling stock, but above all the elimination of the infrastructure bottlenecks 
in France, i.e., the single tracks or at least the automation of their operation, 
towards Annecy, Evian and the Arve valley. It is also necessary to prevent future 
operating constraints linked to the numerous works on the Swiss side: Geneva 
(Cornavin station, Coppet axis7).

3. Study an extension to the Haut-Bugey in connection with the TER (regional 
express trains) because the hinterland of Geneva is growing. 

In the long term, for the transport scientist involved in a reflection on European 
transport policy, the question arises as to the compatibility of this rail service with 
the European texts calling for competition in regional passenger rail services. This is 
not a question of competition on the market, as with rail freight, but of competition 
for the market in the context of tendering, in line with the provisions of the new rail 

6  The unireso card offers a common tariff between three public transport companies in Geneva: the TPG 
(Geneva public transport), the CFF (Swiss Federal Railways) and the mouettes genevoises (shipping).

7 In the summer of 2021, for example, trains to Coppet stopped at Cornavin (Source: SBB).
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law (Journal Officiel – law no. 2018-515 entitled "for a new rail pact"). Admittedly, 
these provisions only apply to France, but the Swiss authorities are following the 
developments of the major European railway reform very closely and sometimes 
draw inspiration from them. Would another operator be likely to promote an 
innovative, differentiated service with improved quality of service? And why not 
imagine, as should have been the case, a single common rolling stock for the entire 
network?

And finally, could we not imagine a total automation of the Léman Express service at a 
time when the autonomous car is making considerable progress in an unconstrained 
space, whereas the rail system is a simple, guided mode?

What about the future? Will the new configuration of mobility in the Greater Geneva 
area lead to new institutional adaptations, for example Franco-Swiss (a joint Franco-
Swiss organizing authority) in order to advance even further in the network of 
European metropolitan areas? There are signs of this. The Leman Express network 
is just one step for Geneva on the road to regaining its natural place as a leading 
European metropolis. A vote in February 2014, by a large majority, made it possible 
to set up a railway investment fund (FIAF), which will enable the synergies of the 
Greater Geneva railway network to be strengthened. For example, traffic forecasts on 
the Swiss side between Lausanne and Geneva could increase from 50 000 journeys 
per day in 2010 to almost 100 000 in 2030, which should lead to a quarter-hourly 
interval for the Léman express and links to the canton of Vaud with a planned doubling 
of seating capacity. Geneva station, like Renens station, should undergo extensive 
development, in particular an underground extension for Geneva-Cornavin. 

These prospects should provide strategic thinking for Lyon, the regional capital, as 
well as Annecy, Chambéry and Grenoble, in order to position themselves in the new 
European metropolis.
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INTRODUCTION

Transport per se has become a part of everyday life. At present, passengers can 
utilize multiple modes of transport for their carriage. These encompasses, for 
instance, transport by passenger car, bus, trolley, train, metro or other means of 
transport. The function of transport infrastructure or network is to comprehensively 
operate and supply a certain geographic agglomeration by transport services [1]. 
Hence, transport network may be deemed as one of the fundamental attributes for 
the functional national economy. It can be declared that, from a spatial perspective, 
the EU transport network including the Czech transport network are rather well 
developed and to a sufficient extent covering such transport territories of interest 
[2].

The provided quality of transport connections within a certain network is substantially 
associated with services ensured by transport sector, whereby the its crucial 
objective is to satisfy the requirements of customers for high-quality, flexible, rapid, 
and above all, safe carriage of passengers and even cargo [3]. This is emerged by the 
fact that the process of evaluating the transport connection quality is carried out in 
a non-systematic approach, no matter the level of interactions of carried passengers 
within transport system concerned. The ideas, wishes, needs, requirements and 
expectations of customers, being observed by establishing procedures meeting the 
"Regulation (EC) No 1371/2007 of the European Parliament and of the Council of 23 
October 2007 on railway passengers' rights and obligations", need to be defined with 
priority to comprehend the investigation and evaluation of the transport connection 
quality on a certain transport network [4].

The quality of transport services provided is, however, perceived differently from the 
standpoint of transport service user; i.e., passenger, and transport service provider; 
i.e., transport operator, as well as from the point of view of the whole society. 
Nowadays, achieving a uniform, sustainable, integrated and efficient transport 
system requires providing transfer links and interconnections throughout all the 
modes of transport. The availability of destinations and the frequency of transport 
connections represent the most imperative aspect in regard to interest of passengers 
in public transport [5].

The subsequent parts of the manuscript are focused on as follows: (a) compiling a 
literature review section presenting numerous topic-related literature sources dealing 
with the subject of public passenger transport in terms of adherence to timetables, 
qualitative indicators, as well as qualitative evaluation of transport connections in 
a variety of territories; (b) designing the very guideline procedure for the transport 
connection quality evaluation involving all the input data sets and describing 
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individual indicators, as well as all the relevant research steps; (c) elaborating a case 
study of the South Bohemia region comprising an overview of the findings and a 
proper discussion of these results including their potential benefits; and last but not 
least, (d) composing the final section of the paper justifying individual conclusions 
from the conducted study, as well as suggesting the potential topics relating to 
further research possibilities in this area of expertise. The whole procedure may be 
regarded as a guideline concerning the transport connection quality evaluation in 
terms of adherence to the timetable from one particular tariff point to other tariff 
points; and that is where the innovation approach of our research lies.

LITERATURE REVIEW

A large number of scientific studies deal with the quality evaluation of passenger 
transport services within a specific territory, its urgency resulting from the growing 
demands of passengers and tightening environmental measures on meticulous and 
advanced transport planning. For instance, the publications [6-14] systematically 
analyze the issue in question. 

The study [6] explores the quality evaluation and coordination of timetables in air 
passenger transport, providing impressive results from tests conducted on four 
international airports. Large airports, such as London Heathrow and Paris Charles 
de Gaulle have longer waiting times than the smaller airports Frankfurt and Schiphol 
even though one would expect shorter waiting times given the higher frequencies 
of service. The reason is that the flight co-ordination is less efficient. The literature 
[7] focuses on the stability and regularity being essentials for a well-established 
timetable meeting specific customer requirements. In the article, the authors 
discuss the passenger timetable of 2003 drawn from a design of the Ministry of 
Transportation of North Rhine-Westphalia. The regional scheme included approx. 
5 300 daily-run passenger trains, satisfying all administrative requirements for the 
service frequency, stops and so on,

The publication [8] presents brilliant and inspirational ideas suggesting the probability 
evaluation of planned train connections’ likely delays and the subsequent renewal 
of the delayed timetables. The evaluation identifies the possible problems in the 
services, such as excessive waiting time, non-seamless transfer, and high possibility 
of delay. The authors also discuss the improvement of these questions by certain 
adjustments on the timetable. The indices for evaluation and the adjustment 
technique on timetable are then implemented in a specific case study on the Hu-
Ning-Hang railway located in China, followed by the discussions of the merits of the 
proposed indices for timetable evaluation and possible improvement.
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The manuscript [9] proposes a different point of view on planning transit networks. 
Guihare and Hao deal with an original subject with respect to the traditionally 
sequential planning process in public transit, networks This problem aims at 
modifying the network's timetables without tendering the vehicle and driver 
schedules obsolete. The objective is to improve the quality of service for passengers 
through number and quality of transfers This approach goes in the opposite direction 
compared to the usual approach, which schedules resources once timetables me set. 
Scientific work [10] discusses the quality evaluation of timetables using DEA method. 
The paper suggests an evaluation index for the quality of train timetable forming 
and solves the problem with a data envelopment analysis (DEA) method. The article 
[11] examines the impact of the quality in terms of introducing timetables based 
on the current demand for the passenger railway transport. Wheat and Wardman 
are also concerned with the appropriateness and component weightings within the 
composite index Generalized Journey Time. This particular index is used to model 
railway demand in Great Britain and is composed of station-to-station journey time, 
service headway and a penalty for the need to change trains.

The paper [12] emphasizes the thematic-closest topic to the submitted article. The 
crucial aim of the paper is to define and quantify the criteria having the greatest 
effect on traffic accessibility in suburban areas; i.e., to develop a model of traffic 
accessibility. This model concerns traffic accessibility in suburban areas, wherein an 
urban public transport system is operational and represents a qualitative approach 
to research. Research shows that factors, such as a network of public transport lines, 
a network of accessible roads in a settlement, travel time, and timetables are of great 
significance while describing and generating a new model. This model was tested in 
23 suburban districts with regard to the needed walking time. The Fuzzy AHP (FAHP) 
method, one of the most popular methods for multi-criteria decision making, was 
used.

Furthermore, as likewise in our manuscript, even Klapita et al. (2020) outline an 
approach methodical guideline according to, which it would be possible to efficiently 
evaluate transport services in railway transport provided by the carriers, namely, in 
the Slovak Republic conditions [13]. The secondary aim of the suggested methodology 
is to promote environmentally friendly modes of transport, which means growth in 
a share of railway transport in the transport market. On the other hand, Liu and Cao 
(2019) investigate the evaluation indexes of bus service quality, involving bus system 
mobility, station accessibility, transfer connection, as well as waiting expectation, 
and analyze the relevant data when using Rasch model [14].

All the research studies analyzed above deal with a specific part of the quality 
evaluation in association with timetables and transport services. The presented 
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article, nevertheless, extensively explores the issue and suggests the theoretical 
guideline comprehensively addressing the examined topic in compliance with the 
European Legislation being concerned.

DESIGNING A GUIDELINE PROCEDURE FOR THE TRANSPORT CONNECTION 
EVALUATION

The suggested guideline is based on evaluating established criteria of connections 
between selected tariff points at the network. The key principle of this guideline 
procedure is to evaluate a specific connection. What must be determined is whether 
a working day or weekend connection is to be dealt with; alternatively, an evaluation 
of a specific working day, Saturday or Sunday must be worked out. Subsequently, 
summarizing indicators for transport connections relating to the section throughout 
the examined network are developed. The new guideline encompassing a partial 
quality evaluation of the transport connection in a certain territory should suggest a 
comprehensive evaluation defined by individual steps. The interconnection of each 
indicator must result in an objective consideration in terms of the transport quality. 
It means considering all the transport connections on the examined network. The 
adopted guideline comprises several steps as follows:

1. choosing a specific transport territory,

2. choosing a set of transport connections,

3. choosing relevant tariff points in the transport territory,

4. choosing a search engine to find transport connections,

5. choosing qualitative indicators,

6. evaluating individual transport sections,

7. evaluating the whole connection throughout the transport sections,

8. evaluating the transport connections in the specific transport territory.

Choosing a specific transport territory

In this step, the passenger transport network (railway, road, air, water, integrated 
transport systems, etc.) is selected, which will be the subject of the quality evaluation. 
The specific choice may be defined in terms of mode of transport, operator, transport 
network or other criteria, and possibly also including integrated transport system 
lines [15].



Vladimír Ľupták, Ondrej Stopka, Ladislav Bartuška, Martin Jurkovič
Quality Evaluation of Timetables in the Non-Metropolitan Area: A Case Study of the 
South Bohemia Region 262 

Choosing a set of transport connections

In this step, specific connections should be selected. The choice depends either on 
the particular operator who provides transport services on the selected network, or 
on the kind of transport. Alternatively, all available connections as provided by all the 
operators are analyzed.

Choosing relevant tariff points in the transport territory

Relevant quality indicators that serve as performance indicators for a particular 
connection between tariff points should be included in a comprehensive evaluation 
of the connections incorporated in a timetable.

The minimum quality standards for the comprehensive evaluation of an individual 
connection within a selected transport network (within a geographical area) are 
determined on the basis of the following indicators [16]:

• average travel speed,

• average speed until the final stop,

• average waiting time.

For a comprehensive evaluation, the quality of the connections at all tariff points 
within the selected transport network should be analyzed. Alternatively, a set of 
tariff points may be chosen for the quality evaluation being representative for the 
examined transport territory as a whole. 

Choosing a search engine to find transport connections

In this step, a search engine for transport connections needs to be specified 
according to input criteria. Manual searching in timetables is the prime searching 
technique. However, websites, applications for seeking out transport connections 
or offline mobile applications are also currently used for this purpose. The individual 
parameters for searching for suitable connections (i.e., setting the date of departure, 
time of departure, maximum number of transfers, etc.) must be set properly [17,18].

Choosing qualitative indicators

Under the proposed guideline, the following indicators are used to evaluate the 
quality of the connections on a particular route:
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• Number of connections "Ns" for the examined day includes both direct lines 
and transfer lines. This indicates the number of alternatives divided over time 
that passengers have to travel from point A to B [19].

• Average waiting time "Wi" refers to the amount of time spent by passengers 
waiting for a particular connection at the place of departure or starting point. It 
is defined as half the time between the departure of two sequential connections: 

        (1)

where:

TodXi – time of departure of the evaluated transport connection from a tariff starting 
point, 

TodXi+1 – time of departure of the following transport connection from a tariff starting 
point.

Route length of the transport connection "Li" refers to the distance traveled in 
kilometers (mostly tariff) by the mode of transport used for a particular connection. 
This does not always mean that the shortest possible route for the connection is 
used. As a result, this criterion, together with that of travel time, is classified as less 
important [20].

Kind and number of modes of transport that a connection is comprised of. This factor 
defines the quality of transport service connectivity [21].

Travel time "Tpi" is calculated from the moment a passenger departs from their first 
starting point on the route to the moment of arrival at the final destination (tariff 
point). It is calculated as follows: 

 Tpi = Tpr – Tod [h],         (2)

where:

Tpi – travel time [h], 

Tpr – travel of arrival at the final tariff point [h],

Tod – time of departure from the starting tariff point [h].

Number of transfers "Npi" refers to the total number of transfers until the passenger 
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reaches their final destination. This is the main criterion taken into account by 
passengers. Under ideal circumstances the connection should be provided direct 
[22,23].

Transfer time "Twi" refers to the aggregate time that passengers spend waiting for 
the i-th connection at transfer points while traveling on a particular connection. 

Twi=∑ (ti2dep – ti1arr)[min],        (3)

where:

ti2dep – time of departure of the connecting train at the stop of i-th transfer [min], 

ti1arr – time of arrival of the connecting train at the stop of i-th transfer [min].

Destination arrival time "TDi" is calculated from the moment of a passenger’s arrival 
at the stop at the tariff starting point from, which they are due to begin their journey 
to the moment of arrival of the last taken connection at the final stop at the output 
tariff point. This amounts to the sum of the average waiting time and travel time [24]:

TDi = Wi + Tpi [h],         (4)

where:

Wi – average waiting time between two successive connections [h],

Tpi – travel time [h]. 

Travel speed "Vpi" is calculated as the ratio of the traveled distance to the travel time.

        (5)

where:

Li – route length of the connection [km],

Tpi – travel time [h].

Destination arrival speed "VDi" is calculated as the ratio of the route length to the 
destination arrival time.
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         (6)

where:

Li – route length of the connection [km],

TDi – destination arrival time [h].

Evaluating individual transport sections

In order to implement the designed guideline procedure successfully, more ways of 
evaluating the quality of individual connections in a passenger transport network 
need to be considered. For this research study, the quality of a connection will be 
investigated according to the following: 

Option 1 – Number of transfers,

Option 2 – Destination arrival time,

Option 3 – Travel speed,

Option 4 – Destination arrival speed.

After processing the evaluation of the connectivity of one transport route, particular 
routes between tariff points on the transport network should be evaluated. This 
requires the careful selection of tariff points. In order to correctly evaluate a 
particular connection on a specific route, a table showing all the connections needs 
to be drawn up (see Table 1) [25].
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Evaluating the whole connection throughout the transport sections

During the very investigation of the transport connections on a section, selected 
indicators are translated into average values. This is done for the purposes of 
conducting the final comprehensive quality evaluation of the whole route within 
the selected transport network. Table 2 comprises suggestions for useful indicators, 
which should be monitored over a 24-hour period.

Table 1. General evaluation of connections on a route
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For each route, average criterion values for all the considered connections within 
a selected transport network must be calculated i.e., average number of transfers 
(ø Np); average transfer time (ø Tw); average destination arrival time (ø Td); average 
travel speed (ø VP); and average destination arrival speed (ø VD) [26-28].

Evaluating the transport connections in the specific transport territory

The last step of the suggested guideline procedure consists of the quality evaluation 
of connections according to selected indicators, such as the average number of 
transfers (ø Np); average transfer time (ø Tw); average destination arrival time (ø Td); 
average travel speed (ø VP); and average destination arrival speed (ø VD). The designed 
guideline and selected ratios allow the comparison and evaluation of individual 
timetables within different periods illustrated in the ensuing Table 3 [29,30].

Table 2. Route evaluation
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CASE STUDY OF THE SOUTH BOHEMIA REGION

1. step – choosing a specific transport territory – A case study was carried out on 
the Czech Railway Administration Network. The study included all carriers providing 
passenger railway transport in the region of South Bohemia on 12th December 2019.

2. step – choosing a set of transport connections – What was chosen was one district 
town with connections to the county seat, self-governing regions and district towns 
with railway stations or stops, railway junctions, end-to-end points of the lines, 
intersection and turning tracks, completions of line segments and tourism centers.

3. step – choosing relevant traffic points on the network – Seventeen tariff points 
on ZČR network were selected to evaluate the quality of transport connections. The 
research was conducted from Strakonice between the following tariff points: Lipno 
nad Vltavou, Horní Dvořiště, České Velenice, Jindřichův Hradec, Veselý nad Lužnicí, 
České Budějovice, Blatná, Písek, Milevsko, Bechyně, Tábor, Volary, Černý Kříž, Český 
Krumlov, Březnice, Třeboň a Slavonice. The date of the research was Thursday 12th 
December 2019 from 00:00 am to 11:59 pm. 

4. step – choosing a search engine; all the transport connections were found on 
www.idos.cz from Charps Company.

Table 3. Comparative analysis of timetables
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5. and 6. steps – choosing indicators and evaluating individual transport sections – 
Connection Strakonice – Lipno nad Vltavou was used as an example. Nine connections 
within 24 hours were found. Number 6, which leaves Strakonice Station at 3:07 pm 
and arrives at Lipno nad Vltavou Station at 5:44 pm is considered to be the best 
connection. This connection involves two changes with the average waiting time 1 
hour in Strakonice. Selected quality indicators of the connection show as follows: 
destination arrival time Td = 3,62 h, travel speed VP = 50,45 km/h and destination 
arrival speed VD = 36,50 km/h.

Figure 1. Map of the railway network in the South Bohemia 
region with labeled tariff points

Table 4. Quality indicators of the transport connection of 
Strakonice – Lipno nad Vltavou
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1 4:57 7:45 6,08 132 R, Os, Os 2,80 2 22 8,88 47,14 14,86
2 7:07 9:45 1,08 132 R, Ex, Os 2,63 2 25 3,72 50,13 35,52
3 9:07 11:45 1,00 132 R, Os, Os 2,63 2 20 3,63 50,13 36,33
4 11:07 13:45 1,00 132 R, Ex, Os 2,63 2 25 3,63 50,13 36,33
5 13:07 15:45 1,00 132 R, Os, Os 2,63 2 20 3,63 50,13 36,33
6 15:07 17:44 1,00 132 R, Ex, Os 2,62 2 24 3,62 50,45 36,50
7 15:07 19:14 0,00 132 R, Os 4,12 1 74 4,12 32,06 32,06
8 15:35 19:14 0,23 132 Os, R, Os 3,65 2 37 3,88 36,16 33,99
9 17:07 19:57 0,77 132 R, Os, Os 2,83 2 20 3,60 46,59 36,67

Average values per transport section 1,89 29,67 4,30 45,88 33,18
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7. step – evaluating connections of the specific network; each transport section 
must be provided with average indicators for further evaluation. Section Strakonice 
– Lipno nad Vltavou comprises the average number of transfers øNp = 1,89, average 
transfer time øTw = 29,67 hours, average destination arrival time øTd = 4,30 hours, 
average travel speed øVP = 45,88 km/h and average destination arrival speed øVD = 
33,18 km/h. 

The ensuing Figure 2 depicts individual destination arrival speed values for the 
transport section Strakonice – Lipno nad Vltavou.

Figure 2. Travel speed indicators for the transport section 
Strakonice – Lipno nad Vltavou

As mentioned, Figure 2 summarizes detected destination arrival speed values for the 
section Strakonice – Lipno nad Vltavou. The speed represents one of the qualitative 
indicators for evaluating the connection on a passenger transport network. The 
average speed on this transport section equals to 33,18 km/h. This figure is required 
for a comprehensive evaluation of the transport connection quality from Strakonice 
to the examined tariff points within the region of South Bohemia.

8. step – Evaluating the transport connection on the specific network – The final 
step involves analyzing all connections from Strakonice to other 17 selected tariff 
points on the railway network within the region of South Bohemia – 17 sections in 
total. Each section was looked through for all existing connections on 12th December 
2019 within 24 hours. All individual connections between Strakonice and each tariff 
point individually were provided with clear tables containing values from, which the 
average values were calculated; these are as follows: the number of transfers Np, total 
transfer time Tw, destination arrival time Td, travel speed Vp and destination arrival 
speed VD. These figures were compiled into a comparative analysis of the selected 
quality indicators for evaluating the connection on the transport network. What 
displayed the highest quality regarding the relocation and travel speed is the section 
from Strakonice to České Budějovice. The only direct, connection from Strakonice 
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Station is to Blatná Station, yet it is at the same time the slowest alternative.

Table 5. Comparison of results of the transport connection 
quality on the transport section Strakonice – Lipno nad 
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České Budějovice 67,94 České Budějovice 46,60 Blatná 0,00
Veselí nad Lužnicí 63,87 Veselí nad Lužnicí 45,93 České Budějovice 0,95

Horní Dvořiště 61,92 Jindřichův Hradec 40,46 Volary 1,15
České Velenice 55,00 Horní Dvořiště 37,17 Milevsko 4,00

Jindřichův Hradec 54,29 České Velenice 36,90 Tábor 7,83
Tábor 51,19 Tábor 36,50 Horní Dvořiště 10,88

Milevsko 48,60 Třeboň 34,41 Březnice 11,57
Český Krumlov 47,25 Lipno nad Vltavou 33,18 Veselí nad Lužnicí 11,59

Písek 46,20 Slavonice 31,46 Písek 14,14
Lipno nad Vltavou 45,88 Český Krumlov 28,24 Jindřichův Hradec 16,25

Třeboň 44,97 Březnice 27,34 Bechyně 20,00
Slavonice 39,81 Bechyně 25,62 České Velenice 23,09
Březnice 39,41 Volary 23,84 Český Krumlov 26,50
Blatná 38,74 Milevsko 21,98 Lipno nad Vltavou 29,67

Bechyně 38,08 Černý Kříž 20,27 Černý Kříž 33,50
Volary 34,25 Písek 19,86 Třeboň 54,30

Černý Kříž 30,95 Blatná 15,73 Slavonice 64,67
Average 47,67 Average 30,91 Average 19,42

DISCUSSION

In the conducted case study, the proposed guideline procedure for evaluating the 
quality of transport connections on the railway network of the South Bohemian 
Region territorial scope was implemented [28]. The city of Strakonice was determined 
to be the examined tariff point. Using the general procedure described in the initial 
sections of the manuscript, we gradually applied it to a case study in order to verify 
its accuracy and define the quality of transport connections, as well as transport 
sections from this tariff point [29]. In the case study of the South Bohemia region, 
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the investigation of one specific section of the railway network from Strakonice to 
Lipno nad Vltavou out of a total of 17 designated sections was chosen as an example. 
9 connections were identified on the given railway network during 24 hours, and 
their relevant average values (see Table 4) are as follows [32]:

• number of transfers Np = 1,89,

• transfer time Tw = 29,67 min,

• destination arrival time Td = 4,3 h,

• travel speed VP = 45,88 km.h-1,

• destination arrival speed VD = 33,18 km.h-1.

The same approach was implemented for each transport section, wherein all the 
connections were identified in 24 hours on the examined day. The last step consisted 
of analyzing all the sections altogether. The findings can be interpreted in tabular 
form – Table 5 summarizes the relevant indicators (average travel speed Vp, average 
destination arrival speed VD, average transfer time Tw) that investigate (evaluate) the 
transport connection quality on the transport section under examination [33].

Among the potential benefits of the presented article, we can embrace as follows 
[34,35]:

• design of a uniform guideline procedure as an approach for investigating and 
evaluating the quality of transport connections on the transport network in 
railway passenger transport applicable on any transport network,

• theoretical definition of qualitative indicators for evaluating the quality of 
transport connections specified in the timetable within the transport processes 
with a special emphasis on the time factor:

 – travel speed (km.h-1),

 – destination arrival speed (km.h-1),

• application of the designed approach on each opted transport network and 
for various modes of transport on this network, including integrated transport 
systems,

• specification of requirements of the public passenger transport customer for a 
better transport connection declared in the timetable based on the suggested 
qualitative indicators,

• by using the designed guideline, it is possible to compare indicators for different 
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variants of timetables, both ex ante and ex post,

• specific support for the objectives of EU transport policy with respect to 
passenger transport, with an emphasis on the quantification of qualitative 
indicators, evaluation processes of relocation on the transport network.

CONCLUSION

The proposed guideline may be applied as an instrument for the comprehensive 
analysis and visualization of reliable indicators in terms of transport services within 
a specified transport territory or for the organization of public passenger transport 
in relation to performances in the public interest. For the procedure to be applied 
successfully, it is necessary to retrieve reliable data on passenger transport (e.g., 
ticket sales, flows of passengers, etc.), as well as make precise calculations with the 
use of appropriate software. After processing the data, the research outcomes can be 
presented in detail by tables and diagrams. Through extensive use of the guideline, 
operators and entities responsible for providing transport services in certain region 
can analyze territorial transport services regarding the performances in the public 
interest and, subsequently, accurately evaluate existing or planned timetables while 
taking users into careful consideration. 

The research study in this article focused on the sustainable development of railway 
passenger transport. Notwithstanding, the guideline may also be applied to other 
modes of transport, as well as integrated transport systems. The guideline procedure 
may, for example, be implemented when evaluating the transport connection quality 
of various transport modes within a specified transport territory. 

The suggested guideline procedure provides a material basis for evaluating the 
drawing up of timetables for a specified transport network using the suggested 
qualitative indicators. Similarly important is the fact that the designed guideline 
allows comparing different timetable options to be carried out within a specified 
transport territory.

In regard to recommendations for further research, development and application 
of the designed guideline procedure, the possibility of programming and software 
implementation of the proposed evaluation on the certain transport network. In 
such a case, a whole array of subprograms and procedures must be developed in the 
program source code. At the same time, in this context, it is imperative to specify 
particular criteria and determine the levels of compliance of these criteria so that the 
calculation can be automated as much as possible. With software support, it would 
be possible to apply the designed approach to entire transport networks from each 
tariff point to each tariff point. The guideline can serve as an instrument to analyze 
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and visualize the suggested indicators of certain territory transport serviceability 
for the organization of public passenger transport in terms of services in the public 
interest. For the very implementation, it is necessary to obtain the relevant data 
from sources related to passenger transport (e.g., data on ticket sales, passenger 
flows, etc.) and execute software calculations on them. After the data retrieval and 
computations, an outcome is to compile clear tabular and graphical reports, as it is 
designed in the guideline procedure and implemented in the case study conducted.
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INTRODUCTION 

With the increasing number of people with disabilities (hereinafter PwDs), there 
is a need to improve their mobility and accessibility, especially in urban areas. 
Accessibility is strongly linked to independent mobility and is essential for the quality 
of life of PwDs [23]. There are more than 87 million acknowledged PwDs (excluding 
those younger than 16 years) in European Union alone [13]. Understanding the 
needs of PwDs and recognizing the importance of urban planning to accommodate 
those needs is one of the crucial tasks for governments and public agencies. 

Governments are faced with great challenges on addressing the growing complexity 
of cities and considering the wide variety of citizens’ needs to increase the 
independence of people with impaired mobility by creating an accessible and safe 
urban space. These safe and accessible routes need to have even and slip-resistance 
surfaces, safe pedestrian crossings, proportionate ramps, reduced curb height, 
extended green lights at pedestrian crossings, etc. [34].

For navigation systems to be of use for PwDs, they must: a) contain relevant 
accessibility information, b) utilize accessibility information in a meaningful way (real-
time navigation) to address specific mobility challenges, and c) present accessibility 
information or the result of computation on accessibility data through easy-to-access 
and easy-to-use interfaces.

The paper presents a new generation of personalized navigation system for PwDs, 
which is based on enhanced navigation maps and routing algorithms. It takes into 
consideration various mobility limitations of PwDs, their needs and preferences. 

LITERATURE OVERVIEW 

Assisting PwD is essential to facilitate their daily life activities. Many systems and 
approaches have been developed to improve their mobility and enable fast, easy, 
and comfortable ways of traveling. These include navigational options within many 
existing services primarily serving vehicles, bicycles, or public transport users. In 
the last decade, the interest in developing a new generation of navigation serving 
pedestrians on a broader scale has also emerged. Literature review shows that 
the focus of pedestrian navigation services may be on one, some, or all aspects 
of pedestrian services [18]. Ren and Karimi [35][36][37][38] have, for instance, 
developed several different map-matching algorithms suitable for wheelchair 
users, both based on a single positioning sensor (GPS) and on integrated sensors. 
These algorithms require real-time data to estimate user’s position accurately and 
continually.
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To assist people in navigating obstacles, several real-time navigation systems [42][44]
[28][6] and services [29][24][45][17] have been developed specifically for wheelchair 
users and visually impaired people. Due to increase of non-accessible routes and 
spaces in urban areas, an increasing number of geo-crowdsourcing services have 
emerged alongside, which can be used to collect accessibility information on the 
built environment [19]. The most known are AXS Map2, CAP4Access3, route4u4, 
project Sidewalk5, ROUTE4ALL6.

A lot of work focused on obstacle detection and autonomous navigation within 
outdoor navigation using GPS, and other sensors had been reported [15], [48], 
while accessible route planning is somewhat neglected. Application of GPS and GIS 
in developing wheelchair-accessible navigation maps was tried. Kurihara et al. [21] 
presented a general architecture of GIS for assisting users in creating obstacle-free 
street maps by using highly accurate GPS. Sobek and Miller [41] developed a web-
based system as a tool for routing pedestrians with various abilities and analytical 
evaluation of existing infrastructure. Menkens et al. [25] performed an extensive 
wheelchair user needs study, on, which the development of a mobile social navigation 
and support system EasyWheel was based. More recently, Ajmi et al. [2] presented 
a real-time adaptive planning algorithm for routing wheelchair users through an 
obstacle-free optimal path based on an augmented reality system. Devigne et al. [9] 
conceptualized a shared-control algorithm that provides assistance while navigating 
with a wheelchair in an environment consisting of negative obstacles.

Despite the increasing demand for such dedicated services, most navigation systems, 
including Google Maps, Apple Maps, Garmin, TomTom, Bing Maps, etc., currently 
support very limited trip planning and navigation for PwDs or the visually impaired. In 
any case, information on the accessibility of the built environment (incline, pavement, 
curb, etc.) is needed. Even though this area has been extensively researched and 
several technological solutions, including robotics, augmented reality, vibrotactile 
haptics, were conceptualized, very few of these systems provide real-time navigation 
assistance to wheelchair users, especially indoors. 

Navigation systems strongly rely on quality maps with vast variety of attributes. 
Because classical maps do not provide appropriate basis, the use of crowdsourcing 
maps are suggested. Open Street Maps (hereinafter OSM) seem to be the most 
promising one although there is still an issue with reliability and completeness. For 
that purpose, several tools have been created to assess the quality of provided data 

2  http://www.axsmap.com/
3 https://www.cap4access.eu/index.php?id=intro
4 https://route4u.org/
5 https://sidewalk-sea.cs.washington.edu/
6 http://www.route4all.eu/en/



Metka Dernovšek, Nataša Rebernik, Matej Brumen, Tomislav Letnik, Katja Hanžič
Using Advanced Technologies to Improve Urban Mobility/Accessibility of People with Disabilities 282 

[46].

Overall, the navigation for PwDs focus on specific aspects of a navigation service 
(map-matching, real-time routing, routing based on geo-crowdsourced data). An 
application that includes a base map of accessibility, trip planning, and real-time 
navigation could be a better approach. Existing solutions are based on broad user 
groups needs and do not offer personalized solutions and utilize limited or subjective 
criteria in routing solutions [19].

To address the needs of PwDs (independent mobility, enhanced quality of life, 
increased employment opportunities), a personalized solution that could safely 
guide users in a real-time environment in a timely manner is needed. 

METHODOLOGY 

Typically, the components of a personalized navigation system include a digital map 
database, a navigation system, and a routing system. Latter is the most important 
component in any navigation as it computes an optimal route from point A to B, 
given the user's preferences. For wheelchair navigation, routing requires a specific 
digital map database that represents the geometry and topology of the network 
segments together with added attributes. The most important parameters needed 
for attribution of the personalized wheelchair navigation are: width, length, slope, 
surface type, surface conditions, curb and traffic [20]. 

The pedestrian access guidelines define four critical sidewalk characteristics that 
need to be considered when planning wheelchair routes. The sidewalks should have 
at least 360° clearance width and not be blocked by obstacles (signs, traffic poles, 
etc.), sidewalk grade and cross-slope should not exceed 5 % and 3 %, respectively, to 
be safe for wheelchair users. Walking surface should be firm, stable and slip-resistant 
without cracks. Curb ramps should be provided at every intersection allowing 
access for wheelchair users between a sidewalk and a street [3]. Table 1 provides 
a summary of determined parameters and values that were set for the pedestrian 
network topology.
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For personalized routing, route preference quantification and route calculation 
is needed. The first determines a weight indicating user's preference for each 
segment. Weighted segments are then used in the route calculation, where an 
algorithm considers each segment's weight to determine an optimal route. Once 
each parameter is weighted, the impedance level score of each segment can be 
determined by aggregating the weighs of all parameters with their corresponding 
segment's attributes values. The impedance level score for each segment may vary 
for different users depending on their preferences. Higher impedance level scores 
indicate higher difficulty level while traveling along the segment [20].

The aim of the navigation system for wheelchair users is to provide real-time navigation 
functions with a position accuracy of 3 meters or even less, similar to pedestrian 

Table 1. A summary of parameters for topology of the 
pedestrian network

Parameters Description Attributes

Width Clearance width 
of a sidewalk Yes (> 90 cm) Limited (~ 90 cm) No (< 90 cm)

Length

Geometric 
distance of a 

pedestrian path 
segment

Distance (m)

Slope

The steepness 
or grade on the 
pedestrian path 

segment

Degree of slope (°)

Surface type Material of 
surface type

Paved Cobblestone Dirt

Asphalt Sett paving 
stones Mud

Concrete Ground Sand
Paving stones Gravel Grass

Surface 
conditions

Cracks, uneven 
surfaces

Curb
The edge of 

a raised path 
nearest the road

Raised (> 3 cm) Flush (0 cm) Yes

Lowered (~ 3 cm) Rolled No

Traffic

Passage of people 
along path 

segments that 
depend on day 

and time

High Low None
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navigation [43]. In the navigation system, also map matching technique has to be 
carefully considered. While there are many map matching algorithms specifically 
designed for cars, primarely based on Dijkstra algorithm, some features could also 
be implemented for wheelchair routing, especially for traveling on a sidewalk. This 
calls for additional parameters (stairs, sidewalk slope, curb type, uneven surface, 
etc.). Namely each wheelchair user has different ability level and personal routing 
preferences thus personalized attributes present an essential parameter in creating 
a routing function [10].

Accessibility maps are one of the most critical data for wheelchair routing and 
navigation. For instance, Beale [7], Karimi [19] and Ponsard [32] all focused on the 
maps that provide obstacle data and routes that are difficult to overcome with 
wheelchairs. The quality of such maps would have a significant impact on the 
quality of the final service. Currently, OSM provide wheelchair users with one of 
the most comprehensive databases in terms of attributes required for wheelchair 
routing [26]. Most OSM routing services simply execute conventional graph-based 
finding algorithms with the data in the OSM database, while a possible solution open 
area routing could be to calculate a Euclidian straight line between point A and B, 
considering it would fail to provide a usable route in case of an obstacle (fences, 
natural barriers, etc.) intersecting the straight line. In open areas with no network 
constraints, the most commonly used routing services could fail to provide a practical 
solution for pedestrians and wheelchair users, despite the set algorithms for path 
finding in open areas [14]. In the proposed system the deployed method consists of 
two parts. The first part refers to data acquisition and feature extraction, while the 
second part relies on topology transformation, dynamic path filtering and weighting, 
and routing. To construct detailed navigation maps, we need to first digitize real 
world paths into accurate spatial polyline features and describe their purpose via 
attribution.

Additionally, features can be obtained from OSM, where they are digitized manually 
through crowd-sourcing or they can be extracted automatically from other spatial 
sources (LiDAR) with the use of user guided processes in the spatial software [12]. 
Point clouds can be acquired by using the LiDAR technology, from, which it is possible 
to model real world by constructing the digital terrain (DTM) and surface models 
(DSM).

Geometry features, such as path slope, width, and maximum height difference are 
extracted by combining polyline features and DTM data (heights). Next, a topology 
analysis and generation of graph features compatible for routing algorithm is 
performed by extracting vertices at line intersections and line features between 
intersection points with all attributes from the original features. The output 
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consists of two feature layers compatible with pgRouting [31]: a) vertices, which are 
primarily intended for closest point search, and serve for starting and ending point of 
navigation; b) edges, that consist of path parts, which are linked to their vertices and 
attributes used for filtering and dynamic weighting in the later stage.

Routing is then performed via a set of advanced SQL queries on the database 
backend first by selecting the paths that match the given set of attributes (filtering), 
estimating the costs based on defined rules, and performing the actual routing by 
using the Dijkstra algorithm. Filtering steps and navigation rules for cost estimation 
are configurable and support a variety of scenarios that range from vehicle 
transportation to pedestrians and even specialized scenarios for PwDs.

USE CASE – CITY OF MARIBOR

This research work conceptualizes, designs and implements a mobile wheelchair 
navigation and support system for indoor and outdoor environment on the case of 
the city of Maribor (Slovenia). 

The system is tailored to the needs and requirements of wheelchairs users, as it 
offers users detailed information about obstacles in the urban areas (e.g., sidewalk 
pavements, street inclines, shop entrances and public transportation) and helps 
wheelchair users to avoid them. With the built-in feedback system, all users are 
active producers of information, which can create new routing possibilities thus 
offering various target groups – people with limited mobility, elderly, etc. extended 
navigation and mobility options.

A taxonomy for wheelchair users is proposed to create a personalized navigation 
system (Table 2). It focuses on urban environment and different aspects of supporting 
pedestrian PwDs in moving in a controlled and safe way on a specific route. A special 
feature of this system is its suitability for indoor and outdoor navigation. 
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The main phases were identified, which encompass the indoor and outdoor navigation 
system area, from environmental planning, through journey planning added by real-
time navigation later on. Each of these phases consists of task breakdown structures, 
whereas the tasks comprise the range of actions and challenges that wheelchair 
users need to overcome to get from an initial point to the selected destination safe 
and in a timely manner.

Table 2. A taxonomy of navigation support tasks for wheelchair 
users

Navigation system tasks

Outdoor environment 
mapping

Intersection identification
Identifies the location of road intersections 
(a point where two or more roads meet); it 

represents a critical safety POI for PwDs.

Crosswalk identification Identifies an optimal marked location, where 
PwDs can cross a road, e. g. zebra crosswalk.

Pedestrian traffic light 
identification

Identifies the location and orientation of 
pedestrian traffic lights.

Sidewalk identification
Identifies the existence and location of a 

sidewalk/pavement, where PwDs can walk 
safely.

Public transportation 
identification

Defines the locations of public transportation 
stations and the line numbers.

Indoor environment 
mapping

Entrance identification
Identifies the main entrance of the building 

and the doors to indoor facilities, rooms, 
shops, etc.

Elevator identification Identifies the location of elevators and the 
floor level it reaches.

Public restroom 
identification

Identifies the existence and location of 
restrooms with wheelchair access.

Escalator identification Identifies the location of escalators and floor 
level.

Floor level identification Identifies the floor level, where the user is 
located.

Journey planning

Parking space 
identification

Identifies the location of wheelchair 
accessible parking spaces.

Localization Identifies the initial start point of the journey, 
e. g. home.

Route selection 
(pedestrian routing, 

public transportation 
routing)

Finds the best (optimal and safe) route to 
reach a specific destination.
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The indoor and outdoor environment mapping phase provides relevant location-
specific information to support wheelchair users in journey planning. It defines the 
locations together with information of street elements (intersections, crossings, 
sidewalks, etc.) and building elements (doors, elevators, restrooms, etc.) Therefore, 
enriching available maps with essential information for journeys of wheelchair users. 
By gathering up-front data this processing phase underpins the remaining navigation 
phases. The journey planning is critical for building the confidence and knowledge 
to undertake a pedestrian journey to a new and unfamiliar route. This phase starts 
with determining the start location. Based on the user’s destination the algorithm 
then selects the safe and optimal route, using the information from the indoor and 
outdoor environment mapping phase. Lastly, wheelchair users need support for 
challenges in real-time navigation including real-time environment understanding, 
street crossing, obstacle avoidance, and use of public transportation. This phase of 
the ION navigation system is still under development.

The mapping system was developed in Gemma Fusion Suite (hereinafter GFS), 
a desktop GIS application used for feature digitalization and map generation by 
incorporating vector features from known formats or databases, raster images 
consumed from local or remote data sources, and LiDAR sources. Based on the 
integrated OSM service, the mapping system was upgraded with data for the city of 
Maribor. The use of an existing collaborative, freely editable database for geospatial 
information about POIs, roads, and paths is important for any personalized navigation 
system. Input data needed for creation of a mapping system for wheelchair users are 
routes and corridors, which ensure access to buildings, inclines and slopes, types of 
surfaces, and (im)passable obstacles on a specific route. In GFS footways, crossing, 
steps, and sidewalk vector shapefiles were created, adding general attributes (name 
of the street with incline and surface type), accesibility atributes (stroller and 
wheelchair access, tactile paving, type of kurb and its height) and attributes referring 
to stairs (numbner of stairs and handrail). 

Due to insufficient and unclear data from LiDAR, additional data had to be gathered 
manually. Figure 1 shows the case of LiDAR data for stairs at the "Ob bregu" street. 
From the LiDAR data it was impossible to determine the stairs’ steepness and if they 
are accessible for PwDs. For automated data processing, the LiDAR data need to 
be more precise and accurate; otherwise, the automated process will be flawed, 
resulting in an inadequate mapping system.
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Public infrastructure in Maribor is not in an optimal state and finding and optimal 
route while navigating the city is very challenging for wheelchair users. The proportion 
of wheelchair accessible crossroads in Maribor is around 80 %, while there is only 
40 % of wheelchair accessible sidewalks due to lack of ramps, presence of barriers 
or damaged surfaces. A navigation system with a feedback service is a good solution 
for PwDs, as they can provide first-hand experience about optimal/usable routes, as 
well as on routes inaccessible to people with specific mobility impairment. 

In the scope of the study, three test areas in the city of Maribor were defined, one 
being the Europark shopping centre, the second Municipality of Maribor building 
and the third an extended area of city centre. The test points were chosen on the 
fact that they present a challenging area for PwDs, e.g., lack of sidewalks, uneven 
surfaces, high slopes, wheelchair accessible ramps, etc. For these areas the navigation 
mapping system was upgraded and tested in a real-time environment. For testing 
purposes, an application ION (Indoor and Outdoor Navigation) was created, which 
provides and manages the map-based central user interface on the mobile client, 
displaying information about POIs, paths, streets, sidewalks, etc., with enriched 
accessibility information. The application can be downloaded to Android devices 
and requires an active data (Wi-Fi or mobile data) and Bluetooth connection. In the 
app, three user profiles are integrated that can be modified to one’s personal needs: 
wheelchair user, pedestrian and car. For each user profile, specific rules and filters set 
by the user can be activated (e.g., stairs or crossroads avoidance, incline or surface 
preference (see Figure 2)).

Figure 1. Data for stairs at the "Ob bregu" street obtained from 
LiDAR (left), aerial photo (top) and extracted normals (bottom)
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After setting the route preferences, the wheelchair users can navigate the city by 
clicking on the start and end location. Once the locations are defined, the system 
fully automatically displays the route without requiring any additional input. The 
navigation will consider the parameters set in the mapping system and guide a 
wheelchair user on a barrier-free, personalized, and optimized route. The navigation 
is not limited to streets as in standard navigation systems, as it also includes sidewalks, 
bicycle lanes, and pedestrian paths. It is adapted and optimized to the previously 
defined parameters for wheelchair users, such as max. curb height, min. path width, 
max. incline, etc. (Table 1). If an obstacle not identified in the mapping system is 
encountered, the user can provide the details on it through the feedback system. 
The obstacle is promptly integrated into the mapping system, providing the user 
with a new route to avoid the reported obstacle. The feedback system is equipped 
with a wide array of pre-determined obstacles, so the users can click on the most 
appropriate one. If encountered obstacle does not fit any pre-determined obstacles, 
the user can manually insert the obstacle into the system. The feedback system is 
modified to a user profile. For wheelchair users, it refers to physical obstacles, street 
crossings, path limitations, quality of the route and building entrance. To guarantee 
a high user acceptance rate, the application is designed as simple and user-friendly 
as possible. 

A personalized user-group approach in GIS applications gives an advantage over 
standard navigation systems as it allows better coverage of the great demand for 
user-specific data, since each type of disability requires different information and 
recognizes obstacles individually. From an economic point of view this can be 
seen as a disadvantage though, since PwDs account for "only" 15 % of the world 
population [47]. However, real-time navigation providing accessibility information 
may benefit an array of users, e.g., elderly, temporarily disabled due to an injury or 
illness, parents with strollers, etc. Another advantage is that the new GIS technology 
can retrieve information through the internet so digital information can be updated 

Figure 2. Rules and filters for car, pedestrian, and wheelchair 
user in ION navigation
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more frequently and easily. However, real-time information rarely exists, and the 
availability, amount, and costs of targeted specific data are restricting factors. 
Since the amount and detailed data are crucial for PwDs, these aspects can also be 
defined as weaknesses. Another important aspect is the technology factor. With the 
complexity of applications and the need for additional and more assistive devices, 
only technology-affine persons would be able to use these types of applications. 
This aspect coincides with the cost factor as people with low income will not be 
available to afford them. Also, a new trend can be identified in the use of GIS for 
disability-related issues with the integration of participative tools to implement 
transdisciplinarity. This is important for GIS used on the expert level to monitor and 
improve such applications permanently. With the fast pace of new technological 
improvements, complex devices and new (crowd-sourced) data, these developments 
show a lack of accuracy and comprehensive availability, which is basically essential 
for PwDs. In order to provide reliable results, GIS-based systems have a significant 
demand for up-to-date and real-time information, which consequently causes high 
monitoring needs [49].

CONCLUSION 

From an urban perspective, the environments tend to be designed to fit the needs of 
a fully active citizen, so the need to address the barriers for an array of citizens with 
various impairments is of paramount importance. As cities have hardly any recorded 
data on street and sidewalk pavements, curb boarder heights, sidewalk widths, street 
inclines, etc., there is an imperative need to address, locate and reduce barriers in 
cities to fit the smart and inclusive city demands. Open areas, where wheelchair 
users are moving, are usually not as well-regulated as the roads and streets in terms 
of activities that can be carried out in such areas, and this makes the environments 
more open to temporary changes and obstacles compromising the reliability of the 
planned routes. 

The proposed solution can be used to identify issues and improve accessibility for 
wheelchair users. At the same time, it can also be used to test and visualize the 
potential effects of proposed changes to urban design areas. However, designing 
holistic digital tools to help design cities and digital tools for people is not an easy 
task. The diversity and complexity of the lives of PwDs need to be considered for the 
technology to efficiently penetrate the human and spatial dimensions and ease their 
lives in the urban areas. 

As a part of future research, the inclusion of additional personalization parameters 
and types of accessibility information data, geo-crowdsourcing services, and 
integration with other technologies, like social networks and pedestrian navigation 



19TH EUROPEAN TRANSPORT CONGRESS
 EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY AND LOGISTICS IN CITIES291 

services that provide real-time guidance, is proposed. To update the GFS database 
automatically, a technique to filter the quality data from geo-crowdsourcing services 
will have to be developed, including a validation tool for the data quality. From this 
upgrade, an extended mobile navigation and support system for wheelchair and 
visually-impaired users, including more support features will be conceptualized, 
designed, implemented and possibly pushed to a stable product, ready for the 
worldwide market.
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resources) at the level of regional governments or at the level of agglomeration 
authorities (city or association of cities); to create of a vertically integrated European 
high-speed rail company with a separate network of high-speed lines, rolling stock 
and staff; to create of a European vertically integrated railway company with 
network infrastructure, rolling stock and human resources specialized in freight.
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INTRODUCTION

European railways are the specific example of the system. In the description of their 
functioning, one can use the terms that were defined in the so-called systems theory. 
The current situation of railways is special because of political, environmental, 
economic and social conditions. This is because of the huge discrepancy between 
the description of the desired state of this mode of transport, presented in the 
documents relating to the European (EU) transport policy, and the actual state of 
affairs.

The basic research question is: how the railway in Europe should be shaped so 
that its functioning has the features desired by all stakeholders. The first stage 
of considerations is the presentation of systems theory and the formulation of 
a proposal on how to conduct a critical assessment of the methods and tools of 
rail management in the period from 1991 to 2019, considering the need to find 
management methods and tools that should be used in the third decade of the 21st 
century, i.e., in the period of expansion of the digital economy in the conditions of 
energy and climate transformation.

In 1991, Directive 91/440 EEC was published [1], which was the foundation of 
structural changes in rail transport in Western Europe (excluding Switzerland). In 
2019, which closed the epoch of functioning of the global socio-economic system 
in the conditions before the COVID-19 pandemic, rail transport, as part of two 
sectors of the economy: mobility and logistics, reached the state of entropy (deep 
instability). Restrictions on the mobility of societies and trade in goods observed 
since the beginning of 2020 have become a factor revealing the features of this 
instability. Interventions by regulators and owners (investors) of entities that act as 
infrastructure managers and as railway operators (passenger and freight) in the past 
months (03'20 to 08'21) show a complete lack of agency. Railways in Western and 
Central Europe, i.e., in the EU-27 and Switzerland, do not show the ability to adapt to 
the changing conditions of the mobility and logistics sectors, nor to take part in the 
development of the digital economy.

The second stage of considerations concerns the proposals for changes in the 
functioning of the railways in the coming decades. When defining these proposals, 
it is considered that changes in the rail transport network infrastructure require the 
implementation of projects, the preparation and implementation of, which as an 
investment project may take from at least a few, or rather ten years, to two or three 
decades. This means that the noticeable changes in the functioning of railways in 
Europe can not be achieved earlier than the middle of the 21st century, assuming 
that the relevant decisions are taken before 2025.
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Railways as a system

Increase in the complexity of the studied objects, both natural and artificial, meant 
that scientific methods based on the principle of causation, deductive inference and 
reductionism did no longer describe, and explain, properties and behavior of complex 
structures comprising elements related to interdependence [2]. The breakthrough 
achievements leading to the emergence of new science paradigms, allowing to 
bypass these limitations, were Max Planck's quantum theory, Werner Heisenberg's 
uncertainty principle and Niels Bohr's principle of complementarity. The principal 
representative of the new trend was Ludwik von Bertalanffy, considered being the 
founder of systems theory, who first presented his concept in a universal approach 
in the journal Science in 1950, writing, inter alia,[3]:

The properties and modus operandi at higher levels of the organization are not 
explainable by summing up the characteristics and modus operandi of their 
components when tested separately. However, when we know the set of constituent 
parts and the relationships between them, the higher levels of the organization can 
be explained by their constituents.

Another pillar that built the new scientific paradigm, known as the systemic 
paradigm, was cybernetics. In the second half of the twentieth century, a new meta-
discipline of systems science emerged, based on holism, synthesis, and reduction 
and inductive reasoning. Systems science has a new view of the world, relies on a 
quest to understand the man and his environment as mutually interacting elements 
of a single system, taken from multiple perspectives and in different ways, always 
as a whole. Based on systems sciences, various specific theories of systems and a 
general theory of systems have developed, which is to fulfill the role of a universal 
language combining various areas of interdisciplinary communication into a single 
whole. In systems science, a new scientific paradigm has emerged, known as holism, 
or the systems approach. The systems approach is looking at the whole, through the 
role and function of parts considering cause-and-effect relationships (often implicit, 
non-linear and distant in time). They are characterized by a switch:

• from the emphasis on the components of the system to focusing the central 
attention on the whole,

• from static to dynamic and process structure,

• from linear chain metaphor to network metaphor,

• from striving to get full knowledge about the tested object to its approximate 
description.
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The basis of the systems approach is thinking in terms of systems[4], based primarily 
on a synthetic research procedure, which can be simplified to the following three 
stages:

• the identification of the entire system comprising analyzed elements (e.g., 
subsystems),

• evaluation and description of the properties of the system and its dynamic 
behavior,

• determining the properties of individual system elements and their behavior 
over time, considering the impact of these elements on performing the 
functions of the entire system.

The systems approach has gained particular importance, especially in recent years, 
because of the increasing number of so-called large-scale problems. These are 
problems in both military and civilian systems, in terms of production and services, 
viewed from different perspectives: technical, economic, social, environmental and 
political. The reasons for these problems are complex interactions between elements 
and states of the system and unpredictable changes in the environment caused by 
forces of nature or deliberate terrorist or criminal activity.

Effects of rail disintegration - loss of the open system attribute

Organic systems at the level of a cell, a complex organism and a population of 
organisms exist based on a constant exchange with their environment. This exchange 
is critical to sustaining life and the form of the system, since interaction with the 
environment is essential for its maintenance. Often, Therefore, it is said that living 
systems are "open systems", subject to a continuous cycle of: using inputs, their 
internal and total transformation, preparing the product and feedback (through, 
which one element affects the next one). The concept of openness emphasizes the 
fundamental importance of the mutual dependencies between the environment 
and the internal functioning of the system. The environment and the system should, 
Therefore, be perceived as being in a state of interaction and mutual dependence. 
The opposite of the open nature of biological and social systems is the "closed" 
nature of many physical and mechanical systems, however, openness may vary as 
some open systems may only respond to a relatively narrow range of contributions 
from the environment [5].

The system environment comprises those elements that are not part of it, and are 
related to it, i.e., they affect the state of the system or the system affects them. 
This influence occurs through the system inputs and outputs. Inputs are all ways of 
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influencing the system, and outputs are all ways of influencing the environment by 
the system. An open system has inputs and outputs. Closed systems are isolated from 
the environment, do not affect them, and their elements are only influenced by other 
elements of the same system. Inputs and outputs that are used to transmit matter or 
energy are called supply ones, and those that are used to transmit information are 
called informational. Inside the system, between the inputs and outputs, there are 
processes of matter, energy and information transformation, called transformation 
processes. The behavior of system can Therefore, be considered in the sequence: 
input - transformation - output.

European railways, because of conscious actions of the regulator, focused rather 
on the pseudo "internal" competition between fragmented entities created based 
on previously integrated enterprises covering the entire value chain, ceasing to pay 
attention to the changing needs of the environment, customers and the expected 
higher standards of handling the mobility of goods and people.

Entropy of European railways

The measure of disorder is entropy, which refers to the European railways, not being 
able to compete with air and road carriers. Open systems - thanks to the fact that they 
draw matter, energy and information from the environment - can not only counteract 
entropy and maintain the state of internal order, but can also increase this state, i.e., 
to achieve negative entropy. Those being able to maintain order are called organized 
systems; those that have the ability to lift it are called self-organizing systems. Open 
systems are capable of maintaining a state of equilibrium despite disturbances 
caused by external and internal changes. This state of equilibrium is maintained by 
a process known as homeostasis. The concept of feedback is related to the process 
of homeostasis. It consists in the fact that at the system input there are information 
not only about the state of the environment, but also about the state of its outputs. 
In case of European railways this mechanism needs to be rebuilt. The effectiveness 
of both passive (homeostasis) and active (expansion and development) adaptation 
processes is a prerequisite for the survival of an organization in the environment. In 
addition to the ability to adapt and self-organize, open systems also have the ability 
to achieve a specific ultimate state under different initial conditions (equifinality), 
e.g., distinct possibilities and limitations of action due to local and regional specificity.

It seems that the only chance for railways to restore its features of open system is 
to use the opportunities posed by the digital economy and standards of Industry 
4.0. The need for a complex change of technological transformation, process 
and organization shall be linked to the change of business model and value chain 
integration across the entire product lifecycle. The key condition for this successful 
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transformation is the advanced use of digital solutions and data resources. Its goal 
is to mass personalization of service provision in response to the individual needs of 
customers [6].

There are more and more models describing the digital transformation process from 
the perspective of the affected entity. They are most often based on three pillars: 
processes, technology and organization. An example of such a model can be the SIRI 
concept (The Singapore Smart Industry Readiness Index).

Figure 1. SIRI model

Source: The Singapore Smart Industry Readiness Index. Catalysing 
the transformation of manufacturing , Economic Development Board, 

Singapore, 2017.

The key components of process layer of this model supporting transformation are 
the vertical integration and horizontal integration, and these are far more difficult in 
the current decentralized model of operation of the railway. As Peter Senge wrote in 
his bestseller "The Fifth Discipline":

"Sometimes it happens that people still split an elephant in half. Unfortunately, 
instead of two small elephants, they get a terrible mess. I mean a very complicated 
problem in relation to, which the principle of leverage cannot be applied, because its 
secret lies in interactions that are imperceptible to an observer who focuses only on 
one component of the entire system" [7].

It is impossible to meet better the needs of rail customers and lead them along the 
road to the digital economy without restoring integrated functionality to railways.

Initial proposals for changes in the rail system in Europe

In Europe, planning the development of the socio-economic system is becoming 
more and more important. It takes place at the expense of limiting the freedom 
of action of economic entities, both from the public and private sectors. In the 
centralization process of decision making by the authorities of the EU one can 
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observe occurrence of immanent practice to deform the originally defined objectives 
and means of achieving them. This results from the disclosure of permanent, overt 
or latent obstruction by public authorities at the level of government administration 
of individual European countries or from the public authorities at the regional level. 
The process of institutional transformation is underway within the system that is 
commonly referred to as the "European Community". If the authorities of individual 
countries play the role of the "administrator" of the national rail network infrastructure 
in the next decades, the railway will be deprived of the possibility of vertical "re-
integration". Therefore, the possibility of creating one vertically integrated railway 
company in Europe, i.e., managing infrastructure, rolling stock and human resources, 
will be blocked. The railways will Therefore, not be able, in an institutional form, to 
integrate the management processes of critical resources.

Introducing Directive 91/440 / EEC was based on the belief that by selecting 
infrastructure managers in the rail system, it would be possible to integrate 
management processes in a transaction form. Network infrastructure managers 
(monopolists on the scale of each member state) would provide access services 
(including traffic control) to the network infrastructure to all railway operators 
on a non-discriminatory basis. The experience of the past thirty years shows that 
the transactional relations between infrastructure managers and operators are 
not satisfactory for the operators, and consequently the operators do not have an 
effective influence on operational processes. This is the reason that passenger and 
freight operators can not prepare a range of services corresponding to the needs of 
its clients - the passengers and shippers. The lack of punctuality in running trains and 
the inability to guarantee the delivery date of shipments are two disadvantages of 
railways, the permanent presence of, which drastically reduces the attractiveness of 
rail services for customers.

If the railroad were to become an "open system" - one capable of responding to 
external signals, it would be reasonable to consider implementing a project in Europe 
that would expect radical changes in this mode of transport. The key features of this 
change would be:

1. Delegating the competences of passenger rail management (infrastructure, 
rolling stock and human resources) at the level of regional governments or at the 
level of agglomeration authorities (city or association of cities). 

2. Creation of a vertically integrated European high-speed rail company with a 
separate network of high-speed lines, rolling stock and staff. 

3. Creation of an European vertically integrated railway company with network 
infrastructure, rolling stock and human resources specialized in freight. 
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In the digital economy, the conditions are created to efficiently and effectively 
manage resources in these railway companies (point 2 and point 3), as well as to 
bring about a functional integration between regional railway companies and other 
passenger transport systems within the agglomeration.

There is a gap in this proposal for interregional passenger services. Considering 
that in the perspective of 2050, emission-free road vehicles (cars and buses) and 
airplanes may appear in transport, it is worth considering whether there is a need 
to maintain the existing railway network, built in the 19th century, outdated and in 
need of modernisation, in order to continue interregional rail services, which will 
continue to operate at commercial speeds between 40-60 km/h.
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Abstract Saturation Flow is a main variable of capacity, green time, and cycle time at 
signalized intersections. Also, Saturation Flow is an important meter for determining 
the performance of traffic flow, as well as evaluation of planning, design, and 
operation in addition to application of them. Saturation Flow, which can be calculated 
by using empirical and theoretical relations, is affected by many parameters, such as 
road and traffic conditions, driver behaviors and environmental factors, which are 
also sensitive. In this study, saturation flow was calculated by discharge headway, 
which are observed indirectly for each lane at the nested signalized intersection. 
The total width of the intersection at, which the study was conducted is 40 meters, 
and it has a circular island having 16 meters in diameter. The intersection is a 
nested controlled intersection because secondary signaling is set up in the island 
in addition to regular-primary intersection signalization. Hence, the vehicles 
are queuing around the island and spilling over the middle and right lanes. 
Statistical analysis was performed, and headways distributions were modeled. 
Mean headways were estimated from the best distributions and the effect of 
the obtained saturation flows on the traffic flow performance was evaluated 
with the SIDRA. It has been observed that there are meaningful differences right, 
middle and left lanes in the Bor-Niğde approach. The fact that the initial loss time 
is higher in the middle lane, the queue length is higher in the left lane revealing 
the characteristic feature of nested signalized intersection, which affects the 
saturation flow. The results obtained show that it is necessary to carry out studies 
in terms of planning and operation to increase the performance of the intersection.
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INTRODUCTION 

Saturation flow is a macro variable in determining the performance of traffic flow at 
signalized intersections [1]. The graphical representation of this traditional definition 
of Webster and Cobbe [2] stating that the saturation flow value is obtained when 
there is a fixed vehicle queue and 100 % green time (Figure 1). This graph represents 
the flow of traffic at a constant value (saturation flow value) until the queue is empty, 
a few seconds after the start of the green period. Different definitions have been 
made for the saturation flow over time. In HCM 2010 [3], Saturation Flow is defined 
as the number of vehicles that can pass in one hour at a signalized intersection if 
the green time for a given lane is constantly on. ARRB Report 123 [4] defined the 
saturation flow as the maximum constant departure from the tail of the vehicles 
during the green period. In HCM [3], 1900 vehicle/hour/lane is predicted, which is an 
ideal value for saturation flow. The rectangular line in Figure 1 also shows the ideal 
state of the saturation flow value in an approach at a signalized intersection [5]. In 
Figure 1, the horizontal axis indicates the durations of the phase in that approach, 
and the vertical axis reveals the mobility of the vehicles at the intersection at the 
relevant times. As can be seen, while the vehicles are waiting at the red light, they 
move when the light turns green. The first vehicles at the beginning of the queue 
experience a delay until the signal changes and they start moving. This time due to 
the delay is called the initial loss time. Then the difference between the discharge 
headway of the vehicles decreases and the flow becomes homogeneous after a 
while. This section, where the flow is homogeneous, shows the saturation flow [6]. 
The saturation flow may start between the third and sixth vehicle in the queue [5].

The following formula is used for the average saturation headway:

         (1)

As a result, the saturation flow value is calculated as shown below:

Table 1. Descriptive statistics of headways (seconds)

Lane Sample 
Size Mean Std. Min. 25 % 50 % 75 % Max.

Left 288 2,420 0,934 1,0 2,0 2,0 3,0 6,0
Middle 252 2,238 0,965 1,0 2,0 2,0 3,0 6,0
Right 148 2,527 0,965 1,0 2,0 3,0 3,0 5,0

All 688 2,376 0,957 1 2 2 3 6
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         (2)

Studies show that the saturation flow changes under non-ideal conditions, which 
is affected by many parameters, such as traffic, road, environmental conditions, 
and human behavior. Saturation flow varies for each intersection or even for each 
approach. In this respect, Çetin and Murat [6] stated that determining true value of 
saturation flow is difficult. 

When the studies on saturation flow are examined, there are correlations between 
saturation flow and the factors (road, traffic, and geometric conditions) that can 
affect the saturation flow. These models are derived empirically, linear, or multiple 
regression models.

Figure 1. Saturation Flow Diagram [6]

Figure 2. Frequency of queuing length

Correlations have been developed between saturation flow, depending on factors, 
such as lane width [2], environment type and lane width (ARRB Road research center), 
number of lanes, speed limit and slope [5], turning radius of left turning lane [7]. In 
many studies, the regression was used to find this effect. The models give successful 
results in simple traffic scenarios where several factors are effective. In many studies 
conducted today, the amount of traffic and the width of the intersection approach 
are considered. The fit of regression models and the prediction of saturation flow 
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in complex traffic conditions are not successful [8]. In the method of finding the 
saturation flow with correction factors, the saturation flow in ideal conditions, which 
is defined as the base saturation flow value, is calculated by reflecting the effect of 
some correction factors. Similar equation was suggested in the German Highways 
Capacity Manual [9], and it was seen that the saturation flow was calculated using 
two dominant variables among many variables affecting the saturation flow.

The aim of this study determined the Saturation Flow at nested signalized 
intersection. The signalized intersection located on Atatürk Boulevard, in Niğde, 
which is controlled by a fixed time signalized system that a second signal control is 
applied around central island was preferred. The saturation flow was determined 
in the approach in the direction of Bor-Niğde, and the effect of the characteristic 
features of the intersection on the saturation flow was revealed. In determining the 
Saturation flow, discharge headway based on the observation of vehicles in the field 
were used.

STUDY AREA

In order to find the saturation flow according to discharge headway, it is necessary to 
obtain the interval values of the vehicles in terms of time in the lanes of the approach 
of the study area Junction. In order to obtain these values, indirect observations were 
made from the video footage taken between 16.20-17.20 on 05.03.2019 Tuesday, 
16.00-17.00 on 09.05.2019 Thursday, and 16.55-18.20 on 02.10.2019 Wednesday. 
The main reason for making the video footage between these hours is that the traffic 
was observed at certain intervals before, it was determined that it was the busiest 
time.

Table 2. Probability distributions for left lane

Dağılım Alpha Beta Gamma Mu Sigma Lambda AICc BIC
Gamma_2P 0,37 6,47 761,65 768,93
Loglogistic_2P 2,30 4,35 774,08 781,36
Lognormal_2P 0,80 0,41 774,46 781,74
Normal_2P 2,42 0,93 780,79 788,07
Exponential_2P 1,00 0,70 782,48 789,77
Gumbel_2P 2,91 1,09 888,23 895,51
Loglogistic_3P 0,92 0,71 1,00 890,80 901,70



19TH EUROPEAN TRANSPORT CONGRESS
 EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY AND LOGISTICS IN CITIES307 

In the examination, the descriptive statistics of the discharge headway (hi) in terms of 
time (according to the composition of the lanes) of all vehicles waiting in the queue 
on the approach (Figure 2), after they started to move at the green time. The longest 
queuing observed on approach was in the left and middle lane with 10 vehicles.

Vehicle headway is a microscopic variable that defines traffic flow. In smart vehicle 

Table 3. Probability distributions for middle lane

Dağılım Alpha Beta Gamma Mu Sigma Lambda AICc BIC
Loglogistic_3P 0,45 0,49 1,00 531,67 542,16
Exponential_2P 1,00 0,81 616,10 623,11
Gamma_2P 0,41 5,45 665,66 672,67
Lognormal_2P 0,71 0,45 669,67 676,68
Loglogistic_2P 2,09 3,91 678,35 685,37
Normal_2P 2,24 0,96 700,21 707,22
Gumbel_2P 2,76 1,17 809,12 816,13

Table 4. Probability distributions for right lane

Dağılım Alpha Beta Gamma Mu Sigma Lambda AICc BIC
Normal_2P 2,53 0,96 412,54 418,45
Gamma_2P 0,42 6,02 415,69 421,61
Exponential_2P 1,00 0,65 425,58 431,49
Lognormal_2P 0,84 0,44 427,64 433,56
Loglogistic_2P 2,42 4,06 429,62 435,54
Gumbel_2P 3,01 0,97 439,56 445,47
Loglogistic_3P 0,92 0,65 1,00 468,86 477,69

Table 5. Probability distributions for right lane

Dağılım Alpha Beta Gamma Mu Sigma Lambda AICc BIC
Exponential_2P 1,00 0,73 1820,66 1829,71
Gamma_2P 0,40 5,89 1846,19 1855,24
Lognormal_2P 0,78 0,43 1875,67 1884,72
Loglogistic_2P 2,24 4,08 1888,53 1897,58
Normal_2P 2,38 0,96 1895,34 1904,39
Loglogistic_3P 0,73 0,59 1,00 1905,18 1918,74
Gumbel_2P 2,88 1,10 2137,56 2146,61
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and simulation studies, modeling of the distribution of vehicle headway is used. 
The average value (h) of the headways, which determines the performance of 
the simulation models, is equal to the inverse of the traffic flow value (q) (q=1/h). 
Headway models that reflect the impact of traffic are also a useful tool for analyzing 
road capacity and evaluating the effectiveness of traffic management strategies 
being implemented. Headway models are also used to distribute delays and generate 
appropriate strategies. All these indicate that gap models are the main research area 
in many traffic flow theory and vehicle simulation [10], [11].

Table 6. Saturation flows estimated from probability 
distributions

Mean S.D. Median  %95
Confidence Limits

Saturation 
Flow

Lane Chosen Distribution S S S Left (s) Right (s) veh/h
Left Gamma_2P 2,420 0,951 2,297 1,095 4,167 1488

Middle Exponential_2P 2,238 1,239 1,858 1,063 4,711 1609
Right Normal_2P 2,527 0,962 2,527 0,945 4,109 1425

All Exponential_2P 2,376 1,377 1,954 1,070 5,125 1515

Distribution fit tests were carried out in order to find the distribution that fits the 
vehicle headway in terms of time. Phyton software was used for distribution fit tests 
[12]. The maximum likelihood method was used to test the probability distribution 
that the discharge headway fit. Parameters are estimated for normal, gamma, 
exponential, lognormal and general extreme distributions (Table 2, 3,4,5).

The success of the fit of the distribution was made according to the AIC and BIC 
criteria.

Considering the AIC’c and BIC criteria for lane discharge headway distributions 
according to the tables, Gamma for the left lane, three-parameter log logistic for the 
middle lane, Normal for the right lane, and two-parameter Exponential distribution 
for all lanes are considered suitable distributions.

The mean, standard deviation, and median values for the lanes according to the 
distribution parameters and the saturation flow values calculated accordingly are 
shown in the Table 6.

The SIDRA simulation program was used to see the effect of the saturation flow, 
obtained by the saturation headway, under actual demands (Figure 3).
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The following sequence is followed to model the traffic flow in the SIDRA program:

• Introducing the intersection geometry to the computer program (information, 
such as the number of intersection approach, lanes, flow directions and 
numbering of flow directions)

• Entering traffic data into the program (Entering traffic flow rates, Peak Hour 
Factor, approach and intersection speeds for each stream)

• Entering the phase plan and signal times of the intersection into the program.

Following strategies were applied to measure saturation flow value on the intersection 
and the common performance variables, to measure performance results, are listed 
in Table 7.

Figure 3. Demands in the intersection

Table 7. Performance of the intersection

Performance Variables Saturation Flows (pcu/h)
I II III IV

1900 1800 (1488,1601,1425) 1515
Travelling speed (Average) km/h 31,3 32,4 22,9 23,2
Travelling time (Total) veh-h/h 82 79,1 111,9 110,8
Saturation degree 0,989 0,974 1,263 1,240
Effective intersection capacity 
(taş./sa) 3353 3403 2626 2674

Control delay (Total) veh-h/h 39,19 36,46 66,02 64,85
Control delay (Average) sec 42,6 39,6 71,7 70,4
Intersection level of service LOS D LOS D LOS E LOS E
95 % Que length - (Worst Lane) 
veh 25,8 27,4 38,5 37,2

Fuel consumption (Total) L/h 288,8 278 328,5 326,9
CO2 (Total) kg/h 678,6 653 771,9 768,3
HC(Total) kg/h 0,067 0,064 0,079 0,078
CO (Total) kg/h 0,821 0,803 0,871 0,868
NOx (Total) kg/h 0,223 0,211 0.238 0.238
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I –  The default saturation flow rate, the value of 1900 (psu/h) recommended by TRB 
for all lanes has been entered into the program. 

II –  Saturation flow was calculated from median of all lane’s discharge headways.

III –  After probability distributions had been estimated for each lane discharge 
headways, mean of each distribution were used to calculate saturation flow. 

IV –  After probability distribution had been estimated for all lane discharge headways, 
mean of the distribution were used to calculate saturation flow. 

CONCLUSION

Observed vehicle discharge headways were evaluated by statistical tests. First 
of all, the mean and medians of vehicle discharge headways for each lane were 
investigated. The average values of vehicle following discharge headways are 2,42 
seconds in the left lane, 2,238 seconds in the middle lane, and 2,527 seconds in the 
right lane. medians are calculated as 2.0 seconds in the "left" and "middle" lane and 
3.0 seconds in the right lane

In the study area, a second control is currently applied around the roundabout, 
independent of the intersection cycle time, and this causes a vehicle queue around 
the roundabout. The longest queue was formed in the left lane of the approach arm 
(with 10 vehicles).

The distribution of discharge headways is necessary to simulate traffic. The parameters 
of the probability distributions (Table 2, 3, 4, 5), which are frequently used in the 
study, were estimated using the observation data. AICc and BIC criteria were used to 
select the most suitable model. The distribution with the lowest AICc for each lane 
was accepted as the optimal distribution for that lane. However, although the AICc 
value is small for the middle lane, the exponential distribution was chosen for this 
lane, since the Beta parameter was less than one. 

Using the estimated scale and shape parameters, the mean headways was found to be 
2,42 seconds for the left lane, 2,24 seconds for the middle lane, and 2,52 seconds for 
the right lane. In the modeling using all lane data, the optimal probability distribution 
was found to be an exponential distribution. According to this distribution, the 
headway is 2,38 seconds for all lanes. For all lanes, the lowest headway that can 
be observed in the 95 % confidence headway was 1,07 seconds, while the highest 
interval was calculated as 5,13 seconds.

The traffic performance value from the simulation program reflects the importance 
of choosing the right saturation flow value from the area, which points to the 
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importance of planning, design, and operation studies.

As a continuation of the study, it is aimed to reach the saturation flow value and 
intersection performance information at nested/regular signalized intersections 
in Niğde province and compare saturation flows between them by increasing the 
number of observation points and data.
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Abstract Digitalisation is impacting transport significantly. Using information and 
communication technologies (ICT), practically all processes in the transport domain change. 
Considering the transport service chain from a passenger’s perspective, this contains 
acquiring information on travel alternatives, ticketing, payment, way-finding, check-in, on-
trip-information, entertainment and service, getting information on deviations in route or 
time, check-out, etc. In terms of infrastructure, vehicles and transport management, the 
entire system has also been re-shaped due to the use of ICT. Innovations in the field will 
remain important game-changers. Faster ways of data processing (Artificial Intelligence 
– AI) and transmission (5G) will, for example, help to operate autonomous vehicles. 

Such huge changes bear a variety of opportunities and threats: where processes become 
increasingly digital and the personal encounter between passenger and staff is gradually replaced 
by man-machine-interaction, there are lots of chances and risks related to possible social 
exclusion or inclusion of certain people. Persons who are not used – or able – to use computers 
or mobile devices could significantly suffer from digitalisation, while people with disabilities 
who were unable, so far, to acquire services in order to be mobile on their own, will profit. 

Here we present the results of a qualitative study based on use-cases where substantial 
changes have taken place leading to inclusion or exclusion. The developments are classified 
and systemised and the effects of the developments are described and evaluated. 
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INTRODUCTION

Digitalisation is an important trend, significantly impacting transport. Using 
information and communication technologies (ICT), practically all processes in the 
transport domain have changed or will change. Considering the transport service 
chain [11] from a passenger’s perspective, this contains acquiring appropriate 
information on travel alternatives, ticketing, payment, way-finding, check-in, on-trip-
information, entertainment and service, getting information on possible deviations 
of route or time, check-out, etc. In terms of infrastructure, vehicles and transport 
management, the entire system has also been re-shaped due to the use of ICT. 
This trend is still ongoing and innovations in the field will remain important game-
changers. Faster ways of data processing (Artificial Intelligence – AI) and transmission 
(5G) will, for example, massively support the development of autonomous vehicles. 
This is supposed to become one of the most radical changes in transport, its use and 
its environment. 

Such huge changes naturally bear a variety of opportunities and threats, which need 
to be adequately addressed. In this context, where processes become increasingly 
digital and the personal encounter between passenger and staff is gradually replaced 
by man-machine-interaction, there are lots of chances and risks related to possible 
social exclusion or inclusion of certain groups of persons. This should well be taken 
into consideration at all stages of the developments. For example, persons who are 
not used – or able – to use computers or mobile devices could significantly suffer 
from digitalisation, as they will struggle to excess these services as soon as there 
is no longer any staff looking after them. On the other hand, those persons with 
disabilities who were unable, so far, to drive a car on their own, will enormously 
profit from autonomous vehicles, when holding a driver’s licence will no longer be 
necessary for individual mobility. These are only two examples out of a huge variety 
of consequences of digitalisation in transport.

Overall, one can say that technical progress needs to be taken as a fact significantly 
changing the face of the entire transport system. Neither will it be possible to hold 
back innovations and technical developments, nor could this be generally useful 
or recommendable. In order to benefit in the best possible way from positive 
developments and to avoid and cope with possible disadvantages, it is necessary 
to comply with accessibility regulations like the Web Accessibility Directive [4] or 
the European Accessibility Act [5] and to respect the principles of Universal Design 
[7]. Thus, finding an appropriate mixture of enforcement and voluntary action as a 
result of awareness, helps to avoid exclusion of certain target groups, to deliver the 
inclusion of these groups and – what is most important – to improve the quality of 
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the transport system for all passengers.

After having discussed the state of research and practice within the theoretical 
background section, we present in this paper the results of a qualitative study 
based on a series of use-cases where substantial changes have taken place due 
to digitalisation and automation, presumably leading to inclusion or exclusion, 
respectively. Hereby, the developments are classified and systemised and the effects 
of the developments are described and evaluated. Eventually, conclusions are drawn 
and some strategies against adverse developments are proposed.

THEORETICAL BACKGROUND

Both, passenger and freight transport have massively changed over time, particularly 
over the last decades due to the functions made possible by digitalisation and 
automation [15]. The use of ICT leads to substantial cost reductions and to improved 
efficiency. It is not without reason, that these developments are often referred to as 
the fourth industrial revolution [16]. Regarding freight transport, logistics and Supply 
Chain Management, the substantial changes driven by digitalisation and automation 
are obvious [19] but also in passenger transport, many processes have been subject 
to change and this trend will remain. As passenger transport services are addressed 
to the general public, everybody using these services has to deal – and to cope – 
with the changes that have taken place. It goes without saying that these changes 
bring with them several opportunities and threats for the passengers and here in 
particular for some "vulnerable" target groups, such as the elderly, the disabled and 
other groups with difficulties caused by digitalisation [8 / 17]. 

Consequently, there are "winners" and "losers" of digitalisation and automation: 
Some people are strongly supported in their individual mobility, others are severely 
hindered from using the (public) transport system independently. In this respect and 
after having reviewed the existing literature, we identified a set of target groups 
affected in the described way by digitalisation and automation, in particular

• elderly people, 

• people with physical disabilities,

• people with sensory disabilities,

• people with mental disabilities,

• people with learning and communication difficulties and impairments, 
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• people with limited knowledge of the national language (foreigners, tourists, 
migrants, etc.)2

These target groups need to be able to handle new technologies, otherwise they are 
unable to make their trips independently [6]. As digitalisation and automation are 
continuous and dynamic developments, new opportunities and threats are always 
likely to arise [13]. As a matter of fact, digital skills become increasingly important in 
order to successfully navigate through public transport systems and technology has to 
address the needs and requirements of all passengers including the respective target 
groups [20/ 14]. Mobility is an important factor for quality of life. Hence, especially 
for those, who rely on public transport services, their availability, accessibility and 
affordability are crucial. This holds true for urban settings and problems may even 
get worse in peri-urban or rural areas [12]. In addition, one has to emphasize the 
fact, that the proportion of the abovementioned targets groups will increase in the 
future and the demographic changes pose a particularly great challenge for modern 
mobility services [13]. Persons with mobility impairments and the aging population, 
who represent a significant part of the population, are changing the demands on 
mobility access and inclusion services. Furthermore, the proportion of people over 
65 is expected to grow significantly over the next decades [2]. Since many areas 
of the transport service chain, that interact with passengers have been digitalised 
already, persons who are not tech-savvy get excluded. Older persons in particular are 
often not very familiar with the internet or digital devices and find it difficult to learn 
how to operate technical devices [13].

Digitalisation, however, has also an enormous potential as certain persons gain 
independence in mobility through innovations [3]. For example, persons not 
holding a driver’s license or being unable to drive a car for other reasons, can take 
part in full individual mobility as soon as autonomous driving is available to its 
full extent. Another example is the improved availability of information on mobile 
devices enabling people to find their way without external assistance [12]. A further 
advantageous aspect of digitalisation is the chance to overcome language barriers 
(for information, ticketing, etc.) and specific apps are available to bridge the language 
and information gaps [7]. 

At public transport stops static and dynamic information can be provided via electronic 
devices in a tailored way so that physically impaired customers, whether visually or 
acoustically impaired, can use them [15 / 20]. Furthermore, ICT based travel planners 
and location based services have been introduced helping people to find their way 
[9]. Additionally, autonomous vehicles and car sharing markets have grown over the 

2  For more information take a look at the ICF Cassification, for our purpose we defined our own target 
groups.



19TH EUROPEAN TRANSPORT CONGRESS
 EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY AND LOGISTICS IN CITIES319 

past years. In the near future, autonomous vehicles based on artificial intelligence (AI) 
combined with car sharing models will lead to a huge impact on mobility for disabled 
people [14]. Newly created mobility apps boost the future of public transport, since 
they are created for e.g., visually impaired people or wheelchair users, fitting their 
specific needs [10]. Furthermore, the process of planning, booking and reservation 
has been digitalised already in many countries to a significant level and information 
on deviations and interruptions can be disseminated via push notifications. 

These are just some spotlights from a wide range of consequences of digitalisation 
and automation in transport. Thus, ICT fundamentally re-shaped people’s mobility 
and new technologies open up room for many new useful and helpful applications 
[6]. 

There is, however, a downside, which needs to be taken into consideration: In order 
to achieve optimal mobility for all members of society, regardless of age, limitations, 
disabilities, impairments or income, accessibility guidelines must be implemented. 
This is the only way to avoid exclusion and to create a transport system that benefits 
all passengers. In the field of mobility, researchers have to join their efforts globally 
to overcome the barriers for the abovementioned target groups, since the effects of 
transport are similar worldwide and solutions are ubiquitarily applicable [1]. 

Having discussed the state-of-the-art literature we concluded, that benefits and 
threats arising due to digitalisation and automation should be examined closely, 
since it is impossible to stop it. It is of high importance, to define some important 
use-cases in order to develop a conceptional framework showing the key features to 
achieve social inclusion rather than social exclusion.

METHOD

For our investigation into opportunities and threats of digital developments in the 
field of transport we selected target groups of persons who are known to be mostly 
affected by the rapid changes in digitalisation processes, be it in a positive or negative 
manner. 

1. elderly people

2. people with physical disabilities

3. people with sensory disabilities

4. people with mental disabilities
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5. people with learning and communication difficulties and impairments

6. people with limited knowledge of the national language (foreigners, tourists, 
migrants, etc.) 

Within our research, we identified some important areas where digitalisation has 
proven to have had a substantial effect on individual mobility: A series of six use cases 
has been set up, which has been analysed with regard to the respective changes 
due to the digitalisation and automation processes. These changes have been put 
in relation to the consequences for the different vulnerable target groups depicting 
whether exclusion or inclusion is induced by the digitalisation or automation 
processes. In order to present our key findings in a structured manner, we developed 
a 2 by 2 contingency table and applied it to the six cases included. For this purpose, 
we divided the "digitalisation" contingent into "ex-ante" and "ex-post", referring to 
the state before and after digitalisation, respectively. The "accessibility" contingent 
is divided into "non-compliant" and "compliant" representing exclusionary and 
inclusionary factors and aspects. 

RESULTS

In our study, we did examine the following six use cases:

• Use-case 1: self service terminals (SSTs)

• Use-case 2: accessible payment terminals

• Use-case 3: electronic ticketing

• Use-case 4: static and dynamic information

• Use-case 5: mobility apps

• Use-case 6: autonomous vehicles

Applying our method, we first looked at the situation that was common for each of 
these use-cases before digitalisation took place ("ex-ante") and we looked at the 
accessibility of the way the services were provided in the times before digitalisation 
("compliant" or "non-compliant"). Then we did the same for the way these services 
are provided by current digitalisation.

The results showed that according to the manner services were offered in the past 
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and services are offered nowadays the challenges of how to approach them have 
shifted significantly by digitalisation. This means that some challenges were solved 
for at least some groups, while new challenges arose for the same or for other groups. 

For example, before the introduction of self service terminals (SSTs) at airports, 
personal contact helped to adapt to the specific needs of people with disabilities 
and access was provided through a sales person; however, the downsides were: no 
autonomy, long waiting times, and sales points may be hard to find and inaccessible. 
After the introduction of SSTs, the situation looks different: the above-mentioned 
downsides disappeared and the autonomous sales process leads to shorter waiting 
periods due to more accessible sales points; no help is required, no reliance on other 
people necessary. However, digitalisation helped solving the old problems, but for 
different groups of people with disabilities it created new ones: touch screens are not 
always accessible, no haptic and acoustic feedback is given; the ticket machines may 
not be in the right height and Therefore, inaccessible for people in wheelchairs; the 
purchasing process, is not intuitive and raises difficulties for people with intellectual 
disabilities.

For the other use-cases, the results look mixed, too: the shift to digitalisation 
created not only solutions, but caused exclusions of different groups of people with 
disabilities.

As a further example and to highlight how we applied our method to get results, we 
show here how the result for use-case 4 "static and dynamic information" looks in 
detail:

For use-case 5 "mobility apps" and use-case 6 "autonomous vehicles" the picture 
looks different since these technologies and Therefore, the related services started 
coming into existence only with digitalisation. 

In use-case 5, these new services have their own compliancy and non-compliancy 
issues concerning accessibility by the way the devices are designed and the services 
are provided to the affected groups.

In use-case 6, the current situation is marked by social exclusion for some groups 
like blind people since individual transport is not accessible – the situation is non-
compliable. When autonomous driving will be developed at the final stage [18] of 
fully automation, social inclusion will be completely fulfilled and it can be expected 
that there will be no no-compliant issues.
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DISCUSSION

The analysis has shown that the digitalisation and automation processes have, 
indeed, fundamentally changed the products and services involved in the use cases. 
There are some general principles, which can be derived from the analyses of the six 
cases presented for the domain of transport and beyond. Regarding the opportunities 
yielded by digitalisation and automation, there are new ways for tailor-made and 
individual solutions, improved independence, and reduced need for assistance. 
Being less reliable on others for the own mobility, mobile results in a better quality 
of life comprising new ways of participation and self-determination. 

In order to let this come into reality, it is – of course – necessary to design tools 
and services in a way that (almost) everybody can use them. In fact, this is neither 
expensive nor impossible. It usually involves respecting the most important 
requirements like information, screens, displays and showcases at eyelevel to make 
them approachable by visually impaired persons but also by wheelchair users or 
growth restricted people; buttons or paypads must be positioned in a height 
and designed in such a way that they serve the needs of blind, visually impaired, 
wheelchair users, etc. Information should always be as accurate as possible, and the 
ideal situation certainly includes alternatives in case of interruptions and deviations 
or even emergencies. In all situations, the availability of an alternative is helpful, 
in some cases mandatory. This demands, for instance, the application of the "two-
senses-principle", which means, information must be transmitted through – at 
least – two sensory channels. In addition to visual information, there should also 
be an acoustic output. Information on buttons or pinpads must be well-legible but 
should also be perceivable in a tactile way. As a "solution of last resort", a personal 

Table 1. Static and Dynamic Information

Digitalisation
ex-ante ex-post

Co
m

pl
ia

nt
 

• Printed signs, timetables and haptic 
feedback helped people with 
disabilities and other target groups to 
access information in easy way

• Real time info
• Automatic and efficient route planning
• Auditory feedback for visually impaired 

people 
• Timely feedback in case of emergencies 

tailored to the disability

• No real time information
• Static information no help in case of 

emergency
• Auditory feedback not sufficient for 

deaf people

• Reliance on technical devices
• Digital screens maybe not readable
• Digital screens maybe not accessible 

for wheelchair users
• Auditory feedback not sufficient for 

deaf people
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encounter with a staff member needs to be provided; but to save costs and to 
improve availability, in particular digital tools and ICT can be used. As not all the 
available rules and regulations are obligatory or sufficient, optimal results will only 
be reached if entities issuing tenders or public service contracts include specific rules 
and guidelines on their own. Only if the people in charge take this responsibility for 
serious, adequate solutions will be implemented and benefits be generated for all 
users. From a technical perspective – and this is an important issue to stress in this 
context – it is almost in all situations possible to find and achieve solutions, which 
can equally be used by "vulnerable" passengers. It is Therefore, regularly a question 
of awareness and willingness and not one of technical feasibility, if digitalised and 
automated processes are implemented in a way that is acceptable and useable 
for all. In other words: digitalisation and automation can be used in a good way to 
improve tools and services and unfavourable effects can be generally avoided to a 
great extent. This results in good and accessible services and from the operational 
perspective in improved quality and efficiency and, thus in reduced costs. 

CONCLUSIONS AND RECOMMENDATIONS 

Mobility is important for all people and a major factor for quality of life. It has already 
reached some kind of a status as a fundamental right. Particularly when it is restricted 
like in times of CoViD, everybody can see how significant it is and how it determines 
the participation in societal life. Digitalisation and automation have changed and 
change mobility. Staff is gradually replaced by machines, many processes formerly 
done by hand, can now run automatically. Most younger people have fun in using 
digital devices, computers and handhelds; they take advantage of the many new 
opportunities. There are, however, people who cannot do this in a common way, be 
it due to a disability or as they are simply not able or used to work with computers 
or the like. 

From the operational perspective, digitalisation and automation are attractive as 
they save costs and – at the same time – improve service quality. In times when 
society respects the rights of all people and acknowledges their equality, it is 
of crucial importance not to disregard the rights and requirements of vulnerable 
groups in general and in terms of mobility. This means that precautions need to be 
taken in order to prevent negative effects for these groups and not to lose them 
on their way to a self-determined life. In this respect, particular emphasis needs to 
be put on digitalised and/or automated processes in the transport domain. There 
are basically two ways to approach this topic, namely legal rules and regulations – 
enforcement – on the one hand and awareness and voluntary action on the other 
hand, respectively. Regardless of what kind of "mixture" is taken in order to "include" 
the groups of elderly and disabled people in the best possible way, it is important 
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to respect the individual situations and abilities of those people, as well as to design 
tools and processes in a way enabling them to use them. 

In this research, six use cases in the field of (public) transport were identified and 
analysed concerning the changes brought by digitalisation and automation and what 
effects the changes have for the vulnerable target groups. It can be seen that if needs 
and requirements of these groups are considered "from scratch" within planning 
and design processes and maintained in all phases and stages of the projects, there 
are (almost) no additional costs and the usability for the entity of all passengers is 
improved, significantly. Accessibility should Therefore, not be regarded as important 
or necessary for a small "niche" group of passengers, only, but as the optimal way to 
improve "universal functionality" with benefits for all. 

In detail, the following conclusions and recommendations can be drawn: 

• Respecting universal design and functionality improves the user-experience 
and comfort for all passengers.

• Accessibility is Therefore, a concept beneficial for all passengers – not only for 
some small target groups.

• Therefore, accessibility is also an important source for financial income of 
transport service providers as it enables the use by everyone.

• However, for some target groups the fulfilment of accessibility guidelines 
is a necessary precondition, and an independent self-determined use is not 
possible without it.

• Hence, the application of accessibility is recommended in all circumstances and 
without compromise.

• Whenever there are new developments like new designs, machines, apps, 
devices, services, etc., not only existing guidelines and regulations should 
be respected but people with disabilities, as well as representatives of older 
citizens should be consulted on a regular basis. This is particularly important in 
the context of disability and automation as those developments fundamentally 
change the (public) transport service chain and substantially impact the 
participation of target groups addressed in this paper.
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Abstract During the implementation of a value-creating process closely related 
information can be created, which must appear in a group, visually and usually in 
physical form. For this reason, they are arranged in documents, giving the reader 
the opportunity to interpret the information. In general, the management and 
transmission of records (collectively, document flow management) is a necessary 
but not value-creating activity in an organization, typically performed manually, 
in some cases using assistive devices, by operators. This can be a particularly 
difficult task if the place of dispatch and delivery are located far apart (e.g., in 
different buildings). There is a danger that as volumes increase, flows may become 
slow, opaque, and untraceable. The development of a paperless e-document 
and an e-signature system may be obvious to solve the problems arising from 
the continuous flow of documents. Unfortunately, due to the nature of the rules 
in the administration, documents appearing in physical form do not seem to be 
eliminated. These can be reduced in number but are unlikely to disappear for a long 
time to come. As part of our research on the use of drones in logistics systems, the 
idea arose to use drones to support the movement of documents. Among many 
other benefits, the use of drones can replace the human factor, which usually 
causes the most errors and mistakes, so the system can operate more efficiently 
with fewer errors and many losses can be eliminated. In addition, we face several 
interesting technological and organizational challenges in integrating drones. 
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INTRODUCTION

Of the documents, the document is the most critical in administrative and value-
creating processes, which is defined as "a means of proof, which proves the reality of 
the facts, data, statement, circumstance, act contained therein with probative value 
depending on the identity of the issuer and the method of exhibition" [1]. There 
are many types of documents (e.g., private document with full probative value) 
that can be important for the management of an organization. Because of these, 
managing and transmitting documents is a critical, typically confidential activity. In 
general value-creating work in an organization takes place in distant places, but still 
relatively close in space (e.g., in different office buildings). For this reason, we further 
consider the investigated material flow system as an intralogistics system in our 
model. In this type of intralogistics systems, document flow is typically a very lengthy 
process, with multiple steps, long lead times, and wait for signatures. It is often the 
case that documents are returned to the sender due to deficiencies or incorrect 
information. Furthermore, the situation is aggravated by the fact that the documents 
pass through relatively distant departments, which is why misunderstandings can 
be common. Many participants are involved in the flow and processes are not, or 
rarely, standards. In many cases, there are no flow metrics for flow time or costs. 
The only secondary data source is typically the so-called mailing book, in, which the 
document flow is recorded in writing. With the introduction of electronic document 
management systems in public administration, such as e-signatures or e-documents, 
digitization has begun, and this is expected to reduce the number of paper-based 
documents. At the same time, it should be seen that in many cases, unfortunately, 
different documents may be required in physical form as well, so presumably the 
document flow will remain, only its intensity will change. It follows that a solution 
must be found for the implementation of the logistics operation, for, which there are 
several suitable alternatives, from the transmission by human resources to the use 
of the most innovative technologies. Thus, the idea arose to use drones to perform 
logistics tasks Our goal is to first define and analyze the framework of document 
transport supported by drones as a logistics task. Thus, by definition, we will not 
deal in depth with e.g., with the control problems of the drones, as well as with the 
transport engineering issues, although we know that all of these are an important 
segment of the implementation of the system. We are also aware that both the 
physical implementation of the system and meteorology, as well as compliance 
with legislation, are important issues, but we will not address these in our current 
paper either. Currently, the focus of our research is on the realization of the logistics 
network, the types of documents and the flow of materials and information between 
the individual points.
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SCIENTIFIC OVERVIEW

Drones

There is no doubt that drones can be used very widely, thanks to the rapid 
development of technology, such as participation in firefighting, search for missing 
persons [2]. Although the biggest focus today is on the user side of drones, there 
are still other interesting areas, such as flight and transport control. There have 
been several studies in the field of flight control, most of, which aimed to plan the 
management of the drone fleet, but there were also those in, which remote control 
of the drones was sought to ensure that control of the drone could not be taken 
over by an outside intruder [3]. Also, several future studies have been conducted, 
one on drone control with brainwave and the other on eye movement [4], [5]. In the 
field of transport management, the number of studies is significantly lower. Most 
of the research was on a health topic aimed at transporting a laboratory sample 
and examining whether the sample was damaged or altered during transport. Such 
a sample was, for example, insulin or various blood samples [6], [7]. In addition, 
another study that examines the drone-based transportation schedule considering 
failures should be highlighted. The research aims to develop a reliable delivery 
schedule by minimizing the number of failed deliveries [8].

In the field of logistics, there is the focus on the use of drones that can be integrated 
into wide logistics networks and supply chains. Based on the studies, despite various 
technological and legal obstacles, it is worthwhile to address the possibility of 
integrating drones because they can represent significant potential in logistics. The 
use of drones is also being studied in the field of city logistics [9]. Most of the research 
is looking at a drone-supported solution to last-mile tasks in urban environments. 
Last-mile transport delivers the right goods to the consignee, which is currently the 
most expensive and polluting part of the supply chain [10], as well as an increasing 
burden on the already growing road freight transport. In contrast, in intralogistics is 
given less focus in connection with the incorporation of drones into processes, but 
they can also be used to perform several tasks. The purpose of drone tasks is most 
often to reduce the human resources required for the processes in the warehouse, 
as well as to increase efficiency. Indoor flight is much more favorable for drones 
because it does not suffer as much from external environmental influences (wind, 
rain, etc.) as there are almost constant conditions in the warehouse (temperature, 
light conditions, etc.). The most common tasks to be performed include stock-taking, 
observing of the value creating objects and supporting of the order picking tasks. 

Due to the widespread use of drones, it has become logical that their use should 
be regulated. Unmanned aircraft in Hungary also apply to European and Hungarian 
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laws. In Europe, the European Union Aviation Safety Agency (EASA) monitors the 
use of drones. In 2019, the European Union adopted new laws laying down rules for 
operators and operations of unmanned aircraft. The exact legislation is contained 
in Regulations 2019/945 [11] and 2019/947 [12]. On 10 February 2021, the laws in 
force in Hungary, which are based on the two aforementioned decrees, entered into 
force.

From a legal point of view, there can be many problems with the system. The laws, 
for the time being, do not address certain situations, such as what happens if the 
drone crashes and a person or someone’s property is injured. Furthermore, there is 
a situation where people's privacy rights are violated due to cameras mounted on 
unmanned aircraft. 

As we have read, many people are studying the possibilities of using drones, but 
we cannot take it for granted that drones can and should be used for all tasks, as 
in their current state they are still considered a hobby category product. Their use 
consists in placing a payload on it, which in most cases is a camera that can be used 
to examine the environment. So, we cannot be sure that these structures will be 
usable for freight transport tasks in the long run in their current state, so there will 
be a lot of research to be done on this topic in the future.

Document logistics

In order to remain competitive, companies and service providers must also pay 
special attention to efficient internal and external document flow. It is clear that 
developments are moving towards the use of electronic documents, with several 
studies on the transition to electronic documents [13] and patents on various 
coding [14] and document management systems [15], as well as electronic records 
also play an important role in the field of archiving. However, the use of electronic 
records raises several issues. One such problem is the protection of documents with 
watermarks [16] or digital signatures [17], which must be made tamper-proof. In the 
field of archiving, there may also be issues - even ethical - about, which documents 
should be made available electronically and, which should not [18]. There are 
studies, which observe the manual and machine notes, are also being prepared. This 
research revealed that the subject was able to write more words in each time in 
connection with typing, and the writing itself became more accurate [19].

The public sector (including educational institutions) has great potential for digital 
solutions. By using them, it could be possible for the individual organizational units 
involved in value creation processes to participate in a seamless document flow 
system and share information with each other, not in isolation from each other, but 
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in full cooperation. In addition to public administration, healthcare is also one of the 
sectors where paper-based documentation is still present in large quantities. In other 
service sectors, such as banks, most paperwork is already paperless and electronic. 
Thus, digitization also provides banks with a demonstrable cost advantage [20]. In 
the case of transportation, there has been an effort to neutralize consignment note 
[21].

USE CASE

Our research is carried out at the Faculty of Transportation Engineering and Vehicle 
Engineering of the Budapest University of Technology and Economics. Currently, the 
document flow takes place through the courier, who transports the documents in 
a bag between the different buildings by walk. The courier makes two roundtrips a 
day, and delivers the mail of the departments, and serves the other requests related 
to the mailing. The morning tour takes an average of 93 minutes, while the afternoon 
takes an average of 46 minutes. The courier serves 17 organizational units, which 
include the departments, as well as other economic and human organizational units 
of the university. Documents are shipped in a sealed white A4 envelope along with 
the unit’s own mailing book. The sending and receiving process of the documents is 
very simple. The needs for the document deliveries are registered by phone, and the 
documented in the mailing book without any time stamp day by day.

Process analysis

The transportation task that we have examined in our study can be easily delineated. 
The goods to be transported are characterized by low weight, small volume, and 
relatively frequent transportation transaction, and the examined system can be 
modelled as an outdoor but a closed intralogistics system. A transaction can be defined 
as a delivery event, i.e., a delivery task that arises between two organizational units. 
The pick-up and drop-off locations are well defined and can be in different buildings. 
In 2020, a detailed examination of the generated transactions in the system took 
place. We found out from the mailing books of the organizational units how many 
transactions took place at the most important units in the examined year 2019, that 
can be illustrated in the figure below (Figure 1). 

Figure 1. 2019 document turnover [pc]
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The departments are abbreviated to GJT, KJIT, VRHT, KUKG, JSZT, ALRT, and the 
other organizational units are the economic and human units of the university. A 
total of 5 430 transactions took place during the period under review. This large 
aggregate number of transactions shows that the flow is indeed significant and 
worth further consideration. What is immediately noticeable is that the annual 
number of transactions is exceptionally high for the first three organizational units, 
and significantly less for the other units. From the results thus obtained, the material 
flow intensity and material handling performance can be investigated between each 
building, which can be illustrated in Fig. 2 and Fig. 3.

Figure 2. Material flow intensity graph [transaction/day]

Figure 3. Material handling performance graph [material 
handling work/day

In Figure 2, the vertices of the graph indicate the buildings and the lines indicate 
the intensity of the relationship. The thickness of the lines is proportional to the 
intensity of the relationship, where there are two values on a line, the transaction 
is bidirectional and the value closer to the building shows the intensity there. The 
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values on the lines are expressed in transaction / day units. For example, rounded 
up from building "J" to building "K", 4 transactions take place per day on average. 
The interesting thing about the graph is that building "A" seems to be functioned as 
a sink, but this is not entirely true. Building "A" could not be examined in detail, so 
we can only provide partial data in this regard. In Figure 3, the statements regarding 
the interpretation of the figure as in the previous case are also valid. The values at 
the lines are expressed in material handling work / day. Where the material handling 
work can be interpreted as the multiplication of the realized distance and the 
quantity between the pick-up and drop-off locations. What has changed compared 
to the intensity graph is that there is significant material handling performance 
between buildings "K" and "A", although the average daily transaction is small and 
the same is true for buildings "A" and "St", because the distances are larger between 
these buildings than the other cases. Beside on other interesting examinations, we 
also examined the work of the courier, focusing here mainly on the route that has 
been took, and the mass of unit loads that has been delivered. The route traveled 
by the courier averages 4,5 km per day. From the measured data we obtained that 
the courier carries an average unit load weighing almost 2 kg during a roundtrip. 
Respectively, with 95 % confidence, the confidence interval was 0,52 kg. Thus, we 
can state that with 95 % reliability, the expected value of the weight of the unit loads 
to be delivered will be between 1,45 and 2,5 kg. This can be shown in the histogram 
below (Figure 4). From this result, it is already possible to conclude the maximum 
carrying capacity of a drone that could potentially be used to replace the courier in 
these operations.

Figure 4. Histogram of the mass of the unit loads 

REALIZATION OF DOCUMENT FLOW SUPPORTED BY DRONES

It has been seen in previous chapters that drones have a countless of applications, 
although they cannot move large masses or cannot be able to fly for long hours, 
they are still used to transport smaller packages in special cases. In several aspects, 
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document delivery can be an ideal application because there is no extremely large 
mass of documents to be delivered and the individual buildings are located relatively 
close to each other. Nonetheless, there may be serious problems and challenges that 
need to be addressed in the future.

Research questions

The most difficult problem can be defined from the legal side. Therefore, the new 
drone supported document flow system must be fitted to the existing legislation. 
These rules significantly affect the different scenarios. For example, one of our plans 
in the future is for the drone to operate autonomously, but the relevant regulations 
do not yet exist in Hungary.

The control of the drone could work as planned in a semi-automatic system, where 
each operation is performed by the drone pilot (docking) and other operations 
autonomously by the drone (take-off and landing). However, it is true that there is 
a need for an operator with the appropriate competence in every case. However, 
the semi-automatic control can be further broken down into different development 
phases, depending on the extent to, which the drone pilot or drone performs the 
operations. Currently, the most important development direction is clearly to ensure 
the human oversight because human can make the correct decisions in almost all 
situations and based on the actual regulations the human control is obligatory. But 
the highest level of this development would be the fully autonomous operation.

Another significant challenge is how the drone delivers the unit load. Related to this, 
it is also a significant question of how and where to place this unit load so as not to 
cover the drone sensors. Another major challenge from the implementation side of 
the system is the docking and the document transfer. What should be the design of 
the docking station, where exactly should it be, and how should we hand over the 
documents to the administrators. We have not yet worked on the details of the design 
of the docking station, but the location of the docking stations was primarily designed 
on the roofs of the buildings, as the drone can land there more easily because there 
are less obstructions. Of course, it also depends on the structure of the building's roof 
whether the docking station can be placed there or not, and even getting to the roof 
is a serious safety issue. Another challenge in the field of classical freight transport 
is the question of how-to pick-up and receive the documents. Closely related to this 
is the design and operation of the Drone Transport Management System (DTMS). 
How can the administrator indicate his intention to send a document, and how can 
a distinction be made between traditional and urgent documents? After all, a great 
advantage of this system is that it can also handle ad hoc freight tasks. Thus, Drone 
Flight Control System (DFCS) should also connect to the DTMS. It can thus be seen 
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that the system components are highly interdependent.

Transportation

The delivery area is given where the document delivery must be performed by the 
drone, as is the location of the affected buildings. Based on our observations it seems 
to be ideal from logistics point of view if the drone starts from the center of the flow 
and transports the documents to the other buildings. This can be the centralized 
transport organizing scenario (Figure 5). Another possible theoretical organizing 
scenario can be the so-called round-trip system (Figure 6). 

Figure 5. Centralized transport organizing scenario

Figure 6. Round-trip transport organizing scenario

The drones will be operated according to a specified schedule. Each day, a dynamic 
schedule is compiled from the tasks of the day in the DTMS. During the day, the 
schedule in the DTMS may change as prompt requests arise. All sender or receiving 
points must be visited by the drones where there are any kinds of tasks can be 
defined in the transporting system. If prompt requirement arises while performing 
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the schedule, it must be inserted into the agenda. This process can be defined as a 
dynamic optimization of the daily tasks in the DTMS. 

In the case of the round-trip transport organizing, during the physical operation 
the administrator at the central sender location places the documents into the 
predefined unit load, then the drone takes off and takes them to the next programmed 
destination in the delivery plan. The administrator at the destination place takes over 
the relevant delivered documents and places into the transport unit the documents 
that must be delivered to other receiving locations. This handover process is 
performed at all destinations, at the end of the round-trip the drones return to the 
central sender location, where the administrator takes the documents addressed to 
it from the unit load and initiates the starting of the next flight if it is necessary. In 
the case of the centralized transport organizing, the drones serve only one route at a 
time between the central sender location and a predefined destination. So, a smaller 
unit load and even a lower load-bearing drone may be required, but the count of the 
flied routes can be higher, Therefore, the necessary number of the drones can be also 
higher. Additionally, the documents can be delivered in a transportation unit sealed 
with a barcode sticker, Therefore, this transaction can be also safer. Because of the 
small value of the expected flight time, the battery of the drone must be charged 
and/or replaced, if necessary, until the start of the next flight. In the investigated 
use case, based on our calculations, during the day, minimum two round trips can 
be required in case of the round-trip transport organizing, and much more in case 
of the centralized transport organizing, but it depends on the amount of the daily 
document and the occurrence of the prompt requests. 

In the planned scenarios, the drone will always fly the same route (Figure 7), which 
has been planned considering the actual regulations. The green line indicates the 
route of the drones, the red line indicates the critical sections, and the yellow 
hexagons indicate the docking stations. It is considered a critical stage when the 
drones fly over a road or public space frequently used by students (Bertalan Lajos 
utca, Egry József utca).
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The drones can only deviate from this designated route in exceptional cases. So, if 
the drones deliver the documents in a centralized transport organizing system, then 
they will be flied much more distances than if the round-trip organizing technique 
will be applied in case of same tasks.

Introduction of the system

So, as it can be seen in the previous, the aim of the research is to create a drone-
supported transportation system for relatively light goods and in a strictly defined 
intralogistics network. First, the solution would initially be introduced in a pilot 
system in, which the drones would be gradually, more and more involved. But how 
can the way be defined, which ensure the continuous and safe operation?

In the first step, the drone is controlled by a drone pilot and delivers documents to 
only one designated building from the central building and the other buildings being 
traditionally served by the courier. At this stage, the drone pilot controls the drone 
completely manually, in each case in his visual line of sight (VLoS) for ensuring the safe 
operation and the drone would land in front of the building in a predefined landing 
position, where the administrator would take over the documents. The second step 
differs from the first in that the drones will serve not one, but two or more buildings. 

In the third step, the drones will serve all buildings and docking will be already done 
on the roof in case of the central building in a docking station using cameras and 
sensors, and for all other buildings, docking will be done in similar way as before. 

Figure 7. Drone’s preliminary flight route
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The main differences in case of the fourth step are that docking takes place already 
on the roof using a docking station for two or more buildings and no longer needs 
a delivery service by couriers. Additionally, in the drone operation the extended 
visual line of sight (EVLoS) operation will be started to use, involving other observer 
operators in the process. In the fifth step, the drone pilot still controls the drones 
completely manually and the docking will be realized already on the roof for all 
buildings using a docking station. The range of vision is illustrated in Fig. 8. 

Table 1. Evolutionary steps 

Step Serviced 
buildings

Control of 
drones

Role of 
drone pilot

Take-
off and 
landing 
position

Courier
Range 

of 
vision

Flight control 
system

1. One

Manual Controller

In front 
of the 

buildings Yes VLoS Undeveloped2. Two or 
more

3.

All of 
them

On the 
roof / 

In front 
of the 

buildings

4.

No

EVLoS More 
advanced

5.

On the 
roofs

6.

BVLoS

Advanced
7. Semi-
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In the sixth step, the beyond of visual line of sight (BVLoS) operation will be started to 
use in the transportation process, but the drone pilot manually controls the drones 
from the Drone Flight Control Center (DFCC), supported by the integrated cameras 
and sensors of the drones. In the case of the seventh step, it is already possible to 
switch to semi-autonomous control, in, which the drones perform the take-off and 
landing, and the drone pilot controls the flight of the drone from the DFCC. 

And in the eighth final step, the drone operates in a fully autonomous mode and the 
drone pilot now has only one oversight role, possibly intervening if some unexpected 
event occurs. The above-mentioned evolutionary steps are summarized in Table 1. 
As a main finding can be mentioned that this way can be adapted in other fields as 
the transport concept has been defined to be able to apply in other intralogistics 
systems handling similar transporting tasks.

Technological challenges

There are also many kinds of technical problems that must be handled if a pilot system 
would like to be realized. Without wishing to be exhaustive, the following things 
should be considered: whether a unique designed and developed or a purchased 
drone can be better to use for the realization; the design and the realization of the 
transportation unit load; how can the charging and / or the replacing of the drone 
batteries be realized to ensure the continuous operation; design and realization of 
the docking stations; solving of the control problems for supporting the autonomous 
or the semi-automated operation, and so on. An important factor is the weather 
itself, how can be the drone prepared in extreme weather conditions it can carry out 
the transportation tasks. A significant question is the structure and development of 
the Drone Flight Control System (DFCS) and how the Drone Transport Management 
System (DTMS) relates to the already used registration system that we intended to 
apply during the system operation. The interconnection of the DTMS with the DFCS 
is also an important issue. Creating an optimizing of the drone transporting schedule 
and dealing with ad-hoc needs are both relevant issues. Furthermore, the physical 
location of the Drone Flight Control Center (DFCC) is also an important issue. 

Physical realization

In the summer of 2021, the physical implementation of the pilot project began. In the 
experiment, we plan the test implementation of the tasks with a commercially available 
MAVIC 2 Enterprise ZOOM type drone. First, we investigated the implementation of 
the transportation unit load. In this step we examined two solutions. One is to have 
the transportation unit load under the drone and the other is to be above the drone. 
Placing the unit load below the drone body will quasi- "cover" the sensors at the 
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bottom of the drone body. If it will be placed above the body, then the drone is able 
to take off, and able to use almost all sensors, so we chose this solution. In addition, 
two kinds of transport units have been tested, one is the so-called tube-type unit 
used in pneumatic transportation systems and the other is a special plastic folder. 
Application of a specially made fixing clamp structure and support brackets, it was 
possible to create a horizontal surface suitable for fixing the transportation unit load 
above the drone, to, which the transportation unit can be attached. A prototype of 
the designed structure was also completed and thus it became possible to physically 
test the designed solutions (Figure 9).

Figure 9. Prototype of the designed structure

Several flight experiments were performed, which found that in the case of the 
folder, the drone would fall slightly forward during take-off because the center of 
gravity of the structure was higher than usual. Because of this, in several cases, the 
drone could not take-off. The orientation of the folder was laid horizontally on the 
transport surface. It was also a problem that a parachute effect developed during 
vertical descent. In the case of the tube-type unit, there was a minimal pre-fall on 
take-off in the same way, but not to the same extent as in the case of the folder. With 
the tube-type unit, the drone was able to fly stably. In this case, the maximum weight 
of the handled and batched documents was 29 dag. So, the tube-type version seems 
to be suitable for developing of the pilot application. 
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Based on the results of the experiments it can be said that probably the planned 
transport organizing methods must be mixed and a so-called decentralized solution 
must be defined to optimize the flight routes of the drones (Figure 10). As can be 
seen, all buildings are connected to all buildings and the schedule of the drones is 
designed to keep the number of empty flights to a minimum. This type of solution 
may include the roundtrips or the centralized transport organizing methods, as well. 

CONCLUSION

Drones can be widely used today to support a variety of tasks. There also seems to 
be great potential in the field of logistics for integrating drones into value-creating 
processes. In our article, we presented the basics of the concept of a drone-
supported document transporting system that can be adapted to other areas and 
may not only be suitable for transporting documents, but anywhere where the 
nature of transport tasks is similar to the transporting documents. Due to the nature 
of documents in the public administration, it will be necessary to implement a paper-
based document flow in the future, despite the fact that an electronic document 
system will be set up as a result of digitization. So, it is definitely worthwhile to deal 
with the support of high-volume flow in more detail, which is also supported by the 
results of our measurements in a pilot area. This topic is a big challenge, as there are 
several issues from a system organization, technology, and legal perspective as well. 
For this reason, according to our ideas, the introduction of the system concept we 
have defined should be implemented in a multi-stage form, with continuous testing, 
solving the problems that arise and detecting new challenges. Only this can ensure 
the development of a sustainable solution that works in the long run and fits well 
into the current environment. 

Figure 10. Decentralized transport organizing scenario in case 
of the pilot system
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INTRODUCTION

Due to the IMOs target to reduce maritime emissions by 50 % by 2050 compared to 
2008, the technical, as well as the organizational challenges for shipping companies 
and port authorities are noticeably increasing. For this purpose, limits for the 
technical and operational Carbon Intensity Indicators (EEDI/EEXI and CII) [1] will 
become mandatory from about 2023. Current approaches in this regard at the ship 
level primarily see the use of alternative fuels or the treatment of regular fuel oils 
with scrubbers, as well as the throttling of engine power to comply with these new 
limits. The throttling is directly linked to efficient scheduling on the part of shipping 
companies and port authorities. According to the ECSA, there is potential for 
optimization in this regard [2]. For example, the Rotterdam Port Authority found in an 
analysis of port calls that 50 % of all ships experience waiting times when entering the 
port. This is time that could have been compensated for by more efficient and slower 
engine modes (slow steaming) and Therefore, lower fuel consumption. To support 
the process of route optimization and scheduling management for shipowners and 
authorities, we at FleetMon are working on a monitoring system that calculates 
historical emissions, as well as AI-based predictions for future voyages and emissions. 
This system should enable the detection of port congestions or general scheduling 
conflicts and Therefore, allows port authorities to react proactively. Additionally, the 
predicted ship emissions can be used to warn authorities when regional emission 
exceedances will be reached. 

In this paper we present our per-ship processing pipeline, which ranges from the 
reception of AIS messages to route prediction and emission calculation, including the 
calculation of Carbon Efficiency Index. The aim of this paper is to share conceptual 
and technical challenges we faced and had to overcome especially due to the amount 
of daily incoming data (more than 500 million AIS messages per day). The pipeline 
is significantly built on results of the three research projects EmissionSEA, PRESEA 
and MAREMIS, which are presented in the following section. Subsequently a brief 
overview of the state of the art of maritime emission calculation and traffic prediction 
is given. The processing pipeline for predicting expected routes and associated 
emissions is then presented step-by-step. In the concluding section, future work and 
connection points for further functionalities of the presented system are presented. 

RESEARCH PROJECTS

In this section, we describe the three research projects of FleetMon whose results 
define essential parts of the here presented processing pipeline here. JAKOTA Cruise 
Systems | FleetMon itself is one of the largest global companies analyzing and 
distributing AIS data. With several thousand AIS stations, FleetMon manages one of 
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the largest global AIS networks.

PRESEA2 

In contrast to current or historical traffic situations, the clear representation of 
future (predicted) regional traffic is much more complex to realize. Nonetheless, this 
would be an important tool for logistical purposes and for compliance with safety 
and environmental regulations. Especially in cases of accidents that block narrow 
shipping lanes (e.g., the accident of the "EVER GIVEN" in March 2021), a traffic 
forecast facilitates the management of future shipping traffic in the region. The aim 
of PRESEA is the development of an AI-based near-real-time system that predicts 
and visualizes the actual maritime traffic in specific areas of the North and Baltic Seas 
up to 14 days [3]. In particular, the influence of the weather on vessel travel behavior 
is to be considered in the traffic forecast. 

EmissionSEA3 

The emerging regulations to reduce emissions described above have inherited a 
direct reporting obligation of CO2 emissions. An approach that has already been 
being pursued with the program "Monitoring, reporting and verification" (MRV) of 
the EU in European Economic Area since 2018 for a selection of ships [4].

To provide an user-friendly tool to verify reported emission data for authorities 
and ship owner alike, the EmissionSEA project aims at developing an AIS-based 
methodology suited for the calculation of CO2 emissions of individual ships and fleets. 
Besides AIS data, the derived model uses comparatively accessible vessel particulars, 
as well as meteorological and oceanographic environmental conditions [5] and is 
Therefore, suited for a wide range of vessels. 

MAREMIS4 

In MAREMIS, a spatial component is added to the ship-based emission calculation. 
In the project, a dynamic spatial emission transport model will be developed to 
estimate air pollution in urban and port areas from calculated ship emissions. This 
will involve the use of machine learning techniques trained on ship emission and air 
pollution data obtained from locally stationed sensors.

The model is intended to help port operators understand temporal and spatial 
relationships of ship emissions under given environmental conditions and derive 
2 PRESEA; AI-based traffic forecast to increase maritime safety; www.presea.tech
3 EmissionSEA; Extrapolation of emissions from ships; www.emissionsea.tech
4 MAREMIS; AI-based calculation of air pollution emitted by ships and its dispersion
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emission reduction strategies for cities and ports. 

STATE OF THE ART

Although the implementation for the prediction of greenhouse gases emitted by 
ships has numerous different classes of problems, both large and small, we limit 
ourselves in a brief state-of-the-art analysis presented here to the two dominant 
topics of traffic prediction and emissions calculation. The overview is by no means 
exhaustive and is primarily intended to highlight interesting projects related to the 
topic presented here.

Traffic Forecast

Basically, there are two main approaches to predicting routes that have not yet been 
completed. First, statistical methods are used to derive probable trajectories from 
historical AIS data. An example is given in [6], where a model is learned using AIS 
data to find anomalies in ship routes, to detect ship defects, or to predict routes 
themselves. Similarly, it was shown in [7] and [8] that hidden Markov models are 
suitable for finding anomalous ship motion behavior or predicting trajectories.

Such approaches are primarily used for short time periods, e.g., for anomaly detection 
or to avoid ship collisions. Due to the comparatively rapid increase in uncertainty and 
propagation of errors, such approaches are rather unsuitable for estimating entire 
sequences of voyages.

Contrary to the first approach, the second class follows a targeted routing of ships, 
e.g., from port to port. A very good overview and discussion of different approaches 
with additional consideration of weather influences is given in [9]. The approach 
pursued by FleetMon is the calculation of the shortest path in a graph [10]. A similar 
approach is taken in [11]. Here, a graph is used to find the most cost-effective paths 
in terms of fuel costs in and around the Emission Control Area (ECA). 

If the sequence of the next port calls of a fleet are known, the ship traffic can be 
predicted this way. The Markov approach developed in the context of PRESEA to 
predict future ports was presented and discussed in [3]. We are not aware of any 
similar approaches in this regard in the maritime context.

Emission Calculation

In accordance with current climate challenges, the calculation and estimation 
of emissions is a very lively field of research. An extensive historical overview of 
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different used emission models is given in [12]. On the one hand, resistance models, 
like the STEAM model [13], [14], are described and their theoretical differences to 
power models or their extending admiralty models are presented. The latter is set 
up and discussed in a complex form in the greenhouse gas studies of the IMO [15]. 
The advantage of these is that, in comparison to the STEAM model, one only needs 
comparatively well available ship characteristics in addition to the AIS data. As will 
be described later, FleetMon is developing a hybrid system that uses an extended 
IMO model in addition to the results from EmissionSEA. This includes, for example, 
the integration of research results on the impact of scrubbers (see for example [16]), 
which are not yet included in the current iteration of the IMO. Another interesting 
project is presented in [17], where, in addition to calculating ship emissions, the 
spatial dispersion of emitted greenhouse gases from ships is simulated and analyzed 
using a chemistry transport model.

Similar to routing, in addition to the conceptual extension of existing approaches, 
the primary unique selling point of our pipeline is the technical implementation in 
near-real time and the spatial prediction of emission dispersion.

Figure 1. The Emission Prediction Pipeline

PROCESSING PIPELINE

In this section, we discuss step-by-step our pipeline from Figure 1 that predicts 
emissions from global maritime transport. Here, we mainly discuss technical and 
conceptual details. 

AIS Processing

The initial processing of raw AIS data can be split into two phases: reception and 
decoding.
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AIS Reception/Decoding

To manage millions of incoming AIS messages daily, we need a multi-node cluster 
running multiple TCP readers to process the input of hundreds of AIS streams. Those 
messages are piped into a multi-node message broker, which further distributes 
the messages via Publish/Subscribe to numerous AIS decoder processes. In our 
implementation, this results in a time-sorted stream of over 5000 AIS reports per 
second. 

AIS Cleaning

Due to the overlapping reception ranges of antennas and satellites, the AIS stream 
is highly redundant. In addition, these duplicates sometimes arrive with a large time 
delay (network latency). To address this problem, selected kinematic parameters 
are hashed and indexed with respect to their location and time. In the near future, 
we plan to additionally consider the motion model of vessels more strongly in this 
process in order to further optimize the process. The stream of temporally sorted, 
plausible AIS data now created is fed to an AIS data archive and, furthermore, 
forwarded to the Event Processor for further processing.

Event Processing

The Event Processing is a fundamental part of FleetMon's data stack and provides 
a strong foundation for higher-level services that are built upon it. For this we use 
a multi-stage distributed event streaming architecture. Therefore, we chose the 
resilient, highly redudant Apache Kafka platform.

The cleared AIS stream is blended with detailed maritime spatial data from FleetMon’s 
curated maritime geodatabase("Zone DB"). The latter includes, for example, port, 
terminal and berth zones, but also anchor zones or the Emission Control Areas (ECAs), 
which are important in the context of emission calculations. From these, primary and 
secondary events are calculated, which are aggregated in a further stage to business 
related maritime events, such as port calls or voyages.

The generated events are then archived in a dedicated store and parts of the events 
are forwarded to the following prediction stage. The NoSQL database system Apache 
Cassandra was chosen as a scalable and highly available event store.

Voyage Prediction

The calculated events provide a logical abstraction of the ship's behavior in an 
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associated state space, which significantly reduces the amount of data to be 
processed and thus also reduces the technical requirements of the phases based on 
it. As a consequence, the conceptual part comes more into focus in the following.

As can be seen in Figure 1, Voyage Prediction consists of three essential phases: The 
determination of future port sequences, the determination of the associated laytime 
and the determination of the actual route(s).

Next Ports Prediction

Determining the next port sequences is the basis of traffic prediction. For this 
purpose, we have chosen a Markov approach (AI model) that is based directly on the 
processed port call sequences from the previous phase. 

In principle, the model is a stochastic process that assumes that the next destination 
port can be directly inferred from the sequence of the last k ports. Figure 2 shows 
the graph of port-to-port voyages of a passenger ship and a container ship. In the 
first case, it is easy to see that accurate predictions about future calls can be made 
with high probability using only a limited number of last port calls. The graph of the 
container ship ("Edith") is much more complex. However, the chronological list of 
port calls shows also that with comparatively few portcalls it is already possible to 
infer the next port with high probability. 

Figure 2: Extracts of the port transition graphs of the 
passenger vessel "Spirit of New York" (left) and the container 

ship "Edith" (right).

Tests have shown that with 4-5 last ports very high probabilities can be achieved. 
For more detailed theoretical insights and an experimental evaluation of FleetMon's 
next port approach, please refer to [3]. 

Since then, we have added temporal weighting to the model. Here, the model is 
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split into submodels, which correspond to their own Markov models for a given time 
range, and finally merged back into a global one. A stronger weighting of the more 
recent submodels ensures that changes in the travel cycles of vessels are better 
taken into account. 

In [3] it is also described that the structure of the prediction process of the Markov 
approach is very favorable for direct processing in relational database systems, 
which makes the deployment as a service comparatively simple and minimizes 
network costs. We have experienced low latencies in test trials. However, with a high 
frequency of requests, it may be necessary to use additional database workers in the 
context of a distributed system. 

Laytime Prediction

With the calculation of the sequence of future portcalls, the laytime of the ship in the 
respective ports must also be determined for the calculation of a complete schedule. 
Similar to the previous prediction process, the laytime prediction uses a statistical 
model that has been trained for every vessel on the previously processed historical 
port and terminal events and is constantly updated. 

Here, it is important to automatically filter unwanted port entrances, such as those 
caused by GPS jitter or port zones that are too wide. This can be done for instance by 
removing statistically notable short in-port times.

In the future, we plan to improve the statistical model by detecting and incorporating 
other potential influencing factors, such as seasons or traffic conditions in the port, 
into the forecast.

Routing

With the calculated destination ports and the expected lay times, a complete 
schedule can be estimated with the help of the previously mentioned routing graph. 
The computation of the shortest path in a static graph, i.e., a graph in, which the 
edge costs are invariant with respect to time, is already widely available in software 
libraries and other suitable systems, such as geodatabase systems. 

Therefore, from the user's point of view, the most important thing in this case is the 
appropriate modeling of the graph. For this purpose, edges should cover common 
sea-lanes and port approaches, and nodes should allow for reasonable intersections 
of the edges and implement navigation restrictions, such as a draught restriction at the 
beginning of a channel. Care should always be taken to ensure that an unnecessarily 
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large number of graph elements do not negatively affect the latency of the database 
query. A negative aspect that must be taken into account is the high proportion of 
manual drawing of nodes and edges. For further details please refer to [10].

In the PRESEA project, we are currently investigating the possibility of including 
weather influences in the routing. This makes the graph dynamic and the cost (time) 
to traverse an edge depend on the weather data. In this case it can make sense 
to wait at a node (e.g., a port) instead of sailing around a storm. The necessary 
procedures are Therefore, much more complex and expensive and can hardly be 
found in common libraries. A very good overview, which we also follow, is given in 
[18] on finding the shortest path in a dynamic graph. 

In addition to the emerging question of, which ship might travel through, which storm, 
these investigations also require an analysis of the influence of the wind or current 
on the speed or load of the ship's engine. We could already find clear correlations 
between wind or current and speed over ground for suitable relative inflow angles in 
first analyses of historical AIS and weather data. Therefore, we plan to learn a simple 
regression model from the historical data that maps the influence of weather on the 
reference speed of the ship.

Emission Estimation

The final phase of the pipeline calculates the estimated amount of greenhouse gases 
emitted. As indicated in the section State of the Art, we use a hybrid model, which 
consists of the EmissionSEA model and an extended Admiralty model of the IMO GHG 
studies. Both models are technically comparatively easy to scale by increasing the 
number of designated service workers and, Therefore, suitable for our application 
purpose. 

The IMO model is a viable choice as it is accepted in the maritime world, its results are 
verified, it enables the calculation of all significant types of greenhouse gases (CO2, 
NOX, SOX, PM, etc.) and it is continuously updated with each study. In addition, many 
fallbacks have been created through cluster analysis and regressions for missing ship 
data. The latter is a significant problem because for many ships crucial information, 
such as engine or fuel information is not available, incorrect or has different entries 
in the databases of different ship data distributors. This is also a reason why other 
more detailed resistance models are less suited for global maritime traffic emission 
calculation.

We extended each of the models by incorporating a scrubber model based on 
investigations in [16]. This resulted in significant changes in sulfur and particulate 



Dennis Marten, Chris Bünger, Carsten Hilgenfeld
Maritime Traffic Prediction as a Basis for Air Pollution Estimation 354 

matter emissions and, Therefore, an improvement of the overall model in appropriate 
cases as desired. 

The emissions are stored in the emission store. This allows for further analyses. 
Examples for this are spatial analyses of emissions and their dispersion (see 
MAREMIS), fleet emission analysis or the calculation of import carbon intensity 
indicators, like the EEOI or the CII. 

CONCLUSION AND FUTURE WORK

In this paper, we have presented approaches, methods and challenges that arise in 
the prediction of globally emitted greenhouse gases from maritime traffic. In addition 
to an overview of the state of the art, we addressed the conceptual and technical 
aspects of our processing pipeline step by step in order to be able to process and 
ultimately visualize the enormous amount of incoming data in a near-real-time 
manner. 

Our goal is to further improve the underlying submodules in various ways. For 
instance, we want to increase the level of detail of the weather influence of the 
routing. To this end, we are currently conducting studies using historical AIS data to 
investigate the influence of wind, waves and currents on engine load and ship speed. 
Subsequently, a regression model is to be trained, which incorporates the weather 
influence on the speed over ground into the edge crossing cost function for each ship 
class. The influence on the engine load will then be used to better map the influence 
on fuel consumption.

We are also working with shipping companies to evaluate our extended emissions 
module on real voyage data.
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necessary to construct and operate has made this economically unviable. 
Automation, however, is found to be key in enabling the adoption of 
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reliable and timely service for its users. This paper aims to identify the 
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Reference will be made to worldwide projects with a focus on smaller European 
metro systems. The authors will analyse opportunities and challenges of automation 
by looking at infrastructure and train size, construction and operational costs, 
safety, efficiency, sustainability and the impact on the living standards of its users.
The results show similarities and overarching themes in the analysed 
European metro systems. In particular, the authors identified 
three key factors: flexibility, sustainability and quality of life.
This paper provides research into automated metro systems and aims to invite 
debate around this important infrastructure topic for future studies. It further 
discusses implications for introducing automated metro-systems in smaller 
urban areas to facilitate discourse between all stakeholders of such projects. 
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INTRODUCTION

Transport in Europe accounts for almost a quarter of greenhouse gas emissions 
and is one of the drivers of air pollution in cities [8]. In urban areas, the figure is 
higher at about 40 % of all CO2 emissions of road transport are accounted for by 
urban mobility [9]. Public transport as part of a sustainable urban transport system 
plays an important role in the fight against climate change and the goal of reducing 
greenhouse gas emission [14]. A Spanish research study found that public transport 
plays a key role in decarbonizing urban mobility with a focus on urban movements 
rather than longer distance trips [30]. Key in reducing the environmental effects of 
transportation is the modal shift, defined as the relocation of passengers from private 
cars to alternatives like public transport [10]. Fully automated metro, i.e. driverless 
trains, can play a key role in increasing the attractiveness and sustainability of the 
public transport system [33]. Urban rail infrastructure is commonly associated with 
capital or big cities with the financial means to construct and operate such systems 
[15]. With regards to automated metro systems, in 2018, almost 25 % of the global 
operating metro infrastructure have at least one fully automated line in operation. 
The majority of them represent medium (above 300 to 700 passengers per train) to 
high (above 700 passengers per train) capacity [32]. This is in line with the view that 
these systems only make sense in big cities [24]. However, given today’s advanced 
standards of digitalization and automation and related factors, like the evolution of 
train infrastructure, being discussed later on, there is a case for smaller or second-
tier cities to engage in the discussion.

To date, however, there has been a lack of understanding about the potential 
opportunity of automated metro systems for smaller or second-tier cities. As such, 
a comparative analysis of existing metro projects in European second-tier capitals 
may help to understand the challenges and opportunities for future projects. Such 
an analysis may also help stakeholders to grasp the potential of public transport in 
smaller regional centres. This paper, thus, aims to answer the following two research 
questions: 

RQ1. What are the key factors that affect urban rail infrastructure projects in smaller 
cities? 

RQ2. What are the opportunities and challenges of automated metro lines for 
second-tier city urban areas?

To answer these questions, the authors first identify the key factors and second, 
analyse the challenges and opportunities by looking at existing urban metro projects 
with a focus on Europe. 
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The remainder of this paper is structured as follows. In the next section, a literature 
review is being performed identifying the key factors. Then, these factors will be 
analysed as per the example of three existing fully automated metro systems in 
Europe. Furthermore, the authors will discuss opportunities and challenges of 
urban rail systems in second-tier cities. The paper concludes with the results of the 
analysis. In addition, the authors summarize the main insights and contributions of 
this research and outline scientific challenges and opportunities for future research. 

LITERATURE REVIEW

The first fully automated metro system was introduced in 1983 in the city of Lille, 
France with the key objectives amongst others of increased safety and performance 
and low cost of operation [17]. Automation itself in metro systems can be determined 
by four standardized grades of automation [34]. For the purpose of this paper, only 
Unattended Train Operation (UTO) and hence the highest grade of automation will 
be discussed. While the biggest growth in metro automation can be seen in Asia, 
Europe comes second and is also the leader in conversion projects [32]. According 
to the Union Internationale des Transports Publics (UITP), fully automated metro 
systems offer various advantages for their eco-system and beyond in the areas of 
mobility, safety, economic balance, ecological imprint and customer service [33]. 
As mentioned in the introduction, new technologies with regards to automation of 
metro systems offer more flexibility in terms of construction, as well as operating 
costs. Both infrastructure and fleets can be optimized in cost terms due to improved 
line design, train frequency, optimal speed and adaptation to off-peak hours. A 
reduction in infrastructure costs can be achieved through shorter trains, hence 
shorter platforms and smaller stations. Regarding the fleet, optimized operations 
through automation enable investors and operators to reduce the overall amount 
of trains or the number of cars per train [33]. The flexibility fully automated trains 
and infrastructure offer is also of high importance in the operations of such systems. 
Efficiency is hereby a factor, both in terms of a better use of resources across the 
daily passenger volumes, but also in terms of energy savings [21]. In the case of the 
Prague Metro, Siroky et al. further found that one advantage of moving the planned 
expansion of one metro line to a fully automated system is an increase safety 
standard due to a fully mitigated human failure risk [13]. In addition, 75 % of fully 
automated metro systems worldwide are equipped with platform doors [7]. Higher 
service frequencies have also shown to provide wider economic benefits to the 
cities they run in [1]. An enhanced experience for passengers is given through higher 
flexibility when it comes to real-time adaption of train service, but also through 
higher safety and security measures through continuous monitoring and detection 
systems [7]. It is suggested that fully automated metro systems change the user 
experience through reduced waiting times and less crowding on platforms at an only 
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low marginal cost [16]. Acceptance of users plays an important role and was found 
to be very high, ultimately leading to more sustainable mobility concepts for cities 
and sustainable long-term behaviour [19]. It was found that fully automated metro 
systems can increase productivity and efficiency in terms of more flexible and reliable 
operations [4]. Another study as well found that autonomous metro trains lead to 
more efficient and reliable passenger movements [6]. Metro systems in second-tier 
cities are found to be a clear alternative in order to reduce traffic congestion and 
hence foster sustainable development of urban transportation [38]. An increase in 
reliability of metro systems can be directly linked to operational efficiency [2].

Based on the prior literature review, the authors identified three key factors that 
can affect the decision of smaller or second-tier cities to consider a metro system. 
Firstly, automation impacts the capital and operational expenditures and offers 
flexibility in terms of number of trains introduced while in operation, hence Factor 
1 is named Flexibility. Secondly, through automation does not only lead to higher 
availability, but also to higher reliability and enhanced safety, which attracts more 
passenger numbers over time. This hence enables a shift from personal vehicles to 
public transport and ultimately leads to a more sustainable transport eco-system. 
Factor 2 is hence named Sustainability. Thirdly and adding to the second point prior, 
a better customer service in terms of frequency, 24/7 overall service, as well as real-
time adaptation in case of special events, can lead to an improvement in quality of 
life, hence the living standard of its users. Factor 3 is named Quality of Life. The three 
identified factors are presented in figure 1 below.

Figure 1. Identified factors 

METHODOLOGY 

Research approach 

The methodology section of this paper includes the data collection and the data 
analysis parts. Firstly, the data collection provides details on the reports and data 
obtained. Secondly, the data analysis presents the methodology that is being used 
to analyse the opportunities and challenges of automated metro systems in the 
selected projects based on three pre-determined factors. The projects are being 
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selected based on the size of the city in combination with the capacity of the metro 
system. 

Analysis and selection criteria

For the analysis, existing fully automated metro systems in European, as well as 
worldwide cities were selected. The final selection was carried out according to two 
criteria: First, the size of the city and its respective metropolitan area. Metropolitan 
area is hereby defined as a city and its surrounding area including daily commuting 
areas [18]. Only cities well below one million of inhabitants were considered. 
Second, by the capacity of the metro system, only considering low to medium 
metro capacities. The latter defined by passenger capacity per train, according to 
the criteria by UITP [32]. Moreover, the selection was further narrowed down by 
geography, given the European focus of this paper. However, data from global metro 
systems was considered given the comparability of the metro systems in question. 
Figure 1 presents existing metro systems in Europe and in the US with low to medium 
capacity. The selected cases are shown in the right-hand side of the figure [32].

For the purpose of this analysis, another selection was conducted to enable the 
authors to fully apply the identified criteria to the selected metro systems and spark 
discussion. Three metro systems were selected: Copenhagen Metro because of it 
being the first driverless metro in Europe, designed as a fully automated system from 
the start [27]. Brescia metro system was selected because of its medium city size and 
its success connecting a second-tier city within its city limits [24]. Nuremberg metro, 
Germany’s first driverless metro, was selected being the pioneer project for rolling 
stock companies going driverless in Europe [12]. The selection criteria described 
allowed the authors to access a vast supply of available data points. 

Figure 2. Selection criteria and results

Source: [5], [8], [20], [35].
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Data collection

The authors collected secondary data from various industry sources including reports 
from consultancies, governments, advisors, industry journals, as well as directly 
from the operating entities and manufacturers. One of the unique advantages of 
secondary data is that it is available in great amounts [22].

Data analysis

In the data analysis part of this research, the authors first analysed each selected 
metro system on an individual basis using the three key factors for interpretation. 
Consequently, the authors conducted an analysis of cross-case patterns among the 
selected metro systems. The identified commonalities represent the overarching 
challenges and advantages. Finally, the key factors provide a foundation for assessing 
future implications for the relevant stakeholders. 

RESULTS 

The data analysis showed overarching commonalities across the various metro 
systems analysed.

In Copenhagen, the automated metro enabled the city to run 24/7 operation and to 
quickly adapt to changes in capacity due to exceptional events [21]. Like comparable 
metro systems, Copenhagen runs shorter trains. In addition, a dual-track system 
allows maintenance while service is being continued [11]. The first driverless metro 
system in Northern Europe was a success and led to more driverless metro lines in 
the city [31]. The latest driverless metro line, called Cityringen, is about to reach ca. 
25 % of people who are currently not users of the public transport system. Upon 
completion, 85 % of places in the centre and its neighbourhoods will make up less 
than a 10min from a metro station [28]. Platforms have been designed to be smaller 
to fit into the overall urban architecture. Moreover, stations have been designed 
with a focus on natural light getting through [27]. According to Wavestone, the 
service reliability was at 98,7 % in 2017. Both lines offer 3G to its passengers on the 
entire metro network [37]. Sustainability has been an important part for the metro 
system from the early planning periods in the 90s. A rising sea level and an increasing 
number of extreme weather events led to operational adaptations over time [3].

The Italian city of Brescia opened its fully automated metro system, the Brescia 
Metrobus, in 2013. The length of the trains was tailored to the demand and planned 
short frequencies. Stations were designed in shorter distances to lower the hurdle of 
shifting transport modes for its users. The installed screen doors also help to avoid 
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strong winds from the tunnel. The system enables quick changes in the number of 
trains in line with fluctuating passenger numbers. It further allows its staff to assist 
passengers and take care of service-related issues [26]. The metro system was 
designed with a several factors in mind. First, the metro in general provides users 
with short transit times and it integrates and improves the interchanges between 
different transport modes. These factors were considered essential to incentivize 
a modal shift towards public transport. In addition, an increase in the use of public 
transport away from private vehicles supports a reduction in air and noise pollution. 
Brescia metro is further an example of lower capital and operational expenditures, 
as well as operating flexibility [24]. The success in terms of ridership after its first 
year showed the importance of a long-term urban vision. Not only with regards to 
the adapted infrastructure, but also the inter-modularity including a bike sharing 
scheme, but also the expansion into the city surroundings with other modes of 
transport [23].

In Nuremberg, Germany’s first driverless metro line, service intervals were down 
to 100 seconds, compared to 200 seconds with a driver. Trains can quickly get 
automatically introduced into the current operation in case of higher passenger 
numbers or events. A 15 % reduction in energy consumption due to automatic 
adjustment of speed was achieved [12]. Although capital expenditures were higher 
back at the time, especially for automation technology, which was new for metro 
systems, operational costs are lower [29]. Furthermore, the German Aerospace 
Center (DLR) found that automation led to a 99 % reliability figure and to 800,000 
produced km less per year, resulting in € 38 m savings in operational costs due to 
lower vehicle demand [7]. Distance between stations is less than on conventional 
metro systems with 880 m and the operator is offering a route planner app and WIFI 
in all stations and on trains [37]. In contrary to most of the existing fully automated 
metro systems, Nuremberg’s metro lines are not equipped with platform doors, 
mainly due to the conversion requirements of the old infrastructure [25]. Figure 3 
highlights and summarizes the main characteristics of the selected European metro 
systems based on the identified three key factors. 
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DISCUSSION 

The obtained results provide great insight and significance in answering the research 
questions laid out earlier. In particular, the analysis of factor 1: flexibility showed 
similarities across the analysed metro systems. However, Nuremberg metro system 
proved to be an outlier. This is mainly due to the old infrastructure being upgraded 
for automated operation. An interesting aspect in the analysis was found in the 
difference between academic papers and industry journals. The latter often have 
a key focus on capital and operational expenditures, while academic papers often 
put the emphasis on the impact of sustainability and user acceptance. The analysis 
of factor 2: sustainability showed that automation consistently provides for high 
reliability figures. Safety measures are higher than on conventional metro systems. 
One exception is Nuremberg metro system again because of the missing platform 
doors, which are typical for automated metro systems. In addition, shorter distances 
between stations and transit times in general seem to be of high importance for users 
to switch to public transport. By analysing factor 3: quality of life, the authors found 
that thanks to automation, an immediate introduction or reduction of the number of 

Figure 3. Main characteristics of the selected metro systems 
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trains, as well as real-time adaptation of frequencies help to avoid crowded platforms. 
This also ties in with factor 1 as adjusted train numbers and frequencies help to reduce 
the overall energy consumption and consequently operational expenditures. These 
features are directly linked to the technology of automation and are not available on 
conventional metro systems. Hence, it can be said that automation helps to better 
project operational expenditures in the future, an important factor for smaller or 
second-tier cities. This information can already be used in the planning and design 
phase of the metro system. Linking back to factor 1, the analysis has shown that the 
metro design differs if metro system has been designed as fully automated system 
from the start. In general, the analysis provided insight into the success factors of 
fully automated metro systems presented through factor 2 and 3. Inter-modularity 
and the integration with transport modes is key for user acceptance and growth in 
passenger numbers. Furthermore, a metro system designed to fit the existing urban 
architecture plays an important role. 

CONCLUSION 

The aim of this paper was to define and understand the challenges and opportunities 
of automated metro systems in smaller or second-tier cites in Europe. Three key 
factors were identified that can affect the decision of smaller or second-tier cities to 
consider a fully automated metro system. The authors adopted a qualitative approach 
using secondary data from three existing fully automated metro systems in Europe. 
The characteristics of the selected metro systems were consequently analysed in 
line with the three identified factors: flexibility, sustainability and quality of life. The 
results show that automation indeed offers an opportunity for smaller or second-tier 
cities to build a metro system as part of their sustainable public transport offering. 
In particular, the results show that adaptation to the specific urban city architecture 
plays a key role for the metro system’s success with users. Moreover, one of the 
key findings is that despite high capital expenditures, operational expenditures are 
reduced through automation. In addition, high frequencies, real-time adaptation 
and additional services seem to improve the living standard of the users. However, 
these findings need to be viewed in the light of their limitations. Thus, the authors 
invite future researchers to examine more European data points, i.e. metro systems, 
to fully understand the potential of driverless metro systems for second-tier or 
smaller cities. Moreover, three existing fully automated metro systems have been 
discussed, but the authors have been relatively silent on the topic of conversion of a 
conventional metro system to a fully automated one. Future research may examine 
the extent to, which these conversions do or do not offer an opportunity for the 
adaptation of automation for smaller or second-tier cities. It can be concluded that 
research into the opportunities and challenges of automated metro systems for 
smaller or second-tier cities is still in its infancy. The authors have taken first steps 
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toward a better understanding of the potential of said systems for cities in Europe. 
We hope that both the findings and implications presented in this piece of research 
will help steer the discussion and support future research, as well as projects in the 
urban mobility and digitalization field. 
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INTRODUCTION

Transportation engineers have been for decades using various simulation models to 
measure impact of changes in infrastructure, improvements in control algorithms, 
but also influences of new technologies, such as cooperative vehicles or new travel 
modes. Traditional transport models have only limited capabilities in this respect as 
they are focusing exclusively on travel activities ignoring distribution of non-travel 
activities in space and time. Recently, this was proven by the sudden and drastic 
changes of travel behaviour due to COVID-19 restrictions [1]. New approaches in 
transport modelling are Therefore, reflecting the non-transportation activities and 
socio-demographic characteristics of people with the aim to reflect the behaviour 
of people.

The most widely used type of travel demand models in current practice is the 
macroscopic transport model. Here, the typical approach is to divide study area 
into zones and centroids of these zones represent origin and destination of all trips 
from and to the zones. The demand is usually represented by matrices among these 
zones. The focus of macroscopic travel demand models lies in aggregated modelling 
of travel demand. The best-known principle used within the trip-based approach is 
the four-stage (or four-step) model [2].

They were established already in the 1950s and were aimed at measuring impact of 
major building projects and on a very aggregated level. These motivations result in the 
inability of traditional models to adequately perform in complex policy applications 
[3]. One fundamental limitation of the traditional trip-based models: they ignore the 
fact that travel as a demand is derived from activity participation decisions. People 
travel to participate activities [4, 5]. All this together led to creation of new modelling 
approach – so called Activity-based approach to travel demand analysis [6, 7]. 

Activity-based models work at a disaggregate level of persons and households [8]. 
Travel is considered to be one of many attributes of an activity. The origins and 
destinations of trip are usually not the zone centroids, but rather precise coordinates 
in space. The principle of derivation of demand from activities distributed in space 
and time enables new dimensions of transport modelling. Activity-based models also 
can incorporate detailed person-level and household-level attributes, and produce 
detailed information across a broader set of performance metrics. Activity-based 
models are considering sequences or patterns of behaviour, and not individual trips, 
as the relevant unit of analysis. The activity participation is influenced by spatial, 
temporal, transportation, and interpersonal interdependencies. Typical activity-
based models focus on task of scheduling and rescheduling of activities. All these 
characteristics make it a very strong tool for modelling impact of new policies or 
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travel modes [9] or already above-mentioned unexpected situations, such as 
COVID-19 pandemic [10, 11]. 

An example of an activity-based model is MATSim (Multi-Agent Transport Simulation). 
MATSim is an open-source framework for implementing large-scale agent-based 
transport simulations [6, 12]. MATSim is based on the co-evolutionary principle. 
Every agent (modelled person) repeatedly optimizes its daily activity schedule while 
in competition for space-time slots with all other agents on the transportation 
infrastructure. Each cycle starts with an initial demand arising from the study area 
population’s daily activity chains. During iterations, this initial demand is optimized 
individually by each agent. Daily plans are composed of a daily activity chain and an 
associated score. The score can be interpreted as an econometric utility [12] and is 
the main tool for optimization. 

Nevertheless, it is not always possible to conduct a nation-wide census survey of 
activity plans. For this reason, the focus lies on the so-called synthetic population, 
which mimic real population parameters on aggregated level and not necessarily 
on the level of individuals [13]. This approach also brings several limitations and 
challenges, which we will address and discuss within this paper. The synthetic 
population can be used for various purposes: generated trips can be inputted into 
transportation models, while occupation of buildings can be useful for energy 
demand modelling or for analysing how the visitors of places are moving during the 
day.

The need for an activity-based-analysis of travel behaviour was identified within a 
project Smart City – Smart Region – Smart Community2. It is a Czech national project 
focusing on travel behaviour research of citizens of the Ústí and Labem catchment 
area. First, a series of surveys was conducted to collect data among others about 
the potential and limitations for using car sharing or ride sharing, as well as people’s 
reasons to use individual cars [14, 15]. The resulting mathematical models will be 
used to provide reasonable scenarios demonstrating effects of changes of travel 
behaviour on traffic and environmental indicators.

The rest of this paper has the following structure: The section Methodology focuses 
on how the available data for the case study in the Czech Republic was used by the 
Eqasim framework [16], in order to generate necessary files for a MATSim model. 
In fact, two methodologies will be presented – A demographic transition to get 
comparable data for the year 2016, and the generation of a synthetic population 
and corresponding travel demand. Then, we present and discuss the resulting 
model. Conclusions of the paper cover overview and discussion of the main findings, 

2  http://smart-mateq.cz/projekty/projekty-smart/smart-iti/
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followed by a short insight of the next steps in the project.

METHODOLOGY

Synthetic populations are typically generated from census data combined with other 
data on buildings, facilities, and land use. Other sources of information, such as 
Household Travel Surveys (HTS), can enrich the synthetic population by a synthetic 
travel demand. 

Census surveys often provide a number of characteristics of persons, especially their 
demographics, place of employment, education, data on commuting to work and 
schools and their housing conditions. Land and buildings registers may offer detailed 
technical attributes that allow more precise location of people activities. Regarding 
travel surveys, they reveal the patterns of transport behaviour per groups of people, 
such as, which transport modes were used, trip distance and duration, trip purposes, 
origin and destination of trips, and even other characteristics of relevance.

The synthetic population by combining the various data sources and by disaggregating 
characteristics and activities on individual level provides an excellent opportunity for 
detailed and comprehensive modelling of urban processes. When combined with 
the samples of travel surveys synthetic populations can become very powerful tool 
for modelling of urban mobility. 

Creating the synthetic population in the Czech Republic is not an easy task. Census 
data are collected every ten years with the latest available one being conducted in 
20113. On the other hand, the latest Household Travel Surveys (HTS) considering the 
Ústí and Labem catchment area were procured around 2016. Therefore, for the use 
of the Census data within the inter-census period they need to be updated based on 
other annual statistics. Therefore, the population of the study area - capital Ústí nad 
Labem and its catchment area (22 municipalities) - must be updated. In the following 
paragraphs we present the steps undertaken to generate the synthetic population 
(update of Census 2011 to the year of 2016) and travel demand (using the Eqasim 
framework).

Synthetic Population and Travel Demand

The generation of the synthetic population and its travel demand is based on the 
Eqasim framework and source code files for the São Paulo scenario4. The framework 
is based on the synpp package5 to chain different algorithms in Python scripts (stages) 
3  https://www.czso.cz/csu/czso/scitani-lidu-domu-a-bytu-2011
4  https://github.com/eqasim-org/sao_paulo
5  https://github.com/eqasim-org/synpp
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used to a larger pipeline setup that then generates MATSim [6, 12] input files. In 
general, as every input data is different, every algorithm requires specific solutions. 
However, we will use the São Paulo case as the standard procedure to compare how 
we contribute to the research area. 

A typical Eqasim’s chain (sequence) of stages follows the following steps: 

1. (Z1): load zoning data.

2. (C1): load raw census data.

3. (C2): clean and update raw census data (C1).

4. (H1): load raw household travel survey data.

5. (H2): clean and update travel survey data (H1).

6. (P1): merge census (C2) and travel survey (H2) data, and generate a synthetic 
population.

7. (F1): load facilities/buildings data.

8. (F2): assign facilities to zones (Z1) and classify them according to trip purposes.

9. (P2): define home and primary locations, and generate the travel demand of the 
synthetic population, corresponding to the Origin-Destination (OD) pairs from 
merged data (P1) based on availability of the facilities (F2) within the zones area 
of each trip’s OD pair.

10. (P3): define secondary locations, and generate the activity patterns, based on 
distance and mode distributions from merged data (P1), and based on availability 
of the facilities (F2) within the zone area of the primary location.

Fig. 1 shows the Entity-Relationship diagram representing the data model utilized 
during the process for synthetic population of persons based on an update of Census 
2011 data, data on facilities6, and travel demand resulting from two household 
travel surveys. One at national level (Česko v pohybu7, referred as National HTS) and 
another at city level (City HTS) [17]. Aggregations and generalization of attributes 
was necessary for both travel surveys, Census 2011 and facilities data to transform 
the attributes to common metrics. Because the City HTS only provides information 
on trips having origin or destination in the city of Ústí nad Labem, the National HTS 
was used to cover travel demand of the rest of municipalities in the study area, in 
spite of providing only small sample for the study area. 

6  https://www.czso.cz/csu/rso/registr_scitacich_obvodu
7  https://www.ceskovpohybu.cz/
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Multiple zones had to be loaded in step Z1: municipalities (town on Fig. 1) for the 
National HTS, basic settlement units for Census 2011 and city districts (cadastral area 
on Fig. 1) for the City HTS).

Raw Census 2011 data (step C1) is loaded. Then, step C2 deals with the synthetic 
population that represents real population of persons living in the study area in 2016;, 
which was generated by stochastic simulation of several demographic transition 
processes that update Census 2011 data. The natural change is based on natality 
and mortality rates, otherwise by the residential mobility. 

First, the deaths of persons are simulated for each year by converting the death rates2 
to death probabilities attributed to individual persons based on their age and gender. 
Died persons are removed from synthetic population in each year. The newly born 
persons are simulated by using the natality rates3 that are converted to probability 
of a new child being born based on women age. The gender of newly born children 
is probabilistically attributed based on general proportion of 100 females per 105 
males. Newly born persons are added to the synthetic population in each year. The 
relocation of persons in the municipality is done by simply adding persons from a 
demographic database that have the municipality as new residence. The location of 
residence is provided only on the level of municipalities. This demographic database: 
2  https://www.czso.cz/csu/czso/umrtnostni-tabulky-metodika
3  https://www.czso.cz/csu/czso/porodnost-a-plodnost-2011-2015

Figure 1. E-R diagram for the data model used in the Eqasim 
framework
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inner and outer migration4, includes: age, gender, previous and new residence. 
The relocation of persons out of municipalities is based on the distribution of age 
and gender of persons in the demographic database. The sampled persons are 
consequently erased from synthetic population. 

The transition processes are based exclusively on age, gender and location data with 
other characteristics not entering the simulation. Moreover, the aging is simulated 
by simply increasing the person’s age by one in each simulation cycle. 

The missing values of persons’ characteristics of economic activity, the sector of 
economic activity, zone location, education, the type of housing and family status are 
completed in each cycle by sampling from the records of persons with known values 
in each subgroup defined by combination of characteristics of gender and age. If the 
subgroups have no filled values, then only two age subgroups: 0-14 and 65 and older 
are used for sampling of missing values.

Fig. 2 describes changes of population in the municipalities of the study area between 
2011 and 2016 as result of the demographic transition procedure. The decrease of 
population of the biggest municipality, Ústí nad Labem, and increase of population 
in small municipalities in its hinterland indicates the suburbanization process and 
resulting changes in commuting pattern in the study area. 

Next steps enrich the synthetic population by travel demand data. Steps H1 and 
H2 remove trips that have inconsistent data, as in the São Paulo scenario. The 
following trips are removed: a) first and last trips not at home, b) moving from one 
place to another without a reported trip. In a different way, we also removed trips 
with repeating purpose (for instance going from work to work) as they seem to be 
wrong answers accounting every change of vehicle as a trip, and trips with unknown 
distances and times. 

One key feature of our algorithm is that as we are defining the study area to only the 
catchment area of Ústí nad Labem, any trip from or going out of the area will start/end 
at the "city gates" (entry/leaving points of the road crossing the border of the study 
are). We calculated the shortest path (and consequently the likely gate) from any 
town in the Czech Republic to the district, and manually for neighbouring countries. 
In the case of unknown destination municipality (though known the region) code 
in the National HTS, we select the gate of the study area, where the probability of 
each "gate" is given by the proportion of inhabitants of each municipality served 
by the gate. Moreover, attributes and values of each data source are defined or 
recategorized into a common categorization amongst the data sources.

4 https://www.czso.cz/csu/czso/cenik-informacnich-sluzeb-a-produktu-bwut?skupina=13
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• These kinds of common attributes are necessary for matching socio-
demographic data with travel behaviour data on step P1. Eqasim matches the 
synthetic population with the National HTS and City HTS samples by a set of 
user-defined attributes, using an algorithm called Hot-deck matching [18]. In 
our case as we use two different HTS and the synthetic population data, we 
selected the attributes based on living place of individual persons. If living in 
the municipality of Ústí nad Labem, then the following attributes were used for 
matching:Mandatory: "AgeGroup"

• Preferential: "Gender", "Education", "Activity", "CadastralAreaCode", 
"JourneyMainMode", and "PrimaryLocRelationHome".

Meanwhile, for people living in the rest of municipalities in the study area, the 
following attributes were used:

• Mandatory: "AgeGroup".

• Preferential: "Gender", "Education", "Activity", "TownSize", "JourneyMainMode", 
and "PrimaryLocRelationHome".

The difference between mandatory and preferential attributes is that for the first 
one, every match must be the same on each data source (Census or HTS), while the 
latter will try to match as much as possible. This configuration of few attributes as 
mandatories and many as preferential was necessary because, especially for the City 
HTS, the inclusion of the person’s Activity (representing if the person is employed or 
employer, working or non-working either student and pensioner, etc.) would result 
in removal of about 10~25 % of the synthetic population that could not be matched 
with HTS. We opted to retain all people but lose a bit the control to ensure some 

Figure 2. Population of municipalities in 2011 (left) and % 
changes of population between 2011 and 2016 (right) 
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attributes are always matching.

In steps F1 and F2 of the "BuildingPurpose" of Facilities and buildings data is classified 
according to a classification that would be comparable between National and City 
HTS, considering the trip purposes: home, free time, shopping, work, education, and 
errands. This classification of buildings and facilities is a standard procedure for any 
activity-based model. However, we improved this filtering by establishing another 
level to connect the "BuildingPurpose" attribute of building data and "ActivitySector" 
attribute of the synthetic population: Households, Industry, Agriculture, Forestry, 
Transportation, Utilities, Hospitality, Administrative, Public Services, Commercial 
and Private Services . Based on the activity sector that the person works, we try 
to make the work location more accurate. One last aspect we deviate from the 
reference São Paulo case is the inclusion of one artificial facility (with all possible 
"BuildingPurpose") to the "gate" locations (the entry/leaving points of the study 
area). On this way, inbound or outbound trips of the study area start or end at the 
"gates". That enable us to model visitors of the study area and residents that travel 
outside, though transit (trips that only cross the district) traffic is still not considered.

In P2, the procedure is very similar to the reference São Paulo case: trip attributes are 
associated with synthetic population, departure times are diversified based on the 
distribution of the departure times, and the proportion of OD trips between zones 
for work and education is estimated from step P1. After it, we define the specific 
place of: 

• Home location: randomly in the zone (Basic Settlement) of the residence.

• Education: chosen locations classified for "education" trip purposes that 
matches with "PrimaryLocCrowFliesDist" in the zone stated in the Census (if 
stated).

• Work locations: like educational places but selecting all purposes and filtering 
them also by using same "ActivitySector" associated to "BuildingPurpose".

Further information related to the algorithm for assigning primary locations, called 
Hot-deck matching, can be found here [18]. We complement the model (compared 
to the reference São Paulo scenario) by changing the trip duration or departure time, 
so it accounts to only the time to/from the gate to the location within the study area 
(if home or primary location is not within the district).

Finally, in line with the standard procedure, P3 resample distance distributions 
for calibration of travel modes. Additionally, it assigns the secondary location by 
the distance of facilities from the primary location, according to the relaxation-
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discretization algorithm [19]. 

RESULTING MODEL

The model described above provides outputs covering the synthetic population 
including for each generated person information about home, primary and secondary 
locations, age, gender, economic activity, and ownership of driving license and/or 
public transport subscription. This is used to generate other output, travel demand 
including attributes, such as the location coordinates, departure and arrival times, 
travel mode and purpose of each activity along a chain of trips. Another set may 
output facility (building) locations and what they offer (regarding trip purposes), and 
household data can also be provided stating the car availability. 

Figure 3. Resulting Origin-Destination (OD) pairs for work-
related and education-related trips

Fig. 3 presents the generated travel demand (Origin-Destination pairs) for work-
related and education-related trips within the study area (inside the dotted line) of 
the study area for each person. The figure shows many trips originating and ending on 
the "gates" (located at motorways and highways entering and leaving the study area) 
and alongside them through the city centre. The idea to create artificial buildings 
(on step C2 and F2) for all trip purposes at the gates of the study area and estimate, 
which gate would be used turned out to be useful. However, the southern gate with 
the biggest demand is indeed not so busy. This is a limitation of using shortest-path 
instead of least-travel path. Therefore, average speed data is required for a more 
accurate algorithm. Another aspect is that while workplaces are distributed along 
the main roads of the study area and bigger municipalities, the educational trips are 
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concentrated in the city of Ústí nad Labem, which is the only municipality having the 
university facilities and most of higher school facilities in the study area. 

The cumulative frequency distribution of the crow flies’ distance (direct distance 
between points on Earth) for each trip purpose to primary locations can be seen 
on Fig. 4. There are few outliers that have been cut out of the figure to better show 
the variations within the interval up to 120 km. Fig. 4 reveals that most of the trips 
(around 80 %) are under 20 km. In fact, the average distance of people for work trips 
is 15,9 km and for education is 13,49 km (the outliers increase these values quite 
a lot as some trips goes as far as to neighbouring countries, such as Germany and 
Slovakia). There are clear steep increases at certain distances. Partly, these increases 
are explained by trips between the municipality of Ústí nad Labem and nearby cities 
surrounding it (Litoměřice, Teplice, and Děčín), in addition to the capital of the Czech 
Republic, Prague.

Figure 4. Crow fly distances for education and work trips

DISCUSSION AND CONCLUSIONS

In this paper we applied and improved an already existing methodology [16] for 
the generation of synthetic population and travel demand for the catchment area 
of Ústí nad Labem in the Czech Republic. Primarily, we solved the issue regarding 
the necessary demographic transition of Census data for properly matching with 
household travel survey data. Secondarily, we propose a procedure to consider 
trips originating or destinating outside the analysis study area by concentrating trips 
on the gates of the study area, which was left out in previous applications of the 
framework [16, 19, 20]. Finally, given the fact that the procedures depend heavily 
on the available data, several modifications from the reference source code2 were 
2  https://github.com/eqasim-org/sao_paulo
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proposed. One major change refers to the use of two different household travel 
surveys at the same time, one local (City HTS) for residents of the city Ústí nad 
Labem and another, national (National HTS) for trips of other municipalities. Other 
improvements refer to unique connections from the available databases in the Czech 
Republic, such as reliable building purposes from building register (opposed to the 
limitations of facilities from OpenStreetMaps in [16, 19, 20]) with trip purposes and 
economic activity sector.

However, other relevant data, such as income is not available in the Czech Census. 
As stated in [20], the assignment of secondary location does not consider the 
attractiveness of the locations, and neither assignment of primary and secondary 
locations takes into account number of working positions, studying seats, or visitors’ 
capacity. Although we were able to model traffic going into or leaving the study area, 
through (transit) traffic, as well as freight, private transport (for example factories 
not served by public transport), and tourism are yet to be somehow considered.

Other already applied possibilities can be used as inspirations for future work. For 
example, in [16], data regarding the type of educational places (e.g., kindergartens, 
primary, high schools and universities) was not available, but a simple classification 
by age groups ensured that the distributions respected the attributes per age only, 
and not explicitly per several common attributes. The categorization of educational 
facilities, likely also by age groups is the mostly likely improvement to be achieved 
on future research.

Other aspects that will also require adjustments are the definition of the likely gate 
by considering average speed or travel time, instead of only the shortest path. The 
grouping of people of the Census into households is useful because household travel 
surveys have data regarding the household, such as number of members, number of 
dependents and income. 

As policy makers and city administrators are coping with the growing complexity 
of urban processes, effective policies depend on their ability to understand how 
the patterns emerge from bottom-up. The synthetic population enriched by travel 
demand data allows to test various behavioural assumptions related to the urban 
population.
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personalization is still not available. Customization settings are available in most 
mobile applications, several semi personalized functions are also involved in. The 
quantitative analysis of relations between these two are missing, which could be 
the reference for further development tendency of interface functions on mobile 
application. Thus, the research objective is identified as: the quantitative correlation 
analysis between semi personalization and customization settings. The multi-criteria 
qualitative analysis method is applied to identify the assessment aspects of semi 
personalized functions and customization settings regarding MaaS applications. 
The scoring method is also introduced. Then the correlation quantitative analysis 
method is applied to calculate the correlation coefficient. We have assessed 25 MaaS 
applications regarding determined aspects. The correlation coefficients for each 
application and together with the overall value are calculated, the assessment results 
are summarized, as well as the correlation tendency is interpreted. The obtained 
numerical values of coefficient are small, thus the correlation between customization 
settings and semi personalization is not strong. And most of the selected mobile 
applications are customization setting oriented. During the recent development phase, 
detailed customization settings are needed to collect data, but fewer manual selection 
from options are expected in further personalized services. Our results facilitate 
the planning of personalized functions and development of MaaS applications. 
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INTRODUCTION 

The smart city is defined as a digitalized livable environment. To distinguish from the 
traditional cities, it provides cyber-physical systems and subsystems, which means, 
systems and sub-systems are available to be interconnected and interacted with 
each other, by physical connection and virtual information flow [1]. Smart mobility or 
transportation is considered as a subsystem, it has the property of a cyber-physical 
system too [2]. Physical vehicle movements remain but more comfortable for 
travelling supported by technologies, real-time information flow and management 
become more and more important. The Mobility as a Service (MaaS) is one of 
representatives of digitalized mobility service provided by the smart mobility system, 
which aims to ‘deliver’ the integrated service via a single platform. 

The using of smartphone has changed the lifestyle of people a lot, e.g., mobile 
payment, social life, fragmented reading. Various aspects of daily life have been 
influenced or depended on the smartphones, as well as with mobility and travel 
behavior [3]. Travellers are available to interact with connected environment by 
smartphones. Thus, travellers not only participate in the physical movement of 
vehicles, but they are also available to be involved actively in information flows 
via mobile application (MA), e.g., online service demand announcement, real-time 
network condition sharing. The ‘citizens as sensors’ becomes possible because of the 
smartphone use. 

MaaS is promoted as one MA based new mobility service [4]. The development of 
interface functions and their providing are critical questions, not only for software 
developers, for mobility service researchers as well. The applications on smartphones 
are the tendency to be the intelligent assistant of travel, especially considering the 
future autonomous vehicle based mobility services. In addition, mobile phone data 
have been used extensively in research recent years [5].

MaaS is also considered with probability to decrease private car use, how the private 
vehicles could be decreased or replaced? Customization and personalization of 
provided service are the key: to provide service to users at least equal convenient 
and cheap as owning their own cars. Only mobile application on smartphones can 
provide such quick real-time information interactions. 

Customization and personalization of services are discussed in customer relationship 
management focusing on big data [6], in a book are presented as the information 
customization and personalization [7], however the exact definitions of customization 
and personalization are not presented. The authors of [6] have concluded that big 
data could facilitate services more customized and personalized, but they do not 
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present that a service is ‘customized or personalized’ from, which aspects and how. 
Customization and personalization as setting options are discussed in [8] systematic 
analysis of MaaS services, the differences between them are not distinguished. The 
results of these two may appear similar- to optimize user experiences, but different 
input data require different function design purpose. In most papers these two terms 
are used in a mixed way, but they are different: customization is not personalization. 
They may not contradict with each other, they may overlap with each other in several 
aspects, but they are far more than the same. Thus, to define the customization, 
semi personalization and personalization, to identify the correlation intensity 
between customization and semi personalization in a MaaS service are identified as 
the research niche of this paper.

Accordingly, the research questions are as follows:

• What are the aspects to be assessed regarding customization and semi-
personalization in a MaaS MA?

• How to obtain the correlation coefficient?

• What is the applicability of the method?

To answer research questions, the remainder of the paper is structured as follows. 
Literature review is summarized in Section II. In Section III, the research methodology 
is described by the proposed evaluation aspects and the applied calculation method 
of coefficient. In Section IV, the assessment results are presented and discussed. We 
have accessed 25 MA according to the introduced method, the coefficients as results 
are obtained and interpreted. The paper is completed by the concluding remarks 
including future research directions.

LITERATURE REVIEW

The literature is reviewed involving the scientific results of MaaS trials along with the 
MA in these trials, the MA in a MaaS service and the correlation analysis. 

MaaS has been implemented for at least 6 years [9], [10], but it is not enough for 
a technology-enabled service to assess its impacts. The trial studies of real MaaS 
implementation are still very limited. Only Ubigo from Sweden and the MaaS trial in 
Australia has provided research results that MaaS has possibility to decrease private 
car use [11], [12]. The change of travel behavior requires long time and widely user 
acceptance. Whim is regarded as a successful MaaS application, but no scientific 
analysis paper about Whim smartphone application is available. The MA is not 
developed in Ubigo trial, but a modified MA was provided in Australian trail. Ubigo 
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is the earliest trial focusing on mobility modes combination-the monthly packages. 
At some extent, Australian one is a more complete trail compared with Ubigo. The 
Smile project from Austria is also based on a MA, unfortunately, no scientific papers 
about results are presented either [13]. 

The mobile Internet and mobile cloud as the two most significant technologies 
facilitate the MA based mobility services [14]. The journey planning is still one of 
important functions in a MaaS MA [15], however, the service alters, the transfer 
convenience, the tracking, etc., which tightly related with real-time information are 
to be put in the focus. Especially autonomous vehicle based MaaS services are taken 
into consideration [16]. 

The correlation coefficient is used to describe the statistical characteristics of two 
random variables. Typically, the scatter diagrams are presented first to observe the 
tendency of data, then the coefficient r is calculated to show the correlation intensity 
in numerical values. In case of strong linear correlation, mostly the regression model 
is applied for further demonstration purpose [17]. The correlation analysis has been 
widely applied in various science and technology fields, especially the regression 
model. A literature overview and evaluation has been presented to summarize the 
correlation between the analytical measurement of diesels winter qualities and in 
real world operability, the conclusion of this descriptive study is that the correlation 
between theoretical and real practice is getting weaker [18]. The correlation 
coefficients are used in one fuzzy set study to measure the similarity instead of 
distance functions too [19]. In order to find a substitution parameter to represent the 
transportation economy, the coefficients between several parameters are calculated 
and presented in scatter diagrams [20]. They found that the introduced parameter 
‘the order of the settlement’ better to represents the correlation between public 
transportation lines and transportation economy within their research limitations.

METHODOLOGY

The correlation analysis in this context is not limited to statistical analysis, because 
the ‘customization’ and ‘semi-personalization’ cannot be regarded as strict random 
variables. Similar to [21] correlation exists between ‘land use’ and ‘urban public 
transport’, we quantify the correlation intensity between customization and semi-
personalization these two variables regarding same evaluation aspects of the MA.

The steps of method are summarized in Figure 1.
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The core of the method is to use numerical values to ‘describe’ the qualitative 
aspects, in order to use values to show the correlation intensity. Accordingly, the 
following definitions are identified first. 

The common objective of customization, semi personalization, and personalization 
in mobile applications is to provide additional input data to functions considering 
traveller’s expectations and/or behavior. Customization is achieved by manual 
selection from lists of options according to travellers’ preferences. The traveller 
provides data. Personalization is achieved automatically by system cognitive 
capability and advanced data processes using passively collected, historical personal 
travel related data. Semi personalization is achieved by less manual input and more 
automatic, simple data processes using historical data from other database if needed 
(e.g., the crowdsourced travellers: waze application). No passively collected personal 
travel related data is used.

The personalized mobility application is not available yet. Data privacy is one 
concern. Another drawback is that even individual mobility data is quite large, the 
optimization ability is still limited. Thus, the correlation between customization and 
semi-personalization is analysed in our work.

The Person coefficient and Spearman rank coefficient are both widely used in 
correlation analysis. Instead of the exact values or sample data, the ranks of sample 
data are applied in Spearman method, the base formula is the same [22] and 
presented in Equation (1).

      (1)

Regarding the sample data, the equation is expressed in Equation (2) and (3). The 
uper ‘-‘stands for the average values.

Figure 1. Steps of method
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    (2)

      (3)

From the statistics point of view, the coefficient r reflects the differences between 
sample data and average values. The equation (3) is applied in further calculation. 
Considering the main functions, such as route planning, booking, ticketing and 
payment, i.e., functions I-VII, the assessment aspects of a MA regarding customization 
(X) and semi personalization (Y) are summarized in Table 1 first as step 1. 

Table 1. Aspects

Aspects (Ai) Customization (X) Semi personalization (Y)
I. Base

A1 Service usage area manual selection automatic detection based on GPS location

A2 Message notification manual selection automatic message sending, e.g., delay, 
alters.

II. Route Planning

A3 Favorite location saving manual selection frequently used ones are automatically 
saved

A4 Preferred mode choice selectable. e.g., 
bus, tram

providing multimodal route planning 
options

A5 Preferred route choice
selectable. e.g., 
best/fast/without 
transfer

optimal one based on current network 
condition

A6 Mobility-impaired 
information manual selection providing wheelchair or relevant 

information
A7 Preferred walking speed setting is available applying average speed
A8 Preferred waiting time setting is available applying average acceptance time window

III. Booking Availability
A9 Public transport service

separate booking 
is available in the 
same app (1); 
separate booking 
turns to specific 
app (0,5)

needed modes in a travel chain are booked 
by once button push

A10 Taxi
A11 Car-sharing/rental
A12 Bike-sharing
A13 Scooter-sharing
A14 Ride-sourcing
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The scoring method is objective: except additional scale ‘0,5’ is applied for A9-A14 
and A17, others are ‘1’ for each Ai when checking the functionality availability of 
each MA (step 1). Then the selected applications are evaluated (input data), the 
scores are shown first in the scatter diagram and then, the coefficients are calculated 
(step 2). The adjacent matrix R is obtained, and the chord diagram is presented (step 
3). Finally, the results are explained (step 4).

Aspects (Ai) Customization (X) Semi personalization (Y)
IV. Ticketing

A15 Electronic ticket separate tickets for 
different modes

one ticket is available for a travel chain, 
e.g.,QR code

A16 Monthly package selectable discussion with operator, tailored package is 
available based on individual real needs.

V. Payment

A17 Pay per trip in a travel 
chain

in the same 
application (1); not 
the same (0,5) credit card automatic payment

A18 Monthly subscription pay per month 
manually

VI. Feedback

A19 Feedback opportunity manual selection 
and input automatic question before each payment

A20 Statistics report manual selection 
to display

automatic relevant reports sending 
(e.g., weekly/monthly mobility data, CO2 
footprints)

VII. Added value

A21 Navigation opportunity selectable for 
different modes

automatic update according to involved 
modes in a travel chain (e.g., find booked 
vehicles)

A22 Incentive mechanism manual adding and 
management

automatic mechanism. e.g., Bonus: green 
modes use, walking more.

Table 1. Aspects (cont.)
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RESULT AND DISCUSSION

The applicability of the method is demonstrated in this section. The assessment 
results of 25 MaaS MA are summarized and discussed. 

Selected MaaS applications and scoring

The major of selected MaaS MAs are available in Europe (18), most worldwide 
operation (7) are founded in America, which are summarized in Table 2. 

Table 2. Information of selected MAs

j Name Main operational area Website link

1 Combitrip Netherland https://www.combitrip.com/en
2 DiDi worldwide https://www.didiglobal.com/
3 Hely Netherland https://hely.com/
4 HVV Germany https://www.hvv.de/
5 Jelbi Germany https://www.jelbi.de/
6 Kyyti Finland https://www.kyyti.com/
7 Leipzig Move Germany https://leipzig-move.de/
8 MyCicero Italy http://www.mycicero.eu/
9 Mobility Stuttgart Germany https://www.s-bahn-stuttgart.de/

10 Mozio worldwide https://www.mozio.com/en-us/
11 Moovit worldwide https://moovit.com/
12 Mein GVH Germany https://www.gvh.de/home/
13 MVG Germany https://www.mvg.de/
14 Optymo France https://www.optymo.fr/
15 Omio worldwide https://www.omio.com/
16 PubliCar Swiss https://www.postauto.ch/
17 ReachNow Germany https://www.reach-now.com/
18 Transit worldwide https://transitapp.com/
19 Trip worldwide https://www.trip.com/
20 TripGo worldwide https://skedgo.com/tripgo/
21 UbiGo Sweden https://www.ubigo.me/en/home
22 Urbi Europe https://en.urbi.co/
23 Whim App Finland https://whimapp.com/
24 Wegfinder Austria https://wegfinder.at/
25 Wien Mobil Austria https://www.wienerlinien.at/
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The selected MAs have been downloaded from Google Play, tested, and scored by 
the authors according to aspects table and scoring method, to obtain the input data 
of step 2. The structure of scoring data set is presented in Figure 2.

Figure 2. The structure of scoring table

The scores of the selected MA regarding customization X and semi personalization Y 
are presented in Table 3. 

Table 3. The obtained score of MA

MA, j 1 2 3 4 5

Xj 5,5 9 9 11,5 14

Yj 2 5 1 5 4

MA, j 6 7 8 9 10

Xj 17 11 9 11 7

Yj 10 6 4 5 4

MA, j 11 12 13 14 15

Xj 14 9,5 9 11 7

Yj 3 3 6 2 1

MA, j 16 17 18 19 20

Xj 10 9,5 8 8 7

Yj 3 5 6 3 4

MA, j 21 22 23 24 25

Xj 6 8 14 14 11,5

Yj 3 3 8 6 6
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The scores of Xj and Yj are calculated as Equation (4).

       (4)

The scores of customizations (Xj) and semi personalization (Yj) of each MA j as (Xj, Yj) 
are presented in the scatter diagram (Figure 3). Typically, the scatter diagram is used 
for data visualization, in order to determine whether the correlation relation exists, 
and whether the further analysis is needed.

Figure 3. The scatter diagram

Two dashed lines on the diagram: X = 10,02 and Y = 4,32 are to show the average 
value of Xj and Yj, respectively. The overall tendency shown by the trendline is almost 
positive linear correlation, but both the correlation and linear tendency are not 
strong, as the MAs are scattered on both sides of the trendline. According to the 
diagram, the correlation exists between X and Y. The coefficients rj between Xj and 
Yj can be calculated to continue analysis, to determine what kinds of correlation 
(positive or negative) and the intensity of correlation (strong or weak).

Correlation coefficient

The correlation coefficient is the ratio of covariance and variance of two variables, 
which indicates the relative difference compared with average value. As only the 
correlation direction is shown in the scatter diagram, the coefficient is a supplement 
to show the intensity of correlation. The calculated coefficients rj: (Xj, Yj) regarding 
each MA according to equation (3) are presented in Table 4.
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Where the  and  are calculated as Equation (5).

     (5)

The rj for each MA j is calculated as Equation (6) regarding data table as step 2.

     (6)

Considering the requirement of the software to generate the diagram: the name 
of the row and the column of input matrix should be different. Thus, both in the 
following matrix and the chord diagram, the capital letter ‘A, B, …, Y’ is used to stand 
for each MA ‘1, 2, …, 25’. ‘A01, B02, …, Y025’ is to show the row name of R, and ‘A1, 
B2, …, Y25’ is to show the column name of R. The obtained adjacent matrix R is:

(step 3) Since Xj and Yj are refer to each MA j, the coefficients rj only exist on the 
diagonal of R. Accordingly, the obtained chord diagram is presented in Figure 4. 

Table 4. The value of coefficient r

MA, j 1 2 3 4 5

rj -0,219 -0,451 0,262 -0,359 -0,379

MA, j 6 7 8 9 10

rj -0,376 -0,408 -0,153 -0,325 -0,281

MA, j 11 12 13 14 15

rj -0,25 -0,085 0,113 -0,316 -0,149

MA, j 16 17 18 19 20

rj -0,363 -0,484 -0,463 -0,3 0,437

MA, j 21 22 23 24 25

rj 0,054 0,028 -0,411 -0,386 0,19
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(step 4) The absolute values of rj are used in chord diagram to show the results of 
correlation analysis. The correlation intensity is shown by the width of the ribbon. 
The different colours are applied to distinguish the elements (MAs in this context), 
which is the default setting of software. As the matrix is a diagonal matrix, no 
crossing ribbon exists. From the diagram, four rj of MA are very weak (L, M, U, V: 
12 Mein GVH, 13 MVG, 21 Ubigo, 22 Urbi), six are relatively strong (B, G, Q, R, T, 
W: 2 DiDi, 7 Leipzig Move, 17 ReachNow, 18 Transit, 20 TripGo, 23 Whim App). The 
comparison among values or ‘ribbon width’ is not needed, each value rj only reflect 
the correlation between Xj and Yj of that corresponding MA j. For example, the r23 
of Whim is ‘-0,411’, which shows, the X23 and Y23 is negative correlation regarding 
each XAi,23 and YAi,23, the tendency is: customization setting obtains the higher scores, 
the semi personalization obtains lower, and vice versa. The r21 of Ubigo is ‘0,054’, 
the correlation is positive, which shows that customization and semi personalization 
together obtain higher or lower scores. Regarding aspects Ai, the aggregated scores 
are presented in Table 5. 

Figure 4. The chord diagram
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Where the Xi and Yi are calculated as Equation (7).

      (7)

The overall result of r is r = 0,313 calculated according to Equation (3), where  and 
 are calculated as equation (8) and (9).

      (8)

          (9)

The scores regarding main functions are also summarized in Table 6.

Table 5. The score of aspects

Ai 1 2 3 4 5
Xi 13 13 16 18 8
Yi 6 10 2 13 13
Ai 6 7 8 9 10
Xi 9 5 1 21 11,5
Yi 5 15 15 1 1
Ai 11 12 13 14 15
Xi 15 13,5 7,5 4 19
Yi 1 1 1 0 3
Ai 16 17 18 19 20
Xi 10 19 4 23 2
Yi 3 0 5 1 0
Ai 21 22
Xi 9 9
Yi 5 7

Table 6. The score of main functions

F I II III IV V VI VII
Xi 26 57 72,5 29 23 25 18
Yi 16 63 5 6 5 1 12

Regarding 25 selected MAs, the scores of semi-personalization are relatively low 
compared with customization. The selected MAs are customization setting oriented 
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applications. 

Discussion

The obtained coefficients rj are to present the descriptive correlation in numerical 
values, which is a quantitative method to show the correlation intensity. From the 
results, all obtained rj < 0,5, which means, the correlation between customization 
and semi personalization is not strong, whatever in each MA or from an overall point 
of view. Positive values are obtained by 6 MA, the others are negative values. The 
positive correlation indicates that functionalities of X and Y are together developed. 
The negative correlation indicates that the availability of X and Y are in opposite 
direction. The absolute values show the intensity: strong/large or weak/small. 

The availability of customization setting options are developed well among selected 
MAs, the availability of semi-personalization is to be improved. During the recent 
development phase, detailed customization settings are needed to collect data, but 
fewer manual selection from options are expected in further personalized service.

Compared with the work of other authors [7, 8], we have distinguished customization 
and semi personalization of a MA in a quantitative way. We have assessed the 
selected MAs regarding customization and semi personalization. Furthermore, the 
correlation intensity r is presented and interpreted too.

CONCLUSION

In a MaaS service, the perceived results provided to travellers are displaying 
customized or personalized information on a MA. The differences of these two 
distinguished in this work are the information providing processes: what kind of 
input activities from traveller’ side. The virtual information management and physical 
vehicle movement together of an entire travel are experienced by travellers as the 
customized and/or personalized services. 

The main contributions of our work are:

• The definitions of customization and semi personalization regarding the MA.

• The determined assessment aspects and the objective scoring.

• The correlation between customization and semi personalization is quantitatively 
analyzed.

The key findings regarding assessed 25 MAs are:



19TH EUROPEAN TRANSPORT CONGRESS
 EUROPEAN GREEN DEAL CHALLENGES AND SOLUTIONS FOR MOBILITY AND LOGISTICS IN CITIES397 

• The values of coefficient are small (r < 0,5), the correlation between 
customization and semi personalization are not strong.

• The selected MAs are customization setting oriented applications.

• The aspects obtained lower scores regarding Y semi-personalization could be 
further developed in a MA, e.g., sending feedback demand and statistics report 
more actively.

The purpose of customization and personalization is to actively or passively input 
additional data to optimize functions. The continuous development of personalization 
supported functionalities are recommended, as the tendency of MA is to provide 
information aiding personalized services. Fewer manual inputs are needed in the 
future.

What we faced, as the lesson learnt is that definitions of terms are changing along 
with development. For example, customization and personalization are different in a 
traditional mobility service and a digitalized service. We have defined them regarding 
the data input process in a MA.

The further research direction is to introduce a mobile application concept for 
autonomous vehicle based MaaS service. The backend functions and the frontend 
interface functions are analyzed and distinguished, the information flows regarding 
travel phases are presented. In addition, the input data, which connect frontend and 
backend functions are summarized.
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video detection systems, ultrasonic technologies, even weight sensors installed in 
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In this paper, we do not look primarily at the different technologies used in sensors 
to monitor presence and movement of travelers (automated people counting – APC 
systems). Our aim is to define the possible usage of such data. System engineering 
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is provided to better explain the needs of particular use cases. The use cases are 
also further classified according to strategic, tactical, and operational control level.
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INTRODUCTION 

Problem formulation and motivation

It is a common problem in many aspects of smart cities that technological companies 
offer and sell certain technologies (sensors, dashboards, algorithms, and others) as 
the solution that solves all problems and creates a smart city [1]. The decision makers, 
typically municipalities or technological agencies cannot see the whole picture and 
selecting an optimal solution is a major challenge. The solutions often have limited 
interfaces or their technology does not allow for proper integration into a holistic 
solution [2].

This is true also for the field of public transport operations. Lately, several commercial 
companies or even research projects have been developing so-called automated 
people counting (APC) systems. These systems are using various technologies 
including, among else, video detection, infrared sensors and weighting systems. A 
short overview is provided in the State-of-the-art assessment of APC technology 
within this paper.

This paper focuses on APC systems at public transport stations and related facilities 
like service centers or waiting rooms.

APC systems are a useful tool to get insight on the number and behavioral patterns 
of customers, but to have an effective APC system, it is important to know what the 
overall goals are and what do I expect from implementing APC.

Various research projects in EU, such as INSTEMPO [3] and Fair Stations [4], are 
incorporating APC as a means of innovating railway stations.

The link between customer satisfaction and crowd monitoring and management is 
confirmed by several studies. For example [5] presented results of an online survey 
showing that for effective management, planning and reconstruction of stations, the 
forecasting and management of passenger flow and time control of the entrance 
groups of the station become a necessary factor for assessing satisfaction with the 
services of the stations.

Objectives

In this paper, we want to help decision makers in the public transport sector to 
understand the advantages that such technology brings to them. To do that we 
classify the APC systems to be able to demonstrate their suitability for different tasks 
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in their daily business. These tasks are captured using use cases [6].

The use case analysis starts with the definition of so-called actors. Actors, according 
to definition (uml.org), are "external entities that interact with the system in scope". 
This is important, as we can identify the use cases offered to each of the actors. The 
decision makers can thus see the impact not only on their business, but also on other 
players (actors) and thus address also the long-term strategic impact on society [7].

To provide a clear picture, we look at different dimensions of the problem. The use 
cases are linked not only to various actors, but they are also considered according to 
their impact in the strategical, tactical, as well as operational level [8]. 

Maslow, in his 1943 paper [9] provided a pyramid identifying the hierarchy of needs. 
This is important, especially when looking at the needs of passengers at railway 
stations. In this paper, we classify the use cases with respect to this pyramid, as it 
provides another important touch to a better understanding of the implications and 
advantages of APC technology. 

Crowd monitoring and management are not only needed with respect to the 
passengers, even though they are one of the key players. Already in 1974, in the US, 
Federal Transit Administration (FTA) set up the FTA's National Transit Database (NTD) 
to be the repository of data on financial, operating, and asset conditions of American 
transit systems. They need data from APC critically.

The purpose of this paper is to show the different perspectives and views on APC 
data. We demonstrate its impact on different actors. The paper helps the different 
stakeholders to understand the reasons why they might consider APC in their stations.

Technological overview 

An APC system consists of 3 components: the sensors, sensor controller, and back-
office that processes the data.

The sensors themselves collect data and can do some basic preprocessing (, such as 
data binning or adding metadata). The recorded values are passed to the controller, 
which receives signals from one or multiple detectors. The controller can do further 
data processing and then sends the data to the back-office.

The back-office is a software that collects and processes measured values and stores 
them in a database. The data can be processed and visualized in the back-office or 
sent to third party software in the form of raw data exports or via direct database 
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access. In that case, it is important that the data is transferred in a well-defined 
format to ensure smooth processing.

Anonymization of the data is a crucial step in this process. In general, the entire 
data collection process is very sensitive and must meet the General Data Protection 
Regulation (GDPR) specifications.

The APC system provider can offer its own back-office but large entities may have a 
custom solution for data processing implemented and so would prefer direct access 
to the data.

Classification of APC technology

There is a large number of different technologies that are used for collecting data 
in APC systems. Each technology has certain advantages and disadvantages and is 
suitable for different applications (use cases). The spectrum is very broad. To define 
the requirements for particular use cases, a classification of the APC technology 
according to complexity with respect to the data collected is provided here:

Level I

• Detector ID

• Timestamp

• Direction of passage

• Simple data aggregation (count of people during a period, count of people 
present in an area at the moment)

Level II

• Object classification (adult, child, bicycle, pram, wheelchair, luggage, dog…)

Level III

• Movement trajectories

• Dwell time

• Occupation heat map

While this is a certain simplification, it is used in the following sections to classify the 
use cases. 
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Sensor technology

There are several detecting technologies used in APC systems [10]. "Automatic" 
in APC expects no cooperation from counted subjects, so tap-in tap-out gates and 
sensors based on receiving Bluetooth or Wi-fi signals from people’s personal devices 
are out of the scope of this paper.

Optical gates are a simple technology that is used for counting passengers without 
any classification. By doubling the sensors, it is possible to infer the direction of 
movement, however it can capture only one passing person at once. These detectors 
return typically Level I data.

State-of-the-art IR sensors use both active and passive components in one housing, 
mounted above the passageway [11]. These detectors can count two persons 
passing through the door at once while heading the opposite direction. It can also 
classify the measured object by size to determine its category. Careful installation 
and calibration of the sensors is needed to provide satisfactory results. Level II data 
can be obtained from these detectors.

Video camera imagery is processed by image recognition software to obtain not only 
the passenger count but can also track their movement. Cameras can offer wide-
angle coverage and allow to cover a larger area, thus being able to provide Level III 
data.

When using cameras, there is a reasonable concern of privacy violation, which can 
be mitigated by installing cameras on the ceiling facing downwards so that only the 
top of the person’s head is visible. When implementing tracking, personal data must 
be anonymized according to legal requirements, such as GDPR mentioned above.

METHODOLOGY

In many real-world projects, technology is used without thinking about its actual 
impact. To understand this impact, we follow a standardized methodological approach 
called "4+1 View Approach" [12] using Unified modeling language, particularly the 
use case diagram as a suitable tool [6]. This classical approach is originated within 
the field of software engineering but offers so-called use cases (from UML’s Use Case 
diagram) as a central point of any analysis. Use case describes "a set of actions that 
some system should or can perform in collaboration with one or more external users 
of the system (actors). Each use case should provide some observable and valuable 
result to the actors or other stakeholders of the system" (uml.org).
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This use-case centric approach (see Figure 1) is advantageous in the way that even 
though it is suitable for software developers as it provides sufficient details, use 
cases, i.e., the high-level functionality is at a central point.

Figure 1. Principle of the 4+1 view model

Source: Kruchten, 1995.

To collect the content of this analysis, we used several mechanisms. First and most 
important was an extensive state-of-the-art analysis. The existing scientific papers, 
research projects, but also reports from technological companies or governmental 
agencies were identified and analyzed. Additionally, interviews with various 
stakeholders were conducted and the results incorporated into the use case analysis. 

The use case analysis [13] starts by defining the system in scope. In our case, we are 
focusing on the system: an automated people counting system in railway stations. 

Next methodological step consists in the identification of actors. An actor is "an 
external entity that interacts with the system in scope" (adopted from uml.org). It is a 
role played by a person or other external system that uses the high level functionality 
of the system. A use case diagram depicts actors, use cases and the interactions 
between them. 

The actors identified for the APC system at railway stations include bodies listed 
below. The colored boxes correspond to the marks that represent the actors in 
Figures 3–5.

1.  National and international regulatory and standardization bodies – are 
responsible for setting standards that the APC systems adhere to and for 
collecting nation-wide statistical data (e.g., Ministry of Transport and others).
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2.  Infrastructure manager – is responsible for the construction and maintenance 
of railway tracks and related infrastructure.

3.  Railway station operator – is responsible for operation and maintenance 
related to railway stations, including platforms, waiting rooms, or customer 
service centers. The operator may be identical to the infrastructure operator.

4.  Transport service provider – are responsi¬ble for carriage and train operations 
and provide direct service to passengers.

5.  Passengers – are the customers of the transport service.

While the passenger is listed last, being the customer of the public transport system, 
they are its central point. At the same time, the requirements (mainly the economical) 
of the passenger can often contradict those of the infrastructure manager or railway 
station operator. For this reason, an additional analysis is provided here. In order 
to understand the needs of the passenger, a Maslow’s pyramid was adopted with 
respect to the passenger needs in railway stations. 

Figure 2. Passenger needs according to Maslow's hierarchy

This pyramid provides another dimension to the use cases provided in the following 
chapter. It has 5 levels. At the bottom, there are physiological needs, such as capacity 
restrains, expectations about cleanliness of bathrooms, etc. Next level is dealing 
with the personal security and safety. This topic became lately, during the COVID-19 
pandemic, even more important. The third level focuses mainly on the main services 
and their quality. Here we are looking at ticketing services, etc. The fourth level 
covers esteem, such as priority lanes, VIP services, and others. The last, fifth level 
deals with self-actualization and covers also personal growth, including reading or 
personalized entertainment.

RESULTS OF USE CASE ANALYSIS 

The main contribution of this paper is, next to the theoretical and methodological 
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background, a collection of use cases relevant for APC. The use cases were collected 
based on personal interviews with relevant stakeholders (mainly infrastructure 
operators and technology providers in the Czech Republic), as well as literature 
review. Apart from the above-mentioned literature, we focused on papers and 
projects related to the passenger’s movement [14, 15, 16, 17, 18], technology [10, 
19, 20, 21] and general system approach, and usability studies [5, 22, 23, 24, 25, 26, 
27].

We use different classifications:

1. According to the actors

2. According to control levels

3. According to requirements on technology

The particular identified actors were defined and described in the Methodological 
section. Different control levels [28] are defined as following:

Strategic level – is linked to the strategic planning of the organization and marks the 
future that is expected for the company.

Tactical level – describes the tactics the organization plans to use to achieve the 
ambitions outlined in the strategic plan. It usually has a scope of a year or less and 
breaks down the strategic plan into smaller tasks.

Operational level – describes the day-to-day railway station operations.

The classification of technology is described in section Classification of APC 
technology.

The following sections provide an overview of the Use cases, which are classified into 
three control levels as presented in diagrams. In each control level, the use cases are 
ordered by the required APC technological complexity level. Every use case is labeled 
with colored circles representing relevant actors. The key to the colors is presented 
in the diagram in Fig. 3. Lines connecting the use cases represent strong relations 
between them.
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Investment planning

Based on the actual number of passengers in the railway station, it is possible to 
identify bottlenecks and thus plan for needed investments into the infrastructure. 
This covers also all buildings.

Support for pricing policies

On the strategic level, it is possible to set, for example, particular contracts and pricing 
levels based on actual passenger data. This can be used, for example, to define the 
pricing policies of:

• long-term and short-term Park & Ride,

• renting commercial estate and advertising space,

• rush-hour ticketing surcharge. 

Data for crowd modelling 

Different scenarios can be virtually tested in order to assess the people flow when 
subjected to different conditions. Crowd modelling can be a very useful tool in the 
design phase, to test the efficiency of possible solutions (including technologies, 
procedures, layouts, etc.). Furthermore, it can be used also to test station retrofitting 
solutions (e.g., new stairs/escalators; smart signaling systems). 

Crowd models can also be created to monitor the behavior of people in a given 

Figure 3. Diagram of the required APC technology level of 
strategic level use cases and their relevant actors

Strategic Use Cases
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environment in real time thanks to the integration of virtual doors and cameras 
that can be used to count people in the area continuously and in real time. These 
models can be used to generate what-if scenarios in order to apply different people 
management strategies to optimize the flow of people (both in normal conditions 
and in the event of emergency/evacuation). 

Calibration is a crucial step and APC plays a key role in this step.

Statistics

Manual passenger counting campaigns can be replaced by automated people 
counting systems on platforms or even train doors when coupled with platform 
screen doors.

Furthermore, APC data can and shall be used for reporting to a National Transit 
Database (NTD).

Tactical Use Cases

Figure 4. Diagram of the required APC technology level of 
tactical level use cases and their relevant actors (key to actors 

is in Fig. 3)

Predictive maintenance

Predictive maintenance based on actual usage of certain components increases the 
effectivity of maintenance. This is meaningful, for example, for escalators, ticket 
boxes, but even for light bulbs located in less frequent places that are triggered by 
motion sensors.
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Maintenance planning

The actual time of maintenance can be scheduled for the time of low demand 
based on the historical or actual occupancy of the railway station or its parts. This 
significantly improves the passengers’ comfort.

Revenue loss detection

Discrepancies between the number of sold tickets and the count of passengers on 
board can be detected and used for tactical planning and corrective measures.

Planning of load balancing in cars

The knowledge of passenger movement throughout the station on the platform can 
be used to stop short trains closer to the points of largest demand.

By knowing the ridership of trains, the train length can be modified to accommodate 
changing passenger numbers when scheduling the trains.

Service quality monitoring

Knowledge gained from monitoring the usage of services (shopping, ticketing, 
information handling, etc.) can be used to improve staffing, optimize opening hours, 
or decide better point of service layout in hallways and product displays in shops.

Passenger tracking

By automatically tracing the boarding and alighting stops of individual passengers, 
more data about travel habits can be acquired without the need of passenger's 
cooperation when compared to tap-in tap-out fare systems. However, personal data 
protection must be assured, as it is prescribed in regulations, such as GDPR.

Passengers’ behavior monitoring

On the tactical level, the movement of passengers within the railway station and on 
platforms can be tracked. This must be done anonymously and on an aggregated 
level (for example using heat maps). The understanding of passenger behavior may 
be used for optimization of passenger movements or service quality.
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Scenarios for mass events

Fully calibrated crowd models can help in the preparation of scenarios for special 
mass events, such as concerts, football games, and others. The data needed can be 
collected using APC systems.

Process optimization

All railway station processes can be optimized if we know passengers’ presence 
and movement patterns, as well as the provided services. It is possible to compare 
the real usage (demand) with the supply based on train schedules, i.e., its dynamic 
characteristics and changes during the day. This can be used primarily for optimizing 
the number of ticket counters, as well as ticket boxes in relation to queues, etc. 

Additionally, platform technicians can plan their activities based on actual demand. 

Market research

Nowadays, there is a massive application of these technologies for market research. 
Measurements of transits and of densities in specific areas can be interesting for a 
market investigation, which aims to increase the number of sales in the shops, for 
instance, giving more visibility to certain products.

Operational Use Cases

Figure 5. Diagram of the required APC technology level of 
operational level use cases and their relevant actors (key to 

actors is in Fig. 3)
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Automated stop request

This use case can be applied at less frequently used railway stations. If passengers 
waiting on the platform are detected, a stop of a train arriving on the platform is 
requested.

Real time counting

The real-time occupancy of a railway station, or certain areas inside thereof (, such 
as waiting rooms) can be determined. This is important for example with respect to 
dedicated use cases, such as Emergency management.

Warning and emergency management

The collection of data on the number of users in the station can be also used to 
design efficient evacuation strategies and plans, increasing the level of reliability 
of the station. It can be used in real time to provide information for emergency 
management units, for example, about the number of people in danger and thus 
determining the needed number of ambulances etc.

Service optimization 

The knowledge of the actual number of passengers in dedicated parts of the railway 
station can be used to optimize the building operations based on actual occupancy, 
for example:

• toggling on heating or lightning,

• staffing ticketing services,

• customizing information displayed on panels,

• optimization of advertisement display

and others.

Platform information system

In cooperation with other use cases (for example, Load balancing), the occupancy of 
individual cars can be displayed at the stop prior to the train's arrival so passengers 
can distribute themselves more efficiently, allowing for more even utilization of train 
capacity and higher comfort.
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Trespassing into the platform edge safety zone can trigger a warning announcement.

Passenger movement optimization

This use case provides optimization of the route for passengers changing trains (or in 
general moving within the railway station). The objective is to decrease the journey 
time, decrease crowding and queues. This is possible through providing timely and 
accurate information on the platform or in digital devices, changing the direction of 
escalators to support higher demand, directing the platform personnel to further 
support passengers, increasing localized and timely ticketing etc.

Real time load balancing

The knowledge of the number of people in certain segments of the railway station 
and their movement, as well as information about the actual load of the incoming 
trains allows an optimal distribution of passengers on the platforms to avoid crowds 
and queues.

Support of passengers with special needs

In case the system detects passengers with special needs (for example, handicapped, 
cyclists, passengers with baby carriages, passengers with animals, and others), the 
railway operators can support them, for example, by:

• prolonging the boarding times,

• providing personalized navigation,

• providing personal support, or

• providing extra supporting tools and gadgets.

Detection of unattended luggage

The detection of unattended luggage may trigger an alarm and dispatch a security 
officer to investigate.

Social distancing

Knowledge of real-time heat maps with passengers in certain parts or segments of 
the platforms or within the railway station building can be used to address social 
distancing. A warning (information) system is established to suggest changes in 
passengers’ movement patterns and travel behavior. This significantly increases the 
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safety of passengers in the short term (e.g., limiting bumping into each other), but 
also in the long term (e.g., by decreasing the probability of spread of diseases, such 
as COVID-19).

CONCLUSION

The main objective of this paper is to provide different stakeholders an overview of 
the use cases related to the usage of APC technology on railway station platforms 
(but it can be applied with only slight modifications to other public transport modes 
as well). The aim is to help to understand how to use the technology and how to have 
the most benefit.

To do that, we introduced a 4+1 approach to use case analysis and followed it through 
the paper as follows. We provided an overview of the technology by itself and 
classified it into three main levels. These different levels are assigned to various use 
cases and help to determine the requirements on the data that need to be fulfilled.

Next, we provide an analysis of actors relevant for the system in scope. We identified 
5 actors. They are also assigned to particular use cases.

The main contribution of this paper is however, in capturing and organizing the 
actual use cases. They were collected using interviews with different stakeholders 
and an extensive literature review. For better clarity, we classify them into three 
control levels: strategic, tactical, and operational.

The use cases are useful for all actors described within this paper. They should 
be mainly studied and understood by infrastructure providers and railway station 
operators before they consider the implementation of APC. We believe this might 
protect them from "assertive" sale practices of some technology providers and 
increase the overall benefits of APC technology. It might also help in better marketing 
and thus better acceptance of the technology by the passengers. This is the best way 
to increase the overall benefits of the technology. 
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INTRODUCTION

Although autonomous transportation is not a new concept, its significance and 
application capabilities grew rapidly thanks to the technologies available in the 
21st century. After first implementations in autonomous metro trains and monorail 
applications, autonomous shuttle buses have followed. Finally, autonomous 
cars appeared with individual brands claiming millions of miles driven without 
accident [1]. Thanks to growing popularity and interest in automotive sector, open 
environment railways2 might remain the last branch of transportation to become 
driverless. Although both automotive and railway sections are struggling with proper 
legislation regulations in Europe, road vehicles tend to be further ahead in people 
consciousness thanks to technological advancement and better advertisement. This 
is caused by numerous difficulties connected with automatization of the train driving 
process, which at this point means transition from the semi-automatic operation 
at GoA2 mode (automated start/stop, a driver operates the doors, drives the train 
if needed and handles emergencies) to fully automated operation. Driverless and 
unattended operation requires additional functionalities, e.g., concerning perception 
and localization of autonomous trains. While these specific issues have been already 
studied [2, 3], a lot of other functions remains unaddressed, e.g., robust decision-
making or learning. Moreover, the safety levels for these additional functions remain 
to be established [4], and also the certification process and legislation have to be 
revised for these new technologies.

From the technological perspective, the Rio Tinto company has led a recent 
breakthrough in an open environment operation by completing a first fully 
autonomous freight rail journey of 100 kilometres in the Pilbara region of Western 
Australia. However, their trains operate on a separated track and not as a part of a 
complex railway network, and the operational environment is a wide desert, which, 
while open, retains a low level of possible surroundings interactions, and also low 
risk in case of failure or accident. Autonomous rail freight transportation [5] seems 
then to be an interesting intermediary step before autonomous passenger trains. A 
complex overview of this topic has been already provided by D. Trentesaux et al. in 
[6].

In Europe, the issue of autonomous train operation is further complicated by the 
heterogeneous nature of individual national railway conditions, regulations and 
rules or habits. The coordinated and unified approach for this problem has been 
established relatively recently and thus the operational and engineering rules, 
signaling technology and technological readiness still differ among national rail 
networks all over Europe. Specifically in Czechia, a GoA2 solution named AVV, an 

2  For purpose of this paper, railways will refer to the open environment network e.g., mainlines and 
regional lines. Other systems like metro or shuttle trains at airpoirts will not be reffered to as railways.
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ATO (Automatic Train Operation [7, 8]) system responsible for control of dynamic 
properties of rolling stock, is in commercial use for more than 30 years with hundreds 
of trains equipped. This is a significant achievement and enabler for fully autonomous 
train operation.

In this paper, we summarize experience and lessons learned by a multidisciplinary 
team of scientists and field experts in their effort to develop a safety decision-making 
control system for autonomous train operation called VEXA. The project started in 
2020 with the aim to deliver by 2023 a proof of concept for a safety system, which, 
based on input from onboard systems, such as Object Detection, Automatic Train 
Operation, Digital Trackside Map and others, decides whether it is safe to start 
or continue the train cruise in a given moment in time. The following Sections of 
this paper includes description of the state-of-the-art, overview of the considered 
control systems for VEXA, estimated environment and surrounding systems for VEXA 
operation, as well as challenges and issues solved while designing the system.

STATE-OF-THE-ART IN AUTONOMOUS TRAIN OPERATION

Although autonomous transportation systems have been developed for decades, 
the most significant advances have only recently been made. When we are talking 
about autonomous vehicles, we most often imagine systems from companies, such 
as Tesla and Google, which allow the car to be driven without driver intervention 
under certain conditions.

Interestingly, one of the first semi-autonomous transportation systems was the 
London Underground, where the first ATO system was successfully implemented on 
the London Victoria Line in the early 1970s [9]. A similar ATO system was operated in 
the Prague metro since 1978. Although the driver was still present and, for example, 
was responsible for closing the doors or giving the command to departure, this can 
be considered a great success. Since then, thanks to the advances in computing, 
electronics, telecommuni-cations and sophisticated machine learning algorithms, 
significant progress has been made and as a result, in 2018 there were 64 fully 
automated underground lines in 42 cities, with a total length of over 1000km [10]. It 
is important to note that these systems are operated in a secured environment and 
are Therefore, easier to implement than similar systems targeted at the mainlines.

In the Austrian autoBAHN 2020 project [11], a prototype drives autonomously on an 
existing railroad with an adapted car-based obstacle recognition system, detecting 
objects and sorting them according to risk classes before deciding on the train 
behavior given the context. The French ATO Plug-and-Play [12] aims to not only 
avoid obstacles but also recognize signals, activate passenger alarms, and to detect 
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intrusion and level crossings.

Autonomous trains constantly perceive and evaluate the environment before 
reacting to obstacles. The perception of the onboard autonomous control system can 
be divided into rail track detection, obstacle detection, and obstacle classification, 
while the reaction can be separated into obstacle trajectory prediction and threat 
assessment. Most of the literature solving the whole process of perception first 
detects the rail tracks and then, if rail lines are not clearly visible, the occluded areas 
around the rail lines are investigated for obstacles [13, 14, 15].

As the railway transport is highly proliferated by European Union bodies thanks to 
the fact that rail is the most "green" transport mode, a Join Undertaking organization 
called Shift2Rail (https://shift2rail.org/), established in 2015 by EU and European 
leading railway suppliers, infrastructure managers and railway undertakings and 
funded under Horizon 2020 program, is highly focused to the development of ATO 
up to grade of automation GoA4. Hence noticeable achievements including real 
operation demonstrations of ATO are brought to life within its program. The results 
will be included in gradual standardization steps in the near future.

Most ATO development activities and demonstrations are carried out in a Shift2Rail 
Innovation Program IP2 "Advanced Traffic Management & Control Systems" 
and also in IP 5 "Technologies for Sustainable & Attractive European Freight". A 
successful Technology demonstrator of GoA2 was showcased in 2020 and work 
on GoA3/4 development is ongoing. As the program of Shift2Rail will be finished 
soon, the activities for preparing the Shit2Rail’s successor entitled Europe’s Rail Joint 
Undertaking have already started. So, the work in the ATO field will continue. 

CONTROL SYSTEMS OVERVIEW

Requirements of rail vehicle onto control system solved within VEXA project are 
analogical to ones solved in the area of mobile robots, autonomous vehicles and 
especially autonomous trains on dedicated tracks (e.g., metro) etc. with respect to 
detail described below. Mobile robotics solves artificial creatures in common, real 
or virtual. It originated especially by works of Moravec [17], Nils [18], and Giralt et 
al. [19] and spread onto wide area of real creatures modelling, anthropomorphic 
robotics, robotic swarms, etc. That research also brought abstraction in the form of 
agent idea and its specific case – mobile agent model.

The term agent denotes humans, software entities (bots) and intelligent, autonomous, 
and mobile agents in robotics and artificial intelligence especially in the sense of 
systems interacting and acting in the given environment. Thus, mobile agents must 
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be able to move in the space and have some sensors to observe the environment and 
actuators to influence it. For our research of an autonomous train control system, 
the mobile agents are the most interesting. 

In the work of Russel and Norvig [20] the following basic agent types are recognized:

1. simple reflex agents, which are the simplest possible agent entities, which only 
react to external inputs, typically using a set of pre-determined rules; 

2. model-based reflex agents, which maintain an internal model of their 
environment, and, which are also able to store some historical data; the decision-
making is then performed based on the data and the internal model;

3. goal-based agents build on the model-based reflex agents by adding a binary 
"goal", a target setpoint that they try to reach; however, they are only able to 
decide if they reached the goal or not; 

4. utility-based agents are equipped with a model, a setpoint, and a utility function, 
which tells the agent how far it its internal state from the envisioned goal state;

5. learning agents are the most complex and truly autonomous entities: they retain 
the performance element of their simpler counterparts, and add a learning 
element, which modifies agent’s performance according to the feedback on 
agents results; a learning agent may also include a subsystem that suggests 
alternatives to the already attained decisions.

Later, Weiss [21] defined different four classes of agents. This taxonomy is more 
suitable to our application:

I. Logic-based agents – where the decision about what action to perform is made 
via logical deduction; 

II. Reactive agents – here, the decision-making is implemented in some form of 
direct mapping from situation to action; 

III. Belief-desire-intention agents – their decision-making depends upon the 
manipulation of data structures representing the beliefs, desires, and intentions 
of the agent; 

IV. Layered architectures – the decision making is realized via various software 
layers, each of, which is more or less explicitly reasoning about the environment 
at different levels of abstraction.

Within the VEXA project, BDI (Belief-Desire-Intention) was chosen for the need to 
solve both strategic (especially safety related) and tactical (route schedule related) 
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activities of variable priority and level of nesting. The BDI agents [22] were originally 
developed for software agents in agent-based simulations of complex social 
interactions but they are also applicable for mobile robot (e.g., automatic train) 
control [23]. They are based on the idea of beliefs representing information about 
agent state, desires representing a dynamic set of agent aims and tasks, and intentions 
representing actual focus of agent activity, its plans. Desires and intentions might be 
dynamically prioritized and changed on the basis of agent state development and 
environment observation.

Figure 1. BDI Agent structure

VEXA train vehicle in its first variant implements reactive reasoning immediately 
mapping safety related observation (sensor inputs) like obstacle recognition (from 
perception system), fire alarm signal etc. onto intentions and information about 
train route schedule (from ATO), movement permitting signals etc. onto desires to 
be processed in the suitable time and order. 

CHALLENGES AND SOLUTIONS

An autonomous train control system should replace the human operator – driver. 
Such a system must undertake driver’s tasks, mainly to check conditions before 
leaving the station (check if doors are closed, if people are not pushed by doors, if 
people are not present near the rail in the area of station) and permit the movement 
from the station. On the track, during the run, it must detect anomalies. In case that 
the track is equipped with a high-level ATP (Automatic Train Protection system) like 
ERTMS/Etc.S, the autonomous system does not need to detect, identify and follow 
light signals. Naturally, the system should monitor various detectors in the train 
like fire detectors, emergency break, emergency buttons controlled by passengers, 
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and evaluate dangerous situations and treats. The autonomous system must also 
cooperate with the ATO part and the diagnostic system of the train.

These systems have already been deployed widely at metro (underground) transport 
(e.g., Lille in France, Dubai). The main difference between the autonomous metro 
and rail is that autonomous metro is a closed system. Metro trains run through 
tunnels, overground rails are isolated from the surroundings by barriers, stations 
are also equipped by barriers (with automatic doors) separating the rail-space from 
the rest of the platform. This setup minimizes undesirable occurrences of persons, 
animals and other things in the runway of the train. On the other hand, a traditional 
rail is an open environment: there are crossings, people or animals can occur in the 
railway space, the rail track may become blocked by trees, rocks, or vehicles. As a 
consequence, the GoA3/4 ATO must employ a perception system that is significantly 
more complex than its counterpart deployed in metro. This system must reliably 
detect obstacles, especially persons/animals in rail, and cars at railway crossings in a 
distance comparable to the detection distance of the original human driver. 

One of the key components of an autonomous control system is the location 
subsystem. Although the localization of the train can be provided by some of the 
GNS technologies, the precision of localization is not sufficient in this case. Hence, 
the exact position of the train must be determined based on pre-defined waypoints 
(balises) and odometry, in collaboration with the ATO/ATP systems. With respect 
to complicated surroundings of the railway (in contrast to metro) it is desirable to 
store a digital map on board of the train, which contains information about objects 
surrounding the railway track (e.g., trees, houses, walls, slopes, railway crossings). 
The system can compare recognized object by perception system with objects stored 
in maps to better identify abnormalities – for example if the perception system 
recognizes a silhouette of a person near the rail in some distance, the decision-making 
system may find out from the map data that a statue is placed in that position, so the 
probability of undesirable person existence is low.

So, main components of autonomous train control systems are perception system 
(obstacle detector) and map management system, and the core – the decision- 
making system based on agent approach.
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Given the current advances in artificial intelligence, a tempting approach to 
implementation of the VEXA system would be to use some kind of statistical learning 
to devise a system that replicates the decisions of a human operator under observed 
sensory inputs. However popular this approach may be in other autonomous 
driving or in sensor data pre-processing tasks, a decision-making system for a 
GoA3/4 train operation needs to undergo a very detailed certification process, 
which requires – among others – a guarantee of a stable system response to given 
inputs. Unfortunately, known property of AI systems is, that they cannot guarantee 
stable decisions in cases where an unknown (or even a slightly altered) input has 
been observed, and Therefore, artificial intelligence cannot be currently used in our 
decision-making system, as such a system will likely fail the certification process.

If the software should be really deployed, the development of the whole system 
must fulfill European standards EN 50126-1, EN 50126-2 (RAMS life cycle), EN 50129, 
and especially the development of the software must satisfy EN 50657. The software 
/ system must be assessed by the independent safety assessor.

Firstly, the software must be developed to meet the requirements of the highest 
Safety Integrity Level (SIL) – SIL4. The structure of the team must satisfy the standard 
from the point of independency of roles related to SIL4 (e.g., an independent verifier 
and validator). The software life cycle must be introduced, and the development 
documentation must be kept according to the EN 50657 standard. Above all, the 
lifecycle must begin with hazard analysis, followed by the requirements specification 
phase; safety-related requirements must be extra labeled. Test specifications must 
be created against requirements, and each phase of the life cycle must be verified. 
The development is finished by an overall/integration testing and validation phase.

Figure 2. Position of VEXA in the context of autonomous train 
systems (GoA4)

From the left: 
ATO-OB – Automatic Train Operation On-Board, 
ATP-OB – Automatic Train Protection On-Board, 
SB – Service Brake, 
EB – Emergency Brake, 
OR-M – Operation Rule-Module, 
WD – Watchdog Module.
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VEXA SYSTEM PROPOSAL

The VEXA system has a modular structure. The key input for VEXA are various sensors 
that replace the sensory perception of the train driver. This set may be different for 
each implementation of an autonomous train. Therefore, a (dynamic) configuration 
of all modules used in a particular train set is possible. The data from the sensors 
monitoring the outside field of interest for the train operation are preprocessed and 
delivered to VEXA using the Perception Input (PER) module.

The Map Matching module of VEXA is responsible for evaluation of objects identified 
by PER. The module receives detailed information about train position and speed 
from the ATO, e.g., as reported by the ECTS equipment. Based on this information it 
calculates the predicted position of moving objects and identifies future objects in 
the field of interest2. The most important and main function of the Map Matching 
module is the comparison and evaluation of overlap between known objects stored 
within the digital map and objects reported by PER. Based on these results, a list of 
unexpected objects is sent for further investigation and incident analysis.

The Incident Analysis Module regularly analyses the list of unexpected objects to 
determine possible threats. It also aggregates, maps and monitors events reported 
by the train and trackside systems. The incidents are classified using deterministic 
rules that mimic the decision-making process of a train operator. If an incident must 
be prevented, this module decides, which reflexive reaction is required to prevent or 
mitigate its impact.

2  The field of interest is in our case a strip in Field of View of pre-defined width from railway center. 
This strip is further divided into different danger zones, where potential obstacles are detected and 
reported.

Figure 3. Components of the VEXA system (blue)



Jan Prikryl, Michal Matowicki, Bohumil Kovar, Tomas Brandejsky, Vit Fabera, Adam Hlubucek, 
Ondrej Pribyl, Vitezslav Landsfeld, Michal Novak
The Development of Safety Control System for Autonomous Train Operation – Lessons Learned 428 

Finally, the Incident Solver module is responsible for executing the reaction decided 
by its parent module. If necessary, it also contacts the supervisor, e.g., with a request 
to take over the train operation.

An important component of the system is represented by the Digital Map environment, 
providing VEXA with the map data describing the railway infrastructure and its 
surroundings. Even though the map is not a part of VEXA itself (as VEXA concentrates 
on the driver decision-making tasks), it must be developed in close collaboration 
with this system as it represents a vital information source for the analysis of the 
objects detected in the field-of-interest of the train. The environment consists of two 
subsystems: Digital Map Trackside and Digital Map Onboard.

Digital Map Trackside describes the whole railway line or network intended to be 
operated by VEXA-supervised vehicles. The infrastructure data are tied to the map 
objects that are grouped into individual tiles according to their geographical location. 
Based on the VEXA equipped railway vehicle location, the appropriate data tiles are 
sequentially loaded to the Digital Map Onboard subsystem providing the data to the 
VEXA Map Matching module.

The structure of the Digital Track Map is designed to reflect the principles of the 
International Railway Solution IRS 30100 UIC RailTopoModel. Therefore, the railway 
network is to be expressed using so-called net elements connected by so-called net 
relations. The net elements represent the basis for locating so-called net entities, 
which are various data-describable objects and properties of the railway transport 
route [16]. This solution allows us to localize the entities using spot, linear or area type 
of functional location. In terms of the substantive content, such entities as horizontal 
curves, vertical curves, signals, platform edges, level crossings, non-stopping areas 
and so on can be included to the Digital Track Map.

The first instance of the Digital Track Map is being created based on the Čížkovice – 
Obrnice railway line.

CONCLUSIONS

Although autonomous metro trains and monorail vehicles are becoming common 
applications of unattended operation in closed-access railway environment, 
autonomous operation of trains in the open environment still faces many challenges, 
e.g., concerning perception and localization of autonomous trains or appropriate 
reactions to many different situations and/or safety certification process of the new 
generation systems like the internal decision-making system, and missing legislation 
and rules for an autonomous train operation.
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We have described basic challenges faced by a GoA3/4 ATO system, a part of, which 
is currently being developed as a proof-of-concept under the name VEXA. The 
developed system is supposed to take over the decision-making responsibilities of 
the original train driver. It merges into the current context of an GaA4 ATO system 
and relies on input from the various onboard sensors/detectors and other ATO/ATP 
components, as well as on reliable and detailed digital map data. Based on information 
provided, it analyses the possible threats for the train operation and chooses the 
appropriate behavior. The core of the developed decision-making system is based on 
belief-desire-intention (BDI) software agent paradigm.
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