
Advances in Intelligent Systems and Computing 1091

Grzegorz Sierpiński   Editor

Smart and 
Green Solutions 
for Transport 
Systems
16th Scientific and Technical 
Conference “Transport Systems. Theory 
and Practice 2019” Selected Papers



Advances in Intelligent Systems and Computing

Volume 1091

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Advisory Editors

Nikhil R. Pal, Indian Statistical Institute, Kolkata, India
Rafael Bello Perez, Faculty of Mathematics, Physics and Computing,
Universidad Central de Las Villas, Santa Clara, Cuba
Emilio S. Corchado, University of Salamanca, Salamanca, Spain
Hani Hagras, School of Computer Science and Electronic Engineering,
University of Essex, Colchester, UK
László T. Kóczy, Department of Automation, Széchenyi István University,
Gyor, Hungary
Vladik Kreinovich, Department of Computer Science, University of Texas
at El Paso, El Paso, TX, USA
Chin-Teng Lin, Department of Electrical Engineering, National Chiao
Tung University, Hsinchu, Taiwan
Jie Lu, Faculty of Engineering and Information Technology,
University of Technology Sydney, Sydney, NSW, Australia
Patricia Melin, Graduate Program of Computer Science, Tijuana Institute
of Technology, Tijuana, Mexico
Nadia Nedjah, Department of Electronics Engineering, University of Rio de Janeiro,
Rio de Janeiro, Brazil
Ngoc Thanh Nguyen , Faculty of Computer Science and Management,
Wrocław University of Technology, Wrocław, Poland
Jun Wang, Department of Mechanical and Automation Engineering,
The Chinese University of Hong Kong, Shatin, Hong Kong

https://orcid.org/0000-0002-3247-2948


The series “Advances in Intelligent Systems and Computing” contains publications
on theory, applications, and design methods of Intelligent Systems and Intelligent
Computing. Virtually all disciplines such as engineering, natural sciences, computer
and information science, ICT, economics, business, e-commerce, environment,
healthcare, life science are covered. The list of topics spans all the areas of modern
intelligent systems and computing such as: computational intelligence, soft comput-
ing including neural networks, fuzzy systems, evolutionary computing and the fusion
of these paradigms, social intelligence, ambient intelligence, computational neuro-
science, artificial life, virtual worlds and society, cognitive science and systems,
Perception and Vision, DNA and immune based systems, self-organizing and
adaptive systems, e-Learning and teaching, human-centered and human-centric
computing, recommender systems, intelligent control, robotics and mechatronics
including human-machine teaming, knowledge-based paradigms, learning para-
digms, machine ethics, intelligent data analysis, knowledge management, intelligent
agents, intelligent decision making and support, intelligent network security, trust
management, interactive entertainment, Web intelligence and multimedia.

The publications within “Advances in Intelligent Systems and Computing” are
primarily proceedings of important conferences, symposia and congresses. They
cover significant recent developments in the field, both of a foundational and
applicable character. An important characteristic feature of the series is the short
publication time and world-wide distribution. This permits a rapid and broad
dissemination of research results.

** Indexing: The books of this series are submitted to ISI Proceedings,
EI-Compendex, DBLP, SCOPUS, Google Scholar and Springerlink **

More information about this series at http://www.springer.com/series/11156

http://www.springer.com/series/11156


Grzegorz Sierpiński
Editor

Smart and Green Solutions
for Transport Systems
16th Scientific and Technical Conference
“Transport Systems. Theory and Practice 2019”
Selected Papers

123



Editor
Grzegorz Sierpiński
Faculty of Transport
Silesian University of Technology
Katowice, Poland

ISSN 2194-5357 ISSN 2194-5365 (electronic)
Advances in Intelligent Systems and Computing
ISBN 978-3-030-35542-5 ISBN 978-3-030-35543-2 (eBook)
https://doi.org/10.1007/978-3-030-35543-2

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-35543-2


I would like to express my deepest gratitude to all authors, for reflecting the key
problems of contemporary transport systems in a concise manner, as well as to
reviewers, in recognition of their insightful remarks and suggestions without which
this collection of papers would have never been published.

September 2019 Grzegorz Sierpiński

vi Preface



Organization

The 16th “Transport Systems. Theory and Practice” (TSTP2019) Scientific and
Technical Conference is organized by the Department of Transport Systems and
Traffic Engineering, Faculty of Transport, Silesian University of Technology,
Poland.

Organizing Committee

Organizing Chair

Grzegorz Sierpiński Silesian University of Technology, Poland

Members

Marcin Staniek
Renata Żochowska
Ireneusz Celiński
Grzegorz Karoń
Marcin J. Kłos
Krzysztof Krawiec
Aleksander Sobota
Barbara Borówka
Piotr Soczówka

The Conference Took Place Under the Honorary Patronage

Ministry of Infrastructure
Marshal of the Silesian Voivodeship

vii



Scientific Committee
Stanisław Krawiec

(Chairman)
Silesian University of Technology, Poland

Rahmi Akçelik SIDRA SOLUTIONS, Australia
Tomasz Ambroziak Warsaw University of Technology, Poland
Henryk Bałuch The Railway Institute, Poland
Werner Brilon Ruhr-University Bochum, Germany
Margarida Coelho University of Aveiro, Portugal
Boris Davydov Far Eastern State Transport University,

Khabarovsk, Russia
Mehmet Dikmen Baskent University, Turkey
Domokos Esztergár-Kiss Budapest University of Technology

and Economics, Hungary
Zoltán Fazekas Institute for Computer Science and Control,

Hungary
József Gál University of Szeged, Hungary
Anna Granà University of Palermo, Italy
Andrzej S. Grzelakowski Gdynia Maritime University, Poland
Mehmet Serdar Güzel Ankara University, Turkey
Józef Hansel AGH University of Science and Technology

Cracow, Poland
Libor Ižvolt University of Žilina, Slovakia
Marianna Jacyna Warsaw University of Technology, Poland
Ilona Jacyna-Gołda Warsaw University of Technology, Poland
Nan Kang Tokyo University of Science, Japan
Jan Kempa University of Technology and Life Sciences

in Bydgoszcz, Poland
Michael Koniordos Piraeus University of Applied Sciences, Greece
Bogusław Łazarz Silesian University of Technology, Poland
Michal Maciejewski Technical University Berlin, Germany
Elżbieta Macioszek Silesian University of Technology, Poland
Ján Mandula Technical University of Košice, Slovakia
Sylwester Markusik Silesian University of Technology, Poland
Antonio Masegosa IKERBASQUE Research Fellow at University

of Deusto Bilbao, Spain
Agnieszka

Merkisz-Guranowska
Poznań University of Technology, Poland

Anna Mężyk Kazimierz Pulaski University of Technology
and Humanities in Radom, Poland

Maria Michałowska University of Economics in Katowice, Poland
Leszek Mindur International School of Logistic and Transport

in Wrocław, Poland
Maciej Mindur Lublin University of Technology, Poland
Goran Mladenović University of Belgrade, Serbia

viii Organization



Kai Nagel Technical University Berlin, Germany
Piotr Niedzielski University of Szczecin, Poland
Piotr Olszewski Warsaw University of Technology, Poland
Enrique Onieva Deusto Institute of Technology University

of Deusto Bilbao, Spain
Asier Perallos Deusto Institute of Technology University

of Deusto Bilbao, Spain
Hrvoje Pilko University of Zagreb, Croatia
Antonio Pratelli University of Pisa, Italy
Dariusz Pyza Warsaw University of Technology, Poland
Cesar Queiroz World Bank Consultant (Former World Bank

Highways Adviser), Washington, DC, USA
Andrzej Rudnicki Cracow University of Technology, Poland
František Schlosser University of Žilina, Slovakia
Grzegorz Sierpiński Silesian University of Technology, Poland
Jacek Skorupski Warsaw University of Technology, Poland
Aleksander Sładkowski Silesian University of Technology, Poland
Wiesław Starowicz Cracow University of Technology, Poland
Andrzej Szarata Cracow University of Technology, Poland
Tomasz Szczuraszek University of Technology and Life Sciences

in Bydgoszcz, Poland
Antoni Szydło Wrocław University of Technology, Poland
Grzegorz Ślaski Poznań University of Technology, Poland
Paweł Śniady Wrocław University of Environmental

and Life Sciences, Poland
Andrew P. Tarko Purdue University West Lafayette, USA
Frane Urem Polytechnic of Šibenik, Croatia
Hua-lan Wang School of Traffic and Transportation, Lanzhou

Jiaotong University, Lanzhou, China
Mariusz Wasiak Warsaw University of Technology, Poland
Adam Weintrit Gdynia Maritime University, Poland
Andrzej Więckowski AGH University of Science and Technology

Cracow, Poland
Katarzyna Węgrzyn - Wolska Engineering School of Digital Science Villejuif,

France
Adam Wolski Polish Naval Academy, Gdynia, Poland
Olgierd Wyszomirski University of Gdańsk, Poland
Elżbieta Załoga University of Szczecin, Poland
Stanisława Zamkowska Blessed Priest Władysław Findysz University

of Podkarpacie in Jaslo, Poland
Jacek Żak Poznań University of Technology, Poland
Jolanta Żak Warsaw University of Technology, Poland

Organization ix



Referees

Rahmi Akçelik
Przemysław Borkowski
Tony Castillo-Calzadilla
Ireneusz Celiński
Jacek Chmielewski
Piotr Czech
Magdalena Dobiszewska
Michal Fabian
Barbara Galińska
Anna Granà
Róbert Grega
Mehmet Serdar Güzel
Katarzyna Hebel
Peter Jenček
Nan Kang
Peter Kaššay
Jozef Kuĺka
Michał Maciejewski
Elżbieta Macioszek
Krzysztof Małecki
Martin Mantič
Paola di Mascio
Silvia Medvecká-Beňová
Maria Mrówczyńska
Vitalii Naumov
Katarzyna Nosal Hoy
Ander Pijoan
Hrvoje Pilko
Michal Puškár
Alžbeta Sapietová
Grzegorz Sierpiński
Izabela Skrzypczak
Marcin Staniek
Dariusz Tłoczyński
Andrzej Wieckowski
Grzegorz Wojnar
Adam Wolski
Ninoslav Zuber

x Organization



Contents

Smart Cities Components in the Service of Sustainable Transport

Planning Spatial Development of a City from the Perspective
of Its Residents’ Mobility Needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Tomasz Szczuraszek and Jacek Chmielewski

The Impact of Cities’ Spatial Planning on the Development
of a Sustainable Urban Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Grzegorz Dydkowski

The Role of Intelligent Transport Systems in the Development
of the Idea of Smart City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Wojciech Lewicki, Bogusław Stankiewicz,
and Aleksandra A. Olejarz-Wahba

How to Level the Playing Field for Ride-Hailing and Taxis . . . . . . . . . . 37
Kaan Yıldızgöz and Hüseyin Murat Çelik

Assessment of BEVs Use in Urban Environment . . . . . . . . . . . . . . . . . . 52
Ewelina Sendek-Matysiak

Optimization as a Way to Improve the Efficiency
of Transport Systems

MCDM as the Tool of Intelligent Decision Making in Transport.
Case Study Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Barbara Galińska

AHP as a Method Supporting the Decision-Making Process
in the Choice of Road Building Technology . . . . . . . . . . . . . . . . . . . . . . 80
Izabela Skrzypczak, Wanda Kokoszka, Tomasz Pytlowany,
and Wojciech Radwański

xi



Multiple Criteria Evaluation of the Planned Bikesharing System
in Jaworzno . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Andrzej Bąk, Katarzyna Nosal Hoy, and Katarzyna Solecka

The Application of Bus Rapid Transit System in the City
of Baquba and Its Impact on Reducing Daily Trips . . . . . . . . . . . . . . . . 104
Firas Alrawi and Yagoob Hadi

The Application of Lithium-Ion Batteries for Power Supply
of Railway Passenger Cars and Key Approaches
for System Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Viacheslav Bondarenko, Dmytro Skurikhin, and Jerzy Wojciechowski

Time Parameters Optimization of the Export Grain Traffic
in the Port Railway Transport Technology System . . . . . . . . . . . . . . . . 126
Oleg Chislov, Taras Bogachev, Alexandra Kravets, Victor Bogachev,
Vyacheslav Zadorozhniy, and Irina Egorova

Tools Supporting the Reduction of Negative Environmental
Impact in Transport

Strategic Planning of the Development of Trolleybus
Transportation Within the Cities of Poland . . . . . . . . . . . . . . . . . . . . . . 141
Marcin Wołek and Katarzyna Hebel

Ways to Improve Sustainability of the City Transport System
in the Municipal Gas-Engine Vehicles’ Fleet Growth . . . . . . . . . . . . . . . 153
Irina Makarova, Ksenia Shubenkova, Larisa Gabsalikhova,
Gulnaz Sadygova, and Eduard Mukhametdinov

Electric Vehicles - Problems and Issues . . . . . . . . . . . . . . . . . . . . . . . . . 169
Elżbieta Macioszek

Estimating Pollutant Emissions Based on Speed Profiles
at Urban Roundabouts: A Pilot Study . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Orazio Giuffrè, Anna Granà, Tullio Giuffrè, Francesco Acuto,
and Maria Luisa Tumminello

Examining the Influence of Railway Track Routing on the Thermal
Regime of the Track Substructure – Experimental Monitoring . . . . . . . 201
Peter Dobeš, Libor Ižvolt, and Stanislav Hodás

Advanced Methods for Data Collection and Analysis

Estimating Parameters of Demand for Trips by Public Bicycle
System Using GPS Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Vitalii Naumov and Krystian Banet

xii Contents



Support for Pro-ecological Solutions in Smart Cities with the Use
of Travel Databases – a Case Study Based on a Bike-Sharing
System in Budapest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Katarzyna Turoń, Grzegorz Sierpiński, and János Tóth

Finding the Way at Kraków Główny Railway Station: Preliminary
Eye Tracker Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Anton Pashkevich, Eduard Bairamov, Tomasz E. Burghardt,
and Matus Sucha

Using the Kalman Filter for Purposes of Road
Condition Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Marcin Staniek

Traffic Measurements for Development a Transport Model . . . . . . . . . . 265
Marcin Jacek Kłos, Aleksander Sobota, Renata Żochowska,
and Piotr Soczówka

Life Cycle Sustainability Assessment of Sport Utility Vehicles:
The Case for Qatar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Nour N. M. Aboushaqrah, Nuri Cihat Onat, Murat Kucukvar,
and Rateb Jabbar

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Contents xiii



Smart Cities Components in the Service
of Sustainable Transport



How to Level the Playing Field
for Ride-Hailing and Taxis

Kaan Yıldızgöz1,2(&) and Hüseyin Murat Çelik3

1 International Association of Public Transport-UITP, Brussels, Belgium
kaan.yildizgoz@uitp.org

2 Institute of Science and Technology, Istanbul Sabahattin Zaim University,
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3 Istanbul Technical University, Istanbul, Turkey
celikhus@itu.edu.tr

Abstract. Introduction of ride-hailing services created many legal challenges in
various countries because of their different features of operation and business
model. Policy makers and regulators are pressured to define methods to handle
these challenges. Today different countries has taken different approaches as
policy and regulatory framework response to the entrance of ride-hailing com-
panies but there is no common approach agreed. This research is meant to
provide a system analysis and structured assessment regarding regulatory con-
flicts after introduction of ride-hailing services in different cities and also reg-
ulatory responses of these cities. This study presents an analysis and evaluation
of developments to transportation policy and regulation since the proliferation of
ride-hailing services with various examples and provide how to effectively
approach “leveling the playing field” between traditional taxis and ride-hailing
with set of principles to be considered while defining regulatory approach.

Keywords: Ride-hailing � Taxi � Regulation � Shared mobility � Governance �
Technology

1 Introduction

One of the biggest changes in urban mobility during last 5 years is emergence of ride-
hailing companies. They emerged during last 5 years and today completely shaping the
urban mobility all over the world with many services in the spectrum of shared
mobility modes. Ride-hailing companies are the platforms operated through mobile
applications that match a customers demand for a ride with drivers. There are today
different terminologies used for this type of services and platforms. Transport Network
Companies, ride-selling and ride-sourcing are the other terminologies commonly used
and today the best known example of such platforms is Uber, which launched its
service in 2009. Since Uber’s launch, several other companies have copied its business
model like Lyft in USA, Ola Cabs in India, Didi in China, Careem in Middle East and
Grab in South East Asia are some of examples [1].

Ride-hailing companies are facing different challenges in different countries. They
were protested in many countries by traditional taxi industry and main discussions were

© Springer Nature Switzerland AG 2020
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about being against to fair competition rules, not paying taxes, driver qualifications and
licenses, background check, passenger safety, insurance, non-compliance land pas-
senger transport regulations. But they were appreciated by customers as experience and
better service in comparison to traditional taxi operators. It is also important to consider
impact of ride-hailing services to traffic congestion where there are different opinions
claiming complementarity of ride-hailing services to mass transit or as opposite, Ride-
hailing services impact for reducing mass transit ridership and increase of traffic
congestion. Regulation of Ride-hailing services is very complex issue under the light of
all points mentioned above. It is being discussed in some studies but not addressed in
details until now. According to Geradini [2] taxis and ride-hailing should be regulated
with separate framework as because the services proposed by taxi companies and
online-enabled car transportation services are currently so far apart, it may be difficult
to find a regulatory regime suiting them both. While incumbent taxi companies may
wish to ensure that ride-hailing companies are forced to comply with the same regu-
latory requirements as applying to them, such an approach is a non-starter for ride-
hailing as it would eviscerate their business model. McBride suggests in his thesis that
the key aspects of the basic economic model, price and supply, should remain
unregulated. As individuals familiarize themselves with the model, consumers will
become more educated when making consumption choices. Therefore, it should not be
necessary for legislative action to regulate ride-hailing pricing or supply as suggested
by McBride [3]. Buckley [4] thinks the cities should follow the way of ‘self-regulation’
for ride-hailing services. Instead of applying taxi regulations to ride-hailing, a new form
of regulations should be established for this market: self-regulation. As stated by
Sundararajan self-regulation is not the same as deregulation or no regulation. Instead,
public policy makers shift the onus from government and the public sector to the
industry [5]. According to Merkert, since Uber simply assists in connecting drivers and
riders, and does not own any vehicles that provide transportation; the company argues
that it should not be governed by regulations concerning taxis. It is evident that
imposing regulations on Uber is not only against the antitrust laws, but these regula-
tions will hurt consumers the most [6]. According to Wagner [7] while the private
sector is quickly adjusting to the proliferation of ride-hailing services, the public sector
has been hesitant to adapt to the existence of Uber and its competitors. Compared to
taxis, ride-hailing companies operate virtually unregulated, avoiding licensing costs,
driver insurance requirements, standard employee training and background checks,
state-controlled fares, and fleet size caps. Report of Pew Research Center asked the
opinion of US citizens about regulation of ride-hailing services [8]. According to the
report most of ride-hailing users are aware of the debate over how best to regulate these
services – and these users feel strongly that ride-hailing services should not be required
to follow the same rules and regulations as incumbent taxi operators.

As it can be predicted, this topic will remain as essential issue of debate in the
future. Today different countries has taken different approaches as policy and regula-
tory framework response to the introduction of ride-hailing services but there is no
common approach. This research is meant to provide a system analysis and structured
assessment regarding regulatory conflicts after introduction of ride-hailing services in
different cities and regulatory responses of these cities. This study presents an analysis
and evaluation of developments to transportation policy and regulation since the
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proliferation of ride-hailing services with various examples and provide how to
effectively approach “leveling the playing field” between traditional taxis and ride-
hailing with set of principles to be considered while defining regulatory approach.

2 Methodology

This paper will be mainly based on survey for urban transport authorities, focus group
meeting and literature review for collection of information from different sources
including press releases and secondary data sources.

2.1 Literature Review - Case Study Collection

The literature study aimed to give an up-to-date and structured overview of the liter-
ature in the field of ride-hailing and urban mobility. A systematic literature search was
performed in a structured way based on screening and selection of relevant studies from
databases available to the author (SCOPUS, Science Direct, Google Scholar, UITP)
and accompanying snowballing as well as focus groups lead to the majority of usable
literature. In addition, collection of information from different sources including press
releases and newspapers conducted as ride-hailing is new concept and there is limited
academic work in this area.

2.2 Survey for Urban Transport Authorities

Set of questions developed related regulation and impact of ride-hailing companies to
urban transport and the survey was conducted to different cities with different size,
geographical background, different mix of mode share. Survey was conducted via
e-mail for the urban transport authorities of that cities which can present the full
overview and the data was collected from that cities based on their own research and
studies (e.g. travel survey, urban mobility master plans, other studies). Collected data
went undergo internal (compatibility with other data from the same city) and external
(compatibility with data from other cities) checks and adjustments.

20 cities from different regions of the world (Europe, Asia, North America and
Middle East) were included into survey and 5 questions were asked are Abu Dhabi,
Ankara, Brussels, Budapest, Dubai, Dublin, Frankfurt, Helsinki, Hong Kong, Kuala
Lumpur, Lagos, Lisbon, Milan, Montreal, Moscow, Oslo, Phoenix, Prague, Singapore
and Tehran.

Question 1: Did you launch any specific regulations for Ride-hailing or modify the
existing regulation?

5 of 20 cities launched specific regulation or modified the existing regulation after
for ride-hailing services. These cities includes Dubai, Kuala Lumpur, Montreal,
Phoenix and Singapore.

Question 2: Do you regulate the fare level of ride-hailing services?
Only in Montreal there is specific regulatory approach to fare-levels of ride-hailing

companies. In other cities either they don’t regulate fare level of ride-hailing services or
they are subject to same regulatory approach of traditional taxis.
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Question 3: Do you measure the impact of ride-hailing services on Traditional Taxi
Market?

Only Kuala Lumpur and Montreal are the cities expressed that they are measuring
the impact of ride-hailing services on traditional taxi market.

Question 4: Do you measure the impact of Ride-hailing services on Public
Transport (Metro, buses etc.)?

None of the cities joined the survey expressed that they are measuring the impact of
ride-hailing services on public transportation.

Question 5: Did you see any impact of Ride-hailing services on traffic congestion in
your city?

Oslo and Milan expressed that they noticed increase of traffic congestion because of
introduction of ride-hailing services in their cities. Other cities didn’t measure any
change.

2.3 Focus Group Meeting

Focus Group meeting was organized at the occasion of UITP Training Programme on
Transport Network Companies in Brussels in 3–5 September 2018. There were 20
participants from different countries and from different type of organizations including
transport authorities, taxi operators, ride-hailing companies and international associa-
tions. Participants were given set of questions related ride-hailing regulation and taxis.
They were provided a time to discuss among each other and make proper research.
Group presented outcome of their discussions related questions and their findings were
used as one of inputs to the assessment done in this research.

• How urban transport authorities should define their policies related to Ride-hailing
companies?

• Please evaluate and discuss 4 categories (Innovators/adapters/protectors/Regulators)
given above and discuss on their pros/cons from perspectives of:
– Sustainable urban mobility and traffic congestion
– Customer satisfaction
– Impact on Traditional Taxis

• Please propose policy & regulatory framework for the future of Ride-hailing
companies & Traditional Taxi Sector

• Please also consider new mobility services like MaaS, Autonomous Mobility and
suggest role for Ride-hailing and Traditional Taxis in the tomorrow’s Mobility
Ecosystem.

3 Regulatory Conflicts Related Ride-Hailing Services

Most controversial issues discussed today related to ride-hailing services are using
private vehicles for operation and unprofessional drivers, surge charging, sharing the
taxis with others and data privacy.
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3.1 Using Private Vehicles as Taxi and Unprofessional Drivers

Ride-hailing companies are using the private vehicles and unprofessional drivers for
the operation for most of their service types. UberPoP is the most well known in this
area but this is the case also for many other ride-hailing companies as well. Of course
using unprofessional driver and regular private vehicles for such services decrease the
cost of service and brings planning efficiency but there are concerns from many aspects
of safety, security and quality. In addition, the impact of such service from perspective
of fair playing ground with the heavily regulated other traditional taxi operators is also
crucial point to consider [9].

3.2 Selling Available Seats in Vehicles During the Same Trip

Sharing the taxi trips with other passengers are not legal in many countries. There are
different reasons behind the decisions taken by authorities for that position but today
with applications like UberPool, Olashare this became commonly practiced in cities.

3.3 Surge Pricing

Of course surge pricing was at everyone’s lips when it was first introduced by ride-
hailing companies. Surge Pricing is a tool to match demand and supply for taxi rides
when there is high demand. Technology allows changes in fare in dynamic environ-
ment based on complex algorithm. It is like pricing model of airline companies during
peak seasons and off peak seasons by applying this to daily taxi trips was not usual
initially. Surge pricing increases the fare by a given multiple. Lyft’s peak time pricing
algorithm will increase fares from 25 to 200% according to changes in supply and
demand. Similarly, Uber’s surge pricing can increase fares anywhere from a 1.2 times
multiple to 7 times. Both firms’ pricing algorithms automatically go into effect when
potential consumers outpace potential drivers. Off-duty drivers receive real time
updates regarding surge pricing as means to incentivize them onto the road or into
certain neighborhoods [3]. According to Matthew Daus one result of Ride-hailing
“surge pricing” is that communities with limited or no ride-hailing access, such as low-
income and minority communities, may be “redlined” since drivers may choose not to
operate in those areas [10].

3.4 Data Privacy

Tracking the users after the end of the journey by ride-hailing companies is also an
important discussion mainly from the privacy perspective. Tracking generally happens
from the moment customer requests a trip and after five minutes the journey had ended.
Claimed that the change would improve the app by allowing for more reliable pick-ups,
improving customer service, and enhancing safety. Apps are also tracking commuters
social behaviors and to understand the purpose of journeys.
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3.5 Taxation

Another area of discussion related ride-hailing companies is the place and the amount
of tax paid by them. For example, It is claimed that Uber paid only 411.000 Sterlin as
tax in UK in 2016 although the total turnover in this country was 23.3 million Sterlin
and net profit was 1.3 million Sterlin. It is claimed that Uber established companies in
countries where there is no or very less tax ratios applied and most of the revenues of
the company is recorded in that countries [11]. According to Kuneshegaran Uber
transfers the commission income from different countries to Uber BV which is
established in Netherlands which is linked to Uber International BV established in
Bermuda. This helps Uber to keep the amount of tax paid low in different countries
[12]. Such tax optimization approaches are being used by many multinational com-
panies as well.

3.6 Contractual Relationships with Drivers

Ride-hailing companies establish subcontractor relationship with their drivers via
service contract signed between parties instead employing them as staff in their com-
panies. This created discussion in many countries. In UK Labor Court decided in 26
October 2016 that Uber drivers have rights of minimum salary and annual paid leave
[13]. In March 2018, It was decided by Swiss State Economic Affairs Secretariat that
Uber drivers should be treated as employees [14].

4 Examples of Regulatory Practices

Practical approach in different countries for regulation of ride-hailing services also
varies and they were analyzed for 25 countries below. Countries were selected to have
balance between them in terms of different type of regulatory framework, geography
and income level.

4.1 USA, Canada and United Kingdom

USA is the birth place of Ride-hailing disruption and it is of course where the most
discussion happened until now. Regulatory response was different in different states of
USA and also it has changed during last years as some states changed their policy and
regulatory position on this issue. As of January 2017, 34 states and more than 69 cities
have passed legislation governing ride-hailing companies (transportation network
companies). Another six states have enacted legislation mandating minimum insurance
requirements [10]. In New York, Taxi and Limousine Commission created Licensing &
Rules for Providers of E-Hail Applications to regulate the service. In San Francisco, the
authorities passed a bill regulating insurance coverage [15]. In Texas, the authority
requires state-controlled fingerprint checks of drivers - performed by a vendor. Ride-
hailing companies do not agree with the condition [16]. In Las Vegas, the city council
requires each ride-hailing company to pay a flat annual US$17,500 license fee.
Earlier, the council was charging per-driver fee [17]. Four cities In Missouri
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(Springfield, St. Louis, Kansas City and Columbia) has legalized Ride-hailing services.
Springfield City Council cleared the bill in November 2016, which requires Ride-
hailing companies to do background checks. In Maryland, City Public Service Com-
mission announced new guidelines for Ride-hailing services, which require fingerprint
background checks of drivers [18]. As of mid-2016, Ride-hailing services were
available in 14 cities in Canada – Calgary, Edmonton, Toronto/GTA, Ottawa, Mon-
treal, Quebec City, London, Guelph, Waterloo, Kitchener, Niagara, Windsor, Hamil-
ton, Kingston, covering 50% population of the country [19]. Edmonton became the first
city to legalize Private Transport Providers and has passed bylaw. From March 1, 2016
ride-hailing companies must have provincially approved insurance, annual vehicle
inspection, criminal record check and charge a minimum of $3.25 per ride, but there is
no price cap. Only taxis are permitted to pick up street hails or use taxi stands [20].
Hamilton passed a bylaws in January 2017 which requires ride-hailing companies, with
more than 100 vehicles, to pay $50,000 annual fee plus six cents per trip. Drivers are
not allowed to pick up roadside clients [21]. London is the capital and biggest city of
UK and also important benchmark always for taxi services. Transport for London
(TfL) released new regulation for private-hire drives in June 2016. The key condition
includes - English language requirement for drivers, accurate fare estimates, Panic
response, Driver & vehicle details before the journey, and ‘Hire and reward’ insurance
requirements. London City Council passed the proposal which will require drivers to
install cameras in ride-sharing vehicles. Further, it has proposed to charge 26 cent per
ride fee to drivers. An employment tribunal in London ruled its licensed drivers should
be classed as workers with access to the minimum wage, sick pay and paid holidays.
TfL also didn’t renew the license of Uber with the decision end of 2017 [22]. United
Kingdom was grouped together with USA and Canada but not together with other EU
Countries with considering Brexit process.

4.2 Brazil and Mexico

In Brazil, The federal government is working on national guidelines for Transport
Network Companies but there are different initiatives of cities already taken in this
regard. In Sao Paulo, the mayor passed the regulation to allow the use of Transport
Network Companies. As per the regulation, the city shall charge an average fee of 10
centavos ($0.03) a kilometre for drivers working with TNCs. The fund are collected
into a municipal fund. Mayor of Rio de Janeiro signed a law forbidding private cars to
transport passengers in November 2016. Only registered taxis are allowed in the city.
However, this not impact Uber operation as federal guidelines are awaited [17]. In
Mexico city, the city council issue regulation for taxi companies, which includes a
1.5% ride levy on the cost of each trips, an annual permit fee and the establishment of a
minimum value for each vehicle. The levy is deposited into a new fund for Taxis,
Transportation and Pedestrians and will be used for investments in better mobility
options for the city. The city council of Tijuana declared legal in July 2016. The
operators will require to pay 1.5% of gross annual turnover. Further, vehicles must not
be longer than six years old and a minimum value of US$8,000, having insurance for
US$ 150,000 to cover damage to third parties and passengers [23].
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4.3 United Arab Emirates and South Africa

Dubai become the first city to regulate ride-hailing services by entering into agreement
with Careem and Uber. Ride-hailing apps will offer luxurious transport services
(limousines) via online and smart Apps channels. All cars used by them must belong to
accredited companies. The laws requires that ride-hailing apps must charge at least 30%
higher fares than taxi fares. Both Careem and Uber stopped service in Abu Dhabi in
August 2016 owing to regulatory issues. However, Careem has resumed service in
February 2017 under the regulations for limo services [1]. South Africa’s National Land
Transport Act (NLTA) only recognizes six categories of private transport services:
buses, minibus taxis, metered-taxis, chartered vehicles, lift clubs and tuk-tuks (motor-
ized rickshaws). South Africa has no regulations governing e-hailing services. The
government amended NLTA and included a sub-category to accommodate e-hailing
services. As per the amendment, e-hailing service operators are classified as metered taxi
operators. The drivers require to have metered licences as part of the law. The legislation
allows the use of a smartphone in lieu of a taximeter, and requires the operators to
estimate distance and fare in advance, as well as, provides driver details [24].

4.4 Australia and New Zealand

Australian Capital Territory (ACT) legalized ride-hailing services in October 2015 and
issued new regulation, which include background checks, vehicle inspections and
insurance requirements for drivers. New South Wales legalized ride-hailing services in
December 2015. The law requires criminal and car-safety checks. The authority
established A$250 million “industry adjustment package” to compensate taxi drivers
[24]. South Australia legalized Uber like services in July 2016. Ride-selling apps
requires to follow safety standards prescribed in Passenger Transport Act. Taxi services
were offered compensation including A$30,000 per licence and all metro taxi trips will
have a A$1 levy to fund this assistance [25]. Queensland legalized ride-booking ser-
vices in September 2016. Initially, there will be no license requirement for the operator.
However, the authority will introduce new license system in 2017. As part of the
regulatory changes, there will be a A$100 million assistance package for the taxi
industry, which includes A$20,000 one-off payments for taxi licence holders and A
$10,000 per limousine licence. Western Australia is looking to overhaul and deregulate
taxi industry. The plan includes a A$27.5 million “transition assistance package”,
including compensation payments of A$20,000 for taxi plate owners [26]. New
Zealand The Ministry of Transport issued guidelines for Small Passenger Services
(SPS) Regulations. The revised bill proposed to bring taxis, private hire services such
as limousines, shuttles, ridesharing, and dial-a-driver services into a single category.
Taxis will continue to be defined as a SPS and will operate in much the same way as
they were doing earlier. A technology or app based operator is also defined as a SPS,
and therefore will be required to become an approved transport operator (ATO). The
bill proposes many concession for ridesharing companies including allowing drivers to
get the required background and compliance checks easily, as well as, not required to
pass area knowledge and English language tests. Further, it scrapped safety require-
ments such as in-taxi cameras for ridesharing services. The bill requires ridesharing
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companies to present vehicles for inspection “at a moment’s notice”, and to keep fuel
receipts and collect logbooks from its drivers [27].

4.5 Philippines, Singapore and Malaysia

Philippines was the first country in South-east Asia to legalize TNCs in May 2015.
Department of Transportation and Communications (DOTC) created new categories of
Transportation Network Vehicle Service (TNVS) to allow app-based services offered by
TNCs to exist within our regulatory framework. Under the new classification, a TNC is
defined as an organization that provides pre-arranged transportation services for com-
pensation using an internet-based technology application or a digital platform tech-
nology to connect passengers with drivers using their personal vehicles. TNCs will
provide the public with online-enabled transportation services known as a TNVS, which
will connect drivers with ride-seekers through an app [28]. Singapore is one of the most
important cities when we are talking about taxi services because of its unique model of
taxi regulation and efficient taxi operations. Land Transport Authority of Singapore has
introduced “Third Party Taxi Booking Service Providers Act’’ with effect from 1
September 2015. All third party taxi service providers with more than 20 participating
taxis are required to be registered with LTA in order to operate the booking service [29].
SPAD, Nationwide Land Transport Authority of Malaysia, has issued Taxi Industry
Transformation Programme (TITP) to reform taxi industry, including legalizing
e-hailing operators which are mainly Uber and Grab in the country [30].

4.6 Japan, South Kore and Taiwan

There is no separate regulation for ride-hailing companies in Japan. The operators need
to follow the same rules and regulations, applicable for conventional taxis [31]. In
Seoul, the government banned Uber and other App based companies. Seoul
Metropolitan Government launched its own taxi app for registered cabs. It has currently
allow KakaoTaxi to provide taxi booking service [32]. As per Taiwanese Laws, taxi
companies must be domestically owned and operated. The government has refused to
propose a separate act for technology firms. Uber is facing lots of problem in Taiwan
since the commencement of operation in 2013. Uber is registered in Taiwan as an
information management company as it allows an foreign company to operate in
Taiwan, but the government sees it as a transportation services company. The company
stopped the operation in February 2017 [33].

4.7 Russia, China, India and Vietnam

There is a federal law in Russia which is very liberal and permissive for taxis. Actually,
any person or company can become a taxi driver or operator. There is no restriction at
all except the age of the driver (min 21 years old), no test, no medical control, no
criminal record, no license fee, no restriction on the type or age of the car, no obligation
to have a taxi meter, no regulation of fares, etc. Anyone can make a request online and
will get the license. There is no ceiling on the numbers of taxis in the city. The only
condition is to paint the car in yellow and put a taxi sign. Currently, 72% of taxis are
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yellow colors. The drivers have to pay a tax equal to 6% of their theoretical revenue to
the department of transport. Taxi-hailing apps can only work with license drivers and
require sharing data with the authorities. In July 2016, the government has imposed 8%
value-added tax on electronic goods and services provided by global internet giants
including Uber starting in 2017. Foreign companies have no obligation to create a legal
entity in Russia and can pay the tax via local partners. Uber has directed its Russian
drivers be registered as legal entities or individual entrepreneurs, and that the
responsibility for the settlement of the tax be specified in their contract with Uber N.V.,
which is registered in the Netherlands [34]. The Chinese government released the
Interim Measures for the Administration of Online Car-hailing Operations and Services
in July 2016. The policy was released by the Ministry of Transport and six other
ministries jointly. This is the first national measures that legitimize online car-hailing
service. The new regulations became effective on 1 November 2016. As per the
guidelines, transport authorities under the State Council is responsible for guiding the
national network about car management [17]. Indian Ministry of Transport issued the
new policy for taxis on 15 December 2016 and circulated the same to all cities/states
[17]. In April 2014, Vietnam government released the guidelines for ride-selling
application. As per the guidelines, technology companies required to sign contracts
exclusively with local commercial transport companies that comply with regulations
such as identifying cars with official registrations and logos, and equipping them with
tracking devices. However, the implementation of the rules are still pending. The
government is considering to revamp the policy [35].

4.8 EU Countries (Germany, France, Spain, Belgium, Denmark, Italy)

In Germany, local laws require taxi drivers to hold commercial licenses in order to
pick-up passengers and adhere to a set fare structure. There is no separate regulation, so
on-demand transport services need to comply with existing taxi laws [36]. French
authorities earlier imposed the rule forcing Car services to wait for 15 min between
reservation and pick-up. The government has merged “Collective Transport Permit”
with “Chauffeurs License” to make it difficult to obtain license [37]. In Spain, On-
demand transport services companies can only work with drivers who carry a valid
professional VTC license, as required by all professional drivers [38]. In Belgium, On-
demand transport service is banned in the country for using private cars. Only license
taxis service is allowed, for example Uber drivers may be fined 10000 Euro for any
pick-up [39]. Denmark has introduced new taxi laws in February 2017 that includes
requirements such as mandatory fare meters, video surveillance and seat occupancy
detectors to activate the airbags [40]. The Italian government has deferred the intro-
duction of norms to control car-hire and car-share services till the end of 2017. The
ride-hailing companies buy licenses in smaller towns where it cost less and use them to
work in cities. A taxi license in Rome is worth EUR 150,000 but the NCC (cars rented
with a driver) license just one-tenth [41]. For European countries, it is also important to
mentioned European Court of Justice took a decision at the end of 2017 and ruled that
Uber is a transport services company, requiring it to accept stricter regulation and
licensing within the EU as a taxi operator [42].
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5 Categorization of Regulatory Approaches

When we analyze the different legal and policy responses we can categorize them into 4
as ‘Innovators’ who are creating new regulation to integrate TNCs to urban mobility
offer, ‘Adapters’ mainly following other countries and adapting themselves to new
environment, ‘Protectors’ who are protecting existing legal approach and ‘Regulators’
that allow ride-hailing companies to work but with very stringent conditions. Com-
parison could be better seen in Regulatory Matrix provided in Fig. 1. Of course there
could be different ways and parameters of categorization but is a simplified approach.
Also it is not easy to put all into a single structure as of very different situation among
countries. Each country should be analyzed carefully.

6 Recommendations

Introduction of ride-hailing services created many legal challenges because of their
different features of operation and business model. Today different countries has taken
different approaches as policy and regulatory framework response to the entrance of
ride-hailing companies but there is no common approach. With considering current
practices in various countries, impact of ride-hailing to urban mobility and under the
light of future considerations below could be provided as set of key recommendations
for regulators to consider when they are defining their policies and regulatory frame-
work related to ride-hailing services:

• Authorities should not priotise ride-hailing or taxi services over public transport as
high quality public transport is the only alternative able to fulfil the lion’s share of
trips by using a minimum of space.

• It is important to promote integration of ride-hailing and taxi services to public
transport. Without public transport, other sustainable & innovative mobility services
cannot offer an affordable alternative to car ownership

• Regulatory Framework should not have the aim of protecting any certain group but
should be designed as a tool to implement public policies,

Fig. 1. Comparision and categorisation of regulatory approaches.
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• Regulatory Framework for Taxis and Ride-hailing services should be developed
together to make sure fair conditions,

• Advanced technology can be used to develop advanced regulatory and enforcement
schemes,

• Integrate policies and regulation related ride-hailing into larger efforts to implement
wider usage of new technologies and innovative applications. Cities can use tech-
nology revolution and ride-hailing companies for better implementation of demand
management practices with tools like UBER POOL or OLA SHARE

• Regulatory Framework should less concentrate on Price and Quantity Regulation
but concentrate more on Quality Regulation in terms of road usage, environmental
issues, safety and availability.

• Regulatory Scheme based on Road Charging should be considered to avoid extra
vehicle miles and congestion of ride-hailing services like the model Brazil. Road
Charging could be applied as an incentive, for instance, there could be different
pricing in terms of passenger occupancy in ride-hailing cars. Incentivized pricing
could be applied to promote shared vehicles, if rides are shared no pricing
implemented

• Authorities should promote partnerships between ride-hailing and traditional taxi
actors. This option could bring benefit to both parties and they can act comple-
mentary other than competing each other and losing sources for this competition for
the midterm.

• Cities mainly in emerging countries should consider using ride-hailing companies to
help regarding rationalization and formalization of individually owned/operated taxis

• Regulation should not only concentrate competition between ride-hailing and
taxis/public transport but also potential competition may take place soon in the
future between Ride-hailing companies

7 Conclusion

Implementation of above mentioned recommendations will require more detailed
guidance and understanding of local conditions and capacities, which is outside the
scope of this study. Next steps could include developing this guidance, particularly for
more comprehensive analyses and detailed guidelines. While not covered in the scope
of this study, deeper analysis and understanding is needed of the impacts of ride-hailing
services on employment market, especially in developing countries where driving for
ride-hailing has made it easier for people to access the job market. It is also quite
essential that evaluation of the results and impact of different policy actions and reg-
ulatory responses is needed to better understand which tools are effective and which are
not. Finally, it is important to work related potential role of ride-hailing in the future of
urban mobility with considering latest developments especially related autonomous
vehicles and other shared mobility and technology innovations like MaaS-Mobility as a
Service. This study didn’t suggest an ecosystem and organizational structure related
tomorrow’s Sustainable Mobility Ecosystem with considering emergence of Transport
Network Companies, Autonomous Vehicles and Mobility as a Service.
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