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Abstract

Public transport is very often treated as a nerve of all city sys-
tems. Changing cities need proper organisation of transport. 
In particular, the development of public transport is associated 
these days with such concepts as IT systems, big data, alterna-
tive energy sources, autonomous mobility, transport effective-
ness, sharing economy and personal mobility (micromobility). In 
this work, the author presents contemporary trends that affect 
city mobility. The author also takes into account the macroeco-
nomic context – the COVID-19 pandemic, inflation, migration 
trends, because changes in the demand and supply of transport 
services have become one of the challenges for cities. The main 
purpose of this article is to review current trends in public trans-
port development and mobility changes in the new, digital, post-
pandemic perspective. The research gap found by the author is 
connected with the interrelationship between technology and 
the development of public transport systems. The article is an 
attempt to answer two main research questions: 1) What is the 
influence of digitisation and technology development on the de-
velopment of public transport? 2) How are contemporary social, 
economic and political problems changing public transport? The 
article is based on critical analysis of literature and selected case 
studies. The result of the research work is the indication of the 
most important directions for the development of public trans-
port and related risks and opportunities.
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Introduction

Public transport is full of stereotypes. One of them assumes that public trans-
port should be a worse alternative to individual motorisation. Meanwhile, as in 
many western cities, public transport can be a daily, fully functional alternative 
to individual transport. Public transport in Central and East European countries 
is undergoing intense transformation – and the New Economy brings many new 
challenges but also many new opportunities for both local governments and in-
habitants, who are final users of public transport and urban space.

1. Methodology

Public transport remains an interesting field of research. It is an area of many 
changes – technological, organisational as well as economical. This study takes into 
consideration cities and their trends in public transport development, with the 
purpose being the analysis of selected case studies – in different areas of technol-
ogy implementation (drives, IT, etc.). The review of the case studies is preceded 
by a literature review, including both domestic and foreign literature, the purpose 
of which is identifying directions of development of public transport and current 
trends related to it. The aim of the author is to create a list of trends and applied 
technical solutions. The subject of the study is Polish cities, and the object is pub-
lic transport solutions. The whole study includes an analysis of literature sources 
and selected case studies.

2. Public transport as the basis of the functioning  
of cities in the New Economy

Transport is widely regarded as the nerve of the urban system. It plays an impor-
tant, often underestimated role in shaping the mobility of urban areas (Komsta et 
al., 2019). Consistent development of a city’s transport system is an effective tool 
for creating a specific functional and spatial structure of the city (Suchorzewski, 
2010). What is more, the efficiency of urban transport systems affects the effi-
ciency of the country’s transport system (Krysiuk & Nowacki, 2016). Making cities 
more sustainable is also a part of the United Nations Sustainable Goals. On this 
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list of 17 goals, we can find Goal 11 – sustainable cities and communities (United 
Nations, n.d. a). The main aim of this goal is to “make cities and human settle-
ments inclusive, safe, resilient and sustainable” (United Nations, n.d. b).

Modern cities are areas of many contemporary challenges – cities struggle with 
a global environmental crisis, climate change concerns as well as unsustainable 
urbanisation habits (Rode, 2013). Development of sustainable urban mobility is 
seen as critical to ensuring sustainable development of the whole city (Rezende 
Amaral et al., 2018). Especially since in the last decade digital innovations have 
radically changed traditional concepts of urban transport and introduced new op-
portunities (Dia et al., 2020). Additionally, we must remember that public trans-
port has been affected by the COVID-19 pandemic (Abu-Rayash & Dincer, 2020).

The functioning of cities in the new economic reality remains an additional 
issue. The concept of the New Economy is understood as a fast-moving techno-
logical revolution, a global revolution related to the networking of the econo-
my, information management, relationships and security (Kelly, 1999). The New 
Economy stands for a wide use of information and communication technologies 
(ICT), which has had a major impact on economic development, among others in 
the US economy (Pohjola, 2002). It has also had a strong impact in Europe since 
the 1990s; strong development connected with a wide use of ICT technologies has 
been observed in many countries, especially the UK, Denmark, Finland, Sweden, 
Ireland and Greece (Daveri, 2002). In smart cities, public must provide real-time 
response services, convenience and high quality (Kuo et al., 2023). Another idea 
of developing public transport is connected with the concept of smart mobility 
(Paiva et al., 2021).

Organisation of public transport is also a challenge in the perspective of the 
new institutional economy, which strongly changes the perception of economic 
aspects of transport, introducing new concepts and theories such as transaction 
cost economics, agency theory, contract theory and property rights economics 
(Canitez, 2019).

The New Economy raises many questions, e.g. how far will service sectors devel-
op instead of traditional production-based systems? Is it possible to continuously 
increase productivity and efficiency? How will the network economy also change 
entire organisations? (Herzenberg et al., 2018). The New Economy is an economy 
based on knowledge and learning (Lundvall, 2004). Practically from the very begin-
ning of the New Economy concept, researchers have wondered to what extent the 
idea changes the perception of reality, and to what extent the “old economy” still 
allows us to explain economic events (Stiroh, 1999). Digitalisation in many sectors 
of the economy is an undeniable trend, visible today more than ever.

A separate area of interest for researchers is connected with the factors de-
termining the choice of public transport instead of private cars. The final decision 
is made by the consumer, who makes the decision based on his or her individual 
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preferences. The use of public transport in Poland is motivated primarily by eco-
nomic factors such as rising fuel prices – indicated by 57% of respondents, time 
savings and the ability to move around the city faster –54% of respondents, and 
environmental aspects – 52% of respondents (Nationale Nederlanden, 2022).

3. Contemporary trends in public transport development

In a rapidly changing world, mobility and accessibility play an increasingly im-
portant role, especially in cities and urban areas. The problem of mobility is solved, 
among others, through the use of modern technologies or improving public trans-
port management (Gakenheimer, 1999). This means, among others, technologies 
in the field of autonomous and electric vehicles or the integration of shared mo-
bility services (Schuckmann et al., 2012, Burns, 2013; Nijkamp & Kourtit, 2013; 
Dia, 2019, as cited in: Miskolczi et al., 2021).

The above trends seem to be complemented by the development of micromo-
bility – a response to the last mile problem, different transport needs and spatial 
conditions (McKenzie, 2020). Researchers discuss, among other things, the pos-
sibility of a wider use of technology and information management for urban mo-
bility (Guirao & Orellana, 2021). This means, at the technological level, e.g. access 
to open data or the use of Bluetooth technology – in order to minimise a waste 
of time and energy as well as to improve user satisfaction (Soriano et al., 2018).

The above-mentioned examples from the literature do not end the list of trends 
observed in the development of technology-based public transport and the dig-
itisation of processes. The following subsections discuss a few key trends in this 
field as well as some case studies.

3.1. Development of IT systems

Traffic management systems remain one of the widely used groups of IT tools 
in public transport. This means all the tools that can ensure the efficient move-
ment of public transport vehicles – both in terms of traffic management and the 
management of the vehicles themselves (for example, their activities).

An intelligent transportation system (ITS) may consist of four basic components: 
Advanced Traveler Information System (ATIS), Advanced Traffic Management 
System (ATMS), Advanced Public Transportation System (APTS) and Emergency 
Management System (EMS) (Singh & Gupta, 2015). Many trends in the develop-
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ment of this type of IT tools can be seen today. They include, for example, short-
term real-time forecasting, dynamic routing and traffic modelling, as well as real-
time demand and supply support – using big data and bidirectional data transmis-
sion (Nuzzolo & Comi, 2016).

Today, every Polish city has an ITS system or its selected components. A lot of 
such projects were implemented between 2010 and 2012, when the EURO 2012 
football tournament was organised in Poland. It was one of initiation factors for 
cities to invest in such technical solutions (EURO 2012 provided some opportuni-
ties for financing such investments).

Among the biggest systems implemented during that period we shall mention 
the Tristar system – traffic management in Gdańsk, Gdynia and Sopot (together 
with an intelligent transport management system in the whole agglomeration), the 
project of the Integrated Public Transport System implemented in Poznań (which 
has dedicated subsystems for public transport, parking lots, information exchange 
for drivers and passengers) or the project of modernisation of infrastructure and 
construction of passenger information system in Lublin (with vehicle monitoring, 
transfer hubs, dynamic passenger information system) (Zysińska, 2013, pp. 869–
870). Dynamic information systems are also very popular – an example of a dis-
play with data from such a system is shown in Figure 1.

Of course, these are not the only IT tools used in public transport. Transport 
operators use enterprise resource planning (ERP) systems and dedicated busi-
ness-class systems for managing resources and infrastructure, planning systems 
(for timetables, job scheduling), systems for managing passenger information and 
communication with passengers (web tools, mobile applications). Furthermore, 

Figure 1. Information display from a dynamic 
passenger information system in Łódź

Source: author’s own archive.
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a separate group consists of IT solutions widely used in simple vehicles, e.g. relat-
ed to the vehicle, its passenger information or more and more often – manage-
ment of refuelling and charging infrastructure.

3.2. Alternative energy sources

The global search for alternative sources of energy to drive vehicles has become 
one of the fundamental trends in the development of the automotive industry. 
The first group of the solutions used today are electric vehicles – usually battery-
powered vehicles. Such a vehicle is equipped with a set of batteries storing the 
electrical energy necessary to power both the engine and auxiliary, external sys-
tems (like heating, air conditioning, etc.). The batteries are charged periodically 
from external sources, usually via a wired connection and less frequently, as in 
the case of some buses, using a dedicated pantograph or an inductive charger.

The environmental performance of electric vehicles depends largely on the 
source of the energy they generate. In Poland, coal-fired power plants dominate, 
so the development of renewable energy sources becomes even more important 
(Koch-Kopyszko, 2018). In addition, it increases the discussion in Poland about other 
possible sources of energy to ensure a real reduced impact on the environment.

Several leading trends related to alternative vehicle drive solutions can be iden-
tified these days, including internal combustion engine vehicles (ICEVs), hybrid 
electric vehicles (HEVs), electric vehicles (EVs) and fuel cell vehicles (FCVs). Several 
types of fuel can be used in alternative-fuel modes, i.e. EVs, HEVs, fuel cell (hydro-
gen), methanol and natural gas (Morita, 2003; McNicol et al., 2001; Sperling, 1995, 
as cited in: Tzeng, 2005). It is pointed out that buses based on batteries (electric, 
especially with overnight charging) and fuel cells (e.g. hydrogen) are those direc-
tions that at the current level of technological development allow us to meet op-
erational requirements (Mahmoud et al., 2016). Unfortunately, in Polish reality, 
a poorly planned revolution related to electromobility leads to numerous problems 
and a partial loss of profits (Połom & Wiśniewski, 2021). Regardless, it is worth 
pointing out that sales of Solaris buses with alternative drives on the Polish market 
in 2022 were, for the first time in history, higher than sales of conventional vehi-
cles (Solaris Bus & Coach, 2023). The Polish bus market has so far gathered a lot 
of experience related to the operation of alternative vehicles. There are hybrid 
buses, powered by natural gas (both CNG and LNG), as well as numerous electric 
buses. Additionally, intensive efforts have been underway to bring hydrogen buses 
into service. An example of such buses (hybrid and electric) is shown in Figure 2.

In October 2022, a contract for the delivery for 25 hydrogen buses for MPK 
Poznań Sp. z o.o. (public transport municipal company) was signed. The 12-meter 
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low-floor buses are supplied by Solaris Bus & Coach. They are electric vehicles pow-
ered by electricity from hydrogen, converted into electricity in the vehicle’s fuel cell. 
Advantages of this type of buses over battery buses are their long range and short 
charging time. The range is expected to be around 350 km, and the refuelling time is 
about 10 minutes. After the delivery of these buses, zero-emission buses will make 
up 25% of the company’s fleet, which will bring MPK closer to meeting the statu-
tory requirements (by 2028, 30% of the fleet should consist of zero-emission buses) 
(Urząd Miasta Poznania, 2022). First hydrogen buses in Poznań started operating 
in September 2023. Further deliveries of hydrogen buses are currently underway2.

The purchase of vehicles is complemented by the choice of fuel supplier. The 
tender organised by MPK has been the largest tender of its kind on the Polish 
market so far. As the number of vehicles ordered is lower than originally planned 
(25 instead of 84), MPK decided to outsource fuel supplies instead of building its 
own refuelling infrastructure. The only bid in the tender was submitted by PKN 
Orlen, a national company. Unfortunately more than twice the estimated budg-
et of MPK for this purpose (101.6 million PLN compared to 48.7 million PLN in 
the budget). Due to the limited offer of suppliers in this market, MPK decided to 
increase the budget and choose the offer. This means that in the tender for the 
supply of 1 800 000 kg of hydrogen over a period of 15 years, instead of the esti-
mated price of 27.06 PLN/kg gross, the final price will be 56.46 PLN gross per kg 
of hydrogen (Transinfo, 2022).

 2 Based on the industry portal of transport enthusiasts www.phototrans.eu, a total number of 
15 (out of 25) of these vehicles were delivered to the company (up to 29 November 2023).

Figure 2. Hybrid bus and electric bus on the streets of Kraków
Source: author’s own archive.

http://www.phototrans.eu
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In 2019, buses with alternative drives (zero- and low-emission) accounted for 
12.42% of the structure of the bus fleet in Poland, including: buses powered by 
CNG – 6.12%, hybrid – 3.67%, electric – 2.01%, LNG and LPG – 0.40% and biofu-
els – 0.22% (Izba Gospodarcza Komunikacji Miejskiej, n.d.). The number of elec-
tric buses increased rapidly. At the end of the first half of 2022, the number of 
electric buses in Poland reached 734 units, with the majority operated at MZA 
Warszawa (162 units, 11% of the whole MZA fleet), MPK Kraków (78 units, 13.7% 
of the fleet), MPK Poznań (59 units, 18.3% of the fleet), PKM Jaworzno (44 units, 
62.9% of the fleet) and MZK Zielona Góra (43 units, 48.3% of the fleet). Taking into 
account the ongoing contracts for the supply of new vehicles and planned deliv-
eries, this number will increase by 654 vehicles between 2022 and 2024, bringing 
the number of electric buses operating in cities to 1388 (Stowarzyszenie Polska 
Izba Rozwoju Elektromobiności, 2022). At the end of 2022, the number of elec-
tric buses in Poland reached the level of 821 units (Polish Automotive Industry 
Association, 2023), and at the end of June 2023 – 856 units (Polska Izba Rozwoju 
Elektromobilności, 2023). In 2023, it is clear (analysing new vehicle registrations) 
that vehicles with alternative powertrains are predominant. In the first 10 months 
of this year, 232 diesel buses, 253 electric buses, 85 hybrid buses, 57 gas buses 
and 17 hydrogen buses were registered (Transinfo, 2023). The sharp increase in 
the number of new zero-emission vehicles is, among other things, the effect of 
new financial support government programmes, such as “Green Public Transport”.

The number of other alternative drive vehicles registered in Poland is also 
growing. According to the statistics of the Polish Alternative Fuels Association, in 
2021 there were about 17 000 electric cars (battery-powered – BEV) and 21 000 
hybrid cars (plug-in hybrids – PHEV) in Poland. These numbers are forecast to in-
crease to 34 000 / 33 000 in 2022, 75 000 / 75 000 in 2023, 150 000 / 120 000 in 
2024 and 246 900 / 183 700 vehicles in 2025. This means that in 2025 more than 
430 000 BEV and PHEV electric cars should be present on Polish roads (Polskie 
Stowarzyszenie Paliw Alternatywnych, 2022). The number is growing quite quick-
ly, with the latest Polskie Stowarzyszenie Paliw Alternatywnych data indicating 
more than 29 000 new registrations of electric passenger cars in 2023, as well 
as 2300 vans and trucks, 263 buses, 3200 motorcycles and scooters, 229 micro-
vehicles and 86 hydrogen-powered cars. A total of 90.9 thousand electric cars 
and 1083 buses were registered in Poland at the end of October 2023 (Polskie 
Stowarzyszenie Paliw Alternatywnych, 2023). On the other hand, data from the 
whole European market show that the number of PHEV registrations in the pe-
riod from Q4 2020 to Q2 2022 remains at a nearly similar level, around 200–220 
thousand vehicles per quarter (ACEA, 2022). It should also be noted that the 
number of hydrogen-powered passenger cars on the Polish market is increasing 
– the first 74 vehicles of this type were registered in 2021, followed by 115 units 
in 2022 (EAFO, 2023).
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3.3. Autonomous mobility

Autonomous mobility is now being analysed primarily in the context of the pos-
sibility of providing a new type of service to customers and social change (Fayyaz et 
al., 2022; Zardini et al., 2022). They are also widely recognised as one of the most 
important areas for the introduction of AI in public transport (Zhang et al., 2017).

In practice, more and more cities are now looking for ways to introduce au-
tonomous vehicles both in areas deprived of typical public transport (fairgrounds, 
cemeteries, harbour areas) and as an extension. In addition, small autonomous 
vehicles have great potential for use also in areas of dispersed or low-density 
buildings (especially residential), for example, wherever typical public transport 
vehicles are economically inefficient or impossible to implement due to their size. 
Autonomous vehicles can be used here, for example, as “tele-buses”, running on 
routes and courses offered “on demand”. Today, technology provides more and 
more opportunities for vehicles to move independently on the road, and with 
each generation of vehicles these opportunities are increasing.

In Poland, such vehicles have not been permanently implemented to date. 
Gdańsk has some experience with pilot operations of autonomous vehicles. The 
experiment for the commissioning of a line operated by an autonomous vehicle 
was carried out here for the first time in 2019, as part of the “Sohjoa Baltic” pro-
ject. The vehicle was scheduled twice an hour, bringing passengers to the zoo (free 
of charge), seven days a week. The line was marked with number 322, and the 
bus carried a maximum of 12 passengers. The trips were carried out with the hu-

Figure 3. Autonomous vehicle tested in Gdańsk
Source: (Urząd Miejski w Gdańsku, 2021).
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man operator, who was a supervisor in case of a crisis situation. The project was 
carried out by Easymile using EZ10 vehicles on behalf of the City Hall in Gdańsk 
(Urząd Miejski w Gdańsku, 2019).

As part of the next pilot programme, an autonomous vehicle appeared on 
the streets of Gdańsk in autumn 2021. The vehicle running without an opera-
tor on board completed 450 courses within 30 days and carried 2017 passengers 
– completing the courses on the planned route at the Łostowice Cemetery. The 
eight-seater Iseauto vehicle (4th autonomy level according to SAE) was supplied 
by Roboride, and the project was carried out in cooperation with Auve Tech (bus 
delivery and programming) and Trapeze (IT solutions). There were four stops on 
the 2,2 km long route (Urząd Miejski w Gdańsku, 2022). The autonomous vehicle 
from Gdańsk project is shown in Figure 3.

It is worth mentioning that in November 2023 the first tests of an autonomous 
vehicle started in Gliwice – the Blees BB-1 vehicle started tests at the Silesian 
University of Technology (Gliwice.eu, 2023).

3.4. Sharing economy

The use of shared vehicles remains an important trend in modern mobil-
ity. Several basic groups of this type of vehicles have developed in Polish cities, 
with the first being passenger cars. According to the data from the association 
Stowarzyszenie Mobilne Miasto, the largest fleets of shared cars in 2022 were 
in Warsaw (1656 cars), Gdańsk (738 cars) and Kraków (673 cars) (Stowarzyszenie 
Mobilne Miasto, 2022). Of course, these data are constantly changing – most of 
the fleets are operated by a few major car-sharing operators, who, because of their 
operations in many cities, relocate the fleets (they also allow journeys between 
cities). The second group of powered vehicles that appeared in large numbers on 
the streets of cities are scooters – first diesel and then electric ones.

A separate group of solutions, usually in the form of organised systems man-
aged at the city level, are urban bicycle systems. Practically in every city there are 
(or used to be) such systems. In a typical model, an operator selected in a tender 
by the local government installs bicycle docking/receiving stations and supplies 
appropriate vehicles, and the tariff of charges operates independently or in con-
junction with, for example, public transport charges. In the new systems, there 
are also dockless bicycles (which do not need to be pinned to the docking station) 
and electric bicycles. Such systems have played a very important role in building 
cycling culture in Polish cities and even if they are terminated for cost-related rea-
sons (e.g. Poznań City Bike stopped functioning at the end of the 2022 season), 
their role in the development of bicycle transport shall not be underestimated.

http://Gliwice.eu
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The number of users of vehicle-sharing systems in Poland is currently about 
3.5 million. This level was reached in 2019 and now, after a slight correction due 
to the COVID-19 pandemic (and a drop below 3 million), the market has actually 
rebuilt the number of users. Forecasts indicate that the number of users of vehi-
cle-sharing systems in Poland will reach around 4 million between 2025 and 2026 
(Statista, 2021). Statistics show that Poland is the leader in terms of the number of 
users of shared transport in the countries of Central and Eastern Europe (Kuźma 
et al., 2022). An example of a typical bike-sharing station (the whole Warsaw sys-
tem is called Veturilo) is shown in Figure 4.

3.5. Personal mobility (micromobility)

Shared vehicles allowed us to rediscover the role of the bicycle, among oth-
ers, as a means of getting around the city. They are increasingly complemented 
by individual vehicles for the so-called “personal mobility” (or micromobility). 
Technological developments (especially in the field of batteries and electric drives) 
have resulted in the creation of a relatively small group of light electric vehicles 
used to transport one person. These are scooters and skateboards used for moving 
over short distances with limited speeds. Some researchers also place the above-

Figure 4. Public city bike station in Warsaw
Source: author’s own archive.



55Digital public transport in New Economy – contemporary mobility trends

mentioned bikes in this group. And although scooters and skateboards were of 
course already present in the past, it was only with the widespread use of elec-
tric drives that their role in meeting the needs of urban mobility increased. These 
vehicles may also be shared (for example, electric scooters are available from pri-
vate operators in Polish cities).

4. Changes in urban mobility

All the concepts and trends mentioned above also strongly emphasise trans-
port effectiveness. Economic efficiency is often the basis for decision-making in 
the sector of public services. Many of the above-mentioned groups of solutions 
have been developed on the basis of modern technologies – for example, through 
widely used information tools. However, these are not the only factors that change 
urban mobility.

Transport has to face challenges in many fields. What are contemporary social, 
economic and political problems and are they strongly changing public transport? 
Key to the current changes in urban mobility is the concept of “sustainable mobil-
ity”, which is understood today, among others (Banister, 2008, pp. 73–80, as cited 
in: Wyszomirski, 2017, p. 29) as:

 – choosing rationally minimum travel time,
 – journey as an independent activity,
 – reducing travel needs, e.g. by reducing the travel distance, choosing remote 

computer connections for work,
 – increasing the amount of time for walking, cycling and using public transport 

in relation to travelling by a passenger car,
 – reducing air pollution and traffic noise and at the same time improving the en-

ergy efficiency of transport,
 – increasing the capacity utilisation by making better use of vehicles,
 – increasing the infrastructure capacity by introducing the rules on remunera-

tion for use,
 – improving the quality of urban space, e.g. by the introduction of Tempo30 traf-

fic zones.

In general, technology today has a major impact on changes in public transport. 
We can use technology in order to:

 – improve the quality of services,
 – make public transport more available (better accessible),
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 – make public transport more sustainable,
 – make public transport more effective.

Changes in urban mobility are also influenced by the current macroeconomic 
situation. Such factors as the COVID-19 pandemic, high inflation and migrations 
are all changing the demand for transport services. Cities are forced to react dy-
namically by adjusting supply, based on current social, economic or political fac-
tors. On the other hand, the involvement of certain groups of resources (vehicles, 
qualified staff) in public transport services results in relatively high fixed costs for 
public transport services. A strong change in supply over a short period of time 
may therefore be difficult to carry out.

Financial perspectives for local governments also remain an important factor 
influencing public transport. Changes to the law related primarily to personal in-
come tax (PIT) generate large losses in local government budgets. Experts from 
the Union of Polish Cities have calculated that the biggest Polish cities will lose the 
most from these changes, and this loss will amount to 5.9 billion PLN for Warsaw, 
1.6 billion PLN for Krakow, 1.4 billion PLN for Wrocław, 1.1 billion PLN for Poznań 
and over 1 billion PLN for Łódź (Związek Miast Polskich, 2022). This analysis takes 
into account both losses associated with lower tax revenues and additional equali-
sation funds, which are, however, significantly lower than the revenue foregone.

The high level of inflation is a separate problem, which also poses a threat to 
public transport services. Exceeding the inflation target (2.5%) in March 2021 ush-
ered in many months of almost continuous inflation growth, reaching 17.9% on an 
annual basis in October 2022 (GUS, 2022). High inflation naturally forces upward 
pressure on wages, rising labour costs as well as external service costs and rolling 
stock maintenance costs. And in the longer term, there is a real risk that adequate 
funding will not be provided for the whole service sector.

5. Directions of transport development – opportunities 
and threats

Research made by Autopay shows that the longer the travel distance is, the 
more willingly public transport is used. For trips up to 2 km – 7% of the trips are 
made with the use of public transport, for 3–5 km – 19%, for 6–10 km – 24% and 
for 11–20 km – 25%. It is noteworthy that in all four distance ranges the number 
of journeys made by public transport (the survey concerned the Polish market) 
is lower than the number of journeys made by car (Autopay, 2023). A large share 
of road transport means great prospects for the development of public trans-
port. On the other hand, for traveling to work, commuters most often use public 
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transport (42%), own transportation (car/motorcycle – 22%) and a bicycle (13%) 
(Colliers International, 2023).

Financial constraints remain one of the most serious threats to sustainable 
mobility in public transport. Investing in alternative fuels means high costs. The 
cost of operating a diesel-engine bus (from the perspective of purchase and fuel 
consumption for a period of 10 years) is about 2.65 PLN/km. This is at least more 
than for an analogous bus powered by gas (2.60 PLN/km) and at the same time 
more than the operating cost of an electric bus (2.38 PLN). The latter, however, 
takes into account an 80% stake in the purchase of the vehicle. For a hydrogen bus, 
the cost (even if 90% of the vehicle purchase is financed from external sources) is 
3.10 PLN/km (Izba Gospodarcza Komunikacji Miejskiej, 2021, p. 6).

The operation of hydrogen vehicles will therefore be noticeably more expen-
sive than vehicles with other propulsion sources. It shall be noted that the analysis 
is contained in a document from 2021, i.e. before the sharp rise in the prices of 
certain fuels (e.g. electricity). At the beginning of 2021, a barrel of crude oil cost 
approximately $50, surpassed $120 in the first half of 2022 and reached $80 by 
the end of November 2023 (Oil Price, n.d.). The average quarterly price of elec-
tricity sold on the competitive market in Poland increased from 256 PLN/MWh in 
the second quarter of 2021, reaching 890 PLN/MWh in the first quarter of 2023, 
and the following quarter (Q2/2023) brought the first decrease in two years – to 
751 PLN/MWh (Urząd Rozwoju Energetyki, 2023).

With such an unstable fuel situation, both an electric bus and a hydrogen bus 
can only be considered economically meaningful if the vast majority of its purchase 
is financed externally. Even then, the operating costs remain higher compared to 
a conventional vehicle. The development and deployment of hydrogen vehicles 
is therefore primarily a matter of operating costs and not of technology itself.

The COVID-19 pandemic turned out to be a threat to the development of pub-
lic transport. The sharp drop in the number of passengers using public transport 
has resulted in a decrease in revenue (through a significant decrease in revenue 
from tickets). Cities paid compensation, giving passengers money back for unused 
season tickets. In addition, changes in mobility trends were visible for months, so 
a relatively long period of time. In this period, public transport services were of 
course still in operation, which means a high level of costs. In addition, changes in 
urban mobility are permanent – after the pandemic, some workers and employ-
ees (in various industries) returned to work in a hybrid work model, i.e. partly re-
motely. This has affected, for example, preferences in terms of purchasing public 
transport tickets. Passengers today expect the flexibility of fare systems, adapted 
to different forms and working systems. On the other hand, public transport can 
act as a stimulus, and attractive fares can encourage other activities and drive the 
development of transport. This was the case, for example, with the 9-EURO-Ticket 
introduced on the German market, a ticket that reached very high popularity.
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Conclusions

What is the role of digitisation and technology development on the develop-
ment of public transport? Public transport is currently struggling with many chal-
lenges – the need to meet new technological challenges (e.g. implementing new 
propulsion sources), economic difficulties (due to changes in fuel prices) and fluc-
tuations in the demand for services (as a result of the COVID-19 pandemic or the 
war in Ukraine). Technology can help overcome some of the challenges – for exam-
ple, by improving the quality of services and reducing the environmental impact 
of transport. In general, the impact of technology will be positive as technology 
offers many opportunities to develop transport and adapt it to the current needs. 
The use of modern technologies also allows for increasing efficiency (e.g. vehicle 
use), which is also a key issue in sustainable mobility.

Current trends in public transport development and mobility changes have 
a strong connection with digitisation and technology development of public trans-
port. Contemporary social, economic and political trends are changing public trans-
port – technology and customer needs. A factor in assessing this change may be 
passenger statistics or mobility trends in a wider context. On the other hand, urban 
transport has always accompanied cities and followed their transformations – adapt-
ing to their development or following their degradation. It still remains (and will re-
main) an important element contributing to an adequate quality of life in all cities.

References

Abu-Rayash, A., & Dincer, I. (2020). Analysis of mobility trends during the COVID-19 
coronavirus pandemic: Exploring the impacts on global aviation and travel in select-
ed cities. Energy Research & Social Science, 68. 101693. https://doi.org/10.1016/ 
j.erss.2020.101693 

ACEA. (2022, July 20). Number of plug-in hybrid electric vehicle registrations (PHEV) in 
the European Union (EU) from 1st quarter 2019 through 2nd quarter 2022, per quar-
ter [Graph]. Statista. https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/
statistics/1022099/number-of-hybrid-electric-vehicle-registrations-in-the-eu/ 

Autopay. (2023, June 26). Means of transport chosen depending on the distance in Poland 
in 2023 [Graph]. Statista. https://www-1statista-1com-1s8fui24g0068.han3.ue.poznan.
pl/statistics/1403927/poland-preferred-means-of-transport-by-distance/ 

Canitez, F. (2019). Urban public transport systems from new institutional economics per-
spective: A literature review. Transport Reviews, 39(4), 511–530. https://doi.org/10.1
080/01441647.2018.1552631 

https://doi.org/10.1016/j.erss.2020.101693
https://doi.org/10.1016/j.erss.2020.101693
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1022099/number-of-hybrid-electric-vehicle-registrations-in-the-eu/
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1022099/number-of-hybrid-electric-vehicle-registrations-in-the-eu/
https://www-1statista-1com-1s8fui24g0068.han3.ue.poznan.pl/statistics/1403927/poland-preferred-means-of-transport-by-distance/
https://www-1statista-1com-1s8fui24g0068.han3.ue.poznan.pl/statistics/1403927/poland-preferred-means-of-transport-by-distance/
https://doi.org/10.1080/01441647.2018.1552631
https://doi.org/10.1080/01441647.2018.1552631


59Digital public transport in New Economy – contemporary mobility trends

Colliers International. (2023, March 21). Means of transportation to commute to work in 
Poland in 2022 [Graph]. Statista. https://www-1statista-1com-1s8fui24g0068.han3.
ue.poznan.pl/statistics/1373857/poland-type-of-transportation-to-the-office/ 

Daveri, F. (2002). The new economy in Europe, 1992–2001. Oxford Review of Economic 
Policy, 18(3), 345–362. https://doi.org/10.1093/oxrep/18.3.345 

Dia, H., Bagloee, S., & Ghaderi, H. (2020). Technology-led disruptions and innovations: The 
trends transforming urban mobility. In: J. C. Augusto (Ed.), Handbook of Smart Cities, 
(1–36). Springer. https://doi.org/10.1007/978-3-030-15145-4_51-1 

EAFO. (2023, October 30). Number of alternative fuels passenger cars in Poland from 2011 
to 2022 [Graph]. Statista. https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.
pl/statistics/1057590/poland-alternative-fuels-passenger-cars/ 

Fayyaz, M., González-González, E., & Nogués, S. (2022). Autonomous mobility: A potential 
opportunity to reclaim public spaces for people. Sustainability, 14(3), 1568. https://
doi.org/10.3390/su14031568 

Gakenheimer, R. (1999). Urban mobility in the developing world. Transportation Research 
Part A: Policy and Practice, 33(7–8), 671–689.

Gliwice.eu (2023, November 13). Ruszają testy Blees BB-1. Od Rektoratu do Wieży Magów.  
https://turystyka.gliwice.eu/aktualnosci/miasto/ruszaja-testy-blees-bb-1-od-rektoratu-
do-wiezy-magow 

GUS (Główny Urząd Statystyczny). (2022). Wskaźniki cen towarów i usług konsump-
cyjnych w październiku 2022 r.. Retrieved November 11, 2022 from https://stat.gov.
pl/obszary-tematyczne/ceny-handel/wskazniki-cen/wskazniki-cen-towarow-i-uslug-
konsumpcyjnych-w-pazdzierniku-2022-roku,2,132.html 

Guirao, B., & Orellana, D. (2021). New trends in urban mobility. In: L. Braganca, C. Engel de 
Alvarez & L. F. Cabeza (Eds.), Sustainable urban development: Topics, trends and solu-
tions (pp. 4.1–4.17). IOP Publishing Ltd. https://dx.doi.org/10.1088/978-0-7503-3971-1 

Herzenberg, S. A., Alic, J. A., & Wial, H. (2018). New rules for a new economy. In New Rules 
for a New Economy. Cornell University Press. https://doi.org/10.7591/9781501725593 

Izba Gospodarcza Komunikacji Miejskiej. (2021). Raport o gazomobilności w komunikacji 
miejskiej. https://igkm.pl/raport-o-gazomobilnosci-w-komunikacji-miejskiej/

Izba Gospodarcza Komunikacji Miejskiej. (n.d.). Komunikacja miejska w liczbach. Retrieved 
January 15, 2023 from https://igkm.pl/statystyka/

Kelly, K. (1999). New rules for the new economy: 10 radical strategies for a connected 
world. Penguin.

Koch-Kopyszko, S. (2018). Polska droga do elektromobilności. Nowa Energia, (3), 54–55.
Komsta, H., Droździel, P., & Opielak, M. (2019). Rola miejskiego transportu publicznego 

w kreowaniu mobilności mieszkańców. Autobusy – Technika, Eksploatacja, Systemy 
Transportowe, 20(1–2), 393–397. https://doi.org/10.24136/atest.2019.073 

Kuo, Y. H., Leung, J. M., & Yan, Y. (2023). Public transport for smart cities: Recent innova-
tions and future challenges. European Journal of Operational Research, 306(3), 1001–
1026. https://doi.org/10.1016/j.ejor.2022.06.057 

Krysiuk, C., & Nowacki, G. (2016). Miasto, element systemu transportowego kraju. Autobusy: 
Technika, Eksploatacja, Systemy Transportowe, 17(10), 124–130.

https://www-1statista-1com-1s8fui24g0068.han3.ue.poznan.pl/statistics/1373857/poland-type-of-transportation-to-the-office/
https://www-1statista-1com-1s8fui24g0068.han3.ue.poznan.pl/statistics/1373857/poland-type-of-transportation-to-the-office/
https://doi.org/10.1093/oxrep/18.3.345
https://doi.org/10.1007/978-3-030-15145-4_51-1
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1057590/poland-alternative-fuels-passenger-cars/
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1057590/poland-alternative-fuels-passenger-cars/
https://doi.org/10.3390/su14031568
https://doi.org/10.3390/su14031568
https://turystyka.gliwice.eu/aktualnosci/miasto/ruszaja-testy-blees-bb-1-od-rektoratu-do-wiezy-magow
https://turystyka.gliwice.eu/aktualnosci/miasto/ruszaja-testy-blees-bb-1-od-rektoratu-do-wiezy-magow
https://stat.gov.pl/obszary-tematyczne/ceny-handel/wskazniki-cen/wskazniki-cen-towarow-i-uslug-konsumpcyjnych-w-pazdzierniku-2022-roku,2,132.html
https://stat.gov.pl/obszary-tematyczne/ceny-handel/wskazniki-cen/wskazniki-cen-towarow-i-uslug-konsumpcyjnych-w-pazdzierniku-2022-roku,2,132.html
https://stat.gov.pl/obszary-tematyczne/ceny-handel/wskazniki-cen/wskazniki-cen-towarow-i-uslug-konsumpcyjnych-w-pazdzierniku-2022-roku,2,132.html
https://dx.doi.org/10.1088/978-0-7503-3971-1
https://doi.org/10.7591/9781501725593
https://igkm.pl/raport-o-gazomobilnosci-w-komunikacji-miejskiej/
https://igkm.pl/statystyka/
https://doi.org/10.24136/atest.2019.073
https://doi.org/10.1016/j.ejor.2022.06.057


Marcin Jurczak60

Kuźma, J., Połom, M., & Żukowska, S. (2022). Rozwój mobilności współdzielonej w Polsce 
na tle tendencji europejskich. Prace Komisji Geografii Komunikacji PTG, 25(1), 7–22. 
https://doi.org/10.4467/2543859XPKG.22.003.15963 

Lundvall, B. A. (2004). Why the new economy is a learning economy. Danish Research Unit 
for Industrial Dynamics, Working Paper No 04-01. http://webdoc.sub.gwdg.de/ebook/
serien/lm/DRUIDwp/04-01.pdf 

Mahmoud, M., Garnett, R., Ferguson, M., & Kanaroglou, P. (2016). Electric buses: A review 
of alternative powertrains. Renewable and Sustainable Energy Reviews, 62, 673–684. 
https://doi.org/10.1016/j.rser.2016.05.019 

McKenzie, G. (2020). Urban mobility in the sharing economy: A spatiotemporal comparison 
of shared mobility services. Computers, Environment and Urban Systems, 79, 101418. 
https://doi.org/10.1016/j.compenvurbsys.2019.101418 

Miskolczi, M., Földes, D., Munkácsy, A., & Jászberényi, M. (2021). Urban mobility scenarios 
until the 2030s. Sustainable Cities and Society, 72, 103029. https://doi.org/10.1016/j.
scs.2021.103029 

Nationale Nederlanden. (2022, May 25). Motivations for using personal transportation 
in Poland in 2022 [Graph]. Statista. https://www-1statista-1com-1s8fui22a0907.han3.
ue.poznan.pl/statistics/1313457/poland-motivations-for-using-personal-transporta-
tion/

Nuzzolo, A., & Comi, A. (2016). Advanced public transport and intelligent transport sys-
tems: new modelling challenges. Transportmetrica A: Transport Science, 12(8), 674–
699.  https://doi.org/10.1080/23249935.2016.1166158 

Oil Price. (n.d.). Oil Price Charts. Retrieved November 29, 2023 from https://oilprice.com/
oil-price-charts/ 

Paiva, S., Ahad, M. A., Tripathi, G., Feroz, N., & Casalino, G. (2021). Enabling technologies 
for urban smart mobility: Recent trends, opportunities and challenges. Sensors, 21(6), 
2143. https://doi.org/10.3390/s21062143 

Pohjola, M. (2002). The new economy in growth and development. Oxford Review of 
Economic Policy, 18(3), 380-396. https://doi.org/10.1093/oxrep/18.3.380 

Polska Izba Rozwoju Elektromobilności. (2023). Rynek autobusów elektrycznych w Polsce 
w I połowie 2023 roku. https://pire.pl/rynek-autobusow-elektrycznych-w-polsce-w-i-
polowie-2023-roku/ 

Polskie Stowarzyszenie Paliw Alternatywnych. (October 17, 2022). Electric car (BEV+PHEV) 
park in Poland from 2010 to 2021 with forecast to 2025 [Graph]. Statista. https://www-
1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1269061/poland-number-
of-electric-cars  

Polskie Stowarzyszenie Paliw Alternatywnych (2023). Licznik elektromobilności: czas na 
elektryfikację drogowego transportu ciężkiego. Retrieved November 29, 2023 from 
https://pspa.com.pl/2023/informacja/licznik-elektromobilnosci-czas-na-elektryfikacje-
drogowego-transportu-ciezkiego/ 

Polish Automotive Industry Association. (2023, January 11). Number of electric passen-
ger cars, vans, and trucks fleet in Poland as of 2022 [Graph]. Statista. https://www-
1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1359647/poland-electric-
vehicle-fleet-by-type 

https://doi.org/10.4467/2543859XPKG.22.003.15963
http://webdoc.sub.gwdg.de/ebook/serien/lm/DRUIDwp/04-01.pdf
http://webdoc.sub.gwdg.de/ebook/serien/lm/DRUIDwp/04-01.pdf
https://doi.org/10.1016/j.rser.2016.05.019
https://doi.org/10.1016/j.scs.2021.103029
https://doi.org/10.1016/j.scs.2021.103029
https://www-1statista-1com-1s8fui22a0907.han3.ue.poznan.pl/statistics/1313457/poland-motivations-for-using-personal-transportation/
https://www-1statista-1com-1s8fui22a0907.han3.ue.poznan.pl/statistics/1313457/poland-motivations-for-using-personal-transportation/
https://www-1statista-1com-1s8fui22a0907.han3.ue.poznan.pl/statistics/1313457/poland-motivations-for-using-personal-transportation/
https://doi.org/10.1080/23249935.2016.1166158
https://oilprice.com/oil-price-charts/
https://oilprice.com/oil-price-charts/
https://doi.org/10.3390/s21062143
https://doi.org/10.1093/oxrep/18.3.380
https://pire.pl/rynek-autobusow-elektrycznych-w-polsce-w-i-polowie-2023-roku/
https://pire.pl/rynek-autobusow-elektrycznych-w-polsce-w-i-polowie-2023-roku/
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1269061/poland-number-of-electric-cars
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1269061/poland-number-of-electric-cars
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1269061/poland-number-of-electric-cars
https://pspa.com.pl/2023/informacja/licznik-elektromobilnosci-czas-na-elektryfikacje-drogowego-transportu-ciezkiego/
https://pspa.com.pl/2023/informacja/licznik-elektromobilnosci-czas-na-elektryfikacje-drogowego-transportu-ciezkiego/
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1359647/poland-electric-vehicle-fleet-by-type
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1359647/poland-electric-vehicle-fleet-by-type
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1359647/poland-electric-vehicle-fleet-by-type


61Digital public transport in New Economy – contemporary mobility trends

Połom, M., & Wiśniewski, P. (2021). Implementing electromobility in public transport in 
poland in 1990–2020. A review of experiences and evaluation of the current devel-
opment directions. Sustainability, 13(7), 4009. https://doi.org/10.3390/su13074009 

Rezende Amaral, R., Šemanjski, I., Gautama, S., & Aghezzaf, E. H. (2018). Urban mobility 
and city logistics–Trends and case study. Promet-Traffic&Transportation, 30(5), 613–
622. https://doi.org/10.7307/ptt.v30i5.2825 

Rode, P. (2013). Trends and challenges: Global urbanisation and urban mobility. In: Institute 
for Mobility Research (Ed.), Megacity mobility culture. How cities move on in a diverse 
world (3–21). Springer. https://doi.org/10.1007/978-3-642-34735-1_1 

Singh, B., & Gupta, A. (2015). Recent trends in intelligent transportation systems: A review. 
Journal of Transport Literature, 9, 30–34. https://doi.org/10.1590/2238-1031.jtl.v9n2a6   

Solaris Bus & Coach. (2023, March 14). Share of alternative and conventional drives in 
Solaris’ sales structure in Poland from 2018 to 2022 [Graph]. Statista. https://www-
1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1102213/poland-type-of-
drives-in-solaris-sales-mix 

Soriano, F. R., Samper-Zapater, J. J., Martinez-Dura, J. J., Cirilo-Gimeno, R. V., & Plume, J. M. 
(2018). Smart mobility trends: Open data and other tools. IEEE Intelligent Transportation 
Systems Magazine, 10(2), 6–16. https://doi.org/10.1109/MITS.2017.2743203 

Statista. (2021, August 27). Number of shared vehicles users in Poland from 2016 to 2026 
(in million users) [Graph]. https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.
pl/forecasts/1260114/number-shared-vehicles-services-users-poland  

Stiroh, K. (1999). Is there a new economy? Challenge, 42(4), 82–101. https://doi.org/10.
1080/05775132.1999.11472112 

Stowarzyszenie Mobilne Miasto. (2022, December 14). Availability of cars in the carshar-
ing system in Poland in 2022, by city [Graph]. Statista. https://www-1statista-1com-
1s8fui22a0909.han3.ue.poznan.pl/statistics/1260015/poland-availability-of-cars-in-
the-carsharing-system/ 

Stowarzyszenie Polska Izba Rozwoju Elektromobiności. (2022). Jakie zmiany na polskim 
rynku autobusów elektrycznych w połowie 2022 roku? https://pire.pl/jakie-zmiany-na-
polskim-rynku-autobusow-elektrycznych-w-i-polowie-2022-roku/

Suchorzewski, W. (2010). Rola transportu w kształtowaniu struktury funkcjonalno-prze-
strzennej miast. Czasopismo Techniczne. Architektura, 107(1-A), 31–44.

Transinfo. (2022, August 28). MPK Poznań dokłada i wybiera wodór od Orlenu. Za 56 zł 
za kg. https://transinfo.pl/infobus/mpk-poznan-doklada-i-wybiera-wodor-od-orlenu-
za-56-zl-za-kg/

Transinfo. (2023, November 17). Polski rynek nowych autobusów – 10.2023. Już jest więcej 
rejestracji niż w całym 2023. https://transinfo.pl/infobus/polski-rynek-nowych-autobu-
sow-10-2023-juz-jest-wiecej-rejestracji-niz-w-calym-2023/ 

Tzeng, G. H., Lin, C. W., & Opricovic, S. (2005). Multi-criteria analysis of alternative-fuel buses 
for public transportation. Energy Policy, 33(11), 1373–1383. https://doi.org/10.1016/ 
j.enpol.2003.12.014 

Urząd Rozwoju Energetyki. (2023, October 3). Spadek średniej ceny energii elektrycznej na 
rynku konkurencyjnym w drugim kwartale 2023 roku. https://www.ure.gov.pl/pl/urzad/

https://doi.org/10.3390/su13074009
https://doi.org/10.7307/ptt.v30i5.2825
https://doi.org/10.1007/978-3-642-34735-1_1
https://doi.org/10.1590/2238-1031.jtl.v9n2a6
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1102213/poland-type-of-drives-in-solaris-sales-mix
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1102213/poland-type-of-drives-in-solaris-sales-mix
https://www-1statista-1com-1s8fui2sc00aa.han3.ue.poznan.pl/statistics/1102213/poland-type-of-drives-in-solaris-sales-mix
https://doi.org/10.1109/MITS.2017.2743203
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/forecasts/1260114/number-shared-vehicles-services-users-poland
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/forecasts/1260114/number-shared-vehicles-services-users-poland
https://doi.org/10.1080/05775132.1999.11472112
https://doi.org/10.1080/05775132.1999.11472112
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1260015/poland-availability-of-cars-in-the-carsharing-system/
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1260015/poland-availability-of-cars-in-the-carsharing-system/
https://www-1statista-1com-1s8fui22a0909.han3.ue.poznan.pl/statistics/1260015/poland-availability-of-cars-in-the-carsharing-system/
https://pire.pl/jakie-zmiany-na-polskim-rynku-autobusow-elektrycznych-w-i-polowie-2022-roku/
https://pire.pl/jakie-zmiany-na-polskim-rynku-autobusow-elektrycznych-w-i-polowie-2022-roku/
https://transinfo.pl/infobus/mpk-poznan-doklada-i-wybiera-wodor-od-orlenu-za-56-zl-za-kg/
https://transinfo.pl/infobus/mpk-poznan-doklada-i-wybiera-wodor-od-orlenu-za-56-zl-za-kg/
https://transinfo.pl/infobus/polski-rynek-nowych-autobusow-10-2023-juz-jest-wiecej-rejestracji-niz-w-calym-2023/
https://transinfo.pl/infobus/polski-rynek-nowych-autobusow-10-2023-juz-jest-wiecej-rejestracji-niz-w-calym-2023/
https://doi.org/10.1016/j.enpol.2003.12.014
https://doi.org/10.1016/j.enpol.2003.12.014
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/11342,Spadek-sredniej-ceny-energii-elektrycznej-na-rynku-konkurencyjnym-w-drugim-kwart.html


Marcin Jurczak62

informacje-ogolne/aktualnosci/11342,Spadek-sredniej-ceny-energii-elektrycznej-na-
rynku-konkurencyjnym-w-drugim-kwart.html 

Urząd Miasta Poznania. (2022, October 26). Autobusy wodorowe będą jeździć po Poznaniu. 
https://www.poznan.pl/mim/smartcity/infoteka,1016/autobusy-wodorowe-beda-jez-
dzic-po-poznaniu,190225.html

Urząd Miejski w Gdańsku. (2019, September 10). Autonomiczny bus jeździ po mieście. Co 
myślą o nim mieszkańcy i pasażerowie? Ankieta. https://www.gdansk.pl/wiadomos-
ci/Autonomiczny-bus-jezdzi-po-miescie-Co-mysla-o-nim-mieszkancy-i-pasazerowie-
ANKIETA,a,154402 

Urząd Miejski w Gdańsku. (2021, September 6). Nie potrzebuje kierowcy ani paliwa. Po 
Gdańsku jeździ już autonomiczny autobus. https://www.gdansk.pl/wiadomosci/Nie-
potrzebuje-kierowcy-ani-paliwa-Po-Gdansku-jezdzi-juz-autonomiczny-bus,a,154219

Urząd Miejski w Gdańsku. (2022, January 24). Autonomiczny bus na Cmentarzu 
Łostowickim. Podsumowanie pilotażowego projektu. https://www.gdansk.pl/wiado-
mosci/Podsumowanie-pilotazu-autonomicznego-busa,a,212515

United Nations. (n.d. a). The 17 goals. Retrieved November 29, 2023 from https://sdgs.
un.org/goals

United Nations. (n.d. b). Goal 11. Retrieved November 29, 2023 https://sdgs.un.org/
goals/goal11 

Wyszomirski, O. (2017). Zrównoważony rozwój transportu w miastach a jakość życia. 
Transport Miejski i Regionalny, 12, 27–32. 

Zardini, G., Lanzetti, N., Pavone, M., & Frazzoli, E. (2022). Analysis and control of autonomous 
mobility-on-demand systems. Annual Review of Control, Robotics, and Autonomous 
Systems, 5, 633–658. https://doi.org/10.1146/annurev-control-042920-012811 

Zhang, T., Li, Q., Zhang, C. S., Liang, H. W., Li, P., Wang, T. M., Li, S, Zhu, Y. L., & Wu, C. 
(2017). Current trends in the development of intelligent unmanned autonomous sys-
tems. Frontiers Information Technology & Electronic Engineering, 18, 68–85. https://
doi.org/10.1631/FITEE.1601650

Związek Miast Polskich. (2022). Ile straciły polskie miasta? https://www.miasta.pl/aktual-
nosci/ile-stracily-polskie-miasta 

Zysińska, M. (2013). Rozwój inteligentnych systemów transportowych w Polsce. TTS 
Technika Transportu Szynowego, 20, 863–873.

https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/11342,Spadek-sredniej-ceny-energii-elektrycznej-na-rynku-konkurencyjnym-w-drugim-kwart.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/11342,Spadek-sredniej-ceny-energii-elektrycznej-na-rynku-konkurencyjnym-w-drugim-kwart.html
https://www.poznan.pl/mim/smartcity/infoteka,1016/autobusy-wodorowe-beda-jezdzic-po-poznaniu,190225.html
https://www.poznan.pl/mim/smartcity/infoteka,1016/autobusy-wodorowe-beda-jezdzic-po-poznaniu,190225.html
https://www.gdansk.pl/wiadomosci/Autonomiczny-bus-jezdzi-po-miescie-Co-mysla-o-nim-mieszkancy-i-pasazerowie-ANKIETA,a,154402
https://www.gdansk.pl/wiadomosci/Autonomiczny-bus-jezdzi-po-miescie-Co-mysla-o-nim-mieszkancy-i-pasazerowie-ANKIETA,a,154402
https://www.gdansk.pl/wiadomosci/Autonomiczny-bus-jezdzi-po-miescie-Co-mysla-o-nim-mieszkancy-i-pasazerowie-ANKIETA,a,154402
https://www.gdansk.pl/wiadomosci/Nie-potrzebuje-kierowcy-ani-paliwa-Po-Gdansku-jezdzi-juz-autonomiczny-bus,a,154219
https://www.gdansk.pl/wiadomosci/Nie-potrzebuje-kierowcy-ani-paliwa-Po-Gdansku-jezdzi-juz-autonomiczny-bus,a,154219
https://www.gdansk.pl/wiadomosci/Podsumowanie-pilotazu-autonomicznego-busa,a,212515
https://www.gdansk.pl/wiadomosci/Podsumowanie-pilotazu-autonomicznego-busa,a,212515
https://sdgs.un.org/goals
https://sdgs.un.org/goals
https://sdgs.un.org/goals/goal11
https://sdgs.un.org/goals/goal11
https://doi.org/10.1146/annurev-control-042920-012811
https://doi.org/10.1631/FITEE.1601650
https://doi.org/10.1631/FITEE.1601650
https://www.miasta.pl/aktualnosci/ile-stracily-polskie-miasta
https://www.miasta.pl/aktualnosci/ile-stracily-polskie-miasta

